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ABSTRACT 

   The effective stress method is developed to predict the axial capacity of piles in clay. This 
method is based on the principle that, at failure, the available shear resistance at the pile soil 
interface is related to the mean normal effective stress at the pile face and the effective stress 
friction angle for the soil sliding on the pile material. 
In this paper, the coupled non-linear finite element method is used to analyze some pile-soil 
interaction problems. This computer program ( CRISP ) is used for this task. Eight- node 
isoparametric elements were used for displacements while four- node elements are used for 
pore pressure. Interface elements are used to simulate the interaction between the pile and the 
soil. The soil is assumed to follow different models, linear elastic and modified Cam-clay 
model. A comparison is made between the measured and predicted settlements and excess 
pore water pressures and good convergence was obtained in which the proposed technique 
used in this paper, in which the measured excess pore water pressures are considered as initial 
pore pressures in the computer program ( CRISP ). No load was applied on the pile. The 
dissipation of excess pore water was studied through carrying out consolidation analysis.   
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INTRODUCTION  
   The initial development of a general effective stress method for the predication of the axial 
capacity of driven piles in clay is described by Esrig et al. (1979). This method is based on the 
principle that, at failure, the available shear resistance at the pile soil interface is related to the 
mean normal effective stress at the pile face and the effective stress friction angle for the soil 
sliding on the pile material. 
  Grande and Nordal (1979) presented a procedure for predication of the pile soil interface 
stresses by means of effective stress parameters derived from tests performed in oedometer 
and triaxial tests. They derived several formulas from effective stress soil parameters, which 
are: 
1) The ultimate lateral and axial pile head loads.  
2) the soil reaction coefficients: 
       ky = dp/dv   and  kz = dt/dw 
    Relating the lateral and axial displacements v and w of a pile element to the     
corresponding soil reactions p and t.  
3) simplified dimensionless p-v and t-w curves from which soil reaction curves may be 

constructed. 
    Randolph and Wroth (1981) used effective stress analysis to produce a more rational design 
method for shaft capacity. They discovered that for normally and lightly over-consolidated 
clay, the experimental data have been shown to be in broad agreement with the theoretically 
deduced strengths where at higher values of overconsolidation ratio, there will be 
overestimate in strength. 

 

Numerical analysis 

   The advancement of modern computers made possible development of sophisticated 
numerical solution techniques for solving boundary value problems in geotechnical 
engineering (Al-Chalabi, 1990).  
   There are different numerical methods such as the finite element method, boundary integral 
equation method, finite difference method, etc. The finite element method was the important 
numerical method between others, and will be used in this paper. 
  

Finite Element Program 

    The computer program CRISP (critical state program) was developed at Cambridge 
University, Engineering Department, Soil Mechanics Group, in 1975. Later and after making 
necessary modifications on (CRISP), it was published in 1987, ( Britto and Gunn, 1987 ). 
    CRISP uses the finite element technique and allows predictions to be made of ground 
deformation using critical state theories. The program CRISP is used in this work to analyze 
pile-soil interaction problems after making necessary developments. 

Solution techniques  
     Non-linear response arises from either geometric non-linearity or material non-linearity. 
Geometric non-linearity arises when large deformations of the structure mean that the 
equilibrium equations (based on the undeformed structure geometry) are no longer 
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sufficiently accurate. Material non-linearity arises when the stress-strain relation for the 
material is non-linear (e.g. the Cam-clay model relations). 
    There are a number of techniques for analyzing non-linear problems using the finite 
elements. CRISP uses the incremental or tangent stiffness approach: the user divides the total 
load acting into a number of small increments and the program applies each of these 
incremental loads in turn. During each increment, the stiffness properties appropriate for the 
current stress levels are used in the calculations. If only a few increments are used, this 
method produces a solution that tends to drift away from the true or exact solution. This 
means a stiffer response result for a strain-hardening model and the displacements are always 
under-predicated. 

 

Problem No.1 

    Desai (1974) used the (FEM) to analyze field pile load tests conducted on pipe piles at the 
lock and Dam on the Arkansas river in USA. The results of single test performed on one of 
the piles (pile 3 in the reference) are analyzed here. 
    The diameter and penetration depth of pile (3) was (0.508) m, (16.15) m respectively. The 
total load applied on pile (3) was (280) tons through (13) increments, and the finite element 
mesh for the axisymmetric problem can be seen in Figure (1). Both sides are impermeable for 
water dissipation. Eight-node isoparametric elements were used for displacements while four-
node elements were used for pore pressure.      

 

Material properties 
a) Pile material (steel): the (stress-strain) behavior of steel was assumed linear elastic. 

The equivalent elastic modulus (Eeq.=196*10
5
 kN/m

2
), Poission ratio (υ=0.2), (the 

given values are equivalent for pipe steel pile).  
b) Soil (sand): the (stress-strain) behavior of sand was assumed to be linear isotropic 

elastic. Table (1) presents the sand properties used in the analysis. 
 

 

 

Table (1) Sand properties for problem No.1 (after Desai, 1974). 

       

Property Modulus of      
Elasticity 

ES (kN/m
2
) 

Poisson’s 
ratio (υ) 

Angle of 
friction         

(Ø˚) 

Unit weight 

γ (kN/m
3
) 

Coefficient of 
lateral earth 
pressure           

 Value 33113.7      0.3     32˚    21.2 1.17 

 
c) Interface material: the material at the interface and the soil were assumed to have the 

same properties except that the other properties of the interface were calculated as follows 
the following procedure of: 

     Kn: Normal stiffness. 

      Ks: Shear stiffness. 

      Kres: Residual shear stiffness. 
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        t: thickness of element. 

        L: length of element. 
        
     Through table (2), the interface material properties can be seen.    

 

Table (2) Interface material properties. 
 

Type of soil  c(kPa)     Kn (kPa)  Ks (kPa)  Kres (kPa)      t (m) 

      sand       0 32   44547.9         12714       25.457      0.0299 

 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. (1) The finite element mesh for problem No.1. 

 

    Due to symmetry in geometry and loading, only one half of the geometry is modelled. 
Eight-noded quadrilateral elements are used for both the pile and soil materials. The right and 
left boundaries are restrained horizontally and are free to move vertically. The load was 
applied in increments to simulate the actual loading. Another mesh was made for pore 
pressure consisted of eight-node elements for the soil material only. 
 









====

10010

LL
t       to

X(m)

Y(m)

P a

3.23

3.23

3.23

3.23

3.23

3.05

3.05

3.05

3.05

a

A

B

0.253 0.61 0.61 0.61 1.524 1.524

1
1

2

3

2

3

9

10

19 28 37

30 50 70

Impermeable

Element No.



Journal of Engineering  Volume 13  march 2007         Number1  
 

 

 1331

 

Results 

    Fig (2) presents the load-settlement relationship. Figure (3) shows the surface settlement of 
the pile and adjacent soil predicated at nodes (10, 20, 30, 40, 50, 60 and 70) as shown in 
Figure (1). Figure (4) shows the changes in vertical effective stress along section (a-a) in the 
same mesh.  
                    
                    
 
 
 
 
 
 
 
 
 

Fig. (2) The load-settlement relationship for the pile of problem No.1. 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Fig. (3) Surface settlement of the pile and the adjacent soil under different load 

increments. 

 

    
 
 
 
 
 
 
 
 
 
 
 

Fig. (4) Vertical effective stress along Sec. (a-a). 
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Problem No.2 

    This case represents the loading test, which was done by O’Niell et al. (1982) on (11) 
closed – ended steel pipe piles in stiff overconsolidated clay.  The loading test was mentioned 
by Castelli and Maugeri (2002). The data was taken from the last reference. 
    The diameter and penetration depth of the pile used in the analysis was (0.27 m) and (13.10 
m), respectively. The total load applied on the pile was (653 kN) through (7) increments. The 
finite element mesh can be seen in Figure (5).  

 

Material properties: 

a. The piles are made of steel, it is assumed to behave as linear elastic (Es=2.1E8 
kPa, υ = 0.15). 

b. The behavior of the clay is modelled using the modified Cam-Clay model. Table 
(3) shows the clay properties that are used in the analysis. 

 

Table (3) Clay properties for the Cam-Clay model of problem No.2. 

Type of soil υ Εs (kPa) κ λ ecs Μ γ (kN/m3) Κο 

Clay 0.45 195*103 0.062 0.161 1.759 0.888 20 0.5 

 

 

 

 

 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (5) The finite element mesh for problem No.2. 
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RESULTS                                                                                      
     Figure (6) presents a comparison between the predicated settlements by the finite element 
method with measured ones. A good agreement between the measured and predicated 
settlement can be observed. Figure (7) shows the surface settlement that takes place after 
installation of the pile.  
     Figure (8) and (9) show the contours of total horizontal stress and total vertical stress, 
respectively. 
     
  
  
 
 
 
 
 
 
 
      
 

Fig. (6) Load-settlement curve for the pile of problem No.2. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (7) Surface settlement after pile installation of problem No.2. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (8) Contours of total horizontal stress (kPa) of problem No.2. 
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Fig. (9) Contours of total vertical stress (kPa) of problem No.2. 

 

Problem No.3 

    Pestana et al. (2002) presented full details of field measurements of excess pore pressure 
and deformation around a 600-mm-diameter, 35-m-long closed –ended steel pile driven into a 
thick deposit of San Francisco Bay Mud. This study concentrated on the dissipation of 
generated excess pore pressure due to pile driving through (1000 days) after pile installation.  
    The project site is located on San Francisco Peninsula in California, near areas of recently 
completed seismic retrofit work on the I-280 freeway. 

       Two seismic cone penetration tests with pore pressure measurements were carried out 
and 8 soil borings were drilled to various depths for the purposes of collecting high-quality 
laboratory samples and installation field instrumentation at the site.  

 

Piezometer instrumentation  
      Three piezometer levels were selected at: 8.5, 12.8, and 23.8 m. These depths were chosen 
to obtain information from both layers of Young Bay Mud and to stay sufficiently far from 
the sandy drainage layer so that the predominant drainage path would be radial. Nine 1-in-
diameter piezometers were installed over a grid representing three depths and three radial 
distances from the pile where borings 1, 2, and 3 each have two piezometers at nominal 
depths of 8.5 and 12.8 m, borings 4, 5, 6 have one piezometer each at 23.8 m, boring 7 
contains one piezometer at a depth of 6.7 m (Pestana, 2002). 

 

Field monitoring: 
   The time line of visits to the project site spans a period three years from initial 
investigations in May 1997 to the final site visit in May 2000. Prior to driving the pile, base 
line measurement of all instrumentation were obtained. After pile installation, field data were 
collected frequently in the first days and weeks while the pore pressure gradient was high. 
These readings became less frequent as the exponential decay of pore pressures continued. 
The final set of pore pressure measurements was made approximately 2 years after pile 
installation at which point virtually all pore pressures had dissipated and any changes in the 
soil were due to secondary effects. 

Material properties:  

(a) Pile material (steel): Its behavior is considered as linear elastic (Es=2*108 kPa, υ = 0.2). 
(b) Soil: the soil profile has been subdivided into five distinct layers: 
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1) Miscellaneous fill within the upper (3.5m) with γ = 20.4 kN/m3. 
2) Young Bay Mud between 3.5m-9.75m with γ = 14.3 kN/m3. 
3) Young Bay Mud between 9.75m-15.5m with γ = 15.1 kN/m3. 
4) A clayey sand layer from 15.5m-17m with γ = 18.9 kN/m3. 

5) Young Bay mud below 17m with γ = 16.2 kN/m3. 

   The stiffer sand layer underlying the project site begins at approximately 33.5m. Piezometer 
measurement gives an approximate ground water table (GWT) at a depth of 2.1m. The 
properties of these layers can be seen in Table (4).Table (4) Soil properties for the soils of 

problem No.3. 

Type 

of   soil 

Behavior E(kN/m
2
) υ γ(kN/m

3
) κ λ Μ ecs       

(m/s) 
    

(m/s) 
Fill Elastic 2.76E4 0.15 20.4 _ _ _ _ 1E-4 1E-4 

Young 
Bay 

mud(1) 

MCC _ 0.45 14.3 0.064 0.324 0.95 2.772 1E-8 1E-8 

Young 
Bay 

mud(2) 

MCC _ 0.45 15.1 0.064 0.324 0.95 2.772 1E-8 1E-8 

Clayey 
sand 

Elastic 1.23E4 0.15 18.9 _ _ _ _ 1E-4 1E-4 

Young 
Bay 

mud(3) 

MCC _ 0.45 16.2 0.0514 0.257 0.95 2.301 1E-8 1E-8 

 

Note 

1) MCC = Modified Cam-Clay. 
2) The Modified Cam- Clay properties are calculated according to relations submitted by 

Randolph, Carter et al.(1978) which are: 
 λ = 0.00585 PI , κ = 0.2 λ , ecs = 7 λ + 0.5. 
 
    Table (5) shows the average index properties of San Francisco Bay Mud. 

 

Table (5) Average index properties for San Francisco Bay Mud (after Pestana et al., 

2002). 

Depth(m) LL PL PI Gs 

8.5 98 39 59 2.75 

12.8 86 34 52 2.71 

23.8 76 32 44 2.66 

     

RESULTS 

    Figure (10) presents the finite element mesh. The problem is a coupled one in which the 
pore pressure is considered as a state variable. The dissipation of excess pore water pressure 
was studied in several points, and a comparison between field measured (excess pore water 
pressure) and predicated excess pore water pressure is presented. Both lateral sides are 
simulated as impervious boundaries.   
    In this problem a new technique is suggested in which the field measured excess pore water 
pressures are considered as initial pore pressures in the computer program (CRISP). No load 
was applied on the pile.  

ky
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    Figure (11) shows a comparison between the measured and predicted pore water pressure 
(PWP) at a point (0.55, 8.5) m from the pile face, while Figure (12) shows the comparison at a 
point (0.55, 12.8) m from the pile face. Figure (13) presents the comparison at a point (1.07, 
23.8) m from pile face. A good agreement between the field and predicated excess pore water 
pressures can be seen in all cases.  
     Also a comparison between the actual and predicated (degree of consolidation) at the same 
points is introduced. The degree of consolidation U is calculated according to the following 
equation: 
 

      Figure (14) shows the comparison at a point (0.55, 8.5) m from the pile face. In this 
figure, the predicated degrees of consolidation are close to the measured values and show 
good agreement. 
      Measuring lateral deformations would provide information on the consolidation process as 
the generated excess pore pressure dissipated, so the distribution of horizontal displacement 
along the pile at section (a-a) (shown in Figure (10)) is presented in Figure (15). It can be 
noticed that at different locations, there are sudden increases in lateral displacement due to 
presence of layers of different properties, in addition to the presence of interface element at 
the base of the pile which permits smooth movements to take place for the soil at the pile 
base.   
   The change in vertical effective stress along section (a-a) with time is presented in Figure 
(16). The changes in horizontal effective stress and pore water pressure along section (a-a) 
with time are presented in Figures (17) and (18), respectively.  

    

 

 

 
 
 
 
 

                              

 

 

 

                                Fig. (10) The finite element mesh of the problem No.3. 
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 (11) Dissipation of excess pore water pressure with time at a point located at a distance 

0.55 m from the pile face and depth 8.5 m. 

 
 
 
 
 
 
 
 
 
 

Fig. (12) Dissipation of excess pore water pressure with time at a point located at a 

distance 0.55 m from the pile face and depth 12.8 m. 
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Fig.(1.12)  Dissipation of excess pore water with time at a point located
                 at a distance 0.55 m from the pile face and depth 8.5 m. 
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Fig. (13) Dissipation of excess pore water pressure with time at a point located at a 

distance 1.07 m from the pile face and depth 23.8 m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (14) Variation of degree of consolidation with time at a point (0.55 m) from the pile 

face and at a depth (8.5 m). 

 
 
            
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (15) Lateral displacement along Sec. (a-a) of the problem No.3. 
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Fig. (16) Changes in vertical effective stresses along Sec. (a-a) of problem No.3. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (17) Changes in horizontal effective stresses along Sec. (a-a) of problem No.3. 
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Fig. (18) Change in pore water pressure along Sec. (a-a) of problem No.3. 

 
             

 

Conclusions 
The finite element analysis of some pile- soil interaction problems revealed the following 
conclusions: 

1. Good agreement between the measured and predicted settlements by the finite element 
method when the soil is assumed to follow the modified Cam Clay model. 

2. The proposed technique used in this paper, in which the measured excess pore water 
pressures are considered as initial pore pressures in the computer program ( CRISP ). 
No load was applied on the pile. The dissipation of excess pore water was studied 
through carrying out consolidation analysis. 

3. The analysis of pile embedded in layered soil showed that the distribution of 
horizontal displacement in the soil adjacent to the pile indicates sudden increases in 
lateral displacement. This may be attributed to the sudden change in the properties of 
the different layers in addition to the presence of the interface element at the base of 
the pile which permits smooth movements to take place for the soil at the pile base. 
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ABSTRCUT 

This paper presents theoretical parametric study of the curvature ductility capacity for 

reinforced concrete beam sections stiffened with steel plates. The study considers the behavior of 

concrete and reinforcing steel under different strain rates. A computer program has been written to 

compute the curvature ductility taking into account the spalling in concrete cover. Strain rate 

sensitive constitutive models of steel and concrete were used for predicting the moment-curvature 

relationship of reinforced concrete beams at different rate of straining. The study parameters are the 

yield strength of main reinforcement, yield strength of transverse reinforcement, compressive 

strength of concrete, spacing of stirrups and steel plate thickness. The results indicated that higher 

strain rates improve both the curvature ductility and the moment capacity of reinforced concrete 

beam sections. Moreover the section curvature ductility increases as the thickness of the stiffening 

plates decreases.    
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INTRODUCTION 

    The philosophy of seismic design for moment resisting reinforced concrete frames is based on 

the formation of plastic hinges at the critical sections of the frame under the effect of substantial 



  T. K. Al-Azzawi                                                                                                   Curvature Ductilityof Reinforced Concrete Beam  

R . K. Al Azzawi                                                                                                  Sections Stiffened with Steel Plates 

T. H. Ibrahim   

 

 1154

load reversals in the inelastic range. The ability of the plastic hinge to undergo several cycles of 

inelastic deformation without significant loss in its strength capacity is usually assessed in terms of 

the available ductility of the particular reinforced concrete section. 

     The ductility capacity of reinforced concrete sections is usually expressed in terms of the 

curvature ductility ratio (µø=øu/ øy) where øy is the curvature of the section at first yield of the 

tensile reinforcement and øu is the maximum curvature corresponding to a specific ultimate 

concrete compression strain. 

The moment-curvature analysis of the section is usually performed under monotonically 

increasing load which represents the first quarter-cycle of the actual hysteretic behavior of the 

plastic hinge rotation under the earthquake loading. Therefore, µø of a section calculated under such 

assumption is a theoretical estimate of the actual inherent ductility of the section when subjected to 

an actual earthquake loading. However, the theoretical estimation of µø under monotonic loading is 

widely used as an appropriate indicator of the adequacy of earthquake resistant design for 

reinforced concrete members. 

Steel plates have been used for many years due to their simplicity in applying and their 

effectiveness for strengthening and stiffening. The high tensile strength and stiffness lead to an 

increase in bending capacity and a reduction of the deformations. Hussain et. al (1995)
[4]

 tested 

eight beams of (0.15*0.15*1.25m) with a steel ratio (ρ=0.0096), the concrete cylinder strength was 

(fc'=31 MPa) and the average yield strength of the main steel and stirrups was (414 and 275 MPa). 

The effect of plate thickness and plate end anchorage on ductility and mode of failure of beams 

were studied and concluded that increasing the plate thickness than 1mm caused a premature failure 

due to tearing of concrete in the shear span at loads lower than that calculated according to the ACI 

code shear strength formula. 

Soroushian and Sim (1986)
[9]

 used strain rate sensitive constitutive models for steel and 

concrete to predict the axial load-axial strain relationship of reinforced concrete rectangular 

columns at different rates of strain. The analysis parameters were the yield strength of 

reinforcement (fy =276, 414, 552 MPa), the concrete strength (fc'=20.7, 27.6 MPa), the steel ratio 

(ρ=0.026, 0.032, 0.04) and the amounts of hoop reinforcement (ρs=0.01388, 0.02082, 0.04164). 

The results indicated that for the range of analysis parameters considered and for the range of strain 

rates of (0.00005/sec - 0.5/sec) the secant axial stiffness increases in the range of (16%-36%). Al-

Haddad (1995)
[1]

 studied the curvature ductility for reinforced concrete beams under strain rates in a 

range of (static, 0.05 and 0.1/sec) for values of (fy =414, 440, 483, 518 MPa) and reinforcement 

ratio (ρ=0.003, 0.3). He assumed that only the steel reinforcement is a strain rate sensitive. The 

results indicated that for a strain rate of (0.05/sec) the curvature ductility ratio was decreased by 

about (12%) for an increase of (34.5 MPa) in fy compared with that under static loading.  

 

MATERIAL MODELS OF THE PRESENT STUDY    

Constitutive Concrete Model 

       The concrete constitutive model adopted in the present study is that of Razvi & Saatcioglu 

(1999)
[6]

 which takes into account the cross sectional shape and reinforcement arrangements, 

Fig.(1). The effect of the strain rate had been accounted for in this model by using the two 

coefficients (kf, k�) as had been derived by Soroushian (1986)
[9]

 on the test results basis. 

The ascending part of the proposed curve is represented by: 
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The descending part assumes a slope that changes with confinement reinforcement and as follows:- 

 

                                                                  

                                                                       

 

                                                         

                                                                    

 

                                                                              

                                                                                   

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Constitutive Steel Model 

     Several models were proposed to represent the stress-strain relationship of steel reinforcement 

by using many dynamic tests results
[7]

. The following constitutive model of steel has been 

empirically derived by Parvis Soroushian (1987)
[8]

 from dynamic test results on structural steel, 

reinforcing bars and deformed wires for different wires and for different types of steel, Fig.(2). 
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Fig.(1) Strain rate modified stress-strain relationship for concrete
[6] 
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The comparison between the experimental (f-�) curve and Parvis Soroushian (1987)
[8]

 

constitutive model for two different strain rates for steel specimens with yield strength of (235 

MPa) as shown in Fig.(3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MOMENT-CURVATURE RELATIONSHIP FOR CONCRETE SECTION 

    The response of reinforced concrete cross section to an applied bending moment and an axial 

force may be adequately described by the relation between moment and curvature referred to 
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Fig. (2) Comparison of Static and Dynamic Constitutive Model of Steel 
[8] 
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Fig.(3) comparison of Parvis Soroushian (1987) 
[8]
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moment-curvature relationship. This relation depends on the material and geometrical properties of 

cross section as well as the level of the applied axial force. 

This relationship is established using the following procedure: 

1. The ultimate concrete compressive strain is first computed using Bing, Park and Tanka 

(2001)
[2] 

equation and as follows: 

   

 

Where: 

 fl  =lateral confining stress of transverse reinforcing steel   

fco =compressive strength of unconfined concrete  

�co=strain at peak stress of unconfined concrete 

 The concrete spalling strain is limited by (0.004) as reported in Ref.
[5]

. 

2. For a given concrete strain in the extreme compression fiber �cm and neutral axis depth kd, 

the analysis is performed as follows: 

a) The steel strains (�s1, �s2…) can be determined from similar triangles of the strain 

diagram. For example, for bar i at depth di the steel strain is: 

  

 

 

The steel stresses (fs1, fs2…) corresponding to strains (�s1, �s2…) may be found 

from the stress-strain curve for the steel using equations (3). Then the steel forces 

(Ss1, Ss2…) may be found from the steel stresses and the areas of steel, Fig.(4). For 

example for bar i the force equation is: 
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b) The concrete compressive force Cc is made up of two parts, a confined part coming from 

the core concrete confined by the stirrups, and the unconfined part coming from the 

cover concrete. Each part is analyzed separately and both are added to make up the total 

concrete compressive force, Fig.(5). 

 

 

 

 

 

 

 

 

 

 

 

 

3. The force equilibrium equation is: 

 

                           

                

             and the moment equilibrium equation: 

    

       

              

             Where: 

               Xc=the moment arm of concrete compressive force (Cc). 

              The curvature is given by 

 

 

 

4. The method of establishing these relations is based on equilibrium of internal and external 

forces assuming a linear distribution of strain across the depth of section. Concrete spalling 

outside the ties has no contribution in internal force calculation at strains more than the 

maximum unconfined value of (0.004). The moment-curvature curve exhibits a 

discontinuity at first yield of tension steel and has been terminated when external fiber 

compressive concrete strain �cm reaches the maximum compressive strain �cu, Fig.(5). 

Fig.(6) shows a comparison between experimental results and the present study results. It is 

obvious that there is a good agreement between the analytical model and the test results. 
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Effects of Strain Rate on the Curvature Ductility  

Any increase in the rate of loading usually increases both the compressive strength of concrete 

and the yield strength of steel. Hence it may be expected that the moment capacity of reinforced 

concrete beams increases with increasing in the loading rate. 

The reinforced concrete beam shown in Fig.(7) is analyzed the results are presented in Figs.(8) to 

(12). In each Figure five curves of moment-curvature relationships are shown for four different 

strain rates of 0.0001/sec (a typical quasi-static value), 0.001/sec,0.01/sec and 0.1/sec in addition to 

the static load condition for different parameters of  (fy, fyt, fc', S and steel plate thickness). The steel 

plates stiffening the top and the bottom face of the reinforced concrete section.     

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                  

 

Table (1) summarizes the results of the curvature ductility for different parameters (fy, fyt, fc' and 

S). The effects of the above parameters on µø for reinforced concrete beam sections are as follows: 

1. µø is increased by about 10% for fy =414 MPa and by about 30 % for both fy =345 and 276 

MPa under the strain rate of (0.1/sec) as compared to the static loading, Fig.( 13-a). 

2. For different yield strengths of the transverse reinforcement the curvature ductility factor 

under the strain rate of (0.1/sec) increased an average by about (14%) as compared to the 

static loading, Fig.( 13-b). 

Fig.(6) Comparison between Experimental Results
 [3]

 and the 

Present Study Results for Confined Beam Section 
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fy =500 MPa 
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3. For different concrete compressive strengths the average increase in curvature ductility 

under the strain rate of (0.1/sec) is about (10%) as compared to the static loading, Fig.( 13-

c). 

4. For different values of spacing of stirrups the average increase in µø under strain rate of 

0.1/sec is about 12% as compared to the static loading, Fig.( 13-d). 

5. for different fy, fc', fyt and S the average increase in moment capacity at strain rate of 

(0.1/sec) as compared to the static rate is about 20%, Figs.(8) to (11). 

 

Effects of Strengthening by Steel Plates  

 For different strain rates the beam section of Fig.(7) has been strengthened by using steel plates 

of 1mm, 3mm and 5mm thickness. The results are given in Table (2) the following can be 

concluded: 

1. For different steel plate thickness the average increase in µø under strain rate of 0.1/sec is 

about 14% as compared to the static loading. 

2. For a strain rate of 0.1/sec the strengthening of the beam by steel plates of 1mm, 3mm and 

5mm respectively decreases the curvature ductility by 8%, 9% and 10% respectively as 

compared to the unplated sections. 

3. For the static strain rate the strengthening of the beam by steel plates of 1mm, 3mm and 

5mm respectively decreases the curvature ductility by 6%, 12% and 18% respectively as 

compared to the unplated sections. 

4. For higher strain rates the increase in thickness of steel plates is become insignificant on 

the curvature ductility of the beam section, Fig.(13-e). 

5. For different steel plate thickness the average increase in moment capacity at strain rate of 

0.1/sec over the static rate is (19%), Fig.(12). 

 

 

 

Strain-Rate 

(έ) 1/sec 
0. 1 0. 01 0.001 0.0001 

Static 
0.00001 

fy (MPa) fc'=28 MPa, fyt =414 MPa, S=100mm 

276 45.28 43.50 40.08 37.16 34.20 

345 30.23 30.39 29.05 25.62 22.58 

414 18.08 17.53 17.02 16.95 16.28 

fyt (MPa) fc'=28 MPa, fy =414 MPa, S=100mm 

276 15.58 15.05 14.17 13.86 13.26 

345 17.01 16.67 16.17 15.98 14.89 

414 18.08 17.53 17.02 16.95 16.28 

fc' (MPa) fy =414 MPa, fyt =414 MPa, S=100mm 

21 14.39 13.92 13.57 13.32 13.10 

28 18.08 17.53 17.02 16.951 16.28 

35 19.39 18.90 18.48 18.22 17.47 

S(mm)  fc'=28 MPa, fy =414 MPa, fyt =414 MPa 

100 18.08 17.53 17.02 16.95 16.28 

150 13.77 13.14 12.49 12.32 12.01 

200 11.82 11.76 11.18 10.88 10.54 

250 10.76 10.99 10.37 10.17 9.80 

 

 

Table (1) Curvature ductility µØ  for beams under different strain rates 
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Strain-Rate 

(έ) 1/sec 
0. 1 0. 01 0.001 0.0001 

Static 
0.00001 

Plate 
Thickness (mm) 

 fc'=28 MPa, fy =414 MPa, fyt =414 MPa, S=100mm       

0 18.08 17.53 17.02 16.951 16.28 

1 16.75 16.48 15.99 15.94 15.30 

3 16.55 16.06 15.89 15.43 14.57 

5 16.35 15.86 14.78 14.25 13.81 

Table (2) Effect of Plate Thickness and Strain Rate on the Curvature Ductility µØ 

for Beam Sections 

 

Fig (8) Effect of strain-rate on the moment curvature relationship for 

different  

yield strength of main reinforcement   f '=28 MPa, f  =414 MPa, S=100mm
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Fig. (10). Effect of strain-rate on the moment curvature relationship for different 

compressive strength of concrete fy =414 MPa, fyt =414 MPa, S=100mm 
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Fig. (11). Effect of strain-rate on the moment curvature relationship for different spacing 

of transverse reinforcement fc'=28 MPa, fy =414 MPa, fyt =414 MPa 
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Fig. (12). Effect of strain-rate on the moment curvature relationship for beams with 

and without steel plates fc'=28 MPa, fy =414 MPa, fyt =414 MPa, S=100mm        
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CONCLUSIONS 

    Based on the results obtained in the present study, the following conclusions can be drawn: 

1. The curvature ductility factor increased by about (14%) for a strain rate of (0.1/sec) as 

compared to the static loading for different yield strengths of the transverse reinforcement and 

different steel plate thickness 

Fig. (13). Effect of strain rate on curvature ductility for different:                                                                
(a) Effect of steel yield strength for main reinforcement (fc'=28 MPa, fyt =414 MPa, S=100mm) 

(b) Effect of steel yield strength for transverse reinforcement (fc'=28 MPa, fy =414 MPa, S=100mm) 

(c) Effect of concrete compressive strength (fy =414 MPa, fyt =414 MPa, S=100mm)                               

(d) Effect of spacing of stirrups (fc'=28 MPa, fy =414 MPa, fyt =414 MPa)      
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2. The curvature ductility factor increased on average by (20%) under the strain rate of (0.1/sec) 

over the static strain rate for different yield strengths of the main reinforcement. 

3. The moment capacity increased on average by (20%) for the strain rate of (0.1/sec) as compared 

to the static load condition for different yield strengths of the main reinforcement, strengths of 

the transverse reinforcement, compressive strength of concrete, spacing of stirrups and steel 

plate thickness. 

4. The curvature ductility under different strain rates for the sections strengthened by steel plates 

as compared to the unplated sections decreased for the beam sections by about (10%). 

 

 

NOTATIONS 

Asx, Asy=area of one leg of transverse reinforcement in x and y directions. 

bcx, bcy=core dimensions measured c/c of perimeter hoop in x and y directions. 

Ec       =modulus of elasticity for concrete. 

Es       =modulus of elasticity for steel. 

Esec     =secant modulus of elasticity for concrete. 

fc'       = concrete cylinder strength (in MPa). 

fcc',fco'= confined & unconfined concrete compressive strength in members (in MPa).                                             

fL       = average confinement pressure (in MPa). 

fLe'     = equivalent uniform lateral pressure (in MPa). 

fu        =static ultimate yield strength of steel (in MPa). 

fu'       =dynamic ultimate yield strength of steel (in MPa). 

fy           =steel yield strength (in MPa). 

fy'       =dynamic yield strength of steel (in MPa). 

fyt           =yield strength of transverse reinforcement (in MPa). 

m, n    =number of tie legs in x and y directions. 

S         =spacing of transverse reinforcement. 

SL        =spacing of longitudinal reinforcement laterally supported by corner of hoop or hook of cross tie. 

έ         =strain rate ≥ 10
-5

 

ρc        =total transverse steel area in two orthogonal directions divided by corresponding concrete area. 

�01      =strain corresponding to peak stress of unconfined concrete. 

�085     =strain corresponding to 85% of peak stress of unconfined   concrete on the descending branch. 

�1       =strain corresponding to peak stress of confined concrete. 

�85      =strain corresponding to 85% of peak stress of confined     concrete. 

�c       =concrete strain. 

�h        =static strain hardening initiation strains of steel. 

�h'       =dynamic strain hardening initiation strains of steel. 

�u        =static ultimate strains of steel. 

�u'       =dynamic ultimate strains of steel. 
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ABSTRACT 

 A program of laboratory testing is carried out to study the performance of laterally loaded piles 
embedded in soil, which contains cavities. The testing apparatus is manufactured for carrying out the 
tests and a simple technique was used to simulate the cavities. 
The program of testing consists of five groups: Group One was carried out on pile embedded in soil 
without cavities. The Second and Third Groups are performed on pile embedded in soil contains 
single cavity located in front and in touch with pile face for the Second Group and in back and in 
touch with pile face for the Third one. Group Four is performed on pile with the existence of two 
cavities located in front and in touch with pile face. Group Five is performed on pile with the 
existence of three cavities located in front and at a variable distance from pile face. All tests are 
performed on a free head pile subjected to horizontal load. 
The results of this study indicate that the number of cavities and their location have a combined effect 
on the behavior of laterally loaded pile The effect of cavities located in front of the pile is marginal at 
X/D > 8 where X is the spacing between cavity and pile and D is the diameter of the pile. 
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INTRODUCTION 

There are many cases in practice where piles pass through different layers of soils that contain cavities 
located at different depths and locations. In such kind of sites, cavities will affect drastically the pile 
performance and therefore it is vital to pay attention to this effect with great care. 

 
AIM OF THE PRESENT WORK 
The aim of the present work is to study the effect of cavities in loose sandy soil on the performance of  
laterally loaded piles. The parameters studied are the location, depth and number of cavities. The 
effect of these parameters on the performance of the pile subjected to horizontal loading is studied and 
the results are analyzed. 
 

FAILURE MECHANISM 

Al-Shakarchi, (1965) performed laboratory tests on laterally loaded pile embedded in 
cohesionless soil. Under the application of horizontal load on vertical single pile, the process of 
movement of the particles of soil around the pile that the pattern of motion of soil particles at failure 
for the upper two third of pile length is upwards in the same side of the pile at which the load is 
applied and a passive zone is developed. The pattern of motion of particles is downwards at the 
opposite side of the pile and represents active zone. At the lower one third of the pile length, the 
direction of soil particles movement is in the opposite directions of the upper two third length of pile, 
i.e. passive resistance is developed in the opposite side of the pile at which the load is applied. 

 
PREVIOUS WORKS 

 The  available works and studies concerning the problem of piles subjected to horizontal loads 
are limited to soils without cavities. The only available work related directly to the present problem is 
the experimental work performed by Ziyazov (1976). Other works which are related indirectly to the 
present problem are the works performed experimentally about the performance of footing above 
cavities, Badie and Wang (1984). 
 

THE APPARATUS 

 The apparatus shown in Fig. (1) consists of: steel container, pile fixing tool, the dial gauge 
fixing tool and the loading system.    
 
Steel Container 

The sand container is made of steel plates with internal dimensions of 640 mm in length, 290 mm in 
width and 395 mm in height as shown in Fig. (1a). 
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THE PILE MODEL 

 The pile model is made of solid steel metal with a circular cross section of 15 mm diameter. 
The total length of the pile varies between 345mm and 480mm. The yield strength of the pile metal 
(Fy) is 380 MPa, while the modulus of elasticity (Ep) is 2.05 * 105 MPa. According to the criteria 
proposed by Broms (1965) the pile used is considered rigid. 
 
THE SAND  
Properties 

 The sand used is Kerbala sand, which is washed with water to remove dust as much as 
possible. Then the sand is air dried; 
 The grain size distribution curve is shown in Fig. (2).  
 The properties of the sand as obtained from laboratory tests are listed below : 

Fig.(1): The apparatus: a) The steel container,       b) Pile fixing tool,  
                                  c) Loading system, d) Dial gauge fixing tool  

 

c  

d  

c  
d  
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Specific gravity                  Gs               = 2.66 
Void ratio                           emax             =  0.88 
                                           emin              =  0.41 
Void ratio used                  e                  =  0.74 
Relative density                 Dr               =  30 % 
Coefficient of uniformity  Cu                = 2.86 
Mean grain size                 D50              = 0.60 mm 
Angle of internal friction   Ø                =  30 °              

 

Silt 
Sand 

 

Gravel 

Fine Coarse to Medium 

 

 

 

 

 

 

 

 

 

.The Bed of Soil  

  
 

 

The bed of soil 

The bed of soil is prepared in the form of layers of different thicknesses. Water corresponding to the 4 
% -moisture content is then added gradually using a water sprinkler and mixed thoroughly with the 
soil. Care is taken to distribute the water evenly, then the mixture is spread inside the container and 
compacted with steel tamping hammer, until the required unit weight is achieved. 
 P.V.C. pipes, 50 mm diameter and 290 mm long, are used to form the cavities. They are placed 
in the required position during compaction process. Compaction continues until the final bed is 
achieved. After the completion of the bed of soil, the glass door, as in Fig. (1a), is opened and the 
P.V.C. pipes are withdrawn out of the container, then the door is closed. 

The horizontal load is applied in suitable increments so as to get sufficient number of points 
for the load – displacement curve. The magnitude of suitable increment is found to be equal to ¼ kg. 
The last increment is applied when the rate of horizontal displacement does not exceed 0.02 mm per 
hour. 
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         Fig. (2): Grain Size Distribution Curve for the Tested Sand 
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TESTING PROGRAM   

The testing program is shown in Table (1). It should be mentioned that the tests are performed 
on free head piles. 

 
Table (1): Testing program 

 

Remarks 

L= 300 mm  h* 
mm 

  X 
mm 

G
ro

u
p

 N
o

. 

e/L 

0.60  0.45  0.30  0.15        

Soil without cavity  *  *  *  *      I 
    *    *  50     

 

 
II 
  

  *    *  100    

  *    *  150    

  *    *  200    

  *    *  300    

        *  100    

  

III  
      *  200    

      *  300    

    *    *  150  100  

IV 

  *    *  200  100  

  *    *  250  100  

  *    *  150  150  

  *    *  200  150  

  *    *  250  150  

  *  *  *  *  200  0    

  

V  
*  *  *  *  200  20  

*  *  *  *  200  40  

*  *  *  *  200  60  

* *  *  *  200  80  

h* is the distance between the center of the cavity or the group of cavities  

 
ESULTS AND DISCUSSION 

Many references indicate some of the recognized criteria for defining failure loads of piles 
under compressive loads, but there is no criterion to define the failure load of laterally loaded piles 
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except some notes in some references: Mc Multy (1956), Hopkins (1956), Soneja and Garg (1980), 
Bowles (1988) and Kashat (1990). 
 
ANALYSIS OF THE RESULTS 

To analyze the results of the present work, a load required to produce a horizontal 
displacement 2 mm is considered as working load. 
 

Group I: Piles embedded in soil without cavity. 
 The length of embedment is constant, L=300mm and the eccentricity is variable, 

e=45mm, 90mm, 135mm and 180mm.  
 
One can notice from Fig. (3) that the load required to produce a certain horizontal 

displacement decreases with the increase in eccentricity ratio. The load required to produce 2 mm 
horizontal displacement  is shown in Table (2). 

 

Fig.(3): Variation of horizontal load versus horizontal displacement for no cavities group (group I). 

L=300mm,   e/L=0.15, 0.30, 0.45 and 0.60. 
 

 
 

Table (2): Working load of piles embedded in soil without cavities in (N). 

e/L 0.15 0.30 0.45 0.60 

P 46 40 36 33 

 

Group II: The cavity is in touch and in front face of the pile.  
Tests of this group are made as indicated in testing program Table (1), with  constant L=300mm 
e/L=0.15 and 0.45  
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The load required to produce 2 mm horizontal displacement are given in Table (3) 

 
Table (3): Working load of piles embedded in soil containing one cavity, in (N). 

Fig(4): Variation of load versus displacement with varying   eccentricity ratio 
(group II, one cavity, L=300mm) 
(a) h=50mm    (b) h=100mm  (c) h=150mm  (d) h=200mm  (e) h=300mm    
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h 
(mm) 

L=300mm 
e/L 

0.15 0.45 
0* 46 36 
50 24  22.5 

100 40 23 
150 42.5 23.2 
200 44.5 30 
300 46 36 

*h=0 denotes soil without cavity  
  
 Generally, the variation of load versus displacement shown in Fig. (4) indicates that the 
displacement corresponding to a specified pile load embedded in soil containing a cavity, is more than 
the load of pile embedded in soil without cavity. This behavior is due to the reduction in passive zone 
developed in front of the pile. One can notice from Table (3) that the existence of a cavity near the 
pile tip has no effect on working load. At pile tip, the passive zone is developed on the back face of 
the pile. 

 
 Fig. (5) shows the variation of working load versus cavity depth. Generally, increasing the 
depth of cavity, increases the working load.  

               Fig.(5): Variation of working load versus cavity depth with varying          
                                 load eccentricity. (group II, one cavity, L=300mm) 
 

Fig. (5) indicates that at a certain depth of cavity, an increase in eccentricity decreases the 
working load.  

 
Figure (6) shows the variation of  Pc/Po versus h/L where Pc indicates that the pile working 

load embedded in soil contains single cavity in front and in touch with pile face and Po indicates the 
corresponding load of pile embedded in soil without cavity. 
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One can notice that the effect of cavity on the working load of  
pile is more pronounced as long as the cavity is near the ground surface. A reduction in pile working 
load is about 48 to 52% when the cavity is located at about one sixth of pile length with e/L = 0.15 
and 0.45 respectively, see Fig. (5). This behavior may be due to the fact that with increasing h/L the 
cavity gradually goes outside of the passive zone. Thus the effect of cavity near the tip of pile is 
negligible. 

 
Group III: The cavity is in touch and at back face of the pile 

 Fig. (7) shows the variation of load versus horizontal displacement at variable depth of cavity. 
The working load for each pile is given in Table (4). 

 
Table (4): Working load of pile embedded in soil containing one cavity at the back of the pile face. 

h (mm) 0 100 200 300 

Pc ( N) 46 46 45.5 40 
*h=0 denotes soil without cavity 

 

Fig. (8) shows the variation of  Pc/Po versus h/L.It is clear that the cavity has no effect on the 

working load of pile as long as it is located in the active zone. The active zone is located 
approximately in the upper two-third of pile length. 

The working load of pile is reduced to about 13% when the cavity is located near the pile tip.  
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Fig.(6): Variation of Pc/Po ratio with h/L ratio at different  eccentricity  

                 ratios (group II, one cavity, L=300mm) 
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Group IV: Piles embedded in soil containing two cavities 
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Fig.(8): Variation of Pc/Po ratio to h/L ratio for cavity at back   

                  face of the pile (group III, one cavity, e/L=0.15) 

Fig.(7): Variation of load versus displacement with varying cavity   

                depths from soil surface (group III, one cavity, e/L=0.15) 
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The location of the cavities are shown in Table (1). The cavities are   located in front and in 

touch with pile face. Fig. (9) shows the relationship between the lateral load and the horizontal 

displacement with varying e/L ratio.  
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The load required to produce 2 mm horizontal displacement (i.e working load) is given in 

Table (5). It should be mentioned that X=0 and h=0 denote the working load embedded in soil without 

cavity.  

 
Table (5): Working load for laterally loaded pile embedded in soil containing two cavities in  (N) 

h 
mm 

X 
mm 

L = 300 mm 

Remarks 
e = 45(mm) e = 135(mm) 

e/L 
0.15 0.45 

0 0 46 36  
150 100 27.1 17.6 
200 100 42 24 
250 100 44.3 30 
150 150 28 20 
200 150 41.3 23.5 
250 150 43.5 26.8 

*h=0 denotes soil without cavity 

 
 Fig.(10) shows the variation of working load versus depth of the center of the two cavities. It is 
clear that the location of the cavities near the ground surface has a pronounced effect of the 
performance of laterally loaded pile. Generally, the location of the cavities near the pile tip have a 
negligible effect on working load.  
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The increase in eccentricity causes decrease in the pile load capacity provided that the increase 
in eccentricity causes decrease in the pile load capacity provided that    
 (L) is constant. 

The spacing between the two cavities (X=100 mm and 150 mm) has a smaller effect  on the 
performance of the pile than other parameters. 

The curves tend to be asymptote as long as the location of the cavities approaches the tip of the 
pile.    

Figs.(11) and (12) show the relationship between Pc/Po with h/X for two cases of X=100mm 
and 150mm, respectively. 

Obviously, the existence of cavities in front of the pile affects the performance of the pile 
under the lateral load. They reduce the pile capacity. The working load of pile with the existence of 
two cavities with X=100 mm and h=150 mm and e/L=0.15 reduces to about 40%. The reduction in 
pile capacity is due to reduction in passive zone. as long as the cavities exist in the passive zone 
(which is located at the upper two-third of pile embedded length) the more reduction in working load. 

Group V: Piles embedded in soil containing three cavities 

 The arrangement and location of the cavities are shown in Table (1). 
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 The tests are performed on a pile embedded in soil containing three cavities, and the cavities 
are located at X/D = 0, 2, 4, 6 and 8 (D=15mm).  

Fig.(13) shows the variation of horizontal load versus horizontal displacement with 
eccentricity ratio e/L equal to 0.15, 0.3, 0.45 and 0.60  

 

In general, increasing 
the lateral load causes an increase in the horizontal displacement. At a certain level of load, the 
horizontal displacement increases with the decreases in X/D ratio. 

The loads required to produce 2 mm horizontal displacement for each case are shown in Table 
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(6). 

 
Table (6): Working load of piles embedded in soil contains three cavities, in (N). 

X/D 

L=300mm 

e/L 

0.15 0.30 0.45 0.60 
0 27 26 17.5 12.5 
2 34 30 18 14 
4 35.5 32  21 16 
6 41.5 32.5 25 17 
8 45.5 37.5 34.5 27 

 
It is obvious from Table (6) that the working load increases with the increase in X/D ratio for 

all values of eccentricity ratio. Fig. (14) shows the variation of the ratio of Pc/Po (Pc = the working load 
of pile embedded in soil containing three cavities),  (Po = the working load of pile embedded in soil 
without cavity) versus X/D. 

 

 
At a specified X/D ratio, the value of Pc/Po. decreases with the increase in eccentricity ratio. In 

general, it is clear that Pc/Po increases with the increase in X/D and approaches to one at X/D = 8, i.e. 
the working load of piles embedded in soil containing three cavities approaches the working load of 
pile embedded in soil without cavity. 
Fig. (15) shows the variation of working load versus load eccentricity and X/D ratio. It is clear that 
with the increasing in X/D ratio, the working load increases, and at a specified X/D ratio the working 
load increases with the decrease in eccentricity. 
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Fig. (14): Variation of Pc/Po versus X/D ratio (group V, three cavities).  
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CONCLUSIONS  

Conclusions of a general nature are warranted only by extensive and conclusive tests under a wide 
variety of conditions. The following conclusions, therefore, are confined to the soil condition, pile 
type  and cavity arrangement under which the tests are made: 
1- There is a combined effect of the number of cavities and their location on the   
       performance of laterally loaded pile. The existence of cavities in the passive zone   
      of soil causes reduction in pile capacity. 
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2- The reduction in pile capacity increases as long as the existence of cavities is in front of pile 
and closer to the pile face and near to the ground surface. The reduction decreases as the  
cavity goes deeper and approaches zero near pile tip. 

3-  A reduction in pile working load is about 48% and 52% when the cavity is located at about 
sixth of pile length form the surface of the soil with eccentricity ratio 0.15 and 0.45 
respectively.  

4-  The cavity located at the back of pile and in touch with pile face has no effect on the 
performance of the pile as long as it is located in the upper two third of the pile embeddment 
length. The working load is reduced to about 13% when the cavity is located near the pile tip.   

5- The effect of cavities located in front of pile is marginal at X/D > 8, where X is the spacing 
between cavity and pile and D is the diameter of pile. 

6- In general, the existence of a number of cavities in soil in front of a pile affects  the 
performance of laterally loaded pile. With the increase in the  number of cavities (i.e. more 
reduction in passive zone) the pile  capacity decreases. 
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NOTATION 

 

Cu       = coefficient of uniformity. 
D        = pile diameter in (mm)  
D50     = mean grain size in (mm). 
Dr       = relative density.  
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e         =  load eccentricity in (mm) or void ratio. 
  emax    = maximum void ratio.  

emin     = minimum void ratio. 
e/L     = eccentricity ratio. 
Ep       = elastic modulus of pile material in (MPa). 
Fy       = yield strength of the pile metal in (MPa).  
Gs       = specific gravity. 
h         = depth of  cavity  
L        = embedded pile length in (mm). 
P        =  lateral load in (N). 
Pc      = the pile working load embedded in soil contains cavities in (N). 
Po      = the pile working load embedded in soil without cavities in (N). 
X      = distance between two cavities in case of two cavities, or    
          distance between pile and cavities in case of three cavities in (mm). 
Ø      = angle of internal friction. 
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ABSTRACT 
 

The behavior of prestressed concrete box-girder bridges has been studied under short term loading. 

The 20-noded isoparametric three-dimensional brick elements have been used to model the concrete 

in the box-girder with its two cantilever flanges. The reinforcing bars are idealized as axial 

members embedded within the brick elements. The behavior of concrete in compression was 

simulated by an elastic-plastic work hardening model followed by a perfectly plastic response, 

which is terminated at the onset of crushing. In tension, a smeared crack model with fixed 

orthogonal cracks is used with the inclusion of models for the retained post-cracking stress and 

reduced shear modulus. The prestressing forces in the tendons are transformed into equivalent nodal 

forces and by Lin's method. The contribution of the prestressing tendon stiffness to the global 

stiffness matrix is considered by treating the tendon as axial member embedded within the brick 

element. Two types of short-term prestress losses are considered in this study. The bond-slip 

phenomenon at concrete-tendon is considered by reducing the tendon axial stiffness.  Several 

examples of prestressed concrete box girders are analyzed and compared with available 

experimental and theoretical studies in order to demonstrate the validity and efficiency of the 

proposed method. Good agreements between the results are obtained. 
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INTRODUCTION 
 

The relative economy of the box-girder bridges contributed greatly to its popularity, as it has 

relatively slender and unencumbered appearance. The structural simplicity of the box-girder 

bridges, particularly in continuous structures of medium to long spans, has been well demonstrated. 

The efficiency of the cross-section for positive and negative longitudinal bending moments, as well 

as torsional moments is apparent even to casual observer. 

 A box-girder bridge is a particular case of a folded plate structure where the plate elements 

are arranged to form a closed section. One of the main differences between the general shell and the 

box-girder (folded plate) is that in the general shell only two elements can meet at the same edge 

and the change of slope is smooth, while in the box-girder more than two elements can meet at the 

same edge at different inclinations. This causes a problem of slope discontinuity at corners
[4]

. 

  Problem of the slope discontinuity at corners by the use of brick elements does not 

exist due to existing of three translation degrees of freedom at each node. 

 The finite element method is the most versatile and appropriate numerical method that can 

cater for most of the following requirements: detailing, geometric and material behavior, loading 

characteristics, and the boundary conditions of the structure and any significant interaction among 

them. The finite element method employs an assemblage of discrete one, two and three-dimensional 

members to represent the structure. The structure is divided into elements that are only connected at 

their nodes which possess an appropriate number of degrees of freedom
[20]

.  

This work is devoted to study the overall prestressed concrete box-girder bridges subjected 

to monotonically increasing load. In order to achieve this main objective, a computer program is 

used, which was originally developed by Al-Shaarbaf
[3]

, but modified to be capable of analyzing 

prestressed concrete box-girders, by developing a system to include the effect of prestressing in the 

element formulation. 
 

FORMULATION OF FINITE ELEMENT 

 Concrete Idealization 
 

The 20-noded hexahedral brick element is used in the current study to model the concrete
[3][5]

. Each 

node of this element has three translation degrees of freedom u, v and w in the x, y and z directions 

respectively as shown in Fig. 1
[3]

. The element employs the standard shape functions to define the 

displacement field
[68]

. The displacements of the brick element are given by: 

 

                                                                                                    

                                                                                                                                                            

(1) 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

  

 

Fig. 1 20-Noded isoparametric brick element
[3]
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Reinforcing Bar Idealization 
 

The reinforcing bars are idealized as axial members embedded within the brick elements
[21]

. 

Reinforcing bars are assumed to be capable of transmitting axial force only. The stiffness matrix of 

steel bars is added to that of the concrete to obtain the global stiffness matrix of the brick element. 

The shape functions of the brick element can be used to represent the displacements of the bar
[3]

. 

For example, 

                                                                                                                                                            

(2) 

 

 

where a bar is considered lying parallel to the local coordinate axis ξ  with 
c

η=η  and 
c

ζ=ζ  

(constant), Fig. 2. 

 

 

 

 

 

 

 

 

 

 Bond and Bond-Slip Representation 
 

For the embedded bar, either perfect a bond or a specified bond-slip relation is assumed. The 

present bond-slip formulation is based on the experimental results of Nilson
[48]

. The bond-slip curve 

with C=152 mm (6 in.) is used (C, is distance from loaded face or face of crack), Fig. 3. Two 

polynomials are used to describe this curve, one for ascending portion, and the other for the 

descending part
[2]

: 
 

)5.27255.7(083.0
f

u 23

c

α+α−α=
′

 for 10 <α≤                                                                             (3) 

)5.22155.2(083.0
f

u 23

c

α+α−α=
′

 for 1≥α                                                                                  (4) 

where u is the bond stress, MPa, 
c

f ′ , the cylinder compressive strength of concrete, 
p

∆

∆
=α , 

normalized slip, ∆ = slip, mm, and 
p

∆ = slip at peak bond stress, mm. 
 

To obtain the bond stiffness Kb, Eq. (3) and Eq. (4) are differentiated with respect to the slip ∆ : 

 

                                                             for 10 <α≤                                                                    (5) 
 

( )5.22305.7
p

f
083.0

u
K

2c

b
+α−α

∆

′
=

∆∂

∂
=  for 1≥α                                                             (6) 

 

To account for bond slip, the steel axial stiffness is reduced by the bond slip stiffness
[12]

. 
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Fig. 2 Representation of reinforcement. 
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 General Nonlinear Solution Procedure 
 

The incremental-iterative method is the most common technique used for solving nonlinear 

structural equations, due to their precise result
[8]

. The modified Newton–Raphson method in which 

the stiffness matrix is updated at specified iterations of each increment of loading has been adopted. 

The convergence of the solution is controlled by a force convergence criterion. The numerical 

integration has been conducted by using 3x3x3= 27-point Gaussian rule. 
 

MODELING OF MATERIAL PROPERTIES 

Modeling of Concrete 

Behavior of Concrete in Compression 
 

The behavior of concrete in compression is simulated by an elastic-plastic work hardening model 

followed by a perfect plastic response, which is terminated at the onset of crushing, Fig. 4. The 

plasticity model is illustrated in terms of the following constructions: the yield criterion, the 

hardening rule, the flow rule and the crushing condition. 
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The state of stress must be scaled by an appropriate yield criterion to convert it to an 

equivalent stress that could be obtained from a simple experimental test. The yield criterion adopted 

in this work has been extensively used by many researchers
[3]

 and can be expressed as: 
 

{ }( ) ( )
o2121

J3IJ,IfF σ=β+α==σ                                                                                    (7) 
 

where α, and β are material parameters to be determined by fitting biaxial test results, using the 

uniaxial compression test and the biaxial test under equal compressive stresses. I1, and J2 are the 

first stress and second deviatoric stress invariants, and σo is the equivalent effective stress taken 

from uniaxial tests. The hardening rule defines the motion of the subsequent loading surface 

during plastic deformation. In the current study an isotropic hardening rule is adopted. The rule 

assumes that the yield surface expands uniformly without distortion as plastic flow occurs
[6][7]

. 

Therefore, the subsequent loading functions may be expressed as: 
 

{ }( ) ( ) σ=β++=σ
2

2

11
J3I.CI.CF                                                                                                             (8) 

 

where c=α/2σo and σ  represents the stress level at which further plastic deformation will occur and 

it is termed as the effective stress or the equivalent uniaxial stress at that level. 

The equivalent stress-strain relationships at various stages are: 

1- Elastic stage: 
 

c
.E ε=σ  for 

cp
f.C ′≤σ  ( Cp is the initial plasticity coefficient )                    

(9) 
 

2- Work-hardening stage: 
2

cp

c

0

cp

ccp
E

f.C

2

E

E

f.C
Ef.C 







 ′
−ε

ε′
−







 ′
−ε+′=σ    for 

ccp
ff.C ′≤σ≤′                                                                 (10) 

 

3- Perfect plastic stage: 
 

c
f ′=σ  for 

0c
ε>ε  or 

E

f
)C2( c

pc

′
−>ε                     

(11) 
 

where, c
ε  is the effective total strain and 

0
ε′  is the total strain corresponding to the parabolic part of 

the  curve given by: 
 

E

f
.C c

poo

′
−ε=ε′  or 

E

f
)C1(2 c

p0

′
−=ε′                                                                  

(12) 
 

To construct the stress-strain relationship in the plastic range, an associated flow rule is 

considered. This means that the plastic strain increment rate vector will be assumed to be normal to 

the yield surface, the plastic strain increment can be determined as
[7][17]

: 
 

{ }
σ∂

σ∂
λ=ε

)(f
dd

p
                                                                                                                                  (13) 

 

where dλ is a parameter which determines the size of the plastic strain increment, and ∂f 

({σ})/∂{σ} defines the direction of the plastic strain increment vector (d{εp}) as normal to the 

current loading surface. The plastic multiplier, dλ can be found as: 
 

{ } [ ]
{ } [ ] { }

{ }ε








+′
=λ d.

a.D.aH

D.a
d

T

T

                                                                                                                  

(14) 
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where {a}, the flow vector, is the yield function derivatives with respect to the stress components 

and [D] is the elastic constitutive matrix. The elasto-plastic increment of total strain can be 

calculated as: 
 

{ } { } { }
pe

ddd ε+ε=ε                                                                                                                                (15) 
 

where d{εe}, and d{εp} are the elastic and plastic strain components. The elastic strain increment is 

related to the stress increment by the elastic constitutive relationship, which is given by: 
 

{ } [ ] { }
e

dDd ε=σ                                                                                                                                    (16) 
 

Substitution of Eqs. (13), and (16) into Eq. (15) yields: 

{ } [ ] { }addDd
1

λ+σ=ε
−                                                                                                                           (17) 

 

{ } [ ] { } { }{ } [ ]
{ } [ ]{ }aDaH

Daa
dDd

T

T

1

+′
+σ=ε

−                                                                                                             (18) 

 

The crushing failure is a strain-controlled phenomenon. A failure surface in the strain space 

must be defined in order to take this type of failure into account. The crushing criterion can be 

obtained by simply converting the yield criterion, which is defined in Eq. (7) directly into strains 

instead of stress components
[7]

: 
 

cu21
J3I ε=′β+′α                                                                                                                                  (19) 

 

where, ,J,I
21
′′ are the first strain and second deviatoric strain invariants, and εcu is the ultimate total 

strain extrapolated from the uniaxial compressive test results. 
 

Behavior of Concrete in Tension 
 

The behavior of concrete in tension is modeled as a linear elastic brittle material and the maximum 

tensile stress criterion is employed. A smeared crack model with fixed orthogonal cracks is adopted 

to represent the tensile fracture of concrete. The model is described in terms of a cracking criterion, 

post-cracking formulation and shear retention model. In order to describe this model, the following 

constituents must be defined. For a cracking criterion, cracking occurs if the principal tensile 

stress exceeds the limiting tensile strength of concrete
[3]

. After cracking, the normal and shear 

stresses across the plane of failure and the corresponding normal and shear stiffnesses are reduced. 

However, the behavior of concrete between two adjacent failure planes remains linearly elastic, i.e., 

concrete is assumed to be transversely isotropic with planes of isotropy being perpendicular to the 

major principal stress direction which violates the cracking criterion. Thus, the elastic modulus in 

the direction of maximum tensile stress, σ1, is reduced. Because of the lack of interaction between 

the orthogonal planes caused by cracking, Poisson’s ratio, ν, is set to zero and a reduced shear 

modulus G
1

β  is employed to model the shear strength deterioration. Therefore, the incremental 

stress-strain relationship in the local material axes may be expressed as: 
 

{ } [ ] { }ε∆=σ∆
cr

D                                                                                                                                    

(20) 
 

where [ ]
cr

D  is the material stiffness in local material axes. 

In the present work, a tension-stiffening model is adopted, since the cracked concrete can 

still initially carry some tensile stresses in the direction normal to the crack. The gradual release of 

tensile stresses normal to the cracked plane is represented by an average stress-strain curve, Fig. 5, 

and expressed as
[3]

: 
 

1) [ ] [ ]0.1/
1crn1cr2n

−αεε−ασα=σ  for 
cr1ncr

εα≤ε≤ε                                                               …(15) 
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2) 0.0
n

=σ  for cr1n
εα>ε                                                                                                            …(16) 

 

where 
n

σ  and 
n

ε  are the stress and strain normal to the crack plane, 
cr

ε  is the cracking strain 

associated with the cracking stress 
cr

σ , 
1

α  and 
2

α are the tension-stiffening parameters, (
1

α is the 

rate of post-cracking stress decay as the strain increases, and 
2

α is the sudden loss in stress at instant 

of cracking ). 

 

 

 

 

 

 

 
 

 In the finite element analysis of reinforced concrete members, a shear retention model is 

usually used. The shear stiffness at a cracked sampling point becomes progressively smaller as the 

crack widens. So the shear modulus of elasticity is reduced to Gβ . Before cracking the factorβ  is set 

equal to 1.0. When the cracks propagate, the shear reduction factor β  is assumed to decrease 

linearly, Fig. 6
[21]

. When the crack is sufficiently opened, a constant value is assigned toβ , to 

account for the dowel action. The following relations are used to account for the shear retention 

effect. 

1) 0.1=β  for 
crn

ε≤ε                                                                                     

(23) 

2) 
3

cr

n

1

1

32 )(
)0.1(

)(
γ+

ε

ε
−γ

−γ

γ−γ
=β    for    

cr1ncr
εγ≤ε≤ε                                                                                (24) 

3) 
3

γ=β   for  
crn

εγ〉ε                                                                                      

(25) 

where, 
21

, γγ and 
3

γ are the shear retention parameters., 
1

γ , represents the rate of decay of shear 

stiffness as the crack widens, 
2

γ , represents the sudden loss in the shear stiffness at the onset of 

cracking, and 
3

γ , represents the residual shear stiffness due to the dowel action. 
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Fig. 5 Post-cracking for concrete in tension
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Modeling of Reinforcement 

 

Modeling of reinforcing and prestressing steel in connection with the finite element analysis of 

reinforced and prestressed concrete members is much simpler than the modeling of concrete. 

The reinforced and prestressed steel bars are long and relatively slender, and therefore, they can be 

assumed to transmit axial force only. 

 In the current work, an elastic-linear work hardening model is adopted to simulate the 

uniaxial stress-strain behavior of reinforcing and prestressing steel bars, Fig. 7. 

 

 

 

 

 

 

 

 

 

 
 

 FORMULATION OF PRESTRESSING 

 Equivalent Nodal Forces Method 
 

Basic Assumptions 

Few assumptions have to be made in order to obtain a workable mathematical model
[11]

. 

1. The weakening of the concrete section by the holes provided for the prestressing tendons 

may be neglected. 

2. The tension in the prestressing tendons is not affected by the elastic deformation of the 

structure. 

Geometry of the Tendon and Variation of the Prestressing Forces 

A particular brick element is considered where it is traversed by a prestressing tendon as shown in 

Fig. 8. The geometric definition of the tendon segment corresponding to a particular brick element 

is supposed to be of the following form
[11]

: 
 

         ∑
= 
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X                                                                                                           (26) 

 

 In this equation, 
c

X  stands for the vector of global Cartesian coordinates associated with a 

general point C  situated on the axis of the tendon, χ  is a non- dimensional parameter varying from  

–1 to +1 between the points of the segment, and 
cicici

z,y,x (i=1,2…m) represent given Cartesian 

coordinates of m  particular points 
m21

C,...C,C  distributed as uniformly as possible on the axis of the 

tendon. The base function )(M
i

χ  associated with a particular node 
i

C , by taking a value of unity in 

i
C  and zero at all other nodes 

ik
C

≠
, is represented by Lagrange polynomial

[11]
: 
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)(M

mi1ii1ii1i
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i
χ−χχ−χχ−χχ−χ
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+−                                                                                      

(27) 
 

The variation of tension )(TT χ=  in the tendon is most adequately defined in the form 

consistent with the deflection of the tendon geometry, namely
[11]

: 

Fig. 7 Stress-strain relationship of reinforcing and prestressing steel bars. 
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i

m

1i

i
T.)(MT ∑

=

χ=                                                                                                                        

(28) 

where 
i

T  (i=1,2,…m) are given magnitudes of the tension at nodal points. They will be specified on 

the basis of the customary prediction of loses of the prestressing. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Element Local Loads Due to Prestressing 

The local action of a prestressing tendon on a particular brick element may be represented by a 

distributed line load acting on the element along the corresponding segment 
m1

CC  of the tendon 

axis and, if revelant, by a concentrated anchoring force applied to the element at the points )C,C(
m1

 

where the extremity of the tendon has been anchored in the concrete, as shown in Fig. 8. 

The distributed line load has two components, the tangential component: 
 

                    ds

dT
P

t
−=                                                                                                                        (29) 

 

and the normal component: 
 

                    
R

T
P

n
=                                                                                                                            

(30) 
 

It is possible to combine the global components of the tangential and normal loads into a 

unique global Cartesian local vector: 
             

                    nPtP

P

P

P

p
nt

z

y

x

+=
















=                                                                                                           

(31) 
 

If one of the points 
1

C  or 
m

C  of the tendon segment coincides with the end of the tendon, the 

end anchoring force 
11

TP =  or 
mm

TP =  (Fig. 8) must be applied to the element as a concentrated local 

load. This load, tangential to the tendon axis, will most conveniently be specified by giving the 

vector its Cartesian global components: 
 

Fig.8 Typical segment of prestressing tendon traversing a brick element
[11]

. 
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Vector of Primary Nodal Forces of the Element 

The displacement definition of the brick element can be written as: 
 

{ } [ ] { }
ee

a.Nu =                                                                                                                                       

(34) 
 

and it is assumed that the element is traversed by only one prestressing tendon. Then, using the 

principle of virtual work, it can be shown that the local loads in Eqs. (31), (32) and (33) are 

balanced by the primary nodal forces of the element loads to
[17]

: 
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Lin's Method 
 

Another method is used in the present study. This method is used to analyze the parabolic tendon in 

prestressed concrete box-girder bridges. The tendon is assumed to be frictionless and acts in the 

neutral plane of the brick element. The parabolic tendon may be replaced by two types of in-plane 

force: two end anchorage forces and a uniform pressure along the span of the bridge structure.    

Fig. 9 illustrates a curved post-tensioned tendon in a brick element.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

This treatment of curved tendon follows the procedure used by Lin and applied by Loo and 

Cusens
[14]

. 

 The span of the cable is assumed to be parabolic and the total change of the slope is 

calculated as: 
 

  )zC2B(tan)zC2B(tan
1

1

3

1 +−+=ϑ −−                                                                                                   (36) 

where: 

Fig. 9 Analysis of curved cable
[1]
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in which (y1,z1), (y2,z2) and (y3,z3) are the coordinates for any three points in the parabolic curve 

spanning a brick element. The uniform pressure along the tendon duct may be replaced by a 

uniformly distributed in-plane load P along a line parallel to the z-axis, as shown in Fig. 9, and: 
 

  
)zz(

T
P

13
−

ϑ
=                                                                                                                                      

(39) 
 

where T is the prestressing force in the tendon. The load is assumed to act as line y , where: 
 

3/)yyy(y
321

++=                                                                                                                              (40) 

In the present study, the uniform pressure is distributed equally upon the nodes for the 

elements spanning with parabolic tendon. 
 

Short Term Prestress Losses 

Frictional Losses 
 

For post-tensioned members, the tendons are usually anchored at one end and stretched by jacks at 

the other end. As the steel slides through the duct, frictional resistance is developed, with the result 

that the tension at the anchored end is less than the tension at the jack. The total friction loss is the 

sum of the wobble friction due to unintentional misalignment, and the curvature friction due to the 

intentional curvature of the tendon. The following well-known equation is used to calculate the 

prestress loss at any point in the tendon at distance x from the anchorage end
[13]

: 
 

     )x(

o
e.PP ω+αµ−=                                                                                                                                 (41) 

 

where,  :p
o

 force in jack end (x=0). 

            :p  force in tendon at distance x. 

            :µ  curvature friction coefficient. 

            :α  angle change in prestressing tendon over distance x. 

            :ω  wobble friction coefficient. 

For parabolic profiles of constant curvature, Eq. (41) can be written as follows: 
 

             qx

o
e.pp −=                                                                                                                               

(42) 

where    ω+µ= aq , q  constant profile curvature ( ax=α ). 
 

Anchoring Losses 
 

Prestress loss due to slip-in of the tendon when the prestress jack end is released is present in post-

tensioned as well as pretensioned construction. Although it has a negligible effect on long tendons, 

it may become very significant for short tendons. However, anchor slip loss is mostly confined to a 

region close to the jacking anchorage. Distribution along the tendon is prevented by reverse friction 

as the tendon slips inward, and the steel stress throughout much of the tendon length may be 

unaffected by anchorage slip, Fig. 10. 

 Haung
[10]

 proposed a method for solving this problem. The force 
2

p  and length 
a

l  over 

which anchor slip takes place are unknown. Considering the fact that the area under the curve 
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represents the elongation of the tendon, the following equation containing the unknown length 
a

l  

can be obtained: 
 

   
)e1(p

EA2
l

aql2

o

sss

a −−

∆
=                                                                                                                                

(43) 
 

where, 
s

∆ , is prestressing tendon anchor slip, 
s

A , is prestressing tendon area, 
s

E , is prestressing 

tendon modulus of elasticity. 

 Using Eq. (43), length 
a

l  can be evaluated by using ordinary nonlinear solvers such as the 

iterative Newton-Raphson algorithm. 

 As shown in Fig. 10 the force in the tendon is then calculated as follows: 
 

      )xl2(q
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(44) 
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Computer Program 
 

In the present study, the computer program P3DNFEA (Three-Dimensional Non-linear Finite 

Element Analysis), has been adopted. The program was originally developed by A-Shaarbaf
[3]

. The 

main objective of the program is to analysis prestressed concrete box-girder bridges. Modifications 

and newly added subroutines were necessary to incorporate the effect of prestressing forces. The 

program is coded in FORTRAN 77 language. 
 

APPLICATIONS AND RESULTS 
 

The present nonlinear finite element model is used to investigate the behavior and ultimate load 

capacity of prestressed concrete box girders subjected to nonproportional loads and initial 

prestressing forces. Several examples are considered. 
 

Simply Supported Single-Cell Prestressed Concrete Box-Girder Bridge 
 

One-seventh scale model of a single-cell prestressed box-girder bridge
[19]

, simply supported at its 

ends is analyzed by using the present nonlinear finite element technique. 

 The geometry and finite element mesh are shown in Figs. 11 and 12. The applied loading for 

the bridge was considered to be of a scaled modeled of the Ontario Highway Bridge Design truck 

Po 

(a) Prestressing tendon layout 

(b) Prestress force variation along the tendon 

both before and after anchor release 
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Fig.10 Prestress forces losses due to anchor slip
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(OHBDC) as shown in Fig. 13. The positioning of the trucks on the bridge model is shown in      

Fig. 12. The material properties of the concrete, reinforcing and prestressing steel are listed            

in Table 1. 

Since the one-cell box-girder was symmetrically loaded with respect to its longitudinal axis, 

only one-half of the box-girder is modeled. The one-half structure has been modeled by 252 brick 

elements with a total number of 1815 nodal points, as shown in Fig. 12. 
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Table 1 Material properties of the one-cell box-girder bridge. 

Concrete 
Steel 

 prestressing reinforcing 
Elastic modulus, Ec (MPa) 22552 Elastic modulus, Es (MPa) 180000 200000 

Compressive strength, fc` (MPa) 30 Yield stress, fy (MPa) 1050.0 480.0 

Tensile strength, ft (MPa) 1.75* Diameter (mm) 5.00 1.59 

Poisson’s ratio, υ 0.15* Bar area, (mm2) 19.6 2.00 

Compressive strain at fc` 0.0018 Ultimate strain   0.035 0.018 

Ultimate compressive strain 0.0045 Yield strain 0.0035 0.0018 

Cracking tensile strain 0.0002* Poisson’s ratio 0.3* 0.3* 

  Initial prestressing force, Po (kN) 14.406*  
*assumed 

Po= 0.7 Aps fy 
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Fig. 11 Structural details of the one-cell box-girder bridge 
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Fig. 12 Finite element idealization for half bridge model of one-cell box-girder  
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Fig. 14 gives the load-midspan deflection curve of the prestressed box-girder bridge. The 

obtained results show close agreement in comparison with the experimental results. Fig. 15 shows 

the deflected shape of the bridge at various load levels. The level of the load is indicated by the 

ratio P/Pu, where P is the load at which the deflection is evaluated and Pu is the ultimate load for 

the bridge. The concrete longitudinal normal stresses at various locations in the bridge are 

illustrated in Figs. 16, 17 and 18. Fig. 16 and Fig. 17 show the longitudinal normal stress in the 

centerline of the top slab at midspan and quarterspan versus the level of load. Generally, the 

obtained results were nearly close to the experimental results. The variation of concrete longitudinal 

normal stresses along the centerline of the top slab is shown in Fig. 18. Figs 19 and 20 show the 

variation of longitudinal normal stress at the cross-sections at midspan and quarterspan for the 

bridge at load ratio P/Pu equal to 0.250 and 0.875. 
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Fig. 16 Longitudinal normal stress on the top 

slab at midspan for one-cell box-girder bridge Fig. 17 Longitudinal normal stress on the top 

slab at quarterspan for one-cell box-girder 

bridge 
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Simply Supported Two-Cell Prestressed Concrete Box-Girder Bridge 
 

The same authors
[53]

 of the previous example tested and analyzed another example. It was a two-

cell box-girder, simply supported at its two ends.  

 The geometry and the finite element mesh are shown in Figs. 21 and 22. The applied 

loading for the bridge is shown in Fig. 23. The positioning of the trucks on the bridge model is 

shown in Fig. 22. The material properties of concrete, and reinforcing and prestressing steel are 

listed in Table 2. 

One- half of the bridge is modeled due to the symmetry of loading with respect to the 

longitudinal axis. The two-cell box-girder was modeled with 308 brick elements with a total 

number of 2266 nodal points, as shown in Fig. 22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 Material properties of the two-cell box-girder bridge. 

Concrete 
Steel 

 prestressing reinforcing 
Elastic modulus, Ec (MPa) 28663 Elastic modulus, Es (MPa) 175000 200000 

Compressive strength, fc` (MPa) 37 Yield stress, fy (MPa) 1550.0 298.0 

Tensile strength, ft (MPa) 2.25* Diameter (mm) 5.00 4 

Poisson’s ratio, υ 0.18* Bar area, (mm2) 19.6 12.90 

Compressive strain at fc` 0.0018 Ultimate strain   0.035 0.018 

Ultimate compressive strain 0.0045 Yield strain 0.0035 0.0018 

Cracking tensile strain 0.0002* Poisson’s ratio 0.3* 0.3* 

  
Initial prestressing force, 

Po (kN) 
21.266*  

*assumed 

Po=0.7 Aps fy 
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Fig. 21 Structural details of the two-cell box-girder bridge 
 

Fig. 22 Finite element idealization of half bridge model of two-cell box-girder 
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In Fig. 24, the load-deflection curve of the bridge is shown. Good agreement with experimental and 

NONLACS results is satisfied throughout most loading levels. The deflected shape due to external 

loading is shown in Fig. 25, it is measured at various levels of loading. The deflected shapes were 

measured along the longitudinal centerline of the bridge. Good agreement exists with the 

experimental results at various ratios of P/Pu, except the curve at the ratio P/Pu=0.909. Fig. 26 

represents the development of longitudinal normal stress on the top slab at midspan versus the 

loading. It can be noted that the rate of development of stress is almost linear. The linear curve was 

due to the behavior of the structure. Generally, the obtained results are in good agreement with 

respect to the experimental and NONLACS results. A good agreement with respect to the 

experimental results at the top slab at quarter span of the bridge is also shown in Fig. 27. It can be 

noted that, the obtained results in the present study are more close to the experimental results than 

the NONLACS results. The variation of concrete longitudinal normal stresses along the centerline 

of the top slab is shown in Fig. 28. The comparison is fairly close with respect to the experimental 

results. Figs. 29 and 30 show the variation of longitudinal normal stress at the cross-section at 

midspan and quarter span for the bridge at a ratio P/Pu equal to 0.182 and 0.727. 
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Fig. 26 Longitudinal normal stress on 

the top slab at midspan for two-cell 

box-girder bridge 

Fig. 27 Longitudinal normal stress on 

the top slab at quarter span for two-

cell box-girder bridge 
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5.3 Simply Supported Single-Cell Prestressed Concrete Box-Girder with Inclined Web 
 

A longitudinally prestressed single-cell box-girder, simply supported at both ends was analyzed by 

Jirousek et al
[11]

. The box-girder is longitudinally prestressed by parabolic tendons located within 

the inclined webs. The profile of the tendons and geometry of the bridge model are shown in       

Fig. 31. The material properties of the bridge model are listed in Table 3. Each web of the bridge is 

provided with one-parabolic cable as shown in Fig. 31. The intensity of cable tension was assumed 

constant. 

 Due to symmetry of loading and geometry, one half of the bridge span was modeled with 

176 brick elements and 1312 nodal points as shown in Fig. 32. In this example, the procedure used 

by Lin
[13]

 and applied by Loo and Cusens
[14]

 is used to represent the prestressing forces at the nodes. 

 Fig. 33 shows the vertical deflections for the cross-section at midspan due to prestressing 

forces only. Good agreement is obtained by comparing with Jirousek et al
[11]

 and Al-Temimi
[4]

 

solutions. In Fig. 34, the distribution of longitudinal stresses at cross-section at midspan is shown. 

The obtained results are fairly close to Jirousek et al
[11]

 solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 30 Longitudinal normal stress variation across the section at quarter 

span for two-cell box-girder bridge 
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Table 3 Material properties for the prestressed box-girder bridge with inclined webs. 
 

Concrete  

Elastic 

modulus, Ec 

(MPa) 

Compressive 

strength, fc` 

(MPa) 

Tensile 

strength, ft 

(MPa) 

Poisson’s 

ratio, υ 

Compressive 

strain at fc` 

Ultimate 

compressive 

strain 

Cracking 

tensile strain 

Initial 

prestressing 

force, Po 

(kN) 

29000 33.64* 3.132* 0.15 0.0018* 0.0045* 0.0002* 28500 

*assumed 

 

 
                        

 

                         Jirousek Ref.(11)  

                   Al-Temimi Ref. (4) 
                   Present study 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
 

The nonlinear finite element method is used to analyze prestressed concrete box-girder bridges. 

Based on the numerical analyses carried out, the following conclusions can be drawn. 

1. The three-dimensional finite element model used in the present work is suitable to predict 

the behavior of prestressed concrete box-girder bridges under flexure. The numerical results 

Fig. 32 Finite element mesh for the bridge model (half span) 

cc
f5000E ′=

Fig. 33 Deflection of midspan cross-section  Fig. 34 Longitudinal stresses at cross-

section midspan  

ct
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showed the predicted load-deflection behavior, load-stress behavior and collapse load in 

good agreement with experimental results. 

2. The losses in prestressing forces used in the present work improved the obtained results 

when comparing with the experimental results. 

3. The concept of equivalent nodal forces used in the present study is capable to simulate the 

loads exerted by the prestressing tendon upon the structure with fair accuracy. Also, Lin's 

method is proved to be more suitable to simulate the forces by the parabolic tendons. 

4. The contribution of the prestressing tendon stiffness to the element stiffness is considered 

and found to have some effect. 
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ABSTRACT 

One way to synthesis texture in a fast and easy way is image quilting proposed by Efros and Freeman in 

2001. This research brings the adaptive search power of genetic algorithm and combines it with the 

concept of image quilting to propose new texture  synthesis algorithm. The proposed GA is ran on many 

different images from standard texture sets. Visual comparison of our proposed GA with image quilting 

algorithm is considered. The texture results generated by the proposed GA are roughly comparable in 

quality to those generated from Efros and Freeman algorithm. 
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KEYWORDS 
 Patch-based texture synthesis, image quilting, genetic algorithms. 
 

INTRODUCTION 

Texture is a common seen scenario in the real world and it usually characterizes certain types of surfaces 

of objects (e.g. walls, clouds, and piles of food cans). Therefore, reproducing the textures for these objects 

is usually required when rendering their synthetic images. One way to reproduce textures is from scanned 

photographs. However, this method is often suffered from inadequate size or visible repetition and seams 

if a simple tiling is directly used. Texture synthesis is an alternative way to create textures. Given a 

texture sample that contains adequate stochastic and structural information, the goal of texture synthesis 

is to grow a new texture that visually appears to be generated by the same underlying pattern as in the 

input texture sample. This method has a variety of applications in computer vision, graphics, and image 

processing. For example, textures have long been used to decorate object surfaces in computer rendered 

images. However, natural textures are often difficult to generate manually; therefore an algorithm to 

synthesize a large texture from a small scanned patch will be desirable.   

 Until 2001, most texture synthesis algorithms compute the value of each pixel in the synthesized 

texture individually.  However, in 2001, Efros and Freeman published their paper “Image Quilting for 

Texture Synthesis and Transfer”.  In this paper, they note that most pixels in a synthesized texture do not 

have a choice about their final pixel value.  Using this observation, Efros and Freeman present a method 
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to synthesis texture based on blocks of texture rather than individual pixels. This process –image quilting- 

is a simple and fast patch-based method: the block substitution is here optimized by stitching together 

small blocks of existing images and minimizes the error on the boundary cut where the blocks join. By 

using blocks, the texture synthesis process becomes easier and faster whiles still producing excellent 

results for both stochastic and structured textures.  

 In this paper, we bring the adaptive search power of the genetic algorithm and combines it with 

the concept of image quilting to propose a new texture  synthesis algorithm.  Because our method is based 

on the patch-based approach, particully image quilting, we provide a brief overview of this approach. An 

overview of genetic algorithms also is given. Then we present the proposed genetic algorithm and how 

we utilize it for synthesizing texture. We show the results obtained and conclude by outlining some 

possible extensions of this work. 

 

IMAGE QUILTING TEXTURE SYNTHESIS  
The basic idea of image quilting texture synthesis procedure is as follows (Efros and Freeman, 2001). 

Assume that the unit of synthesis B i
 is a square block of user specified size from the set S B

of all such 

overlapping blocks in the input texture image is defined. To synthesize a new texture image, as a first step 

tile it with blocks taken random from S B
. Before placing a chosen block into the texture looking at the 

error in the overlap region between it and the other blocks. A minimum cost path throw that error surface 

is computed and declare that to be the boundary of the new block. Figure 1 shows the result of this 

process. 

 

  

Minimum error 

boundary cut 

 

Input texture Output texture 

                                                         Fig.(1): Quilting Texture 

 

   The minimal cost path throw the error surface is computed in the following manner. If B1and 

B 2 are two blocks that overlap along their vertical edge (Figure 1) with the regions of overlap Bov
1 and 

Bov
2 , respectively, then the error surface is defined as e = ( Bov

1 - Bov
2 )

2 
. To find the minimal vertical cut 

through this surface traverse e ( Ni ..2= ) and compute comulative minimum error E for all paths (Efros 

and Freeman, 2001): 

  )min( 1,1,,1,1,1,, +−−−−+= jijijijiji EEEeE  ……………………. (1) 

 In the end, the minimum value of the last row in E will indicate the end of minimum vertical path 

through the surface and one can trace back and find the path of the best cut. Similar procedure can be 

B1 B2 

Block  
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applied to horizontal overlaps. When there is both a vertical and a horizontal overlap, the minimal paths 

meet in the middle and the overall minimum is chosen for the cut. 

 
 AN OVERVIEW OF GENETIC ALGORITHM 

Genetic Algorithms (GAs) are a class of stochastic search algorithms for solving many difficult 

optimization problems (Goldberg, 1989). They are motivated by the computational process in natural 

evolution that enable organisms to adapt more to their environment over many generations. GAs operate 

on a set of possible individuals, which is called the population. In biological terms, the individual’s bit 

string (i.e., gene) is the genotype and the solution represents the phenotype of a particular individual or 

chromosome
1
. The most basic operations used by GAs are selection, crossover, and mutation. The 

selection operator identifies (according to fitness value) the individuals of the current population, which 

will serve as parents for the next generation. Crossover randomly chooses pairs of individuals to combine 

properties of them by creating offspring. Crossover occurs with probability pc
, which is typically near 

one. Mutation is usually considered as a secondary operator, which makes small changes on single 

individuals to restore diversity of the population that may be lost from the repeated application of 

selection and crossover (Badros, 1995). Mutation occurs with some small probability pm
.   

 
 DESIGN OF GENETIC ALGORITH FOR TEXTURE SYNTHESIS 

In this paper we bring the adaptive search power of GA and combines it with the concept of image 

quilting to propose a new texture synthesis algorithm, as we coined conventional genetic texture synthesis 

(CGTS). 

The general steps of CGTS are: 

1. Generate a random population of synthesized texture chromosomes with a pre-selected size. 

2. Evaluate fitness and determine the best synthesized texture chromosome and carry it to the new 

population (elitist strategy). In this way there is a guarantee that the  good synthesized texture 

chromosome is not lost. 

3. Repeating  the following steps until new population is complete.  

 3.1 Select two parent chromosomes from the population according to their fitness (the better 

synthesized texture chromosome, the bigger chance to be selected). 

3.2 With a crossover probability, pc , cross over the selected parents to form a new offspring. If no 

crossover was performed, offspring is an exact copy of parents. 

3.3 With a mutation probability, pm , mutate new offspring at each gene. 

3.4 Place new offspring in a new population. 

4. Use new generated population instead of old one for a further run of algorithm. 

5. If the termination criterion is satisfied, stop, and return the best solution in current population. 

6. Go to step 2. 

  
 The following subsections  clarify the CGTS chromosome representation.. Depending on the 

chromosome representation, crossover and mutation are put in plain words.  

 

 

Chromosome Representation and Population Initialization  
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The genetic algorithm used in this research process populations (old population and new population) of 

synthesized image textures. A synthesized image texture is a chromosome in the population. In the 

proposed GA, the chromosome representation is based on the idea of blocks arrangement, where the 

texture blocks are pasted from top to bottom, left to right. Each chromosome is represented using an array 

of MN × genes decimal variables inclusively. Gene variables represent block number i  of the block Bi  

generated randomly from the set S B of all such overlapping blocks in the input texture image sample
I

. 

While MN × represent the encoding (genotype) of the output texture image outI
. Figure 2 gives an 

illustration of the chromosome representation used.  
 

 

 

 

 

 

 

  

 

 

 Consider that an output texture image of size OO 2*1  is to be synthesized from an input texture 

image of size II 2*1  with block size ww BB *  and overlap region size we , of course wI B>1 and 

wI B>2 . Then, the dimension MN * of an array of genes which define the GA chromosome is 

calculated as follows.  

   )/(1 wewON B −=           (2) 

  )/(2 wewOM B −=           (3) 

Each gene can hold a block number ranges from 1 to the maximum number of such overlapping blocks in 

the input texture image.  

 For research purposes, random initializing of population is the best. Moving from a randomly 

created population to a well-adopted population is a good test of the algorithm, since resulted synthesized 

texture will have been produced by the search of algorithm rather than initialization procedures. 

Therefore, random initialization for population is used here for CGTS. It is a simple matter to create new 

offspring from the members of old population using genetic operators, place those new texture 

chromosomes in new population. The choice of population size psize
 ranges from 30 to 200 in 

conventional GA (Grefenstette 1986) .  
 

Objective and Fitness Functions 

The objective function is used to provide a measure of how chromosomes have performed in the problem 

domain. As the objective of texture synthesis problem is to minimize the error on the boundary where the 

patches join, GA deals with image texture synthesis problem as a minimization problem, i.e., the fit 

chromosomes will have the lowest numerical value of the associated objective function. This raw 

measure of fitness is usually only used as an intermediate stage in determining the relative performance of 

1 5 12 11 4 5 8 10 

9 10 2 9 2 5 7 11 

1 11 7 5 1 6 10 12 

12 3 11 3 10 2 6 8 

6 4 5 2 8 4 7 2 

2 6 4 12 5 6 5 7 

7 4 7 8 9 3 1 2 

11 8 3 5 6 1 8 3 

Block number 

2 in input 

texture image, 

sample
I 

Fig.( 2). GA Texture Chromosome Representation, where maximum number of overlapping 

blocks , here, is 12. 
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chromosomes in a GA. Another function, fitness function, is normally used to transform the objective 

function value into measure of relative fitness, thus: 

 ( )objectivegfitness =         ……………………. (4) 

Where g  transforms the value of the objective function objective to a non-negative number, and fitness is 

the resulting relative fitness. This mapping is always necessary when the objective function is to be 

minimized as the lower objective function values correspond to fitter chromosomes.  

The objective function of any synthesized texture chromosome can be calculated by summing all 

vertical and horizontal Euclidean distance measured in RGB space at overlapping location. 

    ( )∑
=

+=
MN

i

ii heveobjective
*

1

                                                             ……………………. (5)                               

Where ive is the sum-of-squared difference-SSD of the vertical overlap region  between block i  and its 

left block, and ihe is the SSD of the horizontal overlap region between block i and its upper block in 

I out . Then the fitness function can be computed as follows: 

   
objective

fitness
1

=                                                              ……………………. (6) 

For every synthesized texture chromosome, the fitness value is calculated. Better synthesized 

texture (i.e., chromosomes with larger fitness values) will get higher score. Evolution function directs 

population towards progress because good fitness will be selected during selection process and poor one 

will be rejected. 

   

Selection 

In this paper tournament selection is used, where two individuals are taken at random from initial 

generation, and the better individual is selected from them. The winner of the tournament is the individual 

with higher fitness of the tournament competitors, and the winner is inserted into mating pool, the mating 

pool, being filled with tournament winners. In addition, the elitist strategy is used so that the best 

individual will be automatically survived to the next generation. Elitism makes the GAs retain the best 

individual at each generation. The best individual can be lost if it is not selected to produce or if it 

destroyed by recombination or mutation (Mitchell 1998). 

 

Crossover 

There are numerous ways to implement crossover. Some forms of crossover are more appropriate for 

certain problems than others are (Spears 1997). Two point crossover is used for the proposed GAs. After 

choosing two parents from the mating pool, two crossover points are selected randomly. Each cut point 

represents a row and column coordinates of the parent chromosome array. Then the blocks of textures 

between these twopoints from the selected individuals are swapped to form two new offspring. Crossover 

occurs with probability 0.6 for CGTS. Figure 3 clarifies the crossover operation.  

                                             

 

 

 

 

 

 

 

 

Parent1 Parent2 
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Mutation 
In CGTS, mutation is applied to each offspring chromosome after crossover. Each gene in the offspring is changed to include 

any source block number taken randomly from BS . Mutation is performed with low probability, 1.0=pm . Figre 4 clarifies 

this operation.           

 

 

 

 

 

 

 

 

 

 

Fig(3). Crossover operation where the cut points (1, 1) and (4, 5) are chosen randomly. 

Cut points 
Point (1, 1) 

Point (4, 5) 

1 2 12 11 4 5 8 10 

9 10 2 9 2 5 9 11 

1 11 7 3 1 6 10 12 

12 3 11 3 10 2 6 8 

6 12 5 2 8 4 7 2 

2 6 4 12 5 6 5 7 

7 4 7 8 9 11 1 2 

11 8 7 5 6 1 8 3 

 

1 5 12 11 4 5 8 10 

9 10 2 9 2 5 7 11 

1 11 7 5 1 6 10 12 

12 3 11 3 10 2 6 8 

6 4 5 2 8 4 7 2 

2 6 4 12 5 6 5 7 

7 4 7 8 9 3 1 2 

11 8 3 5 6 1 8 3 

 

Offspring new Offspring  

Before mutation After mutation 

Gene block 

number is to  

be perturbed 

 by mutation 

Fig(4). Mutation operation 

Offspring1 Offspring2 
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Termination Criteria 

A common practice to terminate the GA is after a pre-specified number of generations. Then the quality 

of the best members of the population against the problem definition is tested. If no acceptable solution is 

found, the GA may be restarted or a fresh search is initiated (pohleheim 1998). Henceforth, the 

application of this termination criterion is used. 

 

Genotype Decoding (Phenotype) 

The genotype of the best resulted synthesized texture chromosome from the last generation must be 

decoded into the corresponding phenotype, i.e., output texture image outI . This operation is accomplished 

as follows. The best synthesized texture chromosome from the last generation is an array of blocks with 

minimum overlap error. The first block number at coordinate 1,1 is replaced by its corresponding pixel 

values in the upper left corner of the outI . The remaining blocks are replaced with its corresponding pixel 

values in raster scan order, i.e., from top to bottom and from left to right. The overlapping process is done 

before pasting the block onto the output image. The minimum cost path in the upper and left overlap 

regions of block is calculated. Finally the path as the boundary between the adjacent blocks is marked. 

One purpose of finding the minimum cost path is to level off the abrupt intensity transitions in the overlap 

regions.  Figure 5 depicts an example of the genotype decoding process.  
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Genotype decoding process. The gray area is already synthesized. (a) The best synthesized texture 

chromosome, (b) the output texture image outI after replacing the first block. (c) The minimum cost path in the upper 

and left overlap regions of block (d) the chromosome phenotype. 

  

1  3  2  1  

2  4  3  2  

3  1  2  1  
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EXPERIMENTAL RESULTS 

The parameter settings used in all experiments are shown in table 1. 
  Table1:  parameters setting 

Parameter  Value  

Population size 50 

Termination criteria  After 50 generation 

Crossover rate 0.6 

Mutation rate 0.1 

Block size 32*32 

we  5-pixel 

sample
I

 
64*64 

outI  128*128 

 

 A visual comparison of our approach with image quilting algorithm is shown in figure 6. As 

depicted from the figures, the texture results generated by CGTS is roughly comparable in quality to 

those generated from Efros and Freeman algorithm (2001). More results from applying CGTS on 

different texture samples shown in figure 7. Although our algorithm is able to synthesize a wide variety of 

textures including stochastic and semi-structured textures, they still have several limitations as shown in 

figure 8. Because we use fixed shape and size of blocks, our algorithm cannot reproduce perfect results 

for structured textures and with perceptivity, lighting and shadow features.  
 

 

 
    

 

 
    

 

 
    

Fig.( 6). Texture synthesis results. 1
st
 column: sample texture. 2

nd
 and 4

th
 columns: synthesis result generated by CGTS. 

3
rd

 and 5
th

 columns: synthesis result generated by image quilting algorithm (Efros and Freeman, 2001). 
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Fig.( 7). Texture synthesis results. 1

st
 and 3

rd
 columns: sample texture. 2

nd
 and 4

th
 columns: synthesis result generated 

by CGTS.  
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Fig.( 8). Limitations of our texture synthesis algorithm. The smaller patches are the input textures, and to the right is 

the synthesized results by CGTS. 

 

 CONCLUSIONS AND FUTURE WORK 

In this paper, we have presented a new texture synthesis algorithm- as we coined conventional genetic 

texture synthesis algorithm. The proposed genetic texture synthesis algorithm combines the idea of image 

quilting and the power of the conventional genetic algorithm for texture synthesis problem. The results 

demonstrate that the texture results generated by CGTS are roughly comparable in quality to those 

generated from image quilting algorithm. 

 There are several possible directions for future work. Although our algorithm is fast enough for 

software applications, it needs further improvements. For example, to reduce computational efforts and 

provide a smooth transition between adjacent texture blocks a simple blending method called feathering 

can be used. this method may reduce the limitations of our method. Further, one can test the GA with 

smaller population size, and/or with different GA operators to see whether they produce progress in the 

GA results.  
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HELICAL WINDING INDUCTION HEATING SYSTEM 
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ABSTRACT 
A novel method in induction heating is presented. The winding of the excitation coil is helical and of three – 

phase type while the charge is cylindrical. This heating system is compared with the classical induction heating 

system of the circular coil type with cylindrical charge and single – phase excitation. The study shows the merits 

of the proposed new system over the conventional one. The multi – layer theory approach is adopted for the 

analysis of helical winding induction heating system which is an analytical method. 
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INTRODUCTION 

Three – phase induction heating systems are normally known as traveling wave induction heaters 
(1) 

. When the 

metallic charge is held stationary, the induced currents will heat it which can now be regarded as the workpiece. 

The method has uses in vessel and billet heating. The diffusion of the time – variable electromagnetic field in 

the conduction media is accompanied by electrothermal and electromagnetic effects. Some technical 

applications are based on the dynamic effect, for example, the electromagnetic stirring in traveling low 

frequency magnetic field, for steel degassing and treatment (2)  . 

Fireteanu and Gheysens 
(3)

 presented a comparison between single phase and travelling wave induction heating 

system for crucible furnace. They concluded that the electromagnetic stirring of the molten metal by the action 

of electromagnetic force was more intensive in the case of travelling wave induction with a reduction of active 

power by an amount (8 – 23) %. The objective of this paper is to propose a mathematical model for the 

travelling wave helical winding induction heating system with poles distributed axially and circumferentially. A 

second objective of this paper is to compare the results of the helical model with those obtained for the 

conventional model and to show the merits of the new system over the conventional one. 
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For the analysis, a conventional system is adopted from reference [1] for the sake of comparison. The model is a 

system operating in the standard frequency (50 Hz). The results of helical system are compared with those 

obtained for the single – phase system obtained by the equivalent circuit method 
(1) 

. 

 

 

 

 

Winding Layout 

The basic development of the helical winding can be explained with the aid of fig. (1). Fig. (1 – a) shows a flat 

layout of the instantaneous pole pattern of a HWIH system. If this layout is rolled about an axis and applied (EE) 

to (FF), the result is a helical travelling wave induction heating system as shown in fig. (1 – b). 

The primary coil construction of one phase of the winding may be explained with the aid of fig. (2). Fig. (2 – a) 

shows the coil structure for planner heater. To convert this into the cylindrical shape, it is rolled to produce the 

construction shown in fig. (2 – b). Polyphase versions of the winding may of course be arranged. 

Fig. (3) shows unrolled three – phase configuration; with two poles circumferentially and axially. Fig. (4) shows 

the helical windings in cylindrical form for two poles axially. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            (a)       (b) 
 

Fig. (1). 

Basic development of the helical winding 

(a) A flat layout of the instantaneous pole pattern of a HWIH system 

(b) A helical travelling wave induction heating system 
 

 

 

 

THEORETICAL ANALYSIS 

Primary current density 
It is assumed that the winding produce perfect sinusoidal travelling wave. The line current density may be 

represented by
(4)

: 
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)exp( φjJJ ms =  

grk

n

⋅
= −1tanφ  
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J =  

 

This may be resolved into two components, zJ and, θJ  where: 

 

)(exp θω nkztjJJ zmz +−=                 (2) 

)(exp θωθθ nkztjJJ m +−=                 (3) 

and: 

)sin(φmzm JJ =  

)cos(φθ mm JJ =  
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(b) 

 

Fig. (2). 

Primary – coil construction for one phase of the HWIH 

(a) Coil structure of figure (1 – a) 

(b) Coil structure of figure (1 – a) in cylindrical shape 
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Mathematical model 
A general multi – region problem is analyzed. Fig. (5) shows a longitudinal section in HWIH system. Fig. (6) 

shows a cross – section through the model shown in fig. (5). This represented the general mathematical model 

chosen for the analysis. The solution is based on the following assumptions: 

 

1. The primary current is represented by a radially infinitesimally thin and axially infinite current sheet 

excitation at radius gr . 

2. All state variables vary sinusoidally as ( )θω nkztj +−exp . This exponential will be dropped from the 

expression for shortness. 

3. All field components decay to zero at sufficiently far radial distances from the model. 

4. Displacement currents will be neglected at the frequencies used. 
 

Maxwell's equations for any region in the model are: 

 

JH =×∇                       (4) 

t

B
E

∂

∂−
=×∇                        (5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). 

A flat layout of unrolled 3 – phase HWIH with two poles 

axially and circumferentially 
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0=⋅∇ J                      (7) 

0=⋅∇ E                      (8) 

EJ σ=                      (9) 

HB µ=                    (10) 

 

It is assumed that the resistivity in the radial direction is infinite, this gives: 

0=rJ                      (11) 

 

The boundary conditions are: 

1. The axial flux density is continuous across a boundary. 

2. The axial component for magnetic field strength is continuous across a boundary, but allowance must be 

made for the current sheet in the manner shown in the section concerning field calculation at the region 

boundaries. 

 

Field equation of a general region 

Firstly, the field components of a general region are derived. Assuming that σσσ θ ==z
 and 

µµµµ θ === zr
, then using equation (7), for 0≠n , we have: 

 

θJ
kr

n
J z

.
=                    (12) 

 

Using equation (9) yields: 

 

 
Fig. (4). 

Helical winding in cylindrical form for two poles axially 
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Figure (5) 

A longitudinal section in HWIH system 
 

 

θE
kr

n
Ez

.
=                   (13) 

From equations (5), (4) and (9): 

 

EjE ωσµ−=×∇×∇                  (14) 

 

Taking only the z – components from both sides of equation (14) and using equation (8) with the assumptions 

mentioned above, the general solution is: 

 

( ) ( )rKDrIAE nnz αα .. +=                 (15) 

 

Where: 
 

ωµσα jk += 22
                 (16) 

nI  and 
nK  are modified Bessel functions of order n and of general complex argument. A and D are arbitrary 

constants to be determined from boundary conditions. 
 

From equation (13) and equation (15), for 0≠n , 
 

( ) ( )[ ]rkDrIA
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+=                (17) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6). 
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Cross – section through multicylindrical induction heater 

Note: The dotted lines describe region(s) in between 
Using equations (5), (9), (13) and (15), it can be shown that: 
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                (18) 

 

Using equation (4) and equation (11), taking only the r – component, yields: 
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n
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Using equations (6), (10), (17), (18) and (19) 
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Field calculation at the region boundaries 

Fig. (7 – a) shows a general region m, where mE ,θ  and mzH ,  are the field components at the upper boundary of 

region m, and 1, −mEθ  and 1, −mzH  are the equivalent values at the lower boundary of the same region. From 

equation (17) and equation (20), we may write: 
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Fig. (7). 
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Expressions for 1, −mEθ  and 1, −mzH  can be found by replacing mr  in the above equations by 1−mr . 

 

For regions where 1≠m  or N 
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Where [ ]mT  is the transfer matrix 
(5)

 for region m, and is given by: 
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Expressions for 
mmm cba ,,  and 

md  are given in reference (4) 

 

At the boundaries where no excitation current sheet exists, θE  and 
zH  are continuous. Considering the current 

sheet to be at radius 
gr  , then: 
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And 
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Where mzH ,  is the axial magnetic field strength immediately below a boundary and 
'

,mzH  is the axial magnetic 

field strength immediately above a boundary. Hence it can be written that: 
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For region N, fig. (7 – b), then as ( ) ∞→∞→ rIr n α, , from equations (21) and (22): 
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For region 1, as ( ) ∞→→ rKr n α,0 , therefore, from equations (21) and (22): 

 

D = 0                   (30) 
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Surface impedance calculations 

The surface impedance looking outwards at a boundary of radius ( gr  ) is defined as: 
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And the surface impedance looking inwards is defined as: 
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Using the methods obtained in reference [6] with the values of 1,1,1,1, ,,, zNzN HEHE θθ −−  and mmm cba ,,  and md  

as derived in the previous section, then: 
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Where 
inZ  is the input surface at the current sheet and 1+gZ  and gZ  are the surface impedances looking 

outwards and inwards at the current sheet. Substituting for gZ  and 1+gZ  using equation (34) and equation (33) 

respectively and rearranging gives: 

 

'

,,

,

gzgz

g

in
HH

E
Z

−

−
=

θ
                 (36) 

 

Using eqation (26), 

 

θJHH gzgz −= ,
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Substituting this in equation (36), 
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Thus, the input surface impedance at the current sheet has been determined. This means that all field 

components can be found by making use of this and equations (34), (27) and equation (28). 

 

 

Power calculation 

The time – average power flowing through a boundary is given as 
(7)

: 
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Using equations (13), (18), (28) and the concept of surface impedance 
(6,7)

 it can be shown that: 
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NUMERICAL RESULTS 

A model from reference
(1)

 is adopted. The computations are made using the equivalent circuit method for the 

conventional system and layer theory approach for helical system. The operating frequency is 50 Hz and the 

helical winding is connected for two poles axially and two poles circumferentially. Table (1) shows the data for 

both systems. The number of turns for helical system is chosen such that equal coil losses are obtained for both 

systems. It should be noted that turn length for helical system is given by 
(8)

: 
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Where: 

 

Hl : Average helical turn length. 
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avd : Average coil diameter. 

φ : Helicoid angle at the inner coil radius. 

And the coil efficiency is given by 
(1)

 : 

 

 

CW

W

RR

R

+
=η                    (40) 

 

Where: 

WR : charge resistance per phase ( Ω ). 

CR : coil resistance per phase ( Ω ). 

 

Table (2) shows a comparison between the two systems. The computations were made using the equivalent 

circuit method for the conventional system and layer theory approach for helical system. 

 

Table (1) 

Data for helical system and conventional system 

Parameter Value 

Number of axial poles 2 

Number of circumferential poles 2 

Coil inner radius (mm) 87.5 

Axial coil length (mm) 2000 

Turns per coil for helical system 2 

Number of turns for conventional system 54.7 

Axial pole pitch (mm) 1000 

Helicoid angle on primary (degree) 68.17 

Normal pole pitch (mm) 371.85 

Normal slot pitch (mm) 123.95 

Normal coil width (mm) 42.76 

Slots per pole per phase 1 

Exciting phase current (Amp.) 12160 

Frequency (Hz) 50 

Conductivity of coil conductor (mho/m) 5.066 
710×  

Outer charge radius (mm) 75 

Charge conductivity (mho/m) 1.86916 
710×  

Charge relative permeability 1 
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Table (2) 

Comparison between helical and conventional system parameters 

Parameter 
Equivalent circuit method 

for conventional system 

Layer theory approach for 

helical system 

Charge power (kw) 307 739.3 

Per phase charge resistance 

(m Ω ) 
2 1.67 

Coil efficiency % 60.29 78.5 

 

 

The coil conductor is hollow for cooling purposes and has rectangular shape, fig. (8). In this case two turns are 

used in each phase, the turns are assembled either axially beside each other or radially one above the other and 

therefore there are two conductor sizes. Table (3) shows the conductor size for the two cases of helical system 

together with the water cooling circuit parameters. 

Figs. (9), (10) and (11) show the variation of radial, circumferential and axial flux density components with 

charge radius for both conventional and helical system at 50 Hz. The figures show that while there is only one 

component for the conventional system which is the axial one (the radial component being zero, the 

circumferential component is zero due to circular symmetry), the helical system has all components, it is worth 

noting that the magnitude of total flux density is greater for helical system. It is shown that flux density 

components are maximum at outer charge radius and decay exponentially as the radius approaches zero due to 

skin effect. Fig. (12) shows the charge power against frequency for both systems. It is evident that power is 

greater in the case helical system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8). 

A cross section in a coil conductor 
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Table (3) 

Two conductor dimensions arrangement of helical system 

with water circuit parameters 

Parameter 
The two conductors one 

above the other 

The two conductors one 

beside the other 

a (mm) 30 12 

b (mm) 35 80 

c (mm) 20 7 

d (mm) 25 60 

Radiation power (kw) 0.96 0.96 

Coil power (kw) 198.7 202.4 

Water temperature rise ( C
0

) 30 30 

Water flow rate (lit/min) 94.6 96.4 

Water velocity (m/sec) 3.15 3.82 

Water pressure drop (bar) 1.61 4.6 
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Fig. (9). 

Radial flux density distribution along charge radius 

 

Fig. (10). 

Circumferential flux density distribution along charge radius 
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Fig. (11). 

Axial flux density distribution along charge radius 

 

 

 

Fig. (12). 

Variation of charge power against frequency 

CONCLUSIONS 
A novel method for three – phase induction heating with cylindrical charge is presented. This system is 

compared with conventional model taken from reference [1]. It is revealed that higher induced power in the 

charge is obtained with the helical system for same coil losses, hence higher heating efficiency and lower heating 

time. 
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ABSRTRACT 

 Ion exchange material used in this study is synthetic inorganic resin. It is Iraqi synthetic zeolite 

type Na-A, which was prepared from Iraqi kaolinite. The prepared zeolite pellets were solidified by 

heat treatment at 600
o
C for 3 hours. 

 Nine radiochemical experiments were carried out on real (radioactive) samples. Five of these 

experiments were to study the uptake rate (sorption rate) of cobalt-60. The measured value for 

equilibrium time was one hour. The other experiments were carried out to obtain sorption isotherm 

using batch test. The product cobalt concentration was fitted to Langmuir and Freundlich isotherms as 

followed respectively: 

         
m

x
 = 1.25 Ce / (1+6*10

4
 Ce) 

         
m

x
 = 8*10

-4
 Ce

0.4
 

 Gamma spectrometry analysis system of Sodium Iodide (NaI) detector coupled with a 

multichannel analyzer, was used for the measurements of radioactivity of the samples pre- and after 

treatment with zeolite.  

  In general the experimental results have shown an efficient performance of the Iraqi zeolite to 

remove different cobalt concentration from low- and intermediate- level radioactive liquid waste.  
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KEYWORD  

  Zeolite, sorption rate, sorption isotherm, cobalt ions, distribution coefficient, total sorption capacity. 

 

 INTRODUCTION 

 There are many sources of low-and intermediate- level radioactive liquid waste in Altwatha 

site, those include radiochemical, radiomedical and reactors. All these activities were stopped after the 

war at 1991. 

 Radioactive liquid waste from all these activities are collected and stored in storage tanks of 

Rad Waste Treatment Station (RWTS). 

14-Tammuze reactor, Material testing reactor, MTR (swimming pool reactor type), its 

containment building was destroyed completely and the reactor pool was opened to the surrounding 

environment. Emergency and health physics teams had been emptied the radioactive liquid waste from 

the pool and filled with other clean water in order to reduce exposure to the surrounding environment. 

Radioactive liquid waste used in this study, is from reactor pool.  The pollutant cobalt-60 in the liquid 

waste came from neutron activation for corrosion products. 

 Radiations can produce harmful effects on living organisms. Partly as a result of ignorance and 

partly due to accidental circumstances, a number of cases of injury, ranging from minor early skin 

lesions to delayed bone cancer and leukemia, where reported among radiologists and others who were 

exposed to excessive amount of radiations. When the first definitive "maximum permissible" levels of 

exposure to radiation were instituted, their general acceptance leads to a marked decrease in incidence 

of radiation injuries (Samuel, 1981). 

 Natural Zeolites were first discovered in 1756, by the Swedish mineralogist Freiherr Cronstedt 

(Mumpton, 1983). However, it was not used until the late 1950s, that researchers showed their 

effectiveness for environmental protection and remediation (Karen, 2000). 

 Ebenezer, (1984) was mentioned that the use of zeolites towards decontamination of low- and 

intermediate- level radioactive liquid waste and as carriers of target elements in a nuclear reactor has 

received considerable attention. 

 After the resin has been exhausted in treating radioactive liquid waste, there is no regeneration 

and it will disposed as radioactive solid waste (Karen, 2000). The radionuclides are not destroyed but 

rather are removed from the waste stream and concentrated on the solid matrix (resin). 

 Sample of Iraqi synthetic type A zeolite as crystalline with molecular formula Na2O:0.79, 

Al2O3:1, SiO2:1.95, powder and pellets are prepared in Iraqi Atomic Energy Commission (IAEC) 

Laboratories, which was used as material under investigation in this study. 

  Gamma Spectrometry, NaI scintillation detector, was used to determine radioactivity 

concentration of samples before and after treatment using Iraqi zeolite . 

Atomic Adsorption Spectrophotometry, was used to determine the total concentration of 

pollutant (radioactive and non radioactive cobalt).   

This study is also concerned with the application of ion exchange because ion exchange is 

becoming more and more important in the treatment of water and wastewater. The industrial usage of 

ion exchange has been broadening to such classic operation as adsorption, distillation, and filtration 

(Kunin, 1963). 

Ion exchange is a chemical treatment process used to remove unwanted ionic species from 

wastewater. It is basically a simple process based on reversible interchange of ions between liquid and 
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solid (that is, the resin) with no permanent changes in the structure of the solid (ABB, 1999).Cation 

exchange resins contain fixed electro negative charged, which interact with mobile counter ions 

having the opposite (positive) charge (Considine, 1974). 

 

The major goal of this research is to minimize the volume of radioactive liquid waste and 

incorporate the radionuclides into a solid matrix in order to prepare for final disposal. 

 

EXPERIMENTAL ARRANGEMENT & PROCEDURES 

 

Materials 

 

Sorbent 

Zeolite was used as sorbent, it was the artificial widely available and cheaply sold zeolite, type 

A in the sodium form (Na-A) as developed for use in detergents. This material was prepared from 

Iraqi Kaolinite (mixed with 2Normality sodium hydroxide at boiling point for two hour under 

agitation) [Al-Mashta, 1989]. The product was mixed with natural kaolinite in specific proportion as 

cross linking material to form pellets. These pellets were calcined in the furnace at 600
o
C for three 

hours for solidification. 

Crystalline powder zeolite sorbent was used in static equilibrium experiments, Elemental 

analysis was accomplished in the Geological Survey and Mining Company’s Laboratories, Table 1. 

 

Table 1 : Zeolite Composition.   

Element Percentage % 

SiO2 34.48 

Al2O3 29.94 

L.O.I. 15.05 

Na2O 13.4 

CaO 2.52 

TiO2 1.70 

Fe2O3 0.95 

MgO 0.08 

K2O 0.03 

 

Sorbate 
   Cobalt (Radioactive and Non Radioactive) which included in:-  

� Radioactive Liquid Waste from Altwatha site (Reactor Pool), which contains Co-60 from 

neutron activation of corrosion product. 

� Simulant Solution prepared in Lab. Using Cobaltous oxide, CoO (carrier free of Co-60)  

Equipment 

 
Gamma Spectrometry, NaI Scintillation Detector: 

 Sodium Iodide scintillation detector was used to analyze radioactivity concentration of 

samples. It is coupled with a multichannel analyzer Fig.1. Scintillation detector consists of two main 

parts, the first is sodium iodide crystal containing small quantity of thallium, the second is 

photomultiplier .When a photon passes through the crystal , it will cause emitting of light in a visible 
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band. This light when falling on photocathode will give an electrical pulse, which can amplified 

immediately by photomultiplier (Khalid , 1988). 

         The system must be calibrated using sources with known radioactivity, usually Co-60 and Cs-

137 standard small solid sources are used for calibration.  

 

 

Fig. (3-4): 

Gamma 

Spectrometry, 

NaI Scintillation 

Detector. 

 

The 

sample placed in 

a special 

container (1 

liter), sample 

volume must be 

not less than 250 

milliliters. The 

sample must 

weight 

accurately. 

The 

counting started 

after fixing the 

sample at the 

right place and 

closing the shielded region. For accuracy, counting time must be not less than one hour. 

 

Atomic Adsorption Spectrophotometry 

- Auxiliary equipment: 
A. Oscillating shakers. 

B. Centrifuge. 

C. Electrical Balance. 

 Experimental Procedures 

 Static equilibrium experiments were used to study the sorption rate and sorption isotherm of 

cobalt-60 on synthetic type A zeolite using radiochemical measurements. 

 

  Determination of sorption rate 

 250 ml of radioactive liquid waste was placed into (1L) beaker. Accurately weighted amount 

of zeolite powder (0.5 gram) was added to five of these beakers. Each beaker was sealed with parafilm 

and placed in an oscillating shaker at 90 rpm Fig.2 . Each beaker was shaked for a various period of 

time (10, 30, 60, 120, 180) minutes. 
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Fig.2 :Oscillating Shaker. 

 

         After shaking, the content was distributed into six closed plastic ampoule, then placed in 

a centrifuge (10000 rpm) for 30 minutes.                  

       The supernatant of all ampoules were collected into (1L) beaker, then transferred to special 

container to analyze in Gamma Spectrometry Scintillation Detector. 

 

  Determination of Sorption Isotherm 
 250 ml of radioactive liquid waste was placed into five (1L) beakers. Accurately weighted 

amounts of zeolite powder (0.25, 0.73, 1.02, 2.0 g) were added to these beakers and the 5
th

 was left to 

serve as a blank. 

Each beaker after sealing by parafilm was placed in an oscillating shaker (90 rpm) for 4.5 hour 

to reach equilibrium (from previous experiment it was found that one hour is sufficient for reaching 

equilibrium). 

 The content of each beaker was distributed into six closed ampoule, then placed in a centrifuge 

(10000 rpm) for 30 minutes. The supernatant was collected into (1L) beaker, and then transferred to 

special container to analyzed using Gamma Spectrometry Scintillation Detector. 

RESULTS AND DISCUSSION 

 
Source Sample Analysis: 

Source Sample was analyzed in gamma spectrometry scintillation detector (NaI) Sodium 

Iodide type. The analytical graph is presented in Fig. (4-1). 

 

 

 



M. J. Zaiter                                                                                               Treatment of Low– and Intermediate– Level Radioactive 

                                  Liquid Waste from Altwatha Site Using Iraqi Zeolite                                                            A. H. Afaj       

A. A.Aziz  

 

 1242

 
 

Fig. 3: Analytical Graph of Source Sample. 

 

 

Radioactivity concentration of this sample was calculated and found to be 19.684 kBq/m
3
 

(4.8x10
-13

 kg/m
3
 radioactive cobalt). For the analyses of the results GDR computer program was used. 

          From Fig.3, it was observed that the radioactivity of sample comes from cobalt-60, which 

present in the reactor coolant by neutron activation of corrosion products, the below reaction was 

followed: 

   

 

(1) 

 

 

 

 

The same sample was analyzed by Atomic Adsorption Spectrophotometry, the results show 

that total cobalt concentration was 0.0929 ppm (9.29x10
-5

 kg/m
3
). 

 

 Batch Experiments 

 

 

 

Sorption Rate 

        The radioactivities of samples after treatment with 0.5g zeolite powder at different shaking time 

were tabulated in Table 2. 

Table 2: Radioactivity Concentrations of Different Shaking Time. 

Beaker 

No. 

Volume of 

sample 

*10
4
( m

3
)
    

Weight of 

zeolite, 

*10
3
( kg) 

Shaking 

Time (s) 

Activity of 

Supernatant,Af 

(kBq/m
3
)
 

Distribution 

Coefficient,Kdr 

*10
3
(m

3
/kg) 

1 2.5 0.5 600 19.273 10.66 

2 2.5 0.5 1800 17.41 65.31 

3 2.5 0.5 3600 14.51 178.29 

Co
59

  +  n  
  

Co
60

  +  γ 

Co
59

  (n, γ) Co
60 

Peaks of cobalt 
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4 2.5 0.5 7200 14.291 188.68 

5 2.5 0.5 10800 14.35 185.85 

         Radioactivity of sample (Ao) = 19.684 kBq/m
3
. 

         Figure 4 shows the different shaking time with the radioactivity of samples. 

 

        From Fig. 4, it was observed that the time needed for the equilibrium between cobalt-60 ions and 

the zeolite was at least one hour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Fig. 4: Effect of Shaking Time on Radioactivity of Sample after Treatment with Zeolite. 

 

Distribution Coefficient, Kdr(m
3
/kg) of cobalt-60 on zeolite was calculated Appendix-E , the 

results were tabulated in Table 2. 

The relation between the distribution coefficient with shaking time can be observed from Fig. 

5. 
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Fig. 5: Effect of Shaking Time on Distribution Coefficient. 

 

Table 3 shows a comparison between the distribution coefficient of present research and  

different references.   

 

Table 3:Comparison Between Distribution Coefficient of Present Research and Different 

References. 

 

Radionuclide Sorbent 
Kdr , 

(m
3
/kg) 

Reference 

Cobalt Zeolite 0.16 Present Research 

Cesium Sandstone 1
 

Kenichi,1989 

Cesium Limestone 0.1 Kenichi,1989 

Cesium and Strontium Loam 1 Tadashi,1989 

Cesium and Strontium Bentonite 0.1 Tadashi,1989 

Cesium Bentonite (pH=2.4) 0.14 Masao,1988 

Cesium Bentonite (pH=9.3) 1.5 Masao,1988 

 

Sorption Isotherms 
Table 4 represented the radioactivity of cobalt-60 and the total concentration (radioactive and non-

radioactive) after treatment with different weight of zeolite. 

Table 4: Radioactivity and Atomic Concentrations of Samples. 

 

Beaker 

No. 

Weight of 

zeolite, 

*10
3
(kg)

   

Activity of 

Supernatant Af 

(kBq/m
3
) 

Conc. of cobalt-60 

*10
13

 (kg/m
3
)
  

Ce, Equilibrium 

conc. of total cobalt 

*10
5
(kg/m

3
) 

1 0.25 15.291 3.76 7.61 

2 0.5 14.35 3.53 6.11 

3 0.73 14.028 3.45 4.63 

4 1.02 12.071 2.97 3.50 

5 2.0 9.026 2.22 2.87 
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Radioactivity of sample(Ao) = 17.872 kBq/m
3
 

Total cobalt concentration = 9.29*10
-5

 kg/m
3 

Table5 shows the cation exchange capacity and  distribution coefficient for cobalt -60 and total 

cobalt. 

Samples of calculation was shown in Appendix-E . 

The plot of Cation exchange capacity of cobalt-60 and of total cobalt on zeolite was shown in 

Fig. (4-4). 

Table 5: Cation Exchange C
 
apacity and Distribution Coefficient for Cobalt-60 and Total Tobalt 

on Zeolite. 

Beaker 

No. 

Weight of 

zeolite, 

*10
3
 ( kg)

 

CECr 

*10
4
(eq/kg) 

cobalt-60 

Kdr  

*10
3
(m

3
/kg) 

cobalt-60 

CEC 

*10
4
(eq/kg) 

Total cobalt 

Kd  

*10
3
(
 
m

3
/kg) 

 total cobalt 

x/m*10
5
 

(kg/kg) 

1 0.25 4.55  168.8 5.7  220.8 1.68 

2 0.5 3.1 
 

122.7 5.4 
 

260.2 1.59 

3 0.73 2.3 
 

98.3 5.4 
 

345.5 1.6 

4 1.02 2.5 
 

117.8 4.8 
 

405.7 1.42 

5 2.0 1.95 
 

122.5 3.9 
 

383.3 1.15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The plot of Distribution Coefficients of total cobalt and of cobalt-60 on zeolite was shown in 

Fig. 7 and Fig. 8 respectively. 
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Fig. 6: Cation Exchange Capacity of Cobalt-60 and of Total Cobalt on Zeolite. 
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Fig. 7: Distribution Coefficients of Total Cobalt on Zeolite. 
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Fig.  8: Distribution Coefficients of Cobalt-60 on Zeolite. 

Sorption isotherm was shown in Fig. 9. 

This figure shows that the equilibrium isotherm is of the favorable type. 
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Fig. 9: Sorption Isotherm for total cobalt. 
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The plot of Ce/
m

x
 versus Ce showed a straight line in Fig. 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This means that the equilibrium results correlated well with Langmuir equation. Langmuir 

equation constants (a) and (b) were calculated from the slope and the intercept of the straight line . 

These values are tabulated in Table (4-5). 

 Langmuir’s equation is: 

 

         
m

x
 = 1.25 Ce / (1+6x10

4
 Ce)                                             (2) 

 

The plot of (log 
m

x
) versus (log Ce) for the same equilibrium results showed a straight line 

Fig. 11. This means that  the equilibrium data also correlated well to Freundlich equation. 

The Freundlich equation constants (Kf) and (1/n) were calculated from the slope and intercept 

of the straight line Fig. 11. Their values were tabulated in Table 6. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10: Parameters for the Langmuir’s Equation. 
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Fig. 11: Parameters for the Freundlich’ s Equation. 

 

 

 

 

 

 

 

Freundlich equation was: 

 

                    
m

x
 = 8*10

-4
 Ce

0.4
                                                         (3) 

 

Table 6: Langmuir and Freundlich Equation Constants. 

 

Equation a b Kf 1/n 

Langmuir 2.08 *10
-5 

6 *10
4 

- - 

Freundlich - - 5*10
3 

0.4 

 

 

Fig (4-10) shows the comparison between the experimental, Langmuir and Freundlich 

isotherms.  
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                    Fig. : E% and Rms for Langmuir and Freundlich.  
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Fig. (4-10): A Comparison Between Experimental ,Langmuir and 

Freundlich Isotherms. 
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Fig. (4-10): A Comparison Between Experimental ,Langmuir and 

Freundlich Isotherms. 
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Where: 

       E% is the   absolute mean error. 

       Rms is the root mean square  
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ABSTRACT 

                Soil vapor extraction (SVE) is a proven effective in-situ technology for the removal of volatile 

organic compounds (VOCs) from the subsurface. SVE process is highly sensitive to temperature. 

Studying annual soil temperature variation with depth declares that there is a considerable temperature 

variation in the upper few meters that may affect the overall efficiency of SVE process. 

               A numerical model was developed to aid in investigation of field-scale soil vapor extraction 

process. The model is three-dimensional, time dependent that simulates nonisothermal vapor flow and 

transport of multicomponent mixtures in soil and keeps track of the distribution of each compound in 

the other three immobile phases (NAPL, aqueous, and sorbed). Rate limited interphase mass transfer 

with linear driving force expressions were used to model volatilization of oil into gas phase. A local 

equilibrium partitioning was assumed between gas, water, and solid phase. The model equations were 

discretized using a standard Galerkin finite element method and solved using set iterative solution 

algorithm. 

               Simulation of hypothetical field-scale problems was done. The physical domain described a three-

dimensional system with flow to a single extraction well. A hypothetical soil temperature variation 

with depth was incorporated with the model. The result of these simulations showed that this 

temperature variation has a considerable effect on system efficiency and may play a role in optimum 

system configuration. 
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INTRODUCTION 

   Soil vapor extraction (SVE) has been become the most common innovative technology for treating 

subsurface soils contaminated with volatile and semivolatile organic compounds. This technology 

employs vadose zone wells and pumps to generate gas flow through the unsaturated zone. SVE 

systems emphasize removal by contaminant volatilization and above ground recovery.  The popularity 

of SVE is due in part to the low cost of vapor extraction relative to other available technologies. 

Vapor extraction systems are also attractive because mitigation is completed in situ. This reduces the 

exposure of chemical contaminants to on-site worker and off-site public. Vapor extraction offers 

considerable flexibility in terms of installation and operation (Hunt & Massmann, 2000). 

   Success of soil venting is dependent upon several site-specific factors, including the mass of spill, 

the type of contaminant, geohydrologic factors, and regulatory requirements regarding both site 

closure levels and air emission limits (Depaoli et al., 1996). In presence of oil phase, contaminant 

volatility will be governed by its vapor pressure and mole fraction within immiscible fluid. The vapor 

pressure of all compounds increases substantially with an increase in temperature. This suggests that 

soil temperature should be taken into account when evaluating recovery of contaminant located near 

the soil surface (DiGiulio, 1992).  

   Currently few soil extraction or bioventing models incorporate non-isothermal effects when 

considering system performance (Glascoe et al., 1999). Studying annual soil temperature variation 

with time and depth declare that there is a considerable nonlinear temperature variation with depth. 

Williams & Gold (1976) show that the annual range (difference between maximum and minimum 

about annual mean) of ground temperatures at Ottawa-Canada varies from 20ºC at 0.3m depth to 

about 2ºC at 5m depth. Similar observations for soil temperature at Griffith-Australia were presented 

by Marshall & Holms (1988). According to Williams & Gold (1976); Hillel (1982); Marshall & 

Holms (1988), for ground has constant thermal properties, the annual variation of daily average soil 

temperature at different depths is described with a sinusoidal function whose amplitude is decrease 

exponentially with distance from the surface. 

    A variety of methods have been used to control gas flow in the vadose zone in order to remove 

volatile organic compounds. Several studies recognized the effects of well configuration and 

engineered surface seals on gas flow and analyzed the consequence effects on the design of a vapor 

extraction well. These studies assumed a steady and homogeneous vadose zone temperature. 

   The previous studies simulate unheated SVE system with isothermal mathematical models. The 

effect of soil temperature variation with depth on SVE system efficiency has not been investigated. 

This work aims to investigate the above effect using a non-isothermal model. 

 

Mathematical Model 

   This study is concerned with the non-isothermal multicomponent gas flow in the water-unsaturated 

soil zone and with the interfacial mass transfer of the organic contaminants between gas phase, the 

water phase solid phase, and the pure NAPL phase. The infiltration events are neglected and the water 

phase is assumed to be immobile in time, water evaporation may occur. Furthermore, the gas phase is 

assumed compressible, while the water phase and the soil matrix are considered incompressible. 

Biodegradation processes are not considered (Rathfelder et al., 1991, Hoeg et al., 2004). 

   The NAPL is considered to be a mixture of three volatile components (i.e. No = 3). The gas phase is 

modeled with composition of dry air, water vapor, and volatile constituents of the NAPL (i.e. Na = 5). 

The aqueous phase is assumed to be comprised of water, and soluble constituents of the NAPL (i.e. 

Nw = 4). Sorption to the solid phase is restricted to components of the NAPL (i.e. Ns=3)  



Journal of Engineering Volume 13   march 2007 Number1  
 

 

1255 

   Since the quantity of contaminant dissolved in water phase and adsorbed to the solid phase is small 

relative to the quantity of contaminant that exists as oil phase, this study will focus on the oil phase 

volatilization. Equilibrium phase partitioning between gas, water, and solid phase is assumed. 

   Based on work presented by Rathfelder et al. (1991); Glasco et al. (1999); Adenkan et al. (1993); 

and Yoon et al. (2003), the following model is developed:  

 

Flow Model Equation 

 

t∂

∂













TR

PMnS
aa

 = ∇ . [ (
TR

PM
a

) * (

a

ra
kk

µ
) P∇ ] + 

aa
nS Γ                                                                                     (1) 

where t is time (T); n is dimensionless soil porosity; Sa is the dimensionless gas phase saturation; Ma is 

gas phase molecular weight (M/mole); P is gas phase pressure (ML
-1

T
-2

); R is universal gas constant 

(L
2 1−θ T

-2
/mole); T is temperature (θ ); k is intrinsic soil permeability tensor (L

2
); kra is dimensionless 

relative air permeability; 
a

µ is gas phase viscosity (ML
-1

T
-1

); 
a

Γ  is gas phase source/sink (ML
-3

T
-1

). 

 

Mass Transport Model Equations 

 

Volatile Components: (γ  = 1, 2, and 3) 
 

t∂

∂
(n Sa ρaγ + n Sw ρwγ +ρs ρsγ) = ∇ . (ρaγ 

a

ra
kk

µ
∇ P + n Sa D

h
aγ ∇  ρaγ) - λ

γ
ao (ρaγ -  K

γ
ao ρoγ)          (2)                                    

 

t∂

∂
(n So ρoγ) =   λγ

ao (ρaγ -  K
γ
ao ρoγ)                                                                                                (3)                                                                            

 

where ρaγ is the mass concentration of γ - component  in gas phase (ML
-3

); Sw is the dimensionless 

water saturation; ρs is soil bulk density (ML
-3

); ρsγ  is solid phase mass concentration of γ -component 

(MM-1); D
h

aγ  is the gas phase dispersion tensor of γ -component (L
2
T

-1
); λγ

ao is  NAPL-gas lumped 

mass transfer coefficient of componentγ  (T
-1

); K
γ
ao ρoγ  is the air-phase equilibrium with oil phase 

(ML
-3

); So is the dimensionless oil phase saturation; ρoγ is the mass concentration of  γ - component  in 

oil phase. 
 

Water  
 

  
t∂

∂
(n Sa ρaw + n Sw ρww) = ∇ . (ρaw 

a

ra
kk

µ
∇ P + n Sa D

h
aw ∇  ρaw)                                                 (4) 

 

where ρaw is the mass concentration of  water vapor  in gas phase (ML
-3

); D
h

aw  is the gas phase 

dispersion tensor of water vapor (L
2
T

-1
); ρww is the mass concentration of  pure water  in water phase 

(ML
-3

). 
 

NAPL Saturation (So) 
 

t∂

∂
(n So) =   (λ1

ao/ρ1) (ρa1 -  K
1

ao ρo1 )+ (λ2
ao/ρ2) (ρa2 -  K

2
ao ρo2 )+(λ3

ao/ρ3) (ρa3 -  K
3

ao ρo3 )           (5)        

  

where ρ1, ρ2,  and ρ3 are the γ - component density as a pure compound (ML
-3

). 
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Energy Transport Model Equation : 
 

t∂

∂
[(n Sa ρa Ca + n So ρo Co + n Sw ρw Cw + (1-n)ρs Cs)T-hlat,n n So ρo- hlat,w n Sw ρw] = ∇ . (ρa Ca T    

                                                                                              
a

ra
kk

µ
∇ p + kt,eff ∇  T)                       (6)  

 

where αC is the specific heat capacity of phase α (L
2
T

-2 1−θ ); hlat,n and hlat,w are the latent heat of 

vaporization of NAPL and water respectively (L
2
T

-2
); kt,eff is the volume average thermal conductivity 

of the soil-oil-water-gas system (MLT
-3 1−θ ). For partially saturated porous media an appropriate 

estimate of the volume average thermal conductivity is obtained from an empirical relation (Glasco et 

al., 1999): 
 

kt,eff (W m
-1

 K
-1

) = 1.27 – 2.25n + 0.39 kt,s Sw                                                                                   (7)                                                               

 

where the kt,s is the thermal conductivity of the soil granular media (kt,s = 4.45 W m
-1

 K
-1

, typical 

value for sand).  

 

Equilibrium Partition Relationships 

   Supplementary equilibrium partitioning relationships are needed to relate the phase concentration. 

The air-oil equilibrium relationships are evaluated from Raoult’s Law together with Ideal Gas Law. 

K
γ
ao = ρaγ / ρoγ = Pv

γ
 / RT ∑

=

oN

1γ

(ρoγ/Mγ)                                                                                             (8) 

where 

Pv
γ
 is γ -component vapor pressure at point temperature (M L

-1
 T

-2
); Mγ is γ -component molecular 

weight (M/mole). 

    The air-water equilibrium relationships for contaminants are evaluated from Henry’s Law and Ideal 

Gas Law. 

 

K
γ
aw = ρaγ / ρwγ = Mγ K

γ
h / RT                                                                                                            (9) 

 

where  

K
γ
h is  γ – component Henry’s Law constant (L

2
 T

-2
). 

    The air-water equilibrium relationship for water vapor is evaluated from Raoult’s Law together 

with Ideal Gas Law: 

K
w

aw = ρaw / ρww = Pv
w
 / RT ∑

=

Nw

1γ

(ρwγ/Mγ)                                                                                       (10)  

Pv
w
 = water vapor pressure at point temperature (M L

-1
 T

-2
). 

    

The solid-water equilibrium relationships are evaluated from equilibrium sorption partition coefficient 

of soil. The basis for this coefficient is the Freundlich isotherm. The lower concentration region of the 

Freundlich isotherm is nearly linear; that is, the mass of contaminant sorbed is directly proportional to 

its mass in aqueous phase. Because soil organic matter is the most common sorbent in soil, the 

estimation of this coefficient may be based on organic carbon content of the soil (Watts, 1997): 

 

K
γ
sw = ρsγ/ ρwγ = Koc foc                                                                                                                    (11) 
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where 

 foc = the dimensionless organic carbon content of the soil; Koc is the organic-carbon-normalized 

partition coefficient (L
3
 M

-1
). 

 

   Numerous methods have been proposed to estimate Koc (watts, 1997). Karickhoff et al. (1979) 

correlated Koc with the contaminant water solubility for ten organic compounds, mostly aromatic: 

 

Log Koc(ml/g) = - .54 Log S + .44                                                                                                   (12) 

 

where the γ-component water solubility S is expressed in mole fraction. The approach outlined is 

strictly useful only if foc is well above .1% (Karickhoff et al., 1979), and sorption can be assumed to 

be at equilibrium. 

 

Totality Conditions 
 

   By definition fluid phase saturations sum to unity: 

 

Sa + So + Sw =1                                                                                                                                (13) 

 

  For the incompressible liquid phase at constant temperature, the component volumetric fractions sum 

to unity, for oil: 

 

∑
=

oN

1γ

(ρoγ/ργ) = 1                                                                                                                               (14) 

 

and for water: 

 

ρww/ρw +∑
=

oN

1γ

(ρwγ/ργ) = 1                                                                                                                 (15) 

The gas components concentration sum to the gas phase density which is evaluated by the ideal Gas 

Law: 

ρaa + ρaw +∑
=

oN

1γ

 ρaγ = P Ma/RT                                                                                                        (16) 

where ρaa and ρaw are the dry air and water vapor components, respectively (ML
-3

). 

  

Numerical Solution Scheme 

   After the flow and transport equations (1, 2, 3, 4, 5, and 6) have been discretized in three space 

dimensions using a standard finite element approach (Huyakorn & Pinder, 1983). The coupled 

nonlinear equation are solved using a modular, set-iterative solution algorithm. In this approach, the 

sets of flow, mass transport and energy transport are decoupled and solved separately. The set-

iterative approach substantially reduces the size of solution matrices (Reeves & Abiriola, 1994). With 

this scheme, different grid and time discretization schemes, can potentially be applied for each 

equation set. The details of the numerics and model verification are described by Talib (2006). 

 

Effect of Soil Temperature Variation on the Behavior of SVE Process in Representative Field 

Settings: 

   The finite-element model developed in this study was applied to hypothetical field-scale problem in 

order to demonstrate the effect of soil temperature variation on the behavior of soil vapor extraction 
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process in representative field settings. Three field cases shown in table 1 were simulated. 

Contaminants selected for this simulation were benzene, toluene and trichloroethylene.  

   The physical domain, shown in Fig. 1, describes a three-dimensional system with flow to a single 

extraction well, assuming axial symmetry. The problem scenario is an idealized representation of 

NAPL spill accident (Rathfelder et al., 1991 & 2000). To remediate the site an extraction well is 

positioned in the center of the cylindrical contamination zone. An impermeable cap is placed on the 

ground surface. 

   The flow equation was solved in the domain from the well screen to the radius of influence; rwell to 

αr . Atmospheric conditions were specified at αr , constant flux conditions were specified at rwell; 

within the screened well casing pressure is evaluated from the known flux and along the blank well 

casing and below the well, no flow conditions were used. In the vertical direction no flow conditions 

were specified along the bottom boundary and along the impermeable cap at the ground surface. 

Atmospheric conditions were used beyond the radius of the impermeable cap. 

   The mass transport equations were solved in the domain from the well screen to a radius, rc, where 

mass transport processes were considered insignificant. At this radius, contaminant vapor 

concentrations were taken to be zero. Contaminant transport at the well screen boundary was assumed 

to occur by advection.  

   The heat transport equations were solved in the domain from the well screen to a radius, rc, where 

heat transport processes were considered insignificant. At this radius, temperature was taken to be 

governed by distributions shown in table 1. No temperature gradient toward well screen was assumed 

at the well screen boundary.  

   The soil properties and all initial contaminant distributions were assumed to be uniform. Based upon 

this composition, equilibrium partitioning relationships were used to evaluate the initial contaminant 

gas, water, and soil phase concentrations. Parameters used in this simulation were summarized in table 

2. The physical data used in the simulations were listed in Talib (2006). 

   The flow and transport domaions were discretized with an irregular mesh. Near the extraction well a 

high refined grid is required to capture the steep pressure gradients and large radial velocities in the 

gas phase. The pressure gradients, however, diminish rapidly from the well where larger spacings 

were used to reduce computational effort. Grid ensitivities were performed to insure solutions were 

sufficiently independent of mesh spacing and radius of influence. 

 

Table 1: Temperature Distribution and Well Screen Interval within Contamination Zone for 

Simulations. 

 

Case     Temp. distribution         Screen interval   

  1        T = constant = 20  ( ْC )              4m             

  2        T = 30 – 10*Z/4                         4m 

  3        T = 30 – 10*Z/4                         2m 

note that the top of screen assumed to be at z = 0 for all cases, where z is the depth from the ground 

surface. 

 

Table 2: (Rathfelder et al., 1991) Parameters Used in Simulations:  

 

Configuration 

 well radius (rwell)                                     0.5m 

 screen interval   4.0m (case 1&2); 2m (case 3) 

 depth to top of screen                             0.0m 

 radius of soil contamination (rc)             7.0
*
m  

 radius of influence (rα)                            40.0m 
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Field parameters 

  intrinsic permeability (darcy)                 10.0 

  porosity    (%)                                         37.3 

  bulk soil density (gm/cm
3
)                      1.75 

  soil mean grain size (d50) (cm)                0.06                   

  organic carbon content, foc (%)              0.05 

  longitudinal dispersivity (cm)                 10.0       

  transverse dispersivity (cm)                      1.0
*
    

  gas extraction rate (m
3
/min)                    3.7

*
         

 

Initial saturations 

 oil saturation (%)                                     1.0 

 water saturation(%)                                   15.0 

 

Initial oil phase mole fractions (%) 

   benzene                                                 0.467 

   TCE                                                       0.277 

   toluene                                                  0.257 

 

t∆  (min.)                                                0.01-3.0 

Note: 

(*)(assumed in this study, based on literature  review) 

 

Simulation results are shown in Fig.'s 2, 3, and 4. 

 
 

 

 
              Fig. 1: Physical Domain for the Three-Dimensional  Problem. 
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Fig. 3: Contours of Constant NAPL Saturation 

          (So) Predicted from Simulation, (Case2),   

          After   1, 2, 4 days.   
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Fig. 2: Contours of Constant NAPL Saturation 

          (So) Predicted from Simulation, (Case1),   

          After   1, 2, 4 days.   
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Fig. 4: Contours of Constant NAPL Saturation (So) Predicted 

from Simulation, (Case 3), After 1, 2, 4 days. 
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Fig..5: Predicted Total NAPL Mass Remains in Soil 

with Venting Time. 
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RESULTS AND DISCUSSION 

   A time series of predicted NAPL distributions in Fig.'s 2, 3 & 4 for cases 1, 2 & 3 

respectively shows NAPL removal progresses radially inward. The influx of clean air 

along the radial and bottom horizontal boundary of the contaminated zone fastens the 

removal of contaminants in the early stages of venting operations. The clean air has 

the greatest contaminant assimilation capacity. Close to the extraction well, the 

increasing gas flux together with the stipulated equilibrium condition cause additional 

contaminant volatilization. A corresponding plot of the NAPL total mass remained in 

soil is shown in Fig. 5. Plots Fig.'s 2, 3 & 4 and 5 indicate that NAPL removal is 

greatest in the early stages of remediation. After 4 days venting, the total NAPL mass 

in soil is 490.1, 260.49 & 80.8 Kg for cases 1, 2 & 3 respectively. 

   It is clear that venting efficiency of case three is the lowest. This is evidence that the 

incorporation of soil temperature variation with depth in SVE numerical model for the 

upper few meters may predicts better venting efficiency value than the case when 

considering a homogenous soil temperature that exist in the deeper soil. It is clear that 

venting efficiency of case three is the lowest. This is evidence that the incorporation 

of soil temperature variation with depth in SVE numerical model for the upper few 

meters may predicts better venting efficiency value than the case when considering a 

homogenous soil temperature that exist in the deeper soil. 

 

CONCLUSIONS 

   A numerical model was developed to aid in investigation of field-scale soil vapor 

extraction process. A hypothetical soil temperature variation with depth was 

incorporated with the model. 

Simulation of hypothetical field-scale problems was done. Conclusions which are 

based on this work are summarized below: 

 

1.Comparison of simulation results from this work with those from other researchers 

indicates that model advances in terms of the type and representation of processes 

considered leads to more complicated behavior in the simulated system dynamics, 

which can in turn affect interpretation of system characteristics. Shan et al. (1992); 

and Chen & Gosselin (1998) showed that in general, it is advantageous to screen the 

well close to the lower impermeable boundary because the area cleaned by the well 

is larger than it would be if the well was screened near the ground surface. In 

contrast, simulation results in this work indicate that taking soil temperature 

variation with depth revealed that it is advantageous to screen the well close to the 

hottest region. Simulation of hypothetical field-scale problems give evidence that 

that the lower the clean-up time may occur when the air is directed to the point of 

highest temperature in the multi-component contaminated zone. 

 

2.Simulation of hypothetical field-scale problems demonstrated efficiency of venting 

operation is highly sensitive to soil temperature variation with depth. They give 

evidence that the incorporation of soil temperature variation with depth in SVE 

numerical model for the upper few meters may predicts better venting efficiency 

value than the case when considering a homogenous soil temperature that exists in 

the deeper soil. 
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NOTATION 

 

Symbol           Definition                                                                   

 

Cα        specific heat capacity of phase α                           

D
h

aγ      the gas phase dispersion tensor   

foc        dimensionless organic carbon content of the soil         

hlat,n     latent heat of vaporization of NAPL                             

hlat,w     latent heat of vaporization of water                               

k           permeability of the soil tensor                                    

kra        dimensionless relative air permeability                           

kt,eff      volume average thermal conductivity of the soil -oil-water-gas system   

K
γ
ao ρoγ   air-phase equilibrium with oil phase                           

K
γ
h       γ - component Henry’s Law constant                            

Koc       organic-carbon-normalized partition coefficient           

Ma        gas molecular weight                                                       

Mγ       γ -component molecular weight                                      

n          dimensionless porosity                                                            

Nα       number of representative components comprising                 

           α- phase (α = a (air); o (oil); w (water); s (solid))  

P         gas pressure                                                                      

Pv
γ
      γ -component vapor pressure at point temperature           

Pv
w
      water vapor pressure at point temperature                        

rw        well radius                                                                                       

R         universal gas constant                                               

S         γ-component water solubility                                         

Sa        gas saturation  

So       dimensionless volumetric NAPL saturation                      

Sw       dimensionless volumetric water saturation                       

Sα       dimensionless fluid saturation                                          

t          time                                                                                     

T         temperature                                                                        

z         depth below the surface                                                      
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α         thermal diffusivity                                                              

a
Γ        gas phase source /sink                                                        

λao       air-oil mass transfer factor                                                  

µa         gas phase viscosity                                                            

a
ρ        gas phase density                                                                   

ρaa      dry air component concentration in gas phase                     

ρaw      water vapor component concentration in gas phase            

ρs        bulk soil density                                                                  

ρsγ       solid phase mass concentration of γ-component                  

ρw        water density                                                                        

ρww      pure water component concentration in water phase           

ρα       mass density of α-fluid                                                         

ραγ       mass concentration of  γ-component in the  α- phase          

ργ        γ-component density as a pure compound                            

 

ABBREVIATIONS: 

 

NAPL                     Non-Aqueous Phase Liquid  

SVE                        Soil Vapor Extraction  

TCE                        TriChloroEthylene  

VOC                       Volatile Organic Compound  
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De-waxing of lubricating oil distillate (400-500 
º
C) by using urea was investigated in the 

present study. Lubricating oil distillate produced by vacuum distillation and refined by furfural 

extraction was taken from Al-Daura refinery. This oil distillate has a pour point of 34 ºC. Two solvents 

were used to dilute the oil distillate, these are methyl isobutyl ketone and methylene chloride. The 

operating conditions of the urea adduct formation with n-paraffins in the presence of methyl isobutyl 

ketone were studied in details, these are solvent to oil volume ratio within the range of  0 to 2, mixer 

speed 0 to 2000 rpm, urea to wax weight ratio 0 to 6.3, time of adduction 0 to 71 min and temperature 

30-70 
º
C). Pour point of de-waxed oil and yield of wax produced were determined to show the effect of 

these operating conditions. The most favorable operating conditions were solvent to oil volume ratio of 

1, mixer speed of 1500 rpm, urea to wax weight ratio of 5, time of adduction of 13 min and 

temperature of  30-52 
º
C.  

 

KEYWORDS 

 dewaxing; urea dewaxing; lubricating oil production; wax; paraffin wax; n-paraffin production; 

extractive crystallization.   
 

 important operation in the production of lubricating oils is the de-waxing of the corresponding 

petroleum fractions and residues, since it is only possible to manufacture lubricating and industrial oils 

with low pour points and viscosities, suitable for use at low temperatures, from cruds containing 

paraffin (1,2,3). Several processes used in the refinery fall under the classification of de-waxing 

processes; however, such processes must also be classified as wax production processes (4). 

There are three types of processes in use for de-waxing. The first process is called solvent de-

waxing, where the oil portion diluted by organic solvents. After refrigeration of the oil-solvent mixture, 

the solvent dissolves paraffin waxes only to a very slight extent, while they are good for dissolving the 

other components of lubricating oils. Wax is then separated by filtration and solvent is removed by 

distillation from de-waxed oil (1, 2, 3, 5, 6, 7, 8, 9, 10).  

The second process is called catalytic de-waxing. This process is a selective hydrocracking 

process to crack the wax molecules to light hydrocarbons (3, 5, 11, 12, 13, 14, 15). 

Third de-waxing process is called urea de-waxing. In this process, various straight-chain 

organic compounds and also slightly branched compounds are capable of forming complexes with 

urea, called adducts, which are crystalline at room temperature. These adduct crystals can be separated 
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easily by filtration. By raising the temperature and/or diluting with a suitable solvent, which may even 

be the purified oil, it is possible to resolve the adduct into its constituents (1, 2, 5, 8). 

The discovery of adduct formation with urea is linked with Bengen's name (16, 17), who, after 

his first results, systematically studied numerous alcohols, aldehydies, ketones, acids and esters with 

respect to their capacity for adduct formation. He found that in addition to normal paraffinic 

hydrocarbons, these compounds also form urea adducts, if their carbon chain is not branched, but a 

straight alkyl chain (methyl groups at one end of the chain also undergo this formation of adducts).  

There is a minimum chain length required for adduct formation. For example, in the n-alkane 

series, n-hexane forms an adduct, but n-pentane not, at room temperature (16). Pentane forms a 

complex at lower temperatures in liquid SO2 as solvent (18). In the ketone series, acetone is already the 

first member of the series that capable of adduct formation (19). Although there appears to be no 

theoretical upper limit to the length of paraffin chain which will react, an apparent decline in activity 

has been observed for n-paraffin above n-C50 (16, 18). 

Thiourea forms similar complexes with branched-chain and certain ring type compounds; 

however, thiourea is not so specific as urea in its action (17,18, 20, 21). The complexes of urea and 

thiourea have been termed adducts, and their formation, adduction. Bailey (20) adopted the term 

"extractive crystallization" to describe new crystallization separations based upon adduct formation 

(18, 20, 21).  

Extractive crystallization, based on the selective reaction of urea with straight-chain 

hydrocarbons, results in the separation of n-paraffins or olefins from petroleum fractions ranging from 

gasoline to heavy lubricating oil. Potential applications of this process include pour point reduction of 

oils and fuels, production of pure n-paraffins, recovery of straight-chain olefins from cracked stocks, 

and octane number improvement. High purity n-alkanes is produced from this process (more than 

95%)(16, 18, 22, 23).  

Before adduct formation, the waxy oil is usually diluted with a suitable solvent in order to 

reduce its viscosity. Wetting agents (activators) are also used for adduct formation in order to eliminate 

the effect of the impurities interfering with adduct formation. Some solvents are used as diluents and 

also as activator in the same time. Urea reacted with n-paraffins is added either as solid or as solution. 

Water and alcohols of low carbon atoms "1 to 3", such as methanol and iso-propanol, are suitable 

solvents for urea (16, 24, 25, 26, 27, 28, 29, 30). 

 

EXPERIMENTAL 

 

Materials. 

 

• Feed Stock.  
     The lubricating oil fraction used as feed stock in this investigation is the raffinate of furfural 

extraction of vacuum distillate produced in Al-Daura refinery. Boiling range of 400-500 
º
C and pour 

point of 34 
º
C. 

 

• Urea. 
 High quality industrial solid urea (NH2-CO-NH2) with spherical shape contained 46% of 

nitrogen produced by General Company for Production of chemical Fertilizers was used for de-waxing 

the lubricating oil feed stock. 

 

• Deionized Water. 
 Deionized water supplied from Al-Mansour plant was used as solvent for the urea. 
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• Solvents. 
 

� Methyl Iso-butyl Ketone (MIBK). 

 Technical grade methyl iso-butyl ketone (C6H12O) with purity of 99% was used as solvent for 

the feed stock. Molecular weight of the solvent is 100.16 g/g mol. It has boiling point of 115-117 
º
C, 

refractive index (
20
Dn ) of 1.396, and density of 0.8 g/ml. 

 

� Methylene Chloride (Di-chloro methane). 

 Methylene chloride (CH2Cl2) produced  by AJAX  chemicals was used as  another solvent  for  

the feed stock. It  has molecular weight of  84.93  g/g mol, boiling  point 39.8 
º
C ± 0.1 

º
C, refractive 

index (
20
Dn ) 1.424, and density 1.315 to 1.321 g/ml at 20 

º
C. 

 

Procedure. 

Fig. 1 shows a schematic diagram of Adduct formation unit used for de-waxing of furfural 

refined-lubricating oil feed stock by adduct formation of n-paraffin components with urea.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig1. Adduct formation unit. 

 

• De-waxing in the Presence of Methyl Iso-butyl Ketone Solvent. 
The required quantity of water is added into the reaction flask and is heated to the temperature 

of the water bath which is adjusted at a temperature higher than the initial reaction temperature (e.g. 

bath temperature of 60 ºC and initial reaction temperature of 52 ºC). Urea is then added to the flask 

1. Reaction flask 6. Marine propeller 11. Relay 

2. Adaptor 7. Electrical motor 12. Chiller 

3. Condenser 8. Water bath 13. Voltage regulator 

4. Dropping funnel 9. Electrical heater 14. Four flat blade pitched paddle 

5. Thermometer 10. Thermocouple 15. Various speed electric motor 
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gradually under mixing to make an aqueous solution by dissolving the urea in the water. The quantity 

of urea added is equal to the saturation concentration of urea in water at an initial reaction temperature 

(e.g. 52 ºC). Dissolving of urea in water is endothermic, so heat is needed to accomplish the dissolving, 

this heat is supplied from the water bath. 

 When the temperature of the aqueous solution reached 60 
º
C, the required amount of the feed 

stock and methyl isobutyl ketone solvent was added to the flask after being heated to a temperature of 

60 
º
C. 

 Chilled water is pumped from the chiller into the cooling coil in order to reduce the temperature 

of the flask mixture from initial reaction temperature (e.g. 52 
º
C) to the final reaction temperature (e.g. 

30 
º
C) at the desired time and mixer speed. Adduct crystals begin to appear at temperature of slightly 

below 52 
º
C, and proceed with temperature decreasing. When the mixture temperature reach the final 

reaction temperature  (30 
º
C),  the mixture is  filtered  off  by  using  vacuum filtration to separate  the 

adduct crystals.  Then  these  crystals  are  washed twice by using for each wash 100-150 ml of cold 

methyl iso-butyl ketone solvent in 1 liter beaker and then re-filtered. This washing process removes the 

oil phase adhered at the surface of the crystals. Cold washing solvent (15 
º
C) is used in order to prevent 

adduct decomposition. 

 The filtrate from the adduct separation step and from the adduct washing step is mixed together 

and then placed into a separating funnel to separate the organic phase (oil and solvent) from the 

aqueous phase (urea solution). Organic phase is then washed with water to remove traces of aqueous 

solution which may contaminates the organic phase, and then separated by using separating funnel. 

Then the organic phase is introduced to the simple distillation to recover methyl iso-butyl ketone 

solvent from the de-waxed oil, which is then go to a pour point measurement after it is cooled and 

weighed. 

 The washed adduct crystals is then decomposed in 1 liter beaker by using water at a 

temperature of 70 
º
C. The quantity of water required for decomposition is equal to or higher than the 

quantity required for dissolving the urea presents in the adduct crystals. 300 ml of water was used in 

this study. The adduct is decomposed as the temperature is increased, and when the temperature 

reached 70 
º
C then all of the adduct crystals will be decomposed, where the urea dissolved in water 

while the wax is librated as a melt above the water layer. Wax is separated whilst hot from water by 

using a Pyrex separating funnel. Then the wax is weighed and stored in bottles. 

 

• De-waxing in the Presence of Methylene Chloride Solvent. 
The procedure for using methylene chloride as solvent is similar to that for methyl isobutyl 

ketone except in the method of solvent addition into the flask, and in the reaction temperature. 

 The temperature of the water bath is held at 40 
º
C. Lubricating oil feed stock is added to the 

flask at 40 
º
C. Then methylene chloride solvent is added to the flask at laboratory temperature by using 

the dropping funnel. Chilled water is passed through the condenser in order to reflux any solvent 

evaporated from the flask where the boiling point of the solvent is equal to about 40 
º
C. While the flask 

content is held at 40 
º
C, aqueous solution of urea heated to about 70 

º
C and has a saturation 

concentration at 62 
º
C is added to the flask. The temperature of mixture after this addition will reach 

about 50 
º
C and then reduced rapidly to 40 

º
C by the action of solvent reflux. The temperature of the 

bath is adjusted at 40 
º
C by using chilled water pass through the cooling coil and a heater immersed in 

the bath. The reaction is continued at temperature of 40 ºC for 30 minutes, after that adduct is filtered, 

washed and decomposed. Oil phase separated from the aqueous phase is then washed with water, 

separated from water, and then supplied to simple distillation to remove solvent. 
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RESULTS & DISCUSSION. 

 

• De-waxing in the Presence of Methyl Iso-butyl ketone Solvent. 

 

� Effect of Solvent to Oil Ratio. 

The effect of solvent to oil volume ratio upon the pour point  of de-waxed oil and the yield 

of n-paraffin wax extracted from the feed stock was investigated as shown in Fig. 2 and Fig. 3 

respectively. 

Volume Ratio of ( Methyl isobutyl ketone/oil distillate).
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Fig 2. Effect of volume ratio of MIBK solvent to oil distillate on pour point of 

de-waxed oil. 
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Fig 3. Effect of volume ratio of MIBK solvent to oil distillate on yield of wax produced. 

 

Fig. 2 shows that the pour point of de-waxed oil decreases from 34 ºC to 7 ºC when the volume 

ratio of solvent to oil increases from 0 to 0.5 and higher. When the adduction reaction was done in the 

absence of solvent, the pour point of de-waxed oil remains unchanged  (34 ºC) and no wax was 

extracted. For volume ratio higher than 0.5, the pour point of de-waxed oil was being stable at 7 ºC. 

 Fig. 3 shows that the yield of paraffin wax increases to 20.7 wt.% with increase in solvent to oil 

ratio up to 0.5, after which further additions of solvent up to a ratio of 1 increases the yield slightly  to 

22.63 wt.%. Further increase in volume ratio over 1 decreases the yield of paraffin wax to 15 wt.% at 

ratio of 1.5 and 16.04 wt.% at ratio of 2. 

In the absence of methyl iso-butyl ketone no wax was extracted and the pour point was still at 

34 ºC because of the high viscosity of the oil, where good contact between oil and urea was not 

achieved. Using solvent dilution improves the rate of diffusion through heavy oil films. Also, a very 

slow rate of reaction is observed unless promoter solvents are used which these promoter solvents 

weaken the surface mono-layer between aqueous urea solution and oil interphase (18, 27). On the other 

hand, the rate of reaction of solid waxes may depend upon their rate of solution in a solvent, so an 

increase in solvent dilution improves this rate (18). Methyl iso-butyl ketone is a good diluent (solvent) 

for oil and a good promoter (activator) for adduct formation. The pour point of the de-waxed oil and 

yield of n-paraffin extracted were enhanced by using this solvent. 

Methyl iso-butyl ketone and water are only slightly soluble in each other and that urea is 

soluble in water but only slightly so in methyl iso-butyl ketone. When hydrocarbons are added, methyl 

iso-butyl ketone is partitioned largely into the hydrocarbon phase; it serves as a diluent for the 

hydrocarbon and operates to reduce the reaction rate barrier which exists between the aqueous urea 

solution and the oil phase; the urea remains largely in the aqueous phase. Thus a rapid reaction can be 

effected by bringing together a saturated aqueous solution of urea and a solution of the hydrocarbon 

feed in methyl iso-butyl ketone (20).  
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The pour point of oil is unchanged (7 ºC) although the yield of paraffin wax extracted reduces 

from 22.63 wt.% at ratio of 1 to yield of 15-16 wt.% at ratios of 1.5-2.0. This is because the 

equilibrium of straight-chain hydrocarbon and urea with adduct is, of course, influenced by the 

presence of the ketone solvent, as also stated by Bailey and co-workers (20). Dilution of the adducting 

mixture with inert solvents has the effect of displacing equation 1 to the left and thus lowering the 

adduct yield (17, 21): 

( ) ( )dissolvedParaffinndissolvedUrea −+ � ( )dissolvedAdduct  ……(1)         

n-Paraffins that diluted become under saturation by using high solvent ratios were those which have a 

relatively low chain length and with melting point around 7 ºC (17), and would not be adductable with 

urea, while n-paraffins of higher chain length satisfies equation 1 and the reaction was displaced to the 

right towards adduct formation and not affected by dilution, so the yield of wax was reduced while the 

pour point of oil was not changed. 

 

� Effect of Mixer Speed. 
Fig. 4 and Fig. 5 shows, respectively, the effect of mixer speed on the pour point of de-waxed 

oil and on the yield of n-paraffin wax produced. 

The pour point of de-waxed oil reduces as the mixer speed increases up to 1000 rpm, after 

which the pour point remains unchanged (7 ºC). For example, the pour point of de-waxed oil was 31 ºC 

for mixer speed of 300 rpm and 17 ºC for mixer speed of 600 rpm. The yield of paraffin wax increases 

with increase in mixer speed up to 1000 rpm, after which the yield of wax is approximately unchanged. 

The results of the effect of mixer speed on the pour point of de-waxed oil and on the yield of n-

paraffin wax obtained are not surprising. Where, rapid stirring improves the rate of diffusion of 

aqueous urea through oil films and also improves mass transfer rates through aqueous urea-oil 

interphase (18). 
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Fig 4. Effect of mixer speed on pour point of de-waxed oil. 
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Fig 5. Effect of mixer speed on yield of wax produced. 

 

� Effect of Quantity of Urea. 
Fig. 6 shows the effect of the weight ratio of urea to wax on the pour point of de-waxed oil, 

while Fig. 7 shows the effect of the urea to wax weight ratio on the yield of n-paraffin wax.  

The pour point of de-waxed oil was reduced from 34 ºC to 7 ºC when the urea to wax weight 

ratio was increased from 0 to 1.27. Pour points higher than 7 ºC were obtained for ratios lower than 

1.27, while the pour points of de-waxed oil were unchanged (7 ºC) for ratios higher than 1.27. 

 The yield of n-paraffin wax increases with increase in the weight ratio of urea to wax, and 

reaches to a maximum yield, around 23.3 wt.%, for weight ratio of 3.5. Using weight ratio higher than 

3.5 remains the yield at its maximum value. This ratio (3.5) is the stoichiometric amount of urea 

required to form an adduct with n-paraffin and it is in agreement with the stoichiometric amount cited 

in the literature (21, 27, 25, 26).  

On the other hand, when deficient urea was used for adduct formation (ratio of urea to wax of 

1.27) the pour point did not changed from it's minimum value (7 ºC), which obtained when 

stoichiometric amount( ratio of 3.5) of urea to wax was used, although the amount of n-paraffin wax 

crystallized was reduced. This is because of the selectivity of deficient urea to extract heaviest normal 

paraffins as mentioned by Marechal and Radzitzky (27). These heavy normal paraffins have a large 

effect on the pour point of de-waxed oil, because these paraffins have a high melting (freezing) points 

(17). So, n-paraffins that was not extracted when deficient urea was used, had a relatively small chain 

length with a melting points around 7 ºC (17), and this was not effected on the pour point of the de-

waxed oil and remained at 7 ºC. 
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Weight Ratio of Urea to Wax (gram urea/gram wax).   
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Fig6. Effect of weight ratio of urea to wax on pour point of de-waxed oil. 
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Fig 7. Effect of weight ratio of urea to wax on yield of wax produced. 

� Effect of Time of Reaction. 

The influence of time on the pour point of de-waxed oil and on the yield of n-paraffin wax 

are shown in Fig. 8 and Fig. 9 respectively, using solvent (MIBK) to oil volume ratio of 1, urea to 

wax weight ratio of 5, and temperature of adduction of 30-52 ºC. 
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 Fig. 8 shows that for mixer speed of 300 rpm, there is only slightly effect of adduction time 

on the pour point. The pour point reduced from 34 ºC to 31 ºC after 30 min and remained at 31 ºC 

although the adduction time was increased to 71 min. For mixer speed of 1000 rpm, the pour point 

of de-waxed oil reduced from 34 ºC to 7 ºC when the time of adduction was held at 30 min, and the 

change of time from 30 to 60 min had no effect on the pour point. Using lower time than 30 min 

increases the pour point. 

 For mixer speed of 1500 rpm, the pour point of de-waxed oil reduces from 34 ºC to 5 ºC at time 

of 13 min only, and it is unchanged (5 ºC) for time higher than 13 min.It is also clearly shown from 

Fig. 8 that the time required for adduct formation reduces as the speed of mixer increases, for obtaining 

the same pour point. 

 The effect of time on the yield of n-paraffin wax is shown in Fig. 9. Maximum yield around 4.5 

wt.% of n-paraffin wax was obtained for adduction time equals to or higher than 30 min when 300 rpm 

of mixer speed was used. For mixer speed 1000 rpm, the time required to reach maximum yield (more 

than 22%) was 30 min, while for mixer speed 1500 rpm the time reduces to 13 min.  

Time of  Adduction Reaction (min).
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Fig 8. Effect of time of adduct formation on pour point of de-waxed oil. 
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Time of  Adduction Reaction (min).
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Fig9. Effect of time of adduct formation on yield of wax produced. 

 

� Effect of Adduction Temperature. 

Four experiments were conducted to study the effect of cooling temperature on adduct 

formation in the adduction reaction. The results are shown in Table 1. 

 

 

Table 1. Effect of cooling temperature on adduct formation. 
Wt. ratio (urea/wax) = 5; vol. ratio (MIBK/oil) = 1; mixer speed = 1500 rpm. 

 

Exp. No. Cooling temp., ºC Time, min Yield, wt.% Pour point, ºC 

1 52-30 13-30 22.90 5 

2 55-40 20 23.86 4 

3 62-40 20 21.50 7 

4 70-40 20 16.58 7 

  

 This table shows that the yield of n-paraffin wax reduces as the temperature of the reaction 

increases, while the pour point of the de-waxed oil is approximately the same. This is because the 

effect of temperature on the equilibrium of urea and n-paraffin with adduct, where at high temperatures 

the equilibrium is less favorable and decomposition of adduct crystals may occur (16, 19, 28). At high 

temperatures, the long chain n-paraffins (which have relatively high melting points) formulate more 

stable adducts than those formulated from short chain n-paraffins (which have relatively low melting 

points). So, short chain n-paraffins will not adductable with urea at higher temperatures reducing the 

yield of n-paraffin wax, while the pour point will approximately the same because of low melting point 

of these n-paraffins (17). 
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• De-waxing in the Presence of Methylene Chloride Solvent. 
The effect of volume ratio of methylene chloride to lubricating oil distillate on the pour 

point of de-waxed oil and on the yield of n-paraffin wax are shown in Fig. 10 and Fig. 11 

respectively. Similar effect of volume ratio for this solvent to that for methyl iso-butyl ketone was 

gained  from  these  figures. 

Volume Ratio of ( Methylene chloride / Oil Distillate).
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Fig 10. Effect of volume ratio of methylene chloride solvent to oil distillate on pour point  

of de-waxed oil. 

Volume Ratio of ( Methylene chloride / Oil Distillate).

Y
ie

ld
 o

f 
W

a
x
 P

ro
d
u
c
e
d
 (

w
t.
%

).

0

5

10

15

20

25

30

0.0 0.5 1.0 1.5 2.0 2.5

wt.urea/wt.wax=5/1.
mixer speed      =1000 rpm.

temperature      =40- 60 
o
C.

time                   =30 min.

 
 

Fig 11. Effect of volume ratio of methylene chloride solvent to oil distillate on yield of wax produced. 

 

 



Journal of Engineering       Volume 13   march 2007        Number1  
 

 

 1280

 

CONCLUSIONS. 

Urea de-waxing is an effective method for lowering the pour point of lubricating oil distillate 

refined by furfural and has a boiling point range of 400 to 500 ºC. The pour point of the feed stock was 

lowered from 34 ºC to about 5 ºC with a maximum yield of n-paraffin wax of about 22.9% when 

methyl iso-butyl ketone solvent was used. The most favorable operating conditions were solvent to oil 

volume ratio of 1, mixer speed of 1500 rpm, urea to wax weight ratio of 5, time of adduction of 13 min 

and temperature of  30-52
º
C. When methylene chloride is used instead of methyl iso-butyl ketone then 

pour point of de-waxed oil and the yield of wax are same as MIBK. 
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ABSTRACT  
In this research dissimilar welds were made of low carbon steel (A516) and austenitic stainless 

steel (316L) by shielded metal arc welding (SMAW) and with different electrodes (E7018) , (E6013) , 

(E309L) and (E308L). The sheet thickness (6 mm), welding current (120 A), voltage (78V), polarity 

(DCRP) and electrode diameter (3.25 mm) were remained constant. Many tests were carried out, 

mechanical tests included tensile test, bending and microhardness also made , and metallurgical 

inspections included microstructure, delta- ferrite phase and x- ray diffraction analysis. It was found 

from tensile and bending tests results that the electrode (E309L) was the most convenient for 

dissimilar welds of base metal (C.St. A516) and (St. St. 316L). Hardness tests showed that the highest 

hardness value appears in (HAZ) and there are two peaks of maximum hardness, each peak value in 

each (HAZ) for both dissimilar metals, the peak values are not equal and the higher value appears in 

the zone, where the electrode differ from the base metal, i. e. when the electrode is used (E6013) the 

higher value appeared in the (HAZ) which is near the stainless steel (316L), and when the electrode 

(E309L) is used, the higher value appeared in (HAZ) near the low carbon steel (A516) .The tests 

demonstrated that the delta (δδδδ) ferrite phase was about 3-10% near stainless steel and for all used 

electrodes. 
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 SMAW , Dissimilar welds , Microstructure , Mechanical Properties 
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  INTRODUCTION 

                     The processes available for joining dissimilar metals are :  

Fusion welding include shielded metal arc welding (SMAW), gas metal arc welding (GMAW), gas 

tungsten arc welding (GTAW) ,and submerged arc welding ( SAW). 

Electron beam , Laser welding ,and Pulsed arc welding. 

Friction, Explosion welding  ,Diffusion bonding along with brazing and soldering. 

 
                It is possible to weld stainless steel by the majority of the known welding methods, and in spite of the 

existing of automatic and semi- automatic welding machines, the welding of stainless steel still carried 

out by manual metal arc welding (MMA) [Boyer and Gall, 1988 - Handbook A.W., 1974]. The same 

for welding of low carbon steel, it is widely used and easy to weld, all known welding methods can be 

used depending on work piece thickness and the purpose of welding [ASM, 1983 – Sindo Kou, 2003] 

. Dissimilar –metal welds (DMWs) can usually be made by any of  these methods.  DMWs 

encountered in power and chemical process industries are most often fusion welds made by the more 

common welding processes. A very common DMW application is joining ferritic ( e.g.,2,25%Cr-1% 

Mo) tubes to austenitic boiler tubes such as 304 H or a similar austenitic stainless steel [ Barnhouse, 

2004 - Richard, 2003 ]. 

      The selection of proper welding electrode is very significant for welding of different metals, and 

of the most important factors in welding processes is to minimize the intermetallic compound which is 

undesirable, so the electrode have to be compatible with the properties of both welded metals and to 

be able for precipitation during dilution. Dilution is the degree to which the base metals contributes to 

the resultant deposit , i. e. the chemical composition of base metal changes as a result of interference 

or contribution and metallurgical adaptability of the weld metal with two base metals [Barnhouse, 

2004 - Richard, 2003] . 

      The aim of this work is to evaluate the mechanical and metallurgical properties of dissimilar welds 

of stainless steel (316L) and low carbon steel(A516) welded by SMAW process with different 

welding electrodes.  

 

EXPERIMENTAL PROCEDURES  

Used Materials  

      The used materials in this research are the low carbon steel (A516) and austenitic stainless steel 

(AISI 316L), the importance of these metals is very clear, the stainless steel is widely used in 

chemical, pharmaceutical, food industries, nuclear plants and power generation industries, that low 
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carbon steel is also widely used in engineering industries [Sourmail, 2005-AISI Handbook, 2002] 

.The chemical composition analysis was performed by using spectrometer type (ARL) in Nasser State 

Company and the results are shown in Table (1). 

Table (1) chemical composition of low carbon steel (A516) and stainless steel (316 L) 

 

Element 

 

wt % 

Low carbon (A 516) Stainless steel (316 L) 

Standard 

value  
Actual value 

Standard 

value  
Actual value 

C 0.21 0.186 0.03 0.03 

Mn 0.6-0.9 0.97 0.5-0.8 0.624 

Si 0.13-0.45 0.24 1.00 0.50 

Cr - 0.058 16.0-18.0 16.6 

Ni - 0.023 10-14 8.94 

Cu - >0.37 - 0.18 

Mo - <0.005 2-3 3.79 

S 0.04 - 0.03< 0.009 

Ti - 0.008 - 0.021 

P 0.035 - 0.045 - 

Co - <0.005 - 0.14 

V - 0.006 - - 

W - 0.007 - - 

Al - 0.035 - - 

Nb - <0.004 - 0.016 

Fe Rem Rem Rem Rem 

 

 

Samples Preparation 

(1) 6 mm thick plates of low carbon steel (A516) and stainless steel (316L) were prepared and cut 

with dimensions of (150 × 300) mm, then cleaned by sand blasting to remove lubricant and scales 

and surface contamination.  

(2) The samples then machined on milling machine to prepare joint edges and to produce a taper of 

30º on the long side (300 mm), and arranged to make single -V joint, as shown in Figure (1). lt is 

essential that making pieces to be joined should be carefully aligned for good quality welding.   

 

Welding Process  

 The dissimilar specimens of low carbon steel (A516) and austenitic stainless steel (316L) were 

welded by shielded metal arc welding (SMAW) and welding electrodes of (3.25)mm diameter, the 

voltage (78)volt, welding current of (120) Amp and polarity (DCSP) were remained constant. The 

electrodes are (E7018 , E6013) of low carbon steel and (E309L , E308L) of stainless steel. So there 

are four new produced welds on Turkish machine (Nuris RCT 650C) and two passes in weld for each 

electrode. The Tables (2) and (3) are shown the chemical composition of the stainless steel and low 

carbon steel electrodes respectively .The welding was performed manually with the welder 

maintaining control over the arc length and directing the arc into the weld joint . 

 

Table (2) Chemical  composition of stainless steel electrodes. 
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Electrode 

Type 

Wt % 

C Cr Ni Mo Mn Si P S N Cu Fe 
E

3
0

8
L

 

0
.0

4
 

1
8

-2
1

 

9
-1

1
 

0
.7

5
 

0
.5

-2
.5

 

0
.9

 

0
.0

4
 

0
.0

3
 

0
.7

5
 

0
.7

5
 

R
em

 

E
3

0
9

L
 

0
.0

4
 

2
2

-2
5

 

1
2

-1
4

 

0
.7

5
 

0
.5

-2
.5

 

0
.9

 

0
.0

4
 

0
.0

3
 

0
.7

5
 

0
.7

5
 

R
em

 

 

 

Table (3) Chemical  composition of low steel electrodes. 

 

Electrode 

Type 

Wt % 

C Mn P S Mo Si Ni Cr Fe 

E
6

0
1

3
 

0
.0

8
 

0
.3

9
 

0
.0

2
 

0
.0

1
5

 

- 

0
.2

4
 

- - 

R
em

 

E
7

0
1

8
 

0
.0

4
5

 

1
.1

 

0
.0

1
5

 

0
.1

4
 

0
.0

5
3

 

0
.4

 

0
.0

3
5

5
 

0
.0

1
8

 

R
em

 

 

X- ray Radiography Inspection  

 All the welded specimens are tested by X- ray radiography to detect the welding defects and to 

determine success of welding penetration using German apparatus type (Rich Seiferland Co 

Ahrensberg ) in the State Company For  Heavy Industries . 

 

Tensile Test 

       The specimens are prepared and machined for tensile test according to the standard specifications 

(ASTM – E 8) [ASTM, 1988] as shown in Figure (2) and the tests are carried out using tensile test 

machine Fritschi Gmb – fpro and mebto onrik (PX – SRG 5000) of capacity 600 KN . 

Bending Test 

      According to the standard specifications ASTM - E190 [ASTM, 1988 ], The specimens are 

machined by milling machine for bending test as shown in Figure (3) and the tests are done using the 

same machine using in tensile test. 

 

Microhardness Test 

   The hardness was measured by Vickers hardness measurements along the cross – section of welded 

specimens in three zones weld metal zone (W. M) heat affected zone (HAZ) and the base metal (B. 

M). The hardness test is done by using apparatus of type (Letz Wetz Germany) and load of (500 gm) 

for ( 30 sec). The hardness is measured for both sides of dissimilar welds and at a distance of (1 mm) 

between one reading and other.  

Microstructure Test 
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 The specimens were prepared for microstructure testing according to the following 

procedures:-  

(1) Wet grinding with water and using silicon carbide papers of grades, 220, 320, 400, 600, 800, 1000 

and 1200. 

(2) Polishing the specimens using polishing cloth and alumina (A12O3) solution its grains are of size 

(5) microns. 

(3) Etching process was done by using (Nital) solution , 2% HNO3 acid and (98% alcohol) for low 

carbon steel, and for stainless steel the used solution consist of HNO3  acid (3 ml) , HCl acid (9 

ml) , acetic acid (2ml) and glycerin (1ml) . The specimens were immersed in solution for (40-45) 

sec, then watched by water and alcohol and finally dried. 

 

δδδδ-Ferrite phase Inspection  

The valued of delta (δδδδ) Ferrite phase (Ferrite No.) was measured in the weld metal (W.M) by 

using portable ferrite content meter (1.053) equipped with a probe of (1.5 mm) diameter ball. The 

value of δδδδ-Ferrite phase is defined as the attraction force between magnetic probe and the tested area. 

 

Results and Discussion  

Microstructure Results 

         In fusion welding the weld metal is a mixture of the two metals being joined and filler metal. In 

shielded metal arc welding (SMAW) process welds made with consumable electrodes, the weld mixed 

or stirred by the arc action and the composition is quite uniform from one area to another. The central 

mass designated by (W.M)has been melted. It has characteristic dendrite structure of casting. When 

the dendrites form, the weld metal   solidifies and cools from the outside toward and the crystal grow 

toward the center and segregation of constituent occurs with an alloy [Martti Vilpas, 1999] . 

The Figures (4,5,6 and 7) represent the microstructure of dissimilar welds of stainless  steel 

(316L) and low carbon (A516) welded by SMAW process with different electrodes show that the 

weld metal (W.M) at the interface between the two metals has different microstructure because of 

elements dilution which is leading to form three basic zones [ Barnhouse, 2004 - Richard, 2003] :-  

(1) Martensite (the area near low carbon steel). 

(2) Austenite + Martensite + Ferrite (the area near the interface of stainless steel (316L)) . 

(3) Austenite + Ferrite (weld metal in stainless steel) . 

 

Results of Tensile Test 

      The Table (4) shows the results of tensile test of the base metal (As received) of stainless steel 

(316L) and low carbon steel (A516).      

The Figure (8) shows the results of tensile test specimens of dissimilar welds of stainless steel 

(316L) and low carbon steel (A516) welded by (SMAW) process with using different electrodes 

(E308L, E309L, E7018 and E6013).The highest tensile strength was obtained by using the electrode 

(E7018) then (E308L), then (E6013) and finally (E309L) respectively and generally they are good 

results . 

 

      Table(4)  Tensile test results of the base metal 

 

Base Metal 
Tensile Strength     

         (MPa) 

Yield Strength 

(MPa) 

El% in 

(50.8mm) 

St.St.316L 558 290 50 

C.St.A516 345 193.2 28 
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Results of Bending Test 

       Table (5) shows the results of bending test for dissimilar welds of low carbon steel and stainless 

steel (316 L) at welding conditions (current 120 A , voltage 78 V. 

     Table (5) The results of bending test  

  

Visual 

Inspection 

Bending Angle 

(deg.) 

Bending Force 

(k N) 
Electrode Type 

Accepted 42 22 E 309 L 

Failure 125 19 E 308 L 

Failure 75 21 E 7018 

Failure 40 20.5 E 6013 

      

The electrode (E 309 L) shows good results without cracks [Martti, 1999 - Barton, 1976] but the 

electrode (E 308 L) failed when the bending force reached (19KN) and the cracks appeared at the 

angle 125, which means it cannot be used in bending condition . 

Richard E. Avery [2003] confirmed these results of mechanical properties of dissimilar metal 

welding .the properties of the three metals must be considered the two metals being joined and the 

filler metal used to join them. The weld metal should be equal to or stronger than the weaker material 

being joined although the American Society of Mechanical Engineers (ASME) code allows a weld 

stronger of 95% in some cases. Ductility comparable to the metals being joined is desirable but not 

always possible. 

 

Results of Microhardness Test  

It is observed that the dissimilar welds behave in different way than the similar welds . The 

hardness of dissimilar welds in the weld region is higher than the base metals from both sides (carbon 

steel (A516) and stainless steel (316L)). 

Figure (9) shows that the hardness remains constant in the base metal then it increases in HAZ 

to reach its maximum value then it deceases till the middle of weld zone which remains constant but 

higher than the hardness of base metal, and form two maximum value  

( maximum hardness) in HAZ region . 

The results showed also that using of carbon steel electrodes  

(E6013) causes that the maximum hardness value in HAZ near stainless steel side is higher than that 

of low carbon steel side. But using of stainless steel electrodes (E308L and E309L) make the 

maximum hardness value near low carbon steel side, and this is due to formation of martensite phase 

near low carbon steel side and presence of chromium carbide (Cr23C6) near stainless steel side as 

indicated by x-ray diffraction results. 

 

Results of δδδδ-Ferrite phase Inspection . 

The value of δδδδ-ferrite phase in the weld metal (W.M) and HAZ was measured for dissimilar 

welds by magnetic tests equipment. 

Figure (10) shows the δδδδ-ferrite phase distribution for dissimilar welds of low carbon steel 

(A516) and stainless steel (316L) welded by SMAW with using different electrodes E309L, E308L, 

E7018 and E6013. The Figure (10) shows that this value vary between 3-10% in the weld zone which 

acceptable and necessary to reduce the probability of forming microcracks in the weld zone [Brooks, 

1984- Kujanpaa, 1984 ] , because δδδδ-ferrite phase in this percentage lead to dissolve harmful elements 

like sulfur , phosphorous and selenium which contribute to form microcracks in the weld zone , so 

when these elements remain in the solid solution prevent the segregation of impurities and forming of 

phases with low melting temperature which play an important role in crack forming when the 
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microstructure of stainless steel in the weld zone is completely austenite [Hebble et al, 1985 –ASME, 

1989 ]. 

Many researchers [Vitek and David, 2003 ]were improved models for predication of 

microsegregation and ferrite content in austenitic stainless steel welds and their effects on mechanical 

properties and corrosion resistance of welds . 

 

CONCLUSIONS 

(1) The four electrodes (E308L, E308L , E7018 and E6013 ) showed good weldability  for 

dissimilar welds of two base metals ( low carbon steel and stainless steel) welded by shielded 

metal arc welding ( SMAW) .   

(2) Tensile test results show that the fracture of dissimilar welds happen in low carbon steel 

region ( low tensile strength) . 

 

(3) Bending test shows that the best electrode for dissimilar welds is stainless steel electrode ( 

E309L) when using  ( SMAW)  process . 

(4) In the dissimilar welds there are two maximum peak ( maximum hardness) values of hardness 

in HAZ . 

(5) The value of δδδδ-ferrite phase ( Ferrite No.) reached to 3-10% in stainless steel side of dissimilar 

welds . 
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Welds", USA, 2003 (internet) . 

 

 dimension in (mm ) 

Fig (1) Typical joint design and position of pieces to be welded 

Fig (2) Tensile test specimen according to ASTM Standard              

(All dimensions in (mm)) 

Fig (3) Bending test specimen according to ASTM Standard  

(All dimensions in (mm)) 

  

 

3
8
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Fig (5) Microstructure of dissimilar welds of (C. St and St St) welded by 

SMAW using electrode (E 6013). 250x 

  

Fig (4) Microstructure of dissimilar welds of (C. St and St St) welded by 

SMAW using electrode (E 7018). 250x 
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Fig (6) Microstructure of dissimilar welds of (C. St and St St) welded by 

SMAW using electrode (E309 L).  250x 

  

HAZ(C.St)  W.M 

(C.St.&St.St)  

B.M.(C.St)  

Fig (7) Microstructure of dissimilar welds of (C.St and St St) welded by 

SMAW using electrode( E 308 L). 250x 
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Fig (8) Stress – strain curves of dissimilar welds of stainless steel (316 L) and low 

carbon steel (A 516) welded by (SMAW) using different welding electrodes . 

  

Fig (9) Relationship between microhardness and distance from weld center of 

dissimilar welds of stainless steel (316 L) and low carbon steel (A 516) welded 

by SMAW using different welding electrodes  
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Fig (10) Shows distribution of  δδδδ- ferrite phase of dissimilar welds (St. St 

(316L) and C. St. (A516)) welded by SMAW using different welding 

electrodes   
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ABSTRACT  

 

The static characteristics of porous floating ring journal bearing under hydrodynamic 

lubrication condition when operating with an improved boundary conditions are theoretically 

analyzed. An isothermal finite bearing theory was adopted during this analysis. The effect of 

different parameters, namely, permeability, geometrical dimensions of the ring and the bearing are 

considered. It was assumed that oil is supplied through the outside diameter of the bearing under 

low supply pressure. The angular extent of the oil – film formed in journal – ring and ring – bearing 

oil films was obtained by applying the integral momentum equation at the leading edge of the oil – 

film to define the beginning of the oil extent. While, the continuity of flow across the trailing edge 

was used to define the end of the oil extent. Numerical results show that the bearing performance 

affected by different parameters namely, permeability, eccentricity ratios of inner and outer oil – 

film, the clearance ratios, and the radii ratios. 

 

KEY WORDS 

 hydrodynamic lubrication, floating ring, porous oil bearings, improved boundary conditions, 

slip velocity effect. 

 ا�����

����	 ���/ ا.���د �'&	� ا�&آ��� ا����دة . درا)� �'&	� ��%$��# ا� "!��� ��� ��� ذا��� ا���	�� ذات ا����� ا������ ه�ا ا�

��� 9&وف 6!ت در�2 ا��&ارة �5&ض أ2&اء ه�0 ا��را)� :����د    ء�/ اAB �CD'& ا@.�?�ر �?<6& أدا  . ا�=!ل وا��; ?�B �A? ا�

�); �����?� , ذ	��HAا�(�F ا��6E&اتAJا� :"Kن           و �) وا��?B اض&?�Nا /?� �?�N �?�"�F�A	رود��Jا�'?&وف ا� �?���?��ن .�?: ا�&آ�?�ة 

OH%AF ��JP� Q5R ����	� �F ا��=& ا�%�ر2; ��&آ��ة ��B �JP��ام  . ا�&آ��ة  %�?(�B �	��� ا�T �	�J�و �	ا�B �	��� /� ���

Fو �	��� ا�T �	ا�B �	���� ���F�"ا�� /C��� ا��	���Fد�� ا�T �	�J� �	�� أJ9&ت ����U ا��را)� . ��د�� ا)��&ار	� ا�P&	�ن �����

 V�. .��!ا �	ا�� ��WX���Y ا��KA!رة ��O ا� ZF U���Aا� ��ر��F �A. Z[!�F !آ�� ه �	��� ا�T �	�J� :[ ��!�	 ���( �=5R ن�B

��	��آ�� وأJ9&ت ا��B U���Aن أداء ا. درا)� �$&ف ا�� ��� ذا��� ا���JPا�� Q5R ;وه :Fا��!ا \��%�B &6>�	 �A �� ,�	ذ�HAا� ,

�  .      و� � أ�$�ف أ]=�ر ا�����, � � ا�%�!ص, � � ا�[��&آ
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INTRODUCTION 

 
 Over the past decades a considerable number of experimental and theoretical studies have 

been carried out to study the characteristics of the solid floating ring journal bearing. Isothermal 

fluid flow analysis assumes a constant lubricant viscosity had been made by Shaw and Nussdorfer 

(1947), Orcut and Ng (1968), Tanaka and Hori (1972), Rohde and Ezzat (1980), Li and Rohde 

(1981). An experimental investigation to the behaviour of floating ring journal bearing was carried 

out by Kettleborough as early as in (1954). He found that there are significant discrepancies 

between test data and predictions. Tatara (1969) noting that, over certain speed ranges and for high 

feed pressure, floating ring journal bearing operate in a stable mode. Dong and Zhao (1990), 

investigate the possibility of using the floating ring journal bearing in automotive application. They 

found that it is possible for floating ring bearings to be used in engines where the load non – 

stationary. Chong and Kim (2001), studied the operating characteristics of counter rotating floating 

ring journal bearings. It is theoretically confirmed that floating ring journal bearings can be used in 

counter rotating journal bearings. Andres and Kerth (2004) studied the thermal effect on the 

performance of the floating ring journal bearing for turbochargers application. It was found that the 

ring speed ratio decreases dramatically as shaft speed rises.     

 Lubrication performance characteristics of porous oil bearings (load capacity, friction 

coefficient, bearing temperature. etc.) have been the object of many recent investigations, Morgan 

and Cameron (1957); Rouleau (1963); Goldstein and Braun (1971); Cusano (1979); Reason and 

Dyer (1973); Prakash and Vij (1974). In the above investigations the half Sommerfeld condition 

was adopted. A theoretical and experimental work done by Kaneko et. al. (1994) shows that the oil 

film is formed mainly in the loaded part of the bearing and the angular extent of oil film is 

significantly smaller than that formed in a solid journal bearing even under hydrodynamic 

lubrication condition. Kaneko et. al. (1997) used an improved boundary conditions to obtain the 

angular position of leading a trailing ends of the oil film regions. They show that the negative 

pressure occur before the tailing end of the oil film region. Elsharkawy and Lotfi (2001) made an 

analysis to the hydrodynamic lubrication of porous bearings using a modified Brinkman – extended 

Darcy model. They found that the numerical model has been successfully predicting the 

experimental results of different researchers. 

The angular extent of the oil – film formed in journal – ring and ring – bearing oil films is 

obtained by applying the integral momentum equation  at the leading edge of the oil – film to 

define the beginning of the oil extent  while, the continuity of flow across the trailing edge is used 

to define the end of the oil extent. The analysis of the bearing performance shows the occurrence of 

a negative film pressure before the trailing end of the oil – films region as expected when compared 

the results with the behaviour of porous bearings obtained by different workers.   

So the purpose of this study is to analyze the steady state performance of porous floating 

ring journal bearing working under improved boundary conditions which are used to determine the 

leading and trailing edge of the oil films. 

 

 NUMERICAL ANALYSIS: 

 Model of the Porous Floating Ring Journal Bearing: 

 
The porous floating ring journal bearing with the coordinate system used in this analysis can 

be shown in figure (1). The journal rotates with a constant angular velocity (ωj) about its axis while 

the porous ring rotates with an enhanced angular velocity (ωr) about its center. The porous bearing 

inserted into a solid housing having a circumferential groove in the middle. Lubricant oil at low 

supply pressure (Ps) is supplied to the groove in the middle.  
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PRESSURE DISTRIBUTION IN OIL FILM AND POROUS MATRIX: 

The performance of the bearing inner and outer oil films are obtained from the following 

Reynolds' equation for finite bearings including the so – called filter term and the effect of 

tangential slip velocity. For constant viscosity it can be written as, Kaneko et. al. (1997);  
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Fig. (1): Oil film region and oil flow of porous floating ring 
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 The slip coefficient (α) is a dimensionless parameter which depends on the porous material. In the 

present analysis a value of (0.1) is assumed for (α) as done in the pervious studies, Cusano (1979); Quan 

and Wang (1985); Kaneko et. al. (1994).  

 Oil pressure in the porous ring and porous bearing is governed by the Darcy's equation which can 

be written   in dimensionless form as follows Kaneko et. al. (1997);  
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BOUNDARY CONDITIONS: 

Two types of boundary conditions were used during this work.    

OIL FILM PRESSURE BOUNDARY CONDITIONS: 

 

The following boundary conditions were used to evaluate the pressure distribution through 

the oil films.  
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The outer surface of porous matrix consists of two parts as shown in figure (1),the first is the part 

press – fitted inside the solid housing, where the pressure is evaluated from the condition that the 

permeability of the housing adjacent to the porous matrix is zero i.e.;  

0=Φ    or   
^
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io rrr ≥  and  15.0 ^ ≤≤ Z                                                                    (9) 

The second is the part exposed to the circumferential groove in the housing, where the pressure is given 

by;  
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CIRCUMFERENTIAL BOUNDARY CONDITIONS: 

 
The following boundary conditions are used to determine the oil film extent. The leading 

edge (θ1) of the both oil films can be determined by extending the boundary condition used by    

Kaneko et. al. (1997), as follows;  

} 
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where;  

 

cMMM θθθ ,, 21
and bMθ   are the circumferential momentum flow rates across the control surfaces 

of the oil films, as shown in figure (2). The momentum flow rates are given as follows; 
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The velocity components ( )
ii

uθ  and ( )
iizu  represent the components of the oil velocity in 

circumferential and axial directions in the both oil films, while ( )
jj

ru
∗  represents the radial velocity 

component of the oil inside the porous bearing and the porous ring. The values of (θ1)ii and (θ2)ii 

are assumed to be constant in z – direction.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the other hand the oil film extent at the trailing edge (θ2) can be obtained by ensuring the 

continuity of the bulk flow a cross the boundary line at (θ2).  
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Fig. (2): Circumferential momentum flow rates 
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( ) 0=
iicp

qq θθ                                                                                                                                          (13)  

where 
p

qθ and 
c

qθ are the flow rates a cross the trailing boundary line due to the Poiseuilles
'
 flow 

and due to the Couettes
'
 flow respectively. Equation (13) can be rewritten as;  
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Knowing the values of ( )ii1θ  and ( )ii2θ  for each oil film (journal – ring and ring – bearing oil 

films), the angular extent of the first and second oil films ( )iiβ  are expressed in the form; 

( ) ( ) ( )iiiiii 12 θθβ −=                                                                                                                                   (15)  

 
BEARING PARAMETERS: 
 

Knowing the pressure distribution the dimensionless film force components along and 

perpendicular to the line of centers can be obtained, respectively as;    
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the total dimensionless load can be expressed as; 
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The attitude angle ( )iiΨ can be evaluated as; 
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The friction force on the inner and outer surfaces of the ring can be evaluated as; 
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Hence the coefficient of friction can be evaluated as ; 
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STEADY STATE PERFORMANCE: 

 
To calculate the steady state performance of the bearing it is necessary to find out the steady 

state equilibrium position of the journal and ring centers, the following conditions for moments and 

forces are hold for equilibrium state. 
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The second equilibrium conditions which specify the steady state performance of the bearing is the 

force balance which state that;  
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The ring speed to the journal speed can be found from the torque equilibrium as follows;  
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METHOD OF SOLUTION: 

 
Oil film pressure distribution and the oil pressure distribution through the porous matrix can 

be obtained by solving equations (1) and (7) simultaneously. These equations are discretized and 

solved simultaneously with an appropriate boundary conditions. In the present analysis (180) 

divisions in circumferential direction (N1), divided into (100) divisions for the rupture zone and 

(80) divisions for the effective zone. Sixteen divisions in axial direction (N2) and eight divisions in 

radial direction (N3) have been adopted. The governing equations are transformed to discrete form 

using finite difference technique and then solved iteratively with successive under relaxation factor, 

to obtain the pressure and the location of the inlet and trailing boundary lines for the oil – film 

regions, the iterations are continued until the following inequalities are satisfied simultaneously, 
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To ensure the steady state performance of the bearing, the following equilibrium conditions must be 

satisfied;  

 

• torque equilibrium : 
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• load equilibrium : 
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Always (n) and (n+1) used in above equations denote two consecutive iterations and the 

points i, j, k represent the grid number in radial, circumferential, and axial directions respectively. 
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RESULTS AND DISCUSSION: 

 
Figures (3-a) and (3-b) represents a comparison between the results obtained using the 

computer program which prepared and written in FORTRAN – 90 language and executed on a 

personal computer (Pentium 4) of 256MB Ram,  through this work with that obtained from the 

published data in Kaneko et., al., (1997). The solution of porous floating ring journal bearing 

merely consists of parallel solutions of two ordinary porous bearings via the mobility method it can 

be shown that the   average percentage of error evaluated is (2%).    

Figure (4) shows that the oil film has a higher peak of pressure as the supply pressure 

increases, which can be attributed to the higher flow of oil out of the porous matrix. The oil film 

pressure increases with increasing the supply pressure and clearance ratio and decreasing the radii 

ratio as shown in figures (4,5,6). An increased oil film extent has been shown in this case.   

The correlation between (ε1) and (ε2) can be shown in Figure (7 and 8). It is clear that (ε1) 

some times become greater than (ε2) and vice versa. This correlation affected by different 

(32) 
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parameter, namely, permeability, clearance ratio and radii ratio. This is true to maintain the 

equilibrium condition of the bearing and to ensure that the bearing is hydrodynamically lubricated.   

The correlation between the ring – bearing and the journal – ring eccentricity ratios is 

affected by the radii ratio as shown in Figure (9). It is clear that the ring – bearing eccentricity ratio 

becomes lower than the journal – ring eccentricity ratio for a bearing with a ring of radii ratio is 

less than (1.25) while, the ring – bearing eccentricity ratio become greater than the journal – ring 

eccentricity ratio for a ring with a radii ratio grater than (1.25). This is true to maintain the steady 

state performance of the bearing. Also the ring speed becomes greater as the radii ratio decreases 

which make (ε1) greater than (ε2) in this case.      

 The oil films extent increases with increasing values of the permeability as shown in figures 

(10 and 11). This is can be explained by knowing that the oil flow from the porous matrix increases 

in this case.   

 The coefficient of friction increases with higher values of permeability of the porous matrix 

as shown in figures (12 and 13). The values of the Sommerfeld number which give the minimum 

friction decreases with decreasing the values of the permeabilities.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3 -a), Comparison Between Experimental Published 
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Fig. (4), Computed Results for Circumferential Pressure 

Distribution in Ring - Bearing  Clearance Gap for Various 

Values of Dimensionless Oil – Feed Pressure. 
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CONCLUSIONS: 

 
From the previous analysis the following can be concluded;  
1- The load carrying capacity increases with increasing the values of the supply pressure and 

clearance ratio.    

2- The load carrying capacity increases for the floating ring journal bearing working with ring 

has lower radii ratio.  

3- The journal – ring eccentricity ratio become higher than the ring – bearing eccentricity ratio 

for bearings of higher permbility, clearance ratio and lower radii ratio.  

4- The oil – film extent increases with decreasing the values of the ring radii ratio. 

5- The minimum coefficient of friction decreases with increasing the values of the supply 

pressure and the clearance ratio. The minimum value of the friction coefficient decreases 

with decreasing the values of the radii ratio. 
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NOMENCLATURE: 

 
The following symbols are used throughout this work.  

c1            Journal – Ring Mean Radial Clearance (m) 

c2                   Ring – Bearing Mean Radial Clearance (m) 

(h 
^
)ii             Dimensionless Film Thickness,( h

 ^
 =h/c)ii  

(k1)jj              Permeability of the Porous Matrix (m
2
) 

L                   Length of the Ring and the Bearing Length (m) 

(Mθ1)ii    Circumferential Momentum Flow Rate across Oil Film Surface at Inlet End of Oil –                

                      Film Region,   i.e. at (θ = θ1)ii 

(M
^
θ1)ii      Dimensionless Circumferential Momentum Flow Rate across Oil – Film Surface at Inlet    

                 End of Oil–Film Region, i.e. at (θ = θ1 )ii ,(M
^
θ1= Mθ1/(ρc(R*ω)

2
L)ii 

(Mθ2)ii      Circumferential Momentum Flow Rate across Oil – Film Surface at Trailing End of Oil – 

                 Film Region, i.e. at (θ = θ2 )ii 

(M
^
θ2)ii     Dimensionless Circumferential Momentum Flow Rate across Oil – Film Surface at  

                 Trailing End of Oil–Film Region, i.e. at (θ=θ2)ii, (M
^

θ2=Mθ2/(ρc(R*ω)
2
L)ii 

(Mθc)ii   Circumferential Momentum Flow Rate across Oil–Film Surface at Both Axial Ends(z= 

±L/2) 

(M
^
θc)ii      Dimensionless Circumferential Momentum Flow Rate across Oil – Film Surface at Both  

                 Axial Ends i.e. at (z = ±L/2),  (M
^
θc= Mθc/(ρc(R*ω)

2
L)ii 

(Mθb)ii   Circumferential Momentum Flow Rate across Oil – Film Surface Adjacent to Inner Surface  

                 of Ring and Bearing, i.e. (y=0) 

(M
^
θb)ii    Dimensionless Circumferential Momentum Flow Rate across Oil – Film Surface Adjacent  

                     to Inner Surface of Ring and Bearing , i.e. (y=0), (M
^
θc= Mθc/(ρc(R*ω)

2
L)ii 

Nj                  Journal Rotational Speed (r.p.m) 

Nr                  Floating Ring Rotational Speed (r.p.m) 

(P
^
)               Dimensionless Oil-Film Pressure,(P

^ 
=c

2
P/(R

2
 ηω))ii  

(P
^*

)              Dimensionless Oil – Film Pressure Inside the Porous Matrix,(P
^*

=c
2
P

*
/(R

2ηω))jj  

Ps                  Supply Pressure (N/m
2
) 

r
^  

                 Normalized radial coordinate, r
^
= r/Rii 

Rj                  Journal Radius(m)  

(S)                       Sommerfeld Number , (S= (RηωL / W)*(R / c)
2
)ii 

s                   Slip parameter   

T
^
                 Dimensionless Frictional Torque, T

^
 = T c / ηωR

3
L   

Uj                 Journal Velocity (m/s) 

Ur                 Ring Velocity (m/s) 

u,v,w            Oil – Film Velocity Components in θ,r,z Directions Respectively(m/s) 

u
*
,v

*
,w

*
        Oil Velocity Components inside the Porous Matrix in θ,r,z Directions      

                   Respectively (m/s) 

(W
^
)             Dimensionless Load Carrying Capacity, (W

^
)ii=(W c

2
 / ηωR

3
L)ii  

(W
^

r)          Dimensionless Component of Oil – Film Force Along the Line of Centers,     

(W
^

T)           Dimensionless Component of Oil – Film Force Perpendicular to the Line of Centers 

Z
^
                 Normalized axial coordinate, Z

^
= z/(L/2) 
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Greek   Symbols 

(ε)ii          Eccentricity Ratio  

η             Absolute Viscosity of Oil(pa . s) 

θ             Angular Coordinate from Maximum Film Thickness Position (Degree)  

(µ
^
)ii

 
    Dimensionless Friction Coefficient (µ∧)ii = ((R/c)µ)ii  

ρ             Density of oil (kg/m
3
)  

( )Φ ii       Permeability parameter, ( )Φ ii = (k1R / c
3
)ii  

(ψ)ii        Attitude Angle (degrees) 

 
SubscriptSubscriptSubscriptSubscript    

b      Referring to Bearing 

ii      =1   referred for Journal – Ring Oil – Film 

         =2   referred for Ring – bearing Oil – Film 

jj      =1   for Porous Matrix of Floating Ring  

        =2   for Porous Matrix of Bearing  

j       Referring to Journal 
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ABSTRACT 

A theoretical study of heat transfer and fluid flow phenomena in welding process has been 

carried out in the present work. The study involved the numerical solution of the transient Navier-

Stokes and Energy equations of the weld pool region by using Finite Difference Method. The 

electromagnetic force field and buoyancy were included in the formulation The stream-vorticity 

formulation was used in the mathematical model. The numerical solution is capable of calculating 

the vorticity, stream function, velocity, temperature, and the interface movement of the weld pool in 

Gas Metal Arc Welding (GMAW). The model can be used to solve the Gas Tungesten Arc Welding 

(GTAW) problem. A numerical calculations algorithm was developed to carry out the numerical 

solution. The numerical results showed that the finger penetration phenomena occurs in the Gas 

Metal Arc weld is adequately explained through the application of the model. It is found that the 

frequency of spray transfer is a dominant factor in addition to shape of the weld pool geometry. A 

verification of numerical results was made through a comparison with a previous work, the 

agreement was good, confirming the capability and reliability of the proposed numerical algorithm 

in calculating fluid flow and heat transfer in Gas Metal Arc weld pools.  
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INTRODUCTION 

The heat and fluid flow in the weld pool can significantly influence the pool geometry and the 

temperature gradients. A detailed knowledge of the temperature filed and thermally induced flow in 

a weld pool is important in understanding the phenomena and in development of improved welding 

techniques, and numerical simulations offer the possibility of avoiding this difficulty and provide a 

better quantitative description of the coupled solution behavior. If we consider a molten weld pool 

resulting from an applied surface temperature or heat flux, the thermal gradients induce buoyancy 

forces in the weld pool that tend to cause fluid flow. It is of considerable practical interest to 

understand quantitatively the heat and fluid flow phenomena in weld pool, because both the 

velocity and temperature distributions of molten metal affect the weld pool geometry, 

microstructure, and mechanical properties of the weld produced. Inherent to the welding process is 

the formation of a pool of molten metal directly below the heat source. The shape of this molten 

pool is influenced by the flow of both heat and metal, with melting occurring ahead of the heat 

source and solidification behind it. Fluid flow in weld pool can strongly affect the quality of the 

resultant weld. Variations in the weld characteristics, which are likely to occur from changes in the 

weld pool fluid flow are weld penetration, undercutting, surface smoothness segregation pattern, 

gas porosity and solidification structure, (Gukan and Sundararajan. 2001), see Fig. (1). The problem 

was investigated in literatures with different approaches, (Oreper and Szekely.1987) developed a 

general mathematical statement to describe the transient weld pool development. In the formulation, 

axi-symmetric systems are considered and allowance is made for buoyancy, surface tension, and 

electromagnetic forces. (Tsao and Wu.1988) developed a mathematical model to evaluate the effect 

of the electromagnetic force field, the velocity field and the temperature field in a Gas Metal Arc 

(GMA) weld pool. (Tsai and Kou. 1990) studied the convection flow induced by the 

electromagnetic force in the weld pool during gas tungsten arc welding. In order to accurately 

describe the boundary conditions, (Kim and Na. 1994) developed a computer simulation of three 

dimensional heat transfer and fluid flow in Gas Metal Arc (GMA) welding by considering the three 

driving forces for weld-pool convection. (Gukan, et. al. 2001) developed a systematic study of a 

two dimensional model to analyze the role of convection  in the stationary (GTA) welds to analyze 

the behavior of weld pool convection and its effect on the weld geometry. 

The present work represents the beginning of a new research line in Iraq that aims to 

investigate the thermal and fluid flow phenomena associated with welding process. A 

computational study of fluid flow and heat transfer phenomena occurred in the weld pool. The 

simulation covers the molten phase, the two phase and the solid phase region. 

 

MATHEMATICAL MODEL 

Figure (2) shows a diagram of a Gas Metal Arc (GMA) liquid pool and the cylindrical 

coordinate system chosen for analysis. Velocities along the radial and axial directions are expressed 

as U and V, respectively. A spatially distributed heat flux, q(r), and current flux, j(r), fall on the free 

surface at (Z = 0), which is the surface of the workpiece, the energy exchange between the spray 

droplets and molten pool is ∆H.As shown in fig(2), let U=U(r,z) and V=V(r,z) denote the velocity 

components in the radial r and axial z directions, respectively. The unsteady-state continuity, 

momentum and energy equation of the incompressible fluid in the molten pool is (Salah. 2005) ; 
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Using the vorticity transport formulation (Salah 2005), it can be shown that ; 

 

 

 

 

The stream function equation is ; 

  
 

 

The temperature equation in the conservative form is ; 

 

 
 

The electromagnetic force term in equation (5) is (Tsao and Wu 1988) ; 

  
 

 

 

and the energy exchange (∆H) is ; 

 

 

 

Initial and Boundary Conditions Representations 

The initial conditions used to solve temperature, vorticity and stream function equations are ; 

Ti , j = wi , j = ψi , j = Vi , j = 0  at  t=0 

The boundary conditions used are given in Fig.(3) .  

 

NUMERICAL SOLUTION 

The governing equations mentioned above were solved numerically by using the FDM. A 

grid arrangement was generated with the notation of fig.(4). The temperature of each grid point in 

weldment is compared with the melting temperature Tm. Once the liquid region emerges, the fluid 

flow and heat transfer in the weld pool and the heat conduction out of the molten pool are 

calculated. 
 

The nodal equation at i=1 ; 1 ≤ j ≤ M  

 

 

( )113
11 2

−−−−−−−−−−−−−−−−−−−−−−−=−=








∂

∂

∂

∂
+








∂

∂

∂

∂
∇ ψω

ψψ

rrrzrz
 (6)  

(1) 

(2) 

(3) 

(4) 

( ) ( )

( ) ( )

( )

( )43
11

33
11

23
11

)13(0
1

2

2

2

2

2

2

2

2

−−−−−−−−−−−−−−∆+








∂

∂
+

∂

∂
+

∂

∂
=








∂

∂
+

∂

∂
+

∂

∂

−−−−−−−−−








∂

∂
+








∂

∂

∂

∂
+

∂

∂
−=









∂

∂
+

∂

∂
+

∂

∂

−−−−−−−








∂

∂
+








∂

∂

∂

∂
+

∂

∂
−=









∂

∂
+

∂

∂
+

∂

∂

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−=
∂

∂
+

∂

∂

H
z

T

r

T

rr

T

z

T
V

r

T
U

t

T

z

V

r

V
r

rrz

p
F

z

V
V

r

V
U

t

V

z

U
rU

rrrr

p
F

z

U
V

r

U
U

t

U

V
z

Ur
rr

z

r

α

µ
ρ

ρ

µ
ρ

ρ

/ ρCp

 

α 

( ) ( ) ( ) ( ) ( )103
1

2

2

−−−−−−××∇+
∂

∂
+








∂

∂
+








∂

∂

∂

∂
=

∂

∂
+

∂

∂
+

∂

∂
Bj

r

T
g

zr

r

rrz

V

r

U

t
β

ωω
υ

ωωω  (5) 

37)-(3  ----------------- 
1)()(1

2

2

2

2











 ∆
+

∂

∂
+

∂

∂
+

∂

∂
=

∂

∂
+

∂

∂
+

∂

∂

pC

H

z

T

r

T

rr

T

z

VT

r

rUT

rt

T

ρ
α (7) 

( ) )163(1
2

exp1
2

2

2

2

32

2

−−−−−−−−−−−−−−−−−







−


























−−=××∇

L

zr

Lr

lC
Bj

j

oo

σπ

µ
  (8) 

)203(/)28.2(
2

1 −−−−−−−−−−−−−−−−−−−−−−−−−−−−=∆
−

PCrCfH e ρ      (9) 

)5C.(..............................).........i(BTaTaTaT)aa(T 1j,151j,14j,13j,221j,1 −+++++=′∴ +−     (10)



I.Y. Hussain                                                                                                   Evaluation of Temperature Distribution and Fluid  

S. S. Abed - AlKareem                                                                                  Flow in Fusion Welding Processes 
 

 1316

 

The nodal equation at i=1 ;  j =1 

 

 

 

 

The nodal equation at 2 ≤ i ≤ R/∆r+1 (i.e r=R) 
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At  i=N ; j=1 
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The electromagnetic force field in the vorticity equation ;  
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The temperature equation at the centerline as ; 
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The vorticity equation at centerline ; 
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The stream function for the next iteration (m+1) ;  

 

 

 

 

 

From (Petrovic and Stuper. 1996) ; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The radial and vertical velocities ;  

 

 

 

 

Calculation of the Vertical Velocity at Centerline from (Chow.1979) ; 

 

 

 

 

 

RESULTS AND DISCUSSIONS 

Figure (5) shows the computed isotherms and convection patterns in the pool of the weld to 

account for convection and temperature distribution in moving weld pools driven by buoyancy and 

electromagnetic forces at times (0.1, 0.3, 0.5 and 0.75 seconds). As time passes, the molten pool 

increases for MIG welding process. The deep penetration is observed in the figure. The liquidus 

temperature is 1440°C and the solidus 1000°C. Figure (6) shows the computed stream function in 

the case of combined buoyancy and electromagnetically driven flow of the weld pool at times (0.1, 

0.3, 0.5 and 0.75 seconds), respectively. As time passes, the molten pool increases. Figure (7) 

shows a strong counterclockwise circulation pattern, with very high velocities, which is dominated 

by the combined effect of the buoyancy and electromagnetically driven flow components. The weld 

pool shape, involving deep penetration, is consistent with the circulation pattern, (0.1, 0.3, 0.5 and 

0.75 seconds), and the large the weld pool. It is this transfer of additional heat from the metal 

droplets (∆H) in the GMA process which plays a very important role in the formation of the finger 
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penetration in the GMA welds. This phenomenon is not present in the GTAW process. Figures (8) 

and (9) show the interface between the molten pool and the solid region at different times (0.1, 0.5, 

0.75 and 1 seconds) respectively during MIG and TIG welding processes. A comparison between 

the calculated numerical results of the present work and the results of TSAO and Wu (1988) will be 

made for verification. Some results were selected in order to check the model. Figures (8) and (9) of 

the present work may be compared with figures (10) and (11) of TSAO and Wu (1988) for GMA 

and TIG results. The comparison show good qualitative and quantitative agreement.  

 

CONCLUSIONS 

A numerical study of heat transfer and fluid flow phenomena in welding process has been 

carried out in the present work. The weld pool size in GMA welding increases at a faster rate at 

small times (0.1 – 0.3 Sec.) and the stream function at times 0.1 sec and 0.3 sec appear increasing in 

the (r) and (z) directions. Two circulation loops in the weld pool appears one near the free surface 

and the other in the bulk weld pool, the maximum velocity which occurs at the free surface. And the 

flow at the free surface is radially outward from the (z) axis to the pool boundary.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Schematic Representation of Gas Tungsten arc Weld 

     Phenomena (Gukan and Sundararajan 2001). 

Fig. (2): Sketch the weldment of GMAW 
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Fig. (4) The Nodal Points Used in Numerical Solution 

Fig.(3): Nodes Equations of the Numerical grid arrangement of weldment using 

temperature distribution , pool temperature distribution and boundary 

conditions used in calculations 
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Fig. (5): Calculated Temperature Distribution at Different Times in GMA Weld Pool. 
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Fig.(6): Calculated Stream Function Contours in GMA Weld Pool at Different Times. 



Journal of Engineering Volume 13   march 2007        Number1  
 

 

 1325

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7): Calculated Velocity Distribution in GMA Weld Pool at Different Times. 



I.Y. Hussain                                                                                                   Evaluation of Temperature Distribution and Fluid  

S. S. Abed - AlKareem                                                                                  Flow in Fusion Welding Processes 
 

 1326

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(8): Calculated Liquid – Solid Interface of GMA Welding 

With Same Heat Input at Different Times.  

Fig.(9): Calculated Liquid – Solid interface of TIG Welding 

With Same Heat Input at Different Times. 
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Fig.(10):  Liquid – Solid Interface of GMA Welding  

                     Ref.(Tsao and Wu 1988) 

Fig.(11): Comparison of GMA and TIG weld Pool Boundaries 

with the Same Heat Input Ref.(Tsao and Wu 1988) 
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NOMENCLATURE 
 

Latin Symbols  
 

Symbol Definition Unit 

Co Length scale factor if scale uses in mm=10
6 

 
g Acceleration of gravity  mm/sec

2 

h Convection heat transfer coefficient  J/mm
2
. sec.°C 

H Length of plate  mm 

i Finite difference index in the r-direction   
I Welding current  Ampere 

IFL Index of fusion limit in r-direction.   

j Finite difference index in the z-direction  
j(r) Welding current distribution at the plane (z=0)  Amp/mm

2 

JFL  Index of fusion limit in z-direction.  

KL Thermal conductivity of liquid metal  W/mm.°C 

Ks Thermal conductivity of solid metal  W/mm.°C 

L Thickness of work piece  mm 
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M Number of grid in z-direction   

N Number of grid in r-direction   
Nr Number of grid in r-direction of weld pool   

Nz Number of grid in z-direction of weld pool   
q(r) Heat flux on the plane at z=0  J/mm

2
 

Q Heat input per unit time  W 

r Cylindrical coordinates.  mm 

T Temperature in x-y coordinates, also temperature of weldment.    °C 

Ta Ambient temperature  °C 

Ti Initial temperature  °C 

Tm Melting temperature  °C 

Ts Solid temperature  °C 

U Velocity in radial direction (r)  mm/sec 

Ub Average back velocity in r-direction  mm/sec 

Ub 0 Average back velocity at center line  mm/sec 

Uf Average front velocity in r-direction  mm/sec 

Uf 0 Average front velocity at center line  mm/sec 

V Velocity in axial direction (z) mm/sec 

V Voltage duty  Volts  

Vb Average back velocity in z-direction mm/sec 

Vb 0 Average back velocity at center line mm/sec 

Vf Average front velocity in z-direction mm/sec 

Vf 0 Average front velocity at center line  mm/sec 

W Width of plate also width of workpiece.  mm 

z Cylindrical coordinate   mm 

 

GREEK SYMBOLS 

Symbol Definition Unit 

αL Thermal diffusivity of molten metal  mm
2
/sec 

αS Thermal diffusivity of solid metal  mm
2
/sec 

β Coefficient of thermal expansion (exposivity)  1/k 

∆H Heat transferred into weld pool by molten filler droplets  w/mm
-3 

∆r Step size in r-direction  mm 

∆z Step size in z-direction  mm 

η Heat input efficiency   

µ Dynamic viscosity  kg/mm.sec 

µ0 Magnetic permeability of free space H/mm 

υ Kinematic viscosity  mm
2
/sec 

ρ1 Density of welding wire  Kg/mm
3 

ρ2 Density of  filler droplet   Kg/mm
3 

σ Surface tension  N/mm 

σj Current distribution parameter  Amp/mm
2 

σq Heat flux distribution parameter  w/mm
2 

ψ Stream function  M
3
/sec 

Ω Successive over relaxation parameter   

ΩOPT Optimum successive over relaxation parameter   

ω Vorticity  1/sec 

ƒ Spray transfer frequency  HZ 
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ABSTRACT 

A numerical method has been introduced to predict the flow through a complex geometry 

bounded by the fuselage, airfoil supports and rotating dish of the AWACS. The finite volume 

computational approach is used to carry out all computations with staggered grid arrangement. The          

(k-ε) turbulence model is utilized to describe the turbulent flow. The solution algorithm is based on the 

technique of automatic numerical grid generation of curvilinear coordinate system having coordinate 

lines coincident with the boundary counters regardless of its shape. A general coordinate 

transformation is used to represent complex geometries accurately and the grid is generated using a 

system of elliptic partial differential equations technique. The extension of the SIMPLE algorithm for 

compressible flow is used to obtain the required solution.. The results obtained in the present work 

show that the moving boundary (the rotating dish) has small effects on the free stream and the effects 

vanish after short distance away from the lower surface of the rotating dish along the span distance. 

The results of the proposed numerical method show good agreement with available results obtained in 

literatures. 
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INTRODUCTION 

Most fluid flow problems in engineering practice have complex boundaries and are subjected to 

strong variations in the region near solid walls due to the viscous effects. There is an increasing need 

for powerful methods to calculate the flow processes in such region. 

Flow in the region bounded by the rotating dish and its supports and the fuselage of the 

AWACS, Fig. (1), is extremely complex and is dominated by three dimensional viscous effects that 

contains viscous, compressible, vortex at the junction of the leading edge and the end walls effects. 

Therefore it is necessary to investigate the nature of the complex flow running through such a complex 

passage and get a good understanding of such flow details. Although such information can be obtained 

by performing experimental measurements, but such obtained results could be very limited, and the 

range of the running conditions will be relatively narrow. In addition to the fact that the running cost is 

usually very high. However, the developments in computer technology and advancement achieved in 

numerical methods have made the computational fluid dynamics (CFD) a very attracting alternative.  

Following the recent advances in CFD, the great challenge has been the valuable effort devoted 

to solve the time averaged dependant Navier-Stokes equations. With further development of computer 

technology, it has become possible to solve the time dependant Navier-Stokes equations directly with 

the aid of direct numerical solution (DNS) or large eddy simulation (LES), Wang & Komori (1998), 

however due to the limitation in both computer storage and memory, at least for present days, both 

(DNS) and (LES) are practical in solving relatively low Reynolds number flows, otherwise parallel 

computation methods are required. Nevertheless, the other most popular alternative has always been to 

solve the time/mass averaged Navier-Stokes (TMANS) equations instead, Wang & Komori (1998). 

The finite volume discrimination, Patankar (1980), (based on SIMPLE like algorithm) has been one of 

the most frequently used methods to solve those (TMANS) equations.  

However, important numerical oscillations in pressure field may result due to the introduction 

of the pressure variation in the continuity equation. In order to avoid such oscillations, the 

implementation of the extended pressure based method has been carried out in two different ways 

depending on grid arrangement. For example, Rieh & Chow (1983),   Al-Abbassy (2003), adopted 

non-staggered grid (collocated grid arrangement). On the other hand, Al-Deroubi (2001), Atta (2000),   

Karki (1989), Patankar (2000), Gogazeh (2002) adopted staggered grid arrangement, in this 

adoption, all primitive variables with exception of velocities are stored at center of control volume 

while velocity components are stored at the faces of scalar control volume. In both staggered and non 

staggered implementations, some researchers used grid oriented velocity components (covariant 

velocity components), while others used Cartesian velocity components as the main dependant 

variables in the momentum equations. Such a selection depends on the type of the particular problem, 

and on the way of implementing the proposed solution.  

The physical domain related to the present work is the zone bounded by solid boundaries (passage 

between the elliptical dish, its supports and the fuselage) of the AWACS and the free stream surface as 

shown in Fig. (1), where it can be seen that this domain consists of four main parts, these are: 

1- The frontal zone deliberated in the direction of inlet flow field. 

2- The actual space between solid boundaries, where the flow can impact the surface of the 

rotating dish, airfoil supports and fuselage and divert around them. 
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3- The rear zone that is far away from the previous zones, where disturbances are decayed 

and vanished with free stream. 

4- The outside zone that represents the free stream envelop surface. 

The physical domain considered in the present work is the complex region bounded by the rotating 

elliptical dish, the supports and the fuselage, which can be summarized by part (2) described above. 

As a contribution to the numerical methods of predicting three dimensional flow, the present 

work is aimed to develop a mathematical model to investigate the flow field passing through the 

complex region bounded by the fuselage of the airplane, the dish and the two supports of the dish, 

derive the governing partial differential equation in terms of suitable coordinate system and solve the 

derived mathematical model by using FDM. A computer code is to be developed and validated to 

simulate the three dimensional turbulent flow inside the complex zone shown in Fig. (1), (flow 

bounded by the fuselage and lower dish surface, from one side, and the supports from the other side). 

 

GEOMETRY AND COORDINATE SYSTEMS 

The geometry under consideration is shown in Fig. (2) consists of interaction of three parts, the 

first part is two airfoil supports with tapered angle of (87o) and span distance from fuselage center to 

dish center of (232 cm). The transverse distance between the two airfoil supports, where they meet the 

fuselage surface is (83 cm), while it decreases linearly to be (62 cm) at the location where the two 

supports meet the dish surface. The chord length of the supports is (52.5 cm). The second part is the 

fuselage, represented by cylindrical surface with a radius of (74 cm) and a length of (1136 cm) from the 

nose of the airplane to the leading edge of the supports. Finally, the third part is an ellipsoidal rotating 

dish with a major axis of (222.5 cm) and a minor axis distance of (97 cm). The reference frame of 

coordinate system is the origin point (0,0,0) located at mid span distance along the center line of the 

dish. Difficulties associated with the use of Cartesian coordinate systems motivate the introduction of a 

transformation from physical space (x, y, z) to a generalized curvilinear coordinate space (ξ, η, ζ). The 

generalized coordinate domain is constructed so that computational boundary in physical space co-

insides with coordinate lines in a generalized coordinate space.  

 

GOVERNING PARTIAL DIFFERENTIAL EQUATIONS 

The governing equations for the mean velocity and pressure are the mass and momentum 

equations, these are analyzed utilizing the time/mass averaged Navier-Stokes equations. A calorifically 

perfect gas is assumed when deriving the energy equation. Finally, a two-equation turbulence model   

(k-ε) is used for the closure of the system of the momentum equations. In the present work, the working 

fluid is air and the flow characteristics are assumed to be as follows, 

• Steady state flow. 

• Fully turbulent flow. 

• Compressible effects are significant. 

• Newtonian fluid. 

• Isentropic with constant specific heat (i.e. perfect gas). 
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The three dimensional instantaneous governing equations of mass, momentum and energy equation for 

steady compressible flow can be rewritten in tensor conservation form expressed in Cartesian 

coordinate system as follows: 
 

• Mass conservative (continuity) equation 

     ( ) 0~ =
∂

∂
i

i

u
x

ρ                                     (1) 

 

• Momentum conservative equations 
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• Energy equation 
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( ijT ) is the mass averaged viscous stress tensor represented as, 
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 Here, (qTj) is the turbulent heat flux vector, usually estimated using simple gradient type-model 

(Wang and Komori, 1998). That is assuming it is proportional to the mean temperature gradient type. 
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where, ( k
~

) is the mass averaged turbulent kinetic energy, defined as; 
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k =                                       (6)       

The turbulent eddy viscosity (µT) is expressed to the (k-ε) turbulence model as, 
 

       
ε

ρ
µ µ

~

~2
kC

T =                                    (7)   

where (ε ) is the mass-averaged dissipation rate of turbulence kinetic energy, defined as, 
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• Equation of state 

       TRP
~

ρ=             (9)       

 

• Transport equation of turbulence 

 The standard form of (κ-ε) model can be formulated as follows (Launder and Spalding, 1972), 
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where 
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~
τ  is the turbulence production term, which is modeled through the following 

formula (Wang and Komori, 1998), 
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In the above equations (Cµ, Cε1, Cε2, σk and σε) are constants at high Reynolds number and their 

values are (Cµ = 0..09, Cε1 = 1.47, Cε2 = 1.92, σk = 1.0 and σε =1.3) (Launder and Spalding, 1973).  

 

BOUNDARY CONDITIONS 

I. Inlet Boundary: 

 At inlet, the velocity components (u, v and w), the static pressure, the turbulent kinetic energy (k) 

and its dissipation rate (ε) are specified. The values of (k and ε) are approximated based on 

assumed turbulence intensity (Ti) typically between (1 % and 6 %) and length scale 

approximation. Approximate values of (k and ε) for internal flows can be obtained by means of 

the following simple assumed forms, Verstage & Malalasekera (1995); 

 ( )2
.

2

3
iiin Tuk =                                                                                                                            (13) 

 
l

k
Cin

23
43

µε = ,  Ll 07.0=                                                                                                       (14) 

 where; ui: inlet velocity 

    Ti: turbulence intensity. 

    L: equivalent length 

    Cµ: universal constant, 0.09 
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     l:  length scale of turbulence. 

 Moult, 1977, assumed that (k and ε) are specified with (k) taken arbitrary as (3%) of the 

incoming specific kinetic energy and (ε) evaluated with assumed length scale (l) equals (3%) of the 

domain dimension. It should be noted that the exact proper distribution of flow field can not be 

specified exactly at inlet because of the irregular shape of inlet boundary, region bounded by lower 

surface of dish, upper surface of fuselage and leading edge of supports, therefore, it could be 

determined theoretically by satisfying mass conservation equation. 

Let (u∞) represents free stream velocity, then 

inin Aum ∞∞= ρ
.

                                                                                                                    (15) 

 To obtain the distribution of inlet boundary condition, it will be assumed that velocity profile of 

(90 %) of span distance can be obtained by applying the turbulent boundary layer velocity profile, 

7/1









= ∞ δ

y
uu                 (16a) 

5/1Re

37.0 x
=δ                     (16b) 

where (δ) is the boundary layer thickness. 

 This assumption is quite considerable as the disturbance induced from dish is no longer high as 

it’s compared with free stream velocity, i.e., the angular velocity of dish is so small relative to the free 

stream velocity. Also, in order to obtain the velocity distribution on the remaining (10 %) of span 

distance, it will be ensured that the overall continuity equation satisfies the total mass flux on the 

domain, in other word, 

outin mm
..

=                   (17) 

( ) ( )∑=∞∞

inVC

ii
iin AuAu

..

ρρ              (18) 

where, u
i
 = inlet velocity at node (i). 

  Ai = area at node (i). 
 

II. Outlet Boundary 

 Usually the velocity is known only where the fluid enters the physical domain. At outlet the 

velocity distribution is decided by what happens within the domain Moult, 1977, Verstage, 1995. 

The gradients normal to the outlet surface are assumed to be zero. 
 

III. Wall Boundary 

 Wall functions are special formula for evaluating effective exchange coefficient at the wall 

(Γwall), Verstage & Malalasetera (1995), have summarized the expressions for wall function for 

different dependent variables based on a dimensionless quantities; 
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l

DC
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δρκ 4/12/1

=+                                       (19)        

( )++ Ε= yLu n .
1

κ
                                        (20)        

 Where (δ) is the distance to the wall from the nearby grid node. The constants (κ and E) come 

from the law of the wall. Usually (K = 0.4107) and (E = 9.793) for smooth wall, Moult, 1977. In a 

region very close to the wall, kinetic energy of turbulence is set equal to zero. The value of (ε) is 

fixed at the near wall point with; 

δκ
ε µ

.

. 2/34/3 kC
=                                              (21)   

IV. Moving Boundary 

     For viscous flow, velocity components normal to the moving boundary (rotating dish) are set to 

zero while velocity components parallel to the moving boundary are specified. 

 

EQUATIONS IN GENERAL CURVILINEAR COORDINATE SYSTEM 

The flow equations in general Cartesian form (x, y, z) are set then transformed into a general 

curvilinear coordinate system (ξ,η, ζ)  

• General conservative form of flow equations  

Equations (26, 27, 29 and 13) are all elliptic in nature and can be conveniently presented in general 

conservative form (parameter). 

 

( ) ( ) ( ) ( ) ( ) ( ) zyxzzyyxxzyx Swvu ,,+Γ+Γ+Γ=++ φφφφρφρφρ       (22) 

 

The argument (φ) identifies the dependent variable, (Γ) is the exchange coefficient for variable (φ) and 

(S x, y, z) is the source term, which can not find a place in equation (30). 

 

DISCRETIZATION OF PARTIAL DIFFERENTIAL EQUATIONS 

The governing equations are integrated over each discrete control volume in the computational 

domain (ξ, η, ζ). A typical control volume with its surrounding neighbor nodes is shown in Fig. (3). 

The grid arrangement on the physical plane (x-y) and computational plane (ξ-η) are plotted in the 

corresponding computational plane (ξ-η), which are similar to those shown in Fig. (3). 

Let’s define a new working variable named [(Iφ)
j
] such that superscript (j) can be any of the 

computational directions (j = ξ, η, ζ). This is called the total flux in the (j
th

) direction. It can be shown 

that;  
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By integrating equation (23) over the typical control volume node (P) as shown in Fig. (3b), the 

following result is obtained as follows, 
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For convenience, the above notation can be further simplified as follows, 
 

( ) ζηφ ξ
∆∆=

e
e II              (25)  

 

 

 

Using equation (25) and equation (24), it can shown that,  
 

VSSIIIIII btsnwe ∆=−+−+− ζηξ ,,                                                                            (26) 

 

The mass flux at face (e) can be defined as follows,  
 

( ) ζηρ ∆∆=
ee GF 1                                                     (27) 

 

Therefore,  

 

( ) ζηφφ ξ ∆∆Γ−=
eEee FI 1

           (28)  

 

At this point, it would be useful to define a quantity (De), it is the diffusion term coefficient at face (e). 

Hence, this coefficient can be expressed as, 
 










∆

∆Γ∆
=

ξ

ζη1Ja
De                                          (29) 

 

Finally, it can be shown that, 

 

( )PEeEee DFI φφφ −−=            (30) 
 

Equation (30) contains the quantity (φe), which needs to be expressed in terms of neighbor 

nodal values. This is usually achieved by using an appropriate interpolation scheme. This scheme must 

be, unconditionally, transportive, conservative and bounded so that the resulting numerical solution is 

stable and finally converged. Many schemes satisfy the first two criterions, but only the upwinding 

scheme satisfies all three criterions unconditionally. The implementation of the upwinding scheme is 

carried out as follows, 
 

 

 (24) 



Journal of Engineering Volume 13  march 2007        Number1  
 

 

 

 1339

[ ][ ] [ ][ ]0,0, eeePee FFF −−= φφφ                                       (31) 

 

Hence, the following expression can be obtained, 

 

( )EPEPee AFI φφφ −=−                       (32) 

 

Now, recalling the transformed mass conservation equation, which is, 

 

( ) ( ) ( ) 0321 =++ ζηξ ρρρ GGG           (33) 

 

The general discretized form of the conservative general transport equation for property (φ) can be 

written as follows, 
 

VSAA
anb

nbnbPP ∆+=∑ φφ            (34) 

Then, by introducing an under relaxation factor (α), the final form of the discretized conservative 

general transport equation is obtained as follows, 

 

( ) *1 PP

anb

nbnbPP AVSAA φαφφα −+∆+=∑                         (35) 

 

where (0 < α < 1) and ( )*

Pφ  is the value obtained from previous stage calculation. 

CORRECTION OF FLOW FIELD 

The momentum equations can be solved only when the pressure field is given or somehow 

established (Patankar, 1980) unless the correct pressure field is employed, the resulting velocity field 

will not satisfy continuity equation. Our aim in this section is to find a way to improve the guessed 

pressure such that the resulting velocity field will progressively get closer to satisfy the continuity 

equation. 
 

VELOCITY CORRECTION 

The correction of velocity components are done in two stages, 

a) correction of covariant velocity: 

Following the SIMPLE algorithm (Patankar, 1980), the correction can be done as shown below: 

The velocity field obtained from the guessed pressure field will be denoted by ( )*

ξu , ( )*

ηu  and ( )*

ζu , this 

“stared” velocity field will result from the solution of the following discretized equations, 
 

VSuCPuAuA nbnbPP ∆+−=∑ ξξξξξ
*** ; 1/ hVJC ∆=ξ ; 

222
1 ξξξ zyxh ++=        (36) 

  

The corresponding covariant velocity correction ( )/

ξu , ( )/

ηu  and ( )/

ζu  can be introduced in similar 

manner, 
 

/*

ξξξ uuu +=                                         (37) 
 

 

With reference to the general discritized transport equation (4.31), the descritized momentum equations 

can be written as follows, 
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The final discretized covariant velocity correction equation becomes, 
 

ξξξξξ dPACPu PP

/// =−=                                            (39a) 

ηηηηη dPACPu PP

/// =−=                                             (39b) 

ζζζζζ dPACPu PP

/// =−=                                            (39c) 
 

b) Correction of contra-variant velocity  

In order to obtain the flow rates that would ensure the conservation of mass, it is preferable to 

correct the flow rates themselves rather than obtain them from the corrected velocity and density fields 

(Karki and Patankar, 1989). The major goal is to correct the contra-variant velocity components that 

are used to calculate the mass flux. The contra-variant velocity components obtained from the guessed 

pressure field will be denoted by ( )*** 32,1 GandGG . 

Similarly, the contra-variant velocity correction ( )32,1 ′′′ GandGG  can be expressed as, 
 

/* 111 GGG +=                                               (40a) 

/* 222 GGG +=                                             (40b) 

/* 333 GGG +=                                              (40c) 

By introducing new metrics coefficients (aa, bb, cc, dd, ee, ff, gg, hh and ii) the correction of covariant 

velocity components becomes, 
 

[ ]ccdPbbdPaadPJG ζηξ ζηξ
′+′+′=′1                       (41a) 

 

where, 
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Similarly for 32 ′′ GandG , 
 

 

[ ]ffdPeedPdddPJG ζηξ ζηξ
′+′+′=′2                      (42b) 
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[ ]iidPhhdPggdPJG ζηξ ζηξ
′+′+′=′3                       (43c) 
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DENSITY CORRECTION 

For compressible flow, the density change becomes significant and it has to be taken into 

account in the derivation of the mass correction. The corresponding effects will be introduced into the 

solution of the SIMPLE algorithm. The correction of density is calculated from the following equations 

(Karki and Patankar, 1989), 
 

ρρρ ′+= *
                (44) 

PK ′=′ρ                                                           (45) 
 

where (ρ
*
) is the density obtained from the guessed pressure field and (ρ

/
) is the density correction. 

 

PRESSURE CORRECTION 

Solution of the Navier-Stokes equations is complicated by the lack of an independent equation 

for the pressure, whose gradient contributes to each of the three momentum equations. Furthermore, 

when the Mach number is low and the flow is incompressible, the continuity equation has no dominant 

variable (Ferzigeret et. al., 1999). Mass conservation is a kinematic constraint on the velocity field 

rather than a dynamic equation. One way out of this difficulty is to correct the pressure field to 

guarantee satisfaction of the continuity equation. Nevertheless, in the case of compressible flow, the 

continuity equation may be used to determine the density, while the pressure is calculated from the 

equation of state. However, there are practical mixed types of flows where both zones of compressible 

and incompressible are usually treated. The (SIMPLE-like algorithm) have been employed by many 

researchers, and are found to be very applicable in mixed flow problems. The final discritized pressure 

correction equation can be written in compact form as follows; 
 

.

mPAPAPA

PAPAPAPAPAPAPA

PAPAPAPAPAPAPAPAPA

TWTWTETEBWBW

BEBESTSTSBSBNTNTNBNBSWSWNWNW

SESENENEBBTTSSNNWWEEPP

+′+′+′

+′+′+′+′+′+′+′

+′+′+′+′+′+′+′+′=′

 

 

ALGORITHM SEQUENCE 

The algorithm sequence used in the present work can be summarized as follows, 

1. Generating computational grid that is suitable for the discretized solution of the three 

dimensional Navier-Stokes equations. 

2. Giving (guessing) the initial values of all variables, while density is calculated from 

present pressure and temperature fields utilizing the equation of state. 

3. The proper boundary conditions are specified for all dependent variables. 

4. Solve the discritized momentum equations to obtain the field of covariant velocity 

components. 

5. The pressure correction equation is solved to obtain pressure correction field. 

 

             (46) 
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6. Use the obtained pressure corrections to correct the present velocity and pressure fields 

and correct mass fluxes at the control volume faces. The density fields are corrected 

using density correction equation. 

7. Solve the other dependent scalar variables (i.e. temperature, κ and ε). 

8. The whole procedure is repeated from step three until a convergent solution is obtained. 

 

GRID GENERATION 

The generation of computational grid that is suitable for the discretized solution of the three 

dimensional Navier-Stokes equations has always been the subject of intensive researches. This kind of 

problem covers a wide range of engineering application. This makes it impractical to find a single 

general gird generation technique that fits the whole range of problems. Therefore, it is rather preferred 

to employ a suitable technique that is best adapted to the considered type of engineering application.  

It is of great importance to implement the surrounding boundaries of arbitrary curvature into PDE and 

to become apart of the solution itself. The proper choice of the used technique to transform connected 

region, for example the region surrounding an isolated airfoil, or multiple connected regions, for 

example the same airfoil with flaps and/or slots is important. The simple connected region can be sub-

divided into many simple connected sub-regions to form a multiple connected region. These artificial 

boundaries between sub-regions are used to smooth and cluster interior grids as desired or even allow 

to employ grids having different topological structure in different sub-regions. 

 

ELLIPTICAL SURFACE GRID GENERATION 

The grid is generated by solving an elliptic system of the form, Thompson, J. F., et. Al.. 1974. 

In analogy with the method of Thompson, Thames and Mestin (1976), adopted an equation to obtain 

the surface grid generation system, 
 

vv
v RnrQrPGrgrgrg

→→→→→→

=







++−+ βαβαββαα ξξξξαβξξααξξββ 2    (47) 

 

where P and Q are controlling parameters, α, β and ν are cyclic. We can expand equation (47) to get, 
 

( ) ζζ
ηξζξηηηξξ RnQxPxGxgxgxg =++−+ 121122 2             (48a) 

 

( ) ζζ
ηξζξηηηξξ RnQyPyGygygyg =++−+ 121122 2             (48b) 

 

THREE DIMENSIONAL GRID GENERATION 

Following the method of Mastin and Thompson (1974), an elliptic system that can be used to 

map a three dimensional bounded region out the unit cube in a transformed computational space         

(ξ, η, ζ) is introduced. The corresponding three dimensional elliptic system can be written as; 

 
 

( ) ( ) ( ) ( ) 02 321321 =++++++++ ξζηζξηζζζηηηξξξ βββωαψαφα rrrrrrrrr      (49) 
 

- Face ζζζζ = constant 
 

 To obtain the controlling parameter (φ and ψ) on the face ζ = constant, two constraints are 
imposed; 
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 (51a) 

  (51b) 

(1) The slope of the transverse grid lines on (ζ) surface is introduced; 

 

2

1

.

.

λ

λ

ηζ

ξζ

=

=

rr

rr
                                          (49)  

(2) The boundary values come from (ξ, η) surface grid is introduced; 

 3. ληξ =rr                                            (50) 
 

 Upon taking the scalar product with (rξ and rη), one obtained pair of linear equations that can be 

solved easily to obtain unique expressions for evaluating (φ and ψ) in terms of the given boundary 

values at (ζ = 1, ζ = N). 
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RESULTS 

To obtain good predictions for such complex flow field, turbulent models have been introduced. 

The computations were done for the following conditions; 

1. The working fluid is air with constant gas constant (R) and specific pressure (CP). 

2. The velocity and pressure are specified at the inlet of computational domain. 

3. The pressure is specified at the exist, while the velocity field is extrapolated at the exist 

plane. 

4. The no slip boundary condition on the solid wall surfaces was imposed. 

The main geometry and flow parameters are listed below; 

Inlet velocity = 360 Km/hr 

Angular velocity of the dish = 3 rpm 

Span distance between center of fuselage and center of dish = 232 cm 

Chord length of airfoil support = 52.5 cm 

Tapered angle of airfoil = 87
o 

Distance between airfoil supports measured on fuselage side = 83 cm 

Distance between airfoil supports measured on dish side = 62 cm 

The velocity vectors and velocity field in passage for (a) 50 %, (b) 75 % (c) 90 % and (d) 95 % 

of span length are shown in Fig. (4 and 5). It can be shown from this figure that the velocity increases 

downstream due to the convergence of airfoil supports although it is obviously noted that the velocity 

field increases with span length, whereas the velocity field at 90 % span distance is greater than that at 

50 % and  75 % of span distance, this attributes to the tapering shape of the airfoil supports, where the 

transverse span distance decreases as the distance increases from the fuselage to the dish surface in the 
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spanwise direction. However, the velocity field at 95 % of span length is of lower value, where effect 

of the rotating dish is clearly dominant at high span length. 

The velocity component normal to the flow direction is shown in Fig. (6) for (a) 50 %, (b) 75 % 

(c) 90 % and (d) 95 % of span length. It can be shown from these figures that a normal velocity to the 

flow exists no mater how small it is. It is important to mention that the velocity component normal to 

the flow decreases as moved from the leading edge towards the trailing edge. This is noticed clearly 

near lower surface of the dish and it can be attributed to elliptical configuration of the dish, where the 

growth of the boundary layer begins at the leading edge of the dish and increases gradually until it 

passes over the center of the dish. This zone acts as convergent passage, while the region from the 

center of the dish towards the trailing edge acts as a divergent passage with possibility of separation at 

this region, therefore, a negative value of velocity component normal to the flow is located at this zone. 

The velocity contours between the dish and the fuselage at the leading edge, mid-chord length 

and trailing edge is shown in Fig. (7). It can be shown that the velocity increases as moved towards the 

dish in the span distance due to the taper shape of the airfoil supports and then the velocity decreases at 

high span distance (90 % and 95 %) because of the effect of wall surface of the rotating dish.  

The velocity profile at the leading edge, mid-chord length and trailing edge for 50 %, 75 % and 

90 % of span distance are shown in Fig. (8, 9 and 10). It can be shown from these figures that the 

velocity increasers as distance in axial direction increases until it reaches its maximum value at the mid 

of the chord length, region of minimum width, then decreases again due to the divergence of airfoil 

support trailing edge.  Also, it can be shown from these figures that the velocity decreases as moved 

towards the core until it reaches its minimum value at the center of the core. That is because the 

velocity decreases in the direction of curvature.  

The coefficient of pressure (CP) in (a) 50 %, (b) 75 % (c) 90 % and (d) 95 % of span length is 

shown in Fig. (11). It can be shown from these figures that the maximum pressure occurs at the 

beginning of leading edge, where the velocity is stagnant at that point, then decreases until it reaches 

the tailing edge, where the velocity accelerates again due to the curvature of the airfoil supports and 

sequentially the pressure increases up again.  

The coefficient of pressure (CP) between the lower surface of the dish and the fuselage is shown 

in Fig. (12). From these figures, it can be shown that at leading edge, pressure decreases as moved 

inside through the core, where the velocity increases from zero at the wall boundary towards the core, 

while at the mid chord distance, the pressure increases as moved towards the core, that is because the 

velocity decreases as moved towards the core.  

 

 

CONCLUSIONS 

Important conclusions can be drawn from this study. These conclusions are: 

 

1- The maximum energy is transformed near the wall between the airfoil supports and the 

effect of angular velocity of the rotating dish is clearly noticed at 95% of span distance.  

2- The kinetic energy and the energy dissipation between the fuselage and the rotating dish 

are of greater values near wall boundaries and the effect of angular velocity of the 

rotating dish is noticed on trailing edges.  

3- The velocity increases downstream between airfoil supports and in span distance away 

from the fuselage and it is of lower values at 95% of span distance. 
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4- A normal velocity component to the flow exists no matter how small it is and it 

decreases as moved from the leading edge towards the trailing edge. This is clearly 

noticed near the lower surface of the rotating dish. 

5- The maximum pressure occurs at the beginning of leading edge, where the velocity is 

stagnate at that point, then decreases until it reaches the tailing edge, where the velocity 

accelerates again. 

6- At leading edge, pressure decreases as moved inside through the core, where the 

velocity increases from zero at the wall boundary towards the core, while at the mid 

chord distance, the pressure increases as moved towards the core. 

7-  The wakes and secondary flow occur at the region behind the trailing edge at 95 % span 

distance, where the velocity field is greater than that at mid span. 

8- The moving boundary of the rotating dish has small effects on the axial flow and that 

the disturbance caused by the rotating dish doesn’t propagate to the core region. 

9- The effect of angular velocity of dish can be noticed at high span distance near the 

lower surface of dish. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1- Frontal Zone 

3- Rear Zone 

4- Outside Zone 

2-Inside Zone 

Fuselage 

Dish 

Airfoil 

Supports 

Fig (1): Physical Domains of the Investigated Problem 
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62 

Fig (2): Dimensions for 

Geometry under Consideration 

All Dimensions are in cm 

 

Fig (3) Control Volume Arrangement for 

General Variable 

220

(a) 
(b) (c) 

(d) 

(e) 
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Fig (4): Velocity Vectors between Airfoil Supports 

a) 50% of span distance b) 75% of span distance c) 90% of span distance 

d) 95% of span distance e) 100% of span distance 

 

(a) 
(b) 

(c) 

(d) 

Fig (5): Velocity Fields between Airfoil Supports 

a) 50% of span distance 

b) 75% of span distance 

c) 90% of span distance 

d) 95% of span distance 

 

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

Fig (8): Fig (9): 
Fig (10):
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Fig (11): Pressure Coefficient between Airfoil Supports 

a)  50% of span distance b) 75% of span distance c)  90% of span distance 

d)  95% of span distance e) 100 % of span distance 

 

(a) (b) (c) 

(d) 
(e) 

Fig (12): Pressure Coefficient Contour between Dish and Fuselage    

a) Leading edge (x/c = 0) 

b) Mid chord (x/c = 0.5) 

c) Trialing edge (x/c = 1) 

(b) (a) (c) 
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NOMENCLATURE  
 

a1,a2,a3 

b1,b2,b3 
Coordinate transformation coefficient 1/m

2
 

aa,bb,cc,dd Coefficient in the pressure correction equation m
3 

c Speed of sound   m/s 

Pc  Specific heat  J/kg.
o
k 

21,, εεµ CCC  Constants in the k-ε  model  

D Diffusion term   kg/m.s 

F Convection term   kg/m.s 

gij Metric tensor element  

kG  Production term of kinetic energy Pa/s 

G1, G2, G3 Contra-variant velocity components m/s 

h Enthalpy   J/kg 

h1,h, h3 Geometric quantities m
2 

J Jacobian of transformation m3 

J Determinant of Jacobian of transformation  

k Turbulent kinetic energy J 

K 1/c
2    

s
2
/m

2 

P Pressure   Pa 

Pe Peclet number  

tl Pr,Pr  laminar, turbulent Prandl number  

tl qq ,  laminar, turbulent heat flux vector W 

Re  Reynolds number  

S Source term  

τij Viscous stress tensor   Pascal 

T Temperature   
o
K 

U Mean velocity m/s 

Ti Turbulent intensity  

u,v,w Cartesian velocity components  m/s 

uξ , uη , uζ Covariant velocity components m/s 

x,y,z Cartesian coordinate m 

y+ Non-dimensional distance  

α  Under relaxation factor  

θ  Turbulent velocity scale  

K Thermal conductivity W/m.oC 

∆V Volume of control unit m3 

Γ  Diffusion coefficient  

ε  Dissipation rate of turbulent kinetic energy J/s 

κ  Von Karman constant  
µ  Laminar viscosity   Pa.s 
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Tµ
 

Turbulent eddy viscosity  Pa.s 

eµ
 

Effective eddy viscosity  Pa.s 

ζηξ ,,
 

Curvilinear coordinates  

ρ
 Density  kg/m3 

εκ σσ ,
 

Effective Prandtl/Schmidt number  

tν
 

Eddy viscosity m2/s 

ijτ
 

Reynolds stress tensor   Pa 

wτ
 

Wall shear stress Pa 

φ
 

Dependent variable  
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Abstract 
               The Concept of Alienation has succeeded in being the main and most 

dealt phenomena and estate in the modern era , thus it was issued in different fields 

of knowledge such as Language , philosophy , Social and Psychological Sciences 

alongside the field of Architecture , and that caused the special pivot of the 

research and that was represented with ( Alienation in the Built Environment) . 

  

The Concept of Alienation consists of three main forms ( Physical/Spatial , Social 

and Psychological Alienation) ; The first can be defined as the rapture in the 

relationship between man and his surrounded built environment caused by the 

urban tissue disintegration, the latter effected on the built environment physical 

consistencies like the architectural symbols, beside it created some contradicted 

areas where chaotic and anonymat urban spaces were the main reasons for the lack 

of the social interaction and the spread of socially alienated people. The previous 

forms of alienation caused psychological disorder and conflict to men living within 

such fragmented built environment. 

 

Consequently these items were chosen for the purpose of application in the main 

pilot study alongside with two specified projects. The first is Hay Al-Siha in Dora 

area and the second is 9 Nissan in Al-Salhiya area both projects are residential 

areas which built in contemporary period. 

 

The main conclusion came out that the contemporary local built environment 

suffers from alienation crisis that appears with its three forms alternatively , 

depending on some secondary factors like social , economical , cultural and time 

factors, which is caused by innovation and renewal processes attached with rapid 

and sudden changes. These processes consist of discontinuity and rapture in the 

relationships that links its main elements like man-built environment and man-man 

relationship. 
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 ���/���� #��0�� �) ���0���)2�/�1986(  2  ���� �5 ���5 ��	���� ���!���� ���!���� 8� H�/ &6� ��
 ���'�� I,��� �� F��G"��  ��7
� :�" �) ���
�� )  2 ���	���� ����!���� ���!����1986(   ��) B$ 2

  "4� �$  �)$ �$  
�1 &��� �>� ��!"N� 8��	4�� I,���  	 �!
� �$ �/� ��� =���"� )2 &��;1998. (  
��4'� ��	"/?� �/����� 8� ���
�� ���� �	���Alienation   ��� ��/�� 8�� 2  &�� %�&���� �+��

 8
O�� �������)  :dictionary ,1945  Macmillan's modern(    
•  Alien   : foreign ; different in nature ; out of harmony with . 

• Alienate  (v.)  : estrange ; loss ; turn away ; make unfriendly. 

 ��4'� �5Alienation  8"�
+�� ����� �� ��"�� &�
!�Alienare  : 2 ��"� B$    ��)� 2 ���!�� &�	�
�"�
+�� ������ �� ���&	 1�;>��  J�;?�Alienus  2 �;O� ��5 H��
"�� �"��	  �� ��
7� 8)�Alius 

 �;O� 8"�
 8
���The other )2 �/�1986(.  
 ���
�� ��� ��&� ��	"/?�� ��	���� �/����� 8� ������� @�") �5 3	! �� �+; �� &/"��)� 2  :  

 ��?� : �;O� ��5 ���
��� D�1�$ �� .�4�"�� ��� 2 8�!�� &�	 ��5 ��7�  � 8"�, ����� .�") D�1��       
  8�� ����
!�� � H��
"��	 ��7�  ��/
 8
�� ����?�� ��)����� �� ���
 ��"5 �	 4�� &���� 8� �'�"
 �


��� =���?�� ���
7��� ��������� �� I�
/� �$ ����     
0��'	 B���,���� 8������� %������� &����
 �����G����) � �!������(tangible  �����G���� ���) � �!������ ��intangible. (  

 8"����  :2 ����
�� 8
�� ������ I�
/��� �� .�4�"�� ��5  �� ��!�9��� D��&�� ��7
 � �7�	� �����  �)�
  ��� 3�4� �� ) 8���
/�� ���
�� (�  @��
�7��� ����
�� �����	 =��� B1�� �'��
�� �� &,��	 �)

 ��"�	 (��
!� D�6+� H�7"� &���?� ��	) 2B&��&���2001(  . �� .�4�"�� ��5 (&�&� D���75 @��") @�1��
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  ��� 3�4� �� �)� ��!"N� =��>���� 8��	4�� ������)8"����� ���
�� (  B1��� H��
"�� �� &,��	 �)�
  ">	 =��� �9+���� �!�"��� ������ @+
�� )2 B�&����1996 (.  

      ��� ��)��� (&������ ���G���	 &����� -�!�5 ��5 ���&	 B&A� ������� I�
/��� �� .�4�"�� �5
 ����� 3�4� ���� 8)� ->���� 3����� ��!�"�� D�	��4,��)8
�1�� ���
��. (  

B$ ��
�� �5 8)� ��!�9� ���7$ ��+� ��,
� � )��  8"������ ����
   2 8����
/�� ����
�� 2 

 8
�1�� ���
��)8!�"��( (.  
    -�".�  ��	����  

���"��� ��	����   

 �� &/��
� B1�� ������� &���� ��	 ��'�� .�4�"� �)� � 2>7"� ���
�� �� .�"�� �1)  ��"������ �9�	�� 8�
 8
��8"��
  ��� @��
��� D
7
�� ��9�G/$ (���	��
 �&�����! �D�	�4
��� ��
�	�
 �&� I  ��"�!"E�  �1�) 2
 ��  .�4�"� ��5 B&A��� &���� �� P��$ B�"���� B&�� .  ��) �	 ��&' 8
>� � &���� 8"����� ���
�� �5

�/�
"  ����&�� D�&	
�� 8
�� ��5  	��
� ����7 �� ��0
� ��"������ �9�	�� ��� $�4
   &�'�"� 2 ��;$ ��7
/�
�� �") �&	
��	   ���*"�� ���� ���$ �$ ��*" ��4
 @�") ���� ��&"� %&�� �1)� 2 $�!?� ������ ��"  

 &�/���� B�,����		!�   �&	
!�� 8�'?� ��*"�� ���)2 B��	/��2000(  2 ������� �1)Process  ��,


��!�9� ����� ��	�$ �	!
 8�  ��7
 8)� ��"������ �9�	�� @��
:  

 ��$  : ���GE�Erasure 

�"� ���G5 ��	 8"�B&���
�� B�,��� C�!"�� �� 8�'?� ��*"�  .   ��9�	�� 3�"; ���� �
� ������� �1) 8��
 ��"������ (�'��� J�;>	 ��&���
����&���
�� ���,��� �/!"?� I� #6�"
��� H8/����� ���
"���  ��
4��$�

�&
 3��4 �� ��'9�';� ��
��'$ ��� �� 2 ���&���� (�'����� �� ������	   &�&���� :��'
�� �$ ��
  (�)��* ����� 3�4� �� ���* ������ �1) 8� *�+�� 2 (�'��� D�����	 ���&��� D��	�� ���0
� ���&���

 ��9���E�Imitation ��
 ��7	 �)&���
 ������� ��	�0�� Q1��"�� ��/
  )2&��!��	2002.(   

 4	�Harris � B&���
�� ������  ��G>� 2 ��!"E� &�/�	 ���GE�  ��) ��"5  � �"�� � &�/� �;>	  ��&	5
�"
���� I,��
 (&��5� �"&4�
 ����! 8) ���GE� �1) ��� (&��7�� ��� 2  
�1� ��!"E� ���G5 �� ��	�
 

(Nesbitt,1998)    :  
  (The ease with which we relocate ourselves and displace our buildings is witness to this 

displacement).   
 .�4�"��Discontinuity  

"�� �58�'?� C�!"�� �� .�4�  ��	 ���
"�� �'�� 8� ��&���� &�&/�� ��9�"� ��	 ��'�"�� �� ���� ����
 ��5 J&$ @�1� 2 �
���
� ��"��G ��� �	� ��;&���� (&�&/�� ���,��� D�"������ B&���
�� C�!"�� %����

� 8� @�&��� ��	�
�� 8� �'��
+�� ���*@�1�� ��"������ �9�	� ��5  �����
)2-����1989( .  
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 ���6E�Intervention     
=��� Eisenman ��">	 ������� �1)  �� H&	���&���   ���G��� ������� �� ��
 ���
� %�&�5 8��
��	� �

 H87 � �� ���
 ���&	�� %�� . �5    ���/ ���;&5 �5 8�) �� I�6�
�� ����� �$ ��"4'��� D���&	�� �1)
Gene &�&/�� @�1� �	�
!� �;$ �!/ 8� ��� �!/  . &�
��� Sola-Morales 8
>� � B1�� ���6E� �>	

 +'$ &�/�� �) �� I� ��9��G�� 4	��
� ��7	(Exist)  �� &&� ��'� ��5 B&A��    ���	 D��,6�"
���
 %��
��� ��&���� &�&/��(Nesbitt,1998).  

  
 D�,6�"
��� (���/�onConjunction of oppositi  

�&��� ���/
 �5&       (������� 8�� ����
;��� D���9�"��� ���) ��&����/ &��&/�� (2) %���
��/ (��'����� (
�)��'>
��/���0
�� (-�!�5 �� �	�� �9�	 3�;
 ���� �   �/����� �;S

 ��/ �� 8�� 2 ��!"E� �����

���� ���0
��� %�&�
�� D����
 ���� �;S

 J�;$ ��/ ��� ���&��� H���E� I� ��'?� H���E� I� #��
 ���&��� 2 &���� ��� ���>
�� ��/��&G� �9�	 ��"� ��/� �1)�)2T���+���1982(  . ���!?� �1) ��� 3�4��

 �9�	�� I� ����
�� 8� � ��"������)B�,��� 1��"�� ��/��&G� ���!$(    ��� ���� HG/ 3�; �
� %��
"�� �� �����	 (�'��� ��"���� �9�	�		!� ��&���
�� (�� �  =��! 8
�� ����4�� 8� �'�; ���7��� �� &&

 I� ��$G/�� 4	� �
�)�'������ B&���
�� (       ���/ ��� =9��*���� ���7��� ������� 8�� ����
;����
J�;$ ��/ �� ���"�	 �'�
 8
�� I6����� D��'�';� )2&��!��	2002( .   

  B�,��� .��
/�� ���� ��7�Formm ���� .��' �����	 3��

 ���!��� �1) �5  ��,6�"
��� ��!�9��� �
 ����,� ��';7�� ��/��&G� �� ���"  �� 3�;
� �"�&��� 8� 4�	�E� �� ����	 ���7�� &����	 B&A
 8
��

�	��'� ����  /�
�� 8� 8)� ���7��� ��;	  �"�&��� 8� ��!"E� ��	 ��� 8
�� ������� ����"�� �� �HG/
�;O� I� �'��
�� 8�  �&� �	��� I�,
� ���&��� (�4�!�� ����A!��� ���
 ���  
�&6 �!�"
 @�1�� ��

  	 �4����� ��/��;�� =��*�� ���(Blair,1974) .  
 8
�� ������ D��9�"��� �� &&� ��, (�'����� ��"������ �9�	�� 8� ���
�� 4��"$ D��� D��/��&G�� �1)

 8
?�� 8)� �9�	�� ����*���� �����
/��� ��&���� D�"����� ���
 :)��!��	&22002( .   
$   � ��/��������� D��9�"���)�����7
�� (Morphological duality    

�/!"?� =�>

 
��=��� 2 ����
� 2 -"�/
� H�"	 �� ��&��� 
�1 ��� 3�0"��  2    ����,��� ����7?� ��$
 �� ���

 ��"U� ���&���C�!" ��"	$ �� =�S
� @	7� �;� ��� �9�	�� I� �H+

 � �	����������� ��;�" .  

 � � ��������&�� D��9�"���)��"��!�� (  �����
/���Demographical & social duality  
    � ��1��� �4��!	�� �����?� ���'$ �� ��	��� V4�� �;& B�1 ���!	 ��&���
�� �"�&��� G��

 %��

���	�� ���4�"� � ���&��� H���?� ��$ 2 ����
�� ���	 @�1� ��G�
��� 2 �;&�� (&��G	 ��G�
�� ��	��'$ ��
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 ��� ��"��!�� D������� �	!"��	 ��$ 2 ���� ��"�!� 8
�� 34�"��� �� (&��	 ����>	 ��4	
��� ���� (��'	
 ���&��� H���?� �$ 34�"��� ��5 �	!"��	 ������� ��"��!�� D�������	 D��� &�� ��&���
�� 34�"���.  

 � Q��������� ��!��!�� D��9�"��� Cultural & political duality    
  ��� ��&���
�� �"�&��� :��
  ����
�!� �+; �� 8"�&��� 8������ %������    �������� ������ ��'��
�

 I� 4�	
�� B$ ��*
 �� Q��;�� �� 8
>
 ���7$ ��� B��
 8
�� ���&��� �"�&��� =+; ��� 2 ���"�����
 B��,���� 8������ %������.  

 � & D��9�"��� ����*���Functional duality  

 ���
  J�
!� ���*���   ����
 %��� 2 .���7��� 1��"��� J�
!� ��� G��/
�� D��	7� =����� Q�
"E�
��4
��� ���"
�� D�!��!	 ����&��� =9�*���	 3��
� ���� �'�; ���&��� ��
���*" �� �6� ��&���
�� �"�&���.  

  
 D&$ D��9�"��� �1)��/��&G�� ���* ��5  8���"������ �9�	��  �G� 8� D�)�! 8
��  ���,�	 �� ���!��

 I� #�	�� (��� ��!"�&���� ��&���
�� � @���
�� %�&�� .�4�"��� AG/
��  �����(Nesbitt,1998,p.250)  2
 =�,��� HG/�� ��'
� B���,�� �� @�1�Additive  ���� I�Existing     �������� G��G�
 ��*��

����
� ���'	��� ������� 2 B�,��� C�!"�� ��&���
�� �����7��  �����  ���� ���
��� ���� +��� HG/��
  � (���/��� ��"	?� I� �����
� �"	��� ��*�� ��'�"��  
�6+�)2B��G���1999 (.  

   
 &&�  ��� 8��
!
 8"����� ���
�� �� ���� T��� B1�� &���� �58
�� �����7�� D����� ��   :;�
�


 ��
�W 4��"��	:  
1. ���?�	 -�!�E� ��&��. 

2. ������	 -�!�E� ��&�"�. 

3. ������	 -�!�E� ��&��.  
4.  &���� ��	 ����$ �6+� &�/� �&�� �/�
" ���,��� �$ ��"������ �9�	�� ������ �,�� ��'
 &�/� �&�

�� ���� &/��
� 8
�� �9�	� . 

5. 8���
/�� �
�
��. 

6. 8"����� H��
"��	 -�!�E� ��&��. 

  
 ������� ���&���� &"� 8"����� ���
�� GG�
 �$ ��A
 8
�� : 

1.  4�!	�� 8����
��� 8������ J�
!���. 

2.  B&�'
6�� J�
!��� 8� 8"&
. 



 �����1   ������13              	�
    א������ ����  2007 �

 

 143

3. �4�����&�� 3�	4
 �&�	 ����
��� ��!��!�� ������� ��4��6���	��� �. 

4.  ��	�7
� D�6+��� 8� �
�
�� �	!
 8
�� ������� ��"��!�� �������. 

5. � @�
 8� =+
;��  ����� �$ ���� �� ��&�� 8��
��	� 2 �;$� &�� �$ J�;$� ����/� ��	 D���
!��
 ��")1��� ������� D��"���E� 2 F��4�� 2 =�&)?�� ���"�	 ���
7� ����/. 

  
 ��	������������     

���� �"	��� ��&���� ��
�1�� ��	 ����
��� ��/!"�� ��� �� ��	�'" (�'����� ��	���� �"�&��� D��"  � &��
   8�� ��	���� ��	�/��� ������� ��&���� ����A!��� ��	 �G��
�� �
;�� 2 ��� �"�&��� 8"������ ���7
��

2 �����/�� �$ ��
�1�� ���"
��� .�&	E�     � ���"U� B���,��� 8�6��� ��5 ��
�1�� D������� D�'� �����
	�
 � ��&�� D����� ��"�� J&�

�  �)�!
 �� I�
/��� ���� ��(�'����� ��	���� �"�&��� ���7
 8�  2

 ��!"E� �&�� �� �,�$ �1)� 2 ���
;��� ��9�G/$ ��	 B�,��� 4	��
��� 3���
�� (�'����� �"�&��� D&�� &��
4	��
�� (G�� �� ���;O� I�  (�'����� �"
��� 8� �H�,

 D$&	 8
��   ����
�� (�)��* ���* B$

8���
/��.  
  

���
/�� ���
�� =��� ">	 8 ��� &���� ��	 ��'�� .�4�"�  �����
/�� �*"	��'�   8� �
�
�� �� ����
 ��G�"�� �/�&� I�
/���� ��!"E� ��	 �6+���(Isolation)  ">	 =��� B1��  @��! �9�	�� 8� >7"� 8"�!"5

 @��
��	 G�
�
 8
�� ��"������ AG/
����� ��
�	�
 �&� I� ��"�!"E� D�/���)�!
 (��;?��    ��� ����* 8�
 �	  ��� ��4'�)8���
/�� �
�
�� ( B1�� ��7� ���� ��5     ���"������ ��9�	�� ���	 &��!
 8
�� #6�"
��

 ������� �� (&&�
�� ���
;� .��">	 #��� ��?� �1)� 2 I�
/���� &���� ��!�"��� �����
/�� D�	�4
����
 D����'��� D�4�	���� I��	� �����
/�� D+�7��� G��!�"��  8����
/�� ����
�� �+; �� ��	�!�� �

 D����/��� &���?� ��	 &�&7�� -��"
��� 2 &���?� ��	 ���� 8
�� �����
/�� ���&?� .��'
� 2 ���!�� ��
 ���4��� ��&���� �"��	 �+�
!��� &��4,��� (���!��� �&���  8�� ��	���   �$ ��G��"��� ����!"�� 

��� ��"�"?�� ="���� H�&
��� 8� =���" ��"������ �9�	�� ��/
 @��!��)2B�!����1997( E�	 2  ���5 ���,
 �� &&�D�����  &���� ��	 -�� 8
��8)� 2  ��7
: 

1.   �� B������ 8!�"�� Q��&"�� ��&�"�� ������ 8
�� �������� I�
/��� �� ��'�"��.  
2.  8���
/�� ����
��� ��'
�� =�,.  

3.  ������ �������� @��
� ���
 (&9�!�� �����
/��. 

4.  ���!��� ��"�"?�. 

5.     3����� ��� &��/
��� G����� =�,� =��
�� �'"� ��� ��9��
��� �����
/�� D�6+��� ���4!
 B������ 8�4����. 
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6.   	 ����� �$ &�� ��� &��
��� G/�. 

7.  ���;O� �� &��
	��� H��4"��� H��G"��� ��G�"�� 8� �	���. 

8.  ��)>	 -�!�E� ��&�� D��&;��� ������ I��"��� 8�  ���
7� �&�� 2 ����/��� ����
�� �. 

 ���
�� ��	����)��,��� (    

���
�� ��/
 ��� (&�� &����  	 ��7� B1�� 8!�"�� �
�
��� .��'�� �� ���� �)�  I�
/���� ������ ��
 H��!�� ���.  

 &�� ����!�� D���0
�� ������9���� ��"������ �9�	�� 8� ���$  �����
/�� D�6+��� ��� ��7�	�  ����,����
�T���� �	'>� 2 ��!"N� 8	'��� ��*"�� ��� �
�  �� ���� 8�� �	�
� ��"�, @�	�E�� �,���� �		!�

 ���* 8� #���$� ���Illness   ����� .��' &��G
 I� �"��G
� I�
/��� 8�    ����7>	 D���* 8�
��
 ���
;�+�� 2 (�"����� �� �	�
 -�!��$ ��"� ��	�!�� ����� B&�
�� 2 ��?� 2 ��*"   I�6���� ���� 8��!
�� 2

 �� 2 ��	��;
� ������"� D�����!� 4�	
��� ��&�� ��� ���&	 ��$ �1))Attachment (  I�� ���4���
 4�����(Blair,1973) �	 -�!�E� &�&G�� 2 &��	
��� ������ ��&�Aloofness )2��4�2000( .  

 �� ������ ��&�� ���7� �5��7
 8
�� �6����� �� &&� ��5 B&A
 ��&�� www.architectureschool.com :  
1.  8���
/�� ��/��Social ignorance. 

2. ���A!��� ��&���  �����
/��Loss of social responsibility   . 

3.  (��	�+��	 -�!�E� ����4� &���?�. 

4. �&�� �����
/�� D�6+���� @��!�� 8� ���
��� (�4�!�� �. 

5.  ���
7��� D���4
�� ��������� ����� ��&��. 

 

='� Seeman  ��!"E� ��
�1 ��
0���  ">	 �	 G�
�� (The new encyclopedia britannica,1973):                                                      

1. ��6  ">	 &���� -�!�5 (&��E� �  
�&6 �&� I�  ��� �� ������ ��*"
 ���. 

2.   ��� �� ������ B�!�� @��&E� ��&�"�. 

3.  ��"9�4�� �$ ����$ �&�� =�;��� �9�&�� 3����	 -�!�E� . 

4.  ��"� ->���� (����� �"�� �$ =&) &�/� �&�	 -�!�E�. 

5. � (�&��� ��	� I�
/��� ���,� 8
�� ������ =�&)?� ��	 .�4�"�� ����
�� 8
�� ��
�1�. 

6.  �&� �� ��	�
�� ��� &���� (�&62 (G��
��� ������ H��!  ����/�� �$ ��&���� ������ D"��. 

7.  �"� 8� T��� B1�� I�
/����  �� &/��
��� ������ ��5 H��
"��� G�G
���	 -�!�E� ��&��. 

8.  �"�� B?  "�&��	 G�
�� &����  /
"� B1�� Q�
"E�Meaninglessness . 

9.  I� �'��
�� ��� &���� (�&6 �&�  ;���
5�
�"���  E� ����&	 . 
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 &/��
��� ������� ��!"E� ��	 �6+��� :;
 ���
�� (�)�* ��	 ��	
� ���
�� ���7$ �!��& �+; ��
 �6+��� �1) &�&�
 8� �;&
� 2  ��3��

 D��7A� � &����	D��7A���  3��

 J�;$� ��!�"��� �����
/��

	���� ��&���� �����G���� D��7A���� �� .���
�� ���7$ �� B$  �6+�	 #�	�� ��,�	 I� 4	
�
  �&��	


��>
��� ���>
�� ���� .  

 

   -�".� �� �12��� 3�	.4� ��	����  

 .��
/�� ���� %�	 Wirth  �������� �!�&��� &��� �� �	
�� B1���	
�
 8
��   ����*"�� D�)�/
�� J&�$
��� 8�  B�,��� .��
/��)2�4���1988 ( 2   8�� =��A
 8
�� D���"'
�� 4	�
 8
�� D�6+��� ���	4 ��

  89���" 44;� ��5 �'�
 &6� 2 ��"���� �9�	 ��  	 4��� ��� ��!"E� ��	 �6+��� D��7A� �����/�
�� %�	�  �����>
 �&�	
��� ��	  D��7A�����9��G���� �� ��"������ �9�	�� 8� ��	 G��
�
 8
  ���7
"��� @���
 

 D��7A����� �����!�������&E� &���� 8
>� ���� (Berry,1977)   24;��� �*"�4  �6�)1( :  
  

 8���!�� J�
!���Behavioral level    8���&E� J�
!���Cognitive level     89��G���� J�
!���Structural level   
        
  

  
  
  
  
  
  

  
   

  
                                            

  
                                           

  

 44;�)1  ( ��9��G���� D��7A��� ��	 ��;�&
��� D�6+���  �� �,�� ��"������ �9�	��� �� ���	��� ��
 D��7A������!� �����&5 &���� (Berry,1977)  .  

C
"
!" � �� 3	�!�� 44;�� 8
>� ��:  

              )/ا��ا�(               )ا���دي/ا�������� ) ا#"!�� /ا����آ(            )ا�

Selection  
�������	
 

Nervous stimulation  
���� ����  

Size ,density ,heterogeneity  
� ������
 � ������
 ��� ����
  

Inter-role mobility 
��������
 �
���
 

Personality differentiation  

 ���� �
 !��"� ) ��$%�
(  
Structural differentiation 

��������
 !��"��
 

Impersonality 
 ���� �
 !
��� )��$%�
( 

Formal integration  
 '����
 ()����
 ) �)���
(  

Deviance 
  ��$*��
 +
���	
  

Alienation  
'
��,	
  

Anomie 
 ����-)�
 !
��� 

Isolation  
��$��" ����.
$ (
�-�	
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1. �� �
� 8
�� �'��� ���� ���
 �����&E� D��7A��� �5 ��  �+
!� �
� �� ����
 ���+; 

 ���� @��! ��5 ��9��G���� D��7A����� 1�� B�� &�����9��G���� D��7A��� 8� ��A &�&/ ��.  
2. ��'
 ��!�" �����7 ���� ���	
��	 �����&E� D��7A��� ��, ���
�� I��  &�/�� �/�
" &����

 ��&�� ��/��; D�G���)�����G���� �9�	�� ( ��&�� �� �$)�����
/�� �9�	�� ( ���	
 ��)���  �&���� 2
���	
�� �/�
" ������� ��';7��  87+
 �$ 4����� 3�4��� ����
� �/�
" ������ ���� ��';7��.  

 �����G���� D��7A��� �  $  
� 3	�!�� 44;��� �!�7A��� �U @��
��	 G�
�
 8
�� ��"������ �9�	�� 8� �����G���� D������ ��"�  (>��

���
�� (�)�*  ���� ��
�W D��4���� �� =�>

)��9�"	��� ��"��!�� ������� ������� )*�*
��� �����(  2
 ���	
�����
�� 2 B���G���� ��
��� � �������� ��&�� 2 ��9�"	��� �����
/��(.  

  
1. ������� ������� ��9�"	��� ��"��!�� 

��	�! D����>
 ������� ������� �5 ���
��	 -�!�E� ��"�� �/�
" �89�	�� &��/N    &�����  �	 ��7� B1��
 &�/�� ����� ��!� D���&� ����� �)��&	 ���
 8
�� D�����! C���
 ������
�� 8���
/�� 8"������ 

(Rapoport,1977) .  
  
2 .� BG���� =���
�� B�,��� H�,���	 �4����� F�4!�)3�4��� ���	
�� 2 ��
��� ����
��(  

 ����	�� ��7
Lofland  �/� 8
�� X&�	��� �)$ �� ���9�) ���*"
 ���
 F�4!�� BG���� =���
�� �5 ��5
  ����7?� 8�� ��� .�"
��� �G��
�� 3��
 8
�� ��&����� �1) ��&	� 2 .�"
�� 8� (&���� ����� ������ �5 


 =�! 8�� 2 ���
�� (�)�* ��" ��/ ��� ���
�� (&���� ��/ ��� ��,6�"
� ����4 &�/� �� �	�

"
�� J�;$ 3�4��� .� . �;O� ��& ��)&�� ��5 G���"��� ��������� ��1) ��	 ��'�"� B$ ��  ���5 B&A�

 ����� �� ����"�  ����� �$ 2 ���
�� (&���� 3���
 &  &���/E�Stress     .��"
�� 3����
 &�"� 3��4��� 
(Lofland,1973).  

  
2�1 ��
��� ����
��  

3�4��� 3	�4
��� (&����� ���&��� (������ ��)��� D�7
"� �� &�	  8���
 � ���� (����	 ������ �&� D��
	�
     2 �����
�� 8�
�� �����,��� ������� D������ �����
/��� ��!�"�� &���� D�	�4
�� D�/�� I	7
 ��

�� ���$ 8� �9�	�� D�	'>� �	S��� (�7�	��� ��	!?� �� �&�) 28/�&��/��1995(  2  �	�!	 @��1�  ��)5�� 
�+; �� 2 ��"�!"E� ��';7�� ������� =�&)?� : )2B��	/��2000 (  

1.  1	" ��� 84� ���&��� G�����Antiquated symbols    
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2.  ��"�!"E� D�/���� 1	"Antiquated the human needs   
3.  (���E� 1	"Antiquated interests    
4.   ����� 1	"  Values    
5.  =4����� 1	"Sentiments    

 (���1�� ��&��	 8��
��� -�� �$ ��5 D&$ �';7� �� D�H�,�� ���7$ D/
"$ ���&��� (������ F��'�
 ���,��� ��&� ��&���
�� ��������� �0��� ����  T��� �� ��5 @�1.��,�� �	�/
   �/�
�� ��&��� 

Disorientation E� �&�� ����
!��	 -�!� I�-�!�E�  "�&��  �����	 ���7� �� ���� ��5 8�
"�  ">	
 �4���Homelessness 	 2 I� ������� ��!&"���� 3�4��� ����
�� �5 ��5 ���,E� D&�/ 8,���� 1	"

 (��	� �/�& ��5 ��
)�7 ��"5 �	 ������	 -�!�E� �� I�
/���� &���� . &6�"�� ��7$ &6�Dali  ">	 ��&	 �
 I�
/��� ���
"� (Boyer,1996):  

(To neglect history, to neglect memory, that which owed by our incisors is then to neglect 

ourselves, it is beginning to suicide). 

  
5�6��� ������  

 ��7$Tafuri  &"� F�4 ������� �1) ��	Piranese �� H�,��� 8� @��
��� ��7�� ���0	 B�,�Urban 

Fragmentation   �� ��'� �����
 8� �4	��
��� H��7?� I�/� 2  ����
�  ����!	)2&��!��	2002( .  
 ��7$Broadbent   ���7?� �5 ��58
�� � D���W �!� ��
/���� �
 AG/
���  ��7
��� ����
��� ���6E� 2
��"5  (��'	 ��7�� 8� ����
� �HG/
 �	!
B&A
 (��'�� ��&�� ��5     ����'� B�������� ���7�� ������

 H��
��� ��)��� �� ��G
 ����, (��'Enclosure  ��,���� Present    ����
�+�� ���� &��A
� 2
 ����4�	
���� �����0���)=&����� ����� ( H����
���� �������� �������� (������ �����"5� #�����

8�;�&��(Broadbent,1990) .  
$Y B�,��� H�,��� &��	$)��6+0"��� H��
��� (  

 @��
 �� ��	�'$ ��� (�'����� ��"������ �9�	�� �5J&$    G/���� &��/� ��5 �����
� ��9�G/$ (���	 ��5
   8�!�9���  �/�
�� &�&�
� F�,� ��&	 D�4�7"�� =�
;�� (&�&� D����
 ���� ���,

 �

7�� ��'�"�

"���
 (&��� ��9�,��� �4	���� ��5 (�'����� �"�&��� D&��� 2 89�,��� ����
�� ��(Krier,1979) 2    ����
 8����� �'��
�� ���� 8"�!"E� -������ ��5 &�
�
 8
�� ���!��� ��!�� D�H�,� J�! ���� ��!"N� 3	
�

 ������
!��	 -�!�E�� 4	��
��	 ���7�� =�,� ���)28��'��1988(  ��� ��7	� 2 ���   4	���
�� J��6
 H�G/?� ��	 ��9���� ��
  �	��� ���,�	 �� D&�
	� ����      ����� ���, H��
����	 ����7�� ����� #

)2B��	/��2000(  .��,��	 -�!�E�  	�
"�� 2 J�
����� B����� ��	 ��!��� �6+��� ��!"E� &��� 8��
��	� 2
�� 8�  
�����!� ����7�	 ����G�"� ���	'�� ���
��� H��
"�� �&��D�H�,�  ��!����)2���4��1995(.  
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 �����!�� D��7A��� � � //�������
  
 �����!�� D��7A��� 8
��   ���"������ ��9�	�� 8� ��!"E�  ��&� �� ��/
 ����$ &�&� ���
 2   ��� =�>�



 ��
�W D��4����) ��9��
"�� 2 89��G���� @����� 2 =���"�� 2 ��G�"��8"������ 8���
/�� @��!�� 8�(   
Y (�'����� ��"������ ��"	�� 8� &���� �����! 8� =���"��  
   2 ����� 8"����� 8���
/� 4��� ��/
� ��� (&�  ">	 8����"�$ @��!�� ��/�����	�� D�!��&�� D���

  ��9�	 ��� 2 �����
/��� ��&���� ��9�,���  4��"$ I� �H+

 D�����! Q�
"5 ��� 4����� �1) ���� %��
�"��� :�;7$ �1/
� 2 ��
��/�
� �)����$ I� �H+

 � ����'
� ��&"� &���?�  ���� ��
9�	 �� &,��	

 (��75 ��� P��"�, B�
�� =�'
�� �1)�5  ��
�/�� 8	�
 � ��"������ �9�	�� ���	
 8
�� D���7E�� 8"�����
    8�� ��">�	 &����?� ��7� �)&"�� 2 ��	�/�5 (��'	 &���� ���� ���/
� � 8��
��	� �����
/��� ��!�"��

���� ���O� ��&��� �9�	�� I� .��'  .�!
��� �9�	�� I� �6+��� ��&��	 &���?� ��7� �1��� �) F��4��� �A
�4����� ��"������ Z  ! 2 �A�!
�� �1) �� ��/��Habaraken  2�����    -��!�E� ��&��� �	!	  ">	

 ������ @+
��	 .  

�� D
	�$ D�!��&�� �� ������	  8
�� ��"������ �9�	��
 G�
� ���� D�"���
�� �9��,����  � (���	���	��  @���

� ��7
"��Deprived area   ����7� ��5 B&A
  ������! �  @���!��  =��"���  &���
���Persistent 

volitional behavior � ��!�"�� D�	��4,�� ��5Mental disorders   8����
/�� ��G�"�� 8��
��	�
Rowland,1973) (.   

Y  8���
/�� ��G�"��  
 #�
��Yancey ��	!� ��")1 (��' @�") �5 ��5  ��� ��4"� 8� �����
/�� �9�	�� �� ���!�� J&�  2

 8���
/�� ���!"�� ��5 B&A
 �5 ���� D��6�
�� �1) ��&� B�,��� ���'
�� 8� �7� B$ ���Social 

withdrawal  8	'��� �
�
���� ����/�� ��4
 ����� ��� 8	�! ���>
) 2(G��1999(   %��� 2  G��
��
��"������ �9�	�� 8� B�,��� H�,���      ������
�!�� ��&���� .��4�"��� ���7
"��� (���	��	 (�'�����

 ��9�,���(Gidion,1971)   �����+��� ��G���+��� 2No place �� �����   
��'� �Stein   ������	
(There is no there there)  ,    ������� ������ ���� B��
 � (�'����� ��"������ �9�	�� �5 �"��	

(Blair,1974)  .��5 ���,E�	  �� &�&��� �5 34�"��� �'�;�  ��"��!��  &��
�
    89��,��� Q�&�
�� ���5

�'�';�   H�	�0�� ����� �,��� .���7�� �� ��/ ��� ������  ���5 D&$ 8�
��    4	������ =��,

(��/�� &���$� I�
/��� ���! ��	 �����
/��  215  -��� ��� @�� ��
�4"� �	'
	 :�;   ���4"��� ��)>
���� 4)  28���'��1988: 261( 2 G�
��  89�,��� Q�&
��� 8��"������ �9�	��   ��	 (��'������  ��� &&
��8)� :9�'; :  
1.  8��':  -���� �)� 8"�!"E� -������ �� �;$ -���� &�/�� �/�
"� ���"'���"����� �(���!�� . 
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2.  @	��    : ��!"E� ��&��� �/�
" !�!�5 H�,��� ��,  �6�� &�&�
 ���  
�&6 �&��  �/�
��	 .  
3. I4�
�    :  ���
	 �'����� B�,��� H�,��� G�
�� %��  
�����
!� ��&��� .  
4. 89��7�  :��"������ �9�	�� B�,��� C�!"�� 8� �'���� @��
�� �/�
" @�1  ��&���
��.   
5. 84�	
��  : ��'� ����&'�	  ��,�� 2��'
 =&) &�/� �&��8�   ������
/�� =�&)?�� &&��

 ��;�"��� D���A�����)��� ��&9����� 2. 

�!�"�� D�����!�� �� &&� C
"
 :9�';�� �1)� 8)� 2 �����
/��� ) ���0
�� 8� G������ ��"���E� (��!;
  ��� ����
�� 2 89��G����� 8���
/�� 4�����	 �,��� �&�	 -�!�E� 2 ���;O�	 ����� ��&�� 2 ��4
���

��G�"��	 -�!�E�� G���
�� 2 ���;O� I� B�!��  ���;O� ��. (  
  

�����&E� D��7A��� � Q  
 �����&E� D��7A���&���� 	�� 8� T��� B1�� ������� ��"������ �9�   ���
�W D���4���� �� =�>

) @��&E�

8!��� � 2 ��';7��� ������ ���	
 2���
�� 2 ��';7��� ������ ��&�(.  
  
1 .  8!��� @��&E�  

 ���
!��� D�������� ��	 ��'�"��     ���
�� ��� I�� ���	�4
 �&�� 8�6���� ������ �� -����� �	6 �� ��
   D�������� ��'�"�� ���75 ��  ���
 ��� �4����� ��"������ �9�	�� ��� �"�G;� D����1 �� �)1��

=�! ���
!�  ��5 B&A
.�4�"��    ��9�	��� &���� ��	 ���
�� 8��
��	� ������ ���
!��� D�������� ��	
"  	 �4����� *������ B����� ��G;��� @�&��� 8�6���� ������ ����� ��	 �'���� ���	
��� =+
;+� �/�


 &���� (���1 8�)28"�"�!���2002(  �G��
�� �+
;� �) %&��! �� ��� ��	"�/�� ��	 ��!�"
 @�") �
� �� �15� 2
   &��� ��'����� ���!"E� D
�7
� 3G�
 8��
��	� @��&E� �$ ������ I6���� ��	    8������ �&��/��  �"�

)2D;�71980(.  
 8��
��	�  	 �4��� �9�	 �� �����	 &�/�� �) �� I�  ��&� �� 3	�4
� � ��&"� ���
��	 ��!"E� -��
 -�!�N� �/�
" %&�� 8!�" ���7 �) ���
��� 2 ��"� .�4�"��� �9�	�� �� ��'�"��	 &���� -�!�5

* D��	
 &�� �)� 8"����� H��
"�� ��&��	 B��,��� =�;
�� (�)�)����,��� (���� (  =���
 �&�� �/�
" 2
 -�"�� 8� ���"���� ����� �1) �'>
 �	!	 2 ��&���� �9�	�� �'�"� I� �����
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  ��"�&���� �!��&�� (��� ���"������ �!��&�� -�!$ � A Comparative Study �+; �� D�	�

���0
� �����'
�� D���0
���  �����
/�� D���0
���� 2 ������� 2����"��! � �� �����
/� �9� ��� ��&�'
6��
9��
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 �	
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�� �"������ ����� ��!� ��� 2 &�/ 8�����
J�;?� �	;
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���� D����!�� =�6�
 ��"	?� ��	 ���4$ ��� D���!� 39�&�� ���
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	� ا����ر ��
�ت ا������  ا������ ا������ ��
  

�	�ر ���� .د.ا                                �	�            ��
 �  �!�"   

  &%$ ا�����# ا�����ر!#
��+�# *(�اد  -آ��# ا�����#  

  
  

   ABSTRACT 

 

The main title of the study is “THE GEOMETRICAL FORM IN MUSICAL HALL THROUGH 

THE CLASSICAL AND MODERN AGES” 

We live in a world full of sounds performed by human and different creatures which surround us from 

every direction, it’s not strange to know that acoustics has gone a long way through human experience 

because its related to many sides as mathematics and physics with accordance to architecture side, 

 This side is related to the nature of space and its speech or music variation, each use has certain 

determiners that affect the efficiency of acoustic performance. 

Musical halls have a main characteristic on the design and performing level through different periods. 

The architectural and acoustical literature's have dealt with this type of hearing space in deter minding the 

geometrical role in music halls design  have never been studied with connection with music properties 

and in comprehensive way, and for this reason it was specified as research problem (The role of the 

shape, dimension, rates size and relation) 

So there are many acoustic features in musical sound affected by acoustic space geometry (shape, 

dimension, rates, size, and relation)  

Thus the researches aim the following: 

Finding the geometrical evolution and induct geometric efficient through:  

Comparative analysis for musical spaces and halls through the classical and modern ages to discover the 

nature of their geometric form in a descriptive, mathematical and graphical ways and show its role in the 

efficiency of acoustic performance. 
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� ا��         
   �����
���: ���ان ا
	�� ا
��ر ا�

% $�$ت ا
"�!� �� �	� ا �!&�'
  �) ا
  


	� �� آ�  ����ى وأ��� �� ��� ا����� أ�����)'ات ا�	�&%� �� ا$#"�ن وا� ��	�ت ا�
/ .* -��, �+*ء �# ��#

<�#22; و�22= ��22 ا�>��22; أن � 22'ن ��+22, ا�:22'&�ت &�22ر�8 7'��22 .22* �%�22'ع ا��22�5ات ا�����224 �#22� -+22,  وا1223 ذو   
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� و.��Gو�� و)'&�ت ا����2رة هG2> '2ء ��2 هF2ا ا��+2, ���2ف �2� ��D2د أ��2 ه2' ا�%�#2; ا�����2ري              ا&%�ه�ت ر��@

�� ا���L3ل ا���Oء و&�Oو&� 
� ا� �N* وا��'3M* .+ �2 ا���L23ل ��D2دات ��	2� �IJ2& .2* در<�2        ��
 P�&�� يFوا�

 �MG آ�Oءة ا�داء ا�:'&* وا��M-�ت ا��'3�L&':وا@�� -�� ا�� �(':5
    *��2:Lى ا�'L2"ا�� Q2+- �O+L5ر ا��

  .وا�دا�* 

� ا�T	23D* و&'@2S #2'ع         24Lوه2' ا� Uإ �و�D &	�و�W ا�د
�ت ا�����ر�� وا�:'&� هFا ا�	�P �� ا��2�Oءات ا�"��2

�Q+- X اUداء ا�:'&* و� � �, ��Dد 
����D وا��4'�� ا�'ا@��2  IY& ت��'L"24 +� ا���2]      , و�� �د&2D\ �2� اF2دور (وه


��د -+Q ا�داء ا�:'&* وا��'3M* آ� ��  ) � ا�4 � وا��%, وا

  :�Fا آ�ن هDف ا���] 

 ��- � 4Lءة ا��Oاء آ�ML3وا �M  :&M:* ا�L�'ر ا��M+� *+ 4-�ت ا��'3

          �2T� � 24L�2 ا��23 * ا��L23U [�D2	��ط ��D2دات و�7N �2 ا��:�2 ا��- �M� ا���Mرن ���Oءات و��-�ت �'3+�Lا�

 �� ور��@O(داء ا�:'&* وUءة ا�Oآ *. Xدور S� و&'@   .وآ�ا.

  
�ل ا����� ا������ ��� ه�ا ا���� وا������� ا���
�	ت ��� ��� �)�� و
�&�� �'� ا#!	  �� وه&%�$ وه�ا #"!  �� 

  P10].      [Lindsay ,1980,.),+ ا����ر ا�"	ر#(��
	 �"��5 )���� ا�"2�ر ا�"����5 وا�,	�'	 و��+�� ان درا�� 
2�ر ا01	ل ا��	)	ت ),+ ا�"	ر#/ #�% ا�+ا .+ور#

ا�6&�$ �5 �8	ة ا��B�ب وذ�@ ?ن )���� ا?آ"=	ب ا�;�	�5 و�=	�� 
>�+ ا��;: وا���� ا���+��� و ا�,	ب 8%وث ا�62+ات

,� �2	�F�� ا��ي 
"�	�D �� ا�6&�� ? #��0 ان+� 	'Gوا8% �: ا :�H ة	5 �8� IH	6� :0B� :�J
% و#��.ا?�H	ل $ 

�
ا��J	ة واM?ت 	ت �5 ه&	 �	�">�+ ه� ا?�"6	دة �� ا����م ا�'&%��� ا��"2�رة �0: )�+ وا?�"6	دة �� �K	ل ا���
  .ا�������� ا���	N+ة �"�@ ا����ر

 :ا�����# ا�	",�# 
ا���اد ),+ 
=	ؤل )� دور آ: �� ا�0B: وا��KJ وا��R	د و" ا�"�0B: وا�60	ءة ا���
��"اه"� ا�,OJ ��	ه�� وآ���6

  .���	)	ت ),+ ا����ر ا��("�6$ )�� اRداء ا���
5 ا������5 
  ���1# �0/�# ا�	". 

 ) 	'U)$ )�� ادا	�0: ا�'&%�5 ���B"ا� +�V#, 5اي
و?���	  وH�د )��$ ��� ا���ب و��G ا�"�0B: وآ6	ءة ا?داء ا���
  ��	)	ت ا�������$ �

  : ا���ف +2 ا�	".

��5 ا�"2�ر ا�5�0B ���	)	ت ا�:�0B"ءة ا�	وا�"�+اء آ6 ������� .  

 :+��4�# ا�	".
  :#�"�% ا�,OJ ا?���ب ا��56N ا�"5���J و#"�زع )�� �J�ر#�  
1-  @�

2�را ��.�)�	 ���	رة  +1V

��J: ا�"2�را�5�0B ا�"	ر#(5 ���	)	ت ا�������� �'%ف 
J%#% ا�6"+ات ا�"5 

H+اء ا���	ر�G ا�"�����J ��&'	 ���+�� ا?1"�	�	ت ا����0B و),+ اG"(	ب )%د �� ا�&�	ذج �0: �+��8 وا, ا��	)	ت 
 :�0B"ت ا�'&%��� �5 ا�	��ا.	�� ا�� ا�"��J: ا�,�%ي ��&��ذج ا��%روس وا��56N ���	دة ا��,2&� او ا��>��6 , وا��

(�G5�0 وBر ا��+ا8: ا�"2�اء +�"�R رة	"))� ���+ا8: ا���ذج ا��"&	ا�&� ��� �Gر	اء ا���+Hا �� ��وآ���6 و $"�
� .ا1"�	�$ و�%ى 
	��+` )�� )�	رة ا��	)	ت ا�������$ 8	.+ا و�="�,
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'	 ا����0B ور�2'	 �	��+اcH ا�"	ر#(�� ���	رة ا��	)	ت  -2	&#�0

�G :��J	ذج )	���� �6"+ة ا��+ن ا��B+#� وا1"�	ق 
�%ى ا�&K	ح �5 ذ�@ )�� ا��="�ى ���+�� �%ى ا�"��g+ وآ��6"$ وا�,	�$ و) 1(ا�������� وا�"G 5��eB �5 ا��6+ة 

5Uا�"����5 وا?دا.  
),+ ا����ر ا��("�6$ ` ��+��$ )� ا��J%دات ا����	ر#$ وا���
�$ ���	)	ت ا�������$ %
���+ �	) :اه��# ا�	".

 5
  �iB0 ا����$ ��� ا�"�0B: ا�'&%�5 وآ6	ءة ا?داء ا���
�Fا�"�=�� ا� �
 %�� $Gر	وا��� :��J"5 ا�� و�"='�: )���� ا�&:  

  ا����ر ا��%#�$-1
2-�#+Bت ا��+ن ا��	(	�  
���ذج آ�7���# :أ)#�!�  ) ا����ر ا�
  @?�رة ا���اق ا��!$:1-أ
ان ا�%م 
���m� n'�راM?ت ا�������� �5 ا��+اق ا��%#� ه� ا��B'% ا��ي #��ر �&	 ��l ا���;	رة إذ j'+ت N�رة  


	ر#($ إ�� أوا�+ اi�R ا�+ا�c �,: ا����دا���;	رة )�� ر��� �o&5 );+ )��$ �5 �%#&� ا��ر cH+#ء و	ق )+���   [.آ	�l
  ]126ص 1978
B+#� ا?ول , 2ا��%د 

#�
��رة @?�رة ا���اق ا��!$ ا����� AB��C:  

%رس �5 ��,%   -1 eG	ا�%#&�� ا�"5 آ ��U	&<ص ا��ر#� ا�&�%"� %�	���	� e�Jا��%ارس �% أ� v��":�) " ��Bا�$ ا�

  .��	 #�B+ ا�� وH�د �%ارس ������� ����J �	��%ارس ا�0,+ى ا����J$ �	��%ن ا�+�U=� ) ا���+�$ ورب ا��%ل و
  .�,: ا����د  ٣٠٠٠اآ"B	ف ��e ا�"�;�: �5 ��,% ا�w$ اG	G	 وا��ي #��د �&	ؤ` ا�� �&�   -2
3-   5� Dا��=+ح وا���� �!
lن وا8% و�&	#� ا��=+ح وH�د ا��=+ح ا���G	� 5� 5G	�O�8 : اآ"iB ا��&�,�ن �&	#� 

�	رف �	�&eJ ا�,	رز �� F� 	'"'Hوا e&#ا��=+ح ا�"5 ز �,B� �'Hا��� $#+Uف 1,$ دا�6�� e,

e6�g �� ��	)% ر
  ا�K} وو.�e ��ا)% �� ا�2	��ق �"�	��: �+ب ا?ورآ="+ا 

4- 	"(+
         ] 192ص 1985 ,ا��	� ��(.]  5J�N ��8+=>�+#�)ا
+آ	
�(ا8"�ى ��,% ا
  ?�رة اE!�1F@:2-أ

وا��Fف   �5 ا���+ ا?�+#�5 �� #�0 ه&	ك �!	ء �"(�} �������� وآ��@ �� #�0 ه&	ك )Fل وا.  ��� ا�"�;�:
اذن .و���@ �� 
�0 ه&	ك �	)	ت �"(��� وا�G	 ا��=+ح آ	ن #J"�ي c��H ا��6	��	ت ا�6&�� ) .ا��6	��	ت ا�������� ( 

 Atlanasopulos ] .+وض ا�������� وا�"�;�: وا?دب وا?G	�1%ا��=+ح ا?�+#�5 آ	ن #�;: ��.�ع 
�%#� ا��

1983,P.10]              

#�!�1Fا������ ا������ ���%�رح ا: 
1-Classic Athenian Theater  ���HF1983 [ ا��%�ح ا���7��� ا,p22 Athanasopulos [ 

ا?ورآ="+ا وا��%رH	ت ا��"��0B )� اJG%ار �%ا ا��=+ح  #	�� �01$ ا�"���%ي ا��0�ن �� )&�+#� أ�	���� ه�	 
�5 ا�K�اDG �� ا�"�ل ا��J	� �o	Rورآ="+ا ��=�	ح ���"��H+6 �5 ,ار.�� ا�"�ل وا�"5 ا
(�ت   :01��c2 داU+ة 

  .ا�J��ل )�� زوا#	 mG+ ا�!:
2-   I�%ح ا�����%+The Hellenistic Theater   

#� �5 ا?داء ا�%را�O�8  5 �%ات ا��+وض ا�%#&�$ 
("56 و
m'+ �5 ا��+ن ا�+ا�c �,: ا����د j'+ت 
>�+ات �Hر
)+وض اآ;+ وا���$ �=�	ق ��$ ��	 
D�2 وH�د ا��&B%#� و���@ 
>�+ ا��=+ح j O�8'+ت �&��2 ا��&�$ 

���� �#%B&��� ��2 ا?ورآ="+ا&� e�<"وا� ���;  
    ] 1983,p22 Athanasopulos [ 

  �=+ح ار
+#	 ,�=+ح ارآ�س ,�=+ح ا���0	�,���5 و�� ا?�;�� )�� �=	رح ه�ا ا���+ ه

��J: �=	رح ا�'��&="@ : #0���� I�%رح ا�����%�� ���Jل ا���LF/�ورة  "��� ا �ء +2 ه�0O4". وآ	ا� ��و

�P�	ق ا����Pق ا������ ��� و��LFا    
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  ).Megalpolis ,:01)1(,)2�=+ح ا���0	�,���  -1
�S@7 ه��  �ا�C ا���� ا��%�Q+ ��R ا�� T�Bء +2 ا��اO� ��P�& ي�Bا��ا ��  

�Rع ا����ه�!2 @�. ا�* ���J  �!اوO* W��220 ° ��R�%7ورآ%��ا ا+� ا��� A�Jا�� �Rء ا����?Zل ا��@
0� ا�	\ آZ�J�� ����وض .   

  Argos�=+ح  -2    
 #�آ�	 �W��! , 5 @�ل داT�B +�آ!O� T�4 �* ا���� ا��%�R�� 2200زاو!# اP�@F� ����� ا���س !��ن *�ر

:01)3(,)4.(  

        

  

  

  

  

  

  

  

  

  

  

  

 ���S@7 +2 ا��"��� ا������ ��RJ` ا��%�ح *�
��R�%ا�� Q+ �?!ي ا�Bا���� ا��ا �C2  �ا+ E��+.  2+ ب��  �P�@ول ����� اFا ��Z�@�ل 0?�ء ° 220و&� ا

  ض �0 و�R�وه����� +�"�ا !"��ي ا��� ��R�� �����  ��!�ا����� و&�  ��+� ا���� ا��ا�Bي +Q ا��%
3-  	#+
  Eretria�=+ح ار

  #���� +?�0� ا� �+���� �0ا1 1800ا��س ا��ا�Bي !��W *�ر�%+ QP��* ���! $H `�0 ا���c  ت�!���
  ����Z7 ا��L س ����ن�  ا�

01: �=+ح ):  2( 01:      ] ا�,	8;$-ا���%ر [    
��J: �=+ح ا���0	�,��� ):1(01:   
 ا���0	�,���

[Athanasopulos1983,P.23]     

     :0Bس): 3(ا��ح ارآ+=� :��J
 Argos    ]  8; - ا���%ر	ا�,$[   
                                                               

           :0B=+ح )4(ا��س  �ارآ Argos   
Athanasopulos 1983,P.24 ] [ 

:01 )5 :( 	#+

��J: �=+ح ار  .�#Aretria  
  ]ا�,	8;$- ا���%ر                   [

:01)6 :(	#+
 Aretria#�.  �=+ح ار
[Athanasopulos1983,P.24]  
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�C2  �ا+ E�Lا �& `RJ�4 ان ا���ا���� ا��ا�Bي ا!?� +Q ا��%�R�� و&�  +2 ا��"��� ا������ ��dا ا����ذج 
0` �0� ��O* `�"او!�  T�Bا��ا W�� e�/و 1800و �ورآ%��ا او ا����F2  ا���@�ل 0?�ء ا
از!"e *�وره� 

  ).d"� ��*��+ 7��� ,:01)5(,)6وة ا��Zس  ��نا��%�R�� ا��"�د �	��!# Z�C�# ا����� ��
رادي ����4ع ا�	��!� @�ل أي ��0 +,�� اا���	` +2 ا��Q�4 ا� ��+ F	f���%! E ا�	". *�ن ا���� ا��ا�Bي وا�dي


�c ا�C��ر ا��LFل ا������� �0 ا*��# ا��%�رح ا��!�� �dا g���T آ��$ +���ك �ا��ا��i Bت او �h��� e0F &� ا
# اورآ%R�+ رت ����ن�R  وا��� �ا���� #R��* `�"�� ��B�����ا و �اQ+ e�C ا��%��F ��R	�ب  ������ وا


k ا��Zق ا���ا0� ����وض ا��را+�� و&� آ�ن ��dا��%   ��Z��* `�"  ���"�+ ت��ا���� ا+����� �0  �0��+�ر
  .اFدا�B و ��0 زوا!� ��h وا �4ه�� ا���ت

  5-  Greco - Roman Theater    �!�1Fا��%�ح ا -  ��  ا��و+�
�ل ا��+ن ا�;	5G �,: ا����د 
>�+ات )�� ا��=+ح ا?j'+ت �ه�`  أ�+ت ,�+D,=� 5�# ا�0	ر ا��="��+#� ا�+و�	ن 

ا�">�+ات )�� ��e ا�"�;�: ا�+و�	G e��)� 5G�ع �� ا��=+ح ذات ��G اG"�	�5 و��� ��� ا?�+#�5 وا�+و�	5G وا��ي 
  آ��@  -ا��=+ح ا?�+Greco – Roman  ( 5�#( )+ف �ـ 

ا�"��J: ا�5�0B  .	 ?�"�+اء ا?1"�	�	ت ا���0B$ �'	و�% وH% ا�,OJ .+ورة 
��J: ا�&�	ذج ا���آ�ر` �=	�8	 و��01
  :���=	رح 

 	G	�85 او أKي او ا?ه���ا�� ا�,�! 	'�	ا�"+اب ا01 �m8�)&% درا�� ا�"��J: ا�5�0B ��=	رح ه�ا ا���+ �0�# �
  .ا�%اU+ي 

# ا�"?�ر +2 ا : Delos�=+ح د#��س -1R�+ �4 ا&��اب���W +2 ا��"��� ا����� ��dا ا����ذج  ����

2 ا���آO ا�����ك (ا�	�?�ي  e"!از T�Bدا W��#  و&�  ��+� +Q ا���� ا��%�R�� ا�dي !�,�) R�+ #�Z�C

  220-210+2 درا�# هdا ا���� ��4 ا*���د ��Zف ا�"?�ر 
2 +�آO ا���� وا���Zف ا���ر��ت *Oاو!# .ا����� 
 ��  ).8(,)7(01:,در

  Termessos�=+ح 
+��=�س -2
 ���"  ��
# اFورآ%��ا  ��L هdا ا��%�حR��* `�"  T�@وا ��@ c�
# ا�"?�ر R�+ الO�Cا ا��,�ل اd�4 �0 ه�


�ت  در�� و ��h$ @���� و ���+� ++ Q	�c ا����� 180-210و*Oاو!� �R& "�د�� �ت +��ات ا�"�آ��i آ��
  ا���4س *���Lل +�و@�� 

  
 Oل +�آ�@  ��W *�7&�ت ه����� 
 �R��* ���,�� ا��اT�B ا���R�� ا�
 �h�زوا!�   �R�  ورآ%��ا آ��Fا
 #�������+ Q+  $B7�! ��*و T���و���ع 

 ]ا�,	O8[ ا�"��J: ا�5�0B ��=+ح د#��س:) 7(01:           

 
�=+ح د#��س ):  8(01:

Delos  
[Athanasopulos, 

1983,P.27]  

:0B0: ا�'&%�5 ��=+ح ):9(ا�Bا� :��J
+�
 ]�ا�,	8;- ا���%ر [ ��=�س

:01)10:(  
  �=+ح 
�+��=�س

, [Athanasopulos 
1983,P.27]  
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  ا�"��J: ا�'&c2��� 5�% �5 �=+ح ا��%ورس ):12(01:
 ]��,	8;ا,ا���%ر[                      

   ).�RC,:01)9(,)10ط ا�	�� وا�%��ع 
   Epidaurus�=+ح ا��%ورس  -3

 ��h! I�dآ I�%ا *��� +%�ح ا�����H��+ ���Z�Fا���� ا cا� �ا&��ا* ��h! ا ا��%�حd�� ا��"��� ا����� ��

# +�ر��ت   Delos!��س  ��*� +Q +%�ح دR�+ ا ا��%�ح ����نdل ا���"��# �0  ���� ه��LFا �Cا�� 

 ���Z�Fا���� ا Q+ �Cا����ا ��R�%*����� ا�� �ا���� ��h  I�d11(01:,ا�"?�ر آ.(  
  و&� و�� ا�	". /�ورة درا�# ا��QR و�%	� و "���� F@� هTd ا����ذج 


 :��J��c2 )��دي �5 ا��=+ح  Epidaurus  
  °40ان زاو#$ ا?JG%ار ���%رH	ت 
0�ن  

�ل ��+�$ 
���� ا��%رH	ت ��=+ح � [  Epidaurus .Izenour1983,P.18الزوا#	 ا�&J�� +m!�ر 8 �0�#=	�'	 �� 

         [ 
  �� 111ار
6	ع ا?G=	ن �5 8	�� ا��K�س 


�c +%�ح و*I�d !��ن ار  g��4ا� �h� QZEpidaurus 144 $�, �!و����0# زوا
 2��R�ا���  �,� آ� +���� A,B  AJLا��BO4�� �h�2 +2 ا���ر��ت  $ ا�C��ر 


�c +�رج g���  
 ) #!Oآ�+ �R�(,:01)12.(  
  

 �	%���* �hج  زوا!� ا���J�%�+7C 2ل ا��"��� !��2 ان 
   Bو AJ���A ا�g��4 �0 آ� +2 ا���ط 

ا+� *���%	� �0  �0 ا��QR ا����دي) °15و  °  20(  ��نا��� 

�%�ن ا�R	��� وا�Oوا!� Fا �h�زاو!# ا���Z ��0   �,� +%��ى 
A,B �Z� �R) +%��ى ا���h ا�R	���( �,� زوا!� ا���h+2 ا��

R� �0 ا����#� qPاو cا�.  
�N8"� و c��"�	� &�� ا��+ض�أت %�e  �� +;ا�� اآ 	ن م6)��'�=+ح  #"0�سد#�� DELOS  ��26  iN

ا�	  "=# O�85500 {)1�D(  اR)�� ءiN �5 ا�FK ���17	)% ا�J!�ر �� ا�FKء ا��&(v6 �� ا��=+ح و
  O�820000 {)1 #�: ا�"��	�$ ا��  DELOS�+ات �� �=+ح  �4	ن ا�"��	�$ اآ,+   EPIDAURUS�=+ح 

[ WWW.GEORAMA.GR/ENG]  

�ل ا�+���	ت ا�"�.��J$ ���=	رح  �5 ا)�` #��0 8=	ب ا�&=D ا�0"��$ ��� ا��&�$ و��8	ت ا�J!�ر  � ��
  ).1(وD=8 ا�K%ول وآ��@ G=,� ا?8	o$ ��&��2 ا�J!�ر �0: �� ا��=	رح ا�;�ث

  ��       33ا?ر
6	ع       

  ��       73اا��+ض        

:0Bح ): 11( ا�+=� :��J

   Epidaurusا��%ورس 

 ]ا�,	8;$,ا���%ر [ 
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!��ن ا���Zف 
ا�"?�ر @�ل 
 ��Rو� �@�%+

2!������ ,  2+
7Cل درا�# 

  . ا��"��� ا����� ��%�رح هdا ا���� ه� ا&��اب ا�����L ا�c ا���� ا�	�?�ي او اFه���4 او ا@���� ا��ا�Bي 
  @?�رة ا��و+�ن :3-أ

$,B

����'	 ا��=	رح ا?��&�$ وذ�@ �=,D )�دة ا�+و�	ن �5 �%ا#� ا��?#$ ا�+و�	�G$ ا��  ا�+و�	��Gا��=	رح    5�
 Athanasopulos]و���@ 
	�+ت �	01	ل و
�	��� ا��=	رح ا���G	�G$ ) ا�"�� %�K	��G) $�? ا��=+�8	ت ا?��&�$ 

1983,P34]  
�اء ا��Zو&�ت ا�������F ��  .� وا�	��!� و&� و�� ا�	". /�ورة ا���ر

5�# 	� �8�G 5G	G�ا��=+ح ا�� ��� 	Gر	��ول  ��%Kا� D=82(و (    

  ا��"��� ا����� ��%�رح ا��و+�ن
   ASPENDUSا�	���س ا��"��� ا����� ��%�ح -1


J�ل ا�0B: �� ا�%اU+ي ا�� ا?ه��K�"G 5K$ �"%ا�: 01: ا��=" :�2�0�G	 �+اغ �i�G :0B داU+ة  �8�G , :01
   Eretriaا��=+ح �"	�+ ��=	رح �"+ة ا�'�&="@ و�	�N �=+ح 

:01)13(,)14.(  
  
 ا��"���-2

��� ا��
��%�ح 

 ا����%��م 

  DELOS            TERMESSOS EPIDEURUS 

ا�&=,� ا�0"��$ ��� ا��&�$ و��8	ت 
  ا�J!�ر

10%  21%  65%  

$o	8?ا �,=G  °220  °220   ولFء اO4220°ا�  
 ��  180°ا�O4ء ا�,�

  
                    ����  ا��%�ح ا���

  
                      ��   ا��%�ح ا��و+�

$���0B"ا�+N	&��� $��	�?ا iU	j�5 ا�� +�<
  

J�ل ا�6!	ء ا���52 ا�� اورآ="+ا %��  

$���0
>�+ �5 ا��j	iU ا?�	��$ �B"ا�+N	&��  
  ��% e�<1 ا�6!	ء ا���52 �%رH	ت ا.	��$ ��J!�ر 


��J �&��2  	���8 �&��2 ا��B	ه%#� 01�ا
(�ت 
وا?01	ل �"J%` 8�ل �&��2 �+آF#$ اى )ا?ورآ="+ا(ا��+وض

)$#Fآ+� $��  )ا��

 eJ,Nا ���
>�+ت ا����$ ��� �&��2 ا��+وض وا�J!�ر O�8 ا��
 $��	�"�  

  ?ورآ="+ا ا�� �%رH	ت و
J��e �&��2 ا

ا��&�� 8	�em )�� �01'	 ا��="�2: وا�"���'	 )� ا?ورآ="+ا و 
  ا��%رH	ت

  01: ا��=+ح  ����+  ��	 ا%G�eK ا��&�$ �c ا�J!�ر وا?ورآ="+ا 

  o +�<"� $K�"G,��� ا��6	��	ت 
J��e ا?ورآ="+ا ا�� �%رH	ت ��J!�ر  اem6"8 ا?ورآ="+ا ��6�j"'	 و�01'	

N	&ث ���=+ح ه5 ا?ورآ="+اا���ا��&�$ و�&��2 ,+ ا�+�U=�$ ا�;
  ا�J!�ر

ا��&	N+ ا���6�j$ ا�;�ث ا
J%ت �'!�� c	 �0�G	 01: وا8% 8�ل �+اغ 
  و�52


� ا�"(%ام ا�"�ل �"�0B: �&��2 ا��%رH	ت  
  


� ا�"(%ام �m"ا�  $�U	BG?اس ا�ت ا?�,�� وا?�	��m&�و ���	ران 8%H ��
 ?�&	د ا��%رH	ت

  ]ا�,	8;$,ا���%ر [ا�+و�	�G$-��	رG$ ��� ا��=	رح ا?�+#��$): H)1%ول


	�������  ا�"��J: ا�5�0B ��=+ح ا�,�&%س):13(01:����[ 

   :01)14:( :01
#�.  �=+ح 

(  ا�,�&%س 
WWW.GREATBUIL

DINGS.COM (  

 

 ] Athanasopulos	د )�� �,	8;$ �	?�"&ا,ا���%ر [��	رG$ ��� ا��=+ح ا�+و�	5G وا���G	H)2 :(5G%ول 
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%ا�: ��8	ت  ��!�#$ �("��6 ا?��	د �" `%J�c ��!'	 8�ل  و�=+ح ا�0��=��م ذ �� i�V� 5�G ي�01: ��!
 :0B# F5 ا��+آ� c�# ا��ي +��&�2$ �+آO�8 $#F ان ا�0B: ا�,�!�ي ا�(	ر0B# 5H: �&��2 ا�J!�ر ا�	 ا�0B: ا?

  ).16(,)15(=+ح 01:ا��&�$ ا�"5 
K+ي )��'	 ا��6	��	ت �5 ا��
 �hج  زوا!� ا���J�%�
��  "��� ا��QR ا����دي !��2 ان 

  %���*,B,C,D A	� ���AJ ا�g��4 �0 آ� +2 ا���ط 
�0 ا��QR ا����دي ) °25°,24, ° 20, 16 °(وا���  ��ن

�%�ن Fا �h�ا+� *���%	� �Oاو!# ا����0�Z   �,� +%��ى 
���h+2 ا��R�  �,� زوا!�ا A,B,C,Dا�R	��� وا�Oوا!� 

�Z�)	Rا� �hا����#) ���+%��ى ا�� c�
 �R� qPاو cا� ,
��L)17.(  
ا�"	ر آ��@ �	ن ار
6	ع �&	#� ا��=+ح #,��  3.60ان ا��&�$ �5 ه�ا ا��=+ح 
0�ن اوIo �� ا��%رH	ت �J�ا�5  

48.5 +"�.   ]  colosseum.net-www.the [   
  
  

 ��� $����J"ا� $Gر	ا���	�رح ا�+و	ا��=$�G  
+7C 2ل ا����+�ت ا���/�"�� ���%�رح  

ح �0 ا
T7 !��2 ا��اء ا���ر�� *�2 آ� +2 +%�ح ا����%��م و+%�

ا�	���س 
 k%@و
)3(ا��4ول

.  
  
  
  
  

E!�1Fا��و+�ن وا ��
  ا�	�w� ا��� �� 
��"�	ع �� �  e�;,Gء ا	)� آ6!	ا��

	��=+ح �ا��"�;:  ا��=+ح ا�0���50 ا��6"�ح  
 O�8 5G	�ا�+و ا��=+ح وا?�+#�� 

n#+�?ا�� ان ا +�B
�و ه&	ك ا�%?U: ا�"5 ;� ��
 �5 ا�"�	ره� ����ا�c ا�+و�	ن �%��ا ا�0	ر )���� ���,	ديء ا���
�	�N اذا آ	ن ,�� ا���+وف ان 1+وط ا?�"�	ع �5 ا�(	رج )	د` 
0�ن .��6$ .ا�2,���� �,&	ء �=	ر8'� ا��6"��8 

  :ا)	�� �2�ط ا�=�	ع ��	 #Vدي ا��  ن #�K=�ن )�� ��	)% ��+ �"%رD,=� �H�ا��="��

�6% ا���H	ت ا���
�� o	�"'	 )&% اG"�	�'	 �5 ا�'�اء -1.  
  .�	ص ا���
5 ا�&	
� )� ا�J!�را?�" -2

%ا�: ا�!��K ا�&	
� �� ��	در ا�+ى   -3  .]Doelle 1972,P8[   
1-4:cR47ص, �1989+#%  [.ا����ر ا��� [   

#   +%�@# ا�����  +%�@# ا��%�ح  �%	# اP�@F�  ا�$ ا��%�حR�+ cا� �آ��# ا���� #	%�
  ا�"?�ر

COLOSSEUM  
  

  %12    2م2625   2م23317 360°

ASPENDUS  180°  392520   2م780  2م %  

  :01)17 : c2��
)��دي �5 �=+ح 

 ا�0��=��م
 ]ا�,	O8- ا���%ر[
 

 ]ا�,	O8-��%ر [ا�"��J: ا�5�0B ��=+ح  ا�0��=��م): 15(01: 

�=+ح ): 16(0: 1
ا�0��=��م 

-www.the
colosseum.net  

 

 ]ا�,	O8-ا���%ر[ ا���	رG$ ا�"����J$ ��� ا��=	رح ا�+و�	H)3  :( $�G%ول  
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 �(	&N 5� 	!#أ ��)� )%ة	=�)%ت ا�0&�=� 	��6 و��Vوا�� �#%B&وا�� �������ا�� ���'
��% �	ه�e ا�5� �=�&0 
ور�� وا�&�ا��� وآ	eG ا�� ا?ور�� ا�J	و#� )�� ��	ت �: l?ف اGR	��D اM?ت ا�������� ا�!(�� �� G�ع ا?

 %(	=# 	N	� 	����
ا���
�� ا���H�دة دا�: ا�0&�=� 
6+ض آ��@ )�� ����5 ا�&0	�U �� ا����	ر#�� وا�,&	ء#� 
��K!ا�0&�=� ���%ا )� 8%وث ا��%ى وا� :�  ] 50ص,1989,�+#% [)�� اB"G	ر ا���ت ��JN :0B  دا

   ���G	�ر#� ا�+و�o,+ا�ط ا?�ا�0&�=� �% �� :;�
 eG	ان  آ 	�2 و����ر ا��ت �5 ا���	)	ا�� ���8% �ع ا��ا�&
)�� ذ�@ ا���+�� ا���
�� ��6!	ءات ا��>��� وا�,��� ا���
�� �� ا���+ ا�0���H ����� 50%ا ادى ا�� ا0�G	س 


+د#% o�#:و�	)	ت ا�&0	�U ا�"5 ا
�i�!� e6 �'� ا�0�م  ��F�    ] Doelle1973,P.8  [                                                                                       

     	'���	�
  ا���ت ��JN :0B  �	)% )�� اB"G	ر آ��@ آ;+ة ز�+�"'	 ا�%ا���� و
 ] 50ص �1989+#% [   .وا�!��K دا�: ا�0&�=� ���%ا )� 8%وث ا��%ى  


�� ا��� #? ) g�   )ا��!�%�
 :01 +�<
زاد ا?�,	ل )�� دور ا��+ض ا��=+58 ��	 
D�2 ا�"(%ام ا01	ل 
="�)D اآ,+ )%د �� ا�J!�ر و���@ 

 i�Gteatro ا�%اU+ي ��&��2 ا��K�س وا�"1 5	e( �	��	 ا�� ا�0B: ا�,�!�ي  و ا?ه��5K وآ�	 �5 �=+ح 
Farnese   D(�"=# O�82500 {)1.  

  )H)4%ول  :ا��و+��� و+%�ح 
�� ا���?� +�ر�� *�2 ا��%�ح
 T�Hxا�� T7ف ا����� *�2 ا����ر�CFا ��  )ا���?�(وا����T�H ) ا��و+����(و&� و�� ا�	". +2 ا�?�وري  

   5G	�ح )�+ ا�&'!$                                         ا��=+ح ا�+و+=�  
  
  

ا���ط 
+%�رح 
 ��


  :ا���?#
j'+ت ا�G	ط 

)%#%ة �� 
�ل �ا��=	رح �5 اJG	ء �("��6 �� اور�	 

  :)�+ ا�&'!� و�&'	 
  .�&�� )�+ ا�&'!� ا?2#	��� -1

 .ا��=+ح ا?�Fا��;5   -2
  
   :O��+ #���R!Fات 
�� ا���?# ا-1

  :ا��=+حا �و�� ���Fات ه Teatro Olimpico�� ا�!: ا?�;�� ا���H�دة �5 ذ�@ ا���+ ه� �=+ح 
1- DB)دة ا�	�ا�"(%ام  �
.  
  .�B	ه% "=#3000�D( )%د آ,�+ �� ا�J!�ر #�: ا��  -2
�2� 	آ	ن ا�,&	ء �>�� -3"=� �01 �)
  .وا
4-�ي ?زد#	د ا?�,	ل )�� دور ا��+ض ا��=+58 ��	 
D�2 ا�"(%ام �%ل ا�%اU+ 	اه���K ا
(�ت �&��2 ا��K�س 01

  ."=# :01�D( اآ,+ )%د �� ا�J!�ر و#��+ 1+وط رؤ#	 و��	ع ا�!:
 �Gر	و �+
	�
�5  1618وا��ي �1% )	م   TEATRO FARNESEو�� ا��=	رح ا��"��F` وا���	N+` ا�Gاك �=+ح 

  .ا2#	��	
  TEATRO FARNESE "��� +%�ح 

  ���K ا�0B: �&��2 ا��K�س اه�  �&��2 ا��K�س ذات i�G :01 داU+ي

  ارH	ع �&��2 ا?ورآ="+ا ا�"5 ا�>�e �5 ا��=+ح ا�+و�	5G  ا�>	ء �&��2 ا?ورآ="+ا و
J��'	 ا�� �&�H ��2�س

  ا�6	N: ��� ا��&�$ و�&��2 ا��K�س  ه5 ا?ورآ="+ا   اG%�	ج ا��&�$ �c �&��2 ا��K�س

  ا��=+ح �6"�ح 
$�U	!6ا� $
	G�0�� ��J
  ا��=+ح �>�n وا�K%ران 

	Bذات ��%#�ا�� eG	0+ة   ه% آ� i�j�
�ل �اد�	ل ا�,�% ا�;	�O �5 �&��2 ا��B	ه% �� 
  ا��&m�ر

 ]ا�,	O8-ا���%ر[��	رG$ ��� ا��=+ح ا�+و�	5G و�=+ح )�+ ا�&'!$): H )4%ول
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��8 ان ا�0B: #"0�ن �� ��UFH ا��&�$ ذات ا�0B: ا��="�2:  و�&��2 ا�J!�ر ا�"5  )&% 
��J: ه�اG ا��=+ح
  ا��ي ا�"�)D )%د آ,�+ �� ا�J!�ر وآ�	   U-SHAPEا
(�ت 01� H%#%ا ه� 01: 

  
  
  
  
  
  

  
  
  
 
  

:0B.  �5 ا���5 ). 18(� 	ا�+ؤ# i�. �8�G +m&ا� 	س ���+�� زوا#��K&��2 ا��ط �5 	�G ��G'	#	ت )&% ا
:0B0:,ا�B5 ا�� 	19(وآ� (ول%Kوا�)5.(  

  
  3ا�Oاو!� ر&$        2ا�Oاو!� ر&$            1ا�Oاو!� ر&$   

           18             26             24  

  

  

 g��  +��Oات +��# +%�ح  �� �و �0ر

+و �	ر��G وآ�	 5�# 	�
  :#��0 ان �G(} اه� �	 #��F �&�� �=+ح 

1- T��	آ �ا���� ا���� #@�%+ W��# ا���4س%) 50( �,� R��* �,��  �CFا W50(+��ه� + وا���(%  
  ا�"(%�e �&�$ ا�J"6$ �5 ه�ا ا�0B: وا�"5 اj'+ت ����	ت �=,D ا?o	ر -2
 ):N	6ر ا�	o?س .(� #�;: ا�ي )�� ,) ��"J
ا)",+ ه�ا ا��=+ح �%ا#� اG,;	ق �&�� ا�J"6$ وآ	eG ه�` ا��&�$ 

 ]      [Athanasopulos1983,p65.  ��	د أي اد�: �,%ا ا��&m�ر�B	ه% ����� ا?
 3-  �"�Zع +��# ا��Z ار z�	!5  #���
م و ���ز *�,�ة ا��COرف وا���ش ا��� آ��e  ��� آ�	�,�ات و %�$ �0 

����ر ا��� �Fا  
  ).��L)20,  °37ان زاو!# ا�"�ار ا��%�ح ه�  -4

�D �&��2 ا��K�س و�%ت ���	 ��% �	)	ت ذات 01: �8وة 1(} وان �0+ة  25000ا�"��	ب ا��=+ح  -  5+


+B( ��	;5 ا��+ن ا�� 	'�ا%)"ا� �
  .ا�6+س ا�"5  
  . 2م1532ا�	 �=	�8 ا��&��  2م3063�=	�8 ا��=+ح  -6

  

  

  


+و �	رH )5  :(   ��G%ول	�
 ]ا�,	8;�-ا���%ر[زوا#	 ا�&m+ �5 �=+ح 

 

:01)20:(� 5��
+و �&m�ر دا	�
�=+ح 
�	ر��G #�.  اد�	ل �B	ه% ����� ا�,�	د 

$J"6+` ا�� ا��&�$ ا��ول ? 
[Athanasopulos1983,p65 


��J: �=+ح ):18( 01:
 ��Gر	و �+
	�
] TEATRO 
FARNESE 
O8	,ا���%را�[ 

 

ح �(�2 �=+):  19( 01:

+و �	ر��G #�.  زوا#	 	�

5 ���$ �G	ط �("�$6 � +m&ا�

 - ا���%ر[    دا�: ا��=+ح
� �	?)"�	د )�� ا�,	8;

Athanasopulos [   
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 .�*O�ات +%�ح ا�O��+  

   .�� ا��K'�ر وا���;���#�"�% j'�ر ه�ا ا�&�� � 5�i�"& ا��+ن ا�=	دس )B+ )�� �,%ا 
n��J ا����$ ا�����$ �-1
ا��&�$ ? 
J"�ي )�� �B	ه% ����� ا?��	د O�8 اه�: ه&	 �,%ا ا��&m�ر وذ�@ ?ن ا�"+اث ا?F��0Gي ? #�"�% -2 


	��+ ا��B	ه% وا�G	 )�� ��ة ا�J�ار وا�0�م  ��(. 
   .#J�ي ا��=+ح )�� �&	ء ا�"	ز �	01	ل داU+#$ او �!��$-3
�	رف وا�&��ش �5 �	)	ت )�+ ا�&'!$ #��+ ز�� 
+د#% �&	�D و
�ز#c آ	ن ا�=2  ا�>&5 �	�0#%�-4Fرات وا�

 ] [ .      Jorden, 1980��m"& ����ت �5 ا��	)$ 
  . Shakespeare و�=+ح globe �� ا�!: ا?�;�$ )�� ه�ا ا�&�� �� ا��=+ح ه� �=+ح  

��	%��L ح�%+ ���"  Shakespeare  

��J: ا��=+ح  %&0:)B5  #��0) 21(�5 ا��# 	� �m8��:  

1- +j	&ا�� :#%,
  ا�6&	ء  $�01� c�!�Fود � $�+B�	�U$ �=��6 �>+ض ر�c و
2- i�=ء ا��	ا�6& :�
,+ز دا :0B+��� ا��ا��+ض  ��&�  

	��+ا وا.  -
	��+  ا��=+ح �0B: ا��=+ح ا?�+3-5�# 5G	�ا�+و  
ا����$ ��� ا��&�$ وا�J!�ر )��$ �,	1+` و#��+ �2�ط -4

$#�� +mG $6�")� ت	ه	K
	�  
     ��37ْ%رH	ت �زوا#	 ا����ن  -5
  �"+ 1.5ار
6	ع ا��&�$ -6
  2مx8 =80 10ا��	د ا��&�� -7
  12=ا��	)� nG2,  2م453=�=	�8 ا��	)�-8
  

�� ا�	�روك :6-أ  

+B( ��	;وا� +B( c�	=ا��+ن ا� ��!"
��	 1'%ت ا��J	ة ا?H"�	)�� اه"�	�	 وا ا�6"+ة ا�"e�+( 5 �	�,	روك )���	 
  �	������� وا?و�+ا �5 )�+ ا�,	روك 

  ]63ص �1989+#%   [


�ت 
�� ا�	�روك�  ا������ ا������ �

�%م )	دة  �5 �+ف N>�+ة ذات H%ران �N,� )	آ=� او �5 �	)	ت  -1 eG	روك ا?ورآ="+ا��� آ	ا�, ������ان 

:0Bر ا��="���2 ا��ا���.   

�"	ز �ا��	)	ت آ	eG ذات 
6	�N: ���	ر#� آ;�+ة  -2g ار%���  :#�o دد+
  .�	��G  �6�1.5 )	��� او 
0�ن ذات  ز�� 
�D,=� ���<G �6 ا�=2�ح ا���
�� ا��	آ=� ا��"�%د` ا��+#,� وا�"5 �'	 در�H أ
,%و ا������� دا�: ا��	)	ت ذات  -3
 ] [Altesresidenz   5�Munich .Beranek 1996,P.6ه�ا ا���+ ه5  ا1'+�	)	ت و��..���8 )	��� وو

  ا���Zة ا���7���#
�ل ا�6"+ة ا���"%ة �� ��v8 ازده	ر ا��6 ا?و�+ا�5 وj'�ر ا��	)	ت ا?و�+ا��� ا��%#%ة، وG @ا��   1750آ��

1820 50�����% آ	eG ه�` ا�6"+ة ه5 �"+ات .
�"c ا��K'�ر ا?ور�5 �	������� ا�"5 آ",e �	?���ب ا���+وف �	�0
 Teatroو�� ا1'+ ا��	)	ت ا?و�+ا��� �5 ا#2	��	 ه5 �	)� .��
Fارت و��"'��� ,ا�=�6��G	ت ا�����m �0: �� ه	#%ن 

Alla Scala  :,� �� ���ا��Piermarina م	1778) Beranek1996,P.7]  [  
2 &�
�ت ا���� ا���7��� و
�� ا���?��* ���ر+  

 :01 )21  :(
�(�2 ا��5 �5 
  �=+ح 0�1=,�+

Izenour1977, 
P.176]    [  
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	�+ت �	)	ت ه $��0Bت ا�	اء ا�6+و�+�"�? $Gر	ورة ا���+. OJ,ا� %Hت )�+ ا�&'!$ و���@ �% و	)	ا ا���+ ���
  )6(وا�,�%#$ ��� �	)	ت ا�6"+
�� وآ�	 ��.  �5 ا�K%ول


�ت 
�� ا���?�               &�
�ت ا���� ا���7���           �&  
# ا���4س *��d@ #wوة ا��ZسR�+ k� �   ا���4س #R�+ k� �   #w��*U-Shape 

T�+ ولF ورآ%��اFق ا��C �Cق �7ورآ%��ا   اد��C ي��"! F  

 �"�Zا� #��+ e+�Jا��  �"�Zا� #��+ e+�Jا��  

 k
��% 30000  �	!�  AJL   k
��% 3000 �	!�  AJL  
  F  "��ي 
��L cف او +��رات   ا
���د ��hم ا����رات

 2+ �h2   ° 40- °25زوا!� ا��+ �h26-° 18زوا!� ا�� °  

50�%	# آ��# ا����� ا�c ا��%�ح   % 50�%	# آ��# ا����� ا�c ا��%�ح  %  

 #
�
#   2م 7500+���` +%�@# ا��  2م4000+%�@# ا�

  

  

  ا���Zة ا��و+������#:7-أ
�����  :ا�����c �0 ا���� ا��و+�

  n�G?ا  Dا�"+آ� �� �����ت ا��+�<
ا�� ا�"�,�+ ا��	56o وا�B(�5 وه� ��J�ل ا�=&�ات ا?��+ة �� �8	ة ��"'��� 
��0�"G	�ا�6"+ة ا�+و F��# ن	آ 	�;: او�+ا . �&� ��� �������ن 	J�? �N	�وه�ا د)	 ا�� 
���� �	)	ت ������� 

  ] 171ص �1989+#% [.  واآ&+

#�����
�ت ا���Zة ا��و+��  :ا�	�w# ا��� �# �
1- �
�N ���� 5� ��0�"G	�ا�6"+ة ا�+و ������&(6!� ��% ازده+ت ���8 �5 وو.�	5 )�<G ل	اآ% .�  و�+ت اآ"� %��

 	�,=G  :#�2ا�"+د#% ا� ��د ا�� ز��# D,=ن ا�	رب ا��'&%���� �	K
�	دة ا�6+ق ا�������� وا��6�V�ن ا��������ن )�� 
  .�	��G آ��@ وH�د ا��%ى ا���
5 ) 2.2-1.9(8�ا�5 

 )��2�Wagner  $"(و)�� �,�: ا��;	ل آ"D واآ&+آ" D�56�V ه�` ا�6"+ة ا�J	ن  ������� ��	)	ت ���&�  -2
  .	�5 ا��	��Festspielhaus  5�Bayreuth  �G	)�) �	ر��6	ل

I%�
�ت 
�� ا��و+��  :ا������ ا������ �

�@ ا�6"+ة ه5 �	)�  5� e��N 5"ت ا�	)	ا�+ز ا�� ��Wagners Festspielhaus  , :01 5� رة�ت �+'jا O�8

  :و�� ���Fا
'	.�&J&��  ا��	)	ت ا�"5 آ	eG ذات ا01	ل

J��e ��%�� �&��2 ا��K�س ا�� �&%ق ا��ورآ="+ا -1  
   .ا�	م ا?و�� ا�"J%اث �&�� ا�+ى آ	ن ا���ت #�: �0B: �"=	وي �c��K ��	)% ا�J!�ر، -2 
  .آ	eG ا��	)� �	��� �� ا�,	�0�G	ت ا��&%و��� ا�0B: ا�"5 ا�"	زت �'	 c��H ا��	)	ت ا?و�+ا���  - 3
  .ا��	)� آ	eG �&��2 ا�J!�ر �"%ر� �H	JG%ار )	�G 5=,�	 �5 ه�ة -4
 5- $J"6&�� ا��ا)"�% .         ]$H��  ]19ص 2001
�ف �	 آ	ن 1	�U	 �� ا01	ل �	��$  -6�  .ا�")%ام ا�0B: ا��+و58 ?ول �+` ه�` ا��	($ )�� 

�ل درا�� ا��(�2 ا?��5 وا���c2 ا�2��5 
� ا�"(+اج اه� ا�&=D وا?��	دا�   )K� )7%ول�� 
  
  

 ]ا�,	8;�,ا���%ر[� �	)	ت ا���+ ا�0���50 و�	)	ت )�+ ا�&'!$ ��	رH )6  :(�� $G%ول 
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#
�  ا�$ ا�
  
  
  

�
�  @4$ ا�
  
  
  

 �
�  ا*��د ا�
   

  
  

  ا*��د ا�����
   

  
  

ا�����ب 
 �
�  ا�

    
  

�%	# آ��� 
 cا� �ا����

 #
�  ا�
  

ا�"�ار 
 �
�  ا�

  
      

زوا!� 
�hا��    

  
  

 10300  �	)� واآ&+
D�0�+"�  

28 x 23 
+"�  

27x  22 +"�  1925 
{)1  

50%  15 ْ  20º-
30º  

  

  

  
  


��ا��ن ا Q����  
5(	�"H?5 وا)#ر	ر ا�"�ا�"2 D,=� `+"6ا� `�'� %#%K5 ا�����ب ا���ر ا?���'j  ��,�1 5� 5K#ع ا�"%ر	6
ادى ا?ر

6�ت ا�������� ا?ورآ="+ا��� �J�ا� 5�i�"& ا��+ن ا�"	�B( c+ ا�� �&	ء  ا��	)	ت ا�0,�+ة ا�!(�� او Jا�
6�ت ا�������� وا�"5 ا�"	زت �"���J�� ���)ت ا��	�	0�G?#�$+ ا�ا�2  

��
 Qن ا�����
��رة ا� AB��C:  
   1863 �'�` ا�6"+` ه5 �	)� ���"�  $و�� ا�+ز ا��	)	ت ا�������

2���* #
�& ���" :  
1(} 2400
"=J� c�ا�5  -1.  
  .)��H�د ا�J!�ر(�	��G  �1.8'	 ز�� ار
%اد ��ق - 2
3 –�"� $������ $�<G#$ ود�5ء و�"� وا.  وذو �8��)� �	ت �5 ��ا��$Gاز.  
4 – 5

J�ي 1+�	ت H	G,�$ ا�"5 �	ه�e �5 ز#	دة ا?0�G	س ا���.  
  .�"+ 4.3ار
6	ع ا��&�$ – 5
6 –5
 .ا�K%ران �>�6$ ��	دة ا�K} وا�(DB  ا�=��@ �F#	دة �6N ا?0�G	س ا���
7-  �  .�"+ ��K818.750  D�0 ا��	)$ #,�
  .�"+ �+�=1437.5 c�x 25 +" 57.5�=	�8 ا��	)$  -8
  �"+ �+�c  250�"+ و
=	وي  x 12.5 20�=	�8 ا��&�$  -9

10-  	,#+�
 G17%[ -definition.com/theatree-www.free=,� آ"�� ا��&�$ ا�� ا��	)$ 


�ت ا��ن ا����!2( ���ذج +����ة:ب�&:(  

�ت ا������� �0 ا��ن ا����!2�  +��Oات ا�


���+ �J%دات 
�����$ �������� ا?ورآ="+ا��$ ا�J%#;$ ذات  ��� ا�J%#;$ ا���	N+`ا�"�	 D�2"
���	)	ت ا�������$ 
�ل وو.�ح و)���G$ وا�%اع و
J"	ج ا�� �!	ءات ����$ ��.�$�8 Hذات إ ������ه5  O�8 ع�ب ا��"&�ا?��

 $��	(high definition   خ	� ������ت 	�2,"�� �'�	Bا��bach. %اء ه�` و��8"? $;#%Jت ا�	)	ا�� e��N
��"+ددات ا��"��2$ وو.��8$ )	��$ و#B	ر ا��'	 ) ��H�د ا�J!�ر(�	�G$  1.4ا��"�2,	ت �c ز�� 
+دد �%ر` 

"� D�2	� $(	'G	  passionateا������� ا�J%#;$ ذات ا?��	د ا��H%ا�G$ ا�	 . �Hi Fi	��	)	ت ذات ا�"+دد ا��	�5 

 ]ا�,	O8-ا���%ر[ ا���	رG$ ا�"����J$ ��� ا��=	رح ا�+و�	H)7  :( $�G%ول  
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و.��8$ ����$  وه�` ا��6	ت ا���
�$ ا ��( e=0�G�J%دات ا�"���� ا����	ري ���	)	ت ذات اآ"�	ل G>�5 )	�5 و
 5��  [Beranek1996,P.9] .وا�+ت � 5�J%دا
'	 ا���0B$ و
,�2&'	 ا�%ا

  ا��Lل &�
�ت ا��ن ا����!2
j'+ت ا�"(%ا�	ت ا�0B: �5 ا��	)	ت ا�������$ :  shoebox shapeا���� ا��%�R�� ا��?(�ط  -1

�� `+�	"� �(	� :;� $�,G	Kت ا�	�	0�G?	آ $�
	)	ت ا��+ن ا�"	�B( c+ و�J	و�� ا?�"6	د` �� ���Fا
'	  ا���
Royal Festival Hall  وConcertgebovw  ,  

  
  
  
  
  
  


	��+ ا�0B: ا��="�2: )�� ا��	)	ت  ا�"�+ 
��8 آ;+ة ا�"(%ا�$ &� 5�	Jا� 	و�"&  �"8

و#��0 ��	رG"'	  1989�آ�� ا�"5 اBG	ت �&� �Orchard   5�o	5� �( �("�i ا��	)	ت ا��	���$ �;	ل )�� ذ�@ 
 +B( c�	"ت �5 ا��+ن ا�	BGا�"5 ا �"��� �(	��.    

   #
2 &�
# *���2 و&��* ���ر+ Orchard ول اورآ�د��)8:(  
  

 cل ا��Rا� #	%�
 L/Wا���ض 

�%	# اFر �Zع  
H\Wا���ض 

R.T  
Sec 

  @4$ ا�����
  )3م(    

 �
�@4$ ا�
  )3م(

� #�
�
�  ا�

  

�
�  ا�$ ا�

1.57 0.94 1.8 4.000 20.500 2.150 Orchad 

1.71 0.81 1.85 1.937 18.750 2.625 Bostan 

  
ا���� -2

  ا���و@�
وا)",+  Wagner 1876ان اول j'�ر �'�ا ا�0B: ه� �5 �	)� واآ&+ 

 �#+Bل ا��+ن ا����01� �G�ذ�H	 ��,	5G ا��	)	ت �c��H 5 اJG	ء ا��	�� 
:;�  �(	�Helsinki  �(	5 ��&%ا و��Tanglewood   ت	?#�5 ا��

  , ا��"J%` آ��@ �	)� ا�6	 ا�"�
:01)23.(  


�ز#c ا?0�G	�	ت  ا���
�$  �c اB"G	ره	   n��J
 5� :0Bه�ا ا� %(	� O�8
  . #$ ��	ع ا?0�G	�	ت ا�K	G,�$ ?آ;+ �� H'$ ا.	�� ا�"(�} �� ا����ب ا���
�$ ا�&	
K$ )� ا�K%ران ا��"�از

      shape\www.coxt.freeserve.co.uk  

2 &�
# واآ�� �* ����ول, 1988و&�
# ا���  1876+�ر)9:(  
�%	# ا��Rل 
ا�c ا���ض 

L/W 

�%	# اFر �Zع  
H\Wا���ض 

R.T occ 
sec 

  @4$ ا�����
  )3م(    

 �
�@4$ ا�
 )3م(

�
���# ا�  
  

�
�  ا�$ ا�

 واآ&+ 1925 10300 1500  1,4 0.385 0.97

 1800   �	)� ���"� -ب                                      �1989	)� اورآ+د  - أ  

:01 )22:( ��22)�  .�#
  ا���$ ��	)"�� ذات 01: �="�2:

           [ www.nagata 
acoustics news.com ]           

              

 ]ا�,	8;� �	?�"&	د )�� ��+اG@,ا���%ر )$ ���"� و�	)� اورآ+د��	ر� ��� $G	H)8:(%ول

                  
:01)23  :( �2)�

ا��5 ��	)� ا�"� 
ذات 01:  1988
  �+و58

[Lorenzoi.P,19
93,P57] 
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  ا�"� 1125 11730 500  1,3    0.62 1.15

  
  
  
  ا��LFل ا���"��� -3


+آ�F و
c��K ا���ت ��G 5	ط  ��G	0�ل ا�� �� 5&J&0: ا��Bا� 	ه+'m# 5"ا� $�
�	�+�� �� ا��B	آ: ا���

�+ف �	�&�	ط ا�J	ر`  $&���hot spots 	'&0�  :,� �� 	'!ر� ��+�� �	ري �	,: ا����� ��6!�$ �ل 	ا01 ��,


و�% ا�"��: ه�ا ا�0B: �5 �	)	ت ا��+ن ا��j O�8 �#+B'+ت �	)	ت �0B: ��!�ي .ا�"B	ري ا���
�	ت 
 $'�	B"ا� �m8�و01: داU+ي آ	ن اول j'�ر �'�ة ا?01	ل ه� �5 �=+ح ا?�+#�5 وا��=+ح ا�+و�	5G و�0�# �

 �(	� ���Royal Albert   OJ,ا� 	اه+Hا�"5 ا $Gر	ل ا�����, �5 �&%ن و�=+ح ا�0��=��م �5 رو�	 �� 
  ) .H)10( ,:01)24%ول
  
  
  
  
  
  
  
  
  
  #
�ر�� *�2 +%�ح ا����%��م و&�+Royal Albert     

�ت6	Rد ا��
   #@�%+
  )2م(ا�����  

 #@�%+
  �
�  )2م(ا�

�
�  ��# ا�
  

�
�  ا�$ ا�

 ا�0��=��م 50.000 23.317 2625     3

  ا�,+ت 6.080 1641  176    4

     
  
    ��LVINEYARD در��ت ا���وم  -4

 F��"
�ل ا��+ن ا��B+#� ادى ا�� ا�"0	ر ا01	ل H%#%` ���	)	ت ا�������$ �ان 
2�ر )�� ا���
�	ت 
�ل وH�د ا�K%ران ا�"5 
=	ه� �5 ز#	دة ا?0�G	�	ت و#=�� ه�ا ا�"�
'	 ��&	no ا��K�س �� 	��=�"� :01 ��=�

  www.coxt.freeserve.co.uk/shape  درH	ت ا�0+وم 

ن 
���� ا��	)$ �	)% �5 ا8%اث ا?0�G	�	ت ا?و��$ وا��"	�+` �c��K ا���	)% O�8 ا �Costa Mesa	)�  و�� ا?�;�$      

��H$ ا���ت �� �&��2 ا?ورآ="+ا ا�� وH�د ا?��اح ا��	�U$ �5 ا�FKء ا?)� 5� %(	� $�,G	Kران ا�%Kا� �� �  

  
  
  
  

  1988و�	)� ا�"�  1876��G+$ ��� �	)� واآ&+ ): H)9%ول
 ]ا�,	8;� �	?�"&	د )�� ��+اG@,%را���                 [

     �Royal Albert	)�          �=+ح ا�0��=��م          

�(��22 ا���� ):  24(01: 
5&J&� :01 ذات ��"(	��  

                   
[Beranek1996,P.307] 

                                   

 ]ا�,	8;� ,ا���%ر [=��م و�	)� ا�,+ت��	رG$ ��� �=+ح ا�0��H)10 :(%ول   
 

ا0�G	س ا?�1$ ا��	در` ): 25( 01:
)�� ا�R�اح ا��	S  $�U�� ا���%ر

ا���H�د` �5 ا�FKء ا?)�� �� 
 ��&� �� $�,G	Kران ا�%Kا�costa 

mesa   Beranek1999,P.440] [  
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5 �� ا�K%ران ا�K	., $�,G�K	��c ا�J!�ر	
 ,�	?.	�$ ا�� ذ�@ �	ن ا?0�G	�	ت ا?و��$ ا�"5 
�: ا�� و�� ا��	)$ 
  ��K	��c  ا�K%ران ا��2�J$ ��="�#	ت  ا���	)% ا��("�$6 

  Berlin philharmonieا�	 �	)$ �+���   
. ,  Berlin philharmonieان ا����	ري ه	�G 1	رون ا�"(%م ا��,%ا ا��2+ي �5 �	)� 

www.coxt.freeserve.co.uk/shape  

  )ا��&�$(�"+ )� ا?ورآ="+ا  �30	ن �5 ه�` ا��	)$ ? #� %H�c�"= #,"�% اآ;+ �� 

="�� ا0�G	�	ت او��$ �� ا�K%ران ا�K	G,�$ ا�"5 
��J �'� �	�";&	ء ا�K%ار ا�(�56  c��	K� ر ا���!Jا� ��=�
 �
آ�	 


��+ ا0�G	�	ت او��$ ���	ز��� وا�J!�ر ا�K	�=�� �5 و�� ا��	)$ ) 
%رH	ت ا�0+وم(��%�$ 
%رH	ت ا��K	��c و.
�� +��"
�ل �	?.	�$ ا�� ذ�@ �	ن ا
�0	�	ت او��$ �ا��اح ����$ ��KJ آ,�+ ��ق  10ورآ="+ا  وا�J!�ر �� 

�ل ا�=�i ا��J%ب �5 ا��	)$ .ا?ورآ="+ا �
="�� ا0�G	�	ت او��$ ا.	��$ ��  $�6
  ان ا���	)% ا��+
 #
�& 2�* ���ر+Berlin philharmonie #
��ول , costa mesa و &�)11(.  

 

 cل ا��Rا� #	%�
 L/Wا���ض 

�%	# اFر �Zع  
H\Wضا��� 

R.T  
sec 

 #@�%+
  ا�����

  )2م(  

�
�  @4$ ا�
 )3م(    

 #��
�
�  ا�

  

�
�  ا�$ ا�

1.88 0.59 1.6 223 27.800 2.903 costa mesa 

1.68 0.3 1.9 1.725 21.000  2.335  Berlin 
philharmonie 

  

���fB ا��"��� :ج  ا���رن
)12 ( �N�� #�.  ا�K%ول 

  .�6 ��6!	ءات ا�"5 
="�)D ا��6: ا?دا5U ا����������5	ر�G ا�"�����J ��� ا�;�� �("�
$�Fا   ��L


�ت�  ا�

7&# ا��LFل   #	%�

ا���Zف 
  ا�"?�ر

ا�����ب 
�
�  ا�

)AJL(  

 #	%�
 ا�����

           cا�
  را�"?�

 #@�%+
  ا�����

  )2م(  

 #@�%+
�
�  ا�

  )2م( 

زوا!� 
ا�"�ار 
�
�  ا�

زوا!� 
�hا��  

�	)	ت 
ا���+ 
  ا?��&5

 :01 �)
ا
&�5&J  

#�"+ب �� 
`+Uا�%ا  

  �&��2 ا��B	ه%#�
ا
(�ت 01: 5��8 

 ��2&�� ��J

 $��ا?ورآ="+ا وا��

$#Fآ+�  

180°  
220°  

300- 
1000   

20%-  
40%  

120- 
225   

1014 - 
282  

35°  25° - 
40°  

�	)	ت 
  ا���+

ا?�+5�#

 +��	

c� 5G	�رو  
 5� $�	)�

ا�"6	ف �&��2 
 :0B� س��Kا�

J&� $�&ل ا���5 8&

210°  
220°  

5500  - 
30000  

21 %  345  7500  40°
- 

25° -
40 °  

  costa mesa��	رG$ ��� �	)� �+��� و�	)� ): H )11%ول
 ]ا�,	8;� �	?�"&	د )�� ��+اG@,ا���%ر                 [ 
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_  
5G	�ا�+و  

 $��ا��
$��0Bا�  

 $��ا��="��2$ وا��
  `+1	,�  

45°  

ا��=	رح 
$�G	�ا�+و  

  ا�,�!�ي
  ا�%اU+ي

 c� $�&ا�� eK�%Gا
ا�J!�ر 

 $��وا?ورآ="+اوا��
$��	�"�  

180°-
360°  

#�: ا�� 
5000  

20%  780 - 
2625  

3925  - 
23317  

37°  15 °-  
25°  
  

 +�(
�&'!$ ا

  ا?2#	�5

5Kع ا?ورآ="+ا  اه��	Hار  
اد�	ل ا��&m�ر 

, $��	�"� $��  ا��

180°  3000  50%  1532  3063  37°  15 °-  
25°  

�=+ح 
O��Fا��  

 c�!� :01
او داU+ي 
8�ل �&	ء 
  و�52

 `%"�� $�&� ,
وا����$ و���$ ��� 
  ا��Vدي وا�J!�ر

300°  3000  25%  80  453  37  15 °-   
30 °  

 +�(
  ا�,	روك

  ا�6+س �8وة
  ا��+و58

 ��%�� $�2&� e��J
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  :ا�����Fج
  :+�!�� إ�c ��� ا�	". 

  :ا���Rر ا�����-1
�ل�  .درا�� ا�&�	ذج ا�=	U%ة �5 آ: )�+ و��	ر�G ا?�;�� ا��&"�	ة �5 ا�J	�� ا�%را��� وH% ا�,OJ و�� 

 5Kي وا?ه���ا�,�! �JG ر�2
ان ا�0B: ا�%اU+ي آ	ن ا��$ ا�"�0B: ا�'&%�5 �5 ا����ر ا�0�����0 وان آ	ن �% 
  .��"&	� D�c ز#	دة ا�=�� ا���2��� �5 �%رH	ت ا�J!�ر

�ف ا��KJ وا�=��آ�	 وH% ا�,g� OJن 
��g+ ا��"�. ��ر ا�0�����0 �% ��5 وا.J	 �5 ا��=+ح ا?��Fا�; 5�c ا
 ��(	�"Hدات ا%J�� �,
وآ��@ �5 )�+ ا�&'!� �c ا��J	��6G ��( �m ا�=�� �5 ا����ر ا�0�����0 وذ�@ �+

��'	 )� ا����ر ا����2"�  .وا�"�	د#� و8"� ��	��� 
"��n �2,��� )�+ ا�&'!� وا
	"G e��	2
��+وان آ	ن  �U Athanaspulos ا�"��J: ا�5�0B ا�"5 
�N: ا��'	 ا�, OJ�o c+و8	ت و�% Rا  %�

  .وآ�	 اH+ا` ا�,OJ) ا�5�0B وا�,�%ي(اآ"� �6	�K	DG ا�"5���J ا��56N و��� ا�"��J: ا�'&5�% 

�)  12(#�.  ا�K%ول � D(�"=
�N ����	ر�G ا�"�����J ��� ا�;�� �("��6 ��6!	ءات ا�"5 
  .ا��6: ا?دا5U ا������5

 




	� ا��� ��
�ت ا�������	�ر ����                                                                                                                    . �را������ ا������ �� �	�  
                                                                                                                                                              ��
 �  �!�"   
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وأ�+ى ) +او�+ا واآ&(وH% ا�,j OJ'�ر ا01	ل ��ر#� G=,� ��	 آ	ن �	U%ا �&'	 ا��+و58 �5 ا���+ ا�,	روآ5 
  ).�	)� ����2(وا��="�2: �5 �%ا#� ا��+ن ا��B+#� آ�	 �5 ) 8%وة ا�6+س(آ�����0 �2�رة 

��U	BG?ر#� وا	ت ا����	G	0�?ا�� ا ��	و�&�� ا. ��(	�"Hدات ا%J�� e2,
و�% 
2	��e , ه�` ا�"J�?ت ا�;�ر#� ار
و
�&�6$ ?01	ل  Doelle	��� �&'	 درا�� "G	�U ا�"��J: ا���	رن ��, OJ�c �	 ا1	رت ا��$ ��v ا�%را�	ت ا�=

  .ا�"������ �"2�ر ا�6!	ءات ا�=���� Izenourا��	)	ت ا�+�U=�� وo+و8	ت 
 	'
�% ) 8%وة ا�6+س, ا?ه��5K, ا�,�!�ي(اوH% ا�"��J: ا���	رن ��,OJ �5 ه�` ا��6+ة ان ا?01	ل ا�%اU+#� و
2�را

,"
 eG	ا��&�� ا�"5 آ c� ���%&ت ه	���� e2,
�&%ق اورآ="+ا,��%��(	#� �5 ��ا�c و
=��� اFHاU'	 ار (.. :0B�

�ا�� 5�G c�ع ا��+وض ا�=	U%ة �Glاك.  

1'% ا��+ن ا��B+#� و�	�N �+��8 ا��&"�i وا�&'	#� �&$ 
2�را وا.J	 �5 ا?01	ل �jg'+ ا�"��J: ا���	رن 
2�ر 
 0Doelle;�+ �� ا�2+و8	ت �&'	 
�&�i ا�0B: ا��="�2: ا��ي ا�"+ن �	��	)	ت ا�������� وD=8 �	 ورد �5 ا�

ا����	ر#� ا�������� و�&'	 ا�"�6�N	ت ا�"	ر#(�� �ـ  Gadeو�&'	 درا�	ت , 01R	ل ا��	)	ت ا��������
Athanosopulos  وIzenour .  

وان آ	 eG���m ا�2+و8	ت �� . وا��+و58 ا�����ب, ��% اj'+ ا�"��J: ا���	رن 
2�را ��0B: ا��+و58 ا��="�2:
+6

eJ ه�` ا�"=��� إ? ان اB"G	ره	 ور�5 ادا'U	 �K#: �� ا�!+وري �+د 
�&�i وا.  �'�` ا?01	ل 	6�&�
  .ز 
  :ا�"4$ وا�%�#-2

اj'+ ا�"��J: ا���	رن JG �(FG� ز#	دة ا�=�� ا�"%ت �&� ا����ر ا�0�����0 و8"� ا��+ن ا��B+#� و
���ب �'	 

�: ا�� �c ا�";&	ء ا�&�	ذج ا, ���% J�1000-3000%ود  eG	��0 ا�"5 آ��� 0,��30.000+ة �5 ا�J!	رات ا�0
%��� .  

 :;� 	G%H�� ���B0ت ا��	8	.�� وا�=	ا�+# D(�و�� ا��G	 �m&+ ا?)",	ر �	 #K+ي ا?ن �� )+وض ������� �5 ا��
  .ه�` ا�=�� ا#!	 �"��+ة �5 ه�` ا?�	آ�

� و�&�� 
"��� n	G?"	ج وا?داء وا�"��5 اe=0�G �%وره	 ار
,J�� e2%دات اH"�	)�) ا�=��(ان G�ع ا��6	��� وا�J!�ر 
  .)�� ا���	رة وا?BG	ء �5 
���� و
�0B: و
,��2 ا��	)	ت ا��������


6=+ ا�"2�ر ا�5�0B �5 ا�6!	ءات ا�=���� ا��(��� ��������  ���K8ت ���01 و	���&K% �5 ا�&�	ذج ا��%رو�� )

2�ر ا?داء وا�"��5 ا#!	 +=6
  ".و

# ا�"?�را��3-7R�+2 ا����# و�* #&:   

J%د  eG	ر آ�!J&��2 ا��ا��&�� و ��� ���او.eJ ا�%را�� ا�"�����J �%ى ��	ر�G ا?�;�� �5 ا�%را�� �gن ا��

 �&=D ���&� وا�"5 �%وره	 ا�"�e6 ),+ ا�"2�ر ا�5�0B ا�"	ر#(K&� 5%ه	 �5 ا����ر ا�0���J� ��0%ود
/ �&��% 20-�17	)� �5 )�+ ا�&'!� واe!6)G ا�� / �&��% ��50 و�% ار
e�6 ا, �	)�/ �&��% 20-21 

  .�5 �	)	ت ا��+ن ا��B+#�% �50	)� �5 �	)	ت ا��+ن ا�"	�B( c+ �� ار
e�6 ا�� 

,� ��%ى ا�"+آ�F)�� ه�` ا����� وG�ع ا��6: ا?دا5U وo,��� ا?�0	G	ت ا��(��� +� D=&#� �5 ا�	ان ه�ا ا�",


2�ره	 -��"+
,� �	������. �"gد#"$-  ��Uا?دا 	'
	G	0�ا?داء(ا (��	�;ا�� ا� ��	ا.- c�"Kا��- )ا�"��5.( 
 
  
  :زوا!� ا���h وا��ؤ!� -4

او.eJ ا�%را�� ا�"�����J و),+ ا�"&,	ط زوا#	 اJG%ار ا�&�	ذج ا��%رو�� وزوا#	 ا�&m+ �� ا��(22	ت ا����د#� 
��;�� ا��%رو���.  

 c� 	#د+o D�	&"
��� ا��	)� و
"�ازن �c �=	�8 ا��&�� و#K% ا�,OJ )&	#� وا.�J 8�ل ه�ا ان زوا#	 ا?JG%ار 
ا���.�ع �5 �("�i ا�&�	ذج �	 #m'+ و)�	 Rه��� ا��J%د ا�,�+ي �c ا�=��5 �5 اKG	ح ا?داء �5 ا��	)� 

 .ا��������
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Abstract 
One of the basic considerations to determine specialty and identity of any architecture is its role as 

epistemological discipline in specific cultural structure, so the research depending on cultural history 

theories is able to distinguish between two types of architecture identification that, is architectural style 

and architectural movements by its relation to culture. 

The research basic focusing is  on the relation between style and movement in architecture and its 

influence on architecture especially in Iraq. Where the last had a lot of analytical and critical studies from 

different points. 

So the research problem has concerned with the epistemological confusion in styles and 

movement concepts and the relation between them in addition to the lack of information  that explains the 

influence of any of them on contemporary architectural design in Iraq. 

        For reaching the research goal in explaining the way that architectural products would belong to 

architectural style or movement and its influence on contemporary design in Iraq from (1965-2005) .First 

the research had to extract stylistic and move mental measures architecturally, which counts as objective 

measures can be implemented on any historical or present stage and then implement it on Iraqi 

architecture in the stage (from 1965 to 2005)                                                                                                                                                   
                                                           The research  finally  reached to a number of results ,the most 

important that is Iraqi architectural design from 1965 to 2005 is the stage where architectural thoughts 

was born. The research put the stage in two parts; the first one (from the sixties to the end of seventies) 

was able to define a general basic trend in the necessity of heritage in contemporary architecture but its 

experiences were a kind of continuity to modern solutions with specialty of a place, environment and 

culture, others built on stylistic metaphors as a way of making contemporary architecture in Iraq. The 

later staqe of this stage developed a consesuous experiences toward heritage and conceptual 

understanding of style, so it didn't have continues stylistics elements or a parallel experiences in a specific 

movement, but it depend on individual translation of architectural solution. The  last result of the research 

is that between the individual way of thinking and a general theoretical solutions in which comes the joint 

of architectural movement that  unify a common architectural terminologies between people tests and 

architect thoughts.                                                     
         

   ����� �������� �
�����:        ������      ��!"#�� ���$%��     ��
���� � �&�'�    ()*$��   +��,$��– �  .�/%�� 0*�1�– 
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 �������
 �'��
� 9�;
 ��.   A����	
 ���&� ���" ��� " ����
 �����
 ��*

	�� @��;	�
 �$
�$
 �����
 5��	 � �� �9 ��	" /�$ +
. @��
 �" �����
����� �������
 �'��
� 9�;
 �� �' ��$1	 ���.  

�+��&�� ,�&�	���  
 ���+�Ernst Gombric )1981( \ Hegel and Art History  

         �'�� O��)Hegel(     ���� ���	�
 ����C	
 ��&� I�	=� /�� �"�#$
 ,���	
�� !����
 �-�� 5�� �� 9�;

 45�* 4�H
 �� ��"�#$
 5 �&
 ?�	��    ��" ���#�9�"�	�� ����)=	 +�� ��	�	 �	
 �	=)�" �� � ��$� �'
 0
� !����� �"

 F��
 ��&	 !���:" �)�%� 5�) +
. ���	 ��"�#$
 5 �&
 �'������ .   N��)�	 ���� ��#��P� 9�;�
 �	)�� ����
��)�)1	 ��'"* �$�$ ��� 0
�� �����
 �=
 ,���	 ��C�
 9�;�
 �'�	�	)� A�> 
      ���� !�����
 ��" 9��;
 9��	


 �=�
 ����
� �
9 �
�� ��#	��)��-�=
 �'" (   ��" ����	�
 �� �� �����	
 ����	
 �" ����&
 A$ ��� ��C �
�� ����
�"

�"�#$
 ,���	
 ��� ������
 K�	 
 ������ ��C	
 ���)
 B�� A�� A$ K�	 
 ���C	.  
 0�� Ernst Gombrich ) 2002( \  In Search of Cultural History   

  K����' I"�)(Gombrich    ���&�
 !��	=
 K�	  �' ��C� �'
 9�;�
 �'�	�	)� A�> 
 N�)�	 �" �'�� *���
�"�#$
 0�	 ��� �" ��9
 ����� !��- �� K����'
 ��) 
�� ?��
 Q���" ��"�#$
 ��	��� �" ?�	�	 ��	".  A��#� 0
��

* N�;
 A��=�  !��	=
 ��� I��* �� ��>� �� +�� M���	� !���#
 �� ��
 ����
 ���)� �� ��)=	
 ����1	
 0��)
 �
�� �9
 ��	=
 +
. �"�:. ��'��
 ��� �"�#$
 ,���	�
 ��R ?� �	 +;�* ��)�)* +�� �	
�.  

 0�� Julian Leathart)1944( \ Style in Architecture  
            

  
 ;�������(Leathart)   ����&2 ��� ��>	 �	
 !����
 �� 1� �:� 
 ��� ��- ��
 !����
 N� 9�; Q�;��
    L��- N���;	 ��"� �� �) S ���&
 �" 4���� 9�; ���>
 ��)�)2 ������
 L��" ��'�	�
 �"���
� 5��&	�
 K�	 '

 9�;
 ��;	 ���� ��* 4�;���
 ��%��
� ����;
��	"�� *     ��'�C	
 !����. A�$ ;��;�	
� ��C S ����; ���	 �	
 ���

���&
 9�;�
 ������
.  

  0�*� Charles Jencks)2000( \Architecture 2000 and Beyond Success in the Art of  

Prediction  
               O' & ����(Jencks)  � �'* ��) !����
 ��> * ��� �)��'�� �* 9�; ( M���  ����
 ��� ��
�#	
 ��

  ����> ���	 �� �: � ;�� �� � ��� �	�
 A�> 	
 L�	)� +
. ��
�#	
 B�� �#	 	 ��'��
 G�� ���=" ����
 ��P� M��	�
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     ����&�	
� 4����#	
 A���=� ��$� ���� �;�	�� A���=� ��� �� �������
 ��'��
 ����	 ��� 	�" �������
 ��'��

 Q�;���(isms).  

 0�� Mark Gelernter)1995( \   Sources of Architectural Forms   

  A Critical History of Western Design Theory  
    �����& !���� � ���
 ��'C �" ���C	
 !���> +
. ��
�� 	 5�� �� �������
 ��'��
 A��=� +
. �)��
 ��C	

 ��	=
 ?� �	 ��: ���;�� �	
�Periods '   ��� ���� �$��
 ��� ��� �$��
 A$ ��;�H
 ����* 4�:� 
 ��� �" ��
��� ��      ��' +��� A���	 �'���C� ?-�� �&�	 �	
 !�%�)
 ���
 F�� �	��> � ����)=	 A	 �	
 �������
 ��'��


 ����C� ���> � ����)=	 A	� � �* �� =
 �����T
 M���� M����; �;�	� ��"�#$
 ���
��=
  �'�	�C� L�- �$�	 ���
 F��

  0�	�C�
 A)�#
 ��$1	 ��	 N-� ��'���
 ��=�
 ���
 ��'� /��� 4�����	-�� �����	&� L�#
 �$� ��%��9�" ��;�C��

L�#
 B��
.  

  

  ����	��� �	����� ,���1� ���� ���!��� ,����2�  
         ���&	  0����� ��� �1� /2000  /���� �&�14�� �&����5� ����� ��	�� \       �*���	��� �	����� �� ������� �����  \   �*&�	�

����	��� �	����� 6�	�� �� ��1���	 7����� �	����� "	# ������ ��8�	+�&�             

                       ��" ���> ���
 9�;
 A��=� +�� � �� ����P* !���	� �>  ���&� �� 9�;�
 M�=���	 �)��
 �;�	 
  K���� 
 4;� �
 ��$�$
 ���> �
 ���	��� �=���	 +
. G��	 A$ ��%�#	 � A���=�� �$1	�
 �C� N)�	
� �C� ���$
 �� �#


9�;
� .�� ��"� ���
 !����
 �� � ��� �����
 B���	� N� !����
 �" ���	
 5�
�)* ��1' 9�;
 �)��
 ���	 A$.  
       ���&	��& �!�	#� ��� ��� � /1987  /���5� ����� ��	������ �&�14�� �&� \ ���5� �� 01��2� �	���  

                        Q�)� ���� ��� 5 �&2 ��- �� �����
 0�	 +�� ��'1	
 N� ��-��
 !����
 ,���	 �)��
 ��� 		
� �9 �)�)	 ?-� A�
���2 : �� ��$�
 !����
1917-1900  4����
� !���� 1917-1900    ��� ��;���
 !�����1950-

1932-1917  ��
��
 !����
 A$1960-1950  ��� !���� � �' ����
 ����
 +�� !����
 !��)� � �)��
 ����� 4
�����
 N� ?;��	� �'�)�' N��;� !��	)� ��>� ���
��
 �������
 /��2.  

    ���&	��!� �&�	 ���  �!�	#�/1996 /�14�� �&����5� ����� ��	������ �& \ �� ������� "�	#���   �*� �*���!�� �	����� ��� )	

$�	���  

               /��	 �
�)�
 �� =
 ��&� +�� ��$1	 �� �	$��* ��� ������	� �����> ��'�� ��	1C  �$���
 �'��
 �"
 ���	 +
. ����;� ���C* /�� ��
��
 9�;
�� ��	-�� A$ !����
 �� ��    ���� ��
���
 9��;
 +
. �$��
 ���)

��"�#$
� ��%��
 ���%��� �� �> 
 IH� �� �) S ����	&�
 ?�	�� ��� B��C	 . �� ��$1	 �)�� +�� /��
 9'��"
�� �	)
� �� �)��
 ����� G�2��� M���' M�$1	 �� ��$�	 /�� �$���
 ��-��
 !����
 �" 9�;
.  

  

     � �!�	#� 	�9�� :��� 	�� /2002  / ���5� ����� ��	������ �&�14�� �&�\  �	������ ����	��� �	�����  \    �	�*���� 	�&�� �����!� �&�	�

�	9��� 	+�� ��( ����	���  

              ��)�� ���-��
 !����
 A)#	 /�� � �9 �)�)	�� ���� !���� ��-��
 !����
 K�	  �)�� ����;� ��� 		 
 ������)�)���
�'C. ��&� �)��
 I�	=	 U � ��� ?���	
 �-��* �	
 �� ������
     4���'=
 L�	�)�
 ��$�
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  ��'�� � 0
�� K�	 
� �'=
 @��;	 A�� �� � 4A���	 +
. �'=
 ��� A&�	� �	
 ��=�'
 ��
�'C ������	
 �����
 L�	)�         
 ��: N#	 ������	
 �����
 ���	������)*� ���'" ��
 ������� �'��.  

     

                   �"��#$
 ��> 
 5 �&
 �" 5��)� ��� �#��)
 ��)��
 �" 3� 	
 ��>� 0
� ��  ��"    9��;
 �����	
 ��#	)�
 ���H	�
 ��2 ����	�
 0�	 �* ��"�#$ ���� !���� �'��
�)�'�� �* 9�; ( ��;�. ���� ���>  ��&� ���

��C3�:���
 ��
.    ����
 !������
 �� ��� ����� ��: B���	�� 9�;
 ��$1	 ��� 	 ��� ��� 	 �#" �����
 �����2 ��*
  �* � �* 4!���=� !���� ��-��
 !����
 ��)� ��: � ��� !�	=
 �$6�' ��&��� ����P ��'�� ��$1	 �)�� �* �� ��"�

* ����C ���' !���� 3�:��
 ��� 		 A
 �� �   ��'�� �* 9��; ���> �" ��&���
 ��'��
 �* 9�;
 B�� ��$�	 L��
 �
!����� �����.  

;!��� �� 9�  
    ��� ��� �� �-��
 3� � �������
 �'��
� ������
 9�;
 ����=� F�:� A�� �" /��
 ��'C� ��>	 �����

������
 A���	
 �" �� � �' ��$�	 �H��
 !�)=�
 �"���
 ��-� ����      ��" ������
 �������
 A���	
� A�� �'C�
G�� �'C� @��
.  

��%)2 ��: ��'C�
 N:� �'�� 0
� ��:���	�:E  
1. V��� �� �-��
 3�  ��� V�#��;	
� ��'=
 ����	)�
 +�� ������
 9�;
 �� ��� �������
 �'��
 �� ��  
2.  �����
 ������
 K�	 
 ���	  ?� �	� ����	 �'�� ?�'V������� �'�� �* 9�;
 �� !�	" �* ��  
3.   ��'��
 �'"� ������
 9�;
 �'" �� �' ��$1	 ��� �� @��
 �" �����
 ������
 A���	
 A�" �'�� ?�'

V9�;
 N� �-�� O�) +�� �'�� �� A�#	 �* �'�� ��� V���� �������
  
4. ��
 �" !����� ������� �'�� ��&� G��	)  � �  '�� ��V@  

;!��� <����  
1E ��� �� �-��
 3�  F�:�.� !����
 K�	  �" M��#��;	� M���'" �������
 �'��
� 9�;
 �� �' A��=� ����	.  
2E ������� �'�� �* ������ 9�;
 � ��� ����� �" !����
 K�	  ���	  J�� F�:�..  
3E �
 �'��
� M�����	)� M�'" ������
 9�;
 �� �' ��$1	 F�:�. A���	
 �'" +�� ��	�&�	  ��$1	� ���'=� ������

 @��
 �" ������
) � ) +
. �� �	)
 ?�	 � ��2005.(  
4E ���
. �&��
 3� � !����� ��-�� ������� �'�� �)����
� �"�#$
 �" �����	 �. �� ����	.  

��1�� /��=	>�� $�+�9�  
  �=�
 ��� 	� ���
 5&�	 /��
 ?��* @�#�	 I�H
������
 �����=�
 �$�� /�� �'��
� 9�;
 �� �'
 ��)�)2 A���� �)�)2�� 

/���
.  

 �	����� �� "	#��  
 �	����� ����+�&�),�	�>�� �1�"��� 7"�	#�� <�1����(  
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   ���"�#$
 ����6�
 ��- �� ��
�#	)� ?��	(Teyssot, 1981, P
30

) 
�" 4!�	=
 5)�� �'C�
 ���� ����	 3��	�� !����
    ���&���
 B����� ��
 A�> ' !����
 ��
�#	) ����	" �"��� A�> ' ��)= 
 ���;�	 �	
 ��#�;	)� ��&� �" ������ N#	

��
�#	)� B��� A9	
� L�� ��� �� �������
 !�	=
 ?���	
 +
�2 !�;�
 ��	�� �	��>���.  
  �� ��� �:� 
 ��� ��- ��
 !����
 ��)� N�		 �    ���'�	� �� �� ���� � ��� ����)� ��	 �= �� ���&� ���

?� �	
 ��
��	� �;�� ��
 �� ��
�#	)� 3�  ?�	� � �. 4�"���
 A�> 
 ��
�#	).   ��
�#	�)� 3��  9���	 �'���
 �
 A��=� +
. �������
 �H�
 A��=� �� ������
 ����	
 �" ���> �	
 �
�#	 � ��� ��Architectural Paralante 

);#" Q�:�	�
 ������
 ����
 Q�;�� A��	) �'��� ��� �) �=
 Q�;���
 ��"� ��&�	 �&���(  �����	 � ��� L��� K�	 
 +�� �$* �� ��
��	�
�#	) !�	=�
 �;�� ��� �'C�
 ����(Kruft, 1994,)   

  ��2 L�	)��
 ��) 
��")!����
 �H
 �(  �=
 �H
 ��"   ;	�)� �����	�
 �����- ��P� ��"�� �� 1� ��=�� �'��� �#
)�
��&
 (" �C���
���P��W ��C�
 ������	 �)�
� �-�
 O= � �;)�
� + ��
 �$�	 � � �'C
 �.    ;��	�* ��� ����

 �� !�	" ���� N:  ��� �" �:� 
 ��� ��- ��
 !����
��)����� 4��;�P 4�� ���� 4��#��P (   O��)* +��� �� �"   ��H�

 �=
 !��� �����
 ��	� � ��	)  � �'�� ��
 !����
)�'�� �"�#$
 X�6�
�� G�� Q�;�� (��� G��
 .  3��  �&�� ���

N��	 ��" ��=
 ���	 L�	)� �� ��#	 �	
 ����:��
 �� ��� A�> 
  � �"�� �� ��� �����; �&�	  !�	=
 @"�	 ��'�) � ��
!����
�� !�	" Q�;�� ;��
 !�	=�
 �9�;
 ?� �	
 �" ��2 L�	)�
 �$�� �� ��� �:� 
 ��� ��- ��
 ��9�;
.  

 L�	)� +�� ��*Architectural Paralante   ���:� !���� ��;	� �:� 
 ��� ��� ��
 !�����
 ��> ��

9�9�	 �" M��� ���
 �	
 ��������
 ����&
 �=;��
 ���)  ���>
 �C� ���$
 ��#
 �"   ��
 ����H	" ������
 A��=�

Architectural Paralante   ;	�)� ������
 ����	 �" ���� �� �'��� ��� �����'� L�	)�
 +�� !��	�� � �'� ��#
(Kruft, 1994, P

180
).  

 �;)�� ������
 K�	 �
 ��'C
 ����	
 � �*Architectural Paralante    ������
 K��	  ���' ��C� �'� A

 .�  ��%� �-�H	) �	
� ��) ����
� !���&
 ��'�)�'
 4��'�)�'
 �$� M�� ��9 ��	)� ��2 ����	)� +�� K�	 
 ��>� ��

����)
 ����H	
� �����	
 /�� �C� N)�	
 ���� 
 �$���
 !����
 ���> ��� +
. +�-* ��' � ).  
 �'�� 5)�� !�	=
 ��� K�	 
 �� � �$
 L�	)�
 ��*   !�����
 +��)� ��	 M�� �'� !��	)�
 !����
 �$�� ��"

 �����
Vernacular Architecture  ��'	 �	
!���� ������'2 ���H	
 �� .(Neri, 1981).  
    0
��� ���#
 ��C	 �� �� �9
 ��	����	) 5�)� ��' 9�;
 +�)� ��	 �:� 
 ��� ��� ��
 !����
 ;��	��"

��� /��
 ��;��� �� �$'* �� �9
 ��	=
 Q�;)9�;
 (   ����� ���C* �� �9
 ��	=
 !����" M��"�� �� �;�	� ��

   �* ��'�� �� �� !��'	�
 ��=
 ���� ��H	
 +
. �"�:. �# 
� ���) 
 N� ;�	� ��� !�	=�
 A%�� �� ��
 �#�;	)� ����	


�������
 ��'��
 ���> ���� N� �;�� .  

� � 	!�� �	����� �  
���+��� 6�	���� ����>� �� ��!���  

   ?� �	
 ����	 �� ��
. � ���	 �� �� AP�
 +�� ������
 +
�� �'   ���� ��- ��
 0
�� !����
 �" 9�;

�:� 
 ��� ��� ��
 ��	=�
 �����
 !����
 N� � �9	�
 �� �9
 ��	=
 A$ �:� 
.  ��� +�
. !��CS �� ��� �  �. A

 �$���
 !����
 +�� ��)�=	
 B�� @��;	 �� �'�.)���C�
 ��#
 ���� �� (     0��. ��" ����	
� ���#	 � ����>
 �&�	 
�	W�'� ��"�#$
 A���=�
:E    ���:�	"� ��C S !���. �
�� �)=	 �	
 ��'	
� �����	)� �* ���>
 �" ���	�
 �� ���
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 !�=;
 A��=� ��> 9�;�
         !����& ��� �� N����&�
 ������	  !��� +�
. ���#�� ��=
 ,����	 N� ;�� ��
 ��"��
(Gombrich,1981,)  

   ���=�
 �����
 ���
 �� �$�" ��"2 A��=� ��  ������	
 ����&
 �� ��#	 � �" ��' ����* �$'2 5 �&
 ��*
� �
�#	 � �" ���' ��$1	 �
 ��' A%�� �� �� A��#	
 �� =�
    ���$�	
 L�	�)� ��� �C� O���
 ��#
 ��� ��> ��
 ��H	


 ��9
� ��"2 +
. ���&
(Richard, 1986,). 	
 A��=� �" !����
 �����	)� ���>���   ����)	
 !���	�� �9 �� ��
 �
�����	-� �"��>� ���
 �=)�" ?C' �� �'�		 /��� ��'C* +
. ���'=
 ��&�	
 �����.  

 �� ��9	 ��� M����� �����	
 +
. A
���
 �����2 !�> 
 �� ��#	 � N� A���=�
 �" ���H	
��=�   ����
 ��
�#	
�H�
 5��
� ��%9&
 ��"�#$
 �$� ����;�� ���>�.  

��	?1�� ��1� 9��� �+!  
   A��=� ��	C� �� �'C�
Problematic  A�:� ��
� + ��
 ��" Y	 * ��
 �"���
 �#�
 +��    4+� ��
 ����	

�����
 !���
 ��: �'��. A$ ����#	� B6�C . 4�����	.   ��"� !���� ���>  �� �
 @"*� �#� ����	 +�� ���	 �� �'C�
�"
 �����C	
� ����'�	
 �� �
 �� �' �� �
 B�� ��:		 !����
 �
��(Althusser, 1971,)   ��'�� �� �'C��
 �)�)2 ���
 �

�=� N� �;��  � � �* ?��2� �����
 ��)� �
 N� �����
 ���> �C� ���$
 ��#
 �� ���" �����
 �* �#"��
 A�
 �����	&� ?��Z
 ��	���� O�)* +�� �����	� A	� B���>� + ��
 �> �(Kruft, 1994,).  

        �	)� �����	� ��= �
 N� �����
 ���& �C� N)�	
 ��#
 �" �� ��   ������
�" �%��C S �'��
 N� ���
     ��"���
 ��#�
 ������
 ��;�� ��
 �� ��= �
 I�H
�" 4�C� N)�	
 ��#
 �� �'C� ��: ��%�� �'	 A
 ?��Z


 ��#
 0
�
 �#"*� �������
(Kruft, 1994,).  
 +�
�2 !�;�
 ��	�� ��
 ������
 �"���
 �#�
 ����	 +�� ���	 �� �'C�
 � �*      ��������
 ��'��
 ����� ��"

 ���#	
 A��=�� �)" ��
 ��"���
 ���&�
 ���� ��� �� ����
 ��� �� ���'C
 ��	�����Tradition.  

���+��� ��4>�  
   ���#	
 ��>�Tradition ��� ����� �* ��: ���)�)* ���� � ��1':E  

M��* : �� ��� �* �� ����#
 �"���
 � �	 �	
 �#�#�
����P� ��)��)
 �* �� ��
 �* �����
 /���
 ���&�.  
M�� �$ :   !��'���
 +� ��� � � ���#	
 � �* 49��
 ��� �� ����
 �"���
 �#�
 ��: ��"��� ����� ��>� ��
� ���#	


�#�#�
 �� M�$�� ���; ��&�	 
.  
   ���C�
 ��#
 ����� N�"1908 �')� �' � ���'
 �:���
 A�-  ��9
� ��:=
 N� ����* ����1� A
���
 M����	

��9
�� ��:=
 K���  ��� �����
 0�	
 �#�#�
 ��$� �	
� ���	� ��)�) �" M��� Y��	 �	
� .   ��# � ����#	
 ��� ��>��
)� ��$1	� �#�#�
 B��
 � =
 ["�'�
�%�)�
 �� A�$�� �" ��
�;�.� �) �" �" ����#	)�
� �����'	
 ��    ��� ����	 ��	
 �

!�����
 ���C�
. ��9����' �
 9�� �-�Lecorbosier   ����#	 �� �� � Y	  ��� � '��
 ���
 !���&
 ��� #	
 �#�#� ���
 ���
 N"�� �� ����
 ���C
 3��� ��:		 �	
� � '��
 ��� ��9�� +�� � ��(Lecorbusier, 1946).  

  '��
 ���> �" ���#	
 ����* ��>	�    ���� ��� 4��9�
 �� !�� �" �#�#�
 ���$	 +�� ���	 �� 1� �������
 ��
   ��)=	 � ��'�� �	
 �� �� �* ��)��) �* �����	- ����;��� ��	)	 � �'�� � !����
 A�#" 4��	)� ��;	 �" �#�#�


�)
 ���;�C
 �� ��$1	�� �'��
 ���" �&�	 �	
 �>��
�� ��$	 A�#
 B�� � �� ��2  ���� ����
 ���:�
 �
�	 �� �" �#�
 ��	�&�* �	
 �#�#�
 ��9 ��� +	� ��	)	 �	
� ����
 !��	)�
 ��	���C �� ��(Giedion, 1974).  
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� 	!�� ��4>� @�(�&�  
    /���� M��#; � �')��	� �-��� �;�	�� ���'C
 ��	����� ��'"2 �� �;��	� ��)�) �� 1� �'��
 ?��  � �'��

 � ��)� �� '
 ����#
 \����
 �� ��� +�� ��"2 �� ����&� @�=	 �� �'��
 �&�	" 4L��2 +�� ��	 �� � !��� �'
9�;
 �" ��' �#��;	�� ����)	� ��P �� '
 ����C	� ���'C ���) �� !���� K�	 
 ��>�" ����C
 ��&�	
 ���		.  

  " ����	� ��#	)� �� 1� �'��
 A��=� ��:	� *��� +�� M���	� �'���
 ��'=
 ?�=;�� 1C � /��� �-�
 O=  �
      ����;	�
 ��&�	  ��� �� ����" ���
9� � �� 3� � ���C�
 ��#
 �$�� �" �9��	 �	
 ��"�#$
 5 �&
 ��� !���	)�

L��2 ���&�
 �� �* �" ��"���
 ��P�9�
�.
 ����
 ��6�
 ����� ���#
 ���;�� ���  ����'=
 ����	)� *��	" ������
�������
 O���
� ��������
 N���&�
 5�& ���� �$�	 �	
 ������
 ���#	
 �&�� ��� ��"�#$
 ��%��
 ���.  

 �" ?�	�� �� M���  @��� ��
 ��	�
 �� M���  ���� ��������
 ����&� ��� �����
 +�� �'��
 ���	� �
� ���
 ��&��   ��-�
 O= �� ��  �. 4������
 �����
 K�	  ���' �$�	 � �� �'�. ���;�� � �  ��' �'���
 G���

 �������
 ����
 ��;�. �
�	
��� ��������
 �'" N� A��
 @��
 @"�	 �� �� ����
� ��������
 ��� @"�	
 �� M���  @��	
������
.  

  �� $��&�� A	#�� ���=	� ���!�;!��� , �	W�':E  
1E   ��� ��� 4������� �'�� �* ������ 9�;' ��=���	 O�) +�� M������� ��#	)� !����� �* ������	 ����� �* ���	

��
�	
 ��%9&
 ���:�=
 ��:	�:  
*E��=�� ���	�' ���" �������
 ��&�	 
 ��>	� �"�#$
 ��$1	 ���" +H;� �	
 ��	=
 �" ������
 9�;
 ��>� �H
 �

�#	)� ��'" �� � �&�	  �)�
� M�$* ���" !����
 ��'	� ��	���� �" ��)= 
 �"�#$
 L�	 /��� 4M�#�)� !��#�� �
��	�.  
5E A���
 ��=
 ��� A��=� ���H	 ��� �� ����� !����) O�) +�� �������
 ��'��
 + �	)������
 ( �'�	��

Q��	� �"�#$
 ���	
 �" ��'* ����   ��"� ��)�)2 ��%���� +�� ��"2 �� ����&� @�=	�� ����	
 � '�� ��'��

A�)= * ��������
 ��- �� ���	� �"��� A�> � �;�	�� �����	
 ��'	 ��'��
.  

2E     ����> ���� ��� 9�;
�� �$1	
 ;�	�� �� �� �������
 ��'��
�� �)�) �'C� �����
 ������
 A���	
 �$1	�
�� ��'��������	 9�;
 ���'C �* ������=� ���&�� +�� + �	 �����.  

3E    F��:� A��� ���� ���
�� ������� ��'��� �$1	
 F�:� ��� @��
 �" �����
 ������
 A���	
 ��$1	 ���=	�
 ������	
 �������
 9�;�
 ���'C
� ������=�
 ���&��
 �� ?-��

 M�$* !����
 � �' �	
 �"�#$
 �'=��
.  

  �����\   ,�	9B��� ���!�  

    K��	  �����	 �� �'�. ����	 I�H
� �'��
� 9�;
 �� �'
 ��)�)2 A���=�
 ����	 +
. �#��)
 !�#=
 �" � ��� � ���
 ����	 �� �'�. �� �� �������
 �'��
� 9�;
 �� �' ��C6� G��	) 0
� 5�;	 ������� �'�� �* 9�;' ����� �*

���$1	!�����
 ��-��
 !����
 +�� �.  

   �	����� �� "�	#�� ,�	9B�  
   �����	&� ��C6�
 A$ 4�� ��'	
 ��C6�
 L�	)� 4����	)� /�$ A:	�)�;�)�
 (    ���C6� L�	�)� A�$

�	W�'� ���C	
:E  

  ��1�� ��� ,�	9B���  
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♦ �1�=�� �+�&��� � ���  

 ��C 
 �" ��#�;	) ���>  O�)* +�� + �� +�� ��) S +
. ��	 �	
 �;���
 ����;
 0��.� �> 
 ��� ��
 �'	��
 ���� A�#� 0
�� ��) S � � � �'
 ��C 
 !�;" �:�	 � ��;#	� ��� �'C)������
 ( �;)�� !���
 ��		�

G��
 A��
 .!���>
 0��S G��
 A��
 �� �'	��
 �=�:� ��
 Y	 �
 ������ �;�� �� ���   ���&���
(Simper, 

1978).   ��� �' �����
 N:�� �-�
 O= � � '
 ����;
 �� �- ����:�� O'�� � � 9�;
 ��C  � �� AP�
 +�� �*
   ���
��" +�
. ������
 B�� ���	 A$ +
�2 �����
 �" �	������ ? �
 ��
�#	) @#�� �� ��� A��	)�
� ��6�


 /�� �H�
 ���&
 B�=	
 ���#	 ����&
 �� ���	 �	
 ���)
 ��'	 !���. ��
��" Q��	� 3� 
 ��;	 N"�� ��� �'�	C� �H�
9�; +
..  

♦ ��	�#��� ��	�	��&�� 	��C�� � ���  
 �" ��>�� 4N�	&��
 ����
 ���	
� ��;	
 A��=� ��: !���	)� A��=� +�� ����;	
 �����	)� !�'" �'6	

.� 9���
 ;�� 	 !�'=
 B��������	
 ��-���
 ���= �
 ��)�)�
 �����	 5�'�	 ��;�) (Quintavallem 1981.   B��� /���	�
�=�	��
�� ���� @�;* �� !���	)�� �����	)��   B��� �$� +�� ����6�
 @�;* �-� ��"* �
�� �" � ��� !��:�
 ��"��9


�=�	��
� �����	)� ��$1	� 9�;' ��	)	 �	
 �� =
 ���� �
�� �&���
 9=��
 ����	) �" ��'	
� .  ����:�
 A:	�
 ��%�C S �����	)� �" ��>� ��R M�� �& ���&��
(Riegle, 1981).  

�=�	��
 �����	)�� ��* ����;	
 �����	)� ���	 �*�   B��&	�� ��;	 ��	
��
 �' �"� ��%�C S �����	)� �*
 @��)�
 �'�	C�
 !���&
 ��9��
9�;
 +
. ���	
 ��� ���
.  

 

♦ �	���� A�	 ������ 	��C�� � ��  

  ?�-���
� ���
 F�� �$�� ��
 �����
 �#�
 �" 0�	C� �� A��=�
 �� ��$1	� ������
 9�;
 �C6� �� �
;	)������ ����	
 �" ����&
 A$ ��&���
 ��
��&
 ��# .���
� ���	�
 �� A�2 �;# 
 ��* ��&	 �" !) �����	 (  ��#�


;	)� ?-��
 ��$	 �	
 �����
�$�' ��#�   �������
 9��;
 �;�� ��� M��	� �"���
 F��
 +
. M���� ���$ �(Hale, 

2000).  

    ��������� ,�	9B���)�#�&���(  
� �� �* ��� �;�)�
 �����
 /��
 ����	�� �	
 �����	&� A���=�
 �� ����&� �$�	  �#���)
 ��C 
 ��C6

���&
 ���
 4?��2 4����	&� A���	
 A:	� 9�;�
 �%�� 
 ����9�=
 K�	 
�.  
♦ �������� ��(	���  

   ���;�.� ���"2 ��� �-��
 �C6� �1� 0
�� 9�;
 �* �H�
 �$� ����& ���&�� N� ����	&� A���	
 ��>�
/��� N�	&�
� ��=
 ��� �-���
 + �� ����& !���� + ��
 0��. �� ��"2 �'�	�)�	 ��,1996(  

♦ <�	*�2�  
   ����C2 ��� M��	� M�=-�� ���#
 � �' �]" 4����&
 A�- N� ��;��	� ��=�
 ��C
 ���- ��� �� ?��2 ?��	

2 A�#
 A��
 3��&�
 ��� ���=	
 ��" �
 ��) 
�� ��C
 ����* ����	� ��	;)�� ��=
 A�#�    0
��
 A���
 ?���
 ?
6� ��"
N�	&�
 .  A����	
 ��&�� ;�	�� ���&� �� ��� ����C	�� �;��	� ��	� ?-�� ����&� �� ?
1	� ?��
 � � �� �� ���

����	&�. )�&���&
,1995(  
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♦ ������ �����  
��	 �� �� ��)��
� �� ��
� �����	&� !���
 A���	 A��=� +�� ���&
 ���
 + ��  4�� ��� !�	=
 � =
 K�	 
 ��

  ��� ��"�#$
 5 �&
 �-�� �" �����#� ��
 �� =
 �* �������
 ��) 
 �$�� ������	 ��#�
 ������ �* � " K�	 ' ��>� ��
�"
     ���#�
 �-��� ��" /���� ��
 ��=
 ���'
 ���
 ��:� ��=)�=
� �����
 ���;	
 +	� �* �����	& �* �� �� A���=�

2!�	=�
 M��)� �'���
 ��&�	 
 N��& ��� ���'
 @�=	� ��>�� �"���
 ��
�&�� ����� � !����
 ���� L��(Frankle, 

1962(.  
"�	#�� 7	������ D��1�� �� �	��?�� ,��&�� E��9� ,�	9B�  

 Q��	 �1� 9�;
 �" ���C	
 ����� K�	 
 ��� ��9�;
� �� �#�� !���
 �C6	 �1� 0
��  ����
 ��-�	�
 ���&	

  - ��#=	 �* ����� ���&	
 ���	� ���� �1� Q�)� 9�;
 �1� 0
� 9�;�
 ��
��	� �$'2 + �
 ��: ����� �"������  ���	

   �������	
 �������
 �� ���� 9�;
 �" ���C	
 �C6�� 9�;
 �" ��-��)�
 ��#�;	)� ���#
 M�:�* �;�� �� ��� ���'C

�	W�'�:E  

♦ #*�1��  
  A���	�� �'���)��
� �� =
 �$� ����C	� ��;�;�	 ��-�� A�#� �1� 9�;
 �" ���C	
 ��C6� ��1' ;� 
 ��>�

 ���'	�
 ��&���
 ��� �
 ��� �-���
 !���� �� �- �*(Gelernter, 1995,) ������ ��� �'
 �%&�=� !���� ;� 
 ��>� �� 4
����	
� �&
���
 �� !��	)� ��� �&��9�
 �-��
 ;� 
 �C6�� �� ���
 ?-�	 ��� �. ;� ' B9���	 A	� � ;� 
 � ��' 4

  ����
 �;)�� �� ��
 ��#	��
� ����C
� ��"�#$
� ������	&� ��
�#	
 A:� ��
 /�	
 ���� �� �9 �����	)�' ,���	

 ���&
(Nesibit, 1995).  

 

 

♦ 	 � ���(�&�� ����� ���F�8�41�� � 9�� �  
 ���) 9���	
 �� � ���� ?�� +
. ����
 O�) +�� A�#� � 9�;
 �" ��;	
 *��� � +�� �C6�
 �� ��	��

 ����C	� ��9�;(Tansey and Patric, 1995) 
 !�	=��
�"   ���9	�� !���� �=�>�
 ���� �'C ���$	 � �	 �%�� 
 �'C
 A��	)
�'C
 ��
 .
 �� �����   ?�-�	 ���� �. �� �#�� A�#
 0�	�� �� �"�#$
 ?���	
 A�-� ��&�
����$  A�- O�)* +�� �'C
 ��
���	)(Colquhoun, 1996,).  

♦ "�	#�� �� �5���  
   ���$�	�
 �������=��
 !��
�" 4��
�� �� �$��� + ���
 �����' ��)=  �H�
 A��	)�� 9�;
 �" ��$�	
 ��
R 9��		

)'
 � � ��� ��� (  �* 4���$�	' ��)=  ��-�
 A��	)� ��� 0
� Q;)
 �� ��%�� ��P� K�	 �
 !���>
 !���
 ��� � �"��
 �;�� �� ��� M���9�� ��$�	 �� !��C��� !����� +;�	 �� �" ������
�' �����	& �* �� �� A�- ��-�
 B�� � �' �.

 �#�#�
 �=� 9�;�
(White, 2002,).  
 ��?1�� 	9B�"�	#�� ��  

 �	
� ���� ������
 ��"2 �;)�� ���
 �� ����� �;�)� ����� !���� �9&* �� ��'� A�> ' 9�;
 �C6�
     ��
���� �� � 0��'=	�
 ��:�� 9�;
 �" A�> 
 ��'�� A��
 K��� 
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 ����* �	
 ��;;��
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 +�� ��	��
 K��� 
 ��C	  �� �� ����
 �� �Z
 ���� ;�  ���> �C6  � �� � � �� ��;;��
 B�� ?�	� �
�;)� �� " N� ���'�
 �	'
 ����� �� ��
    +� ��
� �� ��2 + �� �" ��' ��&���
 ��&
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 ?�	� �� AP�
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 �����
 ���S    A�'��
 �����C	
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 + ��� ��)&
� @�;
 �))6� + ��� A���	
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 �	�9� + ��� ���

���%�
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 �H	) ��
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�8�41�� � 9�� ���F  
 K��� 
� �����
 K�	 
 ��2 K��� 
 ��� ���C	
 ����	 5�;	� �%�� 
 �'C
 ��
R ����	 �  ��� ��� ���" !���2

    B��&	�� ���;	 A�
 ��  � �� �� ')
 �* ����
 �� �Z
 ���	#�
 ����
 K���  ��� ?�	�� � �. 49�;' 9�;
 ����
������
 9�;' ������	.  

    K��	 
 ���� ����C	
 �&�* �"�#$ ?���	' �
�$� �� ��� ��2 � �9
 A)#
 ������� A9	
 ��>� �-�
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   ��� �������
 ���#� ��
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� ��
��	�� + � �;�� ��� A�
���
 !���2� +
�2 K��� 
 ��� ���
 ������
 ������


��'� ����� �� � A�C�� �&���&
 ��"� ����* M������ ����.  
  �=�
 O�=  ��'	 N-�	 �� �� ��)	
 �" � ')
 K�	 
 ��� �%�� 
 �'C
 ��
R 9���	 �'�� ��'  �������	
 ���

)�&� ?��H	4 ��&���
 ��)2�� A��	��� O��#�
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 ���#	)� ���:"� !���2 .( +�� ��	�	 A
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     ����> /��� 4������
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a' �����	� �'�� � 0
�
 4�%��
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 ?���	


��
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. ���=�
 ��;	 ��&�
����$  A�#� ;�	�	 A
� ��.  
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   ����* �" ��' !�C���
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 ��$�	
 ��	�   ����� ��" ��' ���&	� �* ��'� ����
��=�>�
 �� �#��
 ��$�	
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 ��"�   ���� �" ��' �$���
  A��C�

� )�
 ����� �� �.  
     ����> ��)�#
 ���) ����* �" ��' �����#	
 �����
 ��'C2 !���	)� �"�:]" � �$
 A)#
 �������
 ��) 
�� ��*
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  B��� �
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 5�
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 �" ��� � �
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M���; ���� ��
  �'C)12(.  
  ��
���	�) ?-�	 ��� �� �#� A�- �'�	� ����� ���=�
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 �&���
 ��$�	
 0
�


� �*'
 5��)* �� ?�	�� �� ��� ������
 ��- �� ����C ��� �. ����" 5��� ���� ������	 A�#
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'� �;���
 �%���
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 ��'� /�� 9�;
 �" ��$�	�
  ���
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 !�;�)
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 ��' !9��& �� ') ����&� �� ���
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 ���#

&�
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 ���
 ��� �#�;
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 ���	 �� !���� � �' 0
��  A��> 
 �� ?�	�� 0
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��%� �
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 �" ��'��C�
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�	����� �� � 	!�� ,�	9B� ��� 	������ ������� ,��	>� $��#�  

I��� :	� �2� 	�4? 	9B�  

E*�����  
  �* � �	 �:	#� ������
 ��- �� �&�	
 ����	 � � ��   ���&�. +�� ���	� � ��� ����� �" ��>	 �	
 L�#
 ��

     ��$1�	� ��#	 � ��� .� ;�#" !����
 �#� ��C� � L�#
 B�� ��$1	� ���� N�	&�
 �����	&�� ��"�#$
 ��#�
 ��� �9�	

 4��"�#$
 5 �&
 �-�� +
. ���'=
 !���	)����� � � ������
 K�	 
 ���) � ��- �� �. 0
� �  ��2 �� �9
 A)#
 ���

   ��- � ��' ���� ������ �)� @%�" 4A��) ��& �� �' � �&  �� =
 M������ ��"�#$
 5 �&
 �-�� �" /��� �� N�
  N��:��
 ���	� L�	)� +�� +	� �=�	�� 5�
�)� @�;� ����
 N-�
 �)��� /�	
 N� �&�9�
 +�� A���'"* � �

��$�	
. �> �� � �*    ��&�	' B����  � ��'�� ��
� �����	& !���:' /�	
 A���=� �C  +�� ��� ������
 ���#	' �
!����
 �* �=
 L�	)� +�� ��) �$��
 A���=� N� �&� ��
 ��	�� � 9��
 ������
.  

E����� ���>�  
   ���&�
 �� ����&� ��� �������
 ���#�
 �� ���� ��� ���> �����
 ���C   4������ ��� " �$� ��"�#$


  �����#
 ���
 �������
 ��'� ������� �� ��� �$�	 � �� 1� G��	)  ���#�
 B��� Q)�
 ���� 4@�� 4��)� ���"  ���
   ���#� �����
 ��)��
 �����; � ��' 4���� ���	' 5��)1� 9���
 �������
 �� ���
 @; � ��=	� N� ���H	�
 9=��'

 ��: !�)� �M�:�* ��� �
 ��� �#" �������
 ��� 
 ���> ��* 4������'2 ��#��
.  
   ��� G��� 5���)1� �
 ����&�S A�#
 ��'1	� �&�	
 ���=	 +�� ���	 ������� �� ��� �C6  � N�;	)  � 0
��

��	�	 �	
 !�����
� /�	
 4������
 �$� ��	���#� ?���	 �* ��'C�
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 �� �9&
M�:�* !�>� �
 ��� +�� @�; � �� ��� ��)�)*.  

��	?1�� 	���� 	9B�  
    +��� � ��
� M����� !����
 ���	  ����2 ����
 ��������
 ��� �&�	
 !��� �� ��
. � ���	 �� �� AP�
 +��

�����	& !���:' /�	
 ����* .� ���>  +
. �&�	
 �� �9	� � �.    5�)�� ����	�)� !��� +�� ��& ����C ������
  4�&����&�
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���
 ��� !�'" �$� ��:� ��'"* �� '
� ���> 
�� ��	��� �'�� � �	
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 ����C
 ��&�	


 A�	�� !�'"�
�
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 N� ����=	�
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 �� �) S ������
 +�� ��'1	
 �* 4��"��  ����
��'�.  
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 ���)
 ��) 
��" 4��$�	
 !����
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 A)#
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 �" 9�;
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 ����� ��;�S �������#"   ��" ��	� �#" ���
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� �	
 !�����
� /�	
 ��� M�:�* ���� ��	��=� ��: M�& A��
 �&�	
 !���     ���> 
 ��'=
 ����;�� Q:�	
���#�
 @��;	
� ������
.  

I��1�� :� 	!�� ���(���� ������ 	9B�  
   ���> �-� �'��
 B�� ��: ��������
 �� N���&�
 ��= �� ��&� +�� ��	�	 �'��
�� ���� ����	 ����	 �

 ���  ��#�� �&���&
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. ?� �	
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 �������
 �)����
 +�� @�;	 � ���&�	
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 �" ��>� ?� ��	
 B�� 5 �& +
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?� �	
 ������ �� ��9	 0
��� ����
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 �����C
 ���> �
 5��P �� ��
. � ���	 �� +
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 ������� K�	 
 ���'C
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5E    5���H
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