
Journal of Engineering Volume 15 march 2009       Number1   
 

Available online @ iasj.net 
 

3293 

 

 

 

 

 

 

 

 

EFFECT OF TRANSVERSE BASE RESTRAINT ON THE 

CRACKING BEHAVIOR OF MASSIVE CONCRETE 

 
 

Adnan F. Ali Omar Al-Farouq Al-Damluji Ala’a H. A. Al-Zuhairi 

   

Baghdad University Baghdad University Baghdad University 

 

ABSTRACT 

 The effect of considering the third dimension in mass concrete members on its cracking 

behavior is investigated in this study. The investigation includes thermal and structural analyses of 

mass concrete structures. From thermal analysis, the actual temperature distribution throughout the 

mass concrete body was obtained due to the generation of heat as a result of cement hydration in 

addition to the ambient circumstances. This was performed via solving the differential equations of 

heat conduction and convection using the finite element method. 

 The finite element method was also implemented in the structural analysis adopting the 

concept of initial strain problem. Drying shrinkage volume changes were calculated using the 

procedure suggested by ACI Committee 209 and inverted to equivalent temperature differences to 

be added algebraically to the temperature differences obtained from thermal analysis. 

 Willam-Warnke model with five strength parameters is used in modeling of concrete 

material in which cracking and crushing behavior of concrete can be included. The ANSYS 

program was employed in a modified manner to perform the above analyses.   

 A thick concrete slab of 1.5m in thickness and 10m in length was analyzed for different 

widths 2, 4, 8, and 10m to produce different aspect ratios (B/L) of 0.2, 0.4, 0.8, and 1.0 

respectively. The results of the analyses show an increase in cracking tendency of mass concrete 

member as the aspect ratio of the same member is increased due to the effect of transverse base 

restraint. Accordingly, such effect cannot be ignored in the analysis of base restrained mass 

concrete structures subjected to temperature and drying shrinkage volume changes. 

 تأثير تقييد القاعدة العرضي عمى سموك تشقق الخرسانة الكتمية
 الخلاصة
في  ذييال لث، يم  جييء تحييلع ج يييي أيي  جيعد ي ثاييا لث،عيا لثدخثييم في  ثأيييخع لثايعييخر  لث جش ي  ،ر ييي ل أج،يخي أشيي  ج يي   خ   

أشي  لثجوي يا لث    ي  ثيايحخ  لث ييلي   وججيم  لثايلع  تحيلع لثج ش ل لث يليي وللإر خئ  ثمر يت  لثايعيخر  لث جش ي   و يجء لث  يول
الال حعء لثايعخر  لث جش   م  الال لثج ش ل لث يليي ثشمععث  رج ح  ثش يلي  لثمجوثا  حييلع تمخذي  لثعيمر  ،خلإييخف  تثي  لث ييو  

 رخ ي لثم اا  لثحو   لثم  ط   وذال  حيى م  الال  ل لثمعخاثج   لثجفخيش ج   ثشجو  ل ولث مل لث يليي ،خعجاالء طي    لثع
ث يخ ف  لثج ش يل لنر يخئ  واثيت ،ج،ري  ف يي  معيعث  لنرفعيخل ل ،جيالئ    ياثت  ثعجاام  مخ ت  طي    لثعرخ ي لثم اا   

 جء ل جعخب لثج ش خ  لث حم   لثميلف   ثحفخ  لثايعخر  ،خ أجمخا أش  لثطي    لثم جي ي  مي  ل،يل مع يا لثايعيخر  لنمي  ي  ثحري  
ج و ش خ تث  مخ   خفئ خ م  جغ ي ف  ايحخ  لث ييلي  ثجييخ  ح،ي يخ تثي  لثجغ ييل  ،يايحخ  لث ييلي  لثجي  جيء لث  يول ولثج   جء  902

 أش  خ م  لثج ش ل لث يليي 
م خوميي  ثجمد ييل مييخا  لثايعييخر  تا  جيييم  ذييال لثرمييوا  ج ييي    امعيي  معييخملا ال ويلرييت -ث ييا جييء ج،ريي  رمييوا  و ييلاء 

   لإرحخي لثج ش ش   لثم خي ثث  مخ ثألاه  عاثو،طي    م  ANSYS  ذال وجء لعجاالء ،يرخمج   ءولثجلثايعخر  ف   خثج  لثج  ق 
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ء ثج   يق رعيب حخر، ي  أي لطيول 50و 8  3  9ء و،يعأيل  ماجشفي  50ء وطيول 5.1،عيمت  ،لاط  ايعيخر  جء ج ش ل 
لخ،ش ي  ج ي ق ثأييخع لثايعيخر  لث جش ي  ،ي يخا  لثرعيب أش  لثجيج ب  ث  يي  رجيخئج لثج ش يل ي يخا  في   5,0و 0,8  0,3  0,9ماجشف  

لثحخر،   ،ع،ب جعد ي ج   ا لث خأا  لثعيي   وأش ه  فع  مدل ذال لثجعد ي    م   تذمخثه ف  مر يت  لثايعيخر  لث جش ي  لثجي  ججعيي  
 ثجغ يل  ف  ايحخ  لث يلي  و ج شص لثحفخ                 

 

 

KEYWORDS 

 Mass concrete, temperature difference, drying volume change, base restraint, concrete 

cracking. 

 

INTRODUTION  

 Mass concrete is an expression usually used for any concrete structure with dimensions 

large enough to cause structural problems during and after the construction period. These problems 

are mainly the occurrence of cracking due to temperature variations and shrinkage volume changes. 
Like any solid material, concrete is affected by increase and decrease of temperature. The effect 

appears as a thermal strain that occurs within the concrete structure when it is prevented or 

restricted from motion, i.e., restrained. The second category of volume change is the drying 

shrinkage, which is related to the drying and shrinking of the cement gel. 

ACI 207 Committee (ACI Committee 1995) suggested the following equations to be used to 

calculate the degree of restraint for rigid continuous base restraint. 

 

    

     5.2HLfor10HL1HLK

5.2HLfor1HL2HLK

Hh
R

Hh
R




                                        (1) 

 

where  

           L/H = length to height ratio, and 

 h     = the height at which the degree of restraint is calculated.   

 As can be noticed, ACI 207 Committee neglects the effect of the restraint in the transverse 

direction and hence, eq. (1) can be applied to the concrete walls only. Therefore, it is the objective 

of the present study to investigate the effect of transverse base restraint, i.e., effects of 3
rd

 dimension 

on the behavior of massive concrete and therefore cracking tendency and cracking prevention in 

such structures.  

 

THERMAL ANALYSIS    

 Based on Fourier’s Law for heat transfer, the heat conduction equation can be expressed as 

follows (Holman, 1981): 
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where, 

kx, ky and kz = heat conductivity of the material in x, y and z-direction respectively, 

T = the difference between absolute and reference temperatures, 

q = heat generation per unit volume, 

cp = specific heat, and 

 = density. 

On the other hand, heat may transfer by convection according to the following Newton 

formula (Holman, 1981): 
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 dATThq
A

cv                                                                                                                   (3) 

 

where, 

 cvh = convection heat transfer coefficient (film coefficient). 

            T = bulk fluid temperature. 

            T = temperature. 

 Both of the above equations may be descritized using Raylieh-Ritz variation process to 

derive an expression employing the finite difference method to overcome the time-rate nature of the 

problem, that is, 
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*
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Eq. (4) is used in the finite element method to predict the temperature distribution within the mass 

concrete body invoking the described initial and boundary temperatures as follows: 

1.   Initial temperature = concrete placement temperature = 20
 o
C. 

2. Bulk ambient temperature T which is specified for Baghdad climate according to   Kammouna, 

2001, from:   

 

T = 29.815 – 15.291*cos(0.893t)                                                                                                     

(5) 

 

where, t is time in days. 

 

SHRINKAGE STRAIN CALCULATION 
 Following the procedure recommended by (ACI Committee 209, 1992) and taking the 

ambient circumstances and concrete mixing and placing conditions, the drying shrinkage strains 

may be calculated as a function of time after curing period for concrete which is assumed to be 

seven days. 

 Quoting the concept of evaporable moisture content that was adopted by Carlson, 1937, the 

distribution of drying shrinkage strains may be assessed within the body of mass concrete member. 

Table (1) shows such distribution in which the values of drying shrinkage strains seem very low. 

Such observation may be related to the non-convenience of eq. (6) that was suggested by ACI 209 

Committee (ACI Committee, 1992) and used to estimate shrinkage strain-time relation. 

 

   
ushtsh

t35

t



                                                                                                                        (6) 

 

where, 

 (sh)t = shrinkage strain at any time t (in days), and 

  (sh)u = ultimate shrinkage strain = 780*10
-6

. 

As can be seen from eq. (6) 50% only of the ultimate shrinkage strain occurs at 35 days after 

curing. However, one can conclude from the trend of the drying shrinkage strains as they are 
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decreased with the increase in the width of the slab as the major cause of cracking in large mass 

concrete members is the temperature variation rather than shrinkage volume changes. 

 

ADOPTED COSTITUTIVE RELATIONSHIP FOR CONCRETE 
 The concrete was modeled using Willam and Wranke model (Willam and Wranke, 1974) 

which predicts failure of brittle materials in which the cracking and crushing modes should be 

accounted for. The criterion for failure of concrete due to a multiaxial stress state can be expressed 

in the form: 

 0S
f

F

c




                                                                                                                                (7) 

where,  

 F = a function of the principal stress state (xp, yp, zp), 

 S = failure surface expressed in terms of principal stresses and five input strength 

parameters as follows:  

ft
 
 = ultimate uniaxial tensile strength in MPa 

fc
 
 = ultimate uniaxial compressive crushing strength in MPa,  

fcb = ultimate biaxial compressive strength in Mpa, 

           h = ambient hydrostatic stress state in MPa, 

           f1 = ambient hydrostatic stress state of biaxial superimposed on hydrostatic stress state in 

Mpa, and 

           f2 = ambient hydrostatic stress state of uniaxial superimposed on hydrostatic stress state in 

Mpa.  

 For simplicity, Willam and Warnke, 1974, suggested the following equations to calculate 

three of strength parameters in terms of fc

 in case of ch f3  . Thus, the failure surface S can be 

specified with a minimum two constants, ft
 
 and fc


. 
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                                                                                                                                   (8) 

  

 Failure of concrete is categorized into four domains. In each domain, independent functions 

were specified to describe the function F and the failure surface S. The failure surface S can be seen 

in Fig. (1). 

Compression-Compression-Compression Domain(0  1  2  3) 

 In this case, F takes the form: 
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and the failure surface S is defined as: 
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where, 
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The undetermined coefficients a0, a1, a2, b0, b1, and b2 are discussed below. 

 When  = 0
o
, S1 in eq. (10) is equal to r1 while if  = 60

o
, S1 is equal to r2. Therefore, the 

function r1 represents the failure surface of all stress states with  = 0
o
. 

 The function r1 is determined by adjusting a0, a1, and a2 such that  ft
 
, fcb and f1 all lie on the 

failure surface. Mathematically: 
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The proper values for the coefficient a0, a1, and a2 can be determined through the solution of the 

simultaneous equations given in eq. (11). 

 The function r2 is calculated by adjusting b0, b1, and b2 to satisfy the conditions: 
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where, 

 2 is defined by: .
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f c
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and 0 is the positive root of the equation:  
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in which a0, a1, and a2 are evaluated by eq. (11). 
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Since the failure surface must remain convex, the ratio r1/r2 is restricted to the range 

(0.5<r1/r2<1.25), although the upper bound is not considered to restriction since (r1/r2 < 1.0) for 

most materials. Also, the coefficients a0, a1, a2, b0, b1, and b2 must satisfy the conditions: 

a0 > 0, a1  0, a2  0 

b0 >0, b1  0, b2  0 

Therefore, the failure surface is closed and predicts failure under high hydrostatic pressure (< 2). 

This closure of the failure surface has not been verified experimentally and it has been suggested 

that Von Mises type cylinder is a more valid failure surface for large compressive h-values. 

Consequently, it is recommended that values of f1 and f2 are selected at a hydrostatic stress level in 

the vicinity of or above the expected maximum hydrostatic stress encountered in the structure. 

 Eq. (9) describes the condition that the failure surface has an apex at  = 0. A profile of r1 

and r2 as a function of  is shown in Fig. (2).The lower curve represents all stress state such that  = 

0
o
 while the upper curve represents stress state such that  = 60

o
. If the failure criterion is satisfied, 

the material is assumed to crush.   
 

Tension-Compression-Compression Domain (1  0  2  3) 

In this regime, F takes the form:  
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and S is defined as: 
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where cos is already defined above, and  
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The coefficients a0, a1, a2, b0, b1, and b2 are defined by eq. (11) and eq. (12). 

 If the failure criterion is satisfied, cracking occurs in the plane perpendicular to the principal 

stress 1. 

Tension- Tension -Compression Domain (1  2  0  3) 

 Here the function F takes the form: 

 

        2,1i;FF i3                                                                                                           (16) 

 

and the failure surface S is defined as: 
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 If the failure criterion for both i = 1, 2 is satisfied, cracking occur in the planes 

perpendicular to principal stresses 1, 2. If the failure criterion is satisfied only for i = 1, cracking 

occurs only in the plane perpendicular to principal stress 1.  

Tension- Tension - Tension Domain (1  2  0  3) 

  In this regime, F takes the form: 

 

     3,2,1i;FF i4                                                                                                            (18) 

 

and S is defined as: 

 

      
c

t
4
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f
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If the failure criterion is satisfied in directions1, 2, and 3, cracking occurs in the planes 

perpendicular to principal stresses 1, 2, and 3, otherwise, cracking occurs in plane or plane 

perpendicular to the directions of principal stresses where the failure criterion is satisfied.  

                 

IMPLEMENTATION OF THE FINITE ELEMENT METHOD 

 According to Fung, 1965, the effect of temperature changes on an elastic body subjected to 

external forces may be determined using one of the followings: 

1. Solution of the discretized form of the coupled thermo-elastic equation in which the effect of 

both temperature and displacement on each other may be determined, i.e. the displacement due to 

unit temperature change and vice versa. However, this procedure is not usually used especially in 

problems where the temperature changes are not high enough like in mass concrete problem.  

2. When the simplifying assumptions mentioned in (1) above are introduced, the theory is referred 

to as an uncoupled, quasi-static theory; it degenerates into heat conduction and thermoelasticity as 

two separate problems. Experience shows that the change of temperature of an elastic body due to 

adiabatic straining is, in general, very small. If this interaction between strain and temperature is 

ignored, then the only effects of elasticity on the temperature distribution are effects of change in 

dimensions of the body under investigation. The change in dimension of a body is of the order of 

product of the linear dimension of the body L, the temperature rise T, and the coefficient of 

thermal expansion . If L = 1m and T = 100 
o
C,  = 10*10

-6
 per 

o
C, the change in dimension is 

10
-3

m, which is negligible in problems of heat conduction. 

 The equivalent temperature changes to the estimated drying shrinkage strains may be 

calculated using the following simple relation: 

 

c

sh
DST




                                                                                                                          (20) 

 
where, 

 TDS = drying shrinkage equivalent temperature change, 

 sh     = shrinkage strain, and 

 c      = coefficient of thermal expansion of concrete. 

 Then the equivalent temperature changes to drying shrinkage may be added algebraically to 

the temperature changes resulting from thermal analysis. The effect of this sum of temperatures, 

which appears as thermal stress and strain, may be detected using the second method described in 

(2) above. This means that the problem is treated as “an initial stress or strain” problem. The term 

“initial stress” signifies a stress present before deformations are allowed. Effectively, it is a 
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residual stress to be superposed on stress caused by deformation. The effect of temperature changes 

can be placed as initial strain o, or initial stress and strain o and o. Both are viewed as alternative 

ways to express the same thing (Cook, 1989). 

 In a linear elastic material, the stress-strain relation is (Cook, 1989): 

 

o
E




                                                                                                                                       (21) 

     

where, 

 o = initial strain = cT  

or, 

 oE                                                                                                                                    (22) 

 

The strain energy Uo is defined as (Cook, 1989): 

 

dv
2

U
v

o 


                                                                                                                                  (23) 

 

Substituting eq. (22) into eq. (23): 

 

    dv
2

E
U

2
o

v
o    

 

or, 

 

 dv2
2

E
U 2

oo
2

v
o                                                                                                          (24) 

 

The third term in the parenthesis in eq. (24) can be omitted since it is independent of nodal 

displacements. Then its derivative is equal to zero. Thus, 

 

 dv2
2

E
U o

2

v
o                                                                                                                   (25) 

 

Writing  dv2
2

E
u o

2
o   = is the energy per unit volume. Hence, for a state of multiaxial 

stresses: 

 

 

       oo DD
2

1
u                                                                                                          (26) 

 

where 

[D] = the constitutive relations matrix for concrete and is defined for linear-elastic material 

as follows (Cook, 1989): 
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                                                   (27) 

 
The potential of external load may be expressed as: 

 

   uex                                                                                                                                   (28) 

 

where,  

 u  = the displacement field vector, and 

 {} = the load vector. 

Furthermore, the potential of body forces is given by: 

 

  Fubf                                                                                                                                 (29)     

 

where 

 F  = the body force vector, which is any force distributed over the entire volume of the 

body like the self-weight. 

The total potential energy per unit volume can be written in the form (Cook, 1989): 

 

             FuuDD
2

1
U oop0

                                                        (30) 

 

The total potential within the element is: 

 


v

pp dv
oe

                                                                                                                               (31) 

 

or, 

    

              
vsv v

op dvFudsudvDdvD
2

1
e

                                                    (32) 

     

Since, 

 

    eNu                                                                                                                                      (33) 

 

where, 

 [N] = shape function matrix, and 

 {e} = nodal displacement vector. 
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Also, 

 

    eB                                                                                                                                     (34) 

 

where, 

 [B] = strain-nodal displacement matrix. 

Hence, 

 

                   dvFNedsNedvDBedveDBe
2

1

vs

T
o

vv

T
pe

                             (35) 

              

which after simplification and introducing effects of externally applied nodal forces becomes: 

 

         FeReeKe
2

1
ep                                                                                                (36) 

 

where,  {F} = externally applied nodal forces vector. 

 

Applying the minimization of the total potential yields: 

 

 
0

e

p





 

 

or, 

 

      RFeK                                                                                                                        (37) 

 

where,               dsNdvFNdvDBR
s

T

v

T

v
o

T
   

 Eq. (37) will be used in the analysis of the mass concrete due to effects of temperature and 

drying shrinkage volume changes. 

 

COMPUTER IMPLEMENTATION 

 Besides the “Graphical User Interface (GUI)” that is commonly used in software packages, 

ANSYS program proposes a programming language similar to some extent to the conventional 

FORTRAN language. The proposed language is referred as APDL (ANSYS Parametric Design 

Language). 

 A modified ANSYS program is adopted in this study. This consists of a main program and 

four subprograms. The main program contains the principal steps of analysis and required calls for 

subprograms. Each of these subprograms is responsible of some limit tasks like: 

- Performing the thermal analysis, 

- Storing temperature values in a pre-dimensioned array, 

- Calculating drying shrinkage strains throughout the concrete body, and 

- Conducting the nonlinear structural analysis by considering the effect of concrete aging via 

updating concrete strength parameters (ft
 
, fc

 
, Ec) after deleting the thermal finite element mesh 

and constructing a new structural one.   

Two Types of elements are used in this program: 
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1. Thermal Solid 70: This element is an eight-noded brick element with one degree of 

freedom, temperature, at each node. The element is applicable to a three-dimensional, steady 

state or transient thermal analysis. 

2. Structural Solid 65:This element is used for the three-dimensional modeling of the concrete 

with or without reinforcing bars. The element is defined by eight nodes having three degrees of 

freedom at each node: translations in the global x, y, and z directions. It is capable of 

considering cracking in tension and crushing in compression. 

 

PROBLEM DESCRIPTION AND RESULTS 

To investigate the effect of the transverse base restraint on the cracking behavior of mass 

concrete member due to temperature variation and drying shrinkage volume changes, a nonlinear 

finite element analysis was applied to base restrained thick concrete slab. Four different aspect 

ratios (width/length) were considered for the case of a slab with fixed bottom cast at the first of 

January (winter concrete placement) in Baghdad. The aspect ratios were 0.2, 0.4, 0.8, and 1.0 and 

obtained by fixing the length of the slab to 10 meters and varying the width as 2, 4, 8, and 10 

meters. In all these cases, the thickness of the slab was taken as 1.5 m. 

Thermal and structural analyses were conducted on the slab including all the surrounding 

circumstances and boundaries utilizing the finite element mesh shown in Fig. (3). 

The temperature distribution in the central sections along the length and width directions at 

some times after concrete placement are shown in Figs. (4) to (15). The assessed final cracking 

pattern of the concrete slabs with different aspect ratios can be seen in Figs. (16) to (19). 

 

 

CONCLUSIONS 

 The following conclusions can be drawn from the results of the analysis: 

*  Value of peak temperature increases with increasing aspect ratio (B/L) of the slab. This may be 

related to the increase in the magnitude of heat generated upon concrete placement due to volume 

increase. 

* A small temperature drop at the 28
th

 day of concrete age is noticed as the ratio B/L is increased. 

This is related to the effect of the volume to surface ratio (V/S), since the temperature increases with 

increasing the aspect ratio (B/L). 

* The number of primary cracks (cracks that extend over the entire thickness) increase with 

increasing width of the slab, i.e., the aspect ratio. This can be interpreted as a result of the 

considerable increase in restraint provided by the slab base and the increase in the maximum 

temperature due to the hydration process after concrete placement.    

* The full-depth cracks are concentrated at the central portion of the slab where the maximum drop  

in temperature occurs.  

From the above and since it was concluded previously that the major cause of cracking in the 

thick slabs is temperature drop, the effect of the third dimension (width) cannot be ignored when the 

response (stresses and cracking) of this type of structures is required. Unfortunately, most of the 

standards like ACI-Committee neglect the effect of the third dimension and assume a uniform 

temperature distribution. 

 

 

 

Table (1) Drying shrinkage strains 

 

d/H Drying shrinkage strain (10
-6

) 
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(*) Slab width = 2.0m Slab width = 4.0m Slab width = 8.0m Slab width = 10.0m 

After … days After … days After … days After … days 

8 14 28 90 180 8 14 28 90 180 8 14 28 90 180 8 14 28 90 180 

0 0.5 3.2 7.5 18.0 24.3 0.2 1.3 3.0 7.1 9.6 0. 1  0.6 1.4 3.3 4.4 0.08 0.48 1.12 2.7 3.6 

0.2 0.2 1.3 3.1 7.5 10.3 0.1 0.5 1.2 3.0 4.1 0.04 0.25 0.57 1.4 1.9 0.03 0.2 0.47 1.13 1.5 

0.4 0.07 0.4 1.01 2.4 3.2 0.03 0.17 0.4 0.96 1.3 0.01 0.08 0.19 0.44 0.63 0.01 0.07 0.15 0.36 0.48 

0.6 0.02 0.1 0.3 0.8 1.1 0.01 0.05 0.12 0.3 0.45 0 0.02 0.05 0.14 0.21 0 0.02 0.04 0.11 0.17 

0.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

(*) d/H defines the ratio of the depth from top surface / the slab thickness H. 

zp > 0 (cracking)

zp = 0 (crushing)

zp < 0 (crushing)

yp

xp

fc

f t

ft

fc

cr
a
ck

in
g

cracking cracking

 

Fig.(1): Failure surface in principal stress space with nearly biaxial stress state, after ANSYS Inc. 

  

= 60
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Fig. (2): A profile of the failure surface, after ANSYS Inc.  
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                   Notes: 

  - we = concrete element width (variable) = 0.25, 0.5, 1.0, or 1.5 m. 
 - Dimensions are not to scale.  

Fig. (3): Finite element mesh for a thick concrete slab problem 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (4): Temperature distribution in a slab with B/L=0.2 (3 days after placement) 
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Note: Temperatures are in 
o
C  

Fig. (5): Temperature distribution in a slab with B/L=0.2 (28 days after placement) 

 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (6): Temperature distribution in a slab with B/L=0.2 (180 days after placement) 

 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (7): Temperature distribution in a slab with B/L=0.4 (3 days after placement) 

 

 

 

 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (8): Temperature distribution in a slab with B/L=0.4 (28 days after placement) 
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Note: Temperatures are in 
o
C  

Fig. (9): Temperature distribution in a slab with B/L=0.4 (180 days after placement) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (10): Temperature distribution in a slab with B/L=0.8 (3 days after placement) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (11): Temperature distribution in a slab with B/L=0.8 (28 days after placement) 
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Note: Temperatures are in 
o
C  

Fig. (12): Temperature distribution in a slab with B/L=0.8 (180 days after placement) 

 

 

 

 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (13): Temperature distribution in a slab with B/L=1.0 (3 days after placement) 

 

 

 

 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (14): Temperature distribution in a slab with B/L=1.0 (28 days after placement) 

 

 

 

 

 

 

 

 

 

 

Note: Temperatures are in 
o
C  

Fig. (15): Temperature distribution in a slab with B/L=1.0 (180 days after placement) 
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Side view of the central section along length direction 

 

                    
                    
                    
                    
                    
                    
                    
                    

Top view 

 

Fig. (16): Final cracking pattern for slab cast in winter with B/L=0.2 

 

 

 

                    
                    
                    
                    
                    

Side view of the central section along length direction 

 

                    

                    

                    

                    

                    

                    

                    

                    

Top view 

 

Fig. (17): Final cracking pattern for slab cast in winter with B/L=0.4 

 

 

 

                    
                    
                    
                    
                    

Side view of the central section along length direction 
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Top view 

 

Fig. (18): Final cracking pattern for slab cast in winter with B/L=0.8 

 

                    
                    
                    
                    
                    

Side view of the central section along length direction 

 

                    

                    

                    

                    

                    

                    

                    

                    

Top view 

Fig. (19): Final cracking pattern for slab cast in winter with B/L=1.0 
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 الحمول التقميدية في التكيؼ المناخي المستدام وتوظيفها في السكن المعاصر

 بهجت رشاد شاهين                                                           سالي فخري خمؼ عبدالله
 قسم الهندسة المعمارية –كمية الهندسة  –جامعة بغداد 

 : خلاصةال

فامةػػػاداه فا   هػػػؿفامنظهػػػ فامي سوسليػػػ فساوا نسوسليػػػ فسامتااػػ دي فساملاه ليػػػ فلػػػمفا ػػػسيففاو ي ػػػ فاو  ػػػري  فساففا ػػػؾفيعنػػمفهويػػػسـ
امنظه ف وي  ف ا  ي فام اي ل تفاو  وي فساوهةاق  ي  فوقدفأ دتفامةاداه فل ػ فلػدةفه ػ دئفأىهيػ فامةػاو دةفهػففاوط تػ تفاوط يعيػ  ف

 لاؾفاوها درفس  وا ومفاق يؿفاو ررف  و ي  فاوه يط . فساق يؿفاةاياوعه رةفاواق يدي اواع ـفهفف

دراةػػ في ػػ سؿفاو  ػػثفاو ػػػػػ ومفهػػففألػػؿفاوساػػسؿفاوػػ ف عػػضفساساػػي تفاوةػػ ففاوهع اػػرفلػػمفظػػرسؼفاوهنػػ طؽفاو ػػػػػػ رةفاول لػػ ففف
فففففففففففففففففففففففففففففففففففففففففففففففففففففففففففاوة ففاوهلا ـفساوهريحففسا  يؿفأىهي فه يه ففو عه رةفاواق يدي فأففاقدهوفون فو ػػػػػػؿف ثيرفهففهش لاان فاوهع ارةفسلمفهقدهاي 

ا ػػػؾفاوالر ػػػ فاو  ػػري فلػػػمفف يػػػثفاف فلػػػمفاوهنػػ طؽفاو ػػػ رةفاول لػػ فاواق يػػػد فاونةػػػيلفاو  ػػر فه سنػػػ ت سؿفاو  ػػػثفأةػػاعراضفانةػػي
فف  لػ فاانةػػ ففو ا يػؼفهػػ فاوهنػ خفاو ػػ رفاوهنػ طؽفاس ػػحف ػلأففامشػػ  ؿفاوها ػ ه فىػػمفاواػلأثيراتفاوهعدوػػ فولاليػ داتفا وهن سيػػ  فسا 

اول ؼ فاؤد فإو فاطسيرفامش  ؿفاو  ري فاوها  ه  فساوامفاة لدهفلمفاو اسؿفل  فهنػ خفهس ػعمفهعاػدؿ.ف يػثفإففاوشػسارعف
فففففففففففففففففففففففففففففففففففففففففففففففففففففففففففسؿفاونةيـفاوهعادؿ.سامزت فاوه اسي فساو يق فا لبفأشع فاوشهسفساوعسااؼفاوارا ي فساسزففاويساءفاو  ردفليي فهه فيؤد فإو ف ا

فهػػففااطػػ رفاونظػػر فسهػػففثػػـفاط يقيػػ فل ػػ لػػمفاونةػػيلفاو  ػػر فاواق يػػد فاةػػاسلاصفاوهؤشػػراتفاوو ل ػػ فولاةػػاداه فةػي  سؿفاو  ػػثف
ىهيايػػ فلػػمفاشػػ يؿفالهعػػ تفةػػ ني فهةػػاداه فسهلا هػػ فسافمسا ػػ رفل ل يايػػ ف وةػػ ني فلػػمفاوهنػػ طؽفاو ػػ رةفاول لػػ افلهعػػ تلػػددفهػػففاوه

 ففوظرسؼفا ؾفاوهن طؽ.

 الكممات الرئيسية: الاستدامة, الايكولوجيا، العمارة التقميدية، التكيؼ, الطاقات الطبيعية، التضام.
                                                  

The traditional solutions in the sustainable climatic adaptation and its employment in the 

contemporary housing 
 

ABSTRACT 
Sustainability means, the integration between the ecological, technological, economical and 

social systems to forming the urban environment to maintain the resources for the future 

generations. Sustainability focuses on many principles: Using the natural energy, learning from the 

traditional architecture, minimizing the consumption of the resources. 

 To develop some criteria's for contemporary dwellings in hot dry climate, the research tried 

to study and analyze the traditional architecture to diagnose its importance and ability to solve 

contemporary problems, one of which is the lack of comfortable and suitable dwelling units in hot 

dry climate regions. 
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The research will study the traditional urban fabric components in the hot- arid zone, because 

the urban experiment in this zone emphasized on the compact forms and considered it the result of 

the human adaptation to create the comfortable microclimate. 

     The research concludes the effective indicators in the traditional urban fabric and 

employed it in many of housing clusters in hot arid zone to examine its importance and effect in the 

formalization of sustainable and suitable housing clusters. 

      

 المقدمة:
فاعن ف هلا ه فاو ي ة.فامةاداه  فاوامفاعطمفديهسه  فساوط ت تفاوط يعي  فامهثؿفو هساد فاو ي  فسامةاسداـ  

فاووع وي تف فأتدـ فهف فاعد فاوام فساواطسير فاواسة  فله ي ت فل   فساوةيطرة فاو  ري  فاو ي   ف إنش ء فأي   ساعن 
فاانة ني .

فاوط يعي فسذوؾفملؿفاوعيشفسف فأمفف  و ي   فسو د فاوقدـ فارا طفاانة ففهنذ ف  سؿفاواو لؿفوقد فستد او ق ء 
فىمف فاواق يدي  فاوعه رة فساعا ر ف و. فاوه يط  فساو ي   فاانة ف ف يف فاواو لؿ فنايل  فىم فاوعه رة ف يثفاعا ر هعي  
فهفف فهةاويداً ف و فاوه يط  فاو ي   فه  فله راو في يؼ فأف فاانة ف فاةاط ع ف يث فاو ي ي  فو عه رة فاسرة اادؽ

ففيعي .اايل  ي تفاووع و فوهظ ىرفاو ي  فاوط 
ف فاواواف فلهسه فًفاق يدي عه رة ف  فانع  س فاىم فاوه ددةوا ؾ فاو ي   فذات فا سيففف وعه رة فاةاط لت ساوام

فل  فاوهقدرة فهففاوال ربفاوة  ق فسهففثـ فسامةاو دة فل  فىسياي  فساوه  لظ  فاو ن  ي فشساياي  فاوهساد  فاطسي 
لق  دهفسا ريسوفس ه فيالاءـفه فاوعساهؿفاوط يعي فلففاو ي  فاوه  ي فسة س ي تفاوهلاه فس ه فياه ش فه فو اع يرف

ولأ ني فاواق يدي فه فظرسؼفاوهن خفيهثّؿفهوا  ً فهيهًّ فهففهو ايحففوذ ماوا يّؼفاف يثفإففساوهن سي فاوس ا ف و.
امةاداه فلمفاوعه رة فليذهفاوايغفاواق يدي فاهثّؿفال ربفهارا ه فل رفاوزهف فستدفل ءتفىذهفاوال ربفناػيل ف

 ساوظرسؼفاوهن سي فاوق ةي فاانة ني   شرةفو   ل تفه

س ة بفاو غسطفاوهن سي فاوشديدةفو هن طؽفاو  رةفاول ل فس عؼفهسازن فاوهنظسه فامي سوسلي فليي  فوذافف
أا حفهففاو رسر فإيل دفهنظسه تفس ا فسنظري تفا هؿفلمفثن ي ى فاةاراايلي تفانط ؽفهففا بفاوسات ف

فاو فىذه فوهش  ؿ فىذهفاو ي م فلم فاوة ني  فو هلهع ت فساواسطيطي  فاوااهيهي  فاو  سؿ فأل ؿ فإو  فساسم هن طؽ
فاالاءـف فو م ف ه  دئفامةاداه  فسر طي  فساطسيرى  فساعدي ي  ف فسا نيي  فاو ي ي  فاو  سؿ ف اقييـ فذوؾ اوهن طؽفسي سف

فسهاط   تفاوعار
 فكػػرة الاستدامػة

فاوامفا فاملي ؿ فإو ف ؿ فوذإففامرضفاعسد ف عضفاملي ؿففوؾفويسفهففاوا يحفأفعيشفل يي . اقسـ
ف.  واعد فل  ف قسؽفألي ؿفأسرىفسذوؾف  ةانزاؼفثرسااي 
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 ي ي فاق يدي فهنذفاوقدـ.فسىمفاؤثرف  وقسىفاوامفالع ي فمفاةانزؼفسىذهفاوقسىفاا هفففافًإففولاةاداه فلذسرف
فساو فامتاا د فه  دئ فل ر فاوا نسوسلم فساواطسر فاوط ت  فها در فاةاسداـ فاوه  دئفا ديد فساةاغلاؿ ارشيد

فامي سوسلي .ففف
سهففأسوسي تفامةاداه فىمفامةال   فإو فاوةي ؽفامي سوسلمفساملاه لمفسةي ؽفاوه ن فاوذ فيا هفف

فاوقيـفاوله وي فو و  ءفساوش ؿفساوهسادفاوهةاسده .
ف

ىذهفامنظه فاعهؿفهعً فساففأة سفامةاداه فىسفدراة فاوعلات ف يففاوه ن فساوط يع  ف  وطريق فاوامفالعؿف
ساا  دؿفاوهنوع  ف يثفإففل  دةفهقسه تفاوط يع فاوه يط فو ه ن فهففسلاؿفاسليرفاوط ت فاوشهةي فل رفاوهست ف
اوهن ةبفساوهسادفاو ن  ي فاوا ي  فساسمًفإو فاسليرفاوهة ففاولا ؽفولإنة ف فسيةاو دفاوه ن فهففاوط يع فإذاف

فسا فا اراـ فأ  فهقسه اي   فه  فاوط يعي فال سب فساو ي   فاوهست   فسلغرالي  فاوه  ف  ساي 
فف(Pearlmuter,2001,p.23)اوه يط .

في سففففففف فاوا نسوسليلاستدامةاتعريؼ  س ذوؾ فساونظـ ف)امي سوسلي ( فاوط يعي  فاوذااي  فاونظـ فا  هؿ ف :ىس
ساش ؿفيط .فه فساساي فاوه  ففلمفس ؽفنةيلف  ر فأسفه ن فهنوردفها يؼفه ف ي اوفاوه ف سامتاا دي

فاوةي ت تفاوثلاث فامي سوسلي  فاوهلاه  فاوه ن  فااط رفاوذ في ددفاوااهيـف هففةي ؽفاوه  ف.ف
 المبادئ الاساسية في تصميم الشكل الحضري لمتخطيط المناخي المستدام-

ف) فت ؿ فهف فاتار ت فامة ةي  فاو  ر  فاوش ؿ فااهيـ ف ه  دئفGolany 1983ه  دئ فهث ت فساوام )
فاول ل فملؿفاو ق ء.ف–ه رة تفهقاسدةفاسغيرفهقاسدةفلمفاوعديدفهففاوهن طؽفسساساً فاو  رةفااهيهي فوه

 التجميػع الحضػػري: -
فاىداؼف فيؤ د فاوهةاداـ فاو  ر  فاواله  ف يثفاف فاو  ر   فو ااهيـ فر يةم ف هظير فط ؽ فاوه دأ ىذا

 و ظفل  فاوط ت فساوها در فاق يؿفاواطسيرفاوهةاداـفسىسفا ةيففام ة سف  وه  ف فاواو لؿفه فاوط يع  فاو
(ف يثفية لدفذوؾفلمفر طفZoningاوو لاتفاوهطرس  فاو فاو ي  فاوط يعي  فا ةيففاسزي فاوشسارعفساوانطيؽف)

ف) فاو  ري  فامةاداه  فوا قيؽ فاوهلاه  فه سن ت فهف فاوعديد  ,Public Mangement Magazineسا  هؿ

1995, p.12)ف
 ض:التقػارب في استعمػػالات الار  -
فساوثق لي ف  فاوع داتفاملاه لي  فياسالؽفه  فل دة فارؾفلراغ تفة و   فاواق ربفلمفاةاعه متفامرضفسلدـ اف

فهس عمف فهن خ فس ؽ فلم فامرضفسية لد فهة    فاسلير فلم فاوهلا ه  فلف فل لًا فاوديني  فساوهعاقدات ساوعرتي 
واسويدفاويساءفاو  رفسلاؿفاوني رفها يؼ ف يثفاففأ فلزءفل رغف  يرفهففامرضفداسؿفاوهدين  في سففهادرف

فساوهلا ه ف فاوهن سي  فاورا   فس ؽ فل   فية لد فاواق رب فساف فاوغ  ر فواسويد فسهادر فاو يؿ  فسلاؿ فاو  رد ساويساء
ف(Al-Homoud,2000, p.127املاه لي ف  م  ل فاو فانوفي  لظفل  فامرضفسيعززفاةاسداه اي .ف)ف

 .التناسػؽ الحضػػري
فة ىـفلمفس ؽفاوان ةؽفاو  ر فم فنةيلف  ر فسساساً فاواق يد فهفف يث:اففانسعفاوهع ييرفي
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فساوهقط فاولاا  فاملقم فاوةه ء فسط فيا هف فساوذ  فاوهنطق ( ف)هسرلسوسلي  فاو  ر  فو نةيل فاوس رلم فاوش ؿ :
ف.اوعهسد فووف يثفاففاونةيلفاو  ر فاواق يد في سففنسلً فه فهةاس  فسمفاسلدفلن ارفلهسدي فه لدافاوهن  ر

:فش   فاوة    فلمفاونةيلف يثف  نتفامزت فاو يق فساوه اسي فاعطمفاو دفامدن فو ا  دؿفاو رار  فلاعهؿفثانياا 
فاق ؿفهففةرل فاي راتفاوري حفاوس رلي ف ل  فاسليرفاوظلاؿفلمفاست تفاوني رفساو رسدةفلمفاست تفاو يؿ فساي ً 

فساق ؿفهففالأثيرفاوغ  رفسا اوظف  ورطس  .
ليوفام ني ف  ونة  فاو فدسرةفاوشهسفساق يؿفالأثيرى فايوً فس ه ففاوا رؾفاويسا مفاوذاامف اسليوفاوه ن ف:فاسفثالثاا 

ف لأال هفاوري حفاوة  دة.
:فاستي فاةاعه متفامرضف ةبفللات ف ع ي فه فاو عضف يثفاة لدفل  فاوايسي فساق يؿفةرل فاوري حفرابعاا 

يؼفو هدين فية لدفلمفس ؽفهن خفهس عم.ف يثفيوقدفدرل تفاو رارةفاوة  دةفسام ه ؿفاو راري .فاوان ةؽفاو ث
ف ف) فاو  رد. فساوني ر فاودال   فاو ي وم فذوؾ ف يثفينالفلف فاوا  ح  فسلاؿ ف  طء فسي اة ي  فاوهة ء فلم -Al  طء

Homoud,2000, p.127)ف
فالتضػػػام-

فا فاطسرتفل رفاوا ريخفمة  بفهانسل فسىمفاواه ةؾفاملاه لم  و ه ي فهففاملداء فاوهدففاوها  ه 
ف ه ي فامرا مفاوزرالي فساو و ءةفامتاا دي فساوا يؼفه فاوهن خفاوق ةم.

فا سفف فاواق يدي  فساوهدين  ف يففاملزاءف ا ف هففاوهة ففاوسا د  فاوعلات  ف ث ل  فاوار يزفاس فىس ساوا  ـ
اول ل فسذوؾفواق يؿفاوةطسحفف–ها  ه ف   ه ي فوغرضفاو ه ي فهففاوهن خفاوق ةمفسساساً فلمفاوهن طؽفاو  رةف

فو ة ي سوسلي فاملاه لي  فسه فذوؾفمي سففاوا  ـفل  ف ة بفاوساساي ف اوهعر  فمشع فاوشهس فساي ً 
 يثفل ولتفاوعه رةفاواق يدي فذوؾف لأنوا حفاوس دةفاوة ني فل  فلن ءفداس مفس صف ي فسلزؿفاوع ـفلففاوس صف

ف(Steemer,2003,p.39)فساوس صفلداً.
(فإو فثلاث فهع ييرفهسلسدةفلمفاوعه رةفاواق يدي فساوامفاقسدفإو فاسطيطفذ مفGolany 1983 رف)ستدفأش
فس وسءفهن سيً :

 . اسطيطفاوهدين فل  فأة سفاوعلات فه ف ر  فاوشهسفاويسهي فساووا ي 

 م.امزت فاوهظ   فساو  ردةفطساؿفاوني ر فساوامفاا قؽف ساةط فاواسليوفاوا يحفسا  ـفاونةيلفاوعهران 

 امزت فاو يق فا اوظف  و رسدةفسلاؿفاوني رفساودؼءفسلاؿفاو يؿ.فساور طف يففألزاءفاونةيلفي سففلقطف
 ههراتف يق فسه اسي ف)امزت (فاناشرف يففهلهسل تفاوهة  ف.ف يثفإفف و ءةفىذهفامزت فلمفاوه  لظ فل  ف

 ,Ibidعمفهعادؿفوعهسـفاونةيل.ف)درل تفاو رارةفاوساط  فس ه ففا رؾفىسا مفهريحفاويدفلمفس ؽفهن خفهس 

p.120)ف
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فو هدين  فاواق يد  فاواسطيط فلم فهةيطر فل هؿ فاوهن خ فإف فاونةيلفف مشؾ فلم فاناظ ـ فسلسد فيلا ظ وذا
فاو  ر فلمف ؿفاوهن طؽفاو  رةفاول ل .فسياهيزفاسطيطفاوهدين فلمفا ؾفاوهن طؽف هظيريففاثنيف:

 اوشسارعفأسفامزت فاو يق . .1

 (119-118ص 1988)لا م فيً فساوه شسل فساو دا ؽفاوداس ي .املني فاوساةع فنة  .2

فاملني فا فواسطيطفاوهدين فلمفاوع دةاففىذه اعهؿف سزان تفو يساءفاونقمفف يثف طغ فل  فاوش ؿفاوع ـ
ف(.1لمفاوش ؿف)فاو رسدة ف ه فهسلسدفلمفاسطيطفاوعديدفهففاوهدففاوها  ه فساوهس   ففاوهعادؿ

(فذاتفني ي تفهغ ق ف  وسظيو فذااي فاوامفVistasانوذفل  فلقدفأسفهل زاتف)اقسـفاوشسارعفاو يق فاوامف
ف ي فاملني فاوداس ي  )اوهادرفساهن فاةر وفه فى سبفاوري ح.ف لمفاو يؿفةليمفاسزففاويساءفاوهعادؿفاو رسدف اقسـ

 (120اوة  ؽ ص

 .تصميم الفناءات المفتوحة:-
 فا سففدا هً فاغيرةفاو لـفسهناشرةفوغرضفالنبف دسثفاول لف–اوون ءاتفاوهواس  فلمفاوهن طؽفاو  رةف

فاواي راتفاويسا ي فاو  رةفاسفاو  ردة فسا سففدا هً فهزرسل فسهظ   .
فهلهسل ف ف هف فاوع ه  فاوون ءات فاس فاوسا د فاو يت ف هف فاوداس م ف  وون ء فاوهواس   فاوون ءات اا دد

ف(Steemer,2003,p.38هة  ف.)
فاوهواسف فاوون ءاتفاوداس ي  فاسالال تفاعهؿ فل ر فسها  هؿ فها  ـ فاو  ر فاواق يد ف ش ؿ فاونةيل فلم   

فهففازت فهظ   فاعهؿف ف ينيه  او غطفاويسا مفنايل فظيسرفاوون ءفاوهشهسفاوساة فساوون ءفاوهظ ؿفاو يؽفسه 
فس دس فاو راري  فام ه ؿ فساق يؿ فاوهظ    فاوهن طؽ فسزي دة فاوذاام فاويسا م فاوا رؾ فدين هي ي  فرل  فل   سؿفلهيعً 

فاوهط س  . فاوون ءاتفاو فهةاسىفاورا   فازيدفهففل ل ي فىذه فاووراغ تفهنظسه ففاوهزرسل تفساوهي ه ساش ؿفىذه
 ي ي فها  ه  فاةه ف  ووراغفامنةي  مفسةيان سؿفاو  ثفدراة فىذهفاوهنظسه فلمفاونةيلفاواق يد فمىهياي فلمف

فس ؽفهن خفهس عمفهريح.ف
 :التقميدي حضريلالفراغ الانسيابي في النسيج ا -

فهنظسه فها  ه  فاا سففهففاوون ءاتفاو  ري فسامزت فساوون ءاتفاوداس ي ل  رةفلففاووراغفامنةي  مفىسف
ف اسرةف فاوهنورد فس  وه ن  فل ه  فاو  ر ف اسرة فاوس صف  ونةيل فاوهس عم فا طيؼفاوهن خ فل   فاعهؿ ساوام

ف(4 ص2006)ش ىيف فس ا .
فه دأيففواةاسدـفاوهعه رفاوعر مف  ه ففاوا رؾفاويسا مفاوط يعمفسلاؿفاووراغفامنةي  مفاوا  ه مفوعهسـ

اون لـفلففامسالال تفلمفةرل ف يعاهدفاوه دأفامسؿفل  فاوا  يففلمف غطفاويساء يثفاوهدين فاوعر ي فاواق يدي ف
هنسوض فأ ف فامهرفاوذ فيؤد فإو فادلؽفاويساءفهففهنطق فاو غطفاوع ومفإو فاو غطفاو (velocities)اوري ح

اوهشاؽفأة ةً فلػفففف-Venturi action) فه دأف)فله ي فلناسر  وعؿفا  يففاو غطفس  ملاه دفل  ر  فاويساءف
 ف إط رفنظر فى ـفوويـف يوي ف دسثف ر  فاويساءف وعؿفا  يففف)ف Bernoulli Effect- ىرةفالأثير) رنسومظ

ف(5)اوهادرفاوة  ؽ فصفاو غطفاون الفلفف ر  فاوري ح.
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ف(velocity)ةرلاوفيقؿف لأزدي دف (moving fluid)   فاوها رؾ سصفنظري ف) رنسوم(ف لأفف غطفاوهاسا
إو ففلففاةسيففاويساءفساعسدهاون ال فف(Convection)ؿف نمفل  ف ر  فاويساءف الأثيرفاو هسيعاهدفاوه دأفاوث

 هوػعسؿفاوهدسن  ف ل فإو فه فيده فتدفاؤد فاوعه يامل   ف ه فيقا مف  سؿفىػساءفأ ػثرف رسدةفهنوفلمفه  نو.ف 

(stack effect)س سلسدفهادرففلعنده فيراو فاويساءفاودالمءفيلبفأففيةا دؿف يساءفأ ثرف رسدةفهففه يطو.ف
ف(.103-102ص 1988 ر  فدا ه فلمفاويساءف)لا م فاو رارةفاوهةاهرفااسود

 الفضاءات الحضرية العامة ودورها في الفراغ الانسيابي:أ. 
اوهلا ه فسا  ه ي فه فاواش يؿفاو ا مفف  ءاتفاوهواس  فلمفاونةيلفاواق يد ف هساتعي فسهق ييةيااهيزفاوو 

و  ي  فاو  ري ف يثفاعا رفأل ؿفساتربفا سيففو  ي  فاوط يعي  فسيه ففامةاو دةفهنوفلمفاوةيطرةفل  فاةاسداـف
ف(ففMoughtin,1996,p169)فاوط ت فساوهساردفاوط يعي .
أسؿفأنسو ضفسا حفلمفاو هؿفاو رار ففي اؿاوع ه ف يثففي  مف  وو  ءاتفاو  ري ي دأفاووراغفامنة

فاوهنطق . فااله ومفاوهؤثرفلمفلهسـ
 ينه فا سففهةط  تفه  ي فاا هففهة   تفس راءفسفأففاوة   تفاوع ه فلمفاونةيلفاو  ر فاواق يد ف

ف فو الهع تفاوة  ني .ألزاءفأسرىفهني  فاوة اا سففسففه  ط فسهساا  فهسا و ف  تفىذه هففهة   تفسأ ل ـ
فهشهس فساو عضفامسر فهظ ؿ فاوة   تفاوع ه فف. ع ي  فولهي  فاوهواسح فاوو   م فاواش يؿ فلم فاوهسااو  ىذه

فه  د فاو غطفاور و فلم فسا  ً  فأسالالً  فاو  ؿ فل  ءفىاس ؽف ط يع  فه  يف فامسالاؼفلمفدرل تفاو رارة ء
فاو فامزت  فل ر فاويسا ي  فاواي رات فوانة ب فاوهشهة فسل  ء فاوداس ي  فاوون ءات ف لأال ه فساوهاعرل  فاوهظ     يق 

ف(ف5-3ص 2006(ف)ش ىيف 2اوش ؿف)فساوهظ   فواس ؽفاي راًفىسا يً فوعهسـفاونةيلفاوعهرانمفاواق يد .
 دور الأزقة في الفراغ الانسيابي داخػل النسيج العمراني : ب.  

 و يتفامسرفل ءف اسرةفلوسي ف ا سيففاو يتفه فللاتاوفاة ةلًافساليً فسمفلهديً فإذفأفففؿاوزت ؽفمفياة ة
ف(5 صاوهادرفاوة  ؽ)ف.سو ففلمفاوني ي فيا سؿفاوزت ؽفإو فس دةفهارا ط ف.لشسا ي فستدفا سف
لففطريؽفسطمفي يؽفلمف عضفاملزاءفهففاونةيلفاو  ر فسياة فلمفألزاءفأسرىفهنوفاوزت ؽفل  رةفسف

فويس ؽفهففسلاؿفىذ فغيرفهناظه   فاوانسي فاوو   مفهل اسرة فلمفأسالاؼفاو غطفاوع ومفو يساءا فساةعً  ف مً
فاة لدفلمفاقسي ساوذ فيندل فإو فل  ءاتفاودسرفاوة ني فاوهط  فل يوفهففسلاؿفهو اػػؿفذ ػػػي فاوهظ ؿفاو  رد.ف

ف فاويسا م فاوة ب ف يثفشدة فاويساء فاوهن ةر)اوهزسر(يندل  فاوهدسؿ فسلاؿ فلفهف فل  رة فاوهواؿ فىذا ف.سي سف
فهففاوزت ؽهرشحفو يساءف فاوامفهه ففأففاادرفهففامزت فاوق دـ فو هن ةيبفاو س   ي  فلففأةا ع ده فل لًا  

فستسانيفف فهاط   تفاو ي ة فلوس ف  هاو فساوا سيففظيرتف ش ؿ فاودت  فل وي  فهنظسه  فس لأنو فاوه يط   ساوشسارع
ف(فف6)اوهادرفاوة  ؽ صف. ره فاودار

 فراغ الأنسيابي داخل النسيج العمراني.دور الفناءات الداخمية في الج.  
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يعدفهففأىـفههيزاتفاا هيـفاودسرفاواق يدي ف يثفااله ف سووفهعظـففاوون ءفاوداس مفأسفاوون ءفاوسةطم
 فساوامفأله فاو   ثسففل  فأىهياي فاوةاراايلي فاو ي ي ف)ا رؾفاويساءفساسالدفاو سءفاوط يعمفل  ءاتفاوهة ف

فذا فهظ    فلة   فل   فاووساو اسؿ ف لأال ه فو ا رؾ فت  ؿ فل وم فلس  ف غط فاوه يط فت فاوهعيشي    ءات
  وو  ء(.ف يثفيعا رفامسالاؿفلمفاو غطفهففاوه  دئفامة ةي فلمفله ي فإدس ؿفاويساءفو ه ن  فإذفااؿف

ف) فإو  فاويساء فسيه فف1.4دين هي ي  فاويسا م  ف  و غط فالالب فىن ؾ في سف فلنده  فاملاي د  فهف فأ ثر فهرة )
ةفهففظ ىرةفاوا رؾفاويسا مف  لاه دفنظ ـفاوا ريدفاوا سير فو ه ففدرل تف رارةفني راف لأتؿفنة  فرطس  فامةاو د

ف((7-6)اوهادرفاوة  ؽ صداسؿفاوه ن  فسيعدفىذافاوه دأفهففأة ةي تفاوااهيـفاوهةاداـفمتاا دهف  وط ت .
س  فلمفسةطفاوون ءف  يثفاطؿفلمفاو يتفاوعر مفاواق يد فافThe Fountain  نتفاون لسرةفف)اووةقي (ف
(فيا سففهففهر  فه يطوفsymbolic formس  ففو ن لسرةفدا هً فش ؿفرهز ف)ف ل يي فاميسان تفست ل تفاول سس

(فهسططفم دفاو يستفاواق يدي فلمفاوق ىرةفاظيرفليوفاون لسرةف3اوداس مفثه نمفأسفةداةمفاوش ؿ.فسيظيرفاوش ؿف)
هه فية ىـفلمفاسليرفشرسطفاورا  فاوهاع ق ففءفهيـفلداًفوزي دةفرطس  فاويساء وه إففا يثففااسةطفاوون ءفاوداس م.
ف(8)اوهادرفاوة  ؽ صاو  رةفاول ل .هن طؽف  وه يطفاو رار فلمفاو

فودل فاوهي هفهففرأسفاون لسرةأه ف فاواق يد في للأفاوهعه رف لمف  و فانسو ضفاو غطف  يثفمفي سفف  ليً 
فإو فاةا داؿفاون لسف (فهةاس  فwavy patternسىسفل  رةفلففوسحفرس همفهاهسجفاوهظيرف)ف رةف  وة ة يؿدا هً 

سي سففف هفف ر  فاوه ءفأسفاوريح.فيس  فاو سحفداسؿفلا  ف) سة(فلمفاولدارفاوهق  ؿفولإيساففأسفهس  فاول سس
 عدفذوؾفانة بففاو سحفه  لًافو ةه حفو ه ءف لأففياقطرفلسؽفةط وفواةييؿفله ي فاوا سرفسزي دةفرطس  فاويساء.

فف(.96 ص1988)لا م . ون ءفأسفاودرفت لااؿفاون لسرةفلمفسةطفاوفا  ف اوهي هفلمفهلرىفرس هم
 مؤشرات الاستدامة في النسيج الحضري التقميدي: -

ساوط   فاوهعه ر فم ف ي  فيالأثرفف إففاوهن طؽفاو  رةفاول ل ف  ي  فوي فط  عي فاوهعه ر فاوس صفساوههيز
فاو فهف فساوط يعي  هلهسلو فساوهن سي  فساوثق لي  فاملاه لي  فهقسه تفهني  فااغيرف  فساوثق لي  فاملاه لي  فاو ي ة ساف

سو ففاةاهرارفاوط   فساونهطفيعاهدفإو ف دف  يرفل  فاوهؤثراتفاوط يعي فساوهن سي فاوث  ا ف يثفف  واقدـفاوع هم 
فنا جفلطر ف فلمفا ؾفاوهن طؽفىمفانع  سفأس فاواق يدي  فاوعه رة فساو  ري إف فاوهن سي   يثفف وهقسه تفاو ي  

ف(78 ص2000لارى .ف)لية  فؼ فاع سفإه  ني تفسظرسف يهل رتفلففاسرةفة
ل ءتفاوعه رةفاواق يدي فا دت فاواع يرفلفف ي اي ف يثفاع ه تفه فاوظرسؼفاوهن سي فهه فأدىفإو فظيسرف

فط   فههيزفيلا ـفظرسؼفا ؾفاو ي   فسي ـفلددفهففاوعسف اهؿفاوامفة لدتفلمفا يووفساشهؿفنهطف قيقمفذا
اوا  ـفسفاووراغفامنةي  مفساوا  هؿفلمفاوهنظسه فاو ي ي فسامتاا دفلمفاةاعه متفامرضف  ا  ل فإو فإدس ؿف

فاوط يع فلمفاواش يؿفاوعهرانم.
فاوط يعي ف فاو ي   فه  فساواسالؽ فاوا  هؿ فا قؽ ف يث فاو  ري  فامةاداه  فاةاراايلي ت فاهثؿ فاوعساهؿ ىذه

فاةادممتفسا فاهثؿ فاوام فاونق ط فهف فا سيصفلدد فيه ف فاقدـ فسهه  فاوط ت   فاةايلاؾ فاق ؿ فس  وا وم وهن سي 
فولاةاداه فلمفاوا يؼفاوهن سمفل  فهةاسىفاونةيلفاو  ر :
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 اونةيلفاو ثيؼفاوا  ـ:ف يثفإففاواسطيطفاو  ر فو هدين فىسفامداةفامسو فو ةيطرةفل  فاوهن خ فمفف
اق ؿفهففاوهة   تفاوةط ي فاوهعر  فو ظرسؼفاو ي ي  ف  ا  ل فإو فاق يؿفهة   تفاوهدين فاوها  ه ف

ف  م ني ف فهظ    فام ني  فسالي ت فيلعؿ ف)امزت ( فاوشسارع فلرضفساسليو فإف فسأي   امرضفاوه شسل  
 اوهق    .

 ف فاوداس ي  فساوون ءات فاو  ري  فاوون ءات فاسليو فرسلم ف يث فاواسليو: ف ساةط  فاوشهةي   لأال هفاوةيطرة
 اولنسبفأسفاولنسبفاوغر م فه ف ه ي فاوةطسحفاوهعر  فو شهسف ساةط فاو رسزاتفساوط ره ت.

 اووراغفامنةي  م:فاوذ فيعهؿفل  فس ؽفاي راتفىسا ي فا طؼفاوهن خفاوهس عمفو نةيلفاو  ر  فساوامف
 ا دأفهففاوون ءاتفاو  ري فهرسراًف  مزت فساناي ءاًف  وون ءاتفاوداس ي .

 اوط يع فلمفاونةيلفاوعهرانمف)اوهن طؽفاوس راء(:فاهيزفاونةيلفاواق يد ف لأ اسا وفل  فاوون ءاتفإدس ؿف
فساوامفا اس فل  فلنار ف فإو فاوون ءاتفاوس ا   ف  ا  ل  فاوهواس  ( ف)اوو  ءاتفاو  ري  اوع ه 

راري ف ة بفاق يؿفاوه ءف)اون لسرةفساوة ة يؿ(فساون  ا تفاوس راء ف يثفاعهؿفل  فاق يؿفظ ىرةفاولزرفاو 
 هة   فاوا  يط.

 . امتاا دفلمفاةاعه متفامرض:ف يثفا قؽفىذافاوع هؿف ة بفاواراصف يففاو اؿفاو ن  ي 

 اوهنظسه فامي سوسلي فاوها  ه  :فسذوؾف لألاه دفاواسطيطفاو يسهن سمفاو ة سف  وط ت  فسالاه دفهةاسي تف
فاو ن  ي فامي سوسلي فامتاا دي  فل وي فو را  فلمفاوو  ءاتفاوهواس  فساوهغ ق  فسام لاه دفل  فاوهساد

   ا  ل فإو فاسليرفاوهاط   تفاملاه لي  ف يثفيعا رفنهسذل فو ا  هؿفاو ي مفاانة نم.

 فها  ه ف فسالي  فإو فس ؽ فأدى فاوها  ـ فاواش يؿ فإف فاو  ري : فس  وساسصفاوسالي  فام ني  اش يؿ
يزةفلمفاش يؿفاوسالي فاو  ري فىسفاظ يؿف عضفام ني فل  فااها ف هسرلسوسلي فاوان ةؽ فساواو فاوهه

 ة بفاسالاؿفف او عضفامسر فس  وا ومفاوعهؿفل  فس ؽفاي راتفىسا ي ف يففاملزاءفاوهظ   فساوهشهة
فاو غطف يثفيعهؿفل  فاق يؿفام ه ؿفاو راري .

فوهن سمفاواق يد (فاوهورداتفأسفاوهؤشراتفاوهناس  فولاةاداه فلمفاوا يؼفا1سيس حفاولدسؿف)
ف

 
 
 

 
 (1الجدول )

 المؤشرات الفاعمة
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فاواش يؿفاوها  ـف)اق يؿفاوهة   تفاوةط ي (
فاسليوفاوه  نمفساوهلهع تفاوة ني فل  فأة سفاوعلات فه ف ر  فاوشهسفاويسهي فساووا ي ف

فه دأفامنةي بفاووراغمف)الاه دفت لدةفلناسر (
فاسداـفاوهن طؽفاوس راءفساوهي هفلمفاوون ءاتفاو  ري (إدس ؿفاوط يع فلمفاواش يؿفاوعهرانمف)اة

فامتاا دفلمفاةاعه متفامرض
فاوا  هؿفلمفاوهنظسه فاو ي ي 

فلاؿف ر  فاوة    ف)امزت (فلفف ر  فاوةي راتف)اوشسارع(ف)ا قيؽفاوساساي (
فاش يؿفاوسالي تفاو  ري 

 )الباحث(  ديالمؤشرات الفاعمة للاستدامة في التكيؼ المناخي التقمي
 

 الإجػراءات التطبيقيػة:  -
ان تشفىذهفاووقرةفاالراءاتفساوسطساتفاوامفاا عي فاو  ثفساسمًفإو فا قيؽفأىداؼفاو  ث ف دءاًف ساؼف
فهع ول ف فسأسيراً فاوهة ي  فسامسلو فاوا  ي ي  فاوس دة فساناق ء فاوهاغيرات  ف يف فستي سفاوعلات  فاو  ث  فلين  سا ديد

فاونا  ل.
 (:Case Studyنة البحثية )العي . أ

فاوػ) فاو  ثفإو فنظ ـ فاو  ثي فذاتفGoogle Earthاةاند فاوعين  (فسلددفهففاو ابفساوهللاتفلمفا ديد
ف) فاناق ء ف يثفلرى فاواق يد   فاوط يعم ف  وا يؼفاوهن سم فاوهاههيفف8اوعلات  فلم فاوا  يف فرسلم ف فهش ري   )

فساوا  يففاوه  نم.
  فاوهش ري فاوة ني فلقطفا قيقً فويدؼفاو  ث.فأه فاو عدفاوه  نمفو عين فلقدفاوسظيومفو عين فلفداتاارفاو ع

اول ل  فأه فاو عدفاوزهنمفل ـفيا ددفاو  ثف-شهؿفدسمًفغر ي فسلر ي فسه  ي فاق فلقطف هفف ي  فاوهن طؽفاو  رة
ف  عدفهعيف.

فساوهش ري فاوهناس  فسىم:
 او  ظهي ف .1

 دهشؽفاوقديه ف .2

 ي فهادىسرةفلمفاوليزةهشرسعفاطسيرفهنطق فة ن .3

  يسف تري فو عه ؿفاوزرالييفف لن  .4

 إل دةفاعهيرفا دفام ي ءفاوقديه ف هدين فاسنس .5

 هشرسعفتري ف  ريس .6

 هشرسعفاو يتفاو  هؿفلمفاويهف .7

   ويوسرني ف-هشرسعفتري فه ريف .8
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سا تففاغطي فأنه طفهسا و فوالهيع تف  ري فاق يدي ف)تديه (فس ديث .فا هففهةسغ تفىذافامساي رفلم
 هعظـفف فا اوظففم فمفازاهاو  ظهي فسدهشؽفاوقديه فنظراًفو سنيفامنوسفاوظرسؼفاوط يعي .فلقدفاسايرتفهنطق

 سا  صفاوش ؿفاوويزي س فساواق يد .

فأه ف قي فاوهش ري فلقدفاسايرتفولأة  بفاوا وي :
 اهثؿفهش ري فة ني فاههتف  وا  هؿفه فاو ي  فاوط يعي ف 

 وهش ري فهو ىيـفاوا يؼفاوهن سمفاواق يد فساوهةاس ا فهففدراة فاوسات فاو ي مفرسلمفلمفااهيـفىذهفا
 ساو  ر فو هن طؽفاواق يدي .

 فهدىفنل حفا ؾف فوهعرل  ف  لي  فأ ثرفهففلشرفةنساتفسىمفهدة فاوهش ري  فىذه فهرفل  فاةاسداـ وقد
فاوهش ري .

 (:The Case Study Description. وصؼ العينة البحثية )ب
فلففاوعين تفاوهناس  فمغراضفاوقي سفساوا  يؿ.فاووقرةفإو فاقديـفشرحفساؼ فااطرؽفىذهف
 مدينة الكاظمية:

فدينيً ف فساوذ فيهثؿفهر زاً فساولساد( فااه هيفف)او  ظـ فهرتد فاووراغمفلمفاوهدين فل  فأة سفسلسد فاوانظيـ الاهد
ً ف  ريً فيش وفاوش ؿفاودا ر ف يثفهيهً فلمفاوع وـفااةلاهم فوذافار زتفاوس داتفاوة ني ف سووفلش  تفالهع

 ي اؿفاوهرتدفاوهر ز فلمف يففاهثؿفاوشسارعفاوه يط ف دسدفاوهنطق .
فيواؿف يني ف ف يثفل ءتفاوهة  ففهالااق  ف  ونةيلفاوع س فاوها  ـ  فل ه  ف اسرة اها زتفاوهنطق 

ف  ا  ل فإو فا  فاوه اسي فساوهظ   ف شن شيؿفاودسرفاوهل سرة  فل  فلن ءاتف  ري ف عضفامزت فاو يق  اسا ي 
ف (Warren & Fathi,1982,p.27-83(ف)4ل ه فا سففه فاوون ءفاوداس مفهنظسه ف ي ي فها  ه  .اوش ؿف)

 دمشؽ القديمة:
الأثرفاسطيطفهدين فدهشؽف  وو رفااةلاهم ف يثفا سوتفهففاونهطفاوش  مفإو فاونهطفاوها  ـ فساها زتف

عضفامزت فاو يق فاوه اسي فانايمفىذهفامزت ف ون ءاتف  ري فل ه فاوس داتفاوة ني ف  واراصفيواؿف يني ف 
فا سفف  وقربفهففاول ه .فف

يرا طفاوزت ؽف  وون ءفاوداس مفو هة ففل رفههرفهةاقيـفسذوؾفمففاوط  ؽفامر مفهساصفولاةاسداـف
ف(58-43ص 2000(.ف)هيس  يؿ 5إو فاوساساي  فاوش ؿف)فجاوع ـفوذوؾفمفي ا 

 منطقة سكنية متدهورة في الجيزة:مشروع تطوير  
وقدف  سؿفاوهاهـفادليـفاوا سيففاملاه لمف  وهنطق فللأاسذفهففامةرةف"اوس ي فامة ةي "فلمفاسطيطوفوي ف
لقةـفاوهنطق فإو فهلهسل فهففس داتفاوليرةفأة سف ؿفهني فهلهسل فهففامةرفيسدهي فهلهسل فهففاوسده تف

ف فأس ف"اور  " فل رة فساةاسدـ ف يثفالهعتفساوهرالؽ. فاوااهيـ  فلم فاوقديه  فاوعر ي  فاوهدين  فلم فاوهسلسدة "او  رة"
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فىذهف فساارا ط فاملاه لي   فاووع وي ت فوهه رة  فيةاسدـ ف"اور  " فاوهة    فه دسد فل  ء ف سؿ فاوة ني  اوس دات
اا ف عيدافلففاوشسارعفاوهسف–اوو  ءاتفه ف ع ي ف هلهسل فهففاوطرت تفاو يق فساوهاعرل ف"او  رة"فو هش ةف

فاوةي رات فاوهاهـفف-و ر   فساةاسدـ فاانة نم. ف  وهقي س فإ ة ةيـ فسوزي دة فو هش ة فاوساساي  فواسلير سذوؾ
فاوهي هف  طءف اوهة   تفاوس راءفلمفاووراغ تفاوع ه فساوس ا  ف ه فاةاسدـفهلهسل فهففام ساضفاهرفليي 

ةفهففن  ي فسس ؽفاو ي  فاوهن ة  فو ة  نيففهع ق فل  فلدراففاملني فاوداس ي فو هة لدةفل  فا طيؼفدرل فاو رارف
ف(83-82ص 1975(ف)اوسسوم 6 ا  هؿفاوه ن فه فاوعن ارفاوط يعي .اوش ؿف)

 ميس:كقرية لمعمال الزراعيين بشركة منتجات الكروم والتقطير المصرية بجنا
فسه فدتيؽ فنةيل فذات فاوقري  فل ه  ف اسرة فاوغر ي , فاوا راء فهف فاوشه وم ف  وقط ع فاوقري  ا  ـفاق 

فس يففاو يففساو يففيو لئفcompactاوا سيف) فسهاعرل  فطرت تف يق  فهالااق فل  فاهاداد ف يثفه  نيي   )
فن  ي ف فاوشهسفهف فمشع  فاوهعر   فاوةطسح فهة    فهف فو اق يؿ فسذوؾ فنةي  . فاو  يرة ف  عضفاووراغ ت اوهرء

فاماا ؿ فسواةييؿ فأسرى  فلي  فهف فاوهسا و  فألزا ي  ف يف فاوهة ل ت فورسا طيـففسواقاير فادليه  فة  ني   يف
فهة فف فلشر فةا  فهف فاا سف فهلهسل  ف ؿ فاوة ني   فاوس دات فهف فهلهسل  فهف فاوقري  فاا سف املاه لي .
ياسةطيـفلراغفر يةمفسار طفاو  رةف)اوزت ؽ(فه ف يففىذهفاووراغ تفاور يةي فهه فيؤد فلمفاوني ي فإو فاوساسؿف

ها  هؿفسنةيلفهال نسفه فه في يطف وفهففط يع فريوي .فاوش ؿففلمفاسطيطفاوقري فإو فس دةفذاتفا سيففلراغم
ف(89-88ص 1975(ف)اوسسوم 7)

 إعادة تعمير احد الأحياء القديمة بمدينة تونس:
يق ف مف واي فاوقديـف هفف دسدفسةطفاوهدين  فس  ففاويدؼفامة ةمفهففاوااهيـفىسفاوساسؿفإو ف

فل نبفادليهوفوط   فساق ويدفاوهنطق .ف ؿفلار في قؽفاوهاط   تفاو ي اي فو ة  ففإو ف
ف) فاوا  ـ فه دأ فل   فاوهاهـ فامل ؿفcompactالاهد فاو ؿ ف  لا  ره فاوة ني  فاوس دات فاش يؿ فلم )

فاوااهيـفاواسازفف يففاةاعه ؿفاوةي رةف سةي  فلاري فو هساالاتف وظرسؼفاوهن طؽفاو  رةفاول ل  فس قؽفىذا
اوةي رةفساوهش ةفسهرال ةفلدـفاواع رضف ينيه  فللأزدادتف ذوؾف و ءةفس يفف ر  فاوهش ةفسذوؾف  وواؿف يفف ر  ف

اوةي رةفلمف ر اي ف ه فا قؽفو هش ةفإ ة ةيـف ذاايـ فسوزي دةفاو و ءةفاوهن سي فوههراتفاوهش ةفاـفاةقيوي فو ه ي ف
فساوا فاواظ يؿ فواسلير فهع ق  ف هة  ف فاوشسارع فهف فاةقيؼفألزاء فإو  فاوشهسفإ  ل  فأشع  فهف س صفهففاوه رة

فاوش ؿف) فلمفاةاعه متفامرض. فإو فامتاا د فا ؾفاوهن طؽف  ا  ل  فاوامفاع نمفهني  (ف8ام ه ؿفاو راري 
ف(77ص 1975)اوسسوم 
ف

 مشروع قرية باريس بمصر:
اق فتري ف  ريسفلمفاوسا  تفاوس رل ف هار فساهيزتف  وا يؼفه فاو ي  فاوه يط  ف يثفاةاط عفاوهعه رف

ظـفلن ارفاوا يؼفاوهن سمفاوذاامفاوامفاها زتف ي فاوعه رةفاواق يدي فلمفااهيـفاوقري ف ةففلا مفاسظيؼفهع
فولاةاو دةفهففاوط ت تفاوط يعي .
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اها زتفاوقري ف  واسطيطفاوها  ـف يثف سنتف ؿفهلهسل فهففاوهة  ففاوهالااق فس دةفليرةفا ـف يني ف
ا ؾفاملني فه ف ع ي ف ساةط فههراتف يق فه  ط ففلن ءفس صف ا ؾفاوس دةفيرا دهفامطو ؿفس   رفاوةففسارا ط

فا ؾف فإو  فاوةي رة فساسؿ فلدـ فإو فهرال ة ف  ا  ل  فاوقديه . فاوهدين  فلم فاوهسلسدة فاو  رة ف  ير فإو ف د اش و
ف يفف ر  فاوةي رةفس ر  فاوهش ة.فستدفاـفاسظيؼفلنارفاواسا سشفلمفاوقري فل  ف أمه  ف فأ فاوواؿفاوا رـ

  ر  فسذوؾفواسليرفه  ففهعادؿفاو رسدةفسهلا ـفولهي فاوة  ف ف يثفيعهؿفل  فاسليرف ر  فهةاسىفاونةيلفاو
ف(119-118ص 1988(ف)لا م 9اويساءفاوهط س  فلا سففهلا ه فولاةاسداـفلمفلاؿفاوايؼ.اوش ؿف)

 مشروع البيت الكامل في اليمن
فاو يتفاوه فسىس فاويهني  فاواق ويد فهف فاو يتفاو  هؿ فاةـ فاوهاهـ فاو يتفاسا ر فاولنسبف يثفإف فن س الو

اون تصفىسفاوهالوفن سفاوشه ؿفساوناؼف  هؿفاوهالوفن سفاوشرؽفأسفاوغرب فسهففا  يؿفاوهاهـفإو فاو يتف
اواق يد فاويهنمفاةاط عفأففياساؿفإو فلددفهففاوثسا تفلمفاونةيلفاو  ر فاواق يد ,فسا ؾفاوثسا تفاـفاط يقي ف

ففيسا ؼفلففغيرهفسذوؾف الهيعوفاوعهسد ف سؿف ديق فهشار  ف) ةا ف( فلمفاوهشرسع,ف يثفإففاوة ففلمفاويه
ا ؾفاوهة  ففاوامفاعرؼف  وهة  ففاو رلي فأا  تفنايل فواطسرفاوااهيـفاةاويدفهفف سءفاوشهسفساوايسي ف
اوط يعي  فسىمفش يي ف  م راجفاوهقةه فإو فلدةفطسا ؽ ف  سؿفاوهاهـفامةاو دةفهففاوط ت تفاوط يعي فسذوؾف
فاوسالي ف فل   فساوسده ت فاوسالي  فا ؾ فل   فاوة ف فر ز ف يث فاولنس ي   فاوسالي  فهف فاوقاسى   مةاو دة

ف(139-138 فص2000(ف)انط نيسس 10اوشه وي .اوش ؿف)
 قرية مارين في كاليفورنيا:

اوو ةو فاوااهيهي فىمفاوامفة لدتفلمفإنل حفاوهشرسع فسألط  وف يسي فساو فههيزةف  سنوفيعاهدفل  ف
فل  فاوط فاوهشرسع في اس  فذااي . فنوةي  فاسدـ فهلاهع ت فل   فاو اسؿ فىس فذوؾ فساويدؼفهف فاوط يعي    ت ت
ف(فس دةفة ني  فهسزل فلمفسهسفتط ل تفهال سرة.ف2000)

اسطيطفاوقري ف اسرةفل ه فاها زف  وا  ـ ف يثفتُةهتفاوقري فإو فلددفهففس داتفاوليرةفساوامفاا سفف
فلن ءفسةطمفس صف ا ؾفاوهلهسل فس ؿفةتفف(فهة فف يثفا سففهاراا 12هفف) ف يني  فسا ـ ه ف ع ي 

هلهسل تفا اس فل  فلن ءف)ل  ءفهواسح(فس صف ي .فسملؿفا قيؽفاوساساي فوس داتفاوليرةفلقدفس عتف
(ـ.فه ف125هساتؼفاوةي راتفس رجفىذهفاوهن طؽف  يثفا سففاوهة ل ف يففا ؾفاوهساتؼفساوهة  ففمفازيدفلفف)

يفف ر  فاوهش ةفساوةي رات.فل لافلففااهيـفاوون ءاتفاوهواس  فلمفاوقري فسا قيؽفاوعلات ف يني فهرال ةفاوواؿف 
ف)ام ني فاوع ه ف فليه فيسصفاواسليوفلقدفرسلمفأففاالوفاوه  نمف  ي  و  اسؿفل  فاي راتفىسا ي فهعادو .فأه 

ف(11اوش ؿف)ف فاوسالي فاولنس ي .ساوهة  ف(فن سفاولنسب فسيا سففاوهة ففهففط  قيففااسذفاوو  ءاتفاوهعيشي
(www.desertknowlage.com.au)ف
 (:Variable relationship measurement. قياس العلاقة بين المتغيرات )ج

http://www.desertknowlage.com.au/
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 يففاوهاغيرات ففالاهدفاو  ثفل  فامة سبفاوساومفاوا  ي مفساوهةاندفل  فاةاه رةفاوهةحفوقي سفاوعلات 
ف(فيس حفاوهؤشراتف عدفاوارهيز.فل هً ف لأففاوهؤشراتفس ا فلقطف  وااهيـفاو  ر .2م ظفاولدسؿف)

 (2الجدول  )
ف

 الرمز المؤشرات الفاعمة
 X1فاواش يؿفاوها  ـف

فX2فاسليوفاوه  نمفساوهلهع تفاوة ني فل  فأة سفاوعلات فه ف ر  فاوشهس
فX3فه دأفامنةي بفاووراغمف

 X4فإدس ؿفاوط يع فلمفاواش يؿفاوعهرانم

 X5فامتاا دفلمفاةاعه متفامرض

 X6فاوا  هؿفلمفاوهنظسه فاو ي ي 

 X7فلاؿف ر  فاوة    فلفف ر  فاوةي راتف)اوساساي (

 X8فاش يؿفاوسالي تفاو  ري ف

 المؤشرات الفاعمة في النسيج الحضري المستدام )الباحث(
فة:. انتقاء الوحدة التحميميد

فاوناسصف) فساو قط تفاواس ي ي ف)Textsلرىفاناق ء )2D,3Dفأة ةً ف فلففاوهش ري ف ساوي  فاوهع رة )
فو س دةفاوا  ي ي .

 . الأوجه المسحية:هػ
فهففله ي فله فاوعين تفساناي ءاًف  ونا  لفاوهةاس ا فهففامسا  ر. ًً فا هنتفاوعه ي فثلاث فأسلو ف دءاً

 ( الوجه الأولFirst Phase:) 

ا ديدفاوعين تفاو  ثي ف)هش ري فة ني (فه فإلراءفاوا  يؿفاوساومفوي  فو اساؿفإو فاةاداه فاوا يؼفىدلوف
ف(فهش ري .8(فهشرسلً ف  لا  رى فهر   فأسو فثـفلرىفاق ياي فإو ف)15اوهن سمفاواق يد  فإذفلرىفله ف)

 ( الوجه الثانيSecond Phase:) 

و فنة  فاوعيؿف ؿفهؤشرفليي فساث ياي فلمفاةاه رةفاوهةحفييدؼفإو فإلراءفاوهةحفل  فاوعين تفو اساؿفإ
فوغرضفاسا  رى .فه فإلراءفاوا قؽفهففا  فىذهفاونةب.

 ( الوجه الثالثThird Phase:) 

فهعدؿف ؿفهؤشرف فا ديد فسهففثـ ف ؿفهشرسعفل  ف دة فواقسيـ فامسا  رفاور يسفو عين  ييدؼفإو فإلراء
ف ؿف فمةاسراجفل ل ي  فو هش ري ف  فو هؤشراتف  ونة   ف  ونة   ف ؿفهؤشر فو اساؿفإو فأىهي  هؤشرفل  ف دة 

اواق يد ف)او  ظهي  فدهشؽ(ف  وهق رن فه فاوهش ري ففلاو  تي فلمفاوااهيـفاو  ر  فه فإلراءفهق رن ف يففاونةي
ف. او ديث فو اساؿفإو فهدىفنل حفا ؾفاوهش ري فلمفاوا يؼفاوهن سمفسلؽفهو ىيـفاوعه رةفاواق يدي فاوهةاداه

 (:Results Treatment. معالجة النتائج )و
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(فEXCEL XP(فسالاهدفاو  ثف رن هلف)Master sheetلرىفاوريغفنا  لفامسا  رفل  فوس  فر يةي ف)
فوهع ول فاو ي ن ت.

 تحميػل الإجػراءات التطبيقيػة:  -
  :المرحمة التحميمية

ف   فاواق يد  فاو  ر  فاونةيل فاةاداه  فإو  فامسا  ر فنا  ل فاوامفأس  ت فاوعين ت فاةاداه  فإو  ا  ل 
الاهدتفلمفاسطيطي فل  فاوهؤشراتفاوو ل  فاوهةاس ا فهففاونةيلفاواق يد ف يثفاتار تفاوقيـفاوهةاس ا ف

(فسىمفاوقيه فاوهوار  فولاةاداه  فسهففهق رن فه ا  فاونةيلفاواق يد )او  ظهي  فدهشؽ(فه فه ا  ف1هفف)
فأث اتفاونا  لفاو فه فاوسؽفاونةيلفاواق يد ف نة  ف  ي  فلداً فسأس  تفاوهش ري فاو ديث  اق ربفاو  يرف ينيه 

نا  لفاو رن هلفاو  ة مفأي  فاو ستفأىهي فاوهؤشراتفاوو ل  فهففهؤشرفإو فآسرفلمفاوااهيـفاو  ر  ف يثف
فاوهؤشرفامسؿفنة  ف) فاوهؤشرفاوث نمف)14اسذ فاوهؤشرفاوث وثف)%13(  فاوهؤشرفاورا  ف)%13(  ف%( %11( 

ف فاوة دسف)13اوس هسف) ف%12(  فاوة   ف) فساوهؤشرفاوث هفف)%13(  فإففهلهسعفنةبفىذهف%12( فل هً  )%
ف(12,13,14%(.م ظفامش  ؿف)100اوهؤشراتفىسف)

ف
 X8 X7 X6 X5 X4 X3 X2 X1 المعدل/المؤشر

 0.9456 0.862 0.861 0.77 0.844 0.828 0.86 0.83 معدل نسب المؤشرات

 

فسا  ر: يثفأث اتفنا  لفام
ف450.9ستيهاوفففX1أففاوهؤشرفاوو لؿفلمفاوع هؿفامسؿفىسف

ف:فىسفاواش يؿفاو  ر فاوها  ـ.X1 يثفإفف
ف(ف0.86 ف0.861 ف0.862ستيهاي فل  فاواساومف)فX2 X3 X7ساوهؤشراتفاوو ل  فلمفاوع هؿفاوث نمفىمف

ف يثفإف
فاوشهس:فاسليوفاوه  نمفساوهلهع تفاوة ني فل  فأة سفاوعلات فه ف ر  فX2ف

: X3 فاووراغفامنةي  مفففف
ف:فلاؿف ر  فاوة    فلفف ر  فاوةي راتف)اوساساي (X7ف

ف(0.83 ف0.828 ف0.844ستيهاي فل  فاواساومف) X6  X8 فX5اوو ل  فلمفاوع هؿفاوث وثفىمففتساوهؤشرا
ف يثفإفف

X5ف:فامتاا دفلمفاةاعه متفامرض
X6 ف:فاوا  هؿفلمفاوهنظسه فاو ي ي
X8فسالي تفاو  ري :فاش يؿفاو
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ف0.77ستيهاي فففX4إه فاوع هؿفاورا  فل وهؤشراتفاوو ل  فليوفىمفف
ف يثفإفف

X4ف:فإدس ؿفاوط يع فلمفاواش يؿفاوعهرانم
 نتائج الدراسة العممية )البرنامج الحاسبي(:

فأظيرتفنا  لفاو رن هلفاو  ة م ف هففسلاؿفدراة فاة فلين تفط قتفأةسفاوا يؼفاوهن سمفاواق يد  
فأةسفاةاد فل   فااهيهي  فلم فالاهدت فاوام فاوهش ري  فاةاداه  فإو  ف  ا  ل  فاواق يد  فاو  ر  فاونةيل اه 

اوااهيـفاو  ر فاوهن سمفاواق يد  فس  ورغـفهففل ل ي فلهي فاوهؤشراتفاوهةاس ا فهففاونةيلفاواق يد ف فإمف
ف  فهةاسىفاونةيلفاو  ر .لمفس ؽفامةاداه فلفإففاودراة فاوعه ي فأث اتفاو ستفأىهي فىذهفاوهؤشرات

فاو  ري فىسفاوا  ـفس ذوؾفي سففهفف هفف فهؤشرفلمفا قيؽفامةاداه  فإففأىـ  يثفأث اتفاودراة 
ه دأفامنةي بفاوو   مفساوواؿف يفف ر  فاوة    ففاوع هؿفامسؿ فساسذفاوع هؿفاوث نمف ؿفهففهرال ةفاواسليو 

مفاةاعه متفامرض فاوا  هؿفلمفاوهنظسه فاو ي ي فساش يؿفساوةي رات.فساسذفاوع هؿفاوث وثف ؿفهففامتاا دفل
ف(.3اوسالي ت فس ـفاوع هؿفاورا  فإدس ؿفاوط يع فاواش يؿفاوعهرانم.فم ظفاولدسؿف)

ف(3الجدول )
العامل  الرمز المؤشرات الفاعمة

 الأول
العامل 
 الثاني

العامل 
 الثالث

 العامل 
 الرابع

    * X1 التشكيل المتضام
باني والمجمعات السكنية عمى أساس العلاقة مع حركة توجيه الم

 الشمس
X2  *   

   *  X3 مبدأ الانسياب الفراغي
 *    X4 إدخال الطبيعة في التشكيل العمراني

  *   X5 الاقتصاد في استعمالات الأرض
  *   X6 التكامل في المنظومة البيئية

   *  X7 فصل حركة السابمة عن حركة السيارات )الخصوصية(
  *   X8 تشكيل الواجهات الحضرية

 نتائج الدراسػة العمميػة
 اجات:تنتالاس -
 .ل ل ي فاةاسداـفأنظه فاوا يؼفاوهن سمفاواق يد فل  فهةاسىفاونةيلفاو  ر فساوه ن فاوهنورد 

 أ ػػػدتفاةػػػاراايلي تفامةػػػاداه فل ػػػ فاواو يػػػرف ػػػهففاونطػػػ ؽفاوه  ػػػم فساو وػػػ ظفل ػػػ فهاػػػ درفاوهاػػػ درف
ي  فساق يؿفاةايلاؾفاوط ت تفاون     ف  ا  ل فإو فاواع ـفهففاوقديـفوس ؽفاولديد فساعا رفىػذهفاوهوػرداتفاوط يع

فساساي فاوه  ف ف  ه فاوه دداتفاوه يط ف ي .فساالاءـهففأىـفالا  راتفاوعه رةفاوهةاداه فوس ؽفله رةفا ارـ
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 ف)أةسفاش فاواق يدي  فاوعه رة فه  دئ فل   فامةاداه  فه  دئ فذاتفاوط   فالاه د فاواق يدي ( ف فاوعه رة  يؿ
اودين هي مف ة بفللاتاي ف  و ي  فاوط يعي فاوه يط فهففلي فسا  ي فهاط   تفاوش غ يففهففلي فأسرى.ف يثفإفف
اوعه رةفاواق يدي فىمفاةال   فاري  فو هؤثراتفاوهن سي فساوط يعي فاوه يط ف ي .فس ذوؾفاعا رفهففأ ثرفامنه طف

  يثفينع سفىذافاوالاؤـفل  فهةاسىفاونةيلفاو  ر فسل  فهةاسىفاوه ن فاوهنورد.ففالا هً فه فاو ي  

 ا  هؿفاوه ن فاوهنوردفه فاونةيلفاوه ػيطف ػوف يػثفي ػسففلػزءفهػففاوهنظسهػ فاو ي يػ فاوها  ه ػ  ف  ا ػ ل ف
هفاوعن اػرفىػمفإو فا اساءهفل  فاوعديدفهففاوعن ارفاوامفزادتفهففا يووف  ملاه دفل  فاوط ت تفاوط يعي فسىذ

املنيػ فاوداس يػػ فساوهةػػاسي تفاوهاعػددةفساوهلاتػػؼفساوهشػػر ي تفساو ػرسزاتفساوط رهػػ ت ف  ا ػػ ل فإوػ فاوهػػسادفاو ن  يػػ ف
اوط يعي فذاتفاوةع فاو راري فاوع وي فاوامفزادتفهففا يؼفاوه ن فه فاو ي ػ فاوه يطػ فساق يػؿفاةػايلا وفو هاػ درف

  ن .اون    فس  وا ومف ققتفاةاداه فاوه

 ل ل يػػ فامةػػسفاوااػػهيهي فاوهةػػاداه فاوهعاهػػدةفلػػمفاونةػػيلفاو  ػػر فاواق يػػد فاوهاهث ػػ ف ػػػفأسم:فاوالهيػػ ف
او  ر فاوذ في قؽفه  دئفامةاداه فهفف يثفاواو لؿفه فاو ي  فاوط يعي  فساا ة سف يسيػ فاوه ػ ف فساو وػ ظف

ام نيػػ فسشػػ   فامزتػػ فلػػمفاونةػػيلفاو  ػػر  فل ػػ فاوط تػػ  فث نيػػ :فاوان ةػػؽفاو  ػػر فاواق يػػد فاوػػذ في ػػـفاسزيػػ ف
  ا ػػػ ل فإوػػػ فاسليػػػوفام نيػػػ ف ةػػػبفاوعلاتػػػ فهػػػ ف ر ػػػ فاوشػػػهسفاويسهيػػػ فساوواػػػ ي  فساستيػػػ فاةػػػاعه متفامرضف
 ةػػبفللاتايػػ فهػػ ف ع ػػي  فث وثػػ :فاواقػػ ربفلػػمفاةػػاعه متفامرضف يػػثفإففىػػذافاواقػػ ربفياسالػػؽفهػػ فاوعػػ داتف

  ا  ل فإو فس ؽفهنػ خفهس ػعمفهػريح ف يػثفإففاوهنػ طؽفاوهواس ػ فلػمفاوهنػ خفاملاه لي فساوهعاقداتفاوديني ف
اوا ػػ ـفلػػمفاونةػػيلفاواق يػػد ففاو ػػ رفاةػػ بف لأ ػػداثفاوايػػ راتفاو ػػ رةفنيػػ راًفساو ػػ ردةفوػػيلًا.فسىػػذافاواقػػ ربفيػػؤد فإوػػ 

نيػػ فاق يػػؿفاق يػػؿفاوهةػػ   تفاوةػػط ي فاوهعر ػػ فمشػػع فاوشػػهس فساففو ا ػػ ـفهشػػ  ؿفلديػػدةفهفساوػػذ فيعهػػؿفل ػػ 
اوساساػػي فو س ػػدةففاوساساػػي  فوػػذوؾفل ولػػتفاوعهػػ رةفاواق يديػػ فذوػػؾف  منواػػ حفل ػػ فاوونػػ ءفاوػػداس مفاوػػذ فيػػسلر

اوة ني ف  ا  ل فإو فاسليرفاا ػ ءةفساوايسيػ فاوط يعيػ  ف يػثفيعهػؿفل ػ فس ػؽفهنػ خفهس ػعمفهػريحفو هةػ ف.ف
وهنظسهػ فامي سوسليػ فاو  ػري فاواق يديػ فساواػمفا ػسففسس هةً :فااهيـفاوونػ ءاتفاوهواس ػ فساواػمفاعا ػرفلػزءفهػففا

  داي فاووراغفامنةي  مفلمفاونةيلفاو  ر فسارا طف  وون ءفاوداس مفهففسلاؿفاوزت ؽ.
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(فاووراغفامنةي  مفلمفاونةيلفاو  ر ف2ش ؿف)
(ف6 ص2006اواق يد ف)ش ىيف   
 

(فاةاسداـفاون لسرةفلمفاوون ءفوا طيؼفاولسف3اوش ؿف)
(201 فص1988)لا م   

(فاش  ؿفهسا و فو هدففاوها  ه ف1ش ؿف)  
(Google Earth, 36,فص1975اوسسومف ) 
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 Google(فهدينػ فاو  ظهيػ )4)فش ؿ

Earth1983 ف.Al-Kaissi) 

 

(فاطسيرفهنطق فهادىسرةف6ش ؿف)
 (1975لمفاوليزةف)اوسسوم ف

ف(Google Earth ف67-49 فص1987(فهدين فدهشؽففاوقديه ف)فل دفاوع ؿ ف5ش ؿف) 
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فاوها  ه فو هدففهسا و فاش  ؿ(ف1)فش ؿ
(Google Earth,, 36 ص1975اوسسوم) 

 

فلمفامنةي  مفاووراغ(ف2)فش ؿ
فاواق يد فاو  ر فةيلاون
 ( 6 ص2006ش ىيف )

و عه ؿفف(فهشرسعفتري 7ش ؿف)
 لن  ويسفف-اوزرالييف
 (93-91 فص1975)اوسسوم 

لمفاسنسفف-(فا ي ءف مف واي 8ش ؿف)
 (79-78 ص1972)اوسسوم 

(فهشرسعفاو يتفاو  هؿفلمفاويهفف10ش ؿف)
 (126 ص2000)انط نيسس 

(فتري ف  ريسفلمفاوسا  تفاوس رل ف هارف9ش ؿف)
(فتري فه ريففلمف  ويوسرني ف11ش ؿف) (195 ص1987)لا م 

(Pearlmutter,2000,p.20) 
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مشروع تطوير منطقة السكنية بالجيرة
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مشروع تطوير منطقة السكنية بالجيرة

مشروع تطوير منطقة السكنية بالجيرة
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مشروع تطوير منطقة السكنية بالجيرة
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 (فنا  لفاو رن هلفاو  ة مف12ش ؿف)

اعادة تعمير احد الاحياء القديمة -تونس
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قرية باريس في الواحات الخارجة
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معدل نسب المؤشرات لبقية المشاريع

معدل نسب المؤشرات

X8

%21

X7

%31

X6

%21

X5

%21
X4

%11

X3

%31

X2

%31

X1

%41

X8 X7 X6 X5 X4 X3 X2 X1

مدينة الكاظمية )محلة التيل (

0

0.2

0.4

0.6

0.8

1

1.2

X8X7X6X5X4X3X2X1

المؤشرات

مدينة الكاظمية )محلة التيل (

دمشق القديمة

0

0.2

0.4

0.6

0.8

1

1.2

X8X7X6X5X4X3X2X1

المؤشرات

دمشق القديمة 

(فنةبفاو ستف14ش ؿف)
 اوهؤشراتفاوو ل  فاودراة 

(فهق رن ف يففه ا  ف13ش ؿف)
 اونةيلفاواق يد فساونةيلفاو ديث
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 مصادر:            

ف.1975اوسسوم  درفاوديفف"اوهؤثراتفاو ي ي فساوعه رةفاوعر ي " فل هع ف يرستفاوعر ي   -
انطػػ نيسس فغيػػػداءفهنيػػؼف" ػػػيففاماػػ و فساوعسوهػػػ ..فاوهع ولػػ تفاو ي يػػػ فاواق يديػػ فساط يق ايػػػ فلػػمفاوعهػػػ رةف -

ف.2000اوعر ي فاوهع ارة"فاوهؤاهرفاوهعه ر فامردنمفاوث نم فاولزءفامسؿ ف
اول لػ "ف  يػ ف-ف فد. يلتفرش دف"ف عضفساساي تفاوة ففاوعر ػمفاوهع اػرفلػمفاوهنػ طؽفاو ػ رةش ىي -

 .2006اويندة  فل هع ف غداد 

ل ػػػػدفاوهاط ػػػػب فا هػػػػدفه هػػػػد ف"هلاهػػػػحفاوو ػػػػرفاو ي ػػػػمفو هةػػػػ ففاواراثػػػػمف ػػػػيففاونظريػػػػ فساواط يػػػػؽفوعهػػػػ رةف -
 .2000اوا راء" فاوهؤاهرفاوهعه ر فامردنمفاوث نم فاولزءفامسؿ ف

ليةػ  فا ػػراىيـ ف"فاملا ػػ راتفاو ي يػػ فلػمفاشػػ يؿفاوهلاهػػحفاوهعه ريػػ فاو  رينيػ "فهػػؤاهرفاوعهػػ رةفاوهةػػاداه  فف-
فف2000اولزءفاوث نم,

 ـ.1988لا م ف ةفف"اوط ت تفاوط يعي فساوعه رةفاواق يدي "فاوهؤةة فاوعر ي فو دراة تفساونشر ف -

تايػ ف ساساػي فاو يػ ةفاوع   يػ ف ةػ سؾفالاهػ لم"فهيس  يؿ فةػ سى ف"اوهدينػ فساوهةػ ففلػمفااةػلاـفسللا -
 2000اوهؤاهرفاوهعه ر فامردنمفاوث نمف"ن سفله رةفهةاداه  

-AL-Homoud,فM., “Sustainable Urban Planning of Historical Jawa” Analysis the 

physical and social pattern, Jordan Engineers Association, Part 1, 2000 
-Golany. G, "Design for Arid Regions Urban form Design for Arid Regions", Van 

Nostrand Reinhold Company: New York, 1983. 
-Moughtin, C. "Urban Design: Green Dimensions" Architectural press, 1996. 

-Pearlmutter, D., “Patterns of Sustainability in desert Architecture” ARIDLAND, 

No. 47, May, 2001 

- Public Management Magazine, "Development Sustainable Communities", 1995 
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 في العراق GISتثبيت نظام المعلومات الجغرافية 
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 قسن الهنذست الوعوبريت

 
ABSTRACT 

   Growth of cities made Urban Designers and Planners determine to the extent that need to 

knew solutions appear to maintain and analyze data, especially regarding dealing with 3D 

geometrical information and concepts integration on building them to enable analysis and ensure 

3D rapid  visualization as complication and mutual relations among various data types (3D spatial 

and non -spatial) and users vary greatly that current information systems face difficulty in dealing 

with, analyses and completing them, confusing the process of Urban Planning and conduct 

nowadays rather than a decade ago; it was necessary to set an attempt to combine available 

technology components and develop new concepts to conclude a system that meets users' 

requirements and solves problems of urban planning and of information users better . Therefore, 

focus was on a 3D system to conclude the concept of building objects and their attributes to allow 

efficient recovery and display, where focus is on 3D spatial objects; since demand of 3D spatial 

information is the most urgent. 

So , the aim is identifying the conceptual model capable of dealing with a variety of object 

and relations of interest for urban planners appropriately to analysis and 3D interactional 

visualization using current technological developments , so that object of no spatial range are 

combined in the database according to objective classification , so that spatial object , classification 

with objective characteristics can work according to hierarchy in semantic and geometrical domains  

this to be integrated by possibility of introduction of this public system to Iraq in general and 

Baghdad in particular by attempting suggesting conducting that system as a start to be the 

responsible for its application for real . 

The research was finished with cooperation of many parties abroad to reach its desired aim. 

 

 

 الخلاصة 
لقد عقد نمو المدن مهام المصممٌن والمخططٌن الحضرٌٌن الى حد ظهور الحاجة لحلول جدٌدة للمحافظة 
على البٌانات وتحلٌلهاا خصوصاام ماا ٌت لاع بم املاة الم لوماات الهندثاٌة لابلاٌاة اكب ااد وتاامال الم اا ٌم حاول 

وحٌا  ٌت ااوت الت قٌاد وال ب اات المتبادلاة باٌن  بناء ا لتمااٌن التحلٌال وضامان التخٌال الثارٌي لابلااً ا ب ااد.
انواع البٌانات المختل ة )الماانٌة والبماانٌة لابلاٌة اكب اد( و المثتخدمٌن الى حد ابٌر جدام بحٌ  تواجه انظمة 
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الم لومات الحالٌة ص وبة فً م الجتها وتحلٌلها كامالها، مما ٌشوش عملٌة التخطٌط واكدارة الحضارٌٌن فاً 
الار من عقد مضى، اان من الضروري وضي محاولة لتوحٌد ماونات التانولوجٌا المتوفرة وك ت الحاضر الو

وتطااوٌر م ااا ٌم جدٌاادة للوصااول الااى نظااام ٌ ااً بشااال افضاال بمتطلبااات المثااتخدمٌن وٌحاال مشاااال التخطااٌط 
لابلاً  (GIS)جغرافٌة الم لومات النظام الحضري ومشاال الذٌن ٌثتخدمون الم لومات ، لذا تم التراٌز على 

اكب اد، للوصول الى م هوم لبناء اكشٌاء وخصائصها مما ٌثمح باثترداد وعرض وافٌٌن، ٌاون التراٌاز فٌاه 
 على اكشٌاء الماانٌة لابلاٌة اكب اد مادام الطلب على الم لومات الماانٌة لابلاٌة اكب اد  و اكالار الحاحام.

 ٌمً القادر على م املة تشاٌلٌة من اكشٌاء وال ب ات ذات اك مٌة لٌاون الهدف  و تحدٌد النموذج الم ا
للمخططااٌن الحضاارٌٌن بطرٌقااة مناثاابة للتحلٌاال والتخٌاال الت اااعلً لابلاااً اكب اااد اللااذٌن ٌثااتخدمان تطااورات 
التانولوجٌااا الحالٌااة، لٌصااار الااى توحٌااد اكشااٌاء التااً تاااون باادون ماادي ماااانً فااً  اعاادة البٌانااات حثااب 

ا الموضوعٌة وٌتم تصنٌ ها حثب التصنٌف الموضوعً، لٌ مل تصنٌف اكشٌاء الماانٌة التً تمتلك خصائصه
ص ات ممٌزة موضوعٌة حثب التثلثبت الهرمٌاة فاً الحقاول الدكلٌاة والهندثاٌة وتلاك الخاصاة بالموضاوع   

بالخصوص بمحاولة ا تراح ولٌتاامل ذلك باماانٌة طرح  ذه المنظومة ال امة على ال راع بال موم وعلى بغداد 
 ادارة تلك المنظومة بداٌة لتاون الا ٌل بتطبٌقها حقام.

 و د اتمم البح  بالت اون مي عدة جهات خارج البلد للوصول الى ا دافه المبتغاة.
 

 :هدف البحث 
فاً ال اراع عموماام وذلاك لت ثاٌ   GIS الى تقدٌم الحلول من اجل التطوٌر المثتقبلً للـ بح ٌهدف ال

متاامل، والبح  ٌوفر مقترحاام لت ثاٌ  مسثثاة علاى المثاتوي الاوطنً لخدماة المجتماي بم طٌاات  GISام نظ
جغرافٌة وخدمات ذات فائدة مشتراة، فضبم عن ذلك فانه ٌقدم المتطلبات وثتراتٌجٌة التن ٌذ والبرامج المطلوبة 

ال راع عمومام وعلى بغداد خصوصام  لتن ٌذ  ذا المقترح، للوصول الى توصٌات عامة بهدف تطبٌع النظام على
 اونها نواة المدن ال را ٌة واك م فٌما بٌنها على اكطبع.

 
 المقدمة : 

اغلااب الوظااائف ضاامن عملٌااة التخطااٌط، تاااون مت لقااة بصااني القاارار ومثااتندة الااى و ااائي الحالااة  إن
لوماات و بال اال شاًء انتااج الموضوعٌة، و ذا ٌدل ضمنام علاى ان الوظاائف ت تماد علاى انظماة لبماداد بالم 
ماان  GISم لومااات الجغرافٌااة الخاارائط، ماعاادا مقترحااات التخطااٌط الصاارف، وعلااى اعتبااار ان وظااائف ال

المنظور اك لٌمً والوطنً، واكنظمة المثاحٌة )وضي خرائط اكمابك( وم الجاة النظاام، ٌااون التراٌاز فٌهاا 
 -تقتضً وظائف ال ملٌات اكتٌة:ث فإنها،  ا رضثتخدام كثتراتٌجً اكتخطٌط العلى 
نظام تخطٌط ثتراتٌجً لمرا بة التطوٌر وتخطٌط التطوٌر المثتقبلً، و ذا النظام ٌجب ان ٌنثجم مي  - أ

نظااام الم لومااات الثااتراتٌجٌة، والااذي ٌجااب ان ٌتضاامن باارامج التطااوٌر الحضااري والمااوارد الطبٌ ٌااة 
 (.Martin,1990,p.95طنٌٌن. )والتخطٌط والبرمجة اك لٌمٌٌن والتخطٌط والبرمجة الو

صااني القاارار الروتٌنااً طبقااام لمهااام التخطااٌط  صااٌر الماادي، و ااذا ٌجااب ان ٌتضاامن انظمااة عملٌااات  - ب
اٌة واكمداد ٌتضمن  ذا الموافقة على خطة البد اكثتلامار والبرمجة اكجتماعٌة ونظام دعم القرار، و د

 (.Van Helden,1993,p.244بالم لومات. )
 

ضمن المسثثات الحاومٌة ٌجاب و بال اال شاًء، ضامن  GIS م الم لومات الجغرافٌة نظا ان انشطة
عملٌاة التحلٌال و GIS الجغرافٌاة م لومااتنظاام ال ذه الخطوط ال امة، حصر ا باكثاتخدام اكعتٌاادي لقاعادة 

ومااات نظااام الم ل ٌم، ااادعم لجهااود التخطااٌط اك لٌمااً والااوطنً، و ااذا ٌ نااً ان م رفااة عملٌاااتوادوات التقٌاا
 ٌجب ان تاون جازءام مان تشااٌلة الوثاائل ال اماة كغلاب اعضااء مابك التخطاٌط المحتارف. GIS الجغرافٌة 

(Martin,1990,p.105.) 
دون اكخذ بنظر اكعتبار ثلثلة  GIS ٌمان منا شة التطوٌر المثتقبلً لنظام الم لومات الجغرافٌة وك

GIS GIS-chain المبنٌااة والتنظااٌم وم اادات الاومبٌااوتر/ البرامجٌااات  : الخباارة والم طٌاااتالتااً تتضاامن و
(Bernhardsen,1992,p.96 ) نظاام الم لوماات الجغرافٌااة و ماوناات GIS  و اً م ادات الاومبٌااوتر :

انظاام  GISواض ٌن فً اكعتبار دور الـ والبرامجٌات و واعد الم لومات وم دات التنظٌم والم دات الحٌاتٌة.
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 نظام التنظاٌم المثاتقبلً وتوزٌاي المهاام علاى المسثثاات الحاومٌاة لت مال مجموعاةدعم للتخطٌط فً منا شات 
GIS ة.الموجودة اوحدة دعم تخطٌطٌة رئٌث (Haugan,1998,p.102). 

متااملاة شاااملة تثاتلزم  اادرات ادارٌااة  ااً  GIS علاى اعتبااار ان عملٌاات نظااام الم لوماات الجغرافٌااة
ذا ٌتضاامن القاادرة علااى اشااتقاع الم طٌااات ماان مصااادر مختل ااة و اا المعطٌاا ا المبٌنااة  للم طٌااات الم ااززة  

لتخطٌط وظائف م لومات اك ثام وتنظٌم وتنثٌع  م دات تنظٌم  اك ثام والمبك الذي ٌجاب ان ٌن اذ وظاائف 
ٌجااب ان ٌاادمج جمٌااي الم طٌااات واكنتاااج  GISنظااام الم لومااات الجغرافٌااة  ااذه ال ملٌااات، بحٌاا  ان نشاااط 

، مماا ٌتطلاب  ا غراض بص ة م طٌات لمختلفت الخارجٌة والمسثثات الحاومٌة اكخري من الاٌانا مجهزال
مثااسولٌات االااار وضااوحام لااب ض الاٌانااات الحاومٌااة ال املااة فااً حقاال انتاااج وتحاادٌ  الم طٌااات، وال ب ااات 

مسثثااات الو ٌئااات المتبادلااة بااٌن  ااذه الاٌانااات التااً ٌجااب ان تصااني اولوٌااة متقدمااة فااً تحاادٌات مهااام ابنٌااة 
 ااادرة اكنتااااج المتواضااا ة ٌجاااب الح ااااظ علٌهاااا ضااامن المنظماااات الحاومٌاااة وذلاااك , لهاااذا فاااان  الحاومٌاااة.

جازءام مان مثاسولٌات تصنٌي ولاائع الخطة والح اظ على  واعد الم لومات، التً ٌجب ان تاون  عملٌاتكنجاز
تلانائٌة لهاااااذا الغااااارض وللتزوٌاااااد بالم طٌاااااات اكثااااا الماضاااااٌة والحالٌاااااة (  لخطاااااةل  رشاااااٌفا الحاوماااااة )

(Bernhardsen,1992,p.66.) 
ٌ تمااد علااى تااوازن مت قاال  GIS نظااام الم لومااات الجغرافٌااة ماان عملٌااات ان عملٌااة باادء ال ماال الناااتج

كٌماان فصالها، التاً للتانولوجٌا والتنظٌم والمبك والمهام، و ذه الماونات فضبم عان الم طٌاات والم لوماات 
 (.Bernhardsen,1992,p.107فً المثتقبل ) GIS  لومات الجغرافٌةنظام الم حتى خبل منا شات

فاان الم لوماات اكثاثاٌة ٌجاب ان تااون د ٌقاة وٌماان تحمال تاالٌ هاا، ومربحاة وغٌار  وبموجب  ذا,
مقحمة و بل ال شًء ٌجب ان تاون ثهلة الوصول الٌها، وعند البح  فان النظام ٌجب ان ٌوفر الم لومات مي 

ٌ وض الت قٌااد ثاالاومبٌااوتر والبرامجٌااات ، وبٌنمااا تتواصاال ا مٌااة الاومبٌااوتر بااالنمو فانااه تااوفٌره  م اادات ا
نظاام الم لوماات مواابة متواصلة للتطورات الجدٌادة تت ااوت وا ااءة عملٌاات  إلىسدي مما ٌالمتزاٌد لبنظمة، 

نظاام  من التدرٌب علىلذا كبد  ,الخاصة بمبك التخطٌط المحترف داخل المسثثات الحاومٌة GIS الجغرافٌة
 اكثاثاااااااااً ماااااااااي اكثاااااااااتخدام المتاااااااااواتر لااااااااابدوات والبرامجٌاااااااااات. GIS الم لوماااااااااات الجغرافٌاااااااااة

(Haugan,1998,p.120). 
والمملالااة ضاامن المسثثااات  GIS لنظااام الم لومااات الجغرافٌااةوعلااى اعتبااار ان المهااارات اكدارٌااة 

ضامن  اذه المسثثاات،  GIS نظاام شامل علاىالحاومٌة تاون محدودة جدام، فانه ٌجب اعطاء برنامج تدرٌب 
على اثا  تقدٌر الحالة ال  لٌاة، تماشاٌام ماي وظاائف مابك التخطاٌط المحتارف وا اءاتاه والبرامجٌاات الجدٌادة 

 (.Bernhardsen,1992,p.215)المقدمة فً المسثثات 
الم دات الحٌاتٌة ب  والمثماة ،  و لت زٌز القدرات اكجمالٌة للمبكٌةان الغرض من  اذا برامج تدرٌب

Live ware  طبقام للم اٌٌر اكتٌة: التً ت مل- 
ٌجااب ان تاااون لاادي ااال محترفااً التخطااٌط م رفااة عملٌااة باااكدوات، اي ان ٌاونااوا  ااادرٌن علااى   اولاً ً: 

الماٌاف للتخطاٌط فاً عملهام الٌاومً اكعتٌاادي مان اجال عمال  GIS نظاام الم لوماات الجغرافٌاةاثتخدام 
 وكغراض التحلٌل البثٌط. Presentationsقدٌمات الخرائط والت

 اشاخاص لتحمال مثاسولٌات خاصاة لوظاائف 4-3ٌجب اختٌار مبك التخطٌط المحترف فٌماا باٌن   ث نٌ ًً :
تامن فً ادارة وت ثٌ  وبناء والح اظ على  واعد الم لوماات , لاكدارٌة  GIS نظام الم لومات الجغرافٌة

توزٌ اااام ت صاااٌلٌام داخااال اك ثاااام المختل اااة  GISتم توزٌاااي وظاااائف ادارة الماٌ اااة للتخطاااٌط، وٌجاااب ان ٌااا
 للمسثثات.

نظاام  عملٌاات ومن بٌن المابك ال ناً ٌجاب اعطااء مثاسولٌة محاددة لشاخص واحاد لخادمات انتااج  ث لث ًً :
والتااً تتضاامن التحااول الااى اشاااال ر مٌااة ومااداوكت وتحااوٌبت التصااامٌم  GIS الم لومااات الجغرافٌااة

 (.Bernhardsen,1992,p.221) ر  واعد م لومات الرموز و واعد الم لومات الجغرافٌة.وتحرٌ
 

 Photoملااال التصااوٌر المثاااحً الضااوئً  ) وتقنٌااات الم لومااات الماانٌااة اكخااري GISان تقنٌااة 
grammetry نظام المو ي الجغرافاًو GPS) ثتصابح اامناة فاً الالاٌار مان ال ملٌاات الٌومٌاة للمسثثاات ،

ة، حٌ  ثٌثا م اكثت هام عن الم طٌات الماانٌة فً اامال صني القرار، ومن خابل ادخاال اكثات هام الحاومٌ
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بمثاا مة اثاثاٌة فاً  اذا اكمار لٌصابح  GISنظام الم لوماات الجغرافٌاة ٌقوم ثاكلً عن الم طٌات الماانٌة 
 (.Bernhardsen,1992,p.222)وا  ٌام. 

الشباة الداخلٌاة لماا باٌن المثاتخدمٌن ثٌثاا م بشاال ( وInternetاذلك فان الشباة الدولٌة )اكنترنت 
ابٌر فً  ذا التطوٌر عن طرٌع زٌادة المثافة بٌن الاومبٌوتر والمثتخدم النهائً مادٌاام وذ نٌاام بشاال رئٌثاً. 
ا بم نى انه ثٌتم الوصول الى الالاٌر من التطبٌقات دون وجوب الش ور بادنى  لاع حاول التقنٌاة اكثاثاٌة مهما

 GIS نظام الم لوماات الجغرافٌاة( فً NT serverاان  ذا اكمر م قدام، وفً  ذا الثٌاع فان شباة الخدمة )
التً تضم ال الم طٌات المتوفرة والم لومات وخرائط التخطٌط التً ٌجب ان تاون )شباة الخدمة( ثالمرازٌة 
ااذلك لاال المحتارفٌن والمهتماٌن مان  بال, ، لاٌ  بالنثابة للمابك الحااومً وحثاب إلٌهااالوصاول  من الممان

 (. 11, ص1998الخارج )جم ة ، 
 GISنظام الم لوماات الجغرافٌاة وطبقام لبدخال الثابع بخصوص اكفاار التً  د تثاعد على تطوٌر 

لتجهٌاز اال الناا  والمسثثااات  المراازي GIS نظاامفاً عماوم ر  اة ال اراع وبثابب اكحتٌاجاات المتزاٌاادة ل
مختل ة، فان ا تراح ت ثاٌ  ثالطة المٌادٌن الفرة والم لومات وخرائط التخطٌط كثتخدامها فً بالم طٌات المتو

( مارتبط مباشارةم بماتاب Mapping Authority of government: MAGحاومٌاة لوضاي الخارائط )
 رئٌ  الجمهورٌة وٌدٌر ا مدٌر عام،  و امر ضروري جدام مما ثٌلً ذاره بالت صٌل.

 
  لعموم رقعة العراق: GISالـمقترح لتطوٌر *  
 :GISامك نٌة تثبٌا نظ م  -

 ملٌاة جماي كثباب تارٌخٌاة  اام عادد ابٌار مان الحاوماات وعلاى شاتى المثاتوٌات فاً ارجااء ال االم ب
نشااطام  ت تبارعلى اعتبار ان انشطة وضي الخرائط اانت وماتزال فً ب اض الادول و،  طوٌل الم طٌات وكمد

على المثتوي القومً فً م ظم البلدان تتوكه ثلطة وضي الخرائط القومٌة او وحدة  عثارٌام، وتنثٌع اكنشطة
لمجتماي المت لقاة ذات المصالحة ال اماة لوظاائف الللتنظاٌم  او تن ٌاذ  فقاد ااان الهادف الارئٌ ،  تنظٌمٌة مشابهة

ٌاارام فااً الثاانوات ولقااد توثااي اك تمااام بااامور ثٌاثااة الم طٌااات والم لومااات توثاا ام اب بالم طٌااات الجغرافٌااة.
اكخٌرة، ومي ذلك ماازال مو اي ثالطة وضاي الخارائط القومٌاة مو  اام  وٌاام فاً اغلاب البلادان وكٌماان منا شاة 
الحاجة لهذا النوع من المنظمات ولان مثسولٌة المنظمة متغٌرة طبقاام للثٌاثاات الجدٌادة، اماا اثاتحدا  ثٌاثاة 

 -:(Bernhardsen,1992,p.251)الم طٌات الجغرافٌة فتثٌر ا عدة عوامل ملال

 .ت لاٌر التقنٌة الجدٌدة على جمي الم طٌات وتوزٌ ها 

 .التغٌٌرات الثرٌ ة فً تو  ات المثتخدمٌن )الزبائن( وفً الثوع التابي 

  ة.ٌالحاوم والإصبحاتالتغٌرات فً  ٌم المجتمي 
 

ات، مثاتندام الاى الت ااون تغٌار التراٌاز مان انتااج الخارائط الاى  واعاد الم لوما , ونتٌجة لتطاور التقنٌاة
والتاامل مي اكنترنات الاذي ٌتطاور بصا ته  نااة توزٌاي جدٌادة للم طٌاات، وفٌماا تغٌارت تو  اات المثاتخدمٌن 

، مما احد  وفً ال دٌد من الدول تغٌار فاً  ومتطلباتهم، ٌتطور الثوع التجاري فً مجال الم طٌات الجغرافٌة
لاى الاى اكدناى، مماا ألاار علاى مثاسولٌة ثالطة وضاي الخارائط المثسولٌات مان الحاوماات ذات المثاتوي اكع

والثوع )المثتخدم( فقد ٌقي اختٌار ثلطات وضاي الخارائط القومٌاة، علاى  الإنتاجتنظٌم  إلىواعتمادام . القومٌة 
 -:(Bernhardsen,1992,p.245) الآتٌةطرٌع من طرع ال مل المختل ة 

 الخرائط اكثا  الى ال المثتخدمٌن.وتوزٌ ها لم طٌات  ا ثاثٌةالم طٌات  إنتاج -1
توزٌااي الم طٌااات اكثاثااٌة مترافقااة مااي الم طٌااات القٌاثااٌة اكخااري )م طٌااات ال ناااوٌن والم طٌااات  -2

 المثاحٌة والم طٌات الم دة كغراض مت ددة ...الخ( الى ال المثتخدمٌن بانتاج واثي للخرائط.
اثاٌة اكخاري والم طٌاات للمثاتخدمٌن الم ٌناٌن توزٌي الم طٌات اكثاثٌة مترافقاة ماي الم طٌاات القٌ -3

 .( ذات القٌمة المضافة ا نشطةالمثتخدمٌن المصنوعة لغرض م ٌن )  لتصنٌف منتجات
 المثسولٌة عن المقاٌثة. التراٌز فً وإنما الإنتاجعملٌة  تنثٌع تبادل الم طٌات دون الدخول فً -4

 
ثٌاثاات الخارائط ال اماة وادارة البناى التحتٌاة والٌوم تراز ثلطات وضي الخرائط القومٌاة علاى ادارة 

القصوي الى  الإنتاجطا ة فً  ام للم طٌات اكثاثٌة ومقاٌثة الم طٌات الجغرافٌة، مما اعطى الى حد ما تخ ٌض
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حد ا اكدنى لصالح الشراات الخاصة، واذلك المنظمات ال امة اكخري. وفً الثاوع الخااص بالمنتجاات ذات 
، وماادام ااتثااب الم طٌااات  نااف  ثالطات وضاي الخارائط القومٌاة ماي الشاراات الخاصاةتت, القٌماة المضاافة 

الجغرافٌة وم املتها وتوزٌ ها ٌثتلزم فً احوال الاٌرة ابم من الثلطات القومٌة والمحلٌة فضابم عان المصاالح 
ام، علمااام ان ، فااان بضاا ة دول  ااد بااادرت الااى انشاااء شاارااة لحاال ملااال  ااذه المهاا التجارٌااة والشااراات الخاصااة

ثلطات وضي الخرائط القومٌة ٌجب ان تاون  ً المسثثة الوحٌدة المثاسولة عان الشاباة الجٌودٌثاٌة القومٌاة 
 .(MOPIC,2000,p.222فً الببد. )

و ذا  و الوضي فً دول ذات الباع والتجربة ال تٌدة فاً وضاي الخارائط وادارة الم طٌاات الجغرافٌاة، 
ان الوضي كٌمان مقارنته بشال مباشر مي  ذه الدول، اونه ٌتمٌز باكفتقار الاى اما فً ال راع وبغداد خاصة ف

الم طٌات ومجموعة اكنشطة المنثقة وبامتباه ثو ام غٌر متجان  ومجامٌي مثتخدمٌن ذات ا اءة متدنٌاة ماي 
 اراع  او بنااء بناى اكفتقار الى المسثثات التً ٌمانها ان تل اب دورام مناثابام، لاذا فاان التحادي الرئٌثاً فاً ال

تحتٌة لمسثثات  ادرة على البقاء و واعد م لومات ذات اطار زمنً م قول، مي انشاء  واعد الثوع الرصٌنة، 
بحٌاا  تااسمن مااا ٌجااب القٌااام بااه عناادما تاااون الوظااائف اكثاثااٌة والم طٌااات الرئٌثااٌة فااً الموضااي الصااحٌح 

هادف  او خدماة المجتماي وان احتٌاجاات المثاتخدم وبا اءة م ززة، ولان من الضروري اكخاذ بالحثابان ان ال
ٌجب ان تاون اكثا  لال الثتراتٌجٌات، اما الوظائف والم طٌات التً كحاجة لهاا فٌجاب عادم اشارااها مماا 

 .(37, ص1998)جم ة ، .تالإثتراتٌجٌاٌ نً ان ب ض انواع تحالٌل الال ة وال ائدة ٌجب تن ٌذ ا عند اختٌار 
 
 سلطة وضع الخرائط الحكومٌة: لاط ر الع م لانش ءا

(Mapping Authority of Government: MAG) 
بلاادنا واحااال الاادول اكخااري، تحتاااج الااى مسثثااة علااى المثااتوي القااومً لخدمااة المجتمااي بالم طٌااات 

 فضاب عانجاب انشااء بناى تحتٌاة لمسثثاات و واعاد الم لوماات توٌ فٌة والخدمات ذات الن ي ال ام، ممااالجغرا
ة جب اختٌاار الثاتراتٌجٌات المتنوعاو د الابتت التجربة ال المٌة انه ٌ (.MAGالخرائط الحاومٌة )ثلطة وضي 

 (.MOPIC,2000,p.222) لمرحلة الت ثٌ  ومرحلة التشغٌل للمسثثات و  واعد الم لومات
وٌجاب تن ٌاذ تاثاٌ  المسثثاة الجدٌادة خابل مشاروع عمال حقٌقاً للاتمان مان تطاوٌر الم رفاة ال نٌاة 

اكدارة والم طٌات ذات الصلة. اما ٌجب ترتٌب اكطار المالً واكطار الزمناً لمشاروع اهاذا  بال ان  لت اون
ٌبدأ، وٌجب تقثٌم المشاروع الاى مراحال حٌا  ٌااون النجااح فاً المرحلاة الثاابقة متطلباام اثاثاٌام واضاحام  بال 

الخاااص وال ااام واكاااادٌمً  التحاارك للمرحلااة اللااللاااة، امااا وٌنبغااً تموٌاال المشااروع مااي اشااتراك القطاعااات
 (.MOPIC,2000,p.223والمنظمات غٌر الحاومٌة م ام )

 
 :(MAGسلطة وضع الخرائط الحكومٌة )وظ ئف  -

 -:(MAGوضي الخرائط الحاومٌة) ان تاون الوظائف اكتٌة  ً مثسولٌة ثلطة ٌجبوبموجب ما تقدم       
 ادارة ثٌاثات الخرائط ال امة/ الم طٌات الجغرافٌة. -1
 ادارة البنى التحتٌة للم طٌات القومٌة وتنثٌقها. -2
 تطوٌر الم اٌٌر القومٌة للم طٌات الجغرافٌة. -3
 تطوٌر الشباة الجٌودٌثٌة القومٌة وصٌانتها. -4
جمي الم طٌاات اكثاثاٌة )التصاوٌر المثااحً الضاوئً واكثتشا ار عان ب اد...الخ( فاً اال مجااكت  -5

 مقٌا  الخرائط.
 (.GIS نظام الم لومات الجغرافٌةضي الخرائط وادارة  اعدة الم لومات  )و -6
 .ا ثاثٌةتوزٌي مجموعات الم طٌات  -خدمات الزبائن -7
 

اما النشاط اللاانً  جمي الم طٌات  فٌجب ان تن ذه بصورة مشتراة بٌن الشراات الخاصة والحاومٌاة، 
 (.PECDAR,2000,p.101( لتغطٌة  ذه الوظائف )MAG)ثلطة وضي الخرائط الحاومٌة تنظٌموٌجب 
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 بنٌة المؤسس ا المقترحة: -
مرتبطاة  التاً تااون (MAG) حاومٌاةالخارائط الثالطة وضاي  اثاتحدا  اثتنادا الاى ماا تقادم , ٌجاب
 Mappingحاومٌااة الخاارائط المل علااى ت ثااٌ  ثاالطة وضااي تشاالت،  مباشاارةم بماتااب رئااٌ  الجمهورٌااة

Authority of Government: MAG جل اكراضااً الحاومٌااة التااً تاااون مثااسولة عاان ثاالطة ثاا
مان المماان ( اك انه ٌااون  CAو  MAG ثلطتً ) ( و د تتوحدCadastre Authority: CAالممثوحة )

 تن ٌاااااااذ تطاااااااوٌر اثااااااارع فاااااااً وحااااااادتٌن من صااااااالتٌن عناااااااد بداٌاااااااة ال مااااااال اوناااااااه حااااااادٌ  الوضاااااااي.
(PECDAR,2000,p.110.) 

رئاااٌ  الاااى مثاااتوي ماتاااب  MAGحاومٌاااة الخااارائط الثااالطة وضاااي وان الثااابب فاااً ج ااال ورفاااي          
ٌثتند الى حقٌقة ان وضي الخرائط ٌملال وظائف مهمة فً البنى التحتٌة للم لوماات القومٌاة، لتااون الجمهورٌة 

و ناا ٌجاب  . بٌن الوزارات وذات ا مٌة ابٌارة للتطاوٌر اك تصااديما مثتوي الالوظائف بشال نموذجً على 
مجل  ماون من عدة وزارات وٌرأثه مادٌر عاام تاابي  MAG حاومٌةالخرائط الثلطة وضي  ان ٌشرف على

، ثاااٌاون الغااارض مااان المجلااا  المسلاااف مااان عااادة وزارات  اااو ضااامان كحتٌاجاااات  لماتاااب رئاااٌ  الدولاااة
، كثات مال الم رفاة  MAGحاومٌاة الخارائط الثالطة وضاي المثتخدمٌن للوزارات المختل ة لت لمها وتدعمها 

، من عدة وزارات بمجل   باتجاه ادخال ادارة االار ش افٌة ودٌمقراطٌةوبهذا ثتاون خطوة  . والقدرة الموجودة
ووضااي الخاارائط المطلوبااة، واااذلك ٌجااب تضاامٌن مملالااٌن ماان القطاعااات اكاادٌمٌااة  GISٌثااتند الااى مهااام 

 ( مماااااااان ٌاونااااااااوا ذوي امتٌااااااااازات محاااااااادودة فااااااااً القاااااااارار.NGOوالمنظمااااااااات غٌاااااااار الحاومٌااااااااة )
(MOPIC,2000,p.241.)(.1-) شال 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 (MOPIC,2000,p.28بنٌة المؤسس ا ) (1شكل )
 

تقاااطي عملهااا بالخاصااة بهاام كنجاااز وظااائ هم الرئٌثااٌة،  GISإن الالاٌاار ماان الااوزارات ثااتحتاج  اادرة 
ان ٌاتم شامول عادد مان البلادٌات ماي ٌجاب وتاامله مي مجموعات البلدٌات فً منااطع مختل اة مان الاببد، لهاذا 

  الخريطت
MAP 

 

 

 هنظوبث

 هخنىعت

 الخذهبث الإداريت

 الوذير العبم

 هجلس بين الىزاراث

 حقييس الخذهبث
 

 الشبكت الجيىدسخيت
الاسخشعبر عن بعذ 
للخصىير الوسبحي 

 الضىئي

 لجنت الخقييس

 خذهبث السببئن
وضع خرائط قبعذة 

 GISالوعلىهبث 

 السكرحبريت

 الوجوىعت الفنيت
 البيئيت

 الفنيت  الوجوىعت
 الوسبحيت

 الوجوىعت الفنيت
 الخريطت الأسبسيت

 الوجوىعت الفنيت
 حغطيت الأرض
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ان ب ض اكملالة لبحتٌاجات البلدٌة اكثاثٌة التً ( المقترح اخطوة بداٌة, وGISفً مشروع )الوحدة الخاصة 
 -:(MOPIC,2000,p.2158) ٌجب تنثٌقها على المثتوي القومً  ً

 الشباة الجٌودٌثٌة. -1
 الوصول الى الم لومات المثاحٌة. -2
 الدعم لشراء م طٌات خرائط ابٌرة المقٌا . -3
 عٌة الم طٌات ابٌرة المقٌا .الدعم كجل الثٌطرة على نو -4
 الوصول الى خطط ا لٌمٌة و ومٌة كجل التخطٌط المحلً. -5
 الم لومات اكحصائٌة. -6
 تطوٌر وصٌانة انظمة خطوط اكنابٌب لبمداد بالماء والاهرباء والخدمات ال امة. -7
 

كدارة، اداة ف الااة لوضااي الخاارائط وا GISوالنقطااة ا خٌاارة  ااً ملاااال لب مٌااة القومٌااة، حٌاا  ٌاااون 
 (.MOPIC,2000,p. 160والمطلوب  و ت ٌٌن انظمة الم لومات لملال  ذه اكغراض. )

 
 متطلب ا تأدٌة الوظ ئف: -

ٌجب ان ت تمد الوظائف على اطار  انونً وبضمنه المتطلبات اكدارٌة والتنظٌمٌاة، مماا ٌتطلاب تقثاٌم 
دة ااون تحات طائلاة ادارة محترفاة حدٌلااة بقٌااموارد المشارٌي المثتقبلٌة حثب مثسولٌة الوحدة التً ٌجب ان ت

، وٌجاب ان تتمتاي بادعم  وٌة وباشخاص ذوي ا اءة عالٌة ,  اما ٌجب ان تاون الوحدة مجهزة تجهٌازام ا اوءام،م
 (.MOPIC,2000,p. 161) عالً مثتقر طوٌل اكمد، مي احتٌاجها الى اثتشارٌٌن لمدة زمنٌة طوٌلة.

بحاجاة الاى تزوٌاد ا بالم رفاة مان ثاتاون  MAG الخارائط الحاومٌاة ثلطة وضي وفً ضوء  ذا فان        
مان ، ٌااون  المسثثات الحاومٌة الداخلٌة والخارجٌة. ولبٌ اء بمتطلبات ثلطة وضي الخرائط القومٌة الحدٌلااة

الجٌودٌثً والتقٌاٌ  والتصاوٌر المثااحً الضاوئً وادارة  اعادة مجاكت علوم المطلوب الم رفة والخبرة فً 
خارائط ال اام علاى مثاتوي لومات الجغرافٌة وتصمٌمها والثٌطرة النوعٌاة واكثتشا ار عان ب اد ووضاي الالم 

،  خارائط علاى نطااع  اومًالة لمثاح ووضاي وبرامجٌات م ٌن حاثوبٌةاما ٌجب توفٌر م دات نظري رفٌي , 
ثااحً الضاوئً لتصاوٌر الم، وم ادات حاثابة ا (GPSمثاح الجٌودٌثاٌة وبرامجٌاتاه )الوٌتضمن  ذا م ادات 
ومختباارات تصااوٌر (  image setters ابلٌااات انتاااج خاارائط بنوعٌااة عالٌااة ), مااي الر مااً وبرامجٌاتااه 

  (GIS) من متطلبات انشاء مختبرات نظام الم لومات الجغرافٌاة فوتوغرافً وطباعة باكوفثٌت( وما الى ذلك
(PECDAR,2000,p.124) 
 
 القط ع الاك دٌمً: - 

ناواة ٌتم تطوٌر مسثثٌن فقط على المثتوي الجام ً فً ال اراع لتااون  نك , ٌتوجب بداٌة أولتحقٌع ذل       
بمرشحٌن فً حقال المثاح ووضاي الخارائط والتصاوٌر المثااحً  , ة لخدمة المجتمي ال را ًالمسثثات الرئٌث

بغداد وجام ة  –...الخ. وٌمان للم هد ال الً للتخطٌط الحضري واك لٌمً GISالضوئً وعلم رثم الخرائط و
، و ذا ٌجب ان ك ٌثتلانً الجام ات اكخري من الدورات المقامة فً  ذا  بغداد ان تاونا مرشحتٌن لهذا المو ي

المجااال، ولااان ٌجااب ان ك تتمتااي  ااذه الجام ااات باان   اكولوٌااة فٌمااا ٌخااص التموٌاال علااى اعتبااار ان اكنشاااء 
مان اكرجاح انهاا ثاتالف االاار مماا , لى المثتوي الجام ً الجٌودٌثً وع علوم والح اظ على  ابلٌة الت لٌم فً

، عان طرٌاع إرثاال  عناد الحاجاةال اراع خاارج ٌتوجب اثتقدام او شاراء  اذه القابلٌاة مان ، لذا  ت طً امنافي
 المجااااال.  ااااذا الطلبااااة الااااى جام ااااات تتمتااااي بثاااام ة جٌاااادة فااااً خااااارج الااااببد وعنااااد دول متقدمااااة فااااً

(PECDAR,2000,p.125.) 
ة بغاداد، لتااون )المسثثاة( أن ٌاتم تطاوٌر مسثثاة واحادة فقاط علاى مثاتوي الٌاة فاً جام ا نا ٌتحاتم و       
مرشحٌن فً حقول المثح ووضي الخرائط والتصوٌر المثاحً الضوئً وعلم بة لخدمة المجتمي ال را ً الرئٌث

لهذا المو اي و اذا ك ٌجاب فً الترشٌح  اكول ، وٌمان لالٌة الهندثة ان تاخذ الدور ...الخGISرثم الخرائط و
، ولاان  اذه الالٌاات ٌجاب ان ك تتمتاي بان    ان ٌثتلانى الالٌات اخري مان الادورات المقاماة فاً  اذه الحقاول

 (.PECDAR,2000,p.126) اكولوٌة فٌما ٌخص التموٌل اما ثبع اكشارة الٌه.
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قل وثتاون  ناك حاجة مثتمرة كن اش و د أظهرت التجربة ال المٌة ان التقنٌة تتطور ثرٌ ا فً  ذا الح        
، باكضاافة الاى  ةبرة تن ذ ا مسثثاات ااادٌمٌاة متنوعا، وٌمان تغطٌة ذلك بدورات  صٌرة ما ب د الخ الم رفة

، وثااٌتم تن ٌااذ  ااذه الاادورات عنااد الماابك دورات الت لااٌم اكاااادٌمً التااً ثااتن ذ ا مسثثااة متخصصااة لتاادرٌب 
 (.PECDAR,2000,p.126)ولٌ  لامة حاجة لتنثٌع  ومً لهذه الدورات.( و غراض داخلٌة ) الحاجة 

 
أنشاء جم ٌة  ومٌاة مشاابهة لجم ٌاة الم لوماات ، ٌتوجب  GISولجمي المصلحة اكحترافٌة فً مٌدان 

( فً انالتارا، ت ناى  اذه الجم ٌاة بالمصالحة Association of Geographic Information) الجغرافٌة
م دورات واجتماعاااات احترافٌاااة وتقاااٌم اكحااااام ٌج وتنظاااٌبتخااارالتخااارج , لتقاااوم ب اااد  فٌماااا ٌخاااص الت لاااٌم ماااا

والم اااٌٌرالتً تطور ااا الااوزارات...الخ، وتشااترك فااً ال ماال واكجتماعااات الدولٌااة، و ااذا المو ااي  ااد ٌاااون 
 (.PECDAR,2000,p.167)(,  NGO) مثسولٌة المنظمات غٌر الحاومٌة

 
 القط ع الخ ص: -

التصاوٌر المثااحً  نتاجلإقابلٌة ال مي توفٌرللقطاع الخاص  و انتاج الم طٌات،  لرئٌ ثٌاون الدور ا
، وت اادٌل البرامجٌااات اكثاثااٌة حثااب طلااب GPSفضاابم عاان مثااح اكراضااً التقلٌاادي و ٌاثااات , الضااوئً 

 الذي بموجبهاوٌن ذ ا القطاع الخاص  ً المهمة الموالة التً اكنشطة  لتاون  ذه بٌع .الزبائن مي تطوٌر التط
ولاٌاع الصالة بالم رفاة كثتشا ار عان ب اد وطباعاة الخارائط لبنتااج ضامن ا تاهك ٌحتاج نهائٌا  ن ٌطاور  ابلٌ

 (.PECDAR,2000,p.188).  الجٌولوجً والزراعة والبٌئة...الخ الشاملة ل لوماكحترافٌة 
 
 التنفٌــذ: -

( عان طرٌاع وضاي المتطلباات الرئٌثاة MAGلى ما تقدم وبقصاد وضاي إجاراءات التن ٌاذ لاـ)اعتمادام ا
 -(:PECDAR,2000,p.189) الآتًلثتراتٌجٌة التن ٌذ وبرنامج التن ٌذ، فببد من 

 
 التنفٌذ الع مة: إستراتٌجٌة -

وتطااوٌر البنااى التحتٌااة  MAG ثاالطة وضااي الخاارائط الحاومٌااة ٌجااب ان ٌااتم التنثااٌع مااا بااٌن تحقٌااع
ثاانوات وبمراحاال مختل ااة، تشاامل  10 –5من فتاارة تتااراوح بااٌن القومٌااة للم طٌااات الجغرافٌااة وتن ٌااذ ا ضاا

 -(:PECDAR,2000,p.188)اكتً
 برنامج  صٌر اكمد -:ا ولىالمرحلة 

 برنامج متوثط اكمد -المرحلة اللاانٌة:
 برنامج طوٌل اكمد -المرحلة اللااللاة:

لتحضااٌر واللاانٌااة: اكنتاااج وثااتتمٌز المراحاال اللابلاااة علااى التااوالً بالتقاادم فااً التن ٌااذ لتضاام اكولااى: ا
التاادرٌجً لثاالطة وضااي الخاارائط  ت ثااٌ الواللااللاااة: التحاادٌ /ال ملٌات لاات ا   ااذه المراحاال اااذلك ضاارورة 

 6-5ووفقا للتجربة ال المٌة ف ن التشغٌل الاامل والتزوٌد بال املٌن لن ٌتم الوصول الٌه  بل  , MAG الحاومٌة
واللاانٌة تنظٌم مشاروع لبنشاطة فاً حاٌن ان البنٌاة التنظٌمٌاة الدائمٌاة ثنوات، ولذا ثتتحام بالمرحلتٌن اكولى 

 .(PECDAR,2000,p.190) ثتتحام بالمرحلة اللااللاة.
 -وبهذا ٌمان تقثٌم اثتراتٌجٌة التن ٌذ الى لاب  فئات  ً:

 نتٌجة للمنظمات(. أفضل على ا غلبالطرٌقة التقنٌة )حٌ  ان افضل تقنٌة ت طً  -1
 )اذ ان الخطة الم دة جٌدا ت طً دائما افضل نتٌجة للمنظمات(. الطرٌقة التخطٌطٌة -2
التن ٌاذ غٌار  ابال للتنباس وعلاى المنظماات ان تحصال علاى ٌااون الطرٌقة الموجهة ال ملٌاة )وفٌهاا  -3

 (PECDAR,2000,p.190) الخبرة خبل عملٌة الت لٌم(.
بمثاائل المشاارٌي، مرتبطاة %( من المشااال فاً  اذا الناوع مان 90و د أظهرت التجربة ال المٌة ان )

، و ذا ٌشٌر الى انه ٌجاب ابقااء التراٌاز علاى المثاائل  بمثائل تقنٌة%( منها مرتبط 10فً حٌن أن )تنظٌمٌة 
حٌ  ٌاون المشروع مرنا و ابب للت دٌل للخبرة ال ملٌة التً ٌتم باختٌار طرٌقة التخطٌط كبد من التنظٌمٌة، لذا 

 .علااااى حاااال المثااااائل التنظٌمٌااااة و اااادرةم  ام التااااً ٌرافقهااااا اثاااات دادووع الحصااااول علٌهااااا خاااابل فتاااارة المشاااار
(PALGRIC,2000,p.92:ًمن خبل اعتماد اكت )- 
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 أ( البنٌة التحتٌة القومٌة للمعطٌ ا الجغرافٌة:

ٌجب ان ٌتضمن تطوٌر بنٌاة تحتٌاة  ومٌاة للم طٌاات الجغرافٌاة علاى اال المثاتوٌات التنظٌمٌاة شااملة 
(، NGOمثتوي البلدي والقطااع اكااادٌمً والقطااع الخااص والمنظماات غٌار الحاومٌاة)المثتوي القومً وال

 (.1 -جدول )( PALGRIC,2000,p.93)وٌجب تحدٌد مثسولٌة المسثثات المختل ة 
 أدوار التوزٌع ا فً البنٌة التحتٌة القومٌة المستقبلٌة للمعلوم ا الجغرافٌة (1 - جدول) 

(PALGRIC,2000,p.95) 

 اكرتباط التنظٌمً المثسولٌــات ةالمسثثــ

 
 
 

MAG 
 
 
 

 ادارة ثٌاثات الخرائط ال امة / الم طٌات الجغرافٌة. -
 ادارة وتنثٌع البنٌة التحتٌة للم طٌات القومٌة. -
 تطوٌر الم اٌٌر القومٌة للم طٌات الجغرافٌة. -
 تطوٌر وصٌانة الشباة الجٌودٌثٌة القومٌة. -
التصاوٌر المثااحً الضاوئً جمي الم طٌات اكثاثاٌة ) -

واكثتشااا ارعن ب اااد ..الاااخ( فاااً اااال مثااااحات مقٌاااا  
 الخرائط.

 ( GISادارة  اعدة الم لومات )وضي الخرائط و -
 توزع مجموعات الم طٌات اكثاثٌة. –خدمات الزبائن -

 
 
 
 رئٌ ماتب 

 الجمهورٌة

  ثم 
 )إدارة( المثاحة

 جمي الم طٌات المثاحٌة. -
 المثاحٌة.ادارة الم لومات  -
 توزٌي الم طٌات المثاحٌة.  –خدمات الزبائن  -

 
 وزارة اكثاان

الوحدة ال نٌة 
 الخاصة

 جمي م طٌات التخطٌط والم طٌات ذات الصلة. -
 انتاج م لومات التخطٌط وادارتها. -
 توزٌي م طٌات التخطٌط. –خدمات الزبائن  -

 
 وزارة التخطٌط

 ثم م لومات 
 النقل

GLGRIC 

 (.transportطٌات النقل والمواصبت )جمي م  -
 انتاج م لومات النقل والمواصبت وادارتها. -
 توزٌي الم طٌات اكحصائٌة. –خدمات الزبائن  -

 وزارة
النقل 

 والمواصبت

 جمي الم طٌات اكحصائٌة وادارتها. - ماتب اكحصاء
 انتاج الم لومات اكحصائٌة. -
 اكحصائٌة.توزٌي الم طٌات  –خدمات الزبائن  -

 رئٌ ماتب 
 الجمهورٌة

 
 البلدٌات

 جمي م طٌات تثهٌبت اكمداد بالماء والمجاري وادارتها. -
 انتاج م لومات تثهٌبت اكمداد بالماء والمجاري وادارتها. -
توزٌااي م طٌاات تثااهٌبت اكمااداد بالماااء  -خادمات الزبااائن  -

 والمجاري.

وزارة البلدٌات 
 واكشغال

ت مالاوا مسثثا
الن ي ال ام 

اكخري )الاهرباء 
واكتصاكت 
 والغاز(

 جمي م طٌات مسثثات الن ي ال ام. -
 انتاج م لومات مسثثات الن ي ال ام وادارتها. -
 توزٌي م طٌات مسثثات الن ي ال ام. –خدمات الزبائن  -

موسثثات 
الاهرباء 

واكتصاكت 
 والغاز

المنظمات غٌر 
الحاومٌة 

(NGOs) 

 ات الجغرافٌة وادارتها.جمي الم طٌ -
 انتاج الم لومات الجغرافٌة وادارتها. -
 توزٌي الم طٌات الجغرافٌة. –خدمات الزبائن  -

 القطاع الخاص
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 (:sustainableب( التطوٌر الق در على البق ء )المستدام 

ى ثاٌ تمد علا ا خاريوالمسثثاات  MAGثالطة وضاي الخارائط الحاومٌاة ان التطوٌر القابل للبقااء ل
الوصول الى القابلٌة والجدارة المحلٌة، المترافقة مي الموارد البشرٌة ال المٌاة ذات ال ادد والا ااءة الجٌادة وباال 

و ااد أظهاارت التجربااة ال المٌااة ان التاادرٌب المترافااع مااي اكنتاااج  , انااواع المهاان المختل ااة التااً ٌجااب تغطٌتهااا
وتسااد  اذه الطرٌقاة علاى بقااء التراٌاز علاى المثاتخدمٌن  الحقٌقً  و طرٌقاة ا اوءة لبنااء  اذه القابلٌاة للبقااء،
ثالطة  اثاتخدام  اذه الطرٌقاة ا حاد ال ناصار لبنااءكباد مان والتقدم المرتبط بالمواعٌد و )الثقف الزمناً(، لاذا 

والمسثثات اكخري المثسولة عن الم طٌات الجغرافٌة، فبناء المسثثات  و  MAG وضي الخرائط الحاومٌة
لل ملٌااات، ب خطائهااا وتصااحٌحاتها، لتاااون الثاالطة ال لٌااا  ابلااة لتن ٌااذ وادارة المشااروع وصااني  النشاااط الموجااه

محترف الاذي مترافقا ومتزامنا مي عملٌة اكشراف ال, م مول والالقرار كجل تن ٌذ البرامج طبقا للتصمٌم الم د 
 ضاامن برنااامج التخطااٌط.ام الاادولٌٌن الااذٌن ٌجااب ان ٌاااون عاادد م محاادود نثتشااارٌٌٌجااب ان ٌن ااذه فرٌااع اك

(PECDAR,2000,p. 431.) 
 
 برن مج التنفٌــذ: -

، فلان ٌااون  مراحال 3والبنى التحتٌة المحٌطة من حٌا  المبادأ منقثامام الاى  MAGحتى لو اان تن ٌذ 
جب وضي لذا ٌ . أخري، اذ ثتبدأ ب ض اكنشطة فً مرحلة وتنتهً فً   ناك فصبم جلٌام بٌن المراحل المختل ة

مٌم المشاروع الم ضال بتنثاٌع ولاٌاع باٌن المااانحٌن ال  لٌاٌن والثالطات المحلٌاة وباكعتمااد علاى التجااارب تصا
مثتوي موارد المابك واكثاتلامار المطلاوب فثاٌقدم البحا  الحاالً مثاودة مقتارح للمراحال  ولإظهار ال المٌة.

رٌبٌااة التااً ٌجااب م املتهااا امسشاارات اللابلاااة المختل ااة، مااي اعتبااار اكثااتلامار المطلااوب والمااوارد البشاارٌة التق
 MAGولٌثت ا ر ام نهائٌة، وذلك للوصول الى تطوٌر البنٌة التحتٌة القابلة للبقاء وال  الة التً تثتوجب دعم 

والمسثثااات المشاامولة بمااوارد الماابك والم اادات والبرامجٌااات وتخصااٌص المااوارد لااال مسثثااة مااذاورة مااي 
 (.PALGRIC,2000,p. 66) . ( المطلوبةGISمسثثة )اعتبار  ذا التخصٌص امسشرات لبناء 

 
 :  البرن مج قصٌر الامد  الأولىالمرحلة  - أولا

 ( الجدول الزمنً: السنة الاولى والث نٌة )فترة امده  سنت ن(.1)
لٌاتم البادء والمسثثات اكخاري بال ااملٌن  MAG ثلطة وضي الخرائط الحاومٌة من الم ترض تزوٌد

لمابك ٌجاب ان ٌااون اشاهر(، وا 6 -4ولى من فترة التن ٌذ ولان ب د فترة تحضاٌر اماد ا )فً الثنة اك بال مل
اكثاثٌة  MAG، و ذا ٌ نً ان مسثثة  تجنٌده من المسثثات الحاومٌة الموجودة لذا كبد منة النقطة الرئٌث

الثانة( فاً )الشخص / لنثبة لن تضٌف ال ة مبك جدٌد بالنثبة للمجتمي، مي اكفتراض مقدمام بتخ ٌض مشابه 
 (.PALGRIC,2000,p. 67).المسثثات 

( 3 - جاادول( و )  2 – امااا مااوارد الماابك فااً القطاااع الخاااص فتاااون متضاامنة فااً القااوائم )جاادول
نئاذ التاً تااون حٌ( و MAG ) لبشارة الى المثتوي المطلاوب، التاً ال تهاا ثاتغطٌها الخادمات التاً تشاترٌها

. ومن الضاروري وعناد المرحلاة اكولاى  MAGثلطة وضي الخرائط الحاومٌة ل متضمنة فً ار ام اكثتلامار
من برنامج التن ٌذ البادء بتطاوٌر  اعادة الم لوماات ولاان لاٌ   بال تصامٌم  اعادة الم لوماات المباشارة، لٌااون 

 (.PALGRIC,2000,p. 66) التصمٌم مثتندام الى متطلبات المثتخدمٌن الحقٌقٌة
 

 :  البرن مج متوسط الامد  المرحلة الث نٌة -ث نٌ  

   سنواا(. 3الجدول الزمنً: السنة الث لثة الى الخ مسة )فترة امده 
فاً حالاة تشاغٌل اامال فاً بداٌاة  اذه  MAG ثالطة وضاي الخارائط الحاومٌاة تاون أنمن الم ترض 

اط محادد ) ااشتر، وٌ ترض  ا خريوالمسثثات ال  لٌة  MAGفً  علٌها الإنتاج أنشطة، وثتهٌمن  المرحلة
من المخطط ان ٌاون ت ثٌ   واعد الم لوماات فاً مثااحة مقٌاا  خرٌطاة ( اما وض ت عالمٌام لد ة الخرائط 

فً المرحلة اللاانٌة مادامت اال حااكت ت ثاٌ   MAG الرئٌثٌة لـ ا نشطة  حدا( 10000:1( و )1000:1)
 اذه الخارائط ٌاتم تحدٌااده  إنتاااجولاان ،   اعادة الم لوماات ٌجاب ان تثاتند الااى احتٌاجاات المثاتخدمٌن الحقٌقٌاة

بال ااذلك لوضاي الخارائط الم ادة  , مبارام انشاط ف لً و ذا اكنتاج ضروري لٌ  كغراض التخطٌط وحثاب
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، ولتقادٌم الم لوماات المثااحٌة ولتولاٌاع الوضاي ال  لاً المٌادانً فٌماا ٌخاص الموافقاات علاى  كغراض مت ددة
 .(PALGRIC,2000,p. 91) .البناء وما شابه

 
 

 والموارد الرئٌسٌة المطلوبة لتنفٌذ المرحلة الاولى للعراق الأنشطة ( 2 –جدول ) 
 (MOPIC, 2000, P.134) ,(PALGRIC,2000,P.91عن )الب حث 

 النشــاط الحاومـً 
موارد المبك لال 

 مرحلة
 ثنة(-)شخص

 المبحظات

1 
  MAGالقبول بانشاء مسثثة لـ

 )ثلطة حاومٌة لوضي الخرائط(
 تنظٌم تن ٌذ ال ملٌةو 

مبك عرا ً متنوع  2
 اكختصاصات

2 
مبك عرا ً متنوع  4 توضٌح المثسولٌات للمسثثات المختل ة بخصوص ادارة الم طٌات الجغرافٌة

 اكختصاصات

3 
مبك عرا ً متنوع  2 والبنى التحتٌة المحٌطة بها MAGتطوٌر مجموعة تموٌلٌة كجل انشاء الـ

 اكختصاصات

 
 MAGالـانشاء 

 مجل  ادارة موجه -
 تجنٌد مبك -

مبك عرا ً متنوع  2
 اكختصاصات

4 

 توصٌف الوظائف 

 تطوٌر روتٌن اكدارة 

 هاتجهٌزات و تدبٌر الم دات الماتبٌة 

 تدبٌر م دات اكنتاج 

 
2 
1 
1 

 MAGمبك الـ
 MAGمبك الـ
 MAGمبك الـ

 MAGمبك الـ MAG 5ادارة متنوعة اكختصاصات للـ 5

6 
 برامج الت لٌمتطوٌر 

 دورات موجهة لبنتاج القصٌر -
 برامج ااادٌمٌة طوٌلة اكمد -

 MAGمبك الـ 2

7 
 تقوٌة القطاع اكاادٌمً

 تدبٌر الم دات الماتبٌة...الخو  تجنٌد المبك الجام ً -
5  

8 
 اكولً انجاز برامج الت لٌم

 دورات موجهة لبنتاج القصٌر -
 برامج ااادٌمٌة طوٌلة المدي -

(20-25) 
(10-15) 

(3) 

 MAGمبك الـ
والمبك ال را ً 

 المتنوع

 MAGمبك الـ 5 تحدٌد متطلبات المثتخدمٌن المت لقة بالم لومات الجغرافٌة 9

10 

 وصف م صل لبنشطة الموجهة لبنتاج
 شباة الجٌودٌثٌةال -
 التقٌٌ  -
 انتاج الخرائط اكثاثٌة -
 تطوٌر  اعدة الم لوماتو  جمي الم طٌات -
 م دة كغراض مت ددةوضي الخرائط ال -

1 

 MAGمبك الـ
 والمثتشارون

11 
 MAGمبك الـ 4 تحدٌ  الشباة الجٌودٌثٌة وشباة الشاخص الد ٌع

والمثتشارون 
 والقطاع الخاص

12 
 MAGمبك الـ 6 تطوٌر الم اٌٌر القومٌة للم لومات الجغرافٌة

 والمثتشارون

13 
 MAGمبك الـ 1 1:50000 تصمٌم  اعدة م لومات  واعد م لومات بمقٌا  مثاحة

 والمثتشارون

14 
 MAGمبك الـ 9 1:50000جمي الم طٌات وتطوٌر  واعد الم لومات القومٌة بمقٌا  مثاحة 

والمثتشارون 
 والقطاع الخاص

 MAGمبك الـ MAG 3خدمة الزبائن عند الـ 15

 مبك  ثم المثح 2 تطوٌر اضافً لخدمات ثجل اكراضً الممثوحة 16

مبك عرا ً  1 اجمالٌة لمرحلة التن ٌذ ادارة 17
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 ومثتشارون

18 
مبك عرا ً  1 دعم اجمالً لمرحلة التن ٌذ

 ومثتشارون

19 
 MAGمباات لـ 3 انشطة غٌر م ٌنة وعناصر التاالٌف

ومبك عرا ً 
 ومثتشارون اخرون

  88 المجـــموع 

 
 حلة الث نٌةالانشطة والموارد الرئٌسة المطلوبة لتنفٌذ المر ( 3 –) جدول 

 (PALGRIC,2000, MOPIC,2000عن ) الب حث

 النشــاط  
موارد المبك 

 التقدٌرٌة فً المرحلة
 ثنة(-)شخص

 المبحظات

 MAGمبك الـ MAG  20ادارة لـ 1

 MAGمبك الـ MAG 14خدمة الزبائن فً الـ 2

 MAGمبك الـ MAG 8صٌانة الشباة الجٌودٌثٌة فً الـ 3

4 
اادٌمً المتواصل من البرنامج تقوٌة القطاع اك
  صٌر المدي

 المبك الجام ً 12

5 

المتواصل من البرنامج  -انجاز برامج الت لٌم
  صٌر اكمد 

 دورات موجهة لبنتاج القصٌر -
 برامج ااادٌمٌة طوٌلة اكمد -
 الت لٌم الدولً -

(30-40) 
(20-25) 

(3) 
 
 

 

6 
تطوٌر الم اٌٌر القومٌة للم لومات الجغرافٌة/ 

المتواصل من  -MAGدمة ال نٌة فً الـالخ
 البرنامج  صٌر اكمد

 MAGمبك الـ 19

7 
جمي الم طٌات/تطوٌر  واعد م لومات  ومٌة 

المتواصل من – 1:50000بمقٌا  مثاحة 
 البرنامج  صٌر اكمد

 والقطاع الخاص MAGمبك الـ 2

8 
تحدٌ   واعد الم لومات بمقٌا  مثاحة 

1:50000 
  MAGمبك الـ 6

9 
 تصمٌم  اعدة الم لومات 

 1:10000 واعد م لومات بمقٌا  مثاحة  -
1 
1 

 والمثتشارون MAGمبك الـ

10 
جمي الم طٌات/وضي الخرائط وتطوٌر  واعد 

 1:10000الم لومات بمقٌا  مثاحة 
12 

 والقطاع الخاص MAGمبك الـ

11 
جمي الم طٌات/وضي الخرائط وتطوٌر  واعد 

 1:1000الم لومات بمقٌا  مثاحة 
 والقطاع الخاص MAGمبك الـ 12

12 
 تصمٌم  اعدة الم لومات 

 )وضي الخرائط الم د كغراض مت ددة(
والقطاع البلدي  MAGمبك الـ 2

 والمثتشارون

13 

تقوٌة القطاع البلدي فً مجال الم طٌات 
 الجغرافٌة

 م طٌات م دة كغراض مت ددة -
 م طٌات تخطٌط مادي -
 م طٌات مثاحٌة -
 ائط اثاثٌةم طٌات خر -

 والمثتشارون MAGمبك الـ 2
 

14 
تطوٌر الروتٌن لوضي الخرائط الم دة كغراض 

 مت ددة والمٌاه والمجاري
 القطاع البلدي والمثتشارون 1

15 
جمي الم طٌات الم دة كغراض مت ددة وتطوٌر 
 واعد الم لومات الم دة كغراض مت ددة والمٌاه 

 والمجاري

 اع الخاصالقطاع البلدي والقط 10
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16 
المتواصل من -اكدارة اكجمالٌة لمرحلة التن ٌذ

 البرنامج  صٌر اكمد
 المبك والمثتشارون ال را ٌون 2

17 
المتواصل من -اكدارة اكجمالٌة لمرحلة التن ٌذ

 البرنامج  صٌر اكمد
 المبك والمثتشارون ال را ٌون 2

18 
اكخري غٌر المحددة  وما ٌلحقها اكنشطة 

 عناصر التاالٌفٌا من مو  
والمبك والمثتشارون  MAGمبك الـ 8

 ال را ٌون اكخرون

  187 المجـــموع 

 
 المرحلة الث لثة  البرن مج طوٌل الامد : -ث لث ً 

 (1ًالجدول الزمن ) سنواا(. 4سة الى الت سعة )مرحلة امده  : من السنة الس د 
ثاتتحول الاى بنٌاة تنظٌمٌاة  فً البرنامج طوٌل اكماد، مٌةمن الم ترض ان البنٌة التحتٌة الجغرافٌة القو

للتزوٌد بال املٌن ، وثتاون  ذه مرحلة حاثمة و اط اة بالنثابة المخطط له مثتوا ا  MAGمثتقلة، وثتصل 
وثااتهٌمن علااى المرحلااة ادارة الم طٌااات وتوزٌ هااا، وماداماات  ااذه  . لقابلٌااة بقاااء المنظمااات المختل ااة الم ٌنااة

فاً     واكنشاطة المدرجاةغٌار المناثاب وضاي خطاة م صالة للمرحلاة , من  ، لذا ثنوات  دمام  4ر المرحلة تثتم
 .(PALGRIC,2000,p.206) ( عامة نثبٌام . 4 –) جدول 
 

 والموارد الرئٌسٌة المطلوبة لتنفٌذ المرحلة الث لثة  الأنشطة (4 -)جدول 
 (PALGRIC,2000, MOPIC,2000عن ) الب حث

 النشــاط 

المبك  موارد
التقدٌرٌة فً 
 المرحلة
 ثنة(-)شخص

 المبحظات

 MAGمبك الـ MAG  32ادارة وعملٌة الـ 1

 MAGمبك الـ MAG 24خدمة الزبائن فً الـ 2

 MAGمبك الـ MAG  12صٌانة الشباة الجٌودٌثٌة فً الـ 3

4 

المتواصل من البرنامج متوثط -انجاز برامج الت لٌم
 اكمد

 ج القصٌردورات موجهة لبنتا 

 برامج ااادٌمٌة طوٌلة اكمد 

 ًالت لٌم الدول 

 
(20- 40) 
(20- 30) 

(3) 

 

5 
تطوٌر الم اٌٌر القومٌة للم لومات الجغرافٌة/ الخدمة 

المتواصل من البرنامج متوثط  -MAGال نٌة فً الـ
 اكمد

 MAGمبك الـ 28

6 
جمي  اعدة الم لومات والتصوٌر المثاحً  -

المتواصل من  -ب دالضوئً واكثتش ار عن 
 البرنامج متوثط اكمد

32 MAG 

7 
 --GISادارة  اعدة الم لومات ووضي الخرائط و 

 المتواصل من البرنامج متوثط اكمد
64 MAG 

8 
المتواصل من البرنامج متوثط  -تقوٌة القطاع البلدي 

 اكمد
 MAGمبك الـ 2

 والمثتشارون

9 
م دة جمي الم طٌات وتطوٌر  واعد الم لومات ال

المتواصل من  -كغراض مت ددة والمٌاه والمجاري
 البرنامج متوثط اكمد

10 
القطاع البلدي والقطاع 

 الخاص
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10 
تحدٌ  عملٌة  واعد الم لومات الم دة كغراض 

 مت ددة والمٌاه والمجاري
6 

 القطاع البلدي

11 
المتواصل من -اكدارة اكجمالٌة لمرحلة التن ٌذ

 البرنامج متوثط اكمد
المبك والمثتشارون  2

 ال را ٌون

12 
المتواصل من  -الدعم اكجمالً لمرحلة التن ٌذ

 البرنامج متوثط اكمد
المبك والمثتشارون  2

 ال را ٌون

13 
اكنشطة اكخري غٌر المحددة  وما ٌلحقها مو  ٌا من 

 عناصر التاالٌف
 المبك ال را ً 12

 
        وات( فٌجاااب ان ٌاااتم احتثااااب اجماااالً ماااا ٌقااااربثااان 10لوضاااي برناااامج التن ٌاااذ الاااذي اماااده )و -

، وٌجاب تخصاٌص اكجازاء الاباري مان الماوارد  ثانة( واكثاتلامار احتثاابام د ٌقاام  - شخص 400)
مي ضمان بنٌة تحتٌة  ابلة للبقاء ومن لام لخدمة المجتمي بطرٌقة صحٌحة  MAGواكثتلامارات الى 

 تثابها بد ة، مي تحدٌد ال المصطلحات والت اصاٌل .، حٌ  ٌنبغً اح داعمام ال المسثثات اكخري
 .(PALGRIC,2000,p.208)(.  5 –)جدول 

 
 سنواا 11برن مج التنفٌذ الذي امده نظ م ( 5 - جدول)

 (PALGRIC,2000,p.209عن )الب حث 

 المسثثة

 ا ولىالمرحلة 
  ا مد  صٌرة 

 المرحلة اللاانٌة
  متوثط اكمد 

 المرحلة اللااللاة
  مدا  طوٌل 

 الإجمالًبرنامج التن ٌذ 

الموارد 
البشرٌة 
-)شخص
 ثنة(

 اكثتلامار
بمبٌٌن 
 الدوكر

الموارد 
البشرٌة 
-)شخص
 ثنة(

 اكثتلامار
بمبٌٌن 
  الدوكر
 

الموارد 
البشرٌة 
-)شخص
 ثنة(

 اكثتلامار
بمبٌٌن 
  الدوكر
 

الموارد 
البشرٌة 
-)شخص
 ثنة(

الموارد 
البشرٌة 
-)شخص
 ثنة(

MAG 32  100  132  184 316 

 33 16  18  12  5 الجام ات

 17 8  9  6  3 الم ا د

القطاع 
 الخاص

4  10  18  16 30 

 10 1  7  5  4 اكثتشارٌون

 406 225  183  133  48 المجموع

 
 -:الاستنت جــ ا - 

تلابٌات ، م تمادام علاى  GIS الم لوماات الجغرافٌاة ٌراز البحا  علاى تلابٌات النماوذج الم اا ٌمً لنظاام
 بض ة اعتبارات اثاثٌة لتحدٌد مجاله واما ٌلً:

، ٌ تاارض ان ااال خطااوة ٌجااب ان ٌااتم  (GIS) الم لومااات الجغرافٌااةان عملٌاة تلابٌاات وتطااوٌر نظااام  -1
اامالها بالت اصٌل  بل البدء بالخطوة اكتٌة، شامبم بذلك تحلٌل ال المتطلبات كعطاء م طٌات حقٌقٌاة 

 ي خارطة اكثا   بل اثتخدام التطبٌقات.وتصمٌم م صل شامل ٌمان من وض
، ان ٌ طاً الخطاط  المطباع بصاورة ت صاٌلٌة حقٌقٌاة شااملة GIS الم لوماات الجغرافٌاة ٌمان لنظام -2

البدٌلة للتطوٌر المثتقبلً مي تحدٌد اولوٌات احتٌاجات التخطٌط، لادعم التخطاٌط الحضاري واك لٌماً 
 . لى البٌئة وموارد ا الطبٌ ٌة والطا وٌةوحماٌة اثتخدام اكرض وادارته مي المحافظة ع

ذلاك اعاداد الا ااءات  شاامبم ، GIS الم لوماات الجغرافٌاة ٌجب اكعاداد  بال البادء بخطاة تلابٌات نظاام -3
البشاارٌة والقٌادٌااة ماان الخبااراء والمخططااٌن القااادرٌن علااى ادارة النظااام وتن ٌااذه مااي اعطاااء اك مٌااة 
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  وما ٌحٌط ذلك من المسثثات والمنظمات الثاندة والتاب ة ٌة والبرامجٌات اكثاتجهٌزات الحاثوبلل
 القادرة على مواابة التانولوجٌا والتقنٌة الحدٌلاة.

 ادر على اكنتاج، ٌجب انشاء ماا ٌثامى باـ)مجل  التخطاٌط  GIS الم لومات الجغرافٌة لتحقٌع نظام -4
لمقادم مان وزارة التخطاٌط، اكعلى( الذي تنطوي مهمته بالمصاد ة على التخطٌط الوطنً واك لٌماً ا

ٌاارتبط وٌشاارف  ااذا )المجلاا ( علااى اللجااان المرازٌااة المنتشاارة فااً المحافظااات والتااً ت ماال تحاات 
اف لهااا ااال مااا و تااابي لهااا ماان المخططااٌن اك لٌااٌن والمجااال  البلدٌااة ومجااال  القااري ، ٌضااطائلتااه

 . واكرٌاف
 ٌالٌة وجدولٌة ااملة ل ماوم الهٌاال  ب عتماد ماطرحته من منظومة لذا وبضوء ما تقدم ٌوصً البح  -5

رحااه ماان مااوظ ٌن ( علااى الماادن , وبشااال ماااتم طGISالتنظٌمااً والوظااائ ً كدارة وتلابٌاات نظااام )
مجموعة من الدراثات ت مل على محورٌن ٌت لع اكول بدراثاة بقٌام وادراٌٌن وفنٌٌن , مما ٌثتلزم ال

الم لوماات  متاامال ضامن م اا ٌم والٌاات نظااممتااملة لمدٌنة بغداد مي اعادة طرحها وبشال تصمٌم 
( , اما المحور اللاانً فٌقصد ال راع بص ة عامة , بغٌة ج ل المحورٌن اثاثام جدٌدام GIS) الجغرافٌة

فً الطرح التخطٌطً الحدٌ  الم تمد على مجموعاة متااملاة ومحدلااة مان الم لوماات الت صاٌلٌة عان 
 خري عمومام .ال ماٌخص مدٌنة بغداد خصوصام والمدن اك

 
   :العربٌة  المص در -

 

رساااال   تااار نر ي اااال اله لونااااي الي رافنااا  فاااي التي ااانا ال هراياااي فاااي ال ااارا  , , عاااانر يااااحي  اااال  -
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FINITE ELEMENT ANALYSIS OF EMBANKMENTS ON SOFT 

CLAYS - CASE STUDIES 

 

 
 

ABSTRACT 
 

In order to design structures on soft soils, it is necessary to predict the behavior of the soft soil 

under imposed structure load. The high excessive settlements of the soft soil can cause many 

problems for the structures built on the soil like cracking and breakup of pavements, railway, 

highway embankments, etc... 

In this work, the finite element method is utilized as a tool for carrying out different 

analyses of embankments on soft ground with different conditions. The computer program CRISP 

(CRItical State Program) is developed to suit the problem requirements. CRISP uses the finite 

element technique and allows predictions to be made of soil deformations using the critical state 

theory. 

Eight-node isoparametric quadrilateral element has been added to the program. The program 

was used to analyze fully coupled (Biot) consolidation of two-dimensional plane strain problems. 

The finite element predictions of displacements and excess pore water pressures were compared 

with field measurements. 

It was concluded that the maximum vertical movement occurs below the centerline of the 

embankment. The settlement decreases slightly as the toe of the embankment is approached and 

decreases rapidly as the distance away from the toe increases. Upward movement of the surface far 

from the toe is observed. The maximum horizontal movement occurs near the top boundary. The 

rate of horizontal movement at the top of the foundation is greater than at the bottom. This behavior 

may be due to the flexibility and free movement condition of the vertical boundary in the top half 
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ل احمذاتحذت تذيرير  ب رخوة, من الضروري التنبوء بسلوك هذه  التذربتر  تستند علىالتي لغرض تصميم المنشات 
ات المشذذيدة عليهذذا مرذذذل منشذذللمشذذا ل قذذد يذذادى الذذى حذذدوث  الرخذذوة للتذذرب مفذذرط اللذذالين الهبذذوط الا. تالمنشذذي

 و غيرها. )التلليات( السريلة و السداد الترابية طرقطبقات التبليط و خطوط الس ك و ال التشققات و ت سر
 لسذذداد ترابيذذة طريقذذة  راذذراء عذذدد مذذن التحلذذي ت  طريقذذة اللناصذذر المحذذددةفذذي هذذها البحذذث, اسذذتلملت 

( ليناسذذب CRISP) طذذور برنذذامح الحاسذذبة المسذذمى و قذذد. مختلفذذةو لحذذارت تذذرب رخذذوة علذذى  مشذذيدة)تلليذذات( 
التي  تشوهات( يستلمل تقنية اللناصر المحددة و يسمح بااراء تخمين للCRISPمتطلبات المسالة. ان برنامح )

 إلذذذى ربذذذاعي الشذذذ ل و قذذذد اضذذذي  عنصذذذر رمذذذاني اللقذذذد .نظريذذذة الحالذذذة الحراذذذةعلذذذى  دااعتمذذذا التربذذذة تحذذذدث فذذذي
مح لتحليذذل مذذ دوج ل نضذذمام حسذذب نظريذذة بيذذوت لمسذذاال رناايذذة اربلذذاد هات انفلذذال و اسذذتلمل البرنذذا .البرنذذامح

ء المسام ارضافي مع القياسات الحقلية اط مضغمستوي و قد قورنت نتااح طريقة اللناصر المحددة ل  احات و 
. 

ص هذذذه  تتنذذذاقو  )التلليذذذة( قولية اللظمذذذى تحذذذدث تحذذذت الخذذذط المر ذذذ ي للسذذذدادالشذذذا الإ احذذذة أنقذذذد واذذذد ل
حافة السدة و قد لوحظ حدوث  عند اربتلاد عن قص بش ل سريعتتنامن حافة السدة رم  ابقتر تم ارار احة  لما 

 لواقع بليداً عن اسم السدة )التللية(.على لسطح التربة الألا احات شاقولية 
ملذذدل ار احذذة   مذذا تحذذدث ار احذذة ارفقيذذة اللظمذذى بذذالقرب مذذن الحذذدود اللليذذا لطبقذذة تربذذة ارسذذا . ان

ارفقيذة فذي النصذ  الللذوي مذن ارسذا  ي ذون اعلذى مذن قيمتذ  فذي النصذ  السذفلي. ان هذها التصذر  يم ذذن ان 
 الى مرونة الحر ة و الشرط الحدودي الحر للسطح الللوي من ارسا .يل ى 
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INTRODUCTION 
 

The increase in the world population and the consequent demand on new areas for construction 

forced the civil engineer to construct on large lands that have been avoided in the past because of 

their inadequacy as foundation ground. This means that land which was formerly considered 

unsuitable has now been utilized by building over. However, before this can be done, the problems 

which made the land unsuitable in the first instance have to be overcome by the engineer either by 

special design or ground improvement. 

In order to design structures on soft soils, it is necessary to predict the behavior of the soft 

ground under impose of structure load. The high excessive settlements of the soft soil can cause 

many problems for the structures built on the soft soils like cracking and breakup of pavements, 

railway, highway embankments, etc... 

The engineering properties of the soft clay may be improved to make the soil suitable for 

construction; several techniques have been suggested to improve the engineering properties of the 

soft soil. 

 
 

 PROBLEMS IN PREDICTING SETTLEMENT OF EMBANKMENTS ON SOFT CLAY 
 

The major uncertainties in predicting settlement of embankments on soft clays are list: 

1. Uncertain stratigraphy and drainage boundaries. 



Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

 

3270 

2. Uncertain time history of loading. 

3. Mass movements due to shearing stresses. 

4. Economical problems that restrict exploration, testing, and other analyses. 

Other problems that clearly influence the accuracy of predicting include (Olson and Fellow, 1998): 

1. Effects of secondary compression. Field data documenting long-term behavior are required. 

Many field observations terminate when a structure (pavement, bridge, tank, etc...) is 

constructed, because the instrumentation is destroyed. The client is not interested in paying 

for continued readings, and the engineer does not wish to risk for being used based on the 

documented movements. 

2. Sampling disturbance compared with disturbance introduced in the field such as during wick 

installation. 

 Use over simplified and analytical procedure, or performing the design based on "Engineering 

Judgment" with minimal exploration and testing, is an effort to underbid the complication. 

 

THE COMPUTER PROGRAM CRISP 

CRISP (CRItical State Program) was developed at Cambridge University, Engineering Department, 

Soil Mechanics Group, in 1975. Later after making necessary modifications on (CRISP), it was 

republished in 1987. 

 CRISP uses the finite element technique and allows predictions to be made on ground 

deformation using critical state theories. 

 CRISP is used in this work for the analysis of embankment problems after making necessary 

developments. These developments include the following (Al-Shammary, 2006): 

1. Eight-node isoparametric quadrilateral element is added with all necessary modifications in 

corresponding matrices. 

2. Some subroutines are rearranged and organized. 

 

Summary of Facilities: 
 

Solution techniques:   
 

There is a number of techniques for analysis of 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 level are used in 

the calculations. 
 

Excavation, Construction and Increment Blocks:     

A finite element program intended for geotechnical analysis should be capable of analyzing 

problems where soil is excavated or soil structures (e.g. embankments) are constructed. This is not a 

standard feature found in finite element programs in other branches of engineering. CRISP allows 

elements to be removed to simulate excavation and elements to be added to simulate construction. 

The applied loadings for these cases are automatically calculated by the program. 

 When performing a non-linear analysis involving excavation or construction, the 

requirement for relatively small applied loads in each increment still applies. The way of achieving 

this is the removal or addition of a large number of layers of "thin" elements due to the large 

number of elements, and possible numerical conditioning problems associated with elements that 

have large aspect ratios. CRISP circumvents this problem by allowing the effect of element removal 

or addition to be spread over several increments in an "increment block” which is a series of 

ordinary increments grouped together in the input data for the program. 
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CASE STUDY PROBLEMS 
The construction of embankments on soft clays will be simulated by using the eight-node 

isoparametric elements. 
  

 

SIGMA Test Embankment Problem 
This is one of the basic problems of the computer program GeoSlope. In this problem, the 

subsurface clay stratum is 9 m deep and the water table is 1 m below the ground surface. 

The 1 m-layer above the water table is highly weathered desiccated and fissured making the 

behavior similar to a fine granular soil. 

The embankment to be analyzed is shown in Fig. 1 and is constructed of relatively sandy 

soil. The height of the embankment is 5 m with 3:1 side slopes and 10 m crest width. Due to 

symmetry about the center, only half of the cross section is modeled in the analysis. Part of the 

underlying soil (clay) is considered in the analysis. 

The bottom of the problem is fixed, while both vertical ends are allowed to move vertically 

but not horizontally. The finite element mesh of the embankment and its foundation is shown in 

Fig.1 
 

Clay Properties 

The clay is modeled as a modified Cam –clay (MCC). It is highly plastic with liquid limit (LL) of 

61%. The compression index, Cc, can be estimated from the well-known equation (Skempton, 

1944): 

 

                    Cc=0.009*(LL-10 percent)                                                                                             (1) 

 

The slope of the normal consolidation line, , can be computed from  = CC/2.303 (Atkinson and 

Bransby, 1978). A summary of the soil properties is provided in Table 1. 

 

 

Sand Properties 

The embankment and the upper one meter of subsoil is modeled as highly permeable. Linear 

elastic model can be used for this material, which can be considered adequate since the major 

settlement issue arises in the underlying compressible clay. The properties adopted for sand are also 

given in Table 1. 
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Table 1 The properties of foundation and embankment of problem 

(Manual of the program Geo-Slope). 
 

Type of soil Model Parameter Value 

Clay MCC 

Liquid limit (LL) 

Compression index (CC) 

Slope of normal consolidation line () 

Slope of swelling line () 

Coefficient of volume compressibility (mv) 

Hydraulic conductivity (k) 

Effective friction angle () 

Slope of critical state line (M) 

Coefficient of earth pressure at rest (K0) 

Poisson
, 
s ratio () 

Over-consolidation ratio (OCR) 

Unit weight () 

61% 

0.46 

0.2 

0.04 

3*10
-4 

(1/kPa) 

5*10
-3

(m/day) 

26
 

1 

0.56 

0.36 

1.2 

20 kN/m
3
 

Sand 
Linear  

elastic 

Modulus of elasticity (E) 

Poisson
, 
s ratio () 

Hydraulic conductivity (k) 

Coefficient of volume compressibility (mv) 

Unit weight () 

2000kPa 

0.36 

1 m/day 

3*10
-4 

(1/kPa) 

20 kN/m
3
 

 

In Situ-Stresses 

An essential feature when using the modified Cam clay (MCC) soil model is to establish the initial 

yield surface. Any changes due to the embankment loading are relative to the yield surfaces that 

exist prior to loading. The initial yield surface is related to the initial in-situ stress and over–

consolidation ratio (OCR). The (OCR) is specified as a soil property but the in-situ stress must be 

computed in a separate step. 

The total and effective horizontal stress profiles in the sub-soil before starting the 

embankment fill placement are shown in Fig.2. 

 

Loading sequence 
 

The embankment fill is going to be placed in five stages as follows: 
 

Fill lift Elapsed time (days) Height (m) 

1
st 

1 1 

2
nd 

7 2 

3
rd 

13 3 

4
th 

19 4 

5
th 

25 5 
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Results and Discussion 
 

Comparison of Results 
 

Fig. 3 shows a comparison between the settlements that occur at the centerline at the water table 

elevation predicted by the CRISP program which is used in this study and those by SIGMA 

program. It can be seen that the settlement predicted by the two programs is similar during 

construction of the test embankment. The excess pore water pressure changes with time at a 

specified location one meter to the right of center line and two meters below the water table (point 

B in Fig. 1) are compared in Fig. 4 for both programs. The SIGMA program shows lesser excess 

pore water pressure during construction, while, after construction, the two results tend to be similar. 

The pore water pressure starts to dissipate immediately after construction of each fill lift, 

then its value increases when the next fill is constructed and dissipation continues. 
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Note all dimensions are in (meters)       No. of elements =172 

 

Fig.1 The finite element mesh of SIGMA embankment. 
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Fig. 2  Initial in-situ horizontal and vertical stresses in the sub-surface clay. 
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Fig. 3 Vertical displacement at node (A) of SIGMA test embankment. 
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Fig. 4  Excess pore water pressure at node (B) of SIGMA test embankment. 
 

Vertical Displacement  
In Figures (5 and 6) the finite element analysis results of the vertical displacements along horizontal 

sections (H1-H1), (H2-H2) (as shown in Fig. 1) during construction are presented. The maximum 
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settlement does not occur along the centerline but is located more towards the outer edge of the fill 

in the early stages of loading. This behavior is due to the zone of lower effective horizontal stresses. 

In addition, the toe of the fill has been lifted up slightly because the zone near the toe is a high shear 

stress zone. Upward movement of the surface far from the toe is observed due to the large load 

applied at the centerline of the foundation. This upheaval decreases slightly towards the toe of the 

embankment and decreases significantly as the distance away from the toe becomes large. 

The vertical settlement along the vertical sections (V1-V1) and (V2-V2) and the centerline 

are shown in Figures (7, 8 and 9). From all these figures, the maximum vertical displacement was 

found at elevation 9 m because this level will be exposed to load directly. After construction, the 

maximum settlement will occur at the centerline as shown in Figs. (10 and 11). This behavior is due 

to the fact that the zone near the center of embankment suffers from concentration of stresses. In 

Fig. 9, the maximum settlement is found at elevation 4 m because this region is affected by all 

strains developed above this level resulted from the loads applied above this level. On completion 

of the embankment, the staged construction is halted and the load remained constant. In this stage, 

the consolidation of the soil will occur without any increase in the applied load. 
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Fig. 5 Vertical displacement along section (H1-H1) during construction of SIGMA test 

embankment. 
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Fig.6 Vertical displacement along section (H2-H2) during construction of SIGMA test 

embankment. 
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Fig.7 Vertical displacement along the centerline during construction of SIGMA test 

embankment. 
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Fig. 8 Vertical displacement along section (V1-V1) during construction of SIGMA test 

embankment. 
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Fig. 9 Vertical displacement along section (V2-V2) during construction of SIGMA test 
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embankment. 

0 5 10 15 20 25 30 35 40

Horizontal distance (m)

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2
V

e
rt

ic
a

l 
d

is
p

la
c

e
m

e
n

t 
(m

)

time = 28days

time = 31days

time = 34days

time = 37days

time = 40days

 
 

Fig. 10 Vertical displacement along section (H1-H1) after construction of SIGMA test 

embankment. 
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Fig. 11 Vertical displacement along section (H2-H2) after construction of SIGMA test 

embankment. 

 
 

 

Horizontal Displacement 
 

The horizontal movements along two vertical sections, (V1-V1) and (V2-V2) are presented in 

Figures (12 and 13) during construction. In general, it is seen in these figures that the maximum 

horizontal displacement occurs near the top boundary. The rate of horizontal movement at the top 

of the foundation is greater than that at the bottom. This behavior may be due to the flexibility of 

the top boundary assumed for horizontal movement.  It can also be seen that section (V1-V1) near 

the toe shows the maximum horizontal displacement in comparison with the other section (V2-V2). 

This behavior is due to the large difference between the vertical load concentration on the left and 

right hand sides of section (V1-V1). 
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Fig. 12 Horizontal displacement along section (V1-V1) during construction of SIGMA test 

embankment. 
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Fig. 13 Horizontal displacement along section (V2-V2) during construction of SIGMA test 

embankment. 

 

Excess Pore Water Pressure 
 

The excess pore water pressure dissipation along the centerline, sections (V1-V1) and (V2-V2) are 

shown in Figures (14 to 19). The curves show the isochrones of excess pore water pressure during 

construction and after construction at times 28, 31, 34, 38 and 40 days.   As it is shown, the 

isochrones of excess pore water pressure give symmetric curves with maximum values near the 

middle of the foundation soil. This behavior is due to the two–way drainage assumption. The 

analysis predicts pore water pressure at centerline of the embankment greater than at the other two 

sections. This behavior is expected and it is due to the concentration of the load at the centerline of 

the embankment. 

 



Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

 

3280 

0 1 2 3 4 5 6 7 8 9

Height (m)

0

15

30

45

60

75

90
E

x
c

e
s

s
 p

o
re

 w
a

te
r 

p
re

s
s

u
re

 (
k

P
a
)

after construction layer-1-

after construction layer-2-

after construction layer-3-

after construction layer-4-

after construction layer-5-

 
Fig. 14 Excess pore water pressure along the centerline during construction of SIGMA test 

embankment. 
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Fig. 15 Excess pore water pressure along section (V1-V1) during construction of SIGMA test 

embankment. 
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Fig. 16 Excess pore water pressure along section (V2-V2) during construction of SIGMA test 

embankment. 
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Fig. 17 Excess pore water pressure along section (V1-V1) after construction of SIGMA test 

embankment. 
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Fig. 18 Excess pore water pressure along section (V2-V2) after construction of SIGMA test 

embankment. 
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Fig. 19 Excess pore water pressure along centerline after construction of SIGMA test 

embankment. 

 



Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

 

3282 

Skä Edbey Embankment 

Project Description: - 

The test embankment was built on the site of Skä Edbey about 25 km west of Stockholm in the year 

1961, to study the long-term behavior of Swedish clays and the suitability of the site for 

construction of an airport. 

The embankment has a height of 1.5 m with crest width of 4 m and side slope 1:1.5. It was 

constructed in three stages as indicated in Fig.18, and the embankment was completed in little over 

one month. The cross section of the embankment and foundation soil is shown in Fig.19.  

The stress applied by the fill was about 27 kN/m
2
and based on the original shear strength of 

the clay. The factor of safety against failure was about 1.5, still from elastic theory; the maximum 

shear stresses under the edge of the embankment were quite high and may have locally exceeded 

the shear strength. 

Instrumentation was installed near the middle of the embankment at locations shown in   

Fig. 19. Two types of gages were used to measure settlements. Those were placed on the ground 

surface under the fill where simply steel rods welded to plates with settlement recording made by 

precise leveling. The gages for measuring settlements at depth considered of rod to firm bottom 

width in pipe welded to earth screw. Dial indicators determined relative movements. Horizontal 

movements at the sides of the embankment were measured in plastic tubes by the (SGI) 

inclinometer (Kallstenius And Berqau, 1961). 

 

Soil Properties 

The geotechnical profile for the soil under embankment is shown  in Fig. 20 (Holtz, 1972). The soft 

soil was divided into 8 sub-layers with different compressibility parameters and (OCR) (Neher et 

al., 1999) as shown in Table 2. 
 

 

Table (2) Soil parameters for Skä Edbey embankment (from Neher et al., 1999). 
 

Layer t (kN/m
3
) k (m/day)  OCR M  

A 14.2 
8.64*10

-5 0.106 14.1 

1.61 30
 

B 
14.4 

0.096 2 

C 7.0*10
-5

 0.083 1.2 

D 

16.1 

6.22*10
-5

 

0.076 
1.0 

E 5.44*10
-5

 

F 5.01*10
-5

 

G 
4.75*10

-5
 

H 0.069 
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Comparison of Results with Observation: - 

The predicted and measured vertical settlement at node A (as shown in Fig. 20), and excess pore 

water pressure at section (V1-V1) at time 10 years after construction and horizontal displacements 

along section (V2-V2) at time 20 years are shown in Figs. (23, 24 and 25). 

 It can be seen that the results obtained using the CRISP program are in good agreement with 

those obtained by PLAXIS program by adopting the modified Cam clay model. The accuracy of 

models used and the correctness of the input property of the soil, typically for soft ground, is a big 

topic of soil mechanics, since the elasto-plastic, visco-plastic, and reheology behavior of the soft 

clay make it extremely difficult to model the soft soil stress- strain relationship. Normally, 

increasing the model parameters may increase the accuracy of the model, but also increase the 

difficulties for input parameters evaluation. At present, some of the model parameters, such as 

compressibility, can be determined from high quality laboratory triaxial or consolidation tests with 

confidence. However, some other parameters, such as permeability, are very difficult to be 

determined accurately. For this kind of parameters, the most reliable way is to derive the parameter 

values from back- analysis of existing case histories.    
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Note all dimensions are in (meters)       No. of elements =126 

 

Fig. 20 The finite element mesh of Skä Edbey embankment. 
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Fig. 21 Plan and section of Skä Edbey embankment showing gage locations and depth below 

ground surface in meters) (from Holtz, 1972). 

 
Fig. 22 Geotechnical profile for Säk Edbey embankment (from Holtz, 1972). 
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Fig.23 Vertical displacement at point (A) at 20 years after construction of Skä Edbey test 

embankment. 
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Fig. 24 Excess pore water pressure along section (V1-V1) at 10 years after construction of Skä 

Edbey test embankment. 
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Fig. 25 Horizontal displacement along section (V2-V2) at 20 years after construction of Skä 

Edbey test embankment. 
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-Vertical Settlement 
 

For the Skä Edbey test embankment, the vertical movements at the ground surface, sections (H1-

H1) and (H2-H2) (shown in Fig. 20) are presented in Figs. (26 and 27). As can be seen, the 

maximum vertical settlement occurred below the centerline of the embankment. The settlement 

decreases slightly as the toe of the embankment is approached and decreases rapidly as the distance 

away from the toe increases. Upward movement of the surface far from the toe is observed. This 

behavior is due to the loading concentration at the center part of the embankment. 

Vertical displacements along sections (V1-V1), (V2-V2) and (V3-V3) are shown in Figs. 

(28, 29 and 30). 
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Fig. 26 Vertical displacement along section (H1-H1) after construction of Skä Edbey test 

embankment. 
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Fig. 27 Vertical displacement along section (H2-H2) after construction of Skä Edbey test 

embankment. 
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Fig. 28 Vertical displacement along section (V1-V1) after construction of Skä Edbey test 

embankment. 
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Fig. 29 Vertical displacement along section (V2-V2) after construction of Skä Edbey test 

embankment. 
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Fig. 30 Vertical displacement along section (V3-V3) after construction of Skä Edbey test 

embankment. 
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Horizontal Displacement 
 

The horizontal movement along two vertical sections, which are (V2-V2) and (V3-V3) shown in 

Fig. 20 are presented in Figs. (31 and 32) after construction at different times. In general, it can be 

seen that the maximum horizontal displacement occurs near the top boundary. The rate of 

horizontal movement at top of the foundation is greater than that at the bottom. This behavior may 

be due to the flexibility of the top boundary that is assumed for horizontal movement. It can also be 

seen that section (V2-V2) at the toe, shows the maximum horizontal displacement compared with 

the other section. This behavior is due to the large difference between the vertical load on the left 

and right hand sides of section (V2-V2). 
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Fig. 31 Horizontal displacement along section (V2-V2) after construction of Skä Edbey test 

embankment. 
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Fig. 32 Horizontal displacement along section (V3-V3) after construction of Skä Edbey test 

embankment. 

 

Pore Water Pressure 
 

The excess pore water pressure dissipation with time at sections (V1-V1), (V2-V2) and (V3-V3) is 

shown in Figs. (33, 34 and 35). 

 As shown in the figures, there is no symmetry in excess pore water pressure isochrones in 

spite of tow- way drainage condition. This may be attributed to the non-homogeneity in the 

foundation soil and the differences in the permeability values for different types of foundation 

layers. The dissipation of excess pore water pressure in the upper layer was faster than at the bottom 
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layer. This is because that the upper layer has permeability greater than that of the underling layers.

  

The excess pore water pressure along section (V1-V1) is higher than of the two other 

sections (V2-V2) and (V3-V3). Such behavior is clearly due to the location of the embankment 

loads, which are more concentrated on the centerline of the embankment. 
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Fig. 33 Excess pore water pressure along section (V1-V1) after construction of Skä Edbey test 

embankment. 
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Fig. 34 Excess pore water pressure along section (V2-V2) after construction of Skä Edbey test 

embankment. 
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Fig. 35 Excess pore water pressure along section (V3-V3) after construction of Skä Edbey test 



Y. J. al-shakarchi                                                                                       Finite element analysis of embankments 

M. Y.  Fattah                                                                                              on soft clays - case studies 

A.S. Jawad 

 

Available online @ iasj.net 

 
3291 

embankment. 

 

-Stress State 

Figs. (36 and 37) trace the stress path for points A and B (shown in Fig. 20), respectively. It can be 

seen that isotropic hardening takes place upon loading and new yield surface is always generated at 

each load increment. The hardening at point (A) which is located at the centerline of the 

embankment is greater than that at point (B) at its toe. In addition, due to the upward movement of 

point (B), the stress state may over-pass the critical state line at some stages, and hence dilation 

might occur at the point. The soil behaves as overconsolidated at that stage. 
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Fig. 36 Stress state at node (A). 
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Fig. 37 Stress state at node (B). 

  

CONCLUSIONS 

The analysis of two study embankments on soft ground by using the finite element method is 

achieved. The embankment material is assumed to behave as elastic or elastic-plastic material while 

foundation soil behavior is considered to follow the modified-Cam clay model. The following 

conclusions can be drawn: 

1. The modified-Cam clay model can simulate the soil behavior successfuly. When the results 

of analysis are compared with the measured values, good agreement was obtained. 
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2. The maximum vertical movement occurs below the centerline of the embankment. The 

settlement decreases slightly as the toe of the embankment is approached and decreases 

rapidly as the distance away from the toe increases. Upward movement of the surface far 

from the toe is observed.  

3. The maximum horizontal movement occurs near the top boundary. The rate of horizontal 

movement at the top of the foundation is greater than at the bottom. This behavior may be 

due to the flexibility and free movement condition of the vertical boundary in the top half. 
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ABSTRACT 

Many useful softwares in projects management are available now. Ms Project and Primavera are some 

examples of these softwares. Those programs need to be fed by information by the user. The users 

usually collect this information from the project and design documents. This collection process needs 

considerable time and efforts, and usually accompanied of some errors in data transfer process. 

In order to reduce the required time and efforts and to eliminate individual errors in data transfer 

process, an Integrated System is needed. This Integrated System can extract the graphical information 

from an AutoCAD drawing and transfer it to a digital form suitable for processing in the project 

management softwares such as Excel and Ms Project. 

In this research an Integrated System (IS) was built, to connect three softwares, AutoCAD, Excel and 

Ms Project, using Active X data transfer technology. The Integrated System was tested using three case 

studies. Al-Nahrain University waste water network, the Islamic University water supply network, and 

an irrigation and drainage project. The results indicated the capability of the system to transfer the 

graphical data into digital data, and to conduct the quantity of survey of the selected projects. 

It is worthy to mention that this system requires some modification that is should be adopted in the 

AutoCAD drawings. The drawings should be performed using layers, and definition blocks for objects. 

These modifications are simple and can be done easily. Moreover the system was built in a way that 

gives the ability of adding other case studies (i.e., other types of projects). 
 

 الخلاصة
 Msرٕفش انؼذٚذ يٍ انثشايعٛاخ انُٓذسٛح انًفٛذِ فٙ اداسج انًشاسٚغ. يصم ْزِ انثشايط ػهٗ سثٛم انزكش ْٙ )ذ

project, Primavera ٔغٛشْا . أٌ ْزِ انثشايعٛاخ ذحراض انٗ انرغزّٚ تانًؼهٕياخ يٍ قثم انًسرخذو حٛس ٚقٕو )

تّ يصم ٔشائق انًقأنّ ٔيخططاخ انرصًٛى ٔغٛشْا. اٌ ػًهٛح انًسرخذو ػادج تعًغ انًؼهٕياخ يٍ انًصادس انًطهٕ

 ظًغ ْزِ انًؼهٕياخ ٔادخانٓا ٚصاحثٓا ظٓذ ٔٔقد ٔقذ ذرؼشض ْزِ انؼًهّٛ انٗ حذٔز اخطاء فٙ َقم انًؼهٕياخ.

ٔنرٕفٛش انعٓذ ٔانٕقد ٔذقهٛم الاخطاء فٙ َقم انًؼهٕياخ ٚرطهة اَشاء َظاو يركايم ٚقٕو تاسرخلاص انًؼهٕياخ 

ذس الايكاٌ يٍ ٔشائق ٔيخططاخ انًقأنّ ٔذحٕٚهٓا يٍ صٛغرٓا انفؼهّٛ انٗ انصٛغّ انًلائًّ نرشغٛم تشايعٛاخ ق
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( AutoCAD)ْزا انُظاو انًركايم تايكاَّ اسرخلاص انًؼهٕياخ انشسٕيّٛ يٍ يخططاخ ال Iاداسج انًشاسٚغ. 

 (Excel and Ms Project)م انٗ اسقاو يُاسثّ نهًؼانعّ فٙ تشايط اداسج انًشاسٚغ يص أذحٕٚهٓ

فٙ ْزا انثحس ذى تُاء ًَٕرض يركايم نشتط انثشايعٛاخ )تشَايط أذٕكاد، ياٚكشٔسٕفد أكسٛم ٔ ياٚكشٔسٕفد 

تشٔظٛكد ( تحٛس ٚقٕو انًُٕرض تاسرقشاء انًؼهٕياخ يٍ انًخططاخ انرصًًّٛٛ انًشسٕيّ تثشَايط 

(AutoCAD( ٔذحٕٚهٓا يثاششِ انٗ تشَايط)Excelَٔتش )(ايطMs Project تصٛغّ ػذدّٚ تحٛس ًٚكٍ انرؼايم )

يؼٓا تسٕٓنّ لاٚعاد انكًٛاخ ٔتُاء َظى اداسِ انًششٔع تشكم سشٚغ ٔيثاشش.ذى تُاء انًُٕرض انًركايم تاسرخذاو 

ذى ذعشتّ انًُٕرض انًركايم ػهٗ شلاز حالاخ دساسّٛ ْٔٙ  ( انرهقائّٛ.Active Xانثشايعٛاخ اػلاِ ٔستطٓا ترقُّٛ )

ح يعاس٘ نًٕقغ ظايؼح انُٓشٍٚ ٔشثكح ياء نًٕقغ انعايؼّ الاسلايّٛ ٔشثكح قُٕاخ انش٘ ٔانثزل. اشثرد انُرائط شثك

فؼانٛح انًُٕرض فٙ ذحٕٚم انًؼهٕياخ يٍ صٛغرٓا انشسٕيّٛ انٗ صٛغ ػذدّٚ ًٚكٍ انرؼايم يؼٓا تسٕٓنّ ٔٚسش 

 تانثشايعٛاخ انًشًٕنّ تٓا.

طهة اٌ ٚرى سسى انًخططاخ انرصًًّٛٛ تثشَايط الأذٕكاد يغ تؼط انراشٛشاخ ٔيٍ انعذٚش تانزكش تاٌ انًُٕرض ٚر

( Layersانطفٛفّ فٙ ْزا انثشَايط نكٙ ٚرًكٍ انُظاو تانؼًم انًطهٕب ، يصم اظشاء انشسٕياخ تصٛغ انطثقاخ ال)

ًا اٌ ( ْٔٙ يرطهثاخ تسٛطّ ًٚكٍ ذُفٛزْا تسٕٓنّ.كBlocks( تهٕحاخ انرؼشٚف )Objectsٔحصش الاشكال )

 انُظاو ذى تُاءِ تطشٚقّ يشَّ تحٛس ًٚكٍ اظافح ا٘ حانّ اخشٖ )ا٘ يشاسٚغ اخشٖ(.
 

KEY WORDS 

Integrated System, AutoCAD, Excel, Ms Project, Active X Technology 

 

INTRODUCTION 

Construction was a collaborative activity involving a multi-disciplinary team including client, architect, 

engineer, consultant, contractor, etc. Each member of this team was responsible for certain aspects of 

the project. Different professions used their own unique processes to undertake their tasks, but often 

had to rely on information supplied by others. At present, the communication problem between the 

team members is often a cause for project delay and building defects. Improving the communication 

link had been identified as crucial to further efficiency gain in construction. (Sun and Aouad: 1999). 

With the wide use of Architecture, Engineering, Construction (AEC) software, the traditional cross 

discipline communication is increasingly manifested as an issue of data exchanged and data sharing 

between different software applications. (Sun and Aouad: 1999). 

The increasing technical complexity of projects created a demand for the integration of construction 

project information .The development and deployment of new construction industry software 

applications, improvements in network technology, the application of robotics to the building process, 

the development of new modeling methodologies and languages and the definition of standards for 

information exchange all created new opportunities for integration. (Dikbas, Morten and Yitmen: 

2000). 

Integrated construction management systems had their early start with the automation of scheduling 

and planning through the use of emerging Artificial Intelligence (AI) techniques (e.g., Levitt et al. 

1988; Waugh 1990) as mentioned by (Rankin, Forese and Waugh: 1999). It was found that starting 

from so-called "first principles" and regenerating all the necessary information that was required for a 

single application, let alone integrated applications, was a challenging task. Work in this area then took 

a turn towards integrating the applications that were more widely accepted (scheduling and estimating), 

through the application of broader information technology approaches, with a higher level of 

information representation and use of templates or libraries of knowledge structures (e.g., Yamazaki 

1995; Strumpf et al. 1996) as mentioned by (Rankin, Forese and Waugh: 1999). 

To date, it is generally accepted that integrated construction management systems will be conceptually 

based on a central information source with which integrated applications and the industry participants 
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will interact (O'Brien 1997) as mentioned by (Rankin, Forese and Waugh: 1999). (Rankin, Forese and 

Waugh: 1999). 

 

   Limitations of Using Stand-alone AutoCAD in Construction Management: 

1. in the AEC industry have used today's CAD systems as simply automated drafting tools 

2. Information is scattered about the project in an uncontrolled and uncoordinated way, on a 

variety of information systems and media, so that the design cannot be viewed as a complete 

entity 

3. A problem with these stand-alone CAD applications for construction management is that they 

are       typically used primarily as drawing tools, and are not used to store construction management 

related data within the drawing. (Marir, Aouad and Cooper: 1998) 

  Limitations of the Current Traditional Project Management Softwares: 

1. These softwares provide sophisticated functions of analyzing the network models of a project 

so as to scheduling the project 

2. these softwares are applicable only to a prepared network model of a project 

3. They are mainly used to carry out computations on input data provided by the construction 

planner. The input data required normally comprise an activity list complete with their 

estimated durations and logic dependencies 

4. Even if the design is CAD-based, the data needed for establishing such model can not be 

extracted directly by these softwares from the data existing already in the CAD drawings 

generated at design phase while have to be re-input by the planner 

If the construction schedule of a building can be generated directly and automatically from its drawings 

provided at design phase, it will benefit in at least two ways: 

 a) To predict the construction schedule at design phase, hence to optimize the design from construction 

view; 

 b) To fully utilize the data existing in the drawings for managerial purposes in construction phase, 

such as scheduling and cost estimating, so as to reduce the tedious human manipulation of data and the 

potential source for numerous errors. (Wang: 2001) 

 

COMPUTER INTEGRATED CONSTRUCTION SYSTEMS 

Computer integrated construction (CIC) systems had a tremendous potential to improve the 

productivity of the construction industry. (Elzarka: 2001). 

Computer Integrated Construction (CIC) as an example of how research and development could deliver 

significant savings to the construction industry. The concept of (CIC) was that technical information 

was entered into the computer system once and instantly made available electronically to all project 

team members. (Frederick and Nancy: 2000). 

Elzarka had defined the (CIC) as the use of computer system to integrate the management, planning, 

design, construction, and operation of constructed facilities. CIC systems automate many of the labor-

intensive tasks associated with construction management of new facilities. Through the integration of 

(3d, 2d) CAD models, database management systems and expert systems , CIC systems allow users to 

automatically calculate material quantities from CAD models, test the constructability of the design 

before actual construction; report construction progress graphically and improve collaboration between 

project member. (Elzarka: 2001) 

The main objective of CIC system is to communicate data to all project participants, throughout the 

project’s entire life cycle and across business functions. (Elzarka: 2001) 

The followings are the benefits of (CIC) systems: 
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An architect transmitted Computer-Aided Design (CAD) files to a construction manager, who 

automatically extracted areas and quantities for an accurate progress estimate and schedule. As the 

design was refined, so were the estimate and the schedule. 

1. Estimate quantities electronically linked to the schedule for projecting the value of work in 

place. This allowed for easier and faster construction of a cost-loaded critical path schedule. 

2. Suppliers’ data bases were made electronically available to designers and builders, who 

extracted specifications, pricing, and availability information. For example, using a common 

symbol library, a designer clicked the “door” symbol; all door suppliers were listed. The 

designer clicked a particular price; availability information was listed. 

3. A project’s filed office was electronically linked to the home office and design consultants for 

communicating up-to-date design, schedule, and cost information. For example, a design 

consultant in a remote location transmitted, rotated, and explained a construction detail on a 

field superintendent’s computer. (Frederick and Nancy: 2000). 

 

SYSTEM INTEGRATION DEFINITIONS 

There are many definitions to system integration and the researcher will view the following: 

(Thomas: 1992) had define the system integration as “a spectrum of application-linking and data-

sharing capabilities”. 

(Wang: 2000) had define system integration as “the pass of information from one application to another 

in a way that the information required can directly be used as the input for another application”. 

(Sun: 1999) had define system integration as “the exchange of data between Architecture, Engineering, 

and Construction applications”.  

The researcher defines the system integration as “a system integration that allow various applications to 

interoperate and exchange data with other applications” 

 

DEVELOPMENT OF THE INTEGRATED SYSTEM 

The integration of stand alone AutoCAD, Ms Excel and Ms Project using Visual Basic and Active X 

Automation technology is proposed as an alternative approach to developing the Integrated 

Construction System (ICS). 

The integration of stand-alone CAD, spreadsheet, and scheduling software using Visual Basic is 

proposed as an alternative approach to developing integrated systems. One advantage of this approach 

is that the integration of existing software, already familiar to the user, achieves dramatic reductions in 

the development effort as well as training time over conventional programming for systems with 

similar scope. 

The program was designed by using Visual Basic as control tool for sharing data between AutoCAD, 

Ms Excel and Ms Project 

 

THE SOFTWARE USED IN PROGRAM 

1. Visual Basic and Visual Basic for Applications 

 Stand-alone visual Basic is designed for general application development 

 Visual Basic for Applications is the edition of Microsoft Visual Basic designed specifically to 

provide development capabilities inside an off-the-shelf application 

 One of the most advantage of programs developed using VB lies in their graphical user 

interface GUI, which has the familiar Windows look that users are accustomed to. The same 

features and controls, like list boxes, dialog boxes, option buttons, and command buttons, can 
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be incorporated into the applications’ screen displays. Visual Basic is a graphically oriented 

language, so mush of our program can be accomplished with the click of a mouse.  

2. Auto Cad 

 AutoCAD is one of the most widely used computer-aided design/drafting (CAD) products on 

the market today. One of the main reasons for AutoCAD’s popularity is its flexibility 

 Computer-aided design (CAD) has been widely used in the construction industry. Its use 

however has been limited to drafting for so many years that it is sometimes referred to as 

computer aided drafting. 

3. Ms Excel 

 Ms excel spreadsheets have gained wide acceptance for calculation and data analysis 

 Tapping into the increasing capabilities modern computers, spreadsheet applications have been 

up graded significantly in the last few years to include additional capabilities and presentation 

options 

 

 

 

4. MS project 

 Ms Project is one of the famous programs that used mainly for scheduling of projects. It is 

used as scheduling tools for construction projects and all other projects in the other 

disciplines. 

 Ms Project has multi view like critical path and Gant chart can be drawn. 

 Various options like early start, late start or scheduling back words from the completion date 

are available 

 Important events may be highlighted by specifying them as “milestones” 

 Various sub-projects or multiple networks can also be handled. 

 

TYPES OF CONNECTIONS BETWEEN THE SOFTWARES 

1. Dynamic Data Exchange (DDE) 

 Originally created to allow two windows applications to communicate and exchange data 

 DDE is the mechanism that allows two applications to “talk” to each other by continuously 

exchanging data. 

 In a DDE conversation, one application called the destination application, or client, initiates a 

conversation with another application called the source application, or server. 

 The information generally flows from the server, or source, to the client. If necessary, the process 

can be reversed, where the client sends information back to the server. 

2. Object Linking and Embedding (OLE) 

 Object linking and embedding (OLE) has taken the capabilities of (DDE) a step further. Instead 

of simply passing information from one application to another (OLE) allows information to be 

presented in the same way it would appear in the original application 

 The information can be embedded by simply copying it to the windows clipboard and pasting it 

into another windows application 

3. Active X Automation 

 Active X is Microsoft’s term for “activating the internet” using the same technology used in other 

windows application on the computer 

 Using Active X Automation, the AutoCAD objects can be created and manipulated from any 

application that serves as an automation controller. 
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 It enables cross application macro programming-the ability to control one application, such as 

AutoCAD, from a macro developed in another application, such as Microsoft Excel 

 With Active X Automation, the features of many applications can be combined in a single 

application. 

 An Active X controls is a device created to perform a specific task in the used application 

 

THE PROGRAM REQUIRMENTS 

The program is built according to some requirements as follows: 

1. AutoCAD drawing requirements  

For water system and waste water system: 

 Each pipe diameter should be drawn in a separate layer (for example pipe of diameter 300mm 

draw in layer named DIM300).  

 Each fitting should be drawn as a block (for example A-angle fitting drawn as block named A). 

 For pump station and Gate valve also should be drawn as a block named (PUMP). 

 Each manholes should be drawn as a block (for example AS manhole draw as block named AS) 

 For Irrigation project: 

 All channel type should be drawn in one layer named (LC).  

 The name of each channel should be entered directly after the draw of channel. 

 The name of each channel should be putted in layer named ID like (LC1/DC1/WC1).   

 The channels should be drawn in a sequence start from (LC) and then (DC) and (WC). 

 The cross sections drawing should be contain the (top level value, ground level value, and bed 

level value); these values entered as text in different layer name like (TL for the top level 

value), and so on. 

 The sections should be named according to the related channel; the name should be entered in a 

layer named (ADDRESS). 

 The sections should be drawn in a sequence from the first section to the last. 

  The channels and sections should be drawn in one drawing 

2. AutoCAD scale should be (1:1). 

3. The cost of the activities is estimated using material quantities that extracted from the 

AutoCAD drawing and the cost information entered by the user (the information cost should be 

as unit cost /meter). 

4. The production rate for an activity is assumed to be fixed along the activity duration 

(production rate should be as quantity/day). 

5. The duration of the activities is estimated using material quantities that extracted from the 

AutoCAD drawing and the productivity rate information entered by the user. 

6. The precedence of the activities should be entered by the user. 

 

THE PROGRAM DESCRIPTION 

The Integrated Construction System (ICS) is developed to facilitate the construction management of 

(water system, waste water system, and irrigation system) as case studies projects by integrating the 

following off-the shelf applications: 

1. AutoCAD for reading the required information and data of design. 

2. Microsoft Excel spreadsheet to report the bill of quantities in a convenient spreadsheet format 

for subsequent manipulation and printing. 

3. Microsoft Project scheduling system to scheduling the project. 
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All components of the program are integrated using Visual Basic and Active X Automation 

technology. Figure (1) illustrates the integration achieved in the program. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (1) The integration model 

To make another application’s objects available in the developed VB code, there is a need to set a 

reference to that application’s object library. This can be done by clicking on the project command in 

VB menu bar and selecting references. The references dialog box lists the references available to the 

project. To add the AutoCAD objects, the check box next to the AutoCAD name should be selected. 

The same process can be followed to make other application’s objects available in the code of the 

program like MS Excel and Ms Project. As shown in figure (2). 

Since AutoCAD drawing is essentially a data base, extracting and conveying information about 

drawing entities is not necessary difficult. Active X Automation can be used to obtain key information 

about the exposed AutoCAD objects and to send this information to a VBA-enabled application like 

Excel. This approach is useful for the generation of tables like a bill of material or quantity summary. 

When the list command is used in AutoCAD, certain characteristics are displayed for the entities 

selected. For line, the values for the beginning point, end point, and length, as well as the layer name 

and, of course, the entity type, and line can be seen. The access of much of same information with 

Active X Automation can be preformed and put in to use in various ways, such as counting the number 

of entities in a certain layer, or tallying up the total length of certain lines. 

The AutoCAD data base is the central repository of all data is stored in the AutoCAD model. It 

contains the information required to support the activities of cost estimating and scheduling. 
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 Figure (2) References dialog box 

 

 

THE IMPLEMENTATION OF THE PROGRAM 

 

Case Study One (Water System Network) 

The layout drawing of the water system network is shown in figure (3) for the water system of the 

Islamic University in Baghdad. The output of the program is as follows: 
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Figure (3) The Islamic University in Baghdad water system network 
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1. Excel presentation quantity takes off: as shown in table (1) below 

 
Table (1) The Excel presentation quantity takes off of program 

 
Item qty unit Cost UNIT DURATION UNIT 

DIM100 1029.00 meter 10290 ID 21 DAY 

DIM150 283.00 meter 2830 ID 6 DAY 

DIM200 255.00 meter 2550 ID 5 DAY 

DIM250 301.00 meter 3010 ID 6 DAY 

DIM300 267.00 meter 2670 ID 5 DAY 

J 2.00 each 20 ID 1 DAY 

A 12.00 each 120 ID 6 DAY 

T 36.00 each 360 ID 18 DAY 

GATE VALVE 3.00 each 30 ID 2 DAY 

PUMP 2.00 each 20 ID 1 DAY 

 
2. Ms Project scheduling presentation:  as shown in table (2) below 

 
Table (2) The Ms Project scheduling presentation of program 

   
ID Task Name Duration Start

1 DIM100 21 days Mon 2/6/06

2 DIM150 6 days Wed 2/8/06

3 DIM200 5 days Thu 2/16/06

4 DIM250 6 days Thu 2/23/06

5 DIM300 5 days Fri 3/3/06

6 J 1 day Fri 3/10/06

7 A 6 days Mon 3/13/06

8 T 18 days Fri 3/10/06

9 GATE VALVE 2 days Wed 4/5/06

T F S S M T

Jan 21, '06 Feb 25, '06 Apr 1, '06

 
 

The hand calculations as shown in table (3) below: 
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Table (3) The quantity takes off by hand calculation 

 
Dim 250 
(meter) 

Dim 300 
(meter) 

Dim 
200(meter) 

Dim 
150(meter) 

Dim  
100(meter) J-junction 

69.79 147.47 24.32 33.98 23.24 SUM=2 unit 

62.03 96.73 56.03 33.81 39.63 A-angle 

19.25 10.87 21.3 25.21 89.75 SUM=12 unit 

38.12 6.05 27.69 29.61 28.48 T-node 

18.8 2.48 96.86 42.59 42.56 SUM=36unit 

92.7 2.45 28.65 36.53 30.98 
GATE 
VALVE 

  254.85 28.2 16.68 SUM=3unit 

SUM=300.69m SUM=266.05m SUM=254.85m 35.48 42.96 PUMP 

   17.16 151.55 SUM=2unit 

    91.26  

   SUM=282.57m 179.03  

    20.53  

    21.22  

    39.57  

    17.84  

    57.02  

    99.58  

    36.53  

      

    
SUM=1028.41

m  

 

Case study two (Waste Water System Network)  

The layout drawing of the waste water system network is shown in figure (4) for the waste water 

system of the Al-Nahrain University. The output of the program is as follows: 

1. Excel presentation quantity takes off: as shown in table (4) below 

 
Table (4) The Excel presentation quantity takes off of program 

 
Item qty unit cost UNIT DURATION UNIT 

DIM250 1211633.00 meter 12116330 ID 121 DAY 

DIM300 602171.00 meter 6021710 ID 60 DAY 

DIM400 430863.00 meter 4308630 ID 43 DAY 

AS 26.00 each 260 ID 26 DAY 

BS 19.00 each 190 ID 19 DAY 

CS 1.00 each 10 ID 1 DAY 

BD 5.00 each 50 ID 5 DAY 

CD 1.00 each 10 ID 1 DAY 

PUMP 
STATION 1.00 each 10 ID 1 DAY 

VENT PIPE 1.00 each 10 ID 1 DAY 
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2. Ms Project scheduling presentation:  as shown in table (5) below  

 
Table (5) The Ms Project scheduling presentation of program 

  
ID Task Name Duration

1 DIM250 121 days

2 DIM300 60 days

3 DIM400 43 days

4 AS 26 days

5 BS 19 days

6 CS 1 day

7 BD 5 days

8 CD 1 day

9 PUMP STATION 1 day

10 VENT PIPE 1 day

F S S M T W T F S S M T

Aug 12, '06Oct 14, '06Dec 16, '06Feb 17, '07Apr 21, '07Jun 23, '07
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Figure (4) The Al-Nahrain University waste water system network 
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The hand calculations as shown in table (6) below: 

 

Table (6) The quantity takes off by hand calculation 

 

Dim400(meter) Dim300(meter) Dim250(meter)  AS 

37299 39809 35043 SUM=26unit 

37372 33809 35764 BS 

37354 34402 41643 SUM=19unit 

25049 40509 45452 CS 

24876 49574 47509 SUM=19unit 

211278 40803 34262 BD 

20165 40879 33849 SUM=5unit 

36955 39810 43803 CD 

515 39811 43800 SUM=1unit 

SUM=430863meter 39750 43806 PUMP STATION 

 48158 43807 SUM=1unit 

 48107 41183 VENT PIPE  

 35747 41334 SUM=1unit 

 35508 37370  

 35495 37370  

 SUM=602171meter 42373  

  42374  

  41340  

  41340  

  44863  

  43803  

  40885  

  40885  

  40989  

  40995  

  41379  

  43804  

  48002  

  26303  

  26303  

  
SUM=1211633 

meter  

 

Case study three (Irrigation System)  

The layout of the irrigation system is shown in figure (5a, b). This layout is a proposal. Three sections 

for each canal were taken. The output of the program is as follows: 
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Figure (5a) The proposed irrigation system 
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Figure (5B) The proposed irrigation system  

1. Excel presentation quantity takes off: as shown in table (7a) and (7b) below: 

 
Table (7a) The Excel presentation quantity takes off of program 

  
ID length UNIT AC AF UNIT VC VF UNIT 

lc1 12000.00 meter 6.43 12.26 sq. meter 643.00 1226.00 meter^3 

lc1/dc1 3250.00 meter 3.03 13.06 sq. meter 303.13 1306.25 meter^3 

lc1/dc1/wc1 1180.00 meter 1.34 10.44 sq. meter 134.38 1043.75 meter^3 

lc1/dc1/wc2 1195.00 meter 1.16 11.12 sq. meter 116.00 1112.00 meter^3 

lc1/dc1/wc3 1190.00 meter 1.44 9.92 sq. meter 143.63 992.25 meter^3 

lc1/dc1/wc4 1195.00 meter 1.32 10.04 sq. meter 132.00 1004.00 meter^3 

lc1/dc1/wc5 1200.00 meter 1.20 10.84 sq. meter 119.63 1084.25 meter^3 

lc1/dc1/wc6 1195.00 meter 1.20 10.84 sq. meter 119.63 1084.25 meter^3 

lc1/dc1/wc7 1220.00 meter 1.72 8.39 sq. meter 172.13 839.25 meter^3 

lc1/dc1/wc8 1195.00 meter 1.13 11.06 sq. meter 112.75 1105.50 meter^3 

lc1/dc1/wc9 1260.00 meter 2.33 5.40 sq. meter 232.63 540.25 meter^3 

lc1/dc1/wc10 1195.00 meter 1.96 7.12 sq. meter 196.00 712.00 meter^3 

lc1/dc1/wc11 1275.00 meter 1.94 7.09 sq. meter 194.25 708.50 meter^3 

lc1/dc1/wc12 1195.00 meter 2.09 6.34 sq. meter 209.38 633.75 meter^3 

lc1/dc1/wc13 1275.00 meter 1.03 11.90 sq. meter 102.63 1190.25 meter^3 

lc1/dc1/wc14 1075.00 meter 2.32 5.73 sq. meter 231.50 573.00 meter^3 

lc1/dc3 2750.00 meter 2.59 14.99 sq. meter 259.25 1498.50 meter^3 

lc1/dc3/wc2 1070.00 meter 1.62 8.55 sq. meter 162.25 854.50 meter^3 

lc1/dc3/wc4 1070.00 meter 1.27 10.98 sq. meter 126.63 1098.25 meter^3 

lc1/dc3/wc6 1070.00 meter 1.34 10.42 sq. meter 133.63 1042.25 meter^3 

lc1/dc3/wc8 1070.00 meter 1.14 11.44 sq. meter 114.38 1143.75 meter^3 

lc1/dc3/wc10 1070.00 meter 1.00 12.20 sq. meter 100.00 1220.00 meter^3 

lc1/dc3/wc12 700.00 meter 1.42 9.53 sq. meter 141.50 953.00 meter^3 

lc1/dc5 2250.00 meter 2.67 14.34 sq. meter 267.00 1434.00 meter^3 

lc1/dc5/wc2 1070.00 meter 1.34 10.77 sq. meter 133.50 1077.00 meter^3 

lc1/dc5/wc4 1070.00 meter 1.72 7.96 sq. meter 171.56 796.11 meter^3 

lc1/dc5/wc6 1070.00 meter 1.19 10.76 sq. meter 119.18 1076.36 meter^3 

lc1/dc5/wc8 1070.00 meter 2.67 4.34 sq. meter 266.75 433.50 meter^3 

lc1/dc5/wc10 1070.00 meter 0.81 13.22 sq. meter 80.75 1321.50 meter^3 

lc1/dc7 2250.00 meter 1.38 22.15 sq. meter 137.50 2215.00 meter^3 

lc1/dc7/wc2 1020.00 meter 2.15 6.11 sq. meter 215.25 610.50 meter^3 

lc1/dc7/wc4 1020.00 meter 0.96 12.46 sq. meter 95.63 1246.25 meter^3 

lc1/dc7/wc6 1020.00 meter 0.99 12.18 sq. meter 99.00 1218.00 meter^3 

lc1/dc7/wc8 1020.00 meter 2.01 6.87 sq. meter 200.88 686.75 meter^3 

lc1/dc7/wc10 1020.00 meter 1.09 11.34 sq. meter 109.38 1133.75 meter^3 
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Table (7b) The Excel presentation quantity takes off of program 

 
CUT COST UNIT FILL COST UNIT duration UNIT 

6430 ID 12260 ID 120 day 

3031.25 ID 13062.5 ID 33 day 

1343.75 ID 10437.5 ID 12 day 

1160 ID 11120 ID 12 day 

1436.25 ID 9922.5 ID 12 day 

1320 ID 10040 ID 12 day 

1196.25 ID 10842.5 ID 12 day 

1196.25 ID 10842.5 ID 12 day 

1721.25 ID 8392.5 ID 12 day 

1127.5 ID 11055 ID 12 day 

2326.25 ID 5402.5 ID 13 day 

1960 ID 7120 ID 12 day 

1942.5 ID 7085 ID 13 day 

2093.75 ID 6337.5 ID 12 day 

1026.25 ID 11902.5 ID 13 day 

2315 ID 5730 ID 11 day 

2592.5 ID 14985 ID 28 day 

1622.5 ID 8545 ID 11 day 

1266.25 ID 10982.5 ID 11 day 

1336.25 ID 10422.5 ID 11 day 

1143.75 ID 11437.5 ID 11 day 

1000 ID 12200 ID 11 day 

1415 ID 9530 ID 7 day 

2670 ID 14340 ID 23 day 

1335 ID 10770 ID 11 day 

1715.55 ID 7961.1 ID 11 day 

1191.8 ID 10763.6 ID 11 day 

2667.5 ID 4335 ID 11 day 

807.5 ID 13215 ID 11 day 

1375 ID 22150 ID 23 day 

2152.5 ID 6105 ID 10 day 

956.25 ID 12462.5 ID 10 day 

990 ID 12180 ID 10 day 

2008.75 ID 6867.5 ID 10 day 

1093.75 ID 11337.5 ID 10 day 
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2. Ms Project scheduling presentation:  as shown in table (8) below 

 

Table (8) The Ms Project scheduling presentation of program 

 
ID Task Name Duration Start

1 lc1 120 days Mon 10/23/06

2 lc1/dc1 33 days Mon 11/20/06

3 lc1/dc1/wc1 12 days Mon 11/27/06

4 lc1/dc1/wc2 12 days Mon 11/27/06

5 lc1/dc1/wc3 12 days Thu 11/30/06

6 lc1/dc1/wc4 12 days Thu 11/30/06

7 lc1/dc1/wc5 12 days Wed 12/6/06

8 lc1/dc1/wc6 12 days Wed 12/6/06

9 lc1/dc1/wc7 12 days Mon 12/11/06

10 lc1/dc1/wc8 12 days Mon 12/11/06

11 lc1/dc1/wc9 13 days Mon 12/18/06

12 lc1/dc1/wc10 12 days Mon 12/18/06

13 lc1/dc1/wc11 13 days Mon 12/25/06

14 lc1/dc1/wc12 12 days Mon 12/25/06

15 lc1/dc1/wc13 13 days Mon 1/1/07

16 lc1/dc1/wc14 11 days Mon 1/1/07

17 lc1/dc3 28 days Mon 12/18/06

18 lc1/dc3/wc2 11 days Thu 12/21/06

19 lc1/dc3/wc4 11 days Tue 12/26/06

20 lc1/dc3/wc6 11 days Fri 12/29/06

21 lc1/dc3/wc8 11 days Wed 1/3/07

22 lc1/dc3/wc10 11 days Mon 1/8/07

23 lc1/dc3/wc12 7 days Thu 1/11/07

24 lc1/dc5 23 days Mon 1/29/07

25 lc1/dc5/wc2 11 days Thu 2/1/07

26 lc1/dc5/wc4 11 days Tue 2/6/07

27 lc1/dc5/wc6 11 days Fri 2/9/07

28 lc1/dc5/wc8 11 days Wed 2/14/07

29 lc1/dc5/wc10 11 days Mon 2/19/07

30 lc1/dc7 23 days Mon 3/12/07

31 lc1/dc7/wc2 10 days Fri 3/16/07

32 lc1/dc7/wc4 10 days Thu 3/22/07

33 lc1/dc7/wc6 10 days Wed 3/28/07

F S S M T W

Jul 29, '06 Oct 14, '06 Dec 30, '06
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                               The hand calculations as shown in table (9) below: 

 
 Table (4-12) The quantity takes off by hand calculation 

 

ID length UNIT AC AF UNIT VC VF UNIT 

lc1 12000.00 meter 6.43 12.26 sq. meter 321.50 613.00 meter^3 

lc1/dc1 3250.00 meter 3.03 13.06 sq. meter 151.56 653.13 meter^3 

lc1/dc1/wc1 1180.00 meter 1.34 10.44 sq. meter 67.19 521.88 meter^3 

 

CUT COST UNIT FILL COST UNIT duration UNIT 

3215 ID 6130 ID 240 day 

1515.625 ID 6531.25 ID 65 day 

671.875 ID 5218.75 ID 23 day 

 

As shown from the two out put of the program and hand calculation there is no any difference 

between the two estimates of quantities. But the estimate of the program can achieve in easy way and 

in short time. 

 

CONCLUSIONS 

1. This research described in details the development and application of a Computer Integrated System 

(CIS) aiming at illuminating the idea of data sharing in construction management phases of a project. 

2. (CIS) which was developed with Visual Basic and Active X Automation technique, can 

automatically interpret AutoCAD drawing of a (water system, waste water system, and irrigation 

system), extract the data needed for construction management and generate a bill of quantities and 

schedule. 

3. The presented examples shows that the bill of quantities and the schedule generated by (CIS) for the 

sample projects are practical and applicable and the integrated system do the work efficiently. 

4. The process of the developed system is so easy and can be achieved by just a mouse clicking and 

entering the required information’s for cost and duration estimation. 

5. The ability to develop a Computer Integrated System (CIS) should entice more contractors to use 

these systems. The AutoCAD software available today, with its ability to link to external programs has 

made such development possible. The utilization of (CIS) systems will become more and more 

important as the popularity of the design/build project delivery system continues to increase.  In the 

design/build approach, more business functions are performed by the same company and as a result, 

their integration to share data becomes more vital.  

6. (CIS) has automatically changed the drawing items to digital numbers and the user can deal with 

these digital numbers in an easy way more than the drawing items. 

7.  If there is any change in the design of drawings the project manger can easily re-run the program to 

get the correct quantities again and to check it before and after change with respect to cost and 

duration. 
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ABSTRACT: 

        This paper is aiming to develop a numerical procedure using the finite element method for the 

analysis of soil consolidation by taking into consideration the loading and unloading cycles with 

particular emphases on the pore pressure built up. The study is concerned with trapezoidal cyclic 

loading. The shear stresses that are developed in the subsoil due to cyclic loading cause shear strains 

and change in the mean normal stresses due to distortion of soil element. Biot’s consolidation theory 

that adopted in this study may be able to take these changes into consideration. The results indicated 

that the excess pore water pressure increases with load cycles and finally, a steady state conditions are 

reached. This may be attributed to the undrained cyclic shearing stresses to the origin initial cyclic 

shear stress ratio. Also it can be explained that when the load is applied very fast the collapse load 

approaches that undrained conditions, whereas when the load is applied very slowly the collapse load 

approaches that under drained conditions. When the elastoplastic model is considered the pore pressure 

are considerably larger than those predicted by the elastic consolidation analysis. This can be attributed 

to the plastic volume strain that have been taken into consideration in the elastoplastic model.  

       

 الخلاصة:  

انٓذف يٍ ْزِ انذساست ْٕ لاٚداد طشٚقت عذدٚت باستخذاو انعُاصش انًحذدة نتحهٛم اَظًاو انتشبت يع الاخز بُظش الاعتباس           

. اٌ شبت انًُحشفتانحًم  غظ انًاء انًسايٙ. ْزِ انذساست تتعايم يع دٔساثتٕنذ ضتحًٛم يع انتشكٛز عهٗ نلادٔساث انتحًٛم ٔا

ٛش فٙ يعذل الاخٓاداث انعًٕدٚت بسبب ٛاخٓاداث  انقص انًتٕنذة فٙ انتشبت انتحتٛت َتٛدت دٔساث انتحًٛم تسبب اَفعالاث قص ٔتغ

شاث نظاْشة الاَضًاو تى تبُٛٓا فٙ ْزِ انذساست ٔانتٙ بايكآَا اخز بُظش الاعتباس انتغBiot’sَٛظشٚت   انتشِٕ انحاصم بانتشبت.

انحاصهت فٙ الاَضًاو . ٔقذ اظٓشث انُتائح اٌ ضغظ انًاء انًسايٙ ٚزداد يع دٔساث انتحًٛم انٗ اٌ تصم انٗ حانت انثبٕث. ْٔزا 

حانت انفٙ  كزنك اٌ تسهٛظ انحًم بسشعت ٚؤد٘ انٙ ٔصٕل انفشم ٚعزٖ انٗ َسبت اخٓاداث انقص انًتكشسة انٙ اخٓاداث انقص الأنٛت.

انهذَٔت فاٌ ضغظ انًاء -ٔعُذ استخذاو ًَٕرج انًشَٔت انًبزٔنتحانت انُذيا ٚسهظ انحًم ببظء فاٌ انفشم ٚصم انٗ عٔانغٛش يبزٔنت   

نظاْشة الاَضًاو. ْٔزا ٚعز٘ انٗ اَفعالاث انهذَٔت انحدًٛت انتٙ تاخز بُظش  انًسايٙ ٚكٌٕ اكبش يُّ فٙ حانت استخذاو ًَٕرج انًشَٔت

 ذَٔت.انه-الاعتباس فٙ ًَٕرج انًشَٔت
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INTRODUCTION 

         An important subject in soil mechanics and geotechnical engineering is to analyze the 

deformation behavior of soils, which may be fully or partially saturated with water. The deformation is 

coupled with the generation of pore water pressure. This kind of behavior is generally called 

consolidation. 

         It is obvious that both quality and performance of roads and other geotechnical structures will 

largely depend on the mechanical behavior of subsoils, especially the time-dependent response under 

cyclic loading. Computer modeling with finite element method is one of the most popular numerical 

methods currently used in modeling response of road subsoil. In this paper the term subsoil means the 

natural soil below a road embankment, and the term embankment includes all soil layers above natural 

ground surface. 

         A large number of constitutive models have been proposed to describe the deformation behavior 

of soils. Most of these models can be classified into one of the following categories: elastic, 

elastoplastic, elasto-viscoplastic models. Among the elastoplastic models there are perfectly plastic, 

isotropic hardening and kinematic hardening models. Since the constitutive models presented in this 

study will be used mainly for analysis of soils under monotonic trapezoidal cyclic loading, the 

isotropic hardening models will suffice for the purpose. 

Schiffman (1958) first obtained a general solution of soil consolidation considering loading increase 

linearly with time. Wilson and Elgohary (1974) presented an analytical solution of one-dimensional 

consolidation of saturated soil subjected to cyclic loading based on Terzighi’s linear consolidation 

theory. 

Alonso and Krizek (1974) considered the settlement of elastic soft soil under stochastic loading. 

Baligh and Levadoux (1978) developed a simple prediction method for one-dimensional consolidation 

of clay layer subjected to cyclic rectangular loading with the superposition principle. 

More recently, Favaretti and Soranzo (1995), Guan et.al. (2003) derived some solution for different 

types of cyclic loading. 

 

*  BIOT CONSOLIDATION THEORY 

            Consolidation theory is the mathematical theory describing the dissipation of excess pore 

pressure and associated deformation of the soil (Lambe and Whitman, 1969). Most of the 

consolidation problems in two and three dimensions are analyzed based on two basic approaches. The 

first was developed from diffusion theory by Terzighi and Rendulic. The second was developed 

directly from elastic theory by Biot (Scott, 1978). In Biot consolidation theory the soil skeleton is 

treated as a porous elastic solid and the laminar porefluid is coupled to the solid by the conditions of 

compressibility and continuity (Smith and Griffithes ,1998). 

Biot’s covering equations for two or three dimensional consolidations theory is given by: 

t
uC

t

u m
v








 2                                                     (1) 

                                                                                                                                                                   

Where: 

u    : excess pore water pressure. 
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   : mean normal stress = )(
3

1
zzyyxx    

t

u




 : variation of pore pressure with time. 

2 : Laplace’s operator. 

vC : coefficient of consolidation. 

Mandel (1953), showed the same behavior by solving Biot equations for a rectangular section with 

drainage permitted along both sides only (Scott, 1978). 

Smith and Hoobbs(1976), implemented Biot’s theory of consolidation by means of finite elements in 

the solution of field consolidation problems. The method allows for simultaneous changes in geometry, 

loading and material properties during and after construction and the calculated results are compared 

with field measurements.The shear stresses that are developed in the subgrade soil or subsoft soil due 

to cyclic trapezoidal loading cause shear strains and change in the mean normal stresses due to 

distortion of soil element. Biot’s consolidation theory may be able to take these changes into 

consideration. For this reason this theory is adopted in the present study. 

 

* FINITE ELEMENT SOLUTION OF COUPLED PROBLEM:   

         The finite element method is the most powerful technique for numerical analysis. It can be used 

to solve many classes of problems and also it can take into account both linear and non-linear material 

properties which may be formulated in terms of either total or effective stress (Scott, 1978). 

         In the analysis of Biot consolidation theory, the soil is treated as a porous elastic solid and the 

laminar pore fluid is coupled to the solid by the conditions of compressibility and continuity (Smith 

and Griffithes, 1998). 

Thus the Biot’s governing equation is given by: 

 

t

p

t

u

z

u
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y

u
k

x

u
k

K ww
z

w
y

w
x

w 






























2

2

2

2

2

2


                     (2) 

 

Where: 

K   : soil bulk modulus. 

p   : mean total stress. 

Kx: permeability in the x-direction. 

Ky: permeability in the y-direction. 

Kz: permeability in the z-direction. 

 

Due to coupling of fluid and solid phases the applied total stress )( t are divided between a portion 

carried by the soil skeleton called the effective stress )(  and a portion carried by the pore water 

called the pore pressure and denoted by )( wu . 

In the absence of body forces, and for z- dimension problems, the equations to be solved are the 

following: 

 

 

1) EQUILIBRIUM 

The gradient of effective stress is given in equation below (Timoshinko and Goodier, 1970): 
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The gradients of the fluid pressure )( wu are given as: 

0
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                                                                                         (4)                                                                                                                                                                                                  
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2) Constitutive Relation  

The constitutive laws for the solid and fluid respectively, are shown below for plane strain (Smith and 

Griffiths, 1998): 
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Where: 

xq , yq   : the volumetric flow rate per unit area into and out of the element. 

w         : the unit weight of water. 

In the case of incompressibility the out flow from an element of soil equals the reduction in volume of 

the element: 
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From (Eq.6), the third differential equation is given by: 
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The equilibrium and continuity equations for Biot consolidation are given by: 

    fuCxKM w                                                            (9)                                                                                                                                                                                                               

    0



w

T
uKP

t

x
C  

Where: 

(KM) and (KP) are the solid and fluid stiffness respectively. 
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For the same linear shape functions govern the variation of pore water pressure and displacements 

within an element, the connection coupling matrix C is given as shown (Smith and Griffiths,1998): 

 FUNxdxdyvolC *                                                   (10)                                                                                                                                                           

Where: 

FUN : array held the shape function in terms of local coordinates. 

Vol   : volumetric strain vector of an element. 

The matrix product is called VOLF and C is numerically integrated as: 

RVOLFiweightsDETC I

NIP

I

I 


)(
1

                           (11)                                                                                                                             

Where: 

NIP            : is the number of integrated points. 

DET           : is the determinant of Jacobian matrix. 

Weights(I)  : is the weighting coefficient corresponding to the particular integrating point. 

R                 : the radial coordinate of each Gauss point. 

After assembly into global matrices, equation (9) must be integrated in time using finite differences 

method as shown by: 

fCuKMxCuKMx ww  0011 )1()1(               (12)                                                                                                                                                                                                               

001

2

1 )1( w

T

w

T tKPuxCtKPuxC    

Where: 

f    : is the total force applied  

   : parameter in implicit time-stepping )1(
2
1  . 

 

* EXPERIMENTAL WORK 

 Undrained Triaxial Test 

            In undrained triaxial test the vertical and horizontal stresses are kept constant, after an initial 

shear stress, q has been applied. The properties of soil specimen are shown in Table (1), Under 

relatively small applied shear stresses (about 30% of the shear strength as determined in conventional 

tests) the creep movements are small while the excess pore water pressure increases. Under shear 

stresses of still higher intensity, an acceleration of the creep rate takes place followed by complete 

failure of the specimen (creep rupture). 

         As for the constant strain rate tests, the triaxial test had been completed by initially consolidating 

the samples under an effective confining pressure of 525 kPa and the test were performed at the 

constant shear stress of q=278.3 kPa. The results of the triaxial test were obtained and used for 

verification of the finite element program (ZCONS). 

A comparison is made between the results obtained by the present finite element analysis and the 

triaxial test results. A good agreement is indicated as shown in Fig. (1). 

 



Z. A. Alkaissi                                                                                         Analysis of Consolidation Behavior of Subsoils 

D. A.Al Khafagy                                                                                     under Cyclic Trapezoidal Loading 

 

 

Available online @ iasj.net 

 

3326 

1 10 100 1000 10000

Time (min.)

0.00

0.02

0.04

0.06

0.08

A
x

ia
l 

st
ra

in

Experimental results

Finite Element Program

 
 

                                Fig. 1 Verification of Finite Element Computer Program ZCONS. 

 

 

* RESULTS AND DISCUSSIONS  

Finite Element Program 
         The computer oriented finite element method has become one of the most powerful tools in the 

analysis of the engineering problems. It has unified the analysis of any type of structures under 

boundary and loading conditions to one basic fundamental procedure. To carry out the analysis of this 

study, the finite element program ZCONS written in Fortran 90 language is developed. Which is 

primarily based on the program presented by (AL-Kaissi, 2001) for the analysis of elasto plastic 

constitutive relations. Extensive modifications and newly added subroutines are found necessary to 

incorporate the case study. ID program is divided into ten major parts with subroutine hierarchy ,as 

shown in Appendix (A). The basic finite steps are performed by primary subroutines, which rely on 

auxiliary subroutines to carry out secondary operations. An auxiliary subroutine may be required by 

more than subroutine, as shown in Appendix (A). The order of calling of the primary subroutine is 

controlled by a main or master routine. 

The finite element program is utilized in conjunction with Biot’s consolidation theory and the soil is 

treated as an elasto-plastic material basing on Mohr-Coulomb failure criterion. A quadrilateral hybrid 

element eight nodded regarding displacement four nodded for pore water pressure is adopted in the 

present analysis.  The finite element method has been used together with Crank-Nicolson time 

discrietization and constant time steps. The displacement, rate of consolidation and pore pressure are 

evaluated by means of computer program which is modified to suit the objectives of this study.  

 

CASE STUDY     
          Application of the proposed finite element program to a case study, the values of soil parameters 

used in the analysis where obtained from previous study presented by (Mannesmanne, 1974) regarding 

the soil investigation report about the Fao region in the far south part of Iraq. Table (1) displays the 

parameters regarding the clay layer and the finite element mesh used for analysis is shown in Fig. 2. 
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                                      Table 1.   Material Properties of the Soil. 

 

Soil Parameters Silty Clay 

E(kN/m
2
 ) 2108 

  0.35 

xk (m/day) 4.33x10 
-4

  

yk (m/day) 8.67x10 
-6

 

C (kN/m
2
 ) 9.2 

  30.0 

   0.0 

          

This study deals with the generation and dissipation of pore water pressure and the rate of 

consolidation under loading and unloading cycle and their influences in the subsoils layer. This paper 

presents the finite element numerical procedure to study the consolidation problem by taking into 

consideration the loading and unloading cycles with particular emphases on the pore pressure built up. 

The model used to simulate this problem assumes a soil stratum with thickness H, vertical and radial 

permeability coefficient xk , yk  as shown in Table (1) with the others parameters regarding the clay 

layer that have been used in the finite element program ZCONS.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 The Finite Element Mesh. 

Drained 

 

Undrained 

 

Undrained 

H
 



Z. A. Alkaissi                                                                                         Analysis of Consolidation Behavior of Subsoils 

D. A.Al Khafagy                                                                                     under Cyclic Trapezoidal Loading 

 

 

Available online @ iasj.net 

 

3328 

 

 

         The soil layer is subjected to a vertical trapezoidal loading as shown in Fig. (3), also the 

rectangular cyclic loading also considered in this study. In which 0q  is the maximum load, Lt is cyclic 

loading time. Fig. (4) shows the variation of consolidation with load cycles (loading and unloading). It 

can be seen from this figure, that for a given load cycle, the degree of consolidation for each cycle 

reaches the maximum value at the end of the constant loading phase and the minimum value at the 

beginning of the next cycle (i.e. at the end of the unloading cycle). 

In Fig. (5) the effect of loading type is shown. The influence of loading type on consolidation process, 

from which it can be seen that it more significant for trapezoidal loading. (Since it simulate the actual 

traffic loading on soil). Fig. (6) was plotted to investigate the influence of construction time on 

consolidation, here Tv time factor is varying, it can be seen that the longer the construction time which 

means the greater time factor, the slower the rate of consolidation.  

Also Fig. (7) presents the excess pore water pressure distribution with depth at maximum applied load 

of one cycle for different number of load cycles. We obtain from this figure that pore pressures build 

up increase. Additionally, a steady state conditions is reached between cycles (4) to (7). Since the 

excess pore water pressure is affected by changes in mean total stress, it may continue to increase for 

some time after the application of load cycle. This may be attributed to the undrained cyclic shearing 

stresses with the origin initial cyclic shear stress ratio, where shear stress ratio is defined as the cyclic 

shear stress on the horizontal plane over the initial vertical stress. 

Figs. (8) and (9) show the analysis of collapse load response with the axial deformation. For the 

applied stress or load on the soil, the load is assumed to be as shown in Fig. (3).  

At some given rate of loading, this is defined as: 

 

dTv

dq
                                                                (13)  

                                                                                                                                                                                         

Where Tv is the non-dimensional time factor, with H (one way drainage conditions) being the drainage 

length. And different values are used to obtain different rates of loading.  

The collapse load under drained and undrained conditions can be estimated. The load deformation 

curves obtained for two different loading rates are shown in Fig. (8) and (9). From these figures it can 

obtained that when the load is applied very fast the collapse load approaches that undrained conditions, 

where as the load is applied very slowly the collapse load approaches that under drained conditions. 

To study the effects of plasticity model of soil on consolidation analysis, elastic and elastoplastic 

consolidation model are compared as shown in Fig. (10) and (11) respectively.  

From these figures it can be seen that when the elastoplastic model is considered the pore pressure are 

considerably larger than those predicted by the elastic consolidation model analysis as shown in Fig. 

(10), which may be attributed to the plastic strain that have been taken into consideration in the 

elastoplastic model.  

Also Fig. (11) shows that the rate of consolidation takes a longer time to complete when the nonlinear 

elastoplastic model is considered. 
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(a) Trapezoidal, Lt :time of loading  

 
                                                                      (b) Rectangular 

Fig. 3 Loading Types: a) Trapezoidal loading 

                                 b) Rectangular loading 
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                                  Fig. 4 Variation of Degree of Consolidation with Load Cycles. 
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                                         Fig. 5 Effect of Loading Type on Rate of Consolidation. 
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Fig. 6 Effect of Time Factor on Consolidation Rate for different number of load cycles) 
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                   Fig. 7 Distribution of Excess Pore Water Pressure with Depth for Different Load 

Cycles. 
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Fig. 8 Response of Collapse Load at fast rates of Loading and under the loading center. 
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                                Fig. 9 Response of Collapse Load at slow rate of Loading. 
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                                   Fig. 10 Comparisons of Consolidations for Two Models. 
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                              Fig. 11 Comparisons of Pore water Pressure for Two Models. 

 

* CONCLUSIONS 

  The main conclusions that can be drawn from this study are the following: 

1. For a given load cycle, the degree of consolidation for each cycle reaches the maximum value at 

the end of the constant loading phase and the minimum value at the beginning of the next cycle 

(i.e. at the end of the unloading cycle). 

2. The excess pore water pressure increased with load cycles and finally, steady state conditions are 

reached between cycles 4 to 7. Since the excess pore water pressure is affected by changes in 
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mean total stress, it may continue to increase for some time after the application of load cycle. 

This may be attributed to the undrained cyclic shearing stresses with the origin initial cyclic 

shear stress ratio, where shear stress ratio is defined as the cyclic shear stress on the horizontal 

plane over the initial vertical stress. 

3. The loading type affects the consolidation process, from results it can be seen that it is more 

significant for trapezoidal loading. (Since it simulate the actual repeated traffic loading on soil). 

4. Analysis on collapse load has been carried out, it can be obtained that when the load is applied 

very fast the collapse load approaches that undrained conditions, where as the load is applied 

very slowly the collapse load approaches that under drained conditions. 

5. When the elastoplastic model is considered the pore pressures are considerably larger than those 

predicted by the elastic consolidation model analysis. This can be attributed to the plastic 

volume strain that have been taken into consideration in the elastoplastic model. Also the rate of 

consolidation takes a longer time to complete when the nonlinear elastoplastic model is 

considered. 
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List of Symbols 

 

Symbols Description 

E Modulus of elasticity  
  Poisson’s ratio  

C Cohesion 

vC  Coefficient of consolidation 

wu  Excess pore water pressure 

m  Mean normal stress 

2  Laplace’s operator 

K   Soil bulk modulus 

yx qq ,  Volumetric flow rate per unit area 

yx kk ,  Permeability in x, y direction 

w  Unit weight of water 

   KPKM ,  Solid and fluid stiffness matrices 

FUN Array held the shape function 

VOL Volumetric strain vector of an 

element 

DET Determinant of Jacobian matrix 

NIP Number of Gauss  

  Parameter in implicit time-stepping 

t  Time interval 

zyx  ,,  Total normal stress in x,y and z 

direction  
  Shear stress 

  Angle of shearing resistance 

   Angle of dilation 
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Appendix A 

Flow Chart of Computer Program (ZCONS) 
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 اَحاج خشساَة عانية الاداء تاسحخذاو اَىاع يخحهفة يٍ انثىصولاَات انًحهية
 

 حمد علياء فالح                                                ندى مهدي فوزي                           

 جامعة بغداد-كلية الهندسة-القسم المدني                                      

 لخلاصةا

تعتبر الخرسانة عالية الاداء واحدة من اهم المنتجات التي شهدتها الصناعة الانشائية 
في السنوات الاخيرة في مجال انتاج انواع جديدة ومتطورة من الخرسانة. وان لهذا النوع الجديد 
 من الخرسانة اهمية بالغة لما لها من خواص عالية من ناحية مقاومة الانضغاط والديمومة

 ومقاومة مهاجمة الاملاح الخارجية حيث لها نفاذية واطئة للغاية.
يتنااااول هاااذا البحاااث تجاااارق مختبرياااة لتقيااايم اداء خرساااانة عالياااة انداء ب ساااتخدام ناااوع جدياااد مااان 

ومقارناة تايثير اضاافتع ماو اناواع اخار  مثال الميتاااالولين وخباث الافاران البوزولان المتوفر محليا 
ة مثاال دقيااس الساالياا. ايماانيااة تنشاايطها لتحسااين نوعيتااع وتشاامل التجااارق ماان البااوزولان المعروفاا

دراساااة الماااادة مااان حياااث التحليااال الايميااااوم وايجااااد النسااابة المثلااا  ل ضاااافة وماااد  تيثيرهاااا علااا  
الخاااواص المياانياياااة وخاااواص الخرساااانة فاااي الحالاااة الطرياااة والمتصااالبة وتااايثير المضاااا  علااا  

 ديمومة الخرسانة.الاناماش والتي تعطي فارة عن 
 

ABSTRACT 
        High Performance Concrete (HPC) is considered as one of the most important 

products known by the construction industries during the last years in the field of 

producing new and improved types of concrete. This new type of concrete has an 

essential importance due to its high compressive strength, superior resistance for 

external salt attack and its low permeability. 

This paper is concerned with experimental investigations for evaluation of high 

performance concrete using a new type, locally available pozzolan. The results are 

compared with that obtained from using well known micro silica. The experimental 

work also includes the possibility of activation in order to improve the quality of 

HPC; the experiments mainly deal with the chemical analysis and the selection for the 

optimum dosages of additive. The properties of HPC are studied in both fresh and 
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hardened stages. The effect of pozzolan additive on shrinkage was also considered to 

provide an index for the durability of concrete.     

                                                          

 انًقذية -
 POZZOLANAانثىصولاَا     

 جعشيفها
اىج٘شٗلاّب ٕٜ ٍ٘اد ظيٞنّ٘ٞخ اٗ ظيٞنّ٘ٞخ ٗاىٍْ٘ٞٞخ لا رَيل ى٘ؽدٕب خ٘اص أظَْزٞخ اٗ قدد رندُ٘ 

ذاد خ٘اص أظَْزٞخ قيٞيخ ٗىنِ ػْدٍب رنُ٘ ثدزعخ ػبىٞخ ٍدِ اىْؼٍ٘دخ ٗث٘عد٘د اىسة٘ثدخ رز بػدو 

سازحالاػزٞبدٝددخ ىزنددُ٘ ٍسمجددبد ذاد خددد٘اص مَٞٞبئٞددب ٍددغ ٕٞدزٗمعددٞد اىنبىعددًٞ٘ ثدددزعبد اىؾ

ٕددٜ ظددديٞنبد اٗ اىٍْ٘ٞددبد ّطددعخ رسيدددا ٍددغ الاظددَْذ اٗ اىغٞدددس  اىْدد٘زح  ٗرنعدددت  اٗ أظددَْزٞخ

ٕغً٘ الأٍلاػ اىنجسٝزٞخ  اىسسظبّخ ٍقبٍٗخ أضبفٞخ ضد
 1 

. 

نة والمواد البوزولانية تتفاعل مع اوكسيد الكالسيوم الحر الناتج من تفاعل السمنت مع الماء مكو
مركبات غير قابلة للذوبان مثل سليكات والومينات الكالسيوم والتي تعمل على سد الفجوات 
الداخلية والمسام الشعرية ومن امثلتها الميتاكاؤولين ودقيق السليكا وخبث الافران المستعملة في 

 هذا البحث.

 جطثيقات انثىصولاَا
 

لإغدسا  ٍسزي دخ ٗذىدل فدٜ اىسسظدبّخ ٕٗدرٓ  َٝنِ اظزسداً اىَ٘اد اىج٘شٗلاّٞخ ثأّ٘اػٖدب اىَزؼدددح

 ثؼض اىزعجٞقبد ىَضبف اىج٘شٗلاّب

 

ٝعزسدً مَضبف فٜ اىسسظبّخ اىنزيٞخ ٗمَبدح أٗىٞخ فٜ رصْٞغ  : خجش اى سُ اىؼبىٜ  -1

الاظَْذ اىج٘زٗرلاّدٛ. ٝزنُ٘ اىسجش ٍِ ازثؼخ امبظٞد زئٞعٞخ ٍعبثقخ ىلامبظٞد 

خ ٗاشنبه ثي٘زٝخ ٍسزي خ ٕٜٗ اىعيٞنب اىَ٘ع٘دح فٜ ٍبدح اىعَْذ ٗىنِ ثْعت ٍسزي 

ٗالاىٍْ٘ٞب ٗاىَ٘ع٘دح فٜ رساة اىؾدٝد ٗامبظٞد اىنبىعًٞ٘ ٗاىَغْٞعًٞ٘ ٍٗصبدزٕب اىَ٘اد 

اىَعبػدح ىيصٖس
  322 

 

اُ اىسجش فٜ اىؼساق ْٝزظ ٍِ افساُ اىق٘ض اىنٖسثبئٜ ٍِ ٍسي بد صْبػخ اىؾدٝد، 

ػيٚ ةسٝقخ ٍؼبىغخ ٍْصٖس اىسجش ؽِٞ ٗخ٘اص اىسجش اىْبرظ ٗفؼبىٞزٔ اىنَٞٞبئٞخ رؼزَد 

 خسٗعٔ ٍِ اى سُ.

 800-650ٕٜ اةٞبُ ٍؼدّٞخ ٍْطعخ ثدزعبد ؽسازٝخ   اىَٞزبمبؤٗىِٞ : -2
0

ً ٗرؾز٘ٛ فٜ  

 رسمٞجٖب اىنَٞٞبٗٛ ػيٚ اىعيٞنب ٗالاىٍْ٘ٞب ٗٝنُ٘ ر بػو ٕرٓ اىَبدح فٜ اىسسظبّخ مَب ٝيٜ

C3S/C2S+H2O = Calcium Silicate Hydrates(C-S-H) +Ca(OH)2 

Ca(OH)2+MK +(C-S-H)                                                    

رؼزجس ٍِ اىَ٘اد اىج٘شٗلاّٞخ اىؼبىٞخ اى ؼبىٞخ ٕٜٗ ّبرظ ػسضٜ ٍِ افساُ  دقٞق اىعيٞنب: -3

اىق٘ض اىنٖسثبئٜ فٜ صْبػخ ٍؼبدُ اىعيٞنُ٘ اٗ ظجبئل اىؾدٝد ٗاىعيٞنُ٘ ، ٕٜٗ ػجبزح 

ٍبٝنسُٗ 0.1ىطنو غٞس ٍزجي٘زح ذاد ٍقبض ػِ ؽجٞجبد مسٗٝخ ا
4) 

ٗىيعيٞنب إَٞخ مجٞسح  

فٜ اّزبط اىسسظبّخ ؽٞش اّٖب رز بػو ٍغ ٕٞدزٗمعٞد اىنبىعًٞ٘ اىْبرظ ٍِ اٍبٕخ 

C3S,C2S  ِٞىزنُ٘ عو ظَْزٜ ٝؼَو ػيٚ رقيٞو ظَل اىعجقخ اىجْٞٞخ اىَ٘ع٘دح ث

  اىعَْذ ٗاىسمبً ٍَب ٝصٝد ٍِ ٍقبٍٗخ اّضغبة اىسسظبّخ.
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 - دساسات ساتقة 
 

 صاىؼدٝد ٍِ اىدزاظبد ٗاىجؾ٘س اىزٜ رْبٗىذ ٍ٘ض٘ع اىَضبفبد اىسسظبّٞخ ٗثبلاخ ْٕبك

ػيٚ اىسسظبّخ ،ٗمبّذ ٕرٓ اىدزاظبد أٍب ٍزؼيقخ ثبىَضبفبد  َباىَضبفبد اىج٘شٗلاّٞخ ٗرأصٞسارٖ

ثِٞ ّزبئظ اىج٘شٗلاّٞخ ى٘ؽدٕب اٗ رطَو ٍؼٖب ٍضبف اٗ ٍضبفبد اخسٙ ٗٝزٌ ػَو اىَقبزّبد 

اىزأصٞس اى سدٛ ٗاىَطزسك ىٖرٓ اىَضبفبد ػيٚ اىسسظبّخ ػْد الاظزسداً . ٗرنُ٘ اىدزاظخ ذاد 

 ةبثغ ػبً اٗ ةبثغ ٍؾيٜ رؾذ ظسٗف ٍؼْٞخ ؽعت خصبئص مو ثيد .

 

ٍِ ٕرٓ اىدزاظبد اىَؾيٞخ دزض ٍؾَد ٍصيؼٗ   
 5 

رأصٞس اضبفخ ثؼض اىَ٘اد  1987فٜ ػبً  

ٗػْٞذ ٕرٓ اىدزاظخ ثَضبفٜ اىغجط ؼدٝخ ٗاىزطقق فٜ اىسسظبّخ اىَؾيٞخ ػيٚ اىزغٞساد اىج

 ٗاىج٘شٗلاّب ٗرْبٗىذ رأصٞسارَٖب ػيٚ اىسسظبّخ .

ػٍَ٘ب  ٍضب ف اىج٘شٗلاّب  اٗ اىج٘شٗلاّب ٍغ اىغجط اىٚ الاظَْذاٌ ٕ٘ ٍِٗ  إٌٔ الاظزْزبعبد 

الإّضبط  ز ثؼَيٞخرؼَو ػيٚ رقيٞو ٍقبٍٗخ الاّضغبة فٜ الاػَبز اىَجنسح ، ٗىنِ ٍغ الاظزَسا

 ثبىَبء ى زساد ة٘ٝيخ ظ٘ف ٝؾعِ ٍقبٍٗخ الاّضغبة ىيسسظبّخ ٍغ اىَضبفبد .

 

 (Justice.J.M.et al)ٗاظزسدً 
 6 

 ٗ  11.1ّ٘ػِٞ ٍِ اىَٞزبمبؤٗىِٞ ثَعبؽخ ظعؾٞخ ٍسزي خ   

  25.4 ً
2

  اىْبػَخ عدا رؼَو ػيٚ رؾعِٞ خ٘اص اىسسظبّخ/غٌ ٗثِٞ ثبُ اىْ٘ػِٞ ٍِ اىج٘شٗلاّب 

  ٍٗقبزّزٖب ٍغ اداء دقٞق اىعيٞنب فٜ رؾعِٞ خ٘اص اىسسظبّخ.

 

 Jianxin ٗدزض    
 7 

 150اىسسظبّٔ ذاد الاداء اىؼبىٜ ٗاىزٜ رصو ٍقبٍٗخ الاّضغبة اىٚ     

ٍٞنب ثبظنبه ثعجت اضبفخ ٍ٘اد ٍضو اىعٞيٞنب ٗاىزٜ رؼَو ػيٚ رؾعِٞ اىس٘اص اى ٞصٝبٗٝٔ 

ئ ثِٞ اىَبدح اىَبىئٔ ٗاىسمبً ٗثبىزبىٜ اىؾص٘ه ػيٚ مضبفبد ىيسسظبّٔ ٗذىل ثزق٘ٝخ اىَْعقٔ اى بص

   ػبىٞٔ

 Mehtaمَب ذمس 
 8 

اُ اىَيدّبد اىَز ٘قخ رَزيل شؾْبد ظبىجخ ق٘ٝخ رإدٛ اىٚ رْبفس ػبىٜ ٝعبػد  

فٜ رقيٞو اىطد اىععؾٜ ىغبذثٞخ اىَبء ٗػيٞٔ ٝؼصش ثطنو مجٞس اّعٞبثٞخ اىْظبً ٗثْ ط اى٘قذ فبُ 

    ي٘ثخ ىيؾص٘ه ػيٚ قبثيٞخ رطغٞو ٍؼْٞخ رنُ٘ قيٞيخ.مَٞخ اىَبء اىَع
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  -انًىاد انًسحعًهة وانحجاسب انًخحثشية

                             

 انًىاد انًسحعًهة :-
ٗٝجِٞ خ رساثخ اىعجغ ٍِ اّزبط ىجْبُ ػلاٍاىعَْذ اىج٘زرلاّدٛ الاػزٞبدٛ اظزسدً  -انسًُث : -1

  ٝجِٞ اى ؾ٘صبد 2-3  اىزؾيٞو اىنَٞٞبٗٛ ىيعَْذ اىج٘زرلاّدٛ ٗاىغدٗه  1-3اىغدٗه  

 اى ٞصٝبٗٝخ ىيعَْذ.

ٍبء الإظبىخ فٜ عَٞغ اى ؾ٘صبد اىَسزجسٝخ .  : اظزسدًانًاء    -2 

  3-3ىغدٗه  ٗٝجِٞ ااىَأخ٘ذ ٍِ ٍقبىغ ٍْعقخ اىؼعٞيخ  اىسٍو اىْٖسٛ  اظزسدً -انشكاو انُاعى :-3

 اى ؾ٘صبد اىسبصخ ثبىسٍو اىَعزؼَو.

   فؾ٘صبد اىسمب4ً-3ٝعزؼَو اىسمبً اىْٖسٛ اىَنعس ٗٝجِٞ اىغدٗه   -انشكاو انخشٍ : -4

 اىسطِ اىَعزؼَو .

ٍِ :اىَيدُ اىَز ٘ق اىَعزؼَو فٜ ٕرا اىجؾش ىزقيٞو اىَبء ثدزعخ ٍز ٘قخ  انًهذٌ انًحفىق -5 

ٍعبثق ىيَ٘اص خ الاٍسٝنٞخ مخ اىنَٞٞبٗٝبد اىع٘ٝعسٝخ ٍِ اّزبط شس VZاىْ٘ع اٝن٘ثٞذ 

ASTM C494 Type G  

انًىاد انًضافة انًسحعًهة:-6  

ٍٗز٘فس فٜ ٗخجش الافساُ ٍعز٘زدح صلاصخ أّ٘اع ٍِ اىَضبفبد ٕٜ اىَبٝنسٗظيٞنب  ذأظزؼَي 

سة ٕٗ٘ ٍِ ٍْعقخ ازضَخ قٗاىَٞزبمبٗؤىِٞ اى سُ اىنٖسثبئٜ ىَصبّغ صٖس اىؾدٝد  فٜ اىؼساق

  اىزؾيٞو اىنَٞٞبٗٛ ىنو ٍِ ٕرٓ اىَ٘اد اىَضبفخ اىَعزؼَيخ فٜ اىجؾش 5-3ٗٝجِٞ عدٗه  الاّجبز .

. 

 

 انحجاسب انًخحثشية:-
 -يعايم انفعانية انثىصولاَية نهًايكشوسهيكا وخثث الافشاٌ وانًيحاكاؤونيٍ :1-  

ٕٜٗ ٍعبثقخ ُ ٗاىَٞزبمبؤٗىِٞ اىَ٘اد اىج٘شٗلاّٞخ اىزبىٞخ  اىَبٝنسٗظيٞنب ٗخجش الافسا هرٌ أاظزؼَب

 ASTM C 618ىيَ٘اص خ الاٍسٝنٞخ 
 9 

مبظزجداه عصئٜ ىيعَْذ اىج٘زر٘لاّدٛ الاػزٞبدٛ ،ٗرٌ 

 ASTM C(311-02)فؾص اى ؼبىٞخ اىج٘شٗلاّٞخ ثَ٘عت اىَ٘اص خ الأٍسٝنٞخ  
 10 

بّذ ٗم 

   .6-3اىْزبئظ مَب فٜ اىغدٗه  

 ACIسيعخ اىسسظبّٞخ ثَ٘عت اىَ٘اص خ الاٍسٝنٞخ : رٌ رصٌَٞ اى جظًيى انخهطة انخشساَية -2
 11 

ٗذىل ثبظزسداً  0.28  ٗثْعجخ ٍبء اىٚ ظَْذ 1.75:1.25: 1ٗمبّذ ّعت اىسيا    211

ىيؾص٘ه ػيٚ ٍقبٍٗخ اّضغبة  Kg/m3 400ٍٗؾز٘ٙ ظَْذ اىَيدُ اىَز ٘ق ىغَٞغ اىسيعبد. 

ثقٞخ اىسيعبد 2أٍب اىسيعبد  ٍٞنبثبظنبه ٕٗرٓ ٕٜ اىسيعخ اىَسعؼٞخ ىيَقبزّخ ٍغ 70ثَقداز 

 % ٍِ اىَ٘اد اىج٘شٗلاّٞخ اىزبىٞخ 10، 5الاخسٙ فزَذ ثْ ط اىعسٝقخ اىعبثقخ ٍغ ئضبفخ  

  اىَبٝنسٗظيٞنب ،خجش الافساُ ،ٗاىَٞزبمبؤٗىِٞ .

   ٍِ اىسسظبّخ ثبظزؼَبه cm  15x15x15رٌ اػداد ٍنؼجبد ثبثؼبد    -يقاوية الاَضغاط : -3

جداه اىغصئٜ ىيَ٘اد اىَضبفخ  ٗرٌ فؾص ٍقبٍٗخ الاّضغبة ىٖرٓ اىَْبذط ّعت ٍسزي خ ٍِ الاظز

   ّزبئظ ٕرٓ اى ؾ٘صبد .7-3ٗٝجِٞ اىغدٗه  

  ٍِ اىسسظبّخ ٗٝجِٞ cm   10*10*50رٌ اػداد َّبذط ٍ٘ش٘زٝخ ثبثؼبد -يعايش انكسش : -4

   ّزبئظ  ٕرٓ اى ؾ٘صبد .7-3اىغدٗه  

ص اىَْبذط اىَ٘ش٘زٝخ اىَؼدح ى ؾص ٍؼبٝس اىنعس رٌ  فؾ-فحض انزتزتات فىق انظىجية : -5

ثغٖبش ٗمرىل رٌ فؾص اىَْب ذط اىَؼدح ى ؾص ٍقبٍٗخ الاّضغبة ث ؾص اىرثرثبد ف٘ق اىص٘رٞخ 

 PUNDIT  ؾص مضبفخ مو لاٝغبد ظسػخ ٍسٗز اىرثرثبد ف٘ق اىص٘رٞخ خلاه اىَْبذط ٗمرىل ف

   .7-3َّ٘ذط ٗمبّذ ٍؼده ٕرٓ اىْزبئظ ٍجْٞخ فٜ اىغدٗه  
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  1ٍِ ٍؼبدىخ زقٌ        
 12 

                                                             ED َٝنِ اٝغبد  -6

                                                   

ED=22+2.8√ Fc u               -----------(1) 

                      

 ؽٞش أُ 

     Fc u :                        ٍقبٍٗخ الاّضغبة ث٘ؽدح  اىَٞنبثبظنبه          
 ED   :    اىنٞنبثبظنبه ؼبٍو اىَسّٗخ اىدْٝبٍٞنٜ ث٘ؽداد ٍ

        

 
 *( انححهيم انكيًاوي نهسًُث انثىسجلاَذي الاعحيادي 1-3جذول)

 

 

 سيذاسى الاوك

 

 انًححىي%

حذود انًىاطفة انعشاقية و.ق.ع سقى 

5/1984 

CaO 64.1  

SiO2 21.0  

Al2O3 4.6  

Fe2O3 3.0  

MgO 2.4  ٚ5ؽد أػي % 

SO3 2.7  ٚ2.8ؽد أػي % 

Na2O 0.4  

K2O 0.2  

L.O.I 1.5  ٚ4ؽد أػي% 

C3S 58.9  

C2S 15.8  

C3A 7.0  

C4AF 9.1  

                              

 

 *رٌ اى ؾص اىنَٞٞبٗٛ فٜ اىزقٞٞط ٗاىعٞعسح اىْ٘ػٞخ                                 
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 ( انخىاص انفيضياوية نهسًُث انثىسجىلاَذي الاعحيادي2-3جذول )

 

 

 ( جذسج انشكاو انُاعى3-3جذول )

 

 

 

 

انحذسج انًطهىب تًىجة انًىاطفة انعشاقية ) أ ق ع 

45/1984)  

 انفحىطات

 

يُطقة 

جذسج سقى 

(4)  

يُطقة 

سقى جذسج 

(3)  

يُطقة 

جذسج سقى 

(2)  

يُطقة جذسج 

(1سقى )   

فححة 

 انًُخم

 1-انحذسج انعاتش%

100 100 100 100 10 100  

100-95 100-90 100-90 100-90 4.75 97.58 

100-95 100-90 100-75 95-60 2.36 89.91 

100-90 100-85 90-55 70-30 1.18 80.4 

100-80 79-60 59-35 34-15 0.6 66.3 

50-15 40-12 30-8 20-5 0.3 22.00 

15-0 10-0 10-0 10-0 0.15 7.89 

0.5ؽد أػيٚ  % الأيلاح   -2 0.1 

 so3انكثشيحية 

  

 انخىاص

 

 انًُىرج انًسحعًم

 5انًىاطفة سقى 

 1984نسُة

 /غى(2انُعىية )سى

 (blaine)تطشيقة 

 2300لارقو ػِ  3500

 نحًاسكصيٍ ا

 الاتحذائي )دقيقة(

 انُهائي )ساعة(

 

 

 دقٞقخ 60

 ظبػخ 6.30

 

دقٞقخ          45لا رقو ػِ 

 ظبػخ10لا رصٝد ػِ 

 (Mpaيقاوية الاَضغاط )

 أياو 3تعًش

 أياو 7تعًش

 

20 

32 

 

 

15 

23 
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 ( جذسج انشكاو انخش4ٍ -3جذول  )                                             

 

 
(  انححهيم انكيًاوي نهًايكشوسهيكا وخثث الافشاٌ وانًيحاكاؤونيٍ انًسحعًم في 5-3جذول )

 انثحث

                                                                                                           

 يعايم انفعانيه نهًىاد انًسحعًهه( 6-3جذول )

 

 َىع انخهطة

يعايم انفعانية  (MPaيقاوية الاَضغاط )

 ASTMتًىجة 

C(311-02) 
 يىو90تعًش 60تعًش   يىو28تعًش

 شجعيةانخهطة انً

 )يىَة سًُحية(

30 37 43 100 

 يىَة يايكشوسهيكا

(MS) 

3224 44 53 108 

 يىَة خثث الافشاٌ

(S) 

3125 40 50 105 

 يىَة ييحاكاؤونيٍ

(MK) 

3425 47 58 115 

                                        

1984نسُة  45ًىاطفة انعشاقية سقى حذود ان  انفحىطات 

(5-40) mm (5-20) mm 1-  انحذسج                    انعاتش % فححة انًُخم 

100-95 100 37.5 100  

60-35 100-95 20 90.0 

40-10 55-25 10 39.84 

10-0 10-0 4.75 0.75 

0.1ؽد أػيٚ  %     الأيلاح انكثشيحية -2 0.02           

so3 

 % انًيحاكاؤونيٍ %خثث الافشاٌ %انًايكشوسهيكا اسى الاوكسيذ

SiO2 93 32 51.34 

Al2O3 0.06 25 41.8 

Fe2O3 0.45 2 0.52 

CaO 0.5 35 0.34 

L.O.I 2.2 1.5 0.72 
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 َحائج انفحىطات انًخحثشيه (7-3جذول )

 

سقى 

 انخهطة

انًايكشوسهيكا 

)%( 

ث خث

الأفشاٌ 

)%( 

انًيحاكاؤونيٍ 

)%( 

يعذل يقاوية الاَضغاط 

MPA)) 

يعايش 

انكسش

MPA)) 

َسثة 

الايحظاص 

)%( 

يعذل سشعة 

انزتزتات فىق 

انظىجية 

Km/sec 

يعايم 

انًشوَة 

E)     )

Gpa)   ) 
 28تعًش 

 يىو 

 90تعًش 

 يىو 

1 0 0 0 72 78 7.3 10.2 4.5 45 

 5 0 0 85 100 12 7.1 4.9 48 

 10 0 0 93 110 14.8 5.2 5.0 50 

2 0 5 0 80 90 11 8.1 4.6 46 

 0 10 0 88.5 96.5 13.5 7.2 4.8 47 

3 0 0 5 87 100 15 6.1 4.9 49 

 0 0 10 95 110 16.5 5.0 5.0 51 
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يُاقشة انُحائج -   
  ّزبئظ ٍقبٍٗخ الاّضغبة ىيسيعبد اىسسظبّٞخ اىَعزسدٍخ فٜ ٕرا اىجؾش 2-3ٝجِٞ اىطنو  -1

ٗاىؾبٗٝخ ػيٚ الاّ٘اع اىضلاصخ ٍِ اىج٘شٗلاّبد ٍٗقبزّزٖب ثبىسيعخ اىَسعؼٞخ ٗقد ى٘ؽظ ٍِ اىطنو 

ٍقبٍٗخ اّضغبة قسٝجخ ٍِ ذاد ٗذاد مي خ قيٞيخ  مبّذاىج٘شٗلاّب اىَؾيٞخ  ٚاُ اىسيعبد اىؾبٗٝخ ػي

اىج٘شٗلاّب اىَعز٘زدح  اىَبٝنسٗظيٞنب  . ٍِٗ ٕرا ٍَنِ اىزؼ٘ٝض ػِ اىج٘شٗلاّب اىَعز٘زدح 

 ثبىَؾيٞخ.

 ّلاؽظ ّزبئظ ٍؼبٝس اىنعس ّٗعزْزظ مرىل ثبٍنبّٞخ اظزسداً اىج٘شٗلاّب اىَؾيٞخ 3-3ٍِ اىطنو    -2

 ذاد اىني خ اىقيٞيخ ٗاظزجداىٖب ثغصء ٍِ اىعَْذ .

  ثبُ ٍؼبٍو اىَسّٗخ ىيسيعبد اىؾبٗٝخ ػيٚ اىَٞزبمبؤٗىِٞ 5-3  ،  4-3ٗٝجِٞ اىطنيِٞ  -3

اىَؾيٜ رنُ٘ اػيٚ ٍِ ثبقٜ اىسيعبد ٗمرىل ثبىْعجخ ىلاٍزصبص ىٖرٓ اىسيعبد رنُ٘ اقو اٛ 

 اىَعبٍٞخ ىٖرا اىْ٘ع ٍِ اىسسظبّخ رنُ٘ قيٞيخ.

 الاسحُحاجات -
 ئىٚ رؾعِٞ اىس٘اص اى ٞصٝبٗٝخ ىيسسظبّخ اىَصْ٘ػخ ٍْٖب أُ ئضبفخ اىَبدح اىج٘شٗلاّٞخ رإدٛ  -1

ٕٗرا ثعجت مَٞٞبٗٛ ؽٞش أُ اىزسمٞت اىنَٞٞبٗٛ ىيَبدح اىج٘شٗلاّٞخ ٕ٘ اىعيٞنب  (SiO2)ٗالاىٍْ٘ٞب

 (Al2O3) ٕرٓ اىَسمجبد رز بػو ٍغ  (CaO)اىَزجقٜ غٞس اىَز بػو ٗرنُ٘ ٍسمجبد ظَْزٞخ 

 ٍ ٞدح رصٝد ٍِ ق٘ح اىسسظبّخ.

 

ّؼٍ٘زٖب رؼبده ؽ٘اىٜ خَعخ اٍضبه ّؼٍ٘خ اىعَْذ  اضبفخ ٕرٓ اىَ٘اد اىدقٞقخ اىزغصئخ أُ  -2

اىٚ  ظد مضٞس ٍِ اى ساغبد  رؼَو ػيٚ رق٘ٝخ ٕٞنو اىَبدح اىسسظبّٞخ ٍَب رإدٛ   الاػزٞبدٛ

ٗرقيٞو الاٍزصبص ٗاىَعبٍٞخ ىيسسظبّخ ٗثرىل رصٝد ٍِ اىَقبٍٗخ اىَ٘ع٘دح فٜ ٕٞنو اىسسظبّخ 

 يسسظبّخ. ٗاىدٍَٝ٘خ ى

رؼَو ػيٚ رق٘ٝخ اىَْبةق اىجْٞٞخ ثِٞ اىعَْذ ٗاىسمبً،ٗىرىل ٝلاؽظ اُ ٍقبٍٗخ الاّضغبة  -3

 ٍٞنبثبظنبه ٗثرىل فٖٜ ٍز٘افقخ ٍغ اىسسظبّخ ػبىٞخ الاداء . 110ىيسسظبّخ رصو اىٚ 
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ِ َٝنِ اظزسداً اىَٞزبمبؤٗىِٞ اىَؾيٜ اىَز٘فسؽبىٞب ؽٞش أُ مي زٔ فقا ٕٜ فٜ اىعؾِ ٗٝعؾ -4 

ػِ ةسٝق اىؼصف ثنَٞبد مجٞسح ٗٝؼعٜ خ٘اص فٞصٝبٗٝخ ىيسسظبّخ اىَصْ٘ػخ ٍْٖب ٍقبزثخ ئىٚ 

اىَبٝنسٗظيٞنب اىَعز٘زد ٗخجش الافساُ أٝضب ٕٗ٘ ّبرظ ػسضٜ ٍِ أفساُ صٖس اىؾدٝد أٝضب 

ّزبئغٔ ٍقبزثخ ئىٚ اىَبٝنسٗظيٞنب ٕٗ٘ لاٝؾزبط ئىٚ ةؾِ فَٞنِ ثرىل اىؾص٘ه ػيٚ خسظبّخ 

ٍِ اظزسداً ٍ٘اد ٍؾيٞخ زخٞصخ ٗرقيو ٍِ مَٞخ اىعَْذ ٗثرىل ٝإدٛ ئىٚ ّقص فٜ  ػبىٞخ الأداء

 اىني خ .
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ABSTRACT: 

Static behavior of three partially encased  composite steel beams with cambering under 

flexural condition is investigated in the context of studying some alternative positions for the 

headed studs. Shear resistance between the cambered I-shaped beam and the concrete was 

provided by headed studs in two positions: vertically welded on the bottom flange and 

horizontally welded on the faces of the web. In the present study, a nonlinear three-dimensional 

finite element analysis has been used to predict the load-deflection and moment-rotation 

behaviors of composite encased beams consisting of steel sections using the finite element 

computer program (ANSYS V. 10). Composite encased beams are analyzed and a comparison is 

made with available experimental load-deflection curves, good agreement with the experimental 

results is observed. Cambering of steel section is introduced on the steel section of the 

composite beams encased in concrete. It is found that using of steel section with cambering can 

increase the ultimate load capacity of the composite encased beam by relatively (15%) and also 

it is found that deflection are nearly (65% to 80%) the deflection of the same beam without 

cambering. Parametric studies have been carried out to study the increasing of the moment-

carrying capacity due to the use of encased concrete; meanwhile the slip along the beams length 

is studied. The strain distributions along the steel section and encased concrete depth are also 

examined. The effects of concrete compressive strength on the stiffness of the composite 

encased beams are also investigated with the Poisson’s ratio of concrete and the effect of 

cambering of steel-section. 

 

KEYWORDS 

 Nonlinear Analysis, Composite beam, Flexural behavior, Cambering . 

  

 الخلاصة:
تم التحري حول سلوك ثلاث نمااج  مان البتباال المر بام المثن ام و المجلئام  با ااس بالترساانم تحاث  البحث الحالي,في 

تام تول ا   .Shear Studs))لوضا  رواباا ال ا  ضامن نجاع ماام  تمحاور حاول  راسام الموضا  الافضال  تأث ر الاحمال السا نم
ب ن را ساا نا الااروابا ضاائااولاجي المثنااي و ماان تاالال روابااا ال اا  ماان ار اا  مو م اوماام ال اا  باا ن ال ون ر اال و الم ااا  ال

أستت م في ال راسم الحال م, ار  م البناصر المح  ة للتحل ل اللاتاي ثلاثي الاببا   الملحومه اولباس و الروابا الملحومه أف  اس.
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بال المر بم و التي تحتوي ملى منصر فولاجي و جلك لجرض تحري ملاضم  ل من الحمل بالجاول و  جلك الببم بال وران للبت
تام تحل ال البتباال المر بام جوال  (.ANSYSمثني مجلف بالترسانم وباستت ام برنامع البناصر المحا  ة للتحل ال الانئاااي الاا)

  ا  با ن النتاااع ما  النتاااع البمل ام المتاوفرة, تام ملاحاام توافا  ال اوة و الجااول الم اا  المجلئم و تمل م ارنم نتااع منحن ال 
تام تول ا  تحا  أ )أنثنااي( فاي الم اا  الئاولاجي للبتباال المر بام المجلئام بالترساانم.  المستحصلم من البرنامع و النتاااع البمل ام.

ل اا  لااوحا بااأن اسااتت ام الم اااا  المثن اام فااي البتبااال المر باام و المجلئاام بالترسااانم  اال ي الااى ب ااا ة ضابل اام تحماال تلااك البتبااال 
الاا وران للبتباال التااي تحتااوي هاااول ( مان ٪٪٨٪ الااى ٥٦الاا وران  تاراوا ماااب ن ) الجاااول ٪(, و  ااجلك لااوحا باأن١٥) بم ا ار

تام  راسام تاأث ر و او  الترساانم المجلئام ملاى ب اا ة ضابل ام تحمال البابوم للبتباال ال ئار م المر بام و المجلئام  ملى م اا  مثن ام.
اسم التبحل  الجي  ح ث في ساح الاتصال و ملى اول البتأ للبتبال المر بام أ ضااً.  با اً بالترسانم, في تلك الاثناي تم  ر 

بالااافم الى جلك تم  راسم نما م توب   الانئبالال ملى البم  ال امل للم اا  الئولاج م و  جلك الترسانم المجلئم. تام التحاري 
و المجلئم بالترسانم.. و ات راً, تم التح   من تاث ر  ل  من م ى تاث ر م اومم أنضجاا الترسانم ملى  ساام البت ال المر بم

( ملاى ANSYS, م  ار تح أ )ثني( الم ا  الئاولاجي و م ا ار نبومام ) ضام( النماوج  المبماول بالاا)(Poisson’s ratio)من 
 ضابل ال تحمل البتبال المر بم.

 
INTRODUCTION: 

Steel–concrete composite structures have been used more frequently in modern 

constructions, especially in multi-storey buildings. These materials combine the strength of steel 

with the compressive strength and the stiffness of concrete, producing a highly economical and 

interesting structural system. From the beginning, the most common type of composite beam in 

use has been an I-steel profile connected to the concrete slab or profiled steel-concrete 

composite slab. Given its importance, this traditional composite beam (Fig. 1(a)) has already 

been incorporated by design code procedures [1–3]. The composite action between the concrete 

and steel profile can be achieved by means of mechanical shear connectors as headed studs, 

proving to be an efficient shear connector. However, in several situations, it can be interesting to 

reduce the overall depth of the floor using the beams contained within the depth of the floor   

(Fig. 1(b)). The concrete between the flanges of the beam results in several advantages, such as 

high fire-resistance and load capacity, as well as a significant increase in the bending stiffness 

compared to a steel beam. The local buckling strength also increases in relation to the steel 

section, and the overall height of both composite beam and composite floor is reduced. In 

addition, lower construction cost compared to reinforced concrete (RC) or steel frame system 

and shorter construction time compared to RC can be obtained using encased beams. Therefore, 

the concrete cast in the flanges of the steel beam is an innovative and interesting alternative that 

needs to be investigated in details, as each detail of the components can modify the behavior of 

the encased beam. Despite the advantages in terms of structural behavior and costs, the encased 

beam is a constructive solution not totally understood yet, especially in relation to the headed 

studs contribution to load capacity and composite behavior. Currently, only the details shown in 

(Fig. 1(a) and (e)) are included in standard codes [1–3]. Comparing traditional composite beams 

(Fig. 1(a)) and partially encased beams (Fig. 1(e)), we note that the reinforced concrete between 

flanges increases the bending stiffness and reduces the vertical displacements. Among the 

innovative solutions shown in (Fig. 1), the focus here is on the contribution of the headed studs 

for the composite action. 
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Fig. 1. Examples of composite beams. 

 

* PRECAMBERED STEEL  BEAM: 

         This type of steel composite beam is maximizing the structural advantage of both steel 

frame and reinforced concrete; it is produced by cambering the steel beam upwards over the 

span using suitable propping or jacking systems. Preflex beams have been used successfully in a 

number of road bridges as well as building structures. The typical construction sequence of a 

precambered beam is as follows [4], see (Fig. 2): 

a. In the plant, setup a steel I-girder with a precamber supported at each end. 

b. Prebend the steel girder by applying two concentrated loads at one-third of the span from    

    both sides. 

c. Cast the first phase of concrete at the level of the bottom flange of the steel girder while   

    keeping in place the loads of the prebending phase of the girder. 

d. Two days after casting the concrete, remove the prebending loads. As a result, the beam  

    goes up, the precamber becomes smaller than the original precamber and the concrete is  

    now subjected to compression. 

e. Cast the second phase concrete on site [4]. 

 

 

 

 

 

 

 

 

 
 

 

Fig. 2. Schematic Showing Construction Stages of precambered Beam [4]. 

 

 STEEL-CONCRETE COMPOSITE BEHAVIOR IN ENCASED BEAMS:  
Shear connectors are necessary when the natural bond is inefficient to achieve the 

desired steel-concrete interaction. Among the several types of available shear connectors used to 

provide composite action, the headed shear stud is the most common. In addition, headed shear 

studs are widely used welded on the upper flange of the steel profile in the vertical position. 

However, some new and interesting positions have been suggested. For example, studs vertically 

welded on the bottom flange or on both flanges [5], or horizontally on the web [6], see          

(Fig. 1(a), (b) and (d)). Many studies have been conducted for composite beams with headed 
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shear studs welded in vertical position. However, very little experimental data is available for 

the case of headed studs horizontally welded on the web of the steel beam to achieve the 

composite action between steel and concrete. Breuninger [6] proposed an innovative composite 

cross section where the top flange of the steel beam is eliminated and the headed studs are 

directly welded to the web in the horizontal position, see (Fig. 1(d)). The headed studs in the 

horizontal position are called lying studs and experimental results showed that the load capacity 

is limited by: splitting of the concrete slab, splitting of the concrete slab, and tear-off or pull-out 

of the studs. The splitting failure of the lying studs is the most important failure mode; however, 

the design rules in standard codes are based on test results for only conventional studs and do 

not cover this failure type. Parameters such as concrete strength, thickness of concrete slab, 

distance, diameter and length of the studs, number and diameter of the stirrups, and 

reinforcement of slabs showed to be very important [6]. Among these parameters, the 

reinforcement of slab and the stirrups are the most important, mainly regarding the intersection 

between reinforcement and stirrups. Despite that the contribution of the headed studs to the 

composite action is unquestionable; Dipaola et al. [7] suggest the shear transfer mechanisms 

may be only provided by the adhesion and friction resistances of the steel-concrete interface 

(Fig. 3(a)). In the absence of bending moment, the area of the steel web is the shear resistant 

section, and for bending moment, the transference of shear forces is attributed to adhesion and 

friction resistant mechanisms [7]. When the upper flange of the steel beam is removed and lying 

studs are welded on the web, the shear strength of the beam decreases due to the small distance 

from the studs to the surface of the reinforced concrete slab (Fig. 3(b)). Using strut-and-tie 

models, Kuhlmann and Kürschner [8] showed the mechanism of shear transfer is a result of 

the load transferred by the studs and by the friction, but the latter is the most dominant 

mechanism. The contribution of the friction to the horizontal shear load capacity is only due to 

the web area and the horizontal studs. On the other hand, the vertical shear capacity depends on 

the web, concrete and stirrups. An interesting slim floor system is proposed by Ju and Kim [9] 

to minimize storey height and consists of inverted T-section steel beam and precast concrete 

rested on the bottom flange. Stirrups and lying studs on the top web are used to provide the 

composite action (Fig. 3(c)). In other research, where reinforcing bars and headed shear studs 

were combined to provide the composite action, the longitudinal shear force transfer occurred 

mainly by friction forces acting at the interface among the concrete encasement and the 

structural steel [9]. Additionally, pull-out test results of Hegger and Goralski [10] showed the 

load carrying capacity is higher for larger profiles due to the larger contact surface between the 

flange and the concrete encasement and also by the lower shortening of the concrete due to the 

shrinkage (Fig. 3(d)). The confinement effect of the steel profile in some areas of the concrete 

also increases the load carrying capacity. Regarding the failure modes, the absence of the 

reinforcement or headed studs leads to a failure without diagonal cracks. With reinforcing bars, 

the behavior becomes more ductile, and with headed studs, the failure is achieved by splitting 

the concrete around the studs [10]. 

 

 

 

 

 

 

 

Fig. 3. Arrangement of headed shear studs;                                                                             

(a) without headed studs [6]; (b) horizontally welded on the web [7]; (c) steel profile 

without top flange and (d) reinforcing bars and headed studs [10]. 
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* AVAILABLE EXPERIMENTAL RESEARCH: 

Works on encased composite beams dates back to the beginning of the last century, a 

series of testes have been conducted on this type of composite beam to study the influence of the 

concrete encasement on the behavior of steel beam section under different loading conditions. In 

the present study, De Nardin and Lucia H.C., in (2008) [11], tested specimens (PEB-B, PEB-W 

and PEB) are chosen to verify the applicability of ANSYS computer program to analyze the 

encased composite beams and also to investigate the main parameters that affected it's the 

behavior. 

 

- DETAILS OF THE TEST SPECIMENS: 

A total of three simply supported (full-scale) composite partially encased beams with an 

asymmetrical structural (built-in) steel section and concrete filling were tested under two 

concentrated load, one of them being a beam without shear studs (specimen PEB) as a reference, 

and the remaining two beams are with studs, vertically welded on the top of the bottom flange, 

specimen (PEB-B), and horizontally welded on two opposite sides of the steel web, specimen 

(PEB-W). Five headed studs of (19 mm) diameter and total post-weld height (75 mm) were 

directly welded on each side of the web or bottom flange of the steel section, the centre-to-centre 

spacing of the studs was kept constant and equal to (480 mm). As the main parameter to be 

investigated was the shear stud position, all the three specimens of asymmetric steel beam were 

designed with exactly the same geometry. No longitudinal or transverse reinforcements were 

used in the specimens. The cross-sections and loading arrangement for the tested specimens are 

shown in (Fig. 4); the dimensions of steel sections, gross-sections and failure mode are given in 

(Table 1). The material properties are given in (Table 2).  

 

 

           

 

                     (a)                                       (b)                                     (c) 

 

 

                               (d)                                              (e) 

 

   

 

 

 
                                                       (f) 
 

Fig. 4. Geometry of the Partially Encased Tested Specimens [11]: 

(a) PEB-B Specimen Cross-Section, (b) PEB-W Specimen Cross-Section, 
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  (c) Typical Cross-Section, (d) PEB-W: Studs on the Web, (e) PEB-B: Studs on the Bottom 

Flange, (f) Loading Arrangement,                                                                                           

(All dimensions in mm). 

 

Table 1: Descriptions, Dimensions of Steel Sections and Dimensions of Gross-

Sections of the Tested Specimens. 

Analyzed (Tested) 

specimen   

Steel shape (ds×bf×tw×tf) 

(mm) 

Cross-Section 

Dimensions(mm) 

PEB …. (250X250) 

PEB-B 
{250X(U=130, 

B=250)X6.3X12.5} 
(250X250) 

PEB-W 
{250X(U=130, 

B=250)X6.3X12.5} 
(250X250) 

 

Table 2: Material Properties of the Analyzed (Tested) Specimens. 
 

Analyzed (Tested) specimen   PEB PEB-B PEB-W 

Concrete  

Compressive strength-(f′c)-(N/mm2)(♦) 46.540 46.540 46.540 

Tensile strength-(fcr)-(N/mm2)(♥) 4.240 4.240 4.240 

Young modulus- (Ec)-(N/mm2) (♣) 32288.6 32288.6 32288.6 

Poisson’s ratio-(ν)(♠) 0.2 0.2 0.2 

Steel section 

Yield stress of steel-(fy)-(N/mm2)(♦) …. 308 308 

Ultimate stress of steel-(fy)-(N/mm2)(♦) …. 469 469 

Young modulus- (Es)-(N/mm2) (♠) …. 200000 200000 

Poisson’s ratio-(ν)(♠) …. 0.3 0.3 

Shear connector (studs) …. D19 mm D19 mm 

Yield stress of steel-(fy)-(N/mm2)(♠) …. 500 500 

Young modulus- (Es)-(N/mm2)(♠) …. 200000 200000 

Poisson’s ratio-(ν)(♠) …. 0.3 0.3 

              Notation 

Symbol Description 

(♣) Equation (1) 

(♠) Assumed 

(♥) Equation (2) 

(♦) From test 

 

 

 Еc = 4733      c ………..……………….…………………………………………..........….. (1) 
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  cr = 0.622       c ….……..………..……………………………………………………..….. (2) 

 

Where: 

Еc = Modulus of elasticity of concrete in (MPa).            

  c= Cylinder uniaxial compressive strength (MPa). 

 cr= tensile strength of concrete (MPa). 

 

* FINITE ELEMENT MODEL:  

- SOFTWARE, ELEMENT TYPES AND MESH CONSTRUCTION:    
Advances in computational features and software have brought the finite element method 

within reach of both academic research and engineers in practice by means of general-purpose 

nonlinear finite element analysis packages, with one of the most used nowadays being ANSYS. 

The program offers a wide range of options regarding element types, material behaviors and 

numerical solution controls, as well as graphic user interfaces (known as GUIs), auto-meshers, 

and sophisticated postprocessors and graphics to speed the analyses. In the present study, the 

structural system modeling is based on the use of this commercial software. The finite element 

types considered in the model are as follows: elastic-plastic shell (SHELL43) and solid 

(SOLID65) elements for the steel section and the concrete slab, respectively, and nonlinear 

springs (COMBIN39) to represent the shear connectors. Both longitudinal and transverse 

reinforcing bars are modeled as discrete using (LINK8) element. Rigid-to-flexible contact 

mechanisms are used to model the interface contact surface between the structural steel section 

and the encased concrete. The rigid target surface (encased steel section which is represented by 

(SHELL43) element) modeled with (TARGE170) elements, while the contact flexible surface 

(concrete encasement which is represented by (SOLID65) elements) modeled with 

(CONTA173) elements. The element (SHELL43) is defined by four nodes having six degrees 

of freedom at each node. The deformation shapes are linear in both in-plane directions. The 

element allows for plasticity, creep, stress stiffening, large deflections, and large strain 

capabilities [12]. The element (SOLID65) is used for three dimensional modeling of solids with 

or without reinforcing bars (rebars capability). The element has eight nodes and three degrees of 

freedom (translations) at each node. The concrete is capable of cracking (in three orthogonal 

directions), crushing, plastic deformation, and creep [12]. The rebars (LINK8) element are 

capable of sustaining tension and compression forces, but not shear, being also capable of plastic 

deformation and creep and have two nodes with three translation degrees of freedom at each 

node. The element (COMBIN39) is defined by two node points and a generalized force–

deflection curve and has longitudinal or torsional capability. The longitudinal option is a 

uniaxial tension–compression element with up to three degrees of freedom (translations) at each 

node. Symmetry of the composite encased (straight and preflex) beams is taken into account by 

modeling a full scale beam span. A typical finite element mesh for a composite encased beam is 

shown in (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

mk:@MSITStore:C:/Program%20Files/Ansys%20Inc/v100/commonfiles/help/en-us/ansyshelp.chm::/Hlp_E_TARGE170.html
mk:@MSITStore:C:/Program%20Files/Ansys%20Inc/v100/commonfiles/help/en-us/ansyshelp.chm::/Hlp_E_CONTA173.html
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        Concrete 

                                                                                                   (SOLID65 element) 

 

 

                                                                                     Steel Section  

                                                                            (SHELL43 element) 

 

  

     

(a) 

 

 

TARGE170 element  

                                                                   (on the Surface of  

      Steel Section) 

 

                                                                              CONTA173 element (on the Surface of  

               Concrete) 

 

                          Shear Connector -Studs-(LINK8 element+ 

                                                   COMBIN39 element) 

                                                                                                                            (c) 

                 (b)                                                                                                       

 

 

                                                        Δp 

                     

                             (L/3)                            (L/6) 

(d) 

 

Fig. 5. Finite Element Mesh for (PEB-B) Model:                                                                             

(a) Isometric-View, (b) Front-View, (c) Internal Section, (d) Precambered Shape. 

 

The following equations used to calculate the amount of forces required to produce the 

upward movement (cambering) of simply support steel section subjected into two forces at 

distance (L/3) from its two ends for a given allowable compressive stress in the steel beam [13].   

Upward deflection  
648EI

23PL
Δ

3

p
 …………………………..……......……...……….. (3) 

Bending moment   
3

PL
M  …………….…………………………….…………….. (4) 

Compression flange stress 
I

My
 ………….……....……………………...……….. (5) 

By substituting in equation (6.3): 

mk:@MSITStore:C:/Program%20Files/Ansys%20Inc/v100/commonfiles/help/en-us/ansyshelp.chm::/Hlp_E_TARGE170.html
mk:@MSITStore:C:/Program%20Files/Ansys%20Inc/v100/commonfiles/help/en-us/ansyshelp.chm::/Hlp_E_CONTA173.html
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216Ey

L23
Δ

2

p


  ……….……..........................................................................…..…….. (6) 

Ly

I 3
P


 …….……...................................................…………………………..…….. (7) 

 

Where: 

p
Δ  in (mm)= cambering produced in the steel section. 

P= force applied to the a steel section to produced cambering. 

σ= Allowable compressive stress in the steel beam - (N/mm2). 

L= Clear span of the tested specimens-(mm). 

E=Es= (Young modulus of steel=200,000 N/mm2). 

y= Distance from the steel section centroid to the top surface of compression flange in (mm). 

 

- MATERIAL MODELING: 

The von Mises yield criterion with isotropic hardening rule (multilinear work-hardening 

material) is used to represent the steel beam (flanges and web) behavior. The stress–strain 

relationship is linear elastic up to yielding, perfectly plastic between the elastic limit and the 

beginning of strain hardening. The von Mises yield criterion with isotropic hardening rule is also 

used for the reinforcing steel. An elastic-linear-work hardening material is considered, with 

tangent modulus being equal to (1/10000) of the elastic modulus, in order to avoid numerical 

problems. The values measured in the experimental tests for the material properties of the steel 

components (steel beam and reinforcing bars) are used in the finite element analyses. The 

concrete encasement behavior is modeled by a multilinear isotropic hardening relationship, 

using the von Mises yield criterion coupled with an isotropic work hardening assumption. The 

uniaxial behavior is described by a piece-wise linear total stress–total strain curve, starting at the 

origin, with positive stress and strain values, considering the concrete compressive strength (  c) 
corresponding to a compressive strain of (0.2%). The stress–strain curve also assumes a total 

increase of (0.05 N/mm2) in the compressive strength up to the concrete strain of (0.35%) to 

avoid numerical problems due to an unrestricted yielding flow. The concrete element shear 

transfer coefficients considered are: (0.25) for open crack and (0.8) for closed crack. Typical 

values range from (0 to 1), where (0) represents a smooth crack (complete loss of shear transfer) 

and (1) a rough crack (no loss of shear transfer). The default value of (0.6) is used as the stress 

relaxation coefficient (a device that helps accelerate convergence when cracking is imminent). 

The crushing capability of the concrete element is also disabled to improve convergence. The 

concrete encasement compressive strength is taken as the actual cylinder strength test value. The 

concrete tensile strength and the Poisson’s ratio are assumed as (1/10) of its compressive 

strength and (0.2), respectively. The concrete elastic modulus is evaluated according to equation 

(1) mentioned above. The model allows for any pattern of stud distribution to be considered. In 

all analyses, the number/spacing of studs adopted in the experimental programmers is utilized. 

As far as the shear connector behavior is concerned, the load–slip curves for the studs are used 

(obtained from available push-out tests) by defining a table of force values and relative 

displacements (slip) as input data for the nonlinear springs. These springs are modeled at the 

steel–concrete interface [14], as shown in (Fig. 6). the behavior of the interface surface of 

contact between the steel section and concrete encasement is modeled according to the basic 

Coulomb friction model, in which, two contacting surfaces can carry shear stresses up to a 

certain magnitude across their interface before they start sliding relative to each other. This state 

is known as sticking. The Coulomb friction model defines an equivalent shear stress (τ), at 

which sliding on the surface begins as a fraction of the contact pressure (p) as [12]: 
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τlim = µp + COHE, τ τlim ........................................................................................... (8) 

where:  

τlim = limit shear stress, τ= equivalent shear stress, µ= the friction coefficient,                 

P= constant normal pressure, COHE= cohesion sliding resistance (stress unite). 

Once the shear stress is exceeded, the two surfaces will slide relative to each other. This 

state is known as sliding. The sticking/sliding calculations determine when a point transitions 

from sticking to sliding, see (Fig. 7). ANSYS provides two models for Coulomb friction [12]: 

Isotropic friction (2-D and 3-D contact): which is based on a single coefficient of friction (MU) 

and the Orthotropic friction (3-D contact): which is based on two coefficients of friction (MU1 

and MU2). In the present study, (3-D) Isotropic friction model is used with single coefficient of 

friction (MU), and the cohesion sliding resistance (COHE) set to (0.00) making (Fig. 7(a)) 

change to (Fig. 7(b)). 

 

 

 

 

                                 (a)                                                    (b) 

 

 

 

 

(c) 

Fig. 6. Modelling of shear connectors (longitudinal view) [14]:                                                 

(a) Shear studs in a typical composite beam. (b) Shear studs in a typical composite beam 

finite elementmesh. (c) Representation of the shear stud model. 
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       τ(max)                Sliding                                         τ(max)                         Sliding 

 

                                 µ                                                                                      µ 
 

 

 

          COHE                  Sticking                                                                         Sticking 

 

                                                       Pressure (P)                                                                  Pressure (P)           

 Shear stress (τ)                                                            Shear stress (τ) 

                                (a)                                                                              (b) 

 

Fig. 7. Frictional Models [12]. 
 

 

APPLICATION OF LOAD AND NUMERICAL CONTROL: 

Regarding application of load, concentrated loads are incrementally applied to the model 

by means of an equivalent displacement to overcome convergence problems (displacement 

control). For the convergence criterion, the L2-Norm (square root sum of the squares) of 

displacements is considered. Concentrated loads are represented by means of point loads applied 

at nodes. These concentrated loads are also applied to the model incrementally using the load 

control strategy and the L2-Norm. The tolerance associated with this convergence criterion 

(CNVTOL command of ANSYS) and the load step increments are varied in order to solve 

potential numerical problems. Whenever the solution does not converge for the set of parameters 

considered, as far as load step size and converge criterion are concerned, the RESTART 

command is used in conjunction with the CNVTOL option. ANSYS allows two different types 

of restart: the single-frame restart and the multi-frame restart, which can be used for static or full 

transient structural analyses. The single-frame restart only allows the user to resume a job at the 

point it stopped. The multi-frame restart can resume a job at any point in the analysis for which 

information is saved. This capability enables multiple model analyses, presenting more options 

for data retrieval after an undesired aborted solution. The second approach is used throughout 

the present analyses. For the case in which only one point load is applied to the system, there is a 

direct relationship between force and displacement, making the displacement control method 

easier to be utilized. The load control method is, however, less efficient than the displacement 

control method in nonlinear analyses. This fact is observed especially when the applied load 

approaches the ultimate load of the system, as an incremental increase in the load leads to a 

significant increase in the corresponding displacements, causing difficulties in terms of 

numerical convergence. For the type and size of the finite element problem investigated, the 

load control method demanded, on average, (70%) more disk space and took (150%) longer to 

be processed than similar displacement control solutions. The finite element analysis of the 

models was set up to examine two main behaviors: (initial cracking of the composite encased 

beams and the strength limit state). The Full Newton-Raphson method of analysis is used to 

compute the nonlinear response. The application of the loads up to failure was done 

incrementally as required by the Newton-Raphson procedure. 
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* ANALYSIS PROCESS FOR THE ANALYZED FINITE ELEMENT MODELS:  

- ANALYSIS OF THE STRAIGHT ENCASED COMPOSITE BEAMS: 

The finite element analyses for the straight simply support composite encased beams under 

concentrated forces have been carried out using static analysis type. The solution controls command 

dictates the use of a linear or non-linear solution for the finite element model. The program behavior 

upon non-convergence for this analysis was set such that the program will terminate but not exit.  

The most important typical commands utilized in a nonlinear static analysis are shown in (Table 3). 

The rest of the commands were set to defaults. 

Table 3: The Most Important Commands Used to Control Nonlinear Analysis. 

 

Commands Description 

 solution printout controls 

all solution items such as {nodal DOF solution, nodal 

reaction loads, element solution (element nodal 

stresses+element elastic and plastic strains…etc),…etc} 

print frequency write every substep 

controls for database and 

results file written. 

all solution items such as {nodal DOF solution, nodal 

reaction loads, element solution (Element nodal 

stresses+element elastic and plastic strains…etc),…etc} 

print frequency write every substep 

time at end of loadstep (experimental failure load)X(1.1) 

 time Step size (1%) from the time at end of loadstep 

automatic time stepping on 

max no. of substeps  time Step size 

min no. of substeps (10%) from the max no. of substeps 

  

 

At first trials for the analysis, the values for the convergence criteria (force and 

displacement) are set to defaults except for the tolerances. The tolerances for force and 

displacement are set as (15 times) the default values as shown in (Table 4), which represent the 

commands used for the nonlinear algorithm and convergence criteria. However, when the 

composite encased beams began cracking, convergence for the non-linear analysis was 

impossible with the default values. The displacements converged, but the forces did not. 

Therefore, the convergence criterion for force was dropped and the reference value for the 

Displacement criteria was changed to (5), this value is then multiplied by the tolerance value of 

(0.01) to produce a criterion of (0.05) during the nonlinear solution for convergence. A small 

criterion must be used to capture correct response.  

 

Table 4: Nonlinear Algorithm and Convergence Criteria Parameters. 

 

Commands Description 

equilibrium iteration 100 

criteria to stop an analysis stop and stay 

Set Convergence Criteria 

Label F (force) U (displacements) 
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COMPARISON BETWEEN EXPERIMENTAL DATA, 

NUMERICAL DATA AND PREFLEXING DATA
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N
)

EXPERIMENTAL

NUMERICAL-FEA-

PREFLEXING-FEA-

reference value calculated calculated 

convergence tolerance 0.001 0.010 

Norm L2 (SRSS value) L2(SRSS value) 

Minimum  reference value not applicable not applicable 

  

 

- ANALYSIS OF THE PRECAMBERED ENCASED COMPOSITE BEAMS:  

Analyses for the precambered encased composite beams were similar to the analyses of 

the straight encased composite beams. However, different load steps were used. The first load 

step taken was to produce camber in the steel beam only in which the upward movement of the 

beam resulted, meanwhile all others element consisting the encased beams considered to be a 

(DEAD ELEMENTS) according to ANSYS options. RESTART command then used to re-

analyze the beams due to its original state of loading (Experimental Researches paper), during 

this, the flexural reinforcements, shear reinforcements, concrete and shear studs elements are re-

activated and the two preflexing forces are neutralized by two forces having the same magnitude 

but opposite direction. The preflexing loads are removed. As a result, the beam goes down a little 

due to self weight (gravity-loads) and the stress recovery of the steel beam, the precamber 

amount becomes smaller than the original cambering, and the concrete is now subjected to 

compression. The load-deflection curves for analyzed composite partially encased beams 

{{(PEB-B+PEB-W) De Nardin and Lucia H.C., (2008) [11]}} which were obtained 

numerically by the finite element method using ANSYS (V.10) computer program for straight 

and preflex steel section and compared with the experimental results are presented in (Fig. 8) 

through (Fig. 11); respectively. The goal of the comparison of the finite element models and the 

beams experimental works is to ensure that the elements types, meshing, material properties, real 

constants and convergence criteria are adequate to model the response of the beams. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Finite Element Analysis Result for Model (PEB). 
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Fig. 9. Finite Element Analysis Result for Model (PEB-B). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Finite Element Analysis Result for Model (PEB-W). 
 

BEHAVIOR AT ULTIMATE LOADS:        

The analytical and experimental values of the ultimate loads for straight and preflex 

composite encased beams which presented in (Fig. 8) through (Fig. 10); respectively, are 
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summarized in (Table 5). (Table 5) showed that The preflex load for the analyzed specimen 

(PEB-B) is higher than the preflex load of the analyzed specimen (PEB-W), this is due to the 

presence of vertical studs {specimen-(PEB-B)} which are more efficient than horizontal ones 

{specimen-(PEB-W)} in providing the composite action between the steel profile and the 

concrete encasement, because the vertical stresses from concrete encasement acting on the 

surface of bottom flange and also the friction forces developed in the same surface is 

tremendously higher than that developed in the surface of steel section web. The analyses 

finished (Done) for the partially encased composite analyzed specimens (PEB-B+PEB-W) due 

to the excessive cracking in the constant moment region. 
Table 5: Comparison between Analytical and Experimental Values of the Ultimate Loads. 

 

Tested 

specimen 

Experimental 

(ultimate 

loads) 

Analytical (ultimate 

loads)-straight 

beams 

A% 

Analytical (ultimate 

loads and)-preflex 

beams 

B% 

PEB 333 333 12.5 663 12.7 

PEB-B 317 270 14.8 382.7 17.2 

PEB-W 309 258 16.5 363.5 15.1 

Notation 

Symbol Description 

A% 

 

B% 

 

 

BEHAVIOR AT MAXIMUM DEFLECTIONS:  

The analytical and experimental values of the maximum deflections for straight and 

preflex composite encased beams are summarized in (Table 6). The load-deflection curves 

which presented in (Fig. 8) through (Fig. 11); respectively, for the analyzed specimens in which 

the corresponding experimental, theoretical and preflexing curves are superimposed, show that 

the curves are lie very close to each other at initial stages for all the specimens. However, there 

seems to be some deviation between the results near the failure. The discrepancy may be due to 

the inadequacy in concrete and interface behavior modeling. It was found that the deflections are 

nearly (85% to 95%) the deflections of the same experimental beam for straight beam situation, 

and (65% to 80%) of the same experimental beam for preflexed beam situation. 

 

Table 6: Comparison between Analytical and Experimental Values of the Maximum 

Deflections. 

Tested 

specimen 

Experimental 

Deflections 

Analytical (Deflections) 

straight beams 

Analytical (Deflections) 

preflex beams 

PEB 18.5 16 15 

PEB-B 26.7 23 18 

PEB-W 27.36 23.8 19 

 

 

Preflex-ANSYS

Preflex-ANSYS

)u(P
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SLIPS ALONG THE STEEL-ENCASED CONCRETE 
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* THE PARAMETRIC STUDY: 

A parametric study has been done on the same samples that have been analyzed. Many 

parameters can be studied in the analyzed models to examine the effect of each parameter on the 

behavior of the models results. Some models were chosen to study the effect of encased concrete 

in the increasing of moment-bearing capacity, meanwhile other are chosen to study the slip along 

the composite partially encased beams length. The strain distributions along the steel section and 

encased concrete depth are also examined. The Poisson’s ratio of concrete and the effect of 

cambering of steel-section are also investigated. 

 

 

- THE EVALUATION OF SLIPS ALONG THE COMPOSITE ENCASED BEAMS        

       INTERFACE: 

The partially encased beams (PEB), (PEB-B) and (PEB-W) which were described in (Fig. 

4) and (Fig. 5) are chosen for the evaluation of the slip along the steel-encased concrete interface 

surface length under different loading magnitudes. The first part of the curves presented a stiff 

behavior corresponding to an initial bond provided by the concrete–steel connection. It is named 

“adhesion” or “chemical bond”, and corresponds to a small part of the bond strength, which is 

active mainly in the early stages of loading, when the displacements are small. As shown in 

details in (Fig. 11), for Specimen (PEB), the adhesion broke when the load was approximately 

(10 kN). The rupture of the adhesion was not clearly identified for the specimens with 

mechanical connectors (PEB-B and PEB-W). In these specimens, it can also be seen that the 

presence of the mechanical connectors contributes to increasing the maximum load and slightly 

changes the applied load-slip relationship. Although all specimens behaved in a similar way in 

both pre-peak and post-peak branches, specimen (PEB) presented a slight reduction of the load 

capacity after the ultimate load had been reached. In the pre-peak branch, the specimens with 

mechanical connectors behaved in a stiffer manner and the specimen with vertical headed studs 

was stiffer than the specimen with horizontal studs. Therefore, the results indicated that the end 

slips of the specimens with studs were smaller than the specimen without studs and these 

mechanical shear connectors were more effective when the applied load was increased. 

Comparing the end slips in all specimens, the vertical position of the studs on the bottom flange 

was the most effective in all loading stages. It should be mentioned that the values of the slips 

were obtained from the (DOF solution, X-component of displacement).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Finite Element Results of Model (PEB, PEB-B and PEB-W) to Show the End Slips 

along the Steel-Encased Concrete Interface. 
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- THE EVALUATION OF STRAIN DISTRIBUTIONS ALONG THE STEEL  

       SECTION AND ENCASED CONCRETE DEPTH:  

The laminated encased beams (PEB), (PEB-B) and (PEB-W) which were described in 

(Fig. 5) are chosen to examine the strain distributions along the depth of both steel section and 

concrete encasement under different loading magnitudes as shown in (Fig. 12) through (Fig. 17). 

In the case of Specimen (PEB), without mechanical shear connectors, the strains of the steel 

profile increased with the same ratio until the ultimate state (when the applied load was equal to 

Fu)-(Fig. 12). Additionally, the strains on the bottom and top flanges presented approximately 

the same values. On the other hand, the strains of Specimen (PEB-B) presented an abrupt change 

in the tension zone, which did not occur in the compression zone and the increased 

proportionally to the neutral axis distance (Fig. 13). Additionally, the change of the strain 

behavior became more expressive when the applied load in each loading point reached (250 

KN). The behavior of Specimen (PEB-W) was very similar to (PEB), including the values of the 

strains. Apparently, the horizontal studs were less effective than the vertical ones in providing 

the composite action and increasing the load carrying capacity (Fig. 14). By means of the neutral 

axis, the encasement concrete was more effective for Specimen (PEB-B), as such an axis was 

higher than in the other specimens. 

  

- STRAINS IN THE BENDING AND SHEAR ZONES OF THE BEAM:  

A  SPECIMEN (PEB): WITHOUT SHEAR MECHANICAL CONNECTORS:  

For the specimen without mechanical connectors (PEB), the strains increased 

proportionally to the neutral axis distance until (250 Kn) at a zone under constant shear. For the 

ultimate load (Fu), the strains in some points presented a sudden change (Fig. 15). Comparing the 

strain results for Specimen (PEB at (35 cm) of the end and mid-length, the sudden change could 

be only observed at the first zone, where the shear was constant. Probably, the natural bond at the 

interface between the steel profile and the concrete encasement was destroyed by the shear stress. 

Therefore, it can be said that the partially encased beam only behaved as a composite beam until 

the load of (250 KN). After that, the natural bond of the steel-concrete interface was broken, this 

was more evident in the length of the beam under shear constant. Regarding the strains at the 

mid-length of the beam, the natural bond was not broken in the constant moment zone, where the 

shear stresses are zero. 

 

B  SPECIMEN (PEB-B): WITH VERTICAL HEADED STUDS WELDED ON THE  

              BOTTOM FLANGE: 
The strains of Specimen (PEB-B) presented a large variation of the distribution in both 

moment and shear constant zones (Fig. 16). Apparently, the presence of vertical studs in the 

tensile zone modified the contribution of the natural bond and Specimen (PEB-B) did not behave 

as a composite beam from the first stages of loading. The sudden change of the strains was more 

expressive in the constant shear zone. 

 

C  SPECIMEN (PEB-W): WITH HORIZONTAL HEADED STUDS WELDED ON  

              THE WEB: 

The strains of the specimen with horizontal studs behaved as the specimen without 

mechanical shear connectors in the mid-length of the beam (Fig. 14). At (35 cm) of the beam 

end, abrupt changes could be observed from the first stages of loading, especially in the 

compressive zone (Fig. 17). These results showed that the headed studs horizontally welded on 

the web were not efficient regarding composite action. 
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STRAIN DISTRIBUTION IN THE STEEL SECTION FOR 

MODEL (PEB) DUE TO DIFFERENT VALUES OF APPLIED 
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Finally, all tested specimens showed a sudden change of the strains in the shear constant 

zone. Furthermore, the changes of strains occurred at the same points of the measurement but for 

different levels of the loading. Additionally, the change of the strains was first recorded in 

Specimen (PEB-W) and with a lower loading level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. Strain Distribution along the Depth of Steel Section for Model (PEB). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Strain Distribution along the Depth of Steel Section for Model (PEB-B). 
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STRAIN DISTRIBUTION IN THE STEEL SECTION FOR 
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Fig. 14. Strain Distribution along the Depth of Steel Section for Model (PEB-W). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15. Strain Distribution along the Depth of Encased Concrete for Model (PEB). 
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STRAIN DISTRIBUTION IN THE ENCASED CONCRETE FOR 
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Fig. 16. Strain Distribution along the Depth of Encased Concrete for Model (PEB-B). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 17. Strain Distribution along the Depth of Encased Concrete for Model (PEB-W). 
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COMPARISON BETWEEN DIFFERENT POISSON’S 

RATIO RESULTS FOR MODEL (PEB-W)
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--EFFECT OF CONCRETE POISSON’S RATIO ON THE BEHAVIOR OF MODEL   

       (PEB-W):   

The composite partially encased beam (PEB-W) has been chosen to study the effect of 

variation of the concrete Poisson’s Ratio on its behavior. This beam is described in details in 

(Figure 5). The beam (PEB-W) has an assumed concrete Poisson’s Ratio equal to (ν=0.2) and it 

has been reanalyzed for values of (0.17 and 0.15). As shown in (Fig. 18). the ultimate load 

capacity of this beam has insignificant effect with reduction of Poisson’s ratio value. The 

reduction in the ultimate load capacity is not more than (3 % and 5%) for the concrete Poisson’s 

ratio values (0.17 and 0.15) respectively. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18. Effect of Poisson's Ratio on the Behavior of Model (PEB-W). 

 

 

 
- EFFECT OF THE COMPRESSIVE STRENGTH OF CONCRETE ON MODEL  

       (PEB-B):  

The composite partially encased beam (PEB-B) has been chosen to study the effect of 

variation of the compressive strength of concrete on its behavior. This beam is described in 

details in (Figure 5). The beam (PEB-B) has an experimental compressive strength of concrete 

equal to (46.540 N/mm2) and it has been reanalyzed for values of concrete compressive strength 

(  c) of (30, 60 and 70 N/mm2) as shown in (Fig. 19). The behavior of this beam with high 

compressive strength seems to be stiffer than those having smaller strength. The predicted 

ultimate load of this beam is increased by (12% and 18.1%) for concrete compressive strength 

values of (60 and 70)-(N/mm2), respectively, and reduced by (11.6%) for compressive strength 

value of (30 N/mm2) relative to the tested result. 
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COMPARISON BETWEEN DIFFERENT COMPRESSIVE 

STRENGTH RESULTS FOR MODEL (PEB-B)
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Fig. 19. Effect of Concrete Compressive Strength on the Behavior of Model (PEB-B). 

 

 

* CONCLUSIONS: 

Based on the results of this investigation, the following conclusions can be drawn:  

1. The modeling of concrete by eight-node brick elements (SOLID65 element), the I-steel 

section by the four-node shell element (SHELL43 element), the steel reinforcement by 

two-node bar element (LINK8 element), the shear stud by two-node nonlinear spring 

element (COMBIN39 element) and the interface model by both (SOLID65 element) on 

the surface of encased concrete and (TARGE170 element) on the surface of steel section 

gives results which are close to the experimental results for the analysis of composite 

encased beams consisting of preflex steel section.  

2. The failure load given by ANSYS computer program are close to that measured during 

experimental test. 

3. The analyzed partially encased specimen with vertical studs {studs on bottom flange} are 

more efficient than the horizontal ones {studs on web} in providing the composite action 

between the steel profile and the concrete encasement, because the vertical stresses from 

concrete encasement acting on the surface of bottom flange and also the friction forces 

developed in the same surface is tremendously higher than that developed in the surface 

of steel section web. 

4. According to the Applied load vs. End slip behavior, the specimens with headed studs can 

be considered ductile and the behavior is almost elastic-plastic, while the specimen 

without shear connectors slightly decreased in the applied load after the ultimate load 

capacity was reached. Therefore, both headed studs horizontally and vertically welded on 

the steel profile can be effectively used to provide composite action. 

5. The values of strains at the steel-encased concrete surface (contact plane) for the models 

with full shear connection are nearly the same in comparative with the same model 

without shear studs were the strains values at the contact plane showing miner diverging.   

6. The finite element results show that the Poisson's ratio has insignificant effect on the 

increasing or decreasing the ultimate load of the composite encased beams. 
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NOTATIONS: 

1-D One Dimensional Mode 

2-D Two Dimensional Mode 

3-D Three Dimensional Mode 

Ec Modulus of Elasticity of Concrete 

Es Modulus of Elasticity of Steel 

f Function 

cf   Uniaxial Compressive Strength of Concrete 

ft Uniaxial Tensile Strength of Concrete 

P Applied Concentrated Load 

ε  Strain 

cuε  Ultimate Strain 

ν  Poisson’s Ratio 

τ  Shear Stress 

Δp Cambering Produced in the Steel Section 

Δ Deflection 

y 

Distance from the Steel Section Centroid to the Top Surface of 

Compression Plange 

I Moment of Inertia 

M Bending Moment 
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PERFORMANCE  ANALYSIS OF INVERTER-FED 

SINGLE-PHASE INDUCTION MOTOR 
 

Ali M. Saleh                             Amer O. Kareem 

College of Engineering, University of Baghdad 

 

ABSTRACT  
 This study investigates the effects of the presences of harmonics in the exciting voltage 

when using a dc/ac inverter on the performance of a single-phase induction motor, the 

investigation  includes theoretical and experimental parts and together with performance 

comparison of the motor with the nominal sinusoidal input voltage. The computed 

performance of the motor depend on the theoretical equivalent circuits which are modified 

to take into account the existence of harmonics in the inverter output to compute the 

performance at each harmonic order.  It conclude from the analysis that the pulsating torque 

is inherent in single-phase induction motor even when supplied from a sinusoidal voltage 

source. Particular attention has been devoted to the pulsating torque when the motor is 

supplied from an inverter and the most important pulsations have been identified. The 

comparisons of simulation and measured results show good correlation between them in 

addition that it highlight and identify the cumulative effects of harmonics on the motor 

performance.  

 

KEYWORDS 

  Harmonics, Single-Phase Induction Motor, Inverter 

 

 dc/ac) تأثيُاا  انًحتأىي انتأىا لٍ نهتىنتُأة انًحتنأة يأٍ  ب  أة  دراسة جحثتُبول انَ      الخلاصة :

Inverter ) هً أداء يحاك حنٍ أحبدٌ انطىر،  َتثنف انجحث يأٍ أزأءاء َياَأة و  ًهُأة تلأبرٌ أداء 

ا انًكب ئة  ٍ  ًهُة ح بة تى استخذاو يجذأ  انذوائ     انًحاك ثبستخذاو   ىنتُة  زُجُة و  ىنتُة انعب س.

الأداء انُياٌ نهًحاك، حُث تًت  ًهُة تعأذَم  هأً هأاِ انأذوائا نكأٍ تتُبسأت يأا ح أبة الأداء نكأم 

.    إٌ الاسأتُتب  انتحهُهأٍ أ أذ تث أم  وزأىد انعأءو انُج أٍ (Harmonic Order)يا جب  انتىا لُب 

زُجأٍ انتىنتُأة.   تأى تكأاَس الاهتًأبو  ٍ انًحاك انحنٍ أحبدٌ انطىر حتً  ُذ تغاَة انًحاك ثًصذر 

الأهأى  أٍ هأاِ انحبنأة.  (Pulsation)ثبنعءو انُج ٍ نهًحاك انًجهء يٍ انعب  ة يا دراسأة و تعاَأف 

ثبلإضب ة انً تا ُء الاهتًبو و تحذَذ تثيُاا    إٌ يلبرَة انُتبئج انُياَة و انلُى انعًهُة ثُُت اتتبق زُذ

     هً أداء انًحاك.تاا ى انتىا لُب  الأ نا أهًُة 

 

INTRODUCTION 
      The single-phase induction motor is widely used in low-power and variety applications 

such as domestic  refrigerators and  a wide variety of  pumping applications, since this 

machine is logically least expensive, lowest maintenance and operates with a single-phase 

power supply. Almost 90 per cent of induction motors are squirrel cage rotor type, since this 

type of rotor has the simplest and most rugged construction imaginable and almost 

indestructible
[1]

. In special application, the dc power supply or special batteries are the main 
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source type which only exist  to drive the AC induction motor. Then, the available power has  

to be converted  to an AC power for driving  the AC induction motors, and for this aim one 

can use the electromechanical rotary  converters or the static dc/ac converters (inverters). The 

last type of converter is started  replacing the  old rotary converters, since the use of a rotary 

type is associated with increase in machine size, weight and losses, while the static inverter 

has higher accuracy, better reliability, reduced maintenance, higher efficiency and lower in 

cost than the old rotary converter
[2]

. The output voltage waveform of the inverter is non-

sinusoidal since the principle operation of the inverter is based on the switching techniques. 

Using the Fourier analysis shows that the output voltage and current waveforms of the 

inverter are rich in harmonics which may have serious problems and influences the 

performance of the motor. At least, the harmonics  can be a source of extra losses in induction 

motor in addition to higher noise level.  

       The work presented in this study deals with steady state operation condition of the 

inverter-fed single-phase induction motor, and the equivalent circuit model which has been 

adopted in this study has been modified in order to predict the performance of the motor 

under load conditions. 

 

 

 

ANALYSIS OF INVERTER-FED SINGLE-PHASE INDUCTION MOTOR 

       For the purpose of generality, the work presented in this study considers a single-phase 

induction motor fed from an inverter of a quasi-square waveform output voltage. Analyzing 

this waveform is given in Appendix[A]and shows that such a waveform which is the stator 

voltage of the motor which have a fundamental component and a series of harmonics. Thus, 

the overall performance of the motor can be described as it is connected to an independent 

generators all in series supplying the motor. Since each harmonic current will be independent 

of all the others, a series of independent equivalent circuits (one for each harmonic) can thus 

be used to calculate the complete steady state performance of the motor. If the magnetic 

saturation  is neglected, the motor can be regarded as a linear device and the principle of 

superposition can be applied 
[2,3,4,5,6]

. That is the motor's behavior can be analyzed 

independently for the fundamental and for each other harmonics term
 [7]

. 

 

SINGLE-PHASE INDUCTION MOTOR WITH SINUSOIDAL VOLTAGE 

SUPPLY 

      The per-phase equivalent circuit referred to the stator windings (i.e. the main winding) of 

the single-phase induction motor for a sinusoidal voltage supply is shown in figure(1) Which 

realized from the symmetrical component theory. The core loss is neglected in the 

magnetizing branch. The magnetic flux mutual to both stator and rotor has two sequence 

magnetizing currents flow:  Imp  and  Imn.  The effect of motor speed is reflected by the 

presence of slip  in the rotor impedance  in the equivalent circuit. In this circuit the motor 

input impedance is given by:- 

Z = 2Zm+ Z2p + Z2n………………………………….…………..(1) 

Where:- 

  Zm=r1+ jx1 ,        Z2p=jXm // ((r2 / s) +  j x2) ,        Z2n = jXm // (r2 /(2- s) +  j x2) 

The sequence currents are :- 

Ip = In  = V  /  Z        ………..……………………………….……(2) 

Then, the stator winding  input current is:- 

                                I= Ip + In     …...……….…..………………….....……..…..  (3) 

And  the total input power is :- 

                                Pi/p =  V  |I|  )cos(      ……..………..………………..……..(4) 

The air-gap power is:- 
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Pg= Pgp – Pgn = 2( | Ip |
2
  R2p - | In |

2
  R2n )= 0.5 |I|

2
  [R2p – R2n]    ..……...….…(5) 

While the  rotor loss is :- 

Prcu= s Pgp + (2-s) Pgn         ……………….……….………….……(6) 

The developed gross output  power is :- 

P = (1-s) Pg         ……………………………………….…….……(7) 

The  net developed   torque measured in Nm  is :- 

T = Pg  /  s
        ………….………………………………..…..……(8) 
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SINGLE-PHASE INDUCTION MOTOR WITH NON-SINUSOIDAL SUPPLY  
        

 It is well know that a single-phase induction motor can be run on a non-sinusoidal supply. 

If the physical non-linearities of the induction motor (the magnetic saturation) is considered 

of negligible effects then the motor may be regarded as a linear device. Thus, the periodic 

non-sinusoidal supply voltage waveform could  be resolved using the Fourier Series  

method. The behavior of the machine is obtained by superposing the effects of the 

fundamental and harmonics. This method provides information about individual harmonic 

performance.  

       According to Appendix[A], there will be no even order harmonics (i.e. h ≠ 2, 4, 6…etc) 

for the quasi-square waveform, since the waveform is symmetrical. Then the only order of 

harmonics which exist are h=1, 3, 5……etc. and these are the only orders of harmonic that 

could affect the motor performance. For convenience, the existing harmonics can be 

expressed as:- 

h  (harmonic order) = |4k± 1|         …………………………….…..(9) 

Where k=0, 1, 2, 3….etc (constant)  The harmonics of orders h=4k+1 (i.e. 

h=5,9,13,17,…etc) travels in the same direction as the fundamental at a speed equal to 

(4k+1)Ns. The harmonics of order h=4k-1 (i.e. h=3,7,11,…..,etc) travel in the opposite 

direction of the fundamental field with speed of rotation equal to (4k-1)Ns. Equation (9) 

could be written in the form for more convenience  :- 

h = 1 ±  4k         …………………………………………..…………(10) 

in order to specify  the direction of  each harmonic, too. 

 

 

 

Figure(1) Fundamental equivalent  circuit 

of single-phase induction motor 
Figure(2) The harmonic equivalent circuit 

of  single-phase induction motor 
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Frequency of Harmonic  Rotor Current 

           

The fundamental frequency equivalent circuit of the single-phase  induction motor is shown 

in figure(1) must be modified in order to take into consideration the harmonic frequencies. 

This modification can be performed by introducing the following changes
[3, 8]

:- 

1. All the reactances have a value of "h" times their value at the  fundamental  

frequency .  

2. The  operation  slip is  the  sh. 

      A time harmonic of order "h" have a harmonic synchronous speed (h Ns) while the 

machine is rotating at speed "Nr". Thus the "h
th

" harmonic slip of  motor  is :-  

sh =
h

s)-(1h 
    ……………………………………………….…..(11) 

Where:- 

 s    is the fundamental slip. 

 sh     "h
th

" harmonic slip of  motor. 

Nr      rotating  speed of the machine  (rpm). 

Ns     synchronous speed (rpm). 

The frequency of rotor current have positive and negative components. Then the frequency 

of the "h
th

" harmonic positive sequence current component  is:- 

                  f2ph    = sh (h   f1) = ( h-1+s ) f1          ………...…………….…….(12) 

while the frequency  of the "h
th

" harmonic  negative sequence current component is:- 

                  f2nh  =(2- sh) (h f1)=  (h+1-s) f1           ……………………………..(13) 

where   f1   is the Stator supply frequency (Hz) 

 
Harmonic Equivalent Circuit     
       

  For any harmonic voltage (Vh) at frequency (h f1), the rotor equivalent circuit of single-

phase induction motor will appear as shown in figure(2). The parameters of the circuit are:- 

 Zmh = r1h+ j x1h ,    Z2ph=jXmh //  ((r2h / sh) +  j x2h) ,    Z2nh = jXmh //  (r2h /(2- sh) +  j x2h) 

     The rotor of the machine which is used in the work presented in this study is a cage type 

rotor. The crowding of current at the top of the bars  increases with rotor current frequency. 

However the effective resistance of cage-rotor is only slightly larger than the ohmic 

resistance unless the bars are very deep
[3, 9]

. Therefore, with a low saturation level one can 

assume that:- 

                 x1h = h x1                 x2h = h x2                 Xmh = h Xm              r1h = r1             r2h = r2    

Then the parameters of the circuit which shown in figure(2) will be modified as below:- 

  Zmh=  r1 +  jhx1             

  Z2ph =  (jh Xm) // ((r2/ sh)+jh x2) 

  Z2nh = (jh Xm) //  (r2/(2- sh)+jh x2) 

The positive and negative  harmonic current  components Iph and  I nh are respectively 

given by :- 

Iph  =  I nh =  Vh /  (2 Zmh + Z2ph + Z2nh)          …..……..….……….(14) 

The harmonic input current component :- 

I mh = Iph + I nh               ……………………………….……………(15) 

Then the  r.m.s  value of total input current  is :- 

I m = 




h

1,3,5h

2

mh | I |            ……………………………………….…(16) 
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OBVIOUS  HARMONIC EFFECTS (LOSS INCREASE) 
        

   In general, harmonics are usually defined as a periodic steady state distortion of voltage 

and/or current waveforms in power system
[10]

. The effects of the harmonics are highly 

variable, which in range of non-significance effect to equipment destruction, but in general 

the harmonics always decrease both the efficiency and effective power factor of the load and 

the harmonics currents cause increased heating and audible noise in motors and magnetic 

devices
[11]

. Harmonic voltages produce harmonic currents that in turn, generate not only 

torque pulsation but also increase the losses in the form of copper and core losses. The 

additional losses due to the harmonics tax the thermal capability of the motor
[2]

. The 

conventional  induction motor has the following losses
[ 12, 13, 14]

 :-   

(i) Stator copper loss; 

(ii) Rotor copper loss; 

(iii) Core loss; 

(iv) Friction and windage  loss; 

(v) Stray loss. 

    The presence of harmonics causes the stator and rotor copper losses to increase, as for the 

core loss. Magnetic loss in metallic parts caused by harmonic leakage flux is difficult to 

estimate. It is believed that ignoring these losses can introduce negligible error compared to 

the harmonic copper losses
[3,15]

. The frictional and windage losses are independent on the 

harmonics 
[4]

. 
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Stator  Copper  Loss 
 

The total  harmonic current is:- 

Ihar    ²)| I | ²|I |  ²|I | ( mhm53m  ………………………….(17) 

Then the stator copper loss is (neglect the effects of the skin factor) :- 

Pscu = I m²  r1           ...............................................................................(18) 

   Where I m  is the  r.m.s  value of total input current. Then:- 

Pscu =(I m1)²r1 +(  Ihar)² r1   = 








h

h
scuhscu

h

h
scuh PPP

,..5,3
1

,..3,1
 ………..…(19) 

 The term [(Ihar)² r1] is representing the extra harmonic stator copper loss. This additional 
losses will  increase the conductor temperature due to higher current density.  
 
Rotor Copper  Loss 
      

The rotor copper loss is evaluated independently for each harmonic. In general for each  

h
th    

harmonic:- 

Prcuh = 0.5  | Imh |²  (sh  R2ph  + (2- sh) R2nh)      ……………………….……(20) 

The total harmonic copper loss is calculated as a summation of the harmonic 

contributions. 

Prcu = 




h

h
rcuhP

3,1

 …………………………………………………..……(21) 

Also :- 

Prcu =  Prcu1  +  




h

h
rcuhP

5,3

 ……………………………….……..……(22) 

        It's clear that the second term in the (22) is representing the additional rotor copper 

loss due to harmonic currents.  

 

AVERAGE  DEVELOPED  TORQUE 

    

    The interaction between the components of the air-gap flux and the rotor current of the 

same harmonic frequency generates steady torques. From the harmonic equivalent circuit 

in figure(2), it is clear that each harmonic component produce an air-gap power 

(corresponding to the harmonic torque) in both positive and negative sequence directions 

(namely τph, τnh  respectively) acting at a speed of  "h 
s

 "  (radian per second). The 

sequence component of the air-gap  power is given by the following formula:- 

              τph   h s  =  2 | Iph |²  R2ph    …… …….….…………….(23) 

                            τnh   h 
s

  =  2 | Inh |²  R2nh   ……...….……..……………(24) 

Since Iph = Inh  for the motor under investigation, the "h
th

" harmonic equivalent torque (in 

synchronous watt) referred to the fundamental frequency  given by:- 

      τh=  (τph  -  τnh )  / h = 2 | Iph |² (R2ph - R2nh) / h      ……….….(25) 

The order of the  harmonic defines  the direction of the net developed torque, and therefore 

the torque will act in the positive direction for the orders 1, 5, 9,….,etc, and having a 

positive value. For negative direction rotating fields (of order 3,7,11,….,etc,) the net 

torque is having a negative value (braking) and then the net develop torque due to the 

fundamental and harmonic current are :- 
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         τ = 




h

h
h

3,1

    ……………………….………..…………(26) 

     Obviously, τh becomes very small as "h" increased and thus the most important torque 

contribution arises from the low order harmonics. 
 
TORQUE PULSATION    
Sinusoidal Supply  

        With a sinusoidal supply, the input current of the single-phase induction motor, 

produces negative and positive sequence field components. Then  in addition to the 

developed  steady torques by these components a pulsating torque is exist with an average 

value of zero. The pulsation is a result of the  interaction between the "fundamental" 

positive and negative sequence flux components with the "fundamental" negative and 

positive sequence rotor current components, respectively. The frequency of the generated 

torque is the difference between the corresponding frequency of the producing flux and 

currents
[2,3]

, i.e. it is (2f). Table(1) Summaries the possible interaction of the present 

components with each other and the frequency of the pulsating torque or the direction of 

the resulting average torque, whichever is applicable. The flux components are replaced in 

this table by the air-gap voltages produced by them.  

The general expression of the pulsation torque resulting from the different sequence field 

components:- 

vpvnpulsation ttt   …………………………….……………..….(27) 

where :- 

                          vnt =p  Lm | Imp1 |  | I2n1 | )2sin( xwt      ………………………(28) 

vpt  =  - p  Lm  | Imn1 |  | I2p1 |  )2sin( ywt      ………..………..(29) 

And:- 

x =  90 -  (arg(En1)  - arg(I2n1) )       ………………….….………(30) 

y =  90 -  (arg(Ep1)  - arg(I2p1))        …………………….……….(31) 

 

Non-Sinusoidal   Supply  

      

The presence of the harmonic currents can generate (in addition to the steady-torque)  

parasitic torques which are superimposed with the fundamental useful steady-state torque. 

These generated harmonic torques are two types :- 

(i) Steady torque; resulting from the interaction between the harmonic current with 

harmonic flux of the same order. This type is usually of little importance since:- 

 Harmonic currents and harmonic flux, both are relatively small in magnitude  as 

compared to the fundamental (depends on the layout of windage). 

 The forward torque produced by the positive sequence components will be 

partially reduced by the reverse torque that produced by the negative sequence 

components. 

(ii)   Oscillatory (pulsating ) torques (with zero average value); resulting from the 

interaction of each harmonic current with the harmonic flux of the different orders. 

However, the oscillatory torques which produced by the interaction of harmonic 

currents with the fundamental flux (the most significant flux in the single-phase 

induction motor) will be predominant. 
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Table(2), shows a sample of the pulsation torque being considered for analysis in this 

study. The frequency of the pulsating torque is the difference between the frequencies 

under consideration
[3]

. From this tablehe instantaneous pulsation torque is given by:- 

pulst = vnt + vpt    ………………………….………..…………….(32) 

Where:- 

vnt = p Lm |Imp1|{ |I2n1 | )2sin( xwt   + |I2p3| )2sin( iwt  }  ………….(33) 

vpt =- p Lm |Imn1 |{|I2p1| )2sin( ywt  + |I2n3 | )2sin( ewt  }   …………..(34) 

   And:- 

    x  =  90 -  (arg(En1)  - arg(I2n1) )                …………….…………(35) 

     y  =  90 -  (arg(Ep1)  - arg(I2p1))          ……………………………(36) 

    i  =  90 -  (arg(Ep3)  - arg(I2p3))          …………………….…….…(37) 

    e  =  90 -  (arg(En3)  - arg(I2n3))          ………………….…….……(38) 
 
THEORETICAL  AND  EXPERIMENTAL RESULTS  
      The results of the simulation programs which are based on the theoretical analysis are 

compared with the experimental results, in order to demonstrate the validity of the 

theoretical model analysis. The tests with sinusoidal and inverter excitation are compared, 

too. The conclusions derived for such comparisons will identify the effects of feeding a 

single-phase induction motor upon it's operation with much more confidence. The practical 

measurements fall into two types, depending on the type of the supply that used to feed the 

motor. One of them is the sinusoidal voltage waveform while the other is the quasi–square 

voltage waveform. The  experiments are divided  into two sets of tests, each one of them 

measured the performance of the motor at various loads while only the main winding is in 

operation with rated voltage at rated frequency. 

 

 

 

   Stator     Rotor   Torque 
Direction/frequency of  

         pulsation 

      Ep1      I2p1 Steady        Forward  

      Ep1      I2n1 Pulsating             2f 

      En1      I2p1 Pulsating             2f 

      En1      I2n1 Steady      Backward  

      Ep1      I2p3 Pulsating             2f 

      Ep1      I2n3 Pulsating             4f 

      En1      I2p3 Pulsating             4f 

      En1      I2n3 Pulsating             2f 

      Ep1      I2p5 Pulsating             4f 

      Ep1      I2n5 Pulsating             6f 

      En1      I2p5 Pulsating             6f 

      En1      I2n5 Pulsating             4f 
 

 

Stator Rotor Torque 
Direction/frequency 

of pulsation 

Ep1 I2p1 Steady Forward 

Ep1 I2n1 Pulsation 2f 

En1 I2p1 Pulsation 2f 

En1 I2n1 Steady Backward 

 

 

Operation  with  Sinusoidal-Waveform  Supply      

Table(2) Reaction of stator and rotor harmonics 

 for nonsinusoidal 
Table (1) Interaction between the air-gap flux 

and rotor current components in case of sinusoidal. 
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  The measurements of the stator input current  and  the computed stator losses are plotted as 

a function of slip as shown in figure(3) and (4), the corresponding theoretically predicted 

current and losses as shown on the same figures, too.  Both of these figures have a good 

agreement with the simulation results. 

        Measured and computed input power are shown in figure(5). This figure shows that the 

measured values slightly higher than the computed values with no more that 7% which may 

be attributed to neglecting of the core losses assessment in the analytical  model. 

       The measured results of the output torque is plotted in figure(6) together with the 

calculated developed motor torque. The difference between the measured and calculated 

values is less than 14% at the worst case since the mechanical losses where not include in 

the mathematical model. 

 
    

 

 
                       Figure (5) Input power 

 

Operation with Quasi-Square Waveform Supply 
         

 In this test the single-phase induction motor is supplied by a 50Hz inverter of a quasi-square 

waveform voltage, such that the fundamental voltage  component is equal to the rated value. 

Figure(7.a) shows the experimental applied voltage waveform at the terminals of the motor at  

load conditions. Figure(7.b,c) shows that the harmonic order 5,15,…etc are  not exist, since 

the ON-time ratio of the quasi-square voltage of the used inverter is 80%. Figures(8) and (9) 

show the experimental and simulation waveforms of the supply input current with it's 

harmonic spectrum. Good agreement between the simulation and experimental oscillogram of 

the input current graph is shown, noting that the simulation program plot the algebraic 

summation of the fundamental and harmonic spectrums of the input current up to 19
th 

 

Figure(3) Input current Figure(4) Stator loss 

Figure(6)Output torque  
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harmonic order. Inclusion of harmonics orders higher than the 19
th 

was found to be of little 

importance. 

         The supply line current harmonics as a percentage of the fundamental line current (Ih/I1) 

are shown in figure(10) for different loading conditions. It shows that with load increase; the 

percentage harmonic current are decrease, since the increase in the fundamental current 

component.  

  

 

 
 

 

 

 
 

 

 

 

Harmonic order

 
 

 
    

 

 

                          -a-                                                    -b-                                                        -c- 
    Figure(7) Input  terminal voltage of the motor(a)Experimental waveform(100v/div,5ms/div) 

(b)Spectrum analyzer  (c)Harmonic simulation  components 

 

                        -a-                                                    -b-                                                      -c-           

      Figure(8)  Input current to the motor at s=0.05 (a)  Experimental waveform of current (2A/div, 

5ms/div)(b) Spectrum analyzer(c)Simulation  waveform of current 

 

 

                        -a-                                                    -b-                                                      -c-           

      Figure(9)  Input current to the motor at s=0.2 (a)  Experimental waveform of current (2A/div, 

5ms/div)(b) Spectrum analyzer(c) Simulation  waveform of current 

 

 

                          -a-                                                                                            -b- 

Figure (10) Comparison  of the simulation and experimental results of the input current  

harmonics as  a percentage of the fundamental  at (a)s=0.05, (b)s=0.2. 
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      The measured and computed stator input current as a function of slip is shown in 

figure(11) with a good a agreement. The stator loss have slightly higher difference between 

the simulation and experimental results as shown in figure(12). The input power results 

have a significant difference between the simulation and experimental results as shown in 

figure(13) within 9.7% error. In figure(14) the torque measurements are lower than the 

computation outcomes by 18.5%. The mechanical losses are neglecting in the simulation 

analysis, and the difference is expected.  

  

 

 

 

SIMULATION  RESULTS 

         Since the experimental tests cannot be performed beyond the point of the maximum 

torque, it is believed that using the simulation results is very useful to determine the 

operational parameters of single-phase induction motor with two types of supplies down to 

zero speed. This will be very useful in realizing the cumulative influences of harmonics 

existence on the performance of motor. 

      Figure(15) shows the motor input current for the two types of supplies. It is clear from 

this graph that there is a small increase in current due to the presence of harmonics. 

Figure(16) illustrates the increase in the stator loss of the motor, as a result of the increase in 

the rms input current,  slightly greater than the sinusoidal supply. For the same reasoning, it 

can be noted in figure(17) the slightly difference between the simulation graph of input 

power.  

Figure(11) Input current Figure(12) Stator loss 

Figure(13) Input power 

 
Figure(14)Output torque 
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     The simulation results of the torque pulsation are computed for single-phase induction 

motor at the sinusoidal and inverter excitation, and then plotted as a functions of time for 

each type of feeding.  It is clear from the graphs shown in figures (18) and (19), that the 

torque pulsation of the inverter-fed motor is larger than that of the sinusoidal supply, as a 

results of the presence of harmonics.  
 

 
 

 

  

 
 

Figure(15) Variation 

of  Input current 
 

 

Figure(16) Variation 

of stator loss 
 

 

Figure(17) Variation 

of input power 
 

 

Figure (18) Instantaneous pulsation torque  at different loading 

condition  of single-phase induction motor at sinusoidal supply 

 

 

Figure(19) Instantaneous pulsation torque  at different loading  

condition of single-phase induction motor at inverter supply 
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CONCLUSIONS 
       From the comparisons of the theoretical and experimental results one can conclude that 

the theoretical analysis developed in this study can reasonably simulate the motor 

performance. The harmonics voltages and currents lead to increase in the input current, input 

power and motor losses and consequently lead to a drop of the efficiency as a result of the 

decrease in  the output torque. The increase of the input power is mainly consumed in the 

motor as losses representing an additional source of heat, which in turn lead to increases in 

stator and rotor resistance and thus reduces the fundamental torque and decreasing the thermal 

capability of the motor. The interaction of the harmonic currents with harmonic flux of the 

same order produces a steady torque which could be positive or negative. However, the 

harmonic currents and harmonic fluxes are relatively small as compared with the fundamental 

and each pair of them torques are acting against each other, which may decrease  each other 

and the net torques is too small. 

       The pulsation torque is inherent in single-phase motors, even when supplied from 

sinusoidal voltage source. With a non–sinusoidal voltage supply, the peak value of the 

pulsating torque is higher than that of the sinusoidal supply as a result of the presence of 

harmonics. The most important torque pulsation is that at two times the fundamental 

frequency. All the present orders of harmonics are contributing in the generation of the 

pulsating torque through their interaction with the other orders(including the fundamental). 

Thus, the torque pulsation is not confined to (2f), but higher frequency torque pulsations are 

also exist. However, there pulsations are of small amplitude and their net is reducing with the 

order of the contributing harmonic, and therefore they are of little importance. 
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APPENDIX[A] 

           Consider the general form for the quasi-square wave, shown in figure(A.1), where 

ß is the conduction period. This rectangle  waveform can be analyzed by using Fourier 

series using.  

)(wtv =

E

E

0



      

   
   
    2/2/

2/2/

2/2/













wt

wt

wt

 

This function  is an odd function since )( wtv  = )(wtv , therefore ha  =0, i.e., no 

cosine term. 

The function have symmetry a bout  the x-axis, therefore 0a =0, and since the wave has 

symmetry about each half  cycle (i.e., )( wtv = )(wtv ) so there are no-even 

harmonic, therefore :- 

 

 






2/

2/

)()sin(
2 


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Hence:- 

 




h

h
E

bh











2

sin4

……………………………...………….(A.12) 

The instantaneous  value of   " v " can be  expressed as:- 

mailto:lipo@engr.wisc.edu
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 

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

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

h

h h

hwt
h

E

wtv
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sin
2

sin4

)(




     ……………….…..(A.13) 

 

 
 The peak and rms values of the fundamental component are; respectively :- 

                                   ^        ^ 

     Vf   = V1   = 4E sin(ß/2) /    ……………….……………..(A.14) 
 

   Vf   = V1   = 2√2 E sin(ß/2) /    ………………………….(A.15) 

β

E π

V

wt

0

β

-π

E

 
 

 

Appendix [B] 

Motor and Inverter Specifications  

  

Main winding resistance, r1m, Ω 9.1 

Main winding reactance, x1m, Ω 11.646 

Auxiliary winding resistance, r1a, Ω 18.1 

Auxiliary winding reactance, x1a, Ω 23.7 

Stator magnetizing reactance, XM, Ω 59.4 

Rotor resistance referred to main, r2, Ω 9.59 

Rotor reactance referred to main,  x2 , Ω 11.646 

Turn ratio 1.15 

β  (ON-time rating of the output voltage of the inverter) 80% 

 

Figure(A.1) Quasi-square waveform. 

 

Figure(5) 

Input power 
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PID CONTROLLER DESIGN FOR THE SATELLITE 

ATTITUDE CONTROL SYSTEM 

Sami Kadhim Hasan Ar-Ramahi 

College of Information Engineering, 
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Baghdad- IRAQ. 

 

ABSTRACT 

A PID controller satellite attitude yaw-axis control system was designed to 

step the angle of the satellite body via actuating a precise angular position of a DC 

motor as quickly and accurately as most optimally possible. The (PID) controller was 

advantageously chosen for its quick transient response and zero steady-state error. A 

mathematical model has been derived for the whole satellite attitude yaw-axis control 

system. Then, the computation power of the MATLAB is utilized to obtain a 

generalized optimal controller design that enables the satellite attitude yaw-axis 

control system to have the quickest settling time without excessive overshoot and zero 

steady state error. 

 الخلاصة 

تلسمممم لاسل  ممممو   لظومممممت    ( لضمممممسمممم لاس  ا مممم  تناسمممملات اتلي مممما    ت مممميم     ت يتممممم ت مممم  م  

تل حوزتلؼ ممو ) ا تناؼممستل ( ل ولممغ تلص ممس تنحمملاليػ  ضح ممم امممم اضممغ عسممم تلص ممس تنحمملاليػ  ضيلصتااممت 

تناسملات نا مست ب ضسمسػت   س لاس  ا م تلتخم يز  تمتل لا وضت ػاس محسّك مايشس تلم يز ضيمثل  سػت اتفضل  لتّ .

 تعم يشب لا لجيضت تلؼيضسل اتاؼدتم تلخلاأ ف  تلحيلت تل سمصسل.

تلس لاسل  و  تل حوزتلؼ مو ) ا تناؼمستل ( ل ولمغ تلص مس  لظومت ل    لذل تلسايض  توتلل  تشمصيق  تم

س  ا مم  تناسمملات تل سمم لا ل موحّممل لم مم  م الماالابلا .  ممم ت مممث سق تلصممدزل تلحي مموض ت لاستمج مميق تنحمملاليػ  

تلسم لاسل  مو  تل حوزتلؼ مو ) ا تناؼمستل ( ل ولمغ تلص مس تنحملاليػ  ذتق ملظوممت  تنمثل تلر) اسملا غ عؼمل

 ت مجيضيق ممجياشل للصلات تلضاط اتاؼدتم تلخلاأ ف  تلحيلت تل سمصسل. شمن ت مصستز ت سع ضدان تل ساز ػاس

 

KEY WORDS 

 

 PID controller, ACS mathematical model, satellite attitude yaw-axis control system, 

ACS 

 

INTRODUCTION 
 

The control task of the satellite attitude control system demands an optimal 

controller capable of precisely rotating the satellite body into the desired attitude. The 

researches concerning satellite attitude control system are now conducted within the 

premises of international space centers like NASA, The Danish Ørsted Geomagnetic 

Research center / ESA , and charted universities / institutions like Princeton Satellite 

http://www.esrin.esa.it/


S. K. Hasan                                                                      PID Controller Design for the Satellite  

                                                                                          Attitude Control System 
 

Available online @ iasj.net 

 

1131 

Systems, Inc., CTA Space Systems, Inc. [1], engineering college of swarthmore of 

sccs  .  

Although some international efforts had been recently reported in the design 

of attitude control system such as the Ørsted satellite attitude control system (ACS) 

project [5] [6] [7] [8] for its 65 kg micro-satellite, and a mutual project paper issued 

by Princeton Satellite Systems, Inc., together with CTA Space Systems, Inc., the 

development of Satellite Attitude Control System architecture, called the 

SPACECRAFTC ONTROL SYSTEM [1]. However this research paper reports an 

alternative powerful optimal controller design for the satellite ACS empowered by the 

computational tools of MATHLAB [3]. 
 

The satellite attitude control system manipulates, in this paper, the angular 

position of the satellite body around the yaw axis. A DC motor is advantageously 

selected [2] [5] as the actuating element to rotate the satellite body to the desired yaw 

angle. An amplifier is saturated by the correcting signal from the designed optimal 

PID controller [1] [2] [4] to obtain the quickest response with zero steady state error. 

The mathematical model of the whole satellite system has been derived. A 

PID controller is optimally designed accordingly via a powerful MATLAB program 

and a Nyquist stability analysis is conducted. 

SATELLITE SYSTEM MATHEMATICAL MODEL:  

 The satellite attitude control system can diagrammatically be represented by 

the following block diagram; 

Satellite system DC

motor
Amplifie

Designed

Controller
Өi(s) Өo(s)

-
+

T(s)Va(s)U(s)E(s)

The Satellite attitude control systemFig.(1)
 

The moment of inertia of the entire system is J, which encompasses both the 

satellite body moment of inertia about the axis of rotation at the center of mass (Jf) 

and that's of the motors' armature (Ja). There is a viscous friction, B, as part of the 

load elements. 

Let us first obtain the transfer function of the satellite system. The angular 

displacement o(s) of the satellite body around the yaw-axis is the output of the 

satellite system and the DC motor torque T(s) is the input. Thus the transfer function 

of the satellite attitude system is (o(s)/ T(s)). 

The differential equation for the load elements is; T
dt

d
B

dt

d
J oo  )()(

2

2 
   .. (1) 

Taking the Laplace transforms of both sides of equation (1) and assuming zero initial 

conditions, we get after rearranging; 
J

sT
s

L

B
ss o

)(
)()(    ………… (2) 
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Directly from equation (2), 

)(

1

)(

)(

J

B
ss

J

sT

so






 ………….(3) 

Next, the transfer function of the DC motor can be obtained as the torque T(s) 

is the output form the motor, and the input is the amplifier voltage (Va(s)), which 

supplies current (ia) to the resistance (R) and inductance of the armature winding, 

consequently, the motor creates a back-emf, vm. Thus, by applying the kirchhoff's 

voltage law, the differential equation for the DC motor armature circuit is;       

)()( maa
a vvRi

dt

di
L    ……………. (4) 

Taking the Laplace transforms of both sides of equation (4) and assuming zero initial 

conditions, we get; 

)(

))()((
)(

L

R
sL

sVsV
sI ma

a




  …………….. (5) 

 Since the motor's torque (T) is proportional to the armature current, ( ia). Then,                  

T=KT ia …….. (6) 

Taking the Laplace transforms of both sides and Substituting, we get;           

                      

)(

))()((
)(

L

R
s

sVsV

L

K
sT maT




    …………..   (7) 

Where, KT; is the torque gain. 

And the angular velocity from the motor is proportional to the back-emf, vm, thus; 

                      
dt

d
Kv mm


     ………… (8) 

Where, Km; is the back-emf, (vm), gain. 

Since at steady state, the angular acceleration term = zero, in equation (1), so we get; 

                     
dt

d
BT


     ………… (9) 

From equations (8) & (9) we get,  T
B

K
v m

m      ………… (10) 

Taking the Laplace transforms of both sides, substituting, and rearranging we get; 
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)(

))()((
)(

L

R
s

sTKsBV

BL

K
sT maT




    ………..  (11) 

                      ))()(()()( sTKsBVsT
L

R
sBL ma   ………….. (12) 

                     )()()( sBVKsTKKBRBLs aTmT     ………….  (13) 

                      )()()
)(

( sBVKsBLT
BL

KKBR
s aT

mT 


   ………….. (14) 

                     )(

)
)(

(

1
)( sV

BL

KKBR
s

L

K
sT a

mT

T




   ………….. (15) 

Hence, the DC motor has a first order transfer function; 
)()(

)(

bs

K

sV

sT k

a 
     ….. (16) 

Where,
L

K
K T

k  , and, 
BL

KKBR
b mT )( 
  

 Now, the control signal, U(s), is the feeding signal to the isolating amplifier 

of the DC motor, and its output, Va (s), equals the input signal multiplied by the 

amplifier gain, K amp, hence the amplifier's transfer function is; amp
a K

sU

sV


)(

)(
  ...  (17) 

Therefore, the satellite attitude system transfer function 
)(

)(

sU

so  can be obtained from 

equations. (3), (19) & (20), with the angular displacement o(s) of the satellite body 

around the yaw axis is the output of the satellite system and the control signal, U(s), is 

the input as following; 

))((
)(

)(

bs
L

B
ss

K

sU

s ako






   ……………  (18) 

Where, 
L

KK
K

kamp

ak   

Equation (18) represents the satellite system transfer function which is a type one 

system.   

 The gains and the constant parameters within the general transfer function, as 

presented in equ (21), of the satellite system may be determined by selecting the 

closed loop pole locations. When selecting the pole locations, it is important to 

consider first the numerical values of the particular satellite body inertia, the DC 

motor armature inertia and electrical & electronics components, and the amplifier gain 
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value. Hence, the following numerical values will be accounted for in this paper to go 

forward in the optimal controller design;  
)5(2(

1

)(

)(




ssssU

so    ……………… (19) 

PID CONTROLLER DESIGN: 

The satellite attitude control problem, in this paper, is to design a PID controller, able 

to step the yaw-axes angle so that the satellite body can be rotated into the desired 

attitude with little overshoot as quickly as less than two second settling time estimated 

for an approximately 90 degree step.  The settling time criterion was within 98% of 

the final value. 

The PID controller might be designed, as the control platform scheme for the satellite 

attitude control system. The controller transfer function, Gc(s), is; 

              )
1

1(
)(

)(
)( sT

sT
K

sU

sE
sG d

i

pc    …………….. (20) 

Where, Kp = the proportional gain, Ti = the integration time, Td = the derivative time. 

Since the satellite attitude transfer system has an integrator, equ (22), hence the PID 

design starts with the second method of the Ziegler-Nichols tuning rule [7] [9]; and 

the controller transfer function become;    
s

as
KsGc

2)(
)(


    …………. (21) 

And the control problem is to determine the values of, K, and, a, such that the unit 

step response will exhibit the maximum overshoot, m,  between 5% and 0%, and the 

settling time, ts, will be less than 2 sec. 

 A MATHLAB program is written to set the search region as; 

      2  K 40             0.05  a  0.5 

The step size for, K, to be 1 and that for, a, to be 0.05, so that to find the first set of 

variable (K) and (a) that will satisfy the satellite attitude control specifications. 

The closed loop transfer function 
)(

)(

s

s

i

o




 is given by; 

)2)5(6(

)2(

)(

)(
2234

22

KaKassKss

KaKasKs

s

s

i

o









   ………………..  (22) 

A possible MATLAB program that produces the first optimal set of variable (K,a) and 

that will satisfy the given specifications is shown in appendix (1). The optimal values 

obtained by this program are; K = 21.0000, a = 0.3000, m% =4.71%, ts = 1.8100 sec.     

The resulting unit-step response curve is shown in appendix (2). 
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STABILITY ANALYSIS: 
  The designed optimal controller satellite attitude system may confidently be 

verified further by the stability analysis via Nyquist diagram. Thus, the open loop gain 

is given below:
)5)(1(

)(
)()(

2

2






sss

asK
sGsG satc    ……………. (23) 

Substituting the optimal values (K, a) of the PID controller in the above equ., and re-

write it into a polynomial form, we get;
)56(

)89.126.121(
)()(

34

2

sss

ss
sGsG satc




 … (24) 

Consequently, the Nyquist plot is shown in appendix (4) as a result of running the 

MATLAB program in appendix (3). 

Since the (-1) point is not encircled, the system is stable, which is confirmed 

by the obtained step response of the satellite attitude control system, as the unit step 

response exhibits the maximum overshoot, m,  between 5% and 0%, the settling time, 

ts, is less than 2 sec, and zero steady state error. Thus the satellite did not lose control 

of itself when performing the real life operations in space. 

COCLUSION 

 

 A PID controller is optimally designed for the satellite attitude control system 

so that the satellite body can be rotated around the desired Yaw-axis attitude of (90) 

degrees as quickly as less than (2) second settling time without excessive overshoot of 

not more than 4.71 %. A mathematical model for the satellite attitude control system 

is derived to be repeatedly utilized in analysis and design of the PID controller.  

 

The powerful MATHLAB was the tool for the design and stability analysis 

stage. The outcome is a MATHLAB program which outputs an optimal PID 

controller parameters (K, a) to suite the control requirements of any satellite attitude 

control system.  
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%%%%%%     PID controller for the SAC system %%%%%%%%%%%%%%%%                 

t=0:0.01:2.5; 

for k = 40:-1:2;%start outer loop to vary the k values 

    for a = 0.5:-0.05:0.05;%start inner loop to vary the k values 

        num = [0 0 k 2*k*a k*a^2]; 

        den = [1 6 5+k 2*k*a k*a^2]; 

          y = step(num,den,t); 

          m = max(y); 

          s = 251; while y(s)>0.98&y(s)< 1.02; 

              s = s-1;end; 

          ts = (s-1)*0.01; 

          if m<1.05 & m > 1.00 & ts < 2.0 

              break;% breaks the inner loop 

          end 

    end 

    if m<1.05 & m > 1.00 & ts < 2.0 

              break;% breaks the outer loop 

          end 

    end 

    plot(t,y); grid; title( 'the satellite attitude control system unit step response') 

    xlabel('t  sec'); ylabel(' the satellite angular yaw axis position') 

   solution = [k;a;m;ts] 

  

solution = 

  

   21.0000 

    0.3000 

    1.0471 

    1.8100 

               

Appendix (1): a MATHLAB program to obtain the optimal PID controller   

                       parameters (K, a) that meets the satellite attitude control system. 
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Appendix (2): The unit step response of the SAC system. 

 

%%%%%%% Nyquist plot of the SAC system open-loop transfer function %%%%% 

%%%% Gc(s)Gsat(s) = (21s2+1.26s+1.89)/(s4+6s3+5s2)%%%%%% %%%%%%% 

 

num = [0 0 21 1.26 1.89]; 

den = [1 6 5 0 0]; 

nyquist(num,den) 

v = [-2 2 -5 5];axis(v) 

grid 

title('Nyquist plot of Gc(s)Gsat(s)') 

Appendix (3): MATLAB program to plot the Nyquist Stability Diagram for the PID- 

                        controlled satellite attitude system. 
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Appendix (4): Nyquist Stability Diagram for the PID-controlled satellite  

                       attitude system. 
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ABSTRACT: 

This paper describes two new developed detection processes for a modem over the public 

switched telephone network. The modem is a synchronous serial system using a 16-point 

QAM signal with a detector. The detector is preceded by an adaptive filter that is adjusted 

to make the sampled impulse response of the channel and filter minimum phase. The idea 

of these two new detectors is to transmit a known retraining data every specified interval 

and make use of these known data to improve the conventional nonlinear equalizer and 

near maximum likelihood detector. 

Results of computer simulation tests are presented comparing tolerance to additive white 

Gaussian noise with retraining and with out retraining. The detectors with retraining 

achieve a better noise performance than conventional detectors. Furthermore the amount 

of retraining data is varied to find the best compromise between efficiency of data 

transmission and performance improvement   

 

 

 -خلاصة:

 يسبق .يع انكاشف   (QAM-16)طشيقخيٍ نعًهيت انكشف نًىدو يعًم عهً خظ انخهفىٌ: انًىدو يسخعًم     هزا انبحثيصف 

 فكشة هزاٌ انكاشفاٌ هى اسسال يعهىياث . طىسنهحذ ادًَ  ثششح يخكيف نجعم اسخجابت انقُاة انًقطعت يع انًششح راانكاشف ي 

 ئج انًحاكاة باسخخذاو انحاسبت قذيج حيث حًجاَخ يخفق عهيها بشكم دوسي والاسخفادة يٍ هزِ انًعهىياث نخحسيٍ اداء انكاشف

 اسخخذاو انًعهىياث انًخفق عهيها ادي انً ححسٍ اداء ًخفق عهيها وبذوَها.ان عهىياثانً إسساليع   انًقاسَت بيٍ اداء انكاشف 

 حى ايضا حغيشَسبت انًعهىياث انًخفق عهيها لايجاد افضم َسبت انخً حجًع بيٍ كفاءة الاسسال يع  انكاشفيٍ بانُسبت نهضىضاء.

 جىدة الاداء بانُسبت نهضىضاء 

      

KEYWORDS: 
Detection,Equalizers,simulation,telephone channel,data transmission 

 

INTRODUCTION: 

In the search for a data- transmission system that achieves the fastest possible 

transmission over a linear channel ,a study must be made of the detection processes that 
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are the most tolerant to a considerable reduction in the bandwidth of the transmitted 

signal and hence a considerable intersymbol interference. The intersymbol interference 

can be removed by means of an equalizer which may be linear or nonlinear. But a better 

tolerance to noise is achieved through the use of a maximum likelihood sequence 

estimation implemented with Viterbi algorithm in place of the equalizer (Forney, 1972; 

Proakis,2001). 

Unfortunately with severe intersymbol interference Viterbi algorithm becomes 

unacceptably complex, so that a simpler but somewhat less effective detector must be 

used. Considerable advances have been achieved in the development of a potentially cost 

effective detector, for the application just mentioned ( Eyuboglu andQuereshi,1988;Duel-

Hallen and Heegard,1989;Gerstacker and Schober,2002;Kamel and Bar-

Ness,1994;Olivier et al,2003 )(Xiang-guo and Zhi,2005) 

A promising technique for overcoming this problem is to modify the Viterbi algorithm 

detector in such a way as to reduce both the amount of storage required  and the number 

of  operations per received data symbol but without reducing greatly the tolerance of the 

detector to noise, such  systems are referred to as near maximum likelihood detector. 

These detectors, operate basically similar to the Viterbi algorithm but using a different 

selection process for the stored sequence of possible data symbol values, and only a very 

few of these sequences (typically 4-16) are stored with the corresponding costs  (Clark et 

al ,1978;Clark and Fairfield,1981;Clark and Clayden,1984;Clark et al 1985;Clark and 

Abdullah,1987;Alhakim and Abduulah,1990) 

 

* System model: 

A model of the synchronous serial data transmission is shown in fig.1.  

 

 

 
 

The information to be transmitted is carried by the data symbol {si} where 

 

   (1) 

And   ai = ±1 or ±3 and bi= ±1 or ±3 .  

Low 

pass 

filter A 
Transmission path + 

Low 

pass 

filter B 

Linear feedforword 

transversal filter D 

detector 

White 

Gaussian noise 

(si) 

(si’) 
(vi) 

t=iT 

r(t) (ri) 

Fig.1 Model of data transmission system 
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The {si} values are statistically independent and equally likely to have any of their 16 

possible values (16 point QAM). It is assumed that si =0 for i<0, so that si is the (i+1)
th

 

transmitted data symbol (Fig.2).QAM is used because it is a bandwidth efficient 

modulation technique  

 

 

 
 

. 

The linear baseband channel includes a low-pass filter A ( transmitter output filter),a 

linear baseband transmission path and a low pass filter B(receiver input filter).The 

transmission path includes a telephone circuit, together with a linear modulator  at the 

transmitter and  a linear demodulator at the receiver. The resultant channel has an 

impulse response y(t),which has ,for practical purposes, a finite duration while Gaussian 

noise is added to the data signal at the output of the transmission path  to give the 

bandlimited Gaussian noise waveform w(t),with zero mean and fixed variance, at the 

output of the low pass filter B. The output waveform for the linear baseband channel is 

 

  (2) 

 

where r(t), y(t-iT) and w(t) are complex valued  in the case of telephone circuits, the 

shape of y(t-iT) is independent of iT, such that y(t-iT) is y(t) delayed by iT seconds. The 

received waveform r(t) is sampled at the time instants{iT} to give the samples {ri}, 

which are fed to the linear feedforward filter D, whose corresponding output samples are 

the {vi }. The real and imaginary parts of the noise components in the {ri} are statistically 

independent Gaussian random variable with zero mean and fixed variance. The resultant 

sampled impulse response of the linear baseband channel and filter is given by the vector 

(sequence) 
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    E=[ 1 e1 e2  …… eg ]                      (3) 

 

The delay in transmission over the channel and filter D, other than that involved in the 

time dispersion of the signal, is neglected here, so that the first component of E (with 

value unity)is taken to have no delay. Also ei =0 for i < 0 and i > g. 

The linear filter D is an all pass network that adjusts the sampled impulse response of the 

channel and filter to be minimum phase .This filter may be adjusted adaptively without 

too much complexity(clark and hau,1987 ).The ideal adjustment of the filter is assumed 

throughout this paper. The signal at the output of the filter D, at time t=iT, is 

 

   (4) 

 

Where the real and imaginary parts of the {ui} are statistically independent Gaussian 

random variable with zero mean and fixed variance σ
2
. The detector has exact prior 

knowledge of E and the possible values of si. It uses this prior knowledge to determine 

the detected values of {s`i} from its input signals { vi }.  

 

CONVENTIONAL NONLINEAR EQUALIZER: 

In the conventional nonlinear equalizer just prior to the detection of si, the equalizer form 

 

     (5) 

 

This is an estimate of the intersymbol interference in zi and is subtracted from vi to give 

the equalized signal 

 

       fi =vi –zi      (6) 

 

Which is fed to a threshold level detector, with correct detection of the data symbols si-1  

,si-2,   ……, si-g   the equalized signal becomes 

 

       fi =s`i eo +wi     (7) 

 

si  is now detected as its possible value s`i such that s`i eo  is closest to  fi. The incorrect 

detection of one or more of the data symbols si-1  ,si-2,   ……, si-g leads to intersymbol 

interference in fi and so greatly increase the probability of error in si. Errors in the 

detected data symbols therefore tend to occur in bursts (Clark and clayden, 1984)  

 

CONVENTIONAL NONLINEAR EQUALIZER WITH RETRAINING: 

Here it is similar to the conventional nonlinear equalizer except that at the end of training 

period it starts with correct detected data symbols {si}(fig. 3 )from the known retraining 

period. Hence there will be a correct cancellation of intersymbol interference at each 

retraining period (eq. 6) .Fig.3 shows how the sequence of information data and training 

is transmitted. Furthermore it shows the various amount  of training that is transmitted in 

each case  
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Retraining is already used in communication systems(such as GSM)(Olivier et 

al,2003).This detector makes use of it. 

 

 

 

 

 

 

 

 

 

  
NEAR MAXIMUM LIKELIHOOD DETECTOR (CLARK AND ABDULLAH, 

1987): 
The data transmission is as shown in fig.1, just prior to the receipt of the signal vi from 

the filter D. The detector holds in store 16 n-component vector (sequence){Qi-1}where 

 

Qi-1 =[xi-n  xi-n+1    … xi-1  ]   (8) 

1 20 100 120 

Setting 

vectors to 

correct one 

1 20

1 

500 520 

(a) 

(b) 

1 20

1 

1000 1020 

(c) 

Fig.3 Different retraining cases (a) 20-100, (b) 20-500, and (c) 20-1000 

Data 
Training 

data 
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And xi-h  takes on a possible value of si-h for h=1,2,… n. Each vector Qi-1 represents a 

possible sequence of values of the data symbols si-n  si-n+1    … si-1. Each of these vectors 

is first expanded to give the corresponding vector Pi  

 

 Pi =[xi-n  xi-n+1    … xi-1 xi ]   (9) 

 

And hence the corresponding vector Qi with the smallest cost. The cost is calculated from 

the equation 

 

   
2

1    nniiii exvCC     (10) 

 

Where Ci-1   is the cost of the vector Qi-1  from which Pi was derived. Three vectors {Qi}  

are added to each of the two smallest cost vectors, that differ only in the last component 

and with smallest cost. One vector Qi  is added to the third and fourth smallest costs of 

the set of 16,differing only in the last component and with smallest cost. No vectors are 

added to the four vectors {Qi} having the fifth to eighth smallest cost of the original set of 

16 and the remaining eight of this set of vectors are discarded. There are now 16 vectors 

{Qi} together with their costs. The detected. Value si-n'  of the data symbol si-n  is now 

taken as the value xi-n  in the vector Qi with smallest cost in the final set of 16 vectors 

 

NEAR MAXIMUM LIKELIHOOD DETECTOR WITH RETRAINING: 

Its operation is similar to near maximum likelihood detector above except that at the end 

of every training period the {Qi} vectors are set to the correct one (correct si-1, si-2, …, si-g) 

(during the training period  the data transmitted is  known so it starts with correct vector) 

During normal data transmission if due to noise the minimum cost vector becomes 

different from the correct one the training period reinitializes it with correct one to start 

again from a correct vector(fresh start) 

 

COMPUTER SIMULATION TESTS: 

Computer simulation tests have been carried out on the various systems described here to 

determine their relative tolerance to additive white Gaussian noise when operating over 

models of two different telephone circuits. The systems are as shown in fig.1 and 

described in sections 3-6The telephone circuits 1 and 2 are close to the typical worst 

circuits on the public telephone network in the UK. Table 1 shows the sampled impulse 

response of the linear baseband channel and adaptive filter in fig 1. 

Figs 3-6 show the performance of the various systems over the telephone circuits 1 and 

2.The signal to noise ratio (SNR)is here taken to be ψ dB where 

 

2

5
log10


       (11) 

 

The mean-square value of si  being 10 and the variance of  vi being 2σ
2
 

The delay in detection for near maximum likelihood detector has been set equal to n=20 
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Table 1 : Sampled impulse response of baseband channel and adaptive filter in fig. 

1, for each of the two telephone circuits(Clark and clayden,1984) 

Telephone circuit 1 Telephone circuit 2 

Real part Imaginary part Real part Imaginary part 

1.0000 0.0000 1.0000 0.0000 

0.4861 1.0988 0.2544 1.9941 

-0.5980 0.0703 -1.7394 -0.2019 

0.1702 -0.1938 0.6795 -0.8086 

-0.0245 0.1000 0.0408 0.5113 

0.0100 -0.0258 -0.1189 -0.1463 

-0.0134 0.0110 0.0343 0.0420 

0.0056 -0.0042 -0.0185 -0.0364 

0.0003 0.0003 0.0139 0.0261 

-0.0008 0.0041 -0.0102 -0.0009 

0.0000 -0.0061 -0.0019 -0.0034 

0.0007 -0.0007 0.0037 -0.0046 

0.0037 0.0002 -0.0028 -0.0006 

-0.0019 -0.0025 -0.0019 -0.0046 

0.0020 0.0008 0.0083 0.0022 

0.0005 -0.0002 -0.0056 0.0059 

-0.0022 0.0002 -0.0046 -0.0028 

0.0007 -0.0005 0.0049 -0.0019 

-0.0008 0.0002 -0.0009 0.0037 

0.0005 0.0005 -0.0009 0.0003 

 

 

It can be seen from figs 4 and 5 for nonlinear equalizer with various amount of retraining 

that for telephone circuit1 at an error rate of   10
-3

  an improvement of around 3 db is 

gained by using 20% retraining(20-100).Furthermore 1.5 db is gained for 4% 

retraining(20-500) 

For telephone circuit 2 which has more severe intersymbol interference at error rate 10
-3

  

there is around 4 db improvement when using 20% retraining and 2 db for 4% retraining 

Furthermore in the case of near maximum likelihood detector figs 6 and 7 for telephone 

circuit 1 at 10
-3

  error rate there is  around 1.5 db improvement for 20% retraining over no 

retraining, and 1 db for 4% retraining 

Finally for telephone circuit 2 and near maximum likelihood detector there is 2 db 

improvement for 20% retraining over the conventional near maximum likelihood 

detector(no retraining) at an error rate of 10
-3

  and 1 db for 4%retraining 
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Fig5 Variation of error rate with SNR for 

nonlinear equalizer over telephone circuit 2 
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Fig4 Variation of error rate with SNR for 

nonlinear equalizer over telephone circuit 1 
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Fig6 Variation of error rate with SNR for near 

maximum likelihood over telephone circuit 1 

Fig7 Variation of error rate with SNR for near 

maximum likelihood over telephone circuit 2 
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CONCLUSIONS: 

Retraining of near maximum likelihood detector and conventional nonlinear equalizer 

improves its noise performance at the expense of reducing efficiency of data 

transmission. Furthermore it can be concluded that the improvement obtained in the case 

of nonlinear equalizer  is more than that of near maximum likelihood detector. The 

nonlinear equalizer with retraining seems to be a promising detector that combines both 

simplicity and performance. The retraining amount could be decided according to the 

application  

Future work may include using retraining with Viterbi algorithm to improve its 

performance. Also fading channels may be used instead of telephone circuits 

 

 

 

REFERENCES: 

Alhakim S.S and Abdullah S.N(1990)”Flexible pseudo binary and psudo quaternary 

detector for 9600 bit/s modem”IEE Proc.Vol 137 .pt.I No.2  

 

Clark A.P and Fairfield M.J(1981)”Detection processes for a 9600 bit/s modem”Radio & 

Electron.Eng.,Vol. 51,pp.455-465 

 

Clark A.P,.Harvey J.D and.Driscoll J.P(1978):”Near maximum likelihood detetion 

processes for distorted digital signals”Radio&Electron.Eng. Vol. 48,pp.301-309 

 

Clark A.P.,and Clayden M(1984):”Psudobinary Viterbi detector”IEE 

Proc.F,Commun.,Radar &signal process, Vol 131,(2),pp.208-218 

 

Clark A.P, Abdullah S.N, Jayasinghe.S.Gand Sun: K.H.(1985)”Pseudobinary and 

pseudoquaternary detection processes for linearly distorted multi level QAM 

signals”,IEEE Trans, COM-33,pp.639-645 

 

Clark A.P and.Abdullah S.N(1987):”Near maximum likelihood detectors for voiceband 

channels”IEE.F,Commun.,Radar & signal prosesses”Vol. 134,(3),pp.217-226 

 

Clark A.P and Hau S.F(1984)”Adaptive adjustment of receivers for distorted digital 

signals”IEE Proc.F,Commun.,Radar & signal process,Vol. 131,(5),pp.526-536 

 

Duel-Hallen .D.and Heegard C(1989)”Delayed decision feedback sequence 

estimation”IEEE Trans.Comm.,Vol 37,pp428-436 

 

Eyuboglu V.M and S.U.Quereshi S.U.(1988)”Reduced-state sequence  estimation with 

set portioning and decision feedback”IEEE Trans.Comm.Vol 36 ,pp 13-20 

 

FORNEY G.D.(1972):”Maximum Likelihood Sequence Estimation for digital sequences 

in the presence of intersymbol interference”IEEE Trans. IT-18,pp.363-378 

 

Fig. 3 variation of error rate with SNR  



Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

 

3346 

Gerstacker W.H. and. Schober R.(2002)”Equalization concepts for EDGE”IEEE Trans. 

Wireless Comm.Vol 1.pp.189-199 

Kamel R.E and Bar-Ness Y.(1994)”Reduced-state sequence estimation of digital 

sequences in dispersive channels using state partioning”Electronic Letters.Vol.30 No.1  

 

Olivier J.C.ang-Yick leong,chengshan Xiao and Mann K.D(2003)”Efficient equalization 

and symbol detection for 8-psk EDGE cellular system”IEEE Trans.on Vehicular 

technology.Vol 52.No 3. 

 

Proakis .J (2001),”Digital communications”Fourth ed New York,McGraw Hill 

Xiang-guo Tang,Zhi Ding(2005)”Low-complexity Itertative equalization for EDGE with 

bidirectional processing”IEEE transactions on Wireless communication,vol.4No.5  



Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

 

9933 

 

 

 

 

 

 

 

 

 

 

EFFECT OF AL HUWAYZA MARSH BOUNDARY 

CONFIGURATION ON THE VELOCITY PATTERNS AND 

WATER QUALITY DISTRIBUTION 
 

Riyadh Z. Al Zubaidy 

Shaimaa U. Kareem 

Department of Water Resources, University of Baghdad 

 

   

ABSTRACT 
A two-dimensional depth-averaged hydrodynamic model and a two-dimensional water 

quality parameters transport model were developed to simulate the characteristics of Al 

Huwayza Marsh, which is considered the largest and most important marsh in the south of 

Iraq.  The hydrodynamic model for Al Huwayza Marsh was built by using RMA2 model, 

while the water quality model was built by using RMA4 model.  These two models are part of 

Surface Water Modeling System, SMS, software package.  

To investigate the effect of the marsh boundary configuration on the variation of the 

velocity pattern and the water quality within the marsh, both of the hydrodynamic and the 

water quality models were applied to three cases of boundary configuration of Al Huwayza 

Marsh. The first case represents the natural extension of the marsh boundary. The second case 

represents the existing boundary configuration of the marsh, in which the south west of the 

marsh is bounded by a dyke. The third case represents the Iraqi part of the marsh bounded by 

the south west dyke and a dyke along the Iraq-Iranian borders, which when completed will 

separate the marsh into two parts.    

Models runs were based on above cases of Al Huwayza Marsh boundary configuration 

and topographical survey, hydrological measurements and routing, and water quality 

measurements carried out by the Center of Rehabilitation of Iraqi Marshlands. Discharges of 

all feeders and stages of the outlets are considered for wet, normal, and dry years.  Feeder’s 

seasonal discharges were averaged.  High and low concentrations of three selected water 

quality parameters of the marsh feeders were adopted in the model runs.   

Generally, it was found that the flow velocities are relatively high at the inlets and 

outlets of the marsh.  The construction of the dyke along the Iraqi-Iranian border leads to 

variation in the direction of water flow in all portions of the marsh and a great reduction in 

AsSuwayb River discharge. While, a slight effect was noticed in the mixing process of the 

feeders’ water of different concentration in case three compared to other cases   
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 :الخلاصة

 ىور الحويزة الذي يعد منلتمثيل خصائص   مياهالونموذج نوعية  البعد نموذج ىيدروديناميكي ثنائي اعدادتم 
.  أما نموذج RMA2الحويزة باستخدام نموذج  رناء النموذج الييدروديناميكي ليو تم ب .اىم اىوار العراق الجنوبيواكبر و 

 Surface Water Modelingلنظام البرمجياجزء من نماذج وىما  RMA4ذج نوعية المياه فقد تم بناؤه باستخدام نمو 

System . 
 حالةلبيان اثر تم تطبيق النموذج الييدرولكي ونموذج نوعية المياه عمى ثلاث حالات من حدود ىور الحويزة   

 .تداد حدود اليور الطبيعيةالحالة الاولى تمثل وضع ام .ونوعية المياه داخل اليور تغاير انماط السرع  يورعمىالحدود 
والحالة الثالثة تمثل وضع اليور  .الة وجود سدة جنوب غرب اليورل الوضع الحالي لحدود اليور وىي حوالحالة الثانية تمث

والتي ستقسم اليور  انشاء السدة عمى امتداد الحدود العراقية الايرانية ضمن ىور الحويزة لضمن الحدود العراقية بعد اكما
   .ئينالى جز 

نتائج القياسات الييدرولوجيو وعمى نتائج استتباع وضعية حدود ىور الحويزة و  عمى تطبيق النماذجاعتمدت 
قيم التصاريف لممداخل  مع تم التعامل. الذي تم تنفيذه من قبل مركزانعاش الاىوار العراقيوو المسح الطوبوغرافي الجريان 

لة والجافو حيث تم اخذ المعدلات الفصميو لتمك التصاريف، اما في نموذج خارج عمى اساس السنوات الرطبة والمعتدموال
  .لبعض معايير مختارة لنوعية مياه مغذيات اليورنوعية المياه فقد تم اعتماد اعمى واقل التراكيز 

اد ان انشاء سدة عمى امتد  .ىور الحويزة عند مداخل ومخارج ملاحظة كون سرع الجريان عالية نسبياتم  ،عموما
بينما  .وقمة كبيرة في تصاريف نير السويب اليورغير في اتجاىات جريان الماء في معظم الحدود العراقية الايرانية سيؤدي ت

  .ن التاثير قميل عمى عممية الخمط داخل اليور لمياه المغذيات المختمفة التراكيز في الحالة الثالثة مقارنة ببقية الحالاتاك
 

KEY WORDS  

Al Huwayza Marsh, RMA2, RMA4, Hydrodynamic model, Water quality model.  

 

 

INTRODUCTION 

The Iraqi marshlands are the largest wetland ecosystem in the Middle East and Western 

Eurasia. These marshes began to decline as a result of the increasing water demand for 

different uses and dam building upstream Tigris and Euphrates Rivers in Turkey, Syria and 

Iraq, which attenuated the rivers natural flows.  Iraq attempts to restore these marshes through 

the actions of the Center of Restoration of the Iraqi Marshlands, CRIM,  of the Ministry of 

Water Resources and some of interested international organizations. 

Al Huwayza Marsh, which is considered as the largest Iraqi marshland, spreads on the 

east side of Tigris River within Misan Governorate crossing the Iraqi-Iranian borders. The 

major part of the marsh lies within the Iraqi borders.   

During the eighties of the last century, dykes were constructed west of Al- Huwayza 

Marsh for flood protection and military purposes.  Recently, construction of a new dyke has 

been started along the Iraq-Iranian borders within the marsh area that will separate the marsh 

into two parts.  

 Generally, this study is focused on building both hydraulic and water quality models 

of Al Huwayza Marsh to investigate the effects of the change in the marsh boundaries, due to 

the constructed dykes, on the velocity distribution, circulation, and the water quality variations 

of some selected contaminants.   

 

 

 

GENERAL DISCRIPTION OF AL HUWAYZAH MARSH 
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  Al Huwayza Marsh is located to the east of the Tigris River in Misan Governorate and 

extended to the Iraqi-Iranian borders as shown in Fig.1. The total length of Al Huwayza Marsh 

is about 80km measured from the northern bank of the marsh close to Ghzayla-AshSheeb 

check point road down to Southern bank at AsSuwayb River.  The average width of this marsh 

is about30km, measured from the flood protection dykes along its west bank to the Iranian 

lands at its east bank. 

  Al Musharah, Al Ka'hla River, Al Karkheh River, and AsSanna'f Marsh are the main 

feeders, while Al Kassara and AsSuwayb Rivers are the main discharge outlets of the marsh. 

The total area of Al Huwayza varies between 2350 and 3500km
2
 in the flood season, 

and it is reduced to the half during the dry season, Mohamed, 1999.  Only the deep parts of 

marsh that remain forming water ponds such as Al Huwayza, Um -Elniaj and Al Adhaim, 

these water ponds are connected to each other by water paths that pass through dense areas of 

Weeds, Reeds, Papyrus and other water bushes types,  Al Furat Center, 2003. 

The water level elevations during autumn vary between 1 to 2m a.m.s.l. then increase 

to about 4.5m at the western part of the marsh in the end of spring and the early summer.  The 

deepest part of the marsh is at its northern part, including permanent lakes were the depth of 

water exceeds 6-8m, the depth of water reduce going towards the south.  However, in major 

parts of the marsh, particularly that at the Iranian part of the marsh, the depth of water is less 

than 3m, allowing the growth of reed. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1. General view of Al Huwayza Marsh. 
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THE MATHEMATICAL MODELS  

The Surface Water Modeling System, SMS, RMA2 is a two-dimensional, finite 

element hydrodynamic modeling code that supports subcritical flow analysis.  It computes a 

finite element solution of the depth-integrated equations of fluid mass and momentum 

conservation in two horizontal directions. Friction is calculated with the Manning’s or Chezy’s 

formula, and eddy viscosity coefficients are used to define turbulence characteristics Donnell, 

2004 a.  RMA2 model was used to compute the water surface elevation and velocity variation 

over Al Huwayza Marsh. 

The Surface Water Modeling System, SMS, RMA4, is a companion model to RMA2, 

is a finite element water quality transport numerical model. RMA4 is applied to represent the 

transport of a contaminant, salinity intrusion in a system.  RMA4 was used to investigate the 

movement of some of the water quality parameters inside Al Huwayza Marsh.  

 

THE BOUNDARY CONDITIONS 

Fig. 2 shows a schematic diagram of the boundary conditions of Al Huwayza marsh 

that were applied in the hydraulic analysis. Feeders flow assigned values were used at the 

upstream boundary and the marsh outlets stage hydrographs were used as downstream 

boundary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Boundary conditions schematic diagram of Al Huwayza Marsh. 
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CASES STUDIES  

Three cases were taken into consideration, which depend on the Al Huwayza Marsh 

boundaries configuration.  The first case represents the natural extension of the Al Huwayza 

Marsh boundaries, the second; represent the present situation of marsh boundaries where the 

south-west dykes limiting the natural extension of the marsh, and the third case represents the 

Iraqi part of the Al Huwayza Marsh only after completion of the east dyke along the Iraqi-

Iranian borders. 

    

Case One 

In this case study, Al Huwayza Marsh extends beyond the current existing south-west 

dykes as shown in Fig. 3, which represents the natural extension of the marsh. The south-west 

dykes were constructed for military purposes during the first gulf war The maximum surface 

area of Al Huwayza Marsh for this case, when the water level at 7m a.m.s.l., is about 1800km
2
 

with a storage capacity of about 5896 million m
3
.  Al Huwayza Marsh with this boundary 

configuration was studied by CRIM in year 2006. The study carried out hydrologic and 

hydraulic investigations and water quality field measurements. Discharges were estimated to 

be assigned for the marsh, this estimation depending on the results of the hydrological routing 

scenario for wet, normal, and dry years.  

 
Case Two 
  In this case study, Al Huwayza Marsh is bounded by the south-west dykes as shown in 

Fig 3. This case represents the existing boundary configuration of the marsh. The maximum 

surface area of Al Huwayza Marsh for this case is about 1240km
2
 with a storage capacity of 

about 4400 million m
3
.  

 

Case Three 

This case study includes the Iraqi side of Al Huwayza Marsh only because of Iran has 

planned and started constructing a dyke along its borders with Iraq within the marsh area, 

which when will be completed will separate the marsh into two parts. The total area of Al 

Huwayza Marsh within the Iraqi borders is about 1013km
2
 with a storage capacity of about 

3735million m
3
.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.  Sketch to define Al Huwayza Marsh boundaries. 
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REQUIRED DATA  

Discharge of all feeders and stages at the outlet were considered for for wet, normal 

and dry years. The discharges of all feeders are presented in Table 1. The averaged inflow 

from the Karkheh River into the marsh has been obtained from the Azadegan Environmental 

Baseline studies, Iranian Ministry of Environment 2004, where the maximum flow entering 

the marsh was 220m
3
/sec during April and the minimum value of flow during October was 

19m
3
/sec. The stages at the outlets were considered from the hydrologic routing achieved in 

the study of CRIM, 2006  

 Water quality analysis was based on the highest and lowest concentrations of the water 

quality measurements at the marsh feeders that were carried out by CRIM during the period 

from January to July 2006, which are presented in Table 2.   

 

Table 1.  The averaged seasonal discharges in m
3
/sec of each feeder during wet, normal 

and dry years, after CRIM, 2006. 

Season 

Feeder 

Al Husachi Um AtTooss 
Al Msharah and  

AsSanna’f Marsh 
Al Karkheh 

W
et

 y
ea

r
 

Winter 96 60 184 130 

Spring 75 53 37 207 

Summer 38 25 18 55 

Autumn 77 51 32 30 

N
o
rm

a
l 

Y
ea

r
 

Winter 56 37 72 83 

Spring 25 19 17 145 

Summer 18 12 9 32 

Autumn 27 18 13 20 

D
ry

 Y
ea

r
 

Winter 6 4 3 45 

Spring 4 3 5 68 

Summer 5 3 4 19 

Autumn 7 4 5 12 

  

Table 2.  High and low concentrations of  contaminants  , after CRIM, 2006. 

River 

Contaminant 

High Concentrations 
Low Concentrations 

PH 

 

TDS 

(mg/l) 

NO3 

(mg/l) 

TURB. 

(NTU) 

SO4 

(mg/l) 

PH 

 

TDS 

(mg/l) 

NO3 

(mg/l) 

TURB. 

(NTU) 

SO4 

(mg/l) 

Al Msharah 8.2 2670 9.8 145 280 7 430 2.8 1.02 90 

Um AtTooss 8.3 1310 10 3136 260 7.4 540 0.88 26.69 165 

Al Husachi 8.3 1390 8.86 359 280 7.3 530 3.24 14.17 110 

Al Karkheh 8 1400 0.5 35 290 7.2 900 0.28 7 200 
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Topographical survey of the Al Huwayza Marshwas carried out by CRIM, 2006,  and 

is presented in Fig. 4. Based on the topographical survey, the area elevation and storage 

elevation relations for case one and two were computed and presented by CRIM, 2006. While, 

the area elevation and storage elevation relations for case three was computed and presented in 

Figs 5 and 6, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Bed elevation of Al Huwyzah Marsh, after CRIM, 2006. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Computed Area- Elevation curve of Al Huwayza Marsh, case three. 
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Fig 6. Computed storage- Elevation curve of Al Huwayza Marsh, case three. 

 

Manning roughness coefficient was used to define the bed friction of marsh and a value 

of 0.045 were used for shallow non vegetated part and 0.07 for shallow vegetated part of the 

marsh.  Typha and reed are the major aquatic plants within the marsh, theses aquatic plants 

cannot grow when the water depth is greater than 2m.   This is the criteria used to separate the 

vegetated from non vegetated zones within the marsh. The Manning roughness coefficient as a 

function of depth that was obtained from RMA2 model is shown in Fig. 7. 

The eddy viscosity is an addition coefficient that must be specified in the implementation 

of the model. The value of eddy viscosity affects stability and turbulent fluid characteristics. 

More than one technique was adapted in the definition of the eddy viscosity number.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.  Roughness values of Al Huwayza Marsh. 
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VERIFICATION OF THE HYDRAULIC MODEL 

The verification consists of comparing field water surface elevation at two locations in 

Al Huwayza marsh which are Al-Adhaim and AsSodda bridge.  Fig. 8 shows a good 

satisfactory between the model predicted data and field measurement data at the two gauge 

stations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a- at AsSodda Bridge station 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
b- at Al Adhaim station. 

 

 

Fig. 8. Water surface elevation comparison at selected measuring stations. 
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ANALYSIS OF THE CASE STUDIES  

The velocity pattern and the water quality distribution of the three cases of boundary 

configuration of Al Huwayza Marsh were analyzed as follows: 

 

Case one 

The flow velocity patterns were analyzed for wet, normal and dry years as shown in 

Figs. 9 to 11, respectively.  It is clear that the topographic of the marsh bed (refer to Fig. 4), 

inflow (season) and the outlets capacities affecting the velocity profiles. The velocities are 

higher at the inlets and outlets of the marsh than that at the interior part of the marsh.  The 

maximum velocities are at the outlets of the marsh, Al Kassara and AsSuwayb. 

 

 

                                                                       

 

 

 

 

 

 

      during spring       during summer          during autumn         during winter     

Fig.9. Velocity pattern within the marsh during a wet year, case one. 

 

 

 

 

 

 

                                                                          

 

during spring         during summer          during autumn         during winter     

 

Fig.10. Velocity pattern within the marsh during a normal year, case one. 
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during spring       during summer          during autumn         during winter     

Fig.11. Velocity pattern within the marsh during a dry year, case one 

 

Case Two 

Fig. 12 to 14 shows the flow velocity pattern for wet, normal and dry years of case 

two, respectively.  In addition to the above mentioned factors affecting the velocities within 

the marsh the marsh boundary configuration is an additional factor that affects the velocity 

variation within the marsh.  Velocities of water are relatively high at outlets of the marsh but 

the velocities at some of the inlets are reduced compared to that of case one. This reduction 

may be referred to the increase in water level elevation within and the overall change in the 

velocity patterns within the marsh.    

 

 

 

                                                                       

 

 

 

 

 

 

        during spring        during summer           during autumn            during winter     

Fig.12. Velocity pattern within the marsh during a wet year, case two. 
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                      during spring           during summer           during autumn          during winter     

  

Fig.13. Velocity pattern within the marsh during a normal year, case two. 

 

 

 

 

 

 

 

 

 

          during spring           during summer          during autumn           during winter       

Fig.14. Velocity pattern within the marsh during a dry year, case two 

 

Case Three 

The velocity patterns within the marsh for wet, normal, and dry years are analyzed as 

shown in Figs.15 to 17, respectively. The velocity values Al Kassara River is of the high 

velocity. Most of the out flow in this case is through Al Kassara River, while the flow towards 

AsSuwayb River is reduced greatly and is approaches zero flow.    The velocities at the north 

east of the marsh near Al Karkheh River toward AsSuwayb River at the south along the Iraqi-

Iranian borders are reduced greatly,  the water in this area is considered shallow and of very 

low level of water because of the construction of the dyke in this area. Some of the marsh 

areas are left dry.  

By comparing the velocity profiles of case three with that of case one and two, a high 

changes in velocity profiles can be notice at all parts of Al Huwayza Marsh for all of flow 

conditions as a result of construction of the dyke along the Iraqi-Iranian borders.  
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            during spring       during summer          during autumn         during winter     

Fig.15. Velocity pattern within the marsh during a wet year, case three. 

 

 

 

 

 

 

                                                                          

 

 

       during spring         during summer          during autumn         during winter     

 

Fig.16. Velocity pattern within the marsh during a normal year, case three. 

 

 

 

 

 

 

 

 

 

            during spring          during summer          during autumn         during winter     

Fig.17. Velocity pattern within the marsh during a dry year, case three. 
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EFFECT BOUNDARY CONFIGURATION ON OUTLETS DISCHARGES  

The discharges throughout Al Kassara and AsSuwayb Rivers are affected greatly by 

the boundary configuration of Al Huwayza Marsh.     Table 3, shows the discharges through 

these two outlets for the three cases of boundary configuration. The great impact is in case 

three because of the construction of dyke along the line of the Iraqi-Iranian borders, in this 

case the velocities are reduced where the minimum value is at AsSuwayb River and the 

discharges in this river will reduced greatly.  

 

Table 3.  The discharges in m
3
/sec of  Al Kassara and AsSuwayb outlet during wet, normal, 

and dry years. 

Year Cases Study 

Case 1 Case 2 Case 3 
Al Kassara AsSuwayb Al Kassara AsSuwayb Al Kassara AsSuwayb 

W
et

 

y
ea

r
 

Winter 354 116 217.3 253 300 40 
Spring 229 143 174.5 197.5 156.5 8.5 

Summer 50 86 59 77 75 6 
Autumn 71 119 67.5 122.5 153.3 6.7 

N
o
rm

a
l 

Y
ea

r
 

Winter 135 113 105 143 157.3 7.7 
Spring 85 121 91 115 56.5 4.5 

Summer 53 22 21 50 35 4 
Autumn 60 18 30 48 55.3 2.7 

D
ry

 

Y
ea

r
 

Winter 31 24 32 26 12.7 0.35 
Spring 55 25 31 49 12.1 0.89 

Summer 20.7 10 11 20 14 5 
Autumn 17.8 10.4 10 18 15.3 0.61 
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WATER QUALITY ANALYSIS OF THE CASE STUDIES 

 

 Steady state water quality model was applied to the three cases of boundary 

configuration of Al Huwayza Marsh. This model depends on the hydrodynamic model and 

advection–diffusion equation to obtain a solution.  Based on the set of initial conditions that 

represent the concentrations at the feeders of Al Huwayza Marsh, Table 2, the model used to 

calculate the variation of the concentration of three water quality parameters, PH, TDS, and 

NO3, within the marsh. Flow of a normal year only was used in the model because the actual 

field measurement for water quality model was during this year and the initial conditions were 

applied for only the highest concentrations and lowest concentrations to show the variations of 

the concentrations in these critical cases.  

  

Case one 

The PH variation within Al Huwayza Marsh for this case study can be shown in Fig. 

18.  Salinity variation, represented by TDS, within Al Huwayza Marsh is shown in Fig.19. 

Fig.20 represents nitrate changes during spring and winter seasons. The concentration of all 

contaminates within the marsh reaches a common value within short distances from the marsh 

feeders; this is an indication to a good mixing process take place within the marsh.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18. Variation of PH within the Al Huwayza Marsh.  
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Fig. 20. Variation of NO3 within Al Huwayza Marsh. 
 

 

 

 

 

 

 

 

 

 

Fig.19. Variation of TDS within the marsh.  

b- during spring  
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Case Two 

Fig.21 shows the values of PH variation within Al Huwayza Marsh. Salinity in Al 

Huwayza Marsh is shown in Fig.22.  Fig.23 shows the nitrate changes for this case study. The 

mixing process within the marsh still good.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.21. Variation of PH within Al Huwayza Marsh. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.22. Variation of TDS within Al Huwayza Marsh 

a- during winter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b- during spring 
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Fig.23. Variation of NO3 within Al Huwayza Marsh 

 

Case Three 

The PH variation for this case study is shown in Fig. 24.  Fig.25 shows that TDS 

concentrations in Al Huwayza Marsh.   Fig.26 represents nitrate variation for this case study.  

A slight effect may be notice in the mixing process of the feeders water of different 

concentration compared to other cases which may be referred to the change in flow patterns.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.24. Variation of PH within Al Huwayza Marsh. 
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Fig.25. Variation of TDS within Al Huwayza Marsh. 

Fig.26 Variation of NO3 within Al Huwayza Marsh. 
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CONCLUSIONS 

The study has come out with the following conclusions:  

- The flow velocity is relatively high near the inlets and outlets of Al Huwayza Marsh.  

- A high changes in velocity patterns and the overall water circulation was noticed at all parts 

of Al Huwayza Marsh for all of the flow conditions as a result of construction of the dyke 

along the Iraqi-Iranian borders within the marsh.  

- The discharge values increase at AsSuwayb River outlet of the marsh in case two. While a 

great reduction in the discharges of this outlet was noticed in case three.  

- A slight effect was noticed in the mixing process of the feeders’ water of different 

concentration in case three compared to other cases.  

- RMA2 and RMA4 models found to be a powerful tool in simulating the flow and water 

quality and could be applied to study other Iraqi marshlands. 
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ABSTRACT 

 

     Fluorophosphate neodymium laser glass has been prepared by discontinuous melting technique. 

Special melting and casting conditions were followed to prevent devitrification of glass samples. 

Furnace melting followed by slow cooling resulted formation of non vitreous glass. Problems of 

high viscosity melt and incomplete solubility and immiscibility of glass components were 

encountered by adjusting composition of glass components. X-ray diffraction analysis of the 

prepared glass samples proved the formation of amorphous phase. The prepared Nd – fluoride glass 

has low refractive index which is an important parameter for high power laser application. Optical 

properties of Nd – fluoride glass samples were investigated. UV – visible spectra showed almost 

total absorbance of light at wave length below 400 nm, while in the visible range a typical spectrum 

of Nd
3+

 ions covers the entire range. Infra – red spectral properties of these samples were studied. 

Transmission of the glass was found to be dependent on neodymium concentration. 

 

KEYWORDS 

 Nd- laser Glass, Refractive Index, Optical Absorption, Infra- Red Measurement, Glass 

Density, X-ray Diffraction, Glass Casting and Phosphate Glass. 

 

 الخلاصة

 

صجاج نُضس انُُىديُىو انفهىسوفىسفاحٍ حى ححضُشِ بطشَقت انظهش انغُش يسخًش. وقذ احبعج ظشوف خاطت نعًهُخٍ انظهش و       

انظب )انقىنبت( نًُع حذود ظاهشة انخبهىس فٍ ًَارج انضجاج. عُذ إجشاء عًهُت انظهش فٍ انفشٌ َخبع رنك انخبشَذ انبطئ نىحع 

)انلاصجاجُت( فٍ ًَارج انضجاج. حى يعانجت يشكهخٍ انهضوجت انعانُت نهًُظهش وعذو انزوباَُت انكايهت حذود ظاهشة انخبهىس

أظهشث َخُجت انفحض بطشَقت حُىد الأشعت   انخاو نًكىَاث انخهُظ انضجاجٍ بانسُطشة عهً يكىَاث انخهُظ انضجاجٍ. خضاجوالاي

انفهىسَذٌ انًحضشة كاَج حخًُض  -إٌ ًَارج صجاج انُُىديُىو  ُب وانخكىٍَ.انسُُُت إٌ انًُارج انضجاجُت انًحضشة عشىائُت انخشك

 -باَخفاع يعايم الاَكساس انضىئٍ وهى ششط يهى فٍ حطبُقاث صجاج انقذسة انعانُت. انخىاص انضىئُت نضجاج انُُىديُىو

 –َاَىيخش يٍ انطُف انًشئٍ  044 قم يٍالأ انطىل أنًىجٍ انفهىسَذٌ جشث دساسخها حُذ حبٍُ إٌ انضىء ًَخض كهُا فٍ يُطقت

أيا انخىاص  .فىق انبُفسجٍ بًُُا فٍ يُطقت انضىء انًشئٍ فاٌ طُف اَىٌ انُُىديُىو َغطٍ غانبُت انًذي يٍ انطىل أنًىجٍ

ُُىديُىو وبذسجاث نا انضىئُت نهضجاج فٍ يُطقت ححج انحًشاء فقذ حًج دساسخها حُذ وجذ إٌ َفىرَت انضىء حعخًذ عهً حشكُض

 هفت وحسب انطىل أنًىجٍ.يخخ

 

INTRODUCTION 

 

     The glass laser currently provides pulse of high power, energy, and radiance, and shorter 

duration (Young 1967). There are several characteristics of the glass host which are important. 
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Glass host is isotropic, durable, can accept large dipping concentration uniformly, and can be 

fabricated inexpensively in various shapes and large sizes with diffraction limited optical quality 

(Snitzer and Young 1968). The index of refraction of host glass can be varied from 1.4 to almost 

2.0 and the thermal properties can be selected to minimize the optical aberrations caused by 

temperature variation in the laser rod (Loh 1966). One of the most useful laser systems is that 

which results when the Nd
3+

 ion present as an impurity atom in glass (Snitzer and Young 1968) 

and (Johnson and Nassau 1961). The first report of laser action using a glass host material was by 

Snitzer in 1961 using a potassium barium silicate glass containing 2-wt% neodymium oxide 

(Snitzer 1966). Since then much research has been carried out to determine the effects of glass 

composition on the parameters which affect the laser performance of glasses doped with rare earth 

ions (Patek and Edwards 1970). The Nd
3+

 doped glasses have been studied in most detail but the 

behavior of other fluorescents rare earth ions has also been examined, e.g. Yb
3+

, Ho
3+

, and Er
3+ 

(Young 1984). 

     In addition to oxide host glasses (including tellurite and germanate as well as the more familiar 

silicate, borate and phosphate systems) the work has included a number of halide and oxyhalide 

systems (Weber 1983)  

     The small refractive index of some fluoride glasses makes them a prime material for high 

powered lasers, such as those used for nuclear fusion research. A good fluoride glasses may be 

defined as one that has a low refractive index, resistant to moisture attack, and can be made into a 

large block without devitrification. Pure BeF2 glasses would be ideal if it where not for the fact that 

BeF2 is hygroscopic. Other less soluble fluorides such as CaF2, MgF2, etc. must be incorporated to 

raise the resistance to moisture attack, even though their presence increases the probability of 

devitrification. 

      In the binary systems of fluoride glasses containing BeF2 and alkali fluoride or alkaline earth 

fluoride, a large mole fraction of BeF2 has to be present in order to form a glass (Rawson 1967). 

This requirement is also the case in the ternary systems; alkali / alkaline earth / Be fluorides found 

by Vogel (Vogel 1971). The resulting glasses are sensitive towards moisture attack. To over come 

this problem is by reducing BeF2 fraction but this may lead to devitrification of glass and loss of its 

optical properties. Sun found that this problem can be solved by substitution of AlF3 for BeF2 (Sun 

1949), (Sun 1949) and (Sun and Huggins 1951). 

     One glass made by Imoka has the mol % composition 12 BeF2, 32 AlF3, 29 CdF2, and 27 PbF2 

(Imaoka 1954). These results indicate that AlF3 is a good intermediate in a glass formation; it 

yields glasses with superior optical quality, stable with respect to moisture attack and 

devitrification. 

     The refractive index of fluoride glasses varies with their composition. Goldstein and Sun 

reviewed refractive index values and composition of 114 fluoride glasses (Poulin et al. 1977) and 

(Vogel 1966). 

     Sun developed a composition of vitreous fluorophosphate systems on the base metaphosphate 

aluminum and fluorides of metal from the first and second group of the periodic table of the 

chemical elements (Goldschmidt 1972), (Heyne and Anorg 1933), (Mackenzie and Baldwin 

1976) and (Sun 1950). Several authors have studied domains of glass forming and some 

physicochemical and optical properties in fluorophosphate glasses. IR spectroscopic investigations 

of the glasses show that structural lattices of these glasses have phosphate, fluoride and 

fluorophosphates groups (Golubtsov et al. 1969), (Golubtsov et al. 1971), (Golubtsov et al. 1970) 

and (Golubtsov et al. 1971). The presence of different rare earth ions at different mole percentages 

were investigated (Kolobkov et al. 1971), (Chalilev et al. 1979) and (Chlilev et al. 1978). 

     In this work phosphate – borate based Nd doped fluoride glasses were prepared. Formations of 

vitreous phase were examined together with some optical properties. 
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EXPERIMENTAL WORK 

Materials, Equipments and Instruments 

Chemical compounds: the following compounds were used: B2O3 (as H3BO3), P2O5, MgF2, NaF 

and Nd2O3. Their purity is the highest available, but not less than 99%. 

Crucibles: made from platinum, nickel, porcelain, silica, alumina, graphite and Pyrex. 

Melting equipments: electrical furnace type (Nabertherm FRG) and high temperature torch (Butane 

– oxygen) were used. 

Analytical balance: type: Sartorious (FRG) sensitivity 0.1 mg was used for weighing process of the 

raw materials. It was used for density measurement.  

Refractive Index Measurements: a traveling microscope was used. Method described else were 

(Krylova and Poluehktov 1995). 

X-Ray Diffraction: measurements were carried out using Phillips XRD machine type PW-1840 

with copper target. 

Optical Measurements: SHIMADZU spectrophotometer type (UV – 1650 PC) (Japan) was used for 

ultra- violet to visible range spectra absorption measurements in the wave length range 200 – 1100 

nm. 

SHIMADZU spectrophotometer type (FTIR -8000) (Japan) was used for recording transmission of 

the glass samples in the frequency range 500 – 4000 cm
-1

.  

 

Preparation of glass samples 

     The aim of the experimental work is to find a successful combination of different working 

parameters that ultimately yield a glass sample suitable for examination and presentation as a laser 

glass medium. These parameters involve: 

1. The selection of chemical formulation which contain adverse materials or compounds that 

differ in; 

 Thermal stability, during heating and melting. 

 Solubility and miscibility with other compounds. 

 Do not suffer segregation or phase separation upon cooling. 

 Resistance to devitrification, which usually results a non-glass medium. 

2. Suitable heating, melting and cooling steps. 

3. Inertness towards atmospheric attack, so it is easier practically to carry out the work under 

normal atmosphere and no further complication for need of inert atmosphere or special 

containment. 

4. Due to the presence of fluoride ions in the glass melt, only platinum crucibles are suitable 

for melting and graphite mould for casting. 

5. Only melting furnace or gas torch is suitable to carry out melting steps which is followed 

by pouring out the melt into the graphite mould. 

       As mentioned above there is a need for a compromise to yield a proper glass sample suitable 

for optical examination. 

 

RESULTS AND DISCUSSION 

 

     Glasses can be made from many substances oxide and non oxide. Traditionally, glass must 

contain a major percentage of silica which is the glass forming oxide. Attempts to find a new glass 

forming oxide have led to the discovery of phosphate and borate glasses. Recently, new types of 

glasses are prepared to meet specific requirements and applications, these are germinate, arsenate, 

tellurite, tungestate, titanate, molybdate, vanadate and plumbate glasses (Snitzer and Young 1968). 

The non oxide glasses systems mainly chlorides and fluorides. These glasses transmit to longer 

wave length in the infra – red than do the silicate glass, and may eventually replace silica – based 

fibers in optical communication systems (Drexhage 1985) and (Trans et al. 1984). 
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     Upon addition of aluminum oxide or fluoride to silica, the cation Al
3+

 substitutes for Si
4+

 in the 

lattice thereby leads to the stability of the network, and thus is referred as network intermediate. 

Neodymium oxide or fluoride which is an intermediate acts as active medium in the lasing process. 

     The previously mentioned compositional facts have found to affect the properties of the prepared 

glass. Many experiments were carried out aimed to prepare neodymium containing glass of 

fluorophosphate base by discontinuous melting technique. The glass mixture is heated rapidly to a 

temperature higher than the melting point of its components, stirred and mixed well to assure 

complete mixing and miscibility of mixture, and then cast rapidly in a graphite mould i.e. quenched. 

     Only platinum crucible was found suitable for this work. Porcelain, quartz and silica crucibles 

were cracked while nickel and stainless steel crucibles were attacked vigorously due to reaction of 

the melt (fluoride ions) with nickel and iron at high temperature (Trans et al. 1984). 

     Many experiments were carried out to achieve the proper composition of the glass components. 

A new formula containing nearly 50 wt % of both glasses formers (B2O3, P2O5) and glass 

intermediate (AlF3, MgF2, NaF, Nd2O3) gave successfully glass samples suitable for laser work. 

The chemical composition is given in table (1). Nd2O3 varies as in the following (LG9: 4wt %, 

LG10: 2wt %, LG11: 1wt% and LG12: 0wt %). Glass samples LG9 has intense violet color, the 

color intensity decreases as the concentration of the Nd2O3 is decreased, as shown in Fig. (1).  

      In laser glass research, the aim is to manufacture a low refractive index glass. This target was 

found to be possible with fluoride glasses but the refractive index varies with their composition. In 

the prepared glass, the average value of index of refraction Nd = 1.392 ± 0.053 and thus, the 

refraction loss R = 2.7 %, and the transmitted light is 94.6 %. 

     Since fluoride glass is a mixture of many compounds; therefore, it is expected that the glass 

density is an average figure of fractional densities of its components. The measured densities of the 

prepared fluoride glass samples have an average value in the range 2.5±0.07. Glass density is an 

important technological factor; it is a critical factor in melting as in casting processes. It affects the 

refractive index and other optical properties. 

     To prove the formation of glass material from non – oxide or non – silicate compounds mixture, 

a blend of known composition was taken, sodium and magnesium fluoride added to it boron oxide 

(as boric acid) and phosphorous pentoxide. The compounds of this blend were mixed thoroughly 

and examined using x-ray diffraction technique which revealed clear pattern of these compounds. 

This is shown in Fig. (2). When the mixture was melted, cast and cooled, then examined by x-ray 

diffraction technique. The spectrum showed no pattern, only amorphous phase which is an evidence 

for glass formation; this is shown in Fig. (3) (ASTM Cards). Thus fluoride glass can be formed 

when alkali and alkaline earth fluorides are melted together with boron oxide and phosphorous 

pentoxide (glass formers) in the presence of aluminum oxide or better aluminum fluoride, the glass 

intermediate which plays the role of glass modifier. Furthermore, rapid cooling of the melt prevents 

devitrification process and thus only glass phase is formed table (2). 

 

Optical properties of Nd fluoride glasses 

      Developments of new optical materials become necessary when measurement and 

discrimination of electromagnetic radiation reached beyond the visible spectrum into ultraviolet and 

infra–red.  

     The spectral range of transmission is limited on the short wavelength side by electronic 

resonances and on the long wavelength side by atomic resonances. Light intensity is reduced by 

reflection which depends on the refractive index of the material, angle of incidence of the light, and 

in the absorption region on the absorption coefficient (McCarthy 1963) . 

     Further intensity losses are caused by light scattering resulting from irregularities on the surface 

or inclusions inside the material. For laser applications, absorption coefficient measurements can 

insure that the specific wavelength absorption of the laser beam is below required level. 
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     Spectral absorbencies for glass samples LG9, LG10, LG11, and LG12 were measured in the uv-

visible range between 200 and 1100 nm. The results of all samples are shown in Fig. (4)- (7), the 

following observation can be made: 

 Light is completely absorbed in the wavelength below 300 nm and partially absorbed 

between 300 –400 nm. This case is similar to that found in window glass (soda lime glass) 

which has a composition Na2O – CaO – SiO2. 

 In relatively pure quartz the absorption edge is placed approximately at the wavelength 

λ=190 nm in the ultra – violet region of the spectrum (Sigel 1973), Pure sodium fluoride and 

magnesium fluoride do not absorb uv-light, their absorption edge are 140 nm and 110 nm 

for single crystal respectively. Vitreous boron trioxide with an absorption edge at 170 nm 

transmits well in the ultra-violet region of the spectrum (Vaughen 1944). Boron oxide and 

aluminum fluoride, both of them are trivalent, thus furnish the glass matrix with pairs of free 

electrons which enhanced resonances of the radiation with frequencies of electrons of 

various level of bonding. Therefore, the location of the absorption edge in the ultra-violet 

region of the spectrum depends upon the composition of the glass as well as the chemical 

nature of its components (Nc Swain 1963). 

 Glass LG12 does not contain absorbing component, thus it is transmitive for radiation in the 

visible region of the spectrum, see Fig. (7). 

 Nd doping of fluoride glass is necessary factor in laser application, thus glasses LG9, LG10 

and LG11 are doped with 4, 2 and 1 % Nd as Nd2O3 respectively. The violet fluoride glasses 

revealed complex absorption spectra in the visible region which is a characteristic spectrum 

of rare-earth ion (Stewart and Kato 1958); this complex spectrum is due to strong 

absorption due to transitions between different electronic configurations. In rare-earth ions 

in solid matrix, the 4f levels are strongly shielded from the crystal field by filled 5s and 5p 

shells and as a result, the emission lines are well defined sharp and narrow and the level 

structure varies slightly from one host to another (Dieke 1958). 

 A plot of absorption maxima of Nd
3+

 ion in the glass of different wavelength against 

neodymium concentration is shown in Fig. (8). The absorption increases as the 

concentration is increased, but the rate of  increased is lowered at 4% Nd concentration 

which means that higher Nd concentration is not useful, but trouble may be faced regarding 

solubility of glass components and its transparency. The figure implies that all spectra lines 

are due to neodymium since the absorbencies increase with the Nd concentration. 

       The energy of most molecular vibrations corresponds to that of the infrared region of the 

electromagnetic spectrum. Quanta of infrared radiation can excite atoms to vibrate directly, thus, 

the absorption of infrared radiation gives rise to the infrared spectrum. The largest vibrations are 

exhibited by the charges of the so called dipoles in resonance (Banwell 1972). 

       The IR spectra of the glasses contain characteristic bands related to alkaline metaphosphate 

which are observed in the spectral range 1425 – 1350 cm
-1

 (Corbridge and Lowe 1954). Wassilac 

et al investigated properties, structure and spectroscopy of fluorophosphate glasses doped with Nd. 

They established correlation between shift in spectral lines and concentration of fluorides in the 

glass (Kolobkav et al. 1977). The presence of bands in 760 – 730 cm
-1

 is due to P-O-P vibration or 

P-F bands in monofluorophosphate anion (Margaryan and Arutunyan 1973). Fig. (9) to (12) 

show the infrared spectra of fluoride glasses of the system B2O3 – P2O5 – AlF3 – MgF2 – NaF 

prepared in our laboratory. Glasses LG9, LG10 and LG11 are shown in Fig. (9), (10) and (11) 

respectively. The spectra are identical but differ in percentage of transmission. They are 

characterized by the appearance of the spectral bands at 3450, 2450, 1750, 1650, 1550, 1300, 1100, 

650 and 500 cm
-1

. The transmission of these bands increase as the neodymium concentration is 

increased. Glass LG12 which is free from Nd shows different IR spectrum especially in the range 

800 -1600 cm
-1

. 
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Fig. (1) Samples LG9-LG12  

 

Table (1) 

Composition of fluorophosphate laser glass LG9 

 

 

Compound  Weight %  Mole fraction % 

AlF3 

NaF 

MgF2 

Nd2O3 

 

B2O3 

P2O5 

 

30 

           10       50 

10 

4 

 

26 

20
 
 

27.8 

            18.6     58.9 

12.5 

0.9 

 

29.1 

11.0 

Element  Weight % Mole fraction % 

Al 

Na 

Mg 

Nd 

B 

P 

F 

O 

 

F/P 

F/B 

B/P 

9.6 

5.5 

3.9 

3.6 

8.2 

8.7 

31.0 

29.5 

 

3.56 

3.78 

0.94 

6.7 

4.4 

3.0 

0.48 

14.1 

5.3 

31.0 

35.0 

 

5.85 

2.20 

2.66 

 

 

 

46 40.1 

 

19.4 16.9 
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Table (2) 

X-ray diffraction lines of infused glass  

LG9 components Fig. (2)  

 

Angle 2θ Spacing d compound 

14.7 

14.7 

16.0 

27.3 

27.7 

28.8 

35.1 

40.4 

43.8 

49.9 

53.4 

56.8 

5.984 

5.980 

5.515 

3.261 

3.210 

3.091 

2.545 

2.227 

2.062 

1.823 

1.712 

1.617 

AlF3 

B2O3 

AlF3 

B2O3 

B2O3 

AlF3 

MgF2 

MgF2 

MgF2 

B2O3 

MgF2 

MgF2 
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 Fig. (2). X-ray diffraction for the sample LG9 (before melting) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Fig. (3). X-ray diffraction for the sample LG9 (after melting) 
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Fig. (4) uv-visible spectrum of Nd- glass sample LG9 

Fig. (5) uv-visible spectrum of Nd glass sample LG10 
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Fig. (6) uv-visible spectrum of Nd glass sample LG11 

Fig. (7) uv-visible spectrum of Nd glass sample LG12 
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Fig. (8) Dependence of uv-visible absorption maxima on neodymium concentration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. (9) IR- spectral of Nd glass sample LG9 
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Fig. (10) IR- spectral of Nd glass sample LG10 
 

 

 

Fig. (11) IR- spectral of Nd glass sample LG11 
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Fig. (12) IR-spectral of Nd glass sample LG12  
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Abstract: 

 

In this paper the finite element method has been used to determine the fundamental natural 

frequencies of a pre-twisted plate mounted on the periphery of a rotating disc. Three dimensional, 

finite element programs was built using three noded triangular shell element as a discretization 

element for cantilever plate, this element has six degrees of freedom at each node. All formulations 

and computations are coded in (FORTRAN-77). The investigation covers the effect of speed of 

rotation, disc radius, aspect ratio, pre-twist angle and skew angle on the vibration characteristics of 

rotating cantilever plate. For this analysis, the initial stress effect (geometric stiffness) and other 

rotational effects except the corioles acceleration effect have been included. The eigenvalues have 

been extracted by using simultaneous iteration technique. Results shown that the natural 

frequencies increase when; angular speed and disc radius are increases. 

 

 

 

 الخلاصة:

بقزص  زبخّي يهخٌٕت نظفٍحت لاطاطٍتا فً ْذا انبحذ حقٍُت انعُاطز انًحذدة نحظاب انخزدداث انطبٍعٍتاطخخذيج                

ٌحخٕي ْذا انعُظز حٍذ باطخعًال انعُظز انًزهذ كعُظز حجشئت نٍٓكم انظفٍحت,  حت كقشزة دٔارة,حًزٍم ْذِ انظفٍ دٔار. حى

-FORTRAN) انُخائج باطخخذاو بزَايج حاطٕب بهغت كم. حى انحظٕل عهى عهى رلاد عقذ نكم عقذة طج درجاث يٍ انحزٌت

 ٔ ٔ َظبت انطٕل إنى انعزع ٔ سأٌت الانخٕاءقطز انقزص َظف يزم طزعت انذٔراٌ ٔ  ثعذة يخغٍزاحأرٍز انبحذ درص   .(77

فً ْذا انخحهٍم حًج دراطت حأرٍز الإجٓاد الابخذائً )انجظأة انُٓذطٍت( . خظائض الاْخشاس فً انظفائح انذٔارة عهى سأٌت انخزبٍج

(, ٔباطخخذاو حقٍُت انخكزار Coriolis accelerationض )ٕنم كٍزٌٔ انخأرٍز أنذٔراًَ بذٌٔ الأخذ بُظز الاعخبار ٔجٕد حأرٍز حعجٍ

ٌّ انخزدداثَ انطبٍعٍتَ حشٌَِذُ  حبٍٍ .انًخشايٍ نحظاب انخزدداث انطبٍعٍت  انظزعتِ انشأٌتِ َٔظفِ قطز انقزصِ.بشٌادة انُخَائجَِ بأ
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 rotating pre-twist plate, natural frequency, geometric stiffness, FEM. 

 

 

INTRODUCTION: 
 

 The natural frequencies of rotating turbomachinery blades are known to be significantly 

higher than those of the non- rotating blades. For reliable and economic designs of the structures, it 

is necessary to estimate the dynamic characteristics of those structures accurately and efficiently. 

Since the blades are generally idealized as cantilever beams (a few investigations assumed the blade 

as a cantilever plate), the vibrations of rotating cantilever beams have been studied in several 
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investigations. An early analytical model to calculate natural frequencies of a rotating cantilever 

beam was suggested by (Southwell 1921). Based on the Rayleigh energy theorem, a simple 

equation that relates the natural frequency to the rotating frequency of a beam was suggested. This 

equation is known as the Southwell equation, and widely used by many engineers nowadays. Later, 

to obtain more accurate natural frequencies, a linear partial differential equation that governs 

bending vibration of a rotating beam was derived by (Schilhansl 1958). Applying the Ritz method 

to the equation, more accurate coefficients for the Southwell equation could be obtained. Since the 

early 1970s, due to the progress of computing technologies, a large number of papers based on 

numerical approaches have been published. For instance, in references (Bauer 1980), 

approximation methods for the modal analysis of rotating beams were employed. More complex 

shapes and the effects of beams were also considered. The effects of tip mass (Wright 1982), 

elastic foundation and cross-sectional variation (Kuo  1994), shear deformation (Yokoyama 1988), 

pre-twist and orientation of a blade (Subrahmanyam 1987), and gyroscopic damping effect (Yoo 

1998) on the modal characteristics of rotating cantilever beams were studied. Survey papers for the 

vibration analysis of rotating structures are available (RAO 1987). The most widely used modeling 

method for the transient analysis of structures is the classical linear modeling method (Bodley 

1978). This modeling method employs the Cartesian deformation variables and the linear Cauchy 

strain measures. It has several merits such as simplicity of formulation, ease of implementation in 

finite elements methods, and efficiency of computation, which results from the use of co-ordinate 

reduction techniques (Hale 1980). This modeling method, however, often provides erroneous 

results when structures undergo overall motion such as rotation. To resolve the problem of the 

classical linear modeling method, several non-linear modeling methods (Christensen  1986) have 

been developed. With these non-linear modeling methods, the problem of accuracy can be resolved. 

However, serious computational inefficiency results from the non-linearity that disables the co-

ordinate reduction techniques. More recently, a new linear modeling method for the dynamic 

analysis of a flexible beam undergoing overall motion was introduced (Yoo  1995). 

 

THEORETICAL BACK GROUND: 

  

 The formulation follows a pattern similar to that in (Henry 1974). Two Cartesian co-

ordinate systems are used, an absolute fixed system )( 0000 ZYXR  and a local system 

)(1 ZYXR (see Fig. 1) attached to the rotating disc. 

The potential strain energy U and kinetic T are, respectively, 
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                                (1) 
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1 
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For plate bending problems, according to (Zienkiewicz 1979), the strains are given by: 
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p and f are strains due to in-plane and bending displacements respectively and g is the effect of 

bending displacements on mid-surface strains. 

The stresses are given by, 
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Where }{ p and }{ f are in – plane stress resultants and bending and twisting moments, 

respectively. 

With the definitions for stresses and strains U is given by, 

 

      321 PPPU                                    (5)  

 

Where 21,PP  plane stress, bending strain energy and 3P   supplementary strain energy due to the 

effect of bending displacement on mid-surface strains, more expressions for 1P , 2P  and 3P  are 

standard (Timoshenko 1959). 

 At rest the co-ordinates of a typical Point M on the mid-surface are  )0,, yx . Due to the 

displacement, 

    

 twvud ,,}{                                        (6) 

 

The instantaneous co-ordinates of  M  are  ),,( wzvyux   , and then  
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The angular velocity in the 1R system is 

  

t
R

][ 321

1
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And the absolute velocity of the point M is given by, 
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Computing ).,.(
2

VVeiV
t

, canceling the  terms like those proportional to 2

iz which give no 

contribution when Lagrange's equations are applied, and  substituting  the  result in Eq.(2) one can 

write the kinetic energy as  (Timoshenko 1959), 
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DERIVATION OF THE STIFFNESS MATRIX: 

The polynomials for the displacements u and v are linear in 321, LandLL  while for the 

displacements w  the polynomial assumed is cubic (Zienkiewicz 1979). 

The in – plane nodal displacements are defined by, 

 

 tvuvuvuq 3322111}{                    (13) 

 

And the bending nodal displacements are defined by, 
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After standard finite elements procedure one arrives at,  
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The other shape functions for nodes 2 or 3, can be written down by a cyclic permutation of the 

suffixes 1, 2, 3. 

 L1, L2, L3 and the area co–ordinates, and ia  and ib , are defined in Fig.2. 

Once one knows the expression for the strain and the shape functions, then pk the in–plane stiffness 

matrix, and fk , the bending stiffness matrix can be easily derived. The integration is performed by 

using numerical three-point integration (Cowper 1973) over the triangular area. 

 

DERIVATION OF GEOMETRIC STIFFNESS MATRIX: 

Owing to the presence of the in–plane stresses 0

x , 0

y  and 0

xy  in the middle surface caused by 

rotation, the additional strain energy stored in the element is given by 3P . This additional strain 

energy results in an increase in the stiffness of the elements by an amount, 
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Where  G is defined by 
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For details, see (Zienkiewicz 1979). It is easy to show that,  
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Therefore, 
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DERIVATION OF MASS, CORIOLES AND SUPPLEMENTARY MATRICES, AND THE LOAD 

VECTOR:  

By using Eq. (16 and 18) in Eq. (10) and then applying Lagrange's equations one obtain, 
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The element mass matrix is, 

 


vol
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The element Coriolis matrix is 
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The element supplementary or rotational stiffness matrix is, 
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Moreover, the force vector is, 
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FINAL MATRICES AFTER ASSEMBLY: 

Adding expressions Eq. (27 and 28) and equating the result to zero gives the final 

differential equation of the structure after assembly in from, 

 

)(][ 2  FqKKKqCqM RGEE      (33) 

 

The matrix GK  depends on the initial stress distribution. Initially the stresses are taken as zero and 

the equation. 

 

)(][ 2 FqKK RE                            (34) 

 

Is solved for the initial stress distribution 0 . Then the solution of, 

 

)())(( 2

0  FqKKK RGE               (35) 

 

Gives a new stress distribution . The stress values were found to converge within two iterations. 

Finally the frequencies and eigenvectors are found for the deformed configuration. The equation of 

motion of the structure, with the cariolis matrix neglected, is 

 

    0])([  qKKKqM RGEE                  (36) 

 

Assuming harmonic vibrations, iwt

o eqq  , one has 

  

    0])([ 2  oERGE qMKKK         (37) 
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In which EM and RGE KKK   are symmetric and positive definite matrices Eq. (37) is standard 

eigenvalue problem and is solved for the eigenvalues and eigenvectors by using a simultaneous 

iteration technique (Jennings 1977). 

The tapered and skewed plate can be also be modeled by triangular shell elements, the variation in 

thickness being accounted for by defining the thickness of the element at the three nodes. For 

formulating all the matrices the element thickness can by taken as the mean of the nodal 

thicknesses. 

        

VERFICATION TEST: 

 

 The present works were comparing with the numerical results in (Rao 1999) to find the 

fundamental non-dimensional frequency of vibration for rotating cantilever plate. Table. (1) 

explains the current results with numerical results in (Rao 1999), and the values of percentage error 

with numerical results. In this table, the maximum error not exceeds (2%). The data for the 

verification case are:      

 
30,4/,0625.0/,2/,3,35,3.0,/7850,217 3   brbtblmmtmmbmKgpaE G    

 

RESULTS AND DISCUSSIONS: 

 

The fundamental bending frequencies with out Coriolis effect are computed for pre- twisted 

cantilevers plates of two different aspect ratios (1 and 2), and for various values of non-dimensional 

speed of rotation  10tofrom , of pre-twist angle   9045,0 and , of skew angle 

  9045,0 and  and non-dimensional disc radius  5.10,/ tofromlrr . Fig. 3 show the 

suitable mesh sizes where chosen for aspect ratios (1 and 2) in this analysis (The suitable mesh for 

the aspect ratio 1 and 2, which obtained after convergence test). In all computations, Poisson's ratio 

was taken as (0.3), and the material of the plate has been assumed homogeneous and isotropic 

)/7850,/10*200( 329 mKgmNE   and the dimensions of the cantilever plate 

were )2,40( mmtmmb  . 

 Figs. (4 and 5) show the variation of non-dimensional frequency of vibration    with non-

dimensional speed of rotation    for different twist and skew angles corresponding to the aspect 

ratios (1 and 2) respectively, for plate having  0r . The second set of results will initiate the 

tendency of change of    with  r  for different twist and skew angles were show in Figs. (6 and 

7) corresponding for aspect ratios (1 and 2) respectively, for plate having  5.0 . 

 

The frequencies of all results are independent of skew angle and disc radius but dependent 

on pre-twist when the structure is stationary. The all-natural frequencies increase with increase in 

non-dimensional speed of rotation    for all combinations of three skews   9045,0 and  

and three twists   9045,0 and , and for both cases of aspect ratios (1 and 2). The rate of 

increase is maximum for the combination skew=  0  and twist=  0 , and is minimum for the 

combination skew=  90  and twist=  90 . In general it has been observed that the rate of increase 

decrease with increase in pre-twist as well as with the increase in skew angle. At any given speed 

(including stationary case) and skew angle the frequency decreases with the increase in pre-twist 

angle. The maximum and minimum percentage increases in the frequency value, with the increase 
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in speed  10tofrom  are roughly about 48% (when the skew is  0 , the twist is  0  and  0r ) 

and about 6% (when the skew is  90 , the twist is  90  and  0r ). 

  

 From Fig. (6 and 7) it can be seen that all the frequencies increase with increase in 

disc radius  lrr /  for all cases. When the non-dimensional disc radius is increased from (0 to 1.5) 

the value of    is maximum for the combination skew=  90  and twist=  90 , and is minimum for 

the combination skew=  0  and twist=  0 . The maximum and minimum percentage increases in 

the frequency value, with the increase in non-dimensional disc radius (0 to 1.5) are roughly about 

25% (when the skew is  90 , the twist is  90 ) and about 20% (when the skew is  0 , the twist is 

 0 ). 

          

CONCLUSION: 

 

 A modal formulation for the free vibration of a pre-twist cantilever plate with setting angle 

is presented. Three dimensionless parameters are identified through a dimensional analysis: the 

aspect ratio of the plate, the ratio of hub radius to the plate length, and the dimensionless angular 

speed. The effects of the other parameters, such as well as the setting angle and twist angle on the 

natural frequencies of rotating cantilever plates are investigated. It is shown that the rotating plate's 

natural frequencies increase with the angular speed, that their increasing rates grow as the hub 

radius increases, and that the natural frequency decreases when the skew and twist angles increases. 

In addition, it can be noted that the frequencies of all results of are independent of skew angle and 

disc radius when the cantilever plate is stationary. 

 

 

Table. 1 Values of fundamental non-dimensional frequency of vibration    

 for stationary and rotating cantilever plate. 

 

 Present Work (Rao 1999) Error % 

 0  3.403 3.437 1.0 

( =2000 rpm) 3.525 3.579 1.5 

( =4000 rpm) 3.902 3.974 1.8 

( =7000 rpm) 4.799 4.892 1.9 
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Fig.1 Cartesian co-ordinate system. 

Fig. 2  Area co-ordinates. 

 

Fig.3 Suitable mesh size for pre-twisted cantilever plate. 

(a/b=1, No. of elements=60) (a/b=2, No. of elements=120) 
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Fig. 4 Variation of non-dimensional frequency of vibration with non-dimensional speed of 

rotation )0,1/(  rba . 
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Fig. 5 Variation of non-dimensional frequency of vibration with non-dimensional speed of 

rotation )0,2/(  rba . 
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Fig. 6 Variation of non-dimensional frequency of vibration with non-dimensional disc 

radius )5.0,1/( ba . 
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Fig. 7 Variation of non-dimensional frequency of vibration with non-dimensional disc 

radius )5.0,2/( ba . 
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NOMENCLATURES: 

 

c  Coriolis matrix of the element  

b  Width of the rotating plate m  

a  Length of the rotating plate m  

d  Displacement of a typical point in the mid-surface 

h  Thickness of a typical of an element  

321 ,, hhh  Thickness at the nodes 1, 2, 3 

t  Thickness of the rotating plate 

Gfp kkk ,,  In-plane, bending and geometric stiffness matrices of an element 

Rk  Additional stiffness of an element 

Em  Mass matrix of an element 

q  Nodal displacements of the structure 
vu,  

In-plane components of the displacement d  

11,vu  In-plane nodal displacements of node  i  

w  Components of the displacement d normal to the mid-

surface 

iw  Bending nodal displacements of node  i  

yx,  Components of iRinIM  

ii ztx ,,1  Components of iRinOI  

A  Area of the triangular element   

C  Coriolis matrix of the structure  

D  Flexural rigidity of the plate,  23 112/  tE   

E  Young's modulus  

F  Nodal centrifugal force vector for the element 

 2F  Nodal centrifugal force vector for the structure 

GE KK ,  Elastic and geometric stiffness of the structure 

RK  Additional stiffness of the structure 

321 ,, LLL  Area co-ordinates of the triangle  

EM  Mass matrix of an structure 

9121 ,,, bb NNNNN   Shape function 

21,PP  Plane stress, bending strain energy  

3P  
Supplementary strain energy due to the effect of bending 

displacement on mid-surface strains 

 OXYZR  
Global Cartesian co-ordinate system attached to the rotating 

disc 

 0000 ZYOXR  Absolute fixed Cartesian co-ordinate system  

 0001 ZYIXR  Local Cartesian co-ordinate system  
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T  Kinetic energy 

U  Total potential energy 

V  Absolute velocity of M   

  Non-Dimensional frequency of vibration, Dta /2   

  Strains 

fp  ,  Strain due to in-plane and bending displacements 

g  Effect of bending displacements on mid-surface strains 

  Skew angle, setting angle  

  Twist angle` 

  Poisson's ratio 

  Mass density 3/ mKg  

  Stress 2/ mN  

p  In-plane stress resultant 

f  Bending and twisting moment 
000 ,, xyYx   Initial in-plane stress  

  Frequency in rotation sec)/(rad  

o  Frequency at rest sec)/(rad  

  Speed of rotation sec)/(rad  

321 ,,   Components of  in 1R   

  Non-dimensional speed, o/  

r  ar /  
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EFFECT OF ICE FORMATION ON AIRFOILS PERFORMANCE 

(PART-I) 

   Najdet N. Abdulla and      Haitham Q. Hasoun 

ABSTRACT 

A numerical investigation was conducted to study the effect of simulated ice accreted on airfoil 

aerodynamics performance. The simulated ice shapes were tested on NACA 0012 airfoil wing at 

different Mach numbers. The study includes the one of the famous types of ice accreted on the 

airfoils called the rime ice. 

The calculation of ice droplet trajectories was performed by solving the trajectories 

governing equations of the droplet using FVM. A numerical model based on staggered FVM is built 

up to solve the governing equations of a body fitted grid, trajectories equation, continuity equation 

and momentum equation using FORTRAN 97. The turbulence model of (k-ε) has been adopted in 

the programming to evaluate the turbulence effect. The program is valid for any type of 4 or 5 digits 

airfoil. The program is available to evaluate the rime ice accumulation. The pressure, lift, drag and 

pitching moment coefficients are computed and compared with that of clean case results. The 

program was run over different Mach numbers, to compare the results obtained at these Mach 

Numbers. The investigation of the work was tested on NACA 0012 in a range of angle of attack 0º 

to 6º, where stall starts at this angle of attack as demonstrated by the results. 

The results show that the severity of ice formation could be more dangerous with increasing 

the angle of attack or the Mach number.  

 انخلاصح

انحساتاخ انؼذدٌح نذساسح ذأثٍش انثهح انًقهذ ػهى أداء دٌُايٍكٍا انهىاء انًُساب ػهى انًطٍاس.  أَدضخ فً هزا انثحث          

, وذضًُد انذساسح انُىع انًؼشوف يٍ يخرهفح ياخلأػذاد  (NACA 0012)أشكال انثهح انًقهذج أخرثشخ ػهى يطٍاس يٍ َىع 

انًؼادنح انحاكًح نًساساخ قطشاخ  تاػرًاد انًطٍاس و هى انثهح انصقٍغ. نقذ ذى حساب يساس قطشج انثهح انثهح انًرىنذ ػهى سطح 

انغٍش  الإحذاثٍاخنُظاو  (Staggered)فً رنك طشٌقح  انًىدٌم انشٌاضً طشٌقح انحدىو انًحذدج, و أػرًذ وتاسرخذاوانثهح 

و يؼادنح الاسرًشاسٌح و يؼادنح انضخى تاسرخذاو نغح انثشيدح )فىسذشاٌ  , ونًؼادنح يساس انقطشج,انًرؼايذج فً انشثكح انًرىنذج

( نرحهٍم خشٌاٌ انًائغ حىل انًطٍاس. وًٌكٍ أسرخذاو انثشَايح لأي َىع k-εالأًَىرج انشٌاضً الأضطشاتً ) اسرخذاو. ذى ( 77

س ػهى حساب ذدًغ ذهك انقطشاخ انثهدٍح وػهى تؼذٌٍ فقظ. انثشَايح قاد أسقاو 5أو ال  4( راخ ال NACA airfoilيٍ أَىاع )

. يؼايلاخ انضغظ, قىج انشفغ, قىج انكثح و ػضو انرشوٌح ذى حساتها وقىسَد يغ حانح انًكىَح نهصقٍغ فىق انًطٍاس وانرشوٌح

واٌا يٍ وذى اسرخلاص انُرائح وأخزخ انًقاسَاخ نهض ,ونضواٌا يخرهفح ياخ. أخشٌد انحساتاخ ػهى أػذاد وخىد انثهح ػهى انًطٍاس

( 0º  انىº6 ( حٍث ٌثذأ الاَهىاء تؼذ انضاوٌح )º6 كًا تٍُد انُرائح رنك. أظهشخ انُرائح أٌ أشكال انثهح انًرىنذ ػهى انًطٍاس )

صٌادج يؼايم انكثح و  إنىذؤثش ذأثٍشا كثٍشا ػهى الأداء انذٌُايٍكً انهىائً ورنك تسثة ذغٍش شكم الاَسٍاب نهًطٍاس يًا ٌؤدي 

 صٌادج صاوٌح انهدىو. أو ًاخذكىٌ أكثش حذج تضٌادج ػذد ان جانشفغ. كزنك أفادخ انُرائح تأٌ شذج انخطىس َقصاٌ يؼايم
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INTRODUCTION 

Icing on an airfoil or craft is defined as that condition where supercooled water droplets freeze on 

airframes or airfoil and form amount of ice which disturbs the airflow. In recent years, the number 

of icing related accidents has stimulated a renewed interest in the effect of icing on aerodynamic 

performance of aircraft (Anderson, et al, 2001). The formation of ice on aircraft components such 

as wings, control surfaces and engine intakes, occurs when the aircraft flies at a level where the 

temperature is at, or below freezing point and hits supercooled water droplets (Anderson, et al, 

2003) and (Anderson and Ching, 2003 ). 

The presence of ice accretion on unprotected aircraft components can lead to a number of 

aerodynamic penalties and consequently causes a serious safety problem. The most severe penalties 

encountered deal with decreased lift, increased drag, decreased stall angle, changes in the pressure 

distribution, vibration, early boundary layer separation, and reduced controllability. In fact, test data 

on ice effects indicate that the presence of ice on unprotected wing may increase drag by as much as 

40% and reduce lift by 30% (Bergrun, 1947). To overcome these penalties, various practical 

methods have been used to remove or prevent accumulation of ice on aircraft surfaces by applying 

de-icing/anti-icing procedures. Modern types of airfoils have been developed, but, still needs 

specific ice protection systems to maintain their aerodynamic efficiency and safety margin. 

 

Icing on aircraft occurs when the aircraft flies at a level where the temperature is at, or slightly 

below the freezing point and the atmosphere contains supercooled water droplets. When these 

droplets are hit by the aircraft they begin to freeze immediately. As the water droplets freeze, 

however, heat is released so that their temperature rises until 0ºC is reached. As this temperature is 

reached, freezing stops while the remaining liquid fraction of the droplets starts to run back along 

the surface of the aircraft or along existing ice and freeze downstream. The freezing fraction 

depends mainly on the temperature. At colder temperature a large part of a droplet freezes by 

impact while at higher temperature only a small part freezes while the remaining part freezes slowly 

(Bragg, et al, 1982). 

The more dangerous types of ice are encountered in dense clouds, composed of heavy 

accumulations of large water droplets. 

Icing is one of the most serious hazards for aircraft. Icing comes from the freezing of cloud 

droplets, or supercooled droplets which remain in liquid state even at temperatures far below 

freezing, when they are stuck by the aircraft during the flight. Cloud droplets may freeze 

instantaneously and form rime ice on unprotected surfaces or run downstream and freeze later 

forming glaze ice structure. Icing is most severe when temperature is near 0°C but may be 

encountered at temperature as low as -40 °C. 

Icing is described as trace, light, moderate or severe which depends on the type of clouds, the type 

of aircraft, and the type of icing protection systems. The distribution of potential aircraft icing zones 

is mainly a function of cloud structure and temperature, which in turn vary with altitude, location 

and season.  There are two types of clouds that may present icing conditions;  

1) Stratiform clouds (continuous icing conditions) with horizontal extents up to 200 miles, altitudes 

5,000 ft, liquid water content ranging from 0.1 g/m³ to 0.9 g/m³ and droplets diameter varying from 

5 to 50 microns.  
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2) Cumuliform clouds (intermittent icing conditions) with vertical extents at altitude of 10,000 ft, 

horizontal extent of about 6 miles, liquid water content ranging from 0.1 g/m³ to 1.7 g/m³ and 

sometimes as high as 3.9 g/m³ or more, and droplets diameter similar to the case of stratiform 

clouds. 

Icing can be serious when the cloud has high liquid water content.  Some types of precipitation 

cause serious icing conditions while others may indicate the presence of serious icing in the 

vicinity. Freezing rain ahead of warm fronts presents a serious icing for aircraft flying near the top 

of the cold air mass beneath a deep layer of warm air. This is because rain drops are much larger 

than ordinary clouds droplets and may lead to high liquid water content. Icing may also comes from 

freezing drizzle just near the cloud base where the accretion on aircraft. Presently, more droplets are 

large. 

 

Rime Ice Growth and Its Physics and Mechanism Process 

 

The ice growth starts with the process of condensation. Water vapor condenses around particles and 

forms water droplet. The particles may grow up to 50µm or more. For larger droplets, such as rain 

drops which may exceed 1000µm, collision-coalescence and ice crystal theory must be included to 

explain growth process. 

Rime ice is a dry, milky and opaque ice deposit which usually occurs at low airspeed, low 

temperature and low liquid water content. It is characterized by the instantaneous freezing of the 

incoming supercooled water droplets as soon as they hit the surface of the body trapping the air 

inside. As a consequence, the shape of the surface is altered generating performance penalties due 

to the loss in the aerodynamic characteristics and to the added weight which introduces an 

unbalance of the aircraft components during the flight, as shown in Fig. (1). 

 

Fig. (1) Typical rime ice conditions on an airfoil [Bergrun, N.R, 1995]. 

The geometry of rime ice growth is shown below in Fig. (2); 
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Fig. (2) Geometry of ice growth calculation [Bragg M.B. and Kerho Michael, 1994]. 

Important Factors and Parameters Affecting the Aircraft Icing 

The amount and rate of icing depend on a number of meteorological and aerodynamic factors. Of 

primary importance are: 

1- The amount of liquid water content of droplets. 

2- The size of the liquid water droplets. 

3- The temperature of aircraft surfaces. 

4- The collection efficiency. 

5- Icing intensity. 

6- Air speed. 

 

MATHEMATICAL FORMULATION 

The main objective of ice simulation is the calculation of the impingement of the particles on the 

airfoil which determines the droplet impingement regions as well as the mass of liquid on the body 

surface. 

The mathematical formulas are a process with a time-stepping procedure where successive thin ice 

layers are formed on the surface and followed by flow field and droplet impingement recalculations. 

The calculation of the water flux impinging on each grid forming the wing surface can be 

performed, then the ice accretion is calculated and the geometry is modified defining the ice shape 

for the first time step. The procedure is then performed for another time step to calculate a new ice 

layer. 

 

Trajectory Calculations 

To calculate the droplet trajectories, we assume that the volume of the droplet remains constant 

throughout the entire process. Although the droplet may or may not keep its spherical shape the 

droplet density d  remains constant throughout the whole path, the initial droplet velocity is equal to 
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the free stream velocity U  the droplets are much smaller than the body considered so that they do 

not affect the velocity field (Bragg, 1988). 

The equation of motion of the droplet is given by (Bragg and Kerho, 1994); 

 

      vu
C

K
a D 










24

Re1
                                                       (1)                                                                                                  

 And K  is the inertia parameter and define as;  





C

UD
K

eqd

18

2


                                                               (2) 

 

For Reynolds number below (1000) the following formula for Langmuir is used (Langmuir and 

Blodgett, 1946);  

 

38.1463.0 Re10*6.2Re197.01
24

Re DC
                                      (3) 

 

For Reynolds number higher than (1000) and below (3500) the formula (Paraschivoiu and 

Brahimi, 1994); 

(Re)10*699.1
24

Re 5DC
                                            (4) 

 

For Reynolds number higher than (3500) Hansoman formula's is used (Hansoman, 1985); 

 

92.15 (Re)10*669.1
24

Re DC
                                          (5) 

 

Modified Inertia Parameter 

The modified inertia parameter for (Anderson and Ching, 2003) formula is used in eq. (1) which is 

described as follows; 
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Turbulence Model (k-ε Model) 

There are many two-equation models used in numerical today. Among them is the (k-ε) model. The 

reason of using the (k-ε) model is that in two-dimensional thin shear layers the changes in the flow 

direction are always so slow that the turbulence can adjust itself to local conditions, and if the 

convection and diffusion of turbulence properties can be neglected it is possible to express the 

influence of turbulence on the mean flow in terms of a simple model such the mixing length model, 

while if the convection and diffusion are not negligible (as in the case of flow around an airfoil) a 

compact algebraic prescription for the mixing length is no longer feasible, and the mixing length 

model lacks this kind of generality, so the way forward is to consider a statements regarding the 

dynamics of turbulence (Versteeg and Malalasekera, 1995). 

In general form the transport equations for (k) and (ε) can be expressed in Cartesian coordinates as 

below (Chung, 2002): 
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Boundary Conditions and Properties 

It is important to clear out the flying conditions and its properties, and these included the Mach 

number, pressure, ice density, ice intensity, air density, air viscosity, air temperature, LWC, droplet 

diameter, droplet effectiveness distance, and all these conditions are shown in table 3.1. Also the 

freezing fraction is taken 1.0, and the accretion time is taken in this work equal to 180 s.  Table 1 

below shows the properties and conditions of air and droplet. 

 

Table 3.1 properties and conditions of air and droplet.  

 

FLOW FIELD CALCULATION 

The flow field calculation is needed to determine the velocity of air so that the droplet trajectory 

calculation can be solved. Where the equation of the airfoil that the flow field must flow over is; 

 4325.0 *1015.0*2843.0*3537.0*126.0*2969.0*
2.0

xxxxx
t

y 







          (11) 

Where the basic equations governing incompressible and steady state fluid flow in Cartesian 

coordinates are the continuity and momentum equations stated as: 

   0
,
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jiu                                                                      (12) 

   
jijijij Puu

,,,
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ij
 is referring to the viscous stress tensor, and its constitutive relation in Newtonian fluid: 

     ijijjiij
x
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uu  .

3

2
,,




                                                  (14) 

No. Variable 
Magnitude or 

quantity 
Units 

1 Mach number, M 0.3, 0.4 and 0.5 Nondimensional 

2 Air pressure, P a  101 kN/m² 

3 Airfoil Chord
 

1  

4 Ice density, ice  
1.2 g/cm³ 

5 Ice intensity severe non 

6 Air density, a  1.2 kg/m³ 

7 Dynamic viscosity of Air  610*1.17 
 N.s/m² 

8 Altitude h 9000 m 

9 Air temperature, T a  -12.6 Cº 

10 LWC 1.0 g/m³ 

11 Droplet diameter 50 µm 

12 Droplet effectiveness distance 4.5 of Chord length Nondimensional 
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The lift and drag equations governing the force over the airfoil are stated as: 

AV

L
CL

**

2
2

                                                             (15) 

AV

D
CD

**

2
2

                                                             (16) 

Where the L and D is the summation of the components of the forces in the x- and y-direction: 

)sin()cos( alphaFalphaFL xy                                                  (17) 

)sin()cos( alphaFalphaFD yx                                                  (18) 

GRID GENERATION 

The O-grid type is selected to produce the grid generation using Poisson equations. The Elliptic grid 

generator is the most extensively developed method (Hoffmann, 1989), where it is commonly used 

for 2-D problems. A system of elliptic equations in the form of Poisson's equation is used, which is 

solved for the coordinates of the points in the physical domain: 
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Fig. (3) shows the O-type grid generation using Poisson equation (PDE) with mesh of (71X37) at 0° 

angle of attack. Fig. (4) shows the O-type grid generation with mesh (151X71) at 6° angle of attack.  
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Fig. (3) PDE grid generation (O-type) of airfoil of mesh (71x37) with close view. 
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Fig. (4) PDE grid generation of airfoil at 6° angle of attack and mesh (151x71) with close view. 
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RESULTS  
 In clean case the results show that the increase in the angle of attack and Mach number cause a 

decrease in ( PC ) on the upper surface of the airfoil, and increase the performance of the airfoil as 

shown in Figs. (5 through 7) at different Mach numbers (0.3, 0.4 and 0.5, respectively). 
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Fig. (5) Pressure coefficient distribution at  

M=0.3 for various angle of attack in clean case. 

Fig. (6) Pressure coefficient distribution at  

M=0.4 for various angle of attack in clean case. 

Fig. (7) Pressure coefficient distribution at M=0.5 for various angle of attack in 

clean case. 
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Figs. (8 through 11) show a comparison of ( PC ) between the clean and rime ice case at different 

angle of attack and at constant M=0.3. The Figs. indicate that the increase in angle of attack would 

increase the (+ve) pressure coefficient in case of rime ice and hence decrease the airfoil 

performance. The ice formation at the nose of the airfoil caused a disturbance for the air flow over 

the airfoil and thereby cause uncouthly flow over the airfoil. 
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Fig. (8) Pressure coefficient distribution at 

(α=0°) and M=0.3 for clean and rime ice.       

Fig. (9) Pressure coefficient distribution at                        

(α=2°) and M=0.3 for clean and rime ice. 

Fig. (10) Pressure coefficient distribution at 

(α=4°) and M=0.3 for clean and rime ice.       

Fig. (11) Pressure coefficient distribution at 

(α=6°) and M=0.3 for clean and rime ice.       
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Figs. (12 through 15) show a comparison of ( PC ) between the clean and rime ice case at different 

angle of attack and at constant M=0.4. Although the Figs. show that the increase in Mach number 

from 0..3 to 0.4 would decrease the pressure coefficient in case of rime ice, but in compassion to 

that in case of clean case the severity would be more dangerous than that at M=0.3. Where the 

difference between the clean case and that of rime ice case at M=0.3 is smaller that in case of 

M=0.4. Since the increase in the Mach number must lead to decrease pressure suction side, the Figs. 

above show that the increase in the angle of attack will not overcome the dangerous of the accreted 

ice on the airfoil. The performance will get worse due to the ice accretion, where the pitching 

moment will cause the airfoil to turn back with increasing the angle of attack which causes decrease 

in lift force so early. 
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Fig. (14) Pressure coefficient distribution at 

(α=4°) and M=0.4 for clean and rime ice.       

Fig. (15) Pressure coefficient distribution at 

(α=6°) and M=0.4 for clean and rime ice.       
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Fig. (12) Pressure coefficient distribution at 
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Fig. (13) Pressure coefficient distribution at 
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It is well known that any (nongeometrical) change in the airfoil shape would cause a decrease in the 

airfoil performance, and this can be figure out in lift and drag coefficients. Fig.(5.16) shows the 

decrease in lift coefficient if the rime ice accreted on the airfoil at M=0.3 when compared with the 

clean case. The Fig. shows that the difference in lift coefficient increases with increasing the angle 

of attack, while the value of LC  in the clean case increases to reach its maximum value 0.68 (at 

α=6°). This value decreased from (0.68) to (0.47) at the same angle of attack when ice accreted. 

Also, LC  decrease from (0.84) to (0.44) for M=0.4 at the same angle of attack due to the existing of 

ice, where the ice disturb the smoothness flow of air over the airfoil, and from 1.3 to 0.46 for M=0.5 

as shown in Figs.(5.17 and 5.18, respectively). Fig. (19) shows the lift coefficient deference is 

increased with increased the Mach number, which means that the increase in Mach number will not 

overcome the severity of the ice accumulation and will effect inversely.  

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
Fig. (18) Lift coefficient comparison 

between clean and rime ice at M=0.5. 
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Fig. (16) Lift coefficient comparison 

between clean and rime ice at M=0.3.       

Fig. (17) Lift coefficient comparison 

between clean and rime ice at M=0.4. 
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Fig. (20) shows the increase in drag coefficient due to the ice accretion compared with that of clean 

case, where the accreted ice cause more disturb for the air over the airfoil and thereby increase the 

drag force. Fig.(21) shows the increases in drag coefficient as Mach number increases along the 

angle of attack for the rime ice case, where the increase of velocity over the airfoil with ice accreted 

will lead to increase the disturbance of the flow, hence increase the drag coefficient. Fig.(22) shows 

the variation of ( LC ) against ( dC ) for rime case at different Mach number. The Fig. shows that the 

increase in Mach number would increase in the drag coefficient against the lift coefficient and this 

performance get wars as much as the Mach number increases. 
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Fig. (22) Variation of LC  versus dC  for rime ice at 
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A comparison of a pitching moment coefficient versus angle of attack for the clean and rime ice 

case at Mach number (0.3) is shown in Fig.(23), it shows that the ( mC ) in the iced case is higher 

than that in clean one, this gesticulate that the increase of instability when the shape of the airfoil is 

changed due to the ice accretion. This coefficient varies if the Mach number increases or decreases, 

especially in the ice case, while in the clean case the general behavior is the same. Fig.(24) shows 

the comparison at Mach number (0.4). More reliable comparison is made between the pitching 

moment coefficient and the lift force coefficient. This comparison shows the lift behavior versus the 

pitching moment as shown in Fig.(25) at M=0.3. It can be seen that the lift coefficient of the clean 

case is higher than that of the rime ice case and at the same time the pitching moment is higher for 

the ice case. Since the pitching moment is so high compare with that lifting force, the airfoil will be 

exposed to fall early in ice case. Fig. (26) shows the same comparison at M=0.4. 
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Fig. (27) shows the effect of time accreted of ice at 6 time steps is considered, each of 30 second till 

reach the final steady state condition (180 s).  Fig. (28) shows the distribution of pressure 

coefficient at that M=0.3 and α= 0°, where some one can see that the increase in time step (increase 

quantity of ice on the airfoil) will lead to increase the pressure coefficient, hence decrease the 

performance of the airfoil. Fig.(5.29) shows that the when the time step increased, the lift 

coefficient performance decreased. This is due to increase the disturbance of the air flow over the 

airfoil due to the ice. Fig.(30) shows the increase of the drag coefficient according to the increase 

and distortion in the airfoil nose area with increased of the ice accumulation. 
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CONCLUSION 

The icing on an airfoil was simulated with a renewed effect of time and collection efficiency and 

the airfoil performance showed severe aerodynamic penalties encountered with decrease in lift, and 

increase in drag and highly changes in the pressure distributions. The presence of ice on 

unprotected airfoil may increase drag by as much as 60% and reduce lift by 45%, where the severe 

adverse gradients will lower the lC  , as well as increasing the drag of the airfoil. 

The drag and lift results for the ice cases show a severe deviation from that of the clean case, which 

indicate that the accretion ice on the airfoil is so dangerous and could cause big problems for the 

pilots. 

The pitching moment coefficient increases in the case of ice accretion more than the clean case, 

where the average percentage increase of the pitching moment coefficient with the lift coefficient is 

96 % and. This increase would cause an unstable condition for the flying condition. 

 

NOMENCLATURES 

a     Acceleration of Ice Droplet (m/s²)                               

C     Chord Length   (m) 

dC    Drag Coefficient 

lC     Lift Coefficient 

mC    Pitching Moment Coefficient 

PC    Pressure Coefficient 

dD    Droplet Diameter (μm) 

eqD   Mean Volume Diameter (μm) 

  k     Turbulent Kinetic Energy (m²/s²) 

  Re    Reynolds Number 

  V      Ice Droplet Velocity (m/s) 

  u       Flow Field velocity   (m/s) 

 U     Free Stream Velocity (m/s) 

  K      Inertia Parameter 

  Ko    Modified Inertia parameter 
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       Dynamic Viscosity   (kg/m.s)  

k     Turbulent Dynamic Viscosity in k-Equation (kg/m.s) 

     Turbulent Dynamic Viscosity in ε-Equation (kg/m.s) 

t      Turbulent viscosity (kg/m.s) 

a      Air Density (kg/m³) 

d     Ice Droplet Density (kg/m³) 

w    Water Density (kg/m³) 

( s / )  Trajectory of a Droplet in Still Air to the Same Trajectory of the   Droplet if the Drag is 

Assumed to Obey Stock's Law 

 ,    Curvilinear Coordinate Direction 

    Dissipation of Turbulent Kinetic Energy (m²/s²) 

k  Empirical Constant in k Transport Equation 

   Empirical Constant in ε Transport Equation 
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NUMERICAL INVESTIGATION OF THE  CAVITATION IN PUMP 

INDUCER 
 

 

 

 

 

 

 

ABSTRACT  
A numerical investigation of the non-cavitating and cavitating performance of a three-blade 

pump inducer under nominal and off-design operating conditions is presented. Three different 

simulated hydrofoils; a flat plate, “NACA0004", and "Clark-Y-6%" has been selected to represent the 

profile of the inducer blade. A 2D, steady, incompressible, turbulent, and isothermal flow field between 

the inducer blades is simulated using the FVM. The "Interface Tracking" model is selected to predict 

the cavity profile of the attached cavitation and the cavitating performance drop. For each blade profile, 

the influence of solidity in the range of (1.8 to 3.0) and blade angle in the range of (20
°
 to 35

°
) on the 

inducer performance is studied. Comparing the present model with available experimental and 

numerical results, confirms that the developed model well predicts the general non-cavitating 

performance for an inducer having a flat plate blade profile. For "NACA0004", or "Clark-Y-6%" 

hydrofoil blade profiles, a reduction in the operating range of these inducers is produced. In addition, 

the developed model predicts the inception of cavitation earlier than the experimental results. The 

predicted cavitating head drop curve of an inducer having a flat plate blade profile is compared with 

available experimental results and a good agreement is obtained. The drop curve occurs suddenly and 

simultaneously with the experimental one. For "NACA0004“, or "Clark-Y-6%" hydrofoil blade 

profiles, a smooth curves with simultaneous or gradual head drop occurs with the experimental one, 

respectively. Generally, the agreement between the results is satisfactory. 

 الخلاصة

 اء نًحارت رلاريت انشيش نًعخت حعًم عُذ اَعذاو انخكهف ويع انخكهف عُذ حالاثحى عشض دساست عذديت عٍ خصائص الأد       

 "NACA0004"و انخصًيًيت وغيش انخصًيًيت. حى اخخياس رلارت أشكال بطشيقت يًُزصت نًطياس يائي وهي: صفيحت يسخىيت، انعًم 

يسخقش, غيش اَعغاغي, يعطشب، و رو دسصت  حًج ًَزصت انضشياٌ رُائي الأبعاد,. نخًزم شكم سيشت انًحارت "Clark-Y-6%" و

"  نخخًيٍ Interface Tracking" سحى اخخياس ًَىر. باسخخذاو غشيقت انحضى انًحذدةو حشاسة رابخت نًائع يُساب بيٍ سيش انًحارت

( 3.3انً  8.8نكم شكم سيشت، حًج دساست حأريش انصلادة في انًذي ) .شكم انفضىة نهخكهف انًهخصق و اَخفاض الأداء انًخكهف

يقاسَت انُخائش انخي حى انحصىل عهيها يٍ انًُىرس انًطىس يع  ٌإ. دسصت( عهً أداء انًحارت 35انً  23وصاويت انشيشت في انًذي )

انُخائش انًخىفشة يٍ انخضاسب انعًهيت ويٍ انحساباث انعذديت ,حؤكذ أٌ انًُىرس انًطىس يحسٍ حخًيٍ الأداء انعاو وبذوٌ حكهف نًحارت 

سيُخفط يذي انخشغيم نهزِ  "Clark-Y-6%"أو  "NACA0004" طياس يائي بشكم نً . يشت بشكم صفيحت يسخىيتراث س

حًج يقاسَت . يٍ انخضاسب انعًهيت خىفشةإنً رنك, فاٌ انًُىرس انًطىس يخًٍ بذء انخكهف بصىسة يبكشة عٍ حهك انً تبالإظاف. راثانًحا

حى انحصىل  حيذ انعًهيتيع انُخائش انًخىفشة يٍ انخضاسب  يشت بشكم صفيحت يسخىيتيُحُي اَخفاض انعغػ عُذ حكهف انًحارت راث س
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 ًطياس يائي بشكم ن. إٌ يُحُي اَخفاض انعغػ يحذد بشكم يفاصئ ويخضايٍ يع َعيشِ انًخىفش يٍ انخضاسب انعًهيت .عهً حىافق صيذ

"NACA0004"  أو"Clark-Y-6%"  ,ضايٍ أو حذسيضي يع َعيشها انًخىفش يٍ فاٌ يُحُيا اَخفاض انعغػ ححذد بشكم يخ

 . إٌ انخىافق بيٍ انُخائش هى يشظيبشكم عاو, . انخضاسب انعًهيت وعهً انخىاني

KEYWORDS 

 Cavitation, inducer, two-phase, Rayleigh-Plesset, NACA0004, Clark-Y-6%, interface tracking, 

FVM. 

 

INTRODUCTION 

Nowadays, satellite systems such as satellite broadcasting and navigation by GPS are becoming 

indispensable for our life. Liquid fuel rockets are mainly used to launch the satellites. In the rockets, 

liquefied hydrogen (LH 2 ) and liquefied oxygen (LOX) are used as propellants. A turbopump, which 

supplies the propellants to a combustion chamber with high pressure, is incorporated in the rocket 

engine to make the system smaller and lighter, (Tokumasu et. al. 2003). It is necessary for the 

turbopump to run very fast to make it smaller. In this condition, cavitation occurs, because the local 

static pressure becomes smaller than the vapor pressure. 

The performance of the pump, or other hydraulic device, may be significantly degraded. In the 

case of pumps, there is generally a level of inlet pressure at which the performance will decline 

dramatically, a phenomenon termed "Cavitation breakdown". This adverse effect has naturally given 

rise to changes in the design of a pump to minimize the degradation of the performance; or, to put it 

another way, to optimize the performance in the presence of cavitation. One such design modification 

is the addition of a cavitating inducer upstream of the inlet to a centrifugal or mixed flow pump 

impeller. Another example is manifest in the blade profiles used for super-cavitating propellers. These 

super-cavitating hydrofoil sections have a sharp leading edge, and are shaped like curved wedges with 

a thick, blunt trailing edge. 

An inducer is attached to these turbopumps to increase their efficiency. The "inducer" is a 

device that causes a rise in the inlet head, which prevents cavitation in a pump stage following the 

inducer. Inducers are therefore used at the inlet portion of the main pump. They are typically designed 

to be axial flow impellers with a high solidity so that long narrow passages result. Cavitation bubbles 

collapse in these passages before they reach the main pump, (Acosta 1958). 

Nowadays, CFD numerical techniques are commonly used in the hydraulic design of industrial 

turbomachines components. Unfortunately, without a suitable numerical model, it is impossible to 

solve directly cavitating flows. Since 1990
„
s, various methods have been proposed to simulate 

cavitating flows as two-phase flows. Three different approaches have been mainly proposed for the 

numerical simulation of cavitation phenomenon in hydraulic machinery, these are: (1) The Single Fluid 

Model: It is based on a pseudo-density function of the liquid-vapor mixture to close the equations 

system. A Baratropic law relating the pressure to density is mainly proposed. Assuming no-slip is 

present between the liquid and vapor phases, both phases are in thermal equilibrium. (Coutier-

Delgosha et. al. 2001) has used this model to simulate numerically the cavitation behavior of beveled 

and sharp leading edge shapes for two-dimensional hydrofoil sections of an inducer blade at two 

different angles of attacks. This simulation was coded with the 3D "FINE/TURBO™" commercial 

code. (Joussellin et. al. 2001) has used this model to investigate numerically the cavitating flows in 

rocket engine turbopump inducers. A 2D numerical model of unsteady cavitation, developed by 

previous studies, was applied to a 2D blade cascade drawn from the inducer geometry. (Coutier-

Delgosha et. al. 2002) has used this model to investigate numerically the characteristics, performance 

breakdown, cavitation development and vapor structures distribution of a 4-blade turbopump inducer in 

non-cavitating and cavitating conditions associated with quasi-steady effects. The numerical model was 
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coded using the "FINE/TURBO™" commercial code. (2) The "VOF" Model: It is a multiphase mixture 

model which has an additional equation for the volume fraction including source terms to model the 

vaporization and condensation processes. Using a truncated form of the Rayleigh-Plesset equation to 

estimate the rate of vapor production or destruction assuming that thermal and mechanical equilibrium 

stands between liquid and vapor phases. (Bakir et. al. 2003) has used this model to investigate 

numerically the hub shape effect on the inducers performance under cavitation. (Reboud et. al. 2003) 

has used this model to correctly simulate the unsteady cavitaing flows in 2D venturi type section 

implementing the influence of four turbulence models. Simulations were also performed to a hydrofoil, 

a foil cascade, and another venturi type section. (Ait-Bouziad et. al. 2004) has used this model to 

simulate the cavitation behavior of a 3-blade industrial inducer. (Bakir et. al. 2004) developed a 

numerical cavitation model suitable for general three-dimensional flows with extensive cavitation at 

large density ratios. His model assumed two-phase, three-component system with no inter-phase slip 

and thermal equilibrium between any of the components and phases. (3) The "Interface Tracking” 

Model: In this approach, the cavity interface is considered as a free surface boundary of the 

computation domain and the computational grid includes only the liquid phase. (Hirschi et. al. 1998) 

has used this model to predict the performance drop of a cavitating centrifugal pump and the influence 

of the diffuser geometry on this performance. (Ait-Bouziad et. al. 2003) investigated numerically the 

performance of "Interface Tracking” and "VOF” Models for modeling the cavitation phenomenon in 

the case of 3-blade industrial inducer.  

This paper is presented to study and simulate numerically the non-cavitating and cavitating 

performance of a three-blade pump inducer under nominal and off-design operating conditions and to 

predict the cavity profile using the FVM. This inducer will be designed for nominal operating condition 

with flow coefficient (θ=0.38), rotational speed (N=1450 rpm), and head coefficient (ψ=0.15). The 

"Interface Tracking" model is selected to predict the cavity profile of the attached cavitation and the 

cavitating performance drop. Three different simulated hydrofoils; a flat plate, “NACA0004” and 

"Clark-Y-6%" will be selected to represent the shape of the three-blade inducer. For each blade profile, 

the influence of solidity in the range of (1.8 to 3.0) and blade angle in the range of (20
°
 to 35

°
) on the 

inducer non-cavitating and cavitating performance will be studied under nominal and off-design 

operating conditions. The results of this paper will be compared with available experimental and 

numerical results of the "CFX-TASCflow" commercial code.  

The details of this paper are described completely in a Ph.D. Thesis work of (AL-Saffar 2007). 

 

GOVERNING EQUATIONS 

 The two-dimensional governing equation of mass and momentum for steady, turbulent, 

incompressible flow can be written in tensor conservative form and expressed in Cartesian coordinates 

as follows, (Nilsson 2002): 

  

i

i

u
0

x





                                                                                                                                        (1) 

 ij iji j
L

j i j

tu u p

x x x

   
   

  
                                                                                                   (2) 

 

Where (tij), is the viscous shear stress tensor that is expressed as: 
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ij ij

j i k

uu u2
t

x x 3 x

     
               

                                                                                            (3) 

 

The Reynolds stress tensor (ηij) can be determined according to the Boussineq assumption as: 

 

ji k
ij L i j t ij ij L

j i k

uu u2 2
u u k

x x 3 x 3

     
                       

                                                       (4) 

 

The standard (k-ε) two-equation turbulence model has been selected among other turbulence models. 

Hence, the value of the turbulent eddy viscosity (μt) is estimated as, (Wang and Komori 1998): 
2

L
t

c k
 


                                                                                                                               (5) 

 

"INTERFACE TRACKING" MODEL: 

It is a mono-fluid model having an incompressible, single-phase transport equation, and it 

considers the cavity interface as a free surface boundary of the computational domain. As the cavity 

shape has an influence on the mean flow, an iterative process needs to be applied between the CFD 

code and the cavitation prediction one to modify the interface shape in order to reach a constant 

pressure equal to the vapor pressure along it. This shape is defined by the envelope of high number of 

transferred bubbles over the blade associated with attached cavitation; the bubble radius instead of its 

diameter is used to define this envelope. The main numerical complexity is how to predict an adaptive 

grid for the computational domain to update the cavity shape. This model does not compute any 

cavitation, which is not attached to the blade surface. Only the attached cavitation to the blade surface 

boundary is predicted, and the tip clearance cavitation is not considered.  

This model has the advantage of being independent of the flow computation code. It is based on 

some version of the Rayleigh-Plesset equation that defines the relation between the radius of a 

spherical bubble, (R), and the pressure, (p), far from the bubble. The generalized Rayleigh-Plesset 

equation for bubble dynamics is given as, (Brennen 1995, 2005): 

 
22

v L
2

L L

p p 4d R 3 dR dR 2S
R

2 dt R dt Rdt

  
    

  
                                                                (6)   

 
In the absence of the surface tension and viscous terms, the generalized form of this equation is 

truncated to predict (R) at a given (p), provided that (pv) is known. 

 

 v

L

(P P)dR 2

dt 3





                                                                                                                       (7)  

 

NUMERICAL TECHNIQUE 
 The "Interface Tracking” model has been used to simulate the hydraulic performance of a 

cavitating performance of a three-blade pump inducer under nominal and off-design operating 
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conditions using the FVM using the standard k­ε turbulence model associated with laws of the wall 

along solid boundaries. Steady state solutions were obtained by setting a uniform flow velocity and a 

constant total pressure at the inducer inlet for the boundary conditions.  

 A grid independency test for the three selected profiles is performed and a single-block 

structured mesh has been generated for each profile. Mesh sizes of (30x100), (30x99) and (30x70) are 

selected for flat plate, “NACA0004” hydrofoil profile and “Clark-Y-6%” hydrofoil respectively. Each 

mesh is made for a single passage (1/3 of the inducer). 

 Computations starts from the non-cavitating regime, then the "Interface Tracking" model is 

turned on, while the imposed total pressure at the channel inlet is decreased by a constant step of 

(10,000 Pa). Close to the drop zone, this step is reduced by a factor of (10) and more to overcome the 

high instability of the solution due to the strong non-linear behavior of the cavitation phenomenon. For 

each value of the imposed total pressure at the channel inlet and after entering the drop zone, the 

truncated Rayleigh-Plesset equation is activated to predict the cavity interface shape. The cavity 

interface is treated as a wall boundary of the blade-to-blade channel. Hence, the wall function will be 

imposed along the cavity interface. This is considered to be a major assumption of the "Interface 

Tracking" model. The shape of the cavity interface is inserted into the grid generator to update the grid 

shape. This shape is adapted step by step according to the pressure distribution obtained from the flow 

computation at the previous iteration in order to reach a given condition (the pressure at the cavity 

interface is equal to the vapor pressure). The head drop curve is created gradually. It is noted finally 

that the time consuming for the creation of a whole one head drop curve is about (30 min) on a P4, 

Celeron(R) CPU, 2.41 GHz, 256 MB of RAM. For all computations, a maximum residual is kept 

below 10
-4

. 

 

RESULTS DISCUSSION  
 

Non-Cavitating Performance 
The effects of different values of solidity and blade angle on the numerical results of the (Head-

Flow) curve for the non-cavitating performance of an inducer having a flat plat, "NACA0004", and 

"Clark-Y-6%" hydrofoil blade profile are simulated and compared with the experimental and 3D 

numerical results of, (Bakir et. al. 2004), using the "CFX-TASCflow" commercial code, of the 

"LEMFI" inducer, as shown in Fig. 1. For each case study, the optimum simulated values of solidity 

and blade angle are listed in Table 1. 

 

Table (1) Optimum geometry configuration for different simulated shapes of blade profiles. 

 

 

Case study 

 

Blade profile 

Optimum geometry configuration 

Solidity 

(s) 

Blade angle 

(βb) 

1 Flat plate 2.95 25
°
 

2 "NACA0004" 2.95 30
°
 

3 "Clark-Y-6%" 1.8 25
°
 

 

As shown in Fig. 1, for the flat plate case study, a good agreement between the experimental 

results of (Bakir et. al. 2004) of "LEMFI" inducer, and the numerical results of the present work is 

obtained at nominal flow coefficient (θ=0.38), and high flow coefficients. At low flow coefficients, an 

average difference in the value of head coefficient of about (0.15) is obtained between the experimental 



M. A. AL-Saffar                                                                                   Numerical Investigation Of The  

N. N. Abdulla                                                                                       Cavitation In Pump Inducer 
J.M. Jalil 

 

Available online @ iasj.net 

 

3438 

and two-dimensional numerical results and this due to the tip clearance effects. For "NACA0004" or 

"Clark-Y-6%" hydrofoil blade profiles using the optimum values of solidity and blade angle listed in 

Table 1, will result a reduction in the operating range producing a flow coefficient value of (10%) 

lower than that of the nominal one with an average head coefficient value of (30%) higher than that of 

the nominal one. This is due to the change in the blade profile and geometric parameters. 

 

Cavitation Inception 

 Fig. 2 shows the comparison between the experimental and numerical results of (Bakir et. al. 

2004) of "LEMFI" inducer, for the inception cavitation number (ζi ) versus flow coefficient (θ) and 

present work inducer having different simulated shapes of hydrofoil profiles, using the optimum 

solidity and blade angle values listed in Table 1. As shown, the present work numerical results predict 

the inception of cavitation earlier than the experimental and numerical results of (Bakir et. al. 2004). 

This is due to the unsteady nature of cavitation inception. On the other hand, the numerical results of 

(Bakir et. al. 2004) were based on using the "VOF" model and the inception cavitation number was 

associated with a (3%) head drop. 
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Cavitating Performance 
 Fig. 3 and Fig. 4 show the comparison between the developed model and the experimental and 

numerical results of (Bakir et. al. 2004), for the head drop characteristics of an inducer having a flat 

plate blade shape, operating at a flow coefficient of (θ=0.346) or (θ=0.38), a good agreement is 

obtained between the developed model and experimental results. The drop curve occurs suddenly and 

simultaneously with the experimental one. The agreement between the results is very satisfactory.  

For "NACA0004“ hydrofoil profile, when operating at a flow coefficient of (θ=0.346), a 

smooth with simultaneous head drop occurs with the experimental one, with a (30%) increase in the 

value of the head coefficient.  

Fig. 1 : Non-cavitating performance. 

 

Fig. 2 : Cavitation inception curve. 
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For "Clark-Y-6%" hydrofoil, a smooth with gradual head drop occurs before the experimental 

one, with a (30%) increase in the value of the head coefficient, as shown in Fig. 4. 
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Fig. 5 show the evolution of the cavity profile on the suction side of a flat plate blade profile of 

an inducer operating at a flow coefficient of (θ=0.38) and (θ=0.346), at cavitation inception and with 

different cavitation numbers. 
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Fig. 4 : Head drop curve, θ=0.346 Fig. 3 : Head drop curve, θ=0.38  

 

Fig. 5 : Cavity envelope evolution on the suction side at different   

                cavitation numbers. 

 

(a) Flat plate blade profile, θ=0.38  (b) Flat plate blade profile, θ=0.346  
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Fig. 6 shows the evolution of the cavity profile on the suction side of a “NACA0004” and 

“Clark-Y-6%” blade profile of an inducer operating at a flow coefficient of (θ=0.346), at cavitation 

inception and with different cavitation numbers. 

 

CONCLUSIONS 

The abnormal cavitating behavior of the "Clark-Y-6%" hydrofoil blade profile as shown in Fig. 

2 and Fig. 4 is due to that the "Clark-Y-6%" hydrofoil blade profile is of cambered shape with a 

maximum thickness to cord ratio value of (6%) which is greater than that of the flat plate blade profile 

of a negligible constant thickness to cord ratio value and greater than the “NACA0004” hydrofoil blade 

profile of a symmetric shape with a maximum thickness to cord ratio value of (4%). This shape of the 

"Clark-Y-6%" hydrofoil blade profile will produce a greater contraction (i.e. a 2% increase above that 

of the “NACA0004” hydrofoil and a 6% increase above that of the flat plate shape) at its blade-to-blade 

channel resulting a higher velocity value at its throat and a lower pressure value which result a higher 

value of the inception of cavitation parameter and also a smooth with gradual head drop occurs before 

the head drop curve of both the “NACA0004” and the flat plate hydrofoils when operating at a flow 

coefficient of a value of (θ=0.346). 

 In general, the shape of the blade profile and its geometric parameters (i.e. the solidity and the 

blade angle values) has a major effect on the performance characteristics of the non-cavitating and 

cavitating pump inducer. Therefore, it is better to design and manufacture an inducer with a blade 

profile that produce a blade-to-blade channel that has no contraction (i.e. flat plate blade profile) having 

a relatively high value of solidity and a value of blade angle that produce a few degrees of the angle of 

incidence. 

 

 

 

 

Fig. 6 : Cavity envelope evolution on the suction side at different  

                cavitation numbers. 
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ABSTRACT 

        In this work, numerical method approach has been used to simulate the solidification parameters 

of an eutectic aluminum-silicon alloy in chilled metallic mould with copper.  The approach is based on 

the solution of heat flow equations of the casting and mould.  In addition, the latent heat is treated as a 

boundary condition between the liquid and solid phase.  The results showed that different behaviors of 

solidification parameters are obtained along the casting.  Furthermore, the simulation approach of 

solidification parameters in conjunction with the microstructure indicated that it is possible, to a large 

degree, giving a knowledge about the microstructural features for any alloy system. 

 

 

 الخلاصة
سميكون الايوتكتيكية في قالب معدني -استخدام الطريقة الرقمية في محاكاة متغيرات التجمد لسبيكة الالمنيوم في هذا البحث تم         

تم  اضافة لذلك فقد  الطريقة المستخدمة عمى حل معادلات انسياب الحرارة لممسبوكة والقالب. تستندمزود بمصقع من النحاس.  اذ 
النتائج وجود اختلاف في سموك متغيرات التجمد عمى  اوضحتالحرارة الكامنة كظرف لمحد الفاصل بين السائل والصمب.  وقد  اعتماد

الاستفادة  الى امكانيةفقد تم التوصل من خلال الربط ما بين محاكاة متغيرات التجمد والبنية المجهرية علاوة عمى ذلك طول المسبوكة.  
 متنبا بالسمات المجهرية الى حد كبير ولاي نظام سبائكي.لذه المتغيرات من نتائج المحاكاة له
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INTRODUCTION 

        Casting, one of the important manufacturing processes, has been used more widely in industry 

(Schey 2000).  It is a very economic method of forming a component and in the same time a 

complicated process involving control the metallurgical and mechanical aspects (Metals Handbook 

1998).  The properties of solidified metal or alloy are dependent not just on composition but also on 

grain size and the shape and distribution of phases (Metals Handbook 1998 and Campbell 2004).  

These factors can be controlled and modified through controlling the solidification process.  The 

cooling rate, temperature gradient, and local solidification time, which are the solidification 

parameters, govern the microstructure which in turn control the mechanical properties (Campbell 

2004). 

        The simulation of solidification has received increased attention as the computer revolution has 

matured.  Simulation will be very important tool to optimize the casting process, to shorten the lead 

time, to assure the quantity, and to improve the mechanical properties of castings (Kurz and Fisher 

1986).  A wide range of efforts is being used to simulate the solidification and microstructure 

evolution.  These include finite element method (FEM) (Masters et al. 1997 and Guillemot et al. 

2004), finite difference method (FDM) (Palmer and Games dos Santos 1998 and Lu 2002), finite 

volume method (FVM) (Warran et al. 2002 and Lewis 2004), cellular automation method (CAM) 

(Varam et al. 2001 and Qingyan et al. 2005), etc. 

        The main research objective is to simulate the solidification parameters of Al-12%Si alloy casted 

in chilled metallic mould using a numerical method approach.  The simulated solidification parameters 

are coupled with microstructure that evolved during solidification in order to develop a modified 

approach.   

 

MODEL ASSUMPTIONS 

        The filling of metallic mould with molten metal of eutectic Al-Si alloy is assumed to be 

instantaneous in this work. It is also assumed that no convection in the molten metal of eutectic alloy. 

This is related to the redistribution of solute that takes place within the boundary layer, in which this 

layer is smaller than the momentum boundary layer resulting from the molten metal flow (Flemings 

1974). Thermal conductivity and density are considered to be variable with the temperature. While the 

thermophysical properties of the mould are considered to be constant. 

 

 

MATHEMATICAL MODEL 

        Macro-Micro model is built to simulate the solidification of the eutectic Al-12%Si alloy system.  

The eutectic Al-12%Si alloy was prepared using pure aluminum, Al-22%Si master alloy as starting 

materials.  The chemical composition of pure aluminum, master alloy and prepared Al-12%Si alloy are 

illustrated in Table І.  After adjusting the chemical composition, the molten of Al-12%Si alloy was 

poured in a rectangular metallic mould made from stainless steel and chilled with copper (Fig. 1).  The 

simulation of solidification requires the application of heat transfer equations and also some special 

technique to simulate the latent heat release.  For the molten metal that undergoing from solidification, 

the latent heat is a new factor which needs to be incorporated into the simulation program.   In this 

paper, the solidification range was assumed to be 10 
°
C (565 – 575 

°
C).  

        The liquid and solid phases were modeled separately in which the latent heat is treated as a 

boundary condition.  The initial boundary conditions can be expressed as:  
At   t=0;     Tmold= 30 

°
C 



Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

 

3484 

                  Tchill= 30 
°
C 

                  Tair   = 30 
°
C 

 

While the boundary conditions can be expressed as: 

(a)- At the internal point, the general heat conduction equation in the casting for liquid phase is: 
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  While for solid phase, the general heat conduction equation will be                
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  - For mushy zone, the general heat conduction equation is  
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(b)- At the mould/air interface 

 

 Q = hair(Tair-Tmold)                               (4)  

 

       At the external surface, a constant heat transfer coefficient is taken to be 15 W/m
2
.K for mould/air 

interface region (Baily 1988). 

        In the solidification of a given alloy, the amount of liberated latent heat is considered to be 

proportional to the fraction of solid, which is calculated using the lever rule (Rappaz 1989).  All 

equations are solved using finite difference method to determine the temperatures history for casting at 

each determined node. 

        The energy equation that related to heat conduction in metallic mould can be expressed as: 

 

ρmCpm 
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]                   (5) 

 

where the subscript m represents the mould.  The above equations must be solved with appropriate 

initial boundary conditions. 

        Image processing was performed using image J program.  In this program, the microstructural 

picture of all specimens that sectioned from the Al-12%Si alloy casting at different positions was 

inserted to the program separately and processing was achieved. 

        Fisher and Kurz equation (Fisher and Kurz 1980) was used to calculate eutectic spacing (λ).  

This equation can be expressed as 

 

λ = 
2

be  
                                    (6)   
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where λe is the spacing at the extremity and λb is the branching spacing in which the range of stable 

eutectic growth is located between them. 

 

RESULTS AND DISCUSSION 

        The cooling curve of Al-12%Si alloy at different positions along the casting can be shown in Fig. 

2.  It is clear from this figure that the solidification time is very short near the chill/cast interface and 

then increases until reaching a specified distance of 20 mm.  Without any doubt, this distance is a 

transition point in which the solidification time over it has approximately a constant value (0.584 s).  

The ascription of differences in cooling curve behavior at different positions along the casting is related 

to the differences in cooling rate.  As a result of using copper chill, the cooling rate will be very high at 

the chill/cast interface region and then decreases with ascending until reaching a specified distance of 

20 mm as shown in Fig. 3.  The constancy in cooling rate (53.093 
°
C/s) can be shown clearly beyond a 

distance of 20 mm.  In addition, Fig. 3 also shows that the cooling rate at the casting corner is very 

high compared with that along the casting center.  This is related to the mould wall which acts as a 

chill.  This accompanied with the copper chill that already existed and conducted with the mould in 

comparison with that along the casting center which is affected only by the copper chill.  This 

increasing in the cooling rate leads to modify the microstructure of Al-12%Si alloy which in turns raise 

the mechanical properties. 

        The relationship between temperature gradient and distance at different positions along the casting 

can be shown in Fig. 4.  The important notice that can be recognized form this figure is that the 

temperature gradient is high in the region that conducted with the copper chill.  This increasing in the 

temperature gradient does not remain the same as that in the early stage of solidification in which the 

distance of 20 mm that measured from the chill/cast interface is a transition point where the 

temperature gradient decreases beyond it.  Fig. 4 also shows that the temperature gradient laterally is 

too high especially at the mould wall compared with that at the casting center.  This is because the 

mould wall acts as a chill during solidification.  Because of the small thickness of mould wall used 

compared with the molten metal volume, this makes the mould wall unable to act as a chill through all 

stages of solidification.  Therefore, decreases in temperature gradient laterally can be recognized 

obviously with departing from the mould wall toward the casting center. 

        Some directional solidification can be observed in the early stage of solidification as shown in 

Fig. 5 which represents the relationship between local solidification time and distance.  This can be 

demonstrated by the linear relationship between local solidification time (ts) and distance (d) until 

reaching a specified distance of 20 mm according to the following relationship which can be expressed 

as 

 

ts = 0.033d – 0.019                           (7) 

 

Beyond this distance, constancy in solidification time can be recognized until completing the 

solidification.  This means that chill effect is limited up to distance of 20 mm measured from the 

chill/cast interface and beyond this; no effect of chill has been occurred.  

        The effect of changes that occurred in solidification parameters along Al-12%Si alloy casting as a 

result of using copper chill was reflected on the microstructural features as shown in Fig. 6.  It is 

important to recognize that flake silicon phase with different degrees of modification are presented 

along the Al-12%Si alloy casting.  Several investigators studied the mechanism of modification in Al-

Si alloys either quench or chemical (Kobayashi and Hogan 1985).  Because of using a copper chill, 

the modification of eutectic silicon phase related certainly to chill effect.  As mentioned elsewhere, 
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quench modification was originally attributed to the repeated nucleation of the eutectic silicon phase at 

a reduced temperature (Metals Handbook 1998).  Near the chill/cast interface region, as shown in Fig. 

6a, the greatest modification in flake silicon phase can be recognized.  This is related to high cooling 

rate in this region that reaches to 256.676 
°
C/s.  Moderate modification can be observed in flake silicon 

phase with departing from the chill/cast interface region as shown in Figs. 6b and c.  This is related to 

decrease the chill effect.  The depletion of chill effect at distance of 20 mm, as shown in Fig. 6d, and 

over it makes the size and morphology of flake silicon phase slightly changed, as shown in Figs. 6e-g.   

        From this, the magnitude of solidification parameters at a given point along the Al-12%Si alloy 

casting has a strong role on determining the eutectic spacing (λ) and morphology of silicon phase.  The 

predominant morphology of silicon phase, as explained above, is flake.  As represented in Table ІІ, 

which is essence of the results of the present work, no changes in   eutectic spacing (λ) can be observed 

at and beyond a specified magnitude of solidification parameters that corresponding to (R=53.696 
°
C/s, 

G=14.987 
°
C/mm, ts=0.577 s) and distance (20 mm).  Of course, this is related to depleting the chill 

effect.  This means that no modification in flake silicon can be observed at distance of 20 mm and 

beyond it.  The most important result that can be concluded from Table ІІ is that the relationship 

between the solidification parameters and microstructural features of Al-12%Si alloy casting can be 

used to predict the microstructural features for any other alloy system after determination the casting 

conditions, thermal properties of the casting and the mould, and system constituents used. 

 

CONCLUSIONS 

        The prediction of solidification parameters using numerical method approach has been developed.  

The results showed that different behaviors of solidification parameters are obtained along the chilled 

Al-12%Si alloy casting using copper.  The results also showed that the distance of 20 mm measured 

from the chill/cast interface is a transition point in which constancy, to a large degree, in the 

solidification parameters is produced.  Furthermore, the numerical approach has been extended to 

include microstructural features.  From the simulation of solidification parameters-microstructure 

relationship, one can predict the microstructual features for any other alloy system. 
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Greek and Latin Symbols 

 

Symbols Definition unit 

ρ Density kg/m
3
 

λ Eutectic spacing mm 

λb Eutectic spacing at which branching occurs mm 

λe Eutectic spacing at the extremity mm 

T Temperature 
°
C 

G Temperature gradient  
°
C/mm 

R Cooling rate 
°
C/sec 

Cp Specific heat J/kg.K 

K Thermal conductivity W/m.K 

L Latent heat J/kg 

h Heat transfer coefficient W/m
2
.K 

ts Local solidification time sec 

Q Heat flux W/m
2
 

x,y,z Cartesian coordinates  
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Table І Chemical composition of pure aluminum, master alloy and prepared Al-12%Si alloy. 

 

 

 

 

 

 

 

 

 

 

Table ІІ The eutectic spacing and degree of modification as a function to the solidification parameters. 

 

  

 
Microstructural features 

 
Solidification parameters 

Distance 

from the 

chill/cast 

interface 

(mm) 

 

Eutectic 

spacing (λ) 

(µm) 

Degree of 

modification 

Cooling rate, 

(R) (°C/s) 

Temperature 

gradient,(G) 

(°C/mm) 

Local 

solidification 

time, (ts) (sec) 

At interface - Excellent 1501.640 51.509 0.021 

5 5.6 Potent 256.676 28.569 0.121 

10 8.5 Moderate 92.540 20.345 0.353 

15 9.1 Moderate 59.816 17.882 0.518 

20 12.5 No 

modification 

53.696 14.987 0.577 

f Phase  fraction   

 

Elements 

(Wt.%) 

 

Si 

 

Fe 

 

Pb 

 

Cu 

 

Mn 

 

Cr 

 

Ni 

 

Ti 

 

Al 

 

Al 

 

0.119 

 

0.276 

 

0.001 

 

0.005 

 

0.004 

 

0.001 

 

0.001 

 

0.005 

 

Rem. 

 

Al-22%Si alloy 

 

22.30 

 

0.190 

 

0.011 

 

0.020 

 

0.157 

 

0.006 

 

0.006 

 

0.043 

 

Rem. 

Al-12%Si alloy 12.30 0.220 0.014 0.018 0.151 0.004 0.005 0.034 Rem. 
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35 12.6 No 

modification 

53.093 14.631 0.584 

50 12.6 No 

modification 

53.093 14.631 0.584 

65 12.7 No 

modification 

53.093 14.631 0.584 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1 Rectangular metallic mould chilled with copper. 

 

 

 

 

10 mm 
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Fig. 2 The cooling curves at different positions along the casting of Al-12%Si alloy. 
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Fig. 3 The relationship between cooling rate distribution and distance along the casting of Al-12%Si 

alloy. 

 

 

                    

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 The relationship between temperature gradient distribution and distance along the casting of Al-

12%Si alloy. 

 

                       

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 The relationship between local solidification time distribution and distance along the casting of 

Al-12%Si alloy. 
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Fig. 6 Microstructure of Al-12%Si alloy casting before and after image processing at different 

positions measured from the chill/cast interface; a=5mm, b=10mm, c=15mm, d=20mm, e=35mm, 

f=50mm, g=65mm.  Optical microscopy; etched with 0.5%Vol. hydrofluoric acid. 
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ABSTRACT 

 Piezoelectric transducers have become increasingly popular in vibration control 

applications. They are used as sensors and as actuators in structural vibration control systems. They 

provide excellent actuation and sensing capabilities. In this paper, the term smart beam refers to a 

beam with a finite number of collocated piezoelectric actuator / sensor pairs. The proposed thin 

smart beam governing equation was derived by the same procedure that the Bernoulli-Euler 

equation derived but with some additional mathematical terms to be valid for describing the smart 

beam. The engineering control techniques were used to obtain the solution of the proposed 

differential equation for the simply supported beam where with some auxiliary equations and 

modifications a block diagram for any type of applied load (static, or cyclic) as the input and the 

beam deflection as the output was constructed. For insuring an efficient reduction in the beam 

deflection an integrated system with a high voltage amplifier and lead controller was designed. 

Many cases were studied and simulated including the variation of load nature and its frequency, and 

the number of collocated piezoelectric actuator/sensor pairs and in all cases a valuable deflection 

reductions were obtained. 

 

 :الخلاصة

 حسخعًم يًكٍ اٌ ِ انًحٕلاثذ. فٓثاالإْخشاس عهٗ ةسٛطزان ثفٙ حطبٛما الاسخخذاو شائعت لاث انبٛشٔج يحٕبحأصَ 

 افٙ ْذ ٍٚ.يًخاسِ انًحٕلاث ححفٛشاً ٔححسساً ذْ حٛث حٕفز الإْخشاس انٓٛكهٙ يُظٕياث انسٛطزة عهٗ فٙ كًحفشاثٔاحسساث خكً

شخمج انًعادنت نمذ اسِ. حسخ/ ي يٍ اسٔاج انًحفش ديحذانعخبت انخٙ ححخٕ٘ عهٗ عذد عهٗ  كٛتذانعخبت ان حعبٛزٚطهك ، انبحث

خٙ انزٚاضٛت ان انحذٔدض بع يع اضافتٔنز ا -بزَٕنٙ  يعادنتكٛت بُفس طزٚمت اشخماق ذنهعخبت ان انبحث افٙ ْذ انزٚاضٛت انًمخزحت

انًعادنت  ِْذانسٛطزة حٛث حى اَشاء بٕاسطت  حمُٛاث ُْذستبأسخخذاو  نمذ حى حم انًعادنت انخفاضهٛت انًمخزحت . تانذكٛ انعخبت حًٛش

ْخشاس اكًذخم ٔ اساحت  أَٔ دٔر٘( سكَٕٙ)ٔبعض انًعادلاث الاخزٖ يخطظ صُذٔلٙ فّٛ انمٕة انخارجٛت انًسهطتعهٗ انعخبت 

عخبت نمذ حى اضافت يسٛطز انلاساحت  يًكُت ٌ فاعهٛت اداء انًُظٕيت انًمخزحت ٔانحصٕل عهٗ اكبز َسبت حمهٛصنضًاانعخبت كًخزج. 

 سِ خحس/ ي اسٔاج انًحفشحالاث كثٛزة يُٓا حغٛز طبٛعت انحًم ٔ حزددِ عذد  ٔيحاكاة . نمذ حى دراستًُظٕيتيع يضخى اشارة نه

 ٔفٙ كم انحالاث حى انحصٕل َسب حمهٛص يمبٕنت.

  

KEYWORDs: Smart Beam, Ordinary Beam, Bernoulli-Euler Equation, Lead Network  

       Controller, and High Voltage Amplifier. 
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INTRODUCTION 

 

Piezoelectric transducers have become increasingly popular in vibration control 

applications. They are used as sensors and as actuators in structural vibration control systems. They 

provide excellent actuation and sensing capabilities. The ability of piezoelectric materials to 

transform mechanical energy into electrical energy and vice versa was discovered over a century 

ago by Pierre and Jacque Curie. These French scientists discovered a class of materials that when 

pressured, generate electrical charge, and when placed inside an electric field, strain mechanically. 

Piezoelectricity, which literally means ―electricity generated from pressure‖ is found 

naturally in many monocrystalline materials, such as quartz, tourmaline, topaz and Rochelle salt. 

However, these materials are generally not suitable as actuators for vibration control applications. 

Instead, man-made polycrystalline ceramic materials, such as lead zirconate titanate (PZT), can be 

processed to exhibit significant piezoelectric properties. PZT ceramics are relatively easy to 

produce, and exhibit strong coupling between mechanical and electrical domains. This enables them 

to produce comparatively large forces or displacements from relatively small applied voltages, or 

vice versa. Consequently, they are the most widely utilized material in manufacturing of 

piezoelectric transducers. 

Piezoelectric transducers are available in many forms and shapes. The most widely used 

piezoelectric transducers are in the form of thin sheets that can be bonded to or embedded in 

composite structures. As actuators they are mainly used to generate moment in flexible structures, 

while as sensors they are used to measure strain. 

Piezoelectric transducers are used in many applications such as structural vibration control, 

precision positioning, aerospace systems, and more recently they have been critical in advancing 

researches in nanotechnology. (Moheimani and Fleming, 2006) 

To this end, many researchers have concentrated on dynamic modeling of piezoelectric 

materials as elements of intelligent (smart) structures (Crawley and Luis, 1987; Clark, Saunders, 

and Gibbs, 1998; Smits and Choi, 1991; Wang and Cross, 1999, Kermani, Moallem, and 

Patel, 2004 ), while a number of others have focused on control methods of piezoelectric actuators 

for suppressing vibrations and noise reduction (Bailey and Hubbard, 1986; Sun and Mills, 

1999a; Halim and Moheimani, 2002). (Sun and Mills 1999b) conducted studies on the 

application of segmented piezoelectric transducers PZT ceramics and poly vinylidene fluoride 

(PVDF) materials for this purpose, (Choi, Park, and Fukuda 1998) investigated active vibration 

control by utilizing hybrid smart actuators constructed from PZT and shape memory alloy. 

(Patnaik, Heppler, and Wang 1992) studied stability issues in controlling a flexible beam. A quite 

comprehensive literature review has been given in (Smits and Choi 1991).In selecting a PZT 

actuator for vibration control; it is useful to know how the physical parameters of a PZT can affect 

system performance. This issue is of paramount importance if one notes that a PZT actuator has the 

major drawback of limited capability to produce high torques. This fact reduces the effectiveness of 

the PZT usage for suppressing vibrations. There are two ways to remedy this problem. One of these 

calls for the use of stronger PZT actuators such as the one developed at NASA’s Langley research 

center for alleviating the buffet load in the tail fin of the fuselage (Moses, 1997).The other solution 

involves finding optimum values of the physical parameters to make use of the maximum strength 

of the actuator. Previous work has tried to address this issue, in an attempt to obtain the optimum 

size and location of the actuator (Lim and Gawronski, 1993; Moore, 1981). (Hamdan and Nayef 

1989) proposed a measure of modal controllability based on the angle between the normalized left 

eigenvectors of the system and the control input matrix. (Kim and Junkins 1991) presented a 

modal cost to rank each mode’s participation in system output. (Aldraihem, Singh, and 

Wetherhold, 1997) reported a weighted controllability measure by modifying Hamdan’s 

controllability index. They also considered a penalty for the length of the actuator in formulating 

the optimization problem. (Yaghoobi and Abed, 1999) defined a participation factor to address the 
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participation of a mode in a state, specified as output. (Moheimani and Ryall, 1999) introduced the 

idea of spatial controllability in order to include the effect of actuator location in the optimization 

problem. (Yong, Onada, and Minesugi, 2002) considered the effect of the adding an 

actuator/sensor on the mass and stiffness of the structure and combined that with the control 

performance index to obtain the optimum values for the location, size and feedback gains, 

simultaneously. However, a clear description of the actuator performance with respect to each 

individual mode of vibration needs to be given more attention. The degree by which a certain 

parameter can affect each resonance mode motivates further investigations. The use of the 

controllability Grammian and singular value decomposition of the system dynamics can provide 

practical guidelines for selecting the optimal values of the aforementioned parameters. (Vasques, 

and Dias Rodrigues, 2006) introduce an analysis and comparison of the classical and optimal 

feedback control strategies on the active control of vibrations of smart piezoelectric beams. 

(Belouettar, Azrar, Daya, Laptev, and Potier-Ferry, 2007) they developed a simplified and 

consistent theory to actively control sandwich beams (the upper and bottom surfaces are covered 

entirely with a piezoelectric layer) at small and large amplitude. 

In this research, the term smart beam will refer to a beam with a finite number of collocated 

piezoelectric actuator/sensor pairs, while ordinary beam will refer simply to the beam itself without any 

actuators or sensors. A smart beam differential equation had been derived by the same procedure that 

the Bernoulli-Euler equation derived with some mathematical modifications to be applicable for the 

smart beam actuating by any type of applied load such as static or cyclic. The engineering control 

techniques was used to obtain the solution of proposed differential equation where with some 

auxiliary equations and modifications a block diagram as the applied load be the input and as the smart beam 

deflection be the output was constructed as shown later. Also in this research, a beam deflection reduction 

system with a lead network controller and a high voltage amplifier has been designed mainly for two 

reasons: the first was to amplify the voltage generated by the sensor to be able to handle and transmit it 

efficiently to the actuator. And the second was to enhance the system response. 

 

THE THIN SMART BEAMS GOVERNING EQUATION  

Now, the derivation of the smart beam differential equation actuated by an external load 

(static or cyclic) will be accomplished. Let us consider a setup as shown in Fig.(1), where m of 

identical collocated piezoelectric actuator/sensor pairs are bonded to a beam. The assumption that 

all piezoelectric transducers are identical is only adopted to simplify the derivations, and can be 

removed if necessary. The i
th

 actuator is exposed to a voltage of )(teai and the voltage induced in 

the i
th

 sensor is )(tesi .We assume that the beam has a length of bl , width of bw , and thickness of bt  

Corresponding dimensions of each piezoelectric transducer are pl , pw , and pt . Furthermore, we 

denote the transverse deflection of the beam at point x and time t by v(x, t).  

 It is well known that Bernoulli-Euler equation governs the transverse vibration of beams. 

Therefore, the derivation of the smart beam equation will follow the same procedure that used in 

derivation of Bernoulli-Euler equation but with changing the applying load condition. 

 

 

 

 

Applied 

 load 

a 

2x

 
1x
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Fig.(1) A Beam with A Finite Number of Collocated Piezoelectric Actuator/Sensor Pairs and Applied 

Load 

 

 Consider a beam in bending, in the x-y plane, with x as the longitudinal axis and y as the 

transverse axis, of bending deflection, as shown in Fig.(2). The required equation is developed by 

considering the bending moment– deflection relation, rotational equilibrium, and transverse 

dynamics of a smart beam element. 

Rotatory Dynamics (Equilibrium) 

 Consider the beam element x , as shown in Fig.(2), where forces and moments acting on 

the element are indicated.  

 
Fig.(2) Dynamic of a Beam Element in Bending 

 

Here, ),( txf  is the excitation force per unit length acting on the beam in the transverse direction at 

location x, and ),( txM p  is the total moment that generated by all the actuators and can expressed 

by  


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Where m is the number of identical collocated piezoelectric actuator / sensor pairs which are 

bounded to the beam. The equation of the angular motion is given by the equilibrium condition of 

moments: 

 

0
),(

),(),( 































 x

x

txM
txMx

x

M
MxQtxMM

p

pp     (2) 

),( txM p  
x

x

txM
txM

p

p 





),(
),(  



Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

  

3557 

 

where the moment deflection relation can expressed as  
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simplifying Eq.(2) and substituting Eq.(3) into it will give 
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Transverse Dynamics  

 The equation of transverse motion (Newton's second law) for element x  is  
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Here,   is the mass density of the beam material, more simplifying will give   

),(
2

2

txf
x

Q

t

v
Abb 









          (6) 

 

Now, substituting Eq.(4) into Eq.(6), one will obtain the governing equation of forced transverse 

vibration of smart beam with finite number of actuators 
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THE ENGINEERING CONTROL SOLUTION 

 Now, Eq.(7) will be solved by using the linear engineering control techniques, but this 

deferential equation must be linearized to be able for handling it and this done firstly by specifying 

the case of study where a simply supported beam has been chosen, and follow the below procedure 

 

Beam and Actuator Equation 

If young's modules and second moment of area about the neutral axis are constant then 
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As shown in Fig.(1) where the actuating force is applied at ax  , then by using Dirac delta Eq.(8) 

can be rewrite as  
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And the moment exerted on the beam by the i
th

 actuator can expressed (Moheimani and Fleming, 

2006) as 

 



W. Kh. Al-Ashtari                                                                The Deflection Control Of A Simply Supported Thin 

                                                                                                 Beam By Using A Piezoelectric Actuator / Sensor 

 

Available online @ iasj.net 

 

3558 

 )()()(),( 21 iiaipi xxuxxutektxM         (10) 

 

where )(xu  is a unit step input and k  was formulated by (Zhang, Meng, and Li, 2006) as  
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Substitute that  
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where normalized mode shapes for the simply supported beam are (De Silva, 2000)  
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where ,3,2,1k  

multiply by )(xY j ; integrate over  blx ,0  and use the orthogonality of mode shapes to obtain  
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and using the derivative Dirac delta function property stated by (Moheimani and Fleming, 2006), 

will have 
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now Eq.(14) can be rewrite as  
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 To this end we point out that the differential equation Eq.(17) dose not contain a term to a 

count for the natural damping associated with beam. The presence of damping can be incorporated 

into Eq.(17) by adding the term jjj q2  to Eq.(17). This results in the differential equation  

 

)()()(2 2 tftvtqqq jaijjjjjj         (22) 

 

 Applying the Laplace transform to Eq.(22), assuming zero initial conditions and solving for 

beam deflection and for N mode shapes, will get  
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Sensor Equation  

 The voltage generated by the i
th

 piezoelectric sensor sie can be expressed as (Moheimani 

and Fleming, 2006) 
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 The expression of the mechanical strain in sensor patch can be obtained from (Moheimani 

and Fleming, 2006) 
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 Now )(tesi  will be 
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Applying Laplace transform to result equation, assuming zero initial condition we get  
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ORDINARY BEAMS GOVERNING EQUATION 

 Starting from Bernoulli-Euler equation for constant young's modules and second moment of 

area about the neutral axis and for the actuating force is applied at ax  , and following the 

previous derivation procedure and for N mode shape, will have  
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SMART BEAM BLOCK DIAGRAM 

 A complete block diagram representing the smart beam had been constructed, where Form 

the previous derived equations and with some block diagram modification, the block diagram that 

shown in Fig.(4) had obtained 

 

 

 

 

 

 

 

 

 

 

Fig.(4) The Block Diagram for Smart Beam with m Collocated Piezoelectric Actuator / Sensor 

Pairs and Infinite Beam Vibration Mode Shapes 

 

The transfer function matrix bjG  shown in Fig.(4) consists of a very large number of 

parallel second order terms while the transfer functions sjiG  and ajiG  have a m number of parallel 

terms, and there values can be expressed as  
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In most scenarios, only control of a limited bandwidth is of importance. Typically N modes 

of the structure would fit within this bandwidth while modes N + 1 and above are left uncontrolled. 

The uncontrolled modes, however, do exist and have the potential to destabilize the closed-loop 

system. Therefore, the existence of these modes should be taken into account, and a controller 

should be designed to ensure adequate damping performance, as well as stability in the presence of 

these out-of-bandwidth modes. 

 

THE PROPOSED INSTRUMENTATION 

Practically, the voltage generated by the piezoelectric sensor was very small to handle and 

transmitted to the piezoelectric actuator, therefore, the needs for an integrated instruments system 

not only for amplifying purpose but also for controlling the beam response. Fig.(5) shows the 

overall proposed system components. And the block diagram representing this system is shown in 

Fig.(6). 
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Fig.(5) The Proposed Instrumentation 

 

 

 

 

 

 

 

 

 

 

 

Fig.(6) Smart Beam With Controller And Amplifier Block Diagram  

 

 

 

 

FIRST MODE CONTROLLER DESIGN 

Because of the unique properties for the lead net work controller shown in Fig.(7) especially 

it property to accelerate the system response. For performing the controller design some physical 

properties for the desired system response must be assumed in order to be achieved by the 

controller operation. 

 

 

 

 
Fig.(7) Electronic Circuit of A Lead Network 
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The transfer function of the lead network compensator can be expressed as (Ogata, 2002) 
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 The Bode diagram for the smart beam is shown in Fig.(8), and after executing the control 

system design by frequency response procedure as stated by (Ogata, 2002), for static velocity error 

about 150 s  and at least 100  phase margin. After calculations the following controller transfer 

function will obtained 
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 Where 4.1cK , 35.0 , and 022.0T . The system with the controller Bode diagram is 

shown in Fig.(9) 

 

 
Fig.(8) Bode Diagram for First Mode Simply Supported Thin Smart Beam  
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Fig.(9) Bode Diagram for Compensated First Mode Simply Supported Thin Smart Beam 

 

 

 

 

FIRST MODE HIGH VOLTAGE AMPLIFIER 

 After studying and analyzing the block diagram of the proposed system without controller, 

for the first mode case. In the present paper, the voltage amplifier gain for the i
th

 collocated 

piezoelectric actuator / sensor pair was formulated  to be  

ii
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RESULTS AND DISCUSSION  

 SIMULINK / MATLAB software was constructed to simulate the proposed system block 

diagram. The properties that listed in Table (1) which was adopted from (Moheimani and 

Fleming, 2006) had been used as numerical values for such software. 

The simulation results of the ordinary beams are showing the high accuracy of the ordinary 

beam transfer function in comparing with the analytical solution given by any text. 

Many cases had been studied for the first mode vibration and for static deflection, where the 

type of the applied load was changed, the number of collocated piezoelectric was varied, and the 

beam damping ratio also was varied. Fig.(10) to Fig.(17) show the results of the software 

simulations for different cases where the applied load was about 10 N, all the piezoelectric 

collocated pairs configurations exhibit a significant reduction in smart beam deflection in compare 

with the ordinary beam deflection, as example in the case of cyclic load with 7.0  about 42% 

deflection reduction for single piezoelectric collocated pair at 2/lx  , about 52% deflection 

reduction, for double piezoelectric collocated pairs at 4/1 lx   and 4/32 lx  , and about 65% 

deflection reduction for three piezoelectric collocated pairs at 4/1 lx  , 2/2 lx  , and 
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4/33 lx  .For the static load cases, the simulation results was decided to introduce for a very short 

time about 1 s, and this for showing the beam transient response and effect of the controller. Where 

with 7.0  about 34% deflection reduction for single piezoelectric collocated pair at 2/lx  , 

about 40% deflection reduction, for double piezoelectric collocated pairs at 4/1 lx   and 

4/32 lx  , and about 55% deflection reduction for three piezoelectric collocated pairs at 4/1 lx  , 

2/2 lx  , and 4/33 lx  . 

 The simulation of the smart beam without voltage amplifier and lead controller was didn’t 

exhibits any valuable reduction in beam deflection and this was expected because of the voltage that 

generated by the sensor can not initiate the actuator to be strained to the required limit, and this lead 

us to assemble the system shown in Fig.(5), where the voltage amplifier was designed to obtain the 

required actuator stain while the controller was designed to obtain the desired beam response. 

 

Beam Properties 

Length  550 mm 

Thickness  3 mm 

Width 50 mm 

Density  33 /1077.2 mkg  

Young's Modules  210 /107 mN  

PZT Properties 

Length  50 mm 

Thickness  0.25 mm 

Width 25 mm 

Charge constant  Vm /10210 12  

Young's Modules  210 /103.6 mN  

Capacitance  nF115  

Table (1) Numerical Values 

CONCOLUSIONS 

 The principle of operation of the proposed system is to reduce the beam deflection for any 

external load situation and this was done by bonded a number of finite of collocated actuator / 

sensor pairs working to generate an additional moment operate inversely to reduce the effect of the 

applied load. 

 It has been shown practically that the best result of deflection reduction is obtained by 

increasing the number of the collocated actuator / sensor pairs for the case of multi collocated 

actuator / sensor pairs, but for single collocated actuator / sensor pair the best reduction is done if 

the collocated actuator / sensor pair is bonded exactly at the location of load application 
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Fig.(10) First Mode Beams Vibrations with 7.0 . The Smart Beam with Single Collocated 

Piezoelectric Actuator / Sensor Pair at 2/lx   
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Fig.(11) First Mode Beams Vibrations with 7.0 . The Smart Beam with Double Collocated 

Piezoelectric Actuator / Sensor Pairs at 4/1 lx   and 4/32 lx  . 

 
Fig.(12) First Mode Beams Vibrations with 7.0 . The Smart Beam with Three Collocated 

Piezoelectric Actuator / Sensor Pairs at 4/1 lx   , 2/2 lx  , and 4/33 lx   
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Fig.(13) First Mode Beams Vibrations with 4.0 . The Smart Beam with Single Collocated 

Piezoelectric Actuator / Sensor Pair at 2/lx  . 
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Fig.(14) First Mode Beams Vibrations with 4.0 . The Smart Beam with Double Collocated 

Piezoelectric Actuator / Sensor Pairs at 4/1 lx   and 4/32 lx   

 

 

 
Fig.(15) First Mode Beams Vibrations with 4.0 . The Smart Beam with Three Collocated 

Piezoelectric Actuator / Sensor Pairs at 4/1 lx   , 2/2 lx  , and 4/33 lx  . 
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Fig.(16) Static Load Beams Deflections with 7.0   

 

 

 

 
 

Fig.(17) Static Load Beams Deflections with 4.0   
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(SI units are used, unless otherwise stated) 

A The location of the applied load 

bA  The beam cross-sectional area 

21, CandC  The controller capacitances  

pC  The piezoelectric constant 

31d  The piezoelectric charge constant  

aie  The exposed voltage to the i
th

 actuator  

bE  The beam Young's modules 

pE  The piezoelectric Young's modules 

sie  The voltage induced by the i
th

 sensor 

f  The applied external force  

bI  The beam second moment of area 

k  A piezoelectric constant  

aK  The high voltage amplifier gain 

cK  The controller gain 

bl  The beam length 

pl  The piezoelectric length 

m The total number of the collocated piezoelectric actuator / sensor pairs 

piM  The piezoelectric actuator control moment generated by the i
th

 actuator 

M The applied external moment 

N The controlled vibration mode number 

Q The external shear force 

4321 ,, RandRRR  The controller resistances  

T The time 

T The controller time constant  

bt  The beam thickness 

pt  The piezoelectric thickness 

)(xu  The unit step function 

v  The beam deflection 

pw  The piezoelectric width 

bw  The beam width 

ix1  The location of the closer edge of the i
th

 piezoelectric 

ix2  The location of the further edge of the i
th

 piezoelectric  

ix  The location of the center of the i
th

 piezoelectric  

)(xYk  The normalized mode shapes 

  The controller constant  

j  A constant for j mode 

si  The mechanical strain of the i
th

 piezoelectric sensor  

ji  Piezoelectric constant for i
th 

piezoelectric and for j
th

 mode 

  A beam constant  
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j  The j
th

 natural frequency  

b  The beam density 

p  The piezoelectric density 

  The beam damping ratio 
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ABSTRACT 

Numerical analysis of the cooling process of hot water discharge from a steam power plant 

into a river has been carried out in the present study. A mathematical model describing the flow 

field and temperature distribution induced in the river as a result of the cooling process is made 

based upon the assumptions of steady state, two-dimensional, turbulent flow, in the horizontal 

plane. The governing equations are the continuity, the momentum, the (К-ε) turbulence model and 

the energy equation. A proper initial and boundary condition are specified to be used in the solution 

of the governing equations. A numerical solution of the governing equations is made by using the 

control volume approach, with non-staggered grid technique and modified SIMPLE algorithm. The 

numerical solution is capable of calculating the velocity and temperature distributions of the 

calculation domain. The numerical results show that the developed algorithm is capable of 

calculating the flow field, properly and accurately. Results are obtained for ten cases of 

configuration, constant aspect ratio and weather conditions for Baghdad. The results show that the 

injection velocity effect on the temperature distribution and stream line , the exist of obstacle and its 

distance from the injection zone but the increase in injection temperature cause a small effect on 

temperature distribution and stream line.  

 

 الخلاصة

نؼًهٛة تبشٚذ انًاء انساخٍ انًتذفق يٍ يكثفات يحطات انطاقة انكٓشبائٛة انٗ انُٓش. فقذ تمى  آو ْزِ انذساسة تحهٛلا ػذدٚذتق    

ٔانتٕصٚغ انحشاس٘ انحاصم فٙ انُٓش َتٛدة نؼًهٛة انتبشٚذ تهك, ٔقذ أػتًذ ْزا انًُٕرج  اٌسٚاضٛا ٚصف طبٛؼة اندشٚ آٔضغ ًَٕرخ

ٚت ممًٍ انًُممٕرج انشٚاضممٙ أ ممتقا  ,ثُائٙ انبؼممذا اندشٚمماٌ ي ممطشل فممٙ انًسممتٕٖ ا فقممٙ. ألاسممتقشاسيُٓمما لانممة ػهممٗ فشضممٛات 

انًؼادلات انتفاضهٛة اندضئٛة نهًسؤنةا ٔانتٙ ْٙ يؼادلات  الاسمتًشاسٚةا انمضخىا يؼمادنتٙ ًَمٕرج    نلاضمطشال ٔيؼادنمة )

ذايٓا فمٙ لمم انًؼمادلات. تمى لمم انًؼمادلات ػمذدٚآ خى تؼشٚمف رمشٔأ أبتذائٛمة ٔلذٚمة يُاسمبة لاسمتانطاقة.  بالاضافة انمٗ رنمك . تم

( انًؼذنمة. نهحمم انؼمذد٘ انقابهٛمة ػهمٗ لسمال تٕصٚؼمات  SIMPELبؤستخذاو تقُٛة انحدى انًحكٕو يغ  بكة غٛش يضلفمة ٔطشٚقمة  

د٘ انز٘ تى انتٕصم أنّٛ نّ انقابهٛة ػهٗ لسال اندشٚاٌ بصمٕس  انحشاسٚة. أرٓشت انُتائح انؼذدٚة اٌ انًُٕرج انؼذ انسشع ٔدسخات

ٔنقذ أرٓمشت انُتمائح يٛماِ .ٔنهظشٔأ اندٕٚة نًذُٚتة بغذاد( aspect ratioٔنقًٛة ثابتة َسبة طٕل انُٓش انٗ ػشضٓا  يُاسبة ٔدقٛقة

ٔتتمؤثش  ذ اندسى انؼائق ٔكمزنك ٔخمٕد انؼمائقانُٓش انقشٚب يٍ يُطقة انتذفق تتؤثشبضٚاد  سشػة انتذفق,صٚاد  دسخة انحشاس ,قشل ٔبؼ

 . قهٛلا بضٚاد  دسخة انحشاس 
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INTRODUCTION 

Cooling water for steam power plants is in most cases supplied from rivers, lakes, artificial 

water ponds or cooling tower. Thermal pollution of water is considered a water temperature rise due 

to artificial reasons. Basically the rise at temperature may be observed naturally and be caused by 

many natural reasons. The degree of heating expressed in temperature may vary from several 

degrees(e.g. run-of waters from area exposed for solar radiation) up to extremely high degree(e.g. 

when lava flows into the ocean). If artificial reasons are concerned, the main impact associated to 

water temperature rise is generated by industry. Water with its high heat capacity is considered as 

good cooling medium in industry. It is estimated that electric generating plants are the main source 

of thermal pollution in rivers and water reservoirs (H.Inhaber 2005). Furthermore, nuclear power 

plants reject all heat to the cooling water system, and emit 50% more heat than heat than a fossil 

fuel stations (with a similar amount of produced electricity, (Joyce and Port 1999)). Nowadays the 

opinion predominates that thermal pollution due to hot waste water badly affects aquatic 

environment. Thermal shock can harm fish and organisms, and thermal enrichment, in spite of 

several positive aspects, (e.g. melting ice snow or warm water use in green houses) may be finally 

harmful for biocenosis (lack of dissolved oxygen). The main advantages of river are simplicity, low 

maintenance, and ability to operate for extended periods without the need for make-up water and, 

the low power requirements, as the only mechanical equipment needed are pumps for occasional 

addition of make up water. Circulating water pumps are of course needed by river, as by all other 

systems. Hot water from the condenser is simply dumped into a river and left to cool. Cool water 

from the river is returned to the condenser. The river performance is important to the efficiency of 

the power plant itself because a condenser operating at a lower temperature results in more turbine 

work and operating at a lower temperature. Results in more turbine work and cycle efficiency, and 

less heat rejection. It was found that a difference of (5 C) in the natural temperature of a cooling 

river between winter and summer reduces the thermal efficiency of power plant by approximately 

(1%) in summer (A. Zukauskas 1976). The present work deals with velocity and temperature 

distribution in a river as a means to evaluate heat dissipation.  For such analysis values are needed 

for eddy viscosity and diffusivity. Literature survey indicates that value for these parameters used 

by other workers range between (2.5 * 410  to 0.1* 210 2m /s).  

   The problem was investigated in literatures with different a approaches. (American Society of 

Civil Engineering.1988) the turbulence models regarding surface water flow. 

(Nogano and Tagawa. 1990) made an improvement of the K-€ model in conjunction with an 

accurate prediction of the near-wall limiting behavior of turbulence and the final period of the 

decaylaw of free turbulence. This improved k  model has been extended to predict the effects of 

adverse pressure gradients on shear layers, which most previously proposed models failed to do 

correctly.(Anis AL-Layla and Hasan Al-Rizzo1990), describes the development and calibration of 

a mathematical model for the Tigris River downstream of AL Mosul. The river stretch studied is 

75km long extending from the Al Mosul Dam to Mosul city. The field work was conducted during 

the period from July to September 1986. Water samples were collected bimonthly from specified 

sampling points. (Michael Manga and James W.Kirchner 2004), circulating groundwater 

transports heat. If groundwater flow velocities are sufficiently high, most of the subsurface heat 

transport can occur by advection. This is the case, for example, in the Cascades volcanic arc where 

much of the background geothermal heat is transported adjectively and (Andrzej Pozlewicz2006), 

Special attention is paid to electric generating plants where cooling water are mixed with a river. 

The study area covers the lower part of Odra River, near Szczecin, Poland, where the main thermal 

pollution sources are power plants and coal combustion is used in energy production. The river 
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flows through Szczecin in two beds linked by several canals, lake and creates a complex hydraulic 

system. The mean discharge flow rate in Odra River is 500-600 3m /s, and the mean velocity 0.3-

0.5 m/s.      

 

 

MATHEMATICAL MODELING 

The usual system of Cartesian coordinates will be adapted, the x-axis being along the wall, 

and the y-axis being at right angle to it. Injection will be accounted for by prescribing non-zero 

normal velocity component (Vw) at the wall. In the case of and Vw>0 will be used for injection, 

see Fig (1). Two-dimensional flow and heat transfer (w =0, )0



z

 ,Uniform suction or 

injection (Vw=constant). 

Negligible axial diffusion ( )02

2





x

. 

According to the previously mentioned assumptions, the governing conservation and 

constitution laws will be presented here in terms of the geometry and coordinates system of Fig 

(1).these are the continuity, the momentum, the (k-ε) turbulence model and the energy equations.  

Continuity Equation 
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Momentum Equation in X-Direction; 
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Momentum Equation in Y-Direction; 
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The standard form of (К-ε) model is as follows:- 

 

Turbulence Kinetic Energy Equation; 
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   And dissipation of turbulence kinetic energy equation; 
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According to the high Reynolds number ( - ) turbulence model the turbulent viscosity 

t is related to the turbulent kinetic energy ( ) and to the dissipation of turbulent kinetic energy 

( ) through the expression 

 

t





2

c                                                                                              (6) 

 The effective viscosity ( )eff is related to the turbulent viscosity ( )
t

 and to the molecular 

viscosity ( ) through the relation :- 

 

                                                                                                                         (7) 

 

In the above equations, (   ,,,
21 kccc ) are constants at high Reynolds number and the 

model constant 


 ,,,
21 k

ccc are set to 92.1,44.1,09.0
21
  ccc . Usually, the constant 

 andk are assigned to 3.10.1   andk (Launder and Spalding 1974) 

Energy Equation; 
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Where; 

t

t

t
r

cp
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                                                                                                                               (9) 

For the evaluation of turbulent kinetic energy and dissipation at turbulent Kinetic energy, it 

is sufficed to fix their values at the near wall node (P) according to the following formula:-    
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 Where ( py  is the normal distance of the near wall node (p) to the solid surface. In the above 

formula, (k) is the Von Karman constant (0.4187) and (E) is an integration constant that depends on 

the roughness of the wall. For a smooth wall constant shear stress, (E) has a value of (9.793). 

    The initial and boundary conditions of problem are shown in Fig (2). All the previously 

discussed differential equations can be conveniently presented in the general form. 

 




 s

yy
v

y
u

x




























)()(                                                                                    (13) 

 

teff  

l

pp kcy
y



 
2

1
4

1





Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

 

3447 

In the above equation,  identifies the dependent variables,   is the appropriate exchange 

coefficient for the variable , and 


s are the source term which includes both the sources of   and 

any other terms which cannot find place on the left-hand side of Eq. (13) 

The derived governing equations and the initial and boundary conditions in Fig. (2) will be 

solved numerically by using the control volume approach of (Patanker1980). The finite difference 

method (F.D.M.) will be used, and the details of the numerical solution will be described in the next 

article.    

 

 

NUMERCAL SOLUTION 

     The general form Eq. (13) may by write as; 
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      By defining J as the total flux which consists of convection and diffusion fluxes, or 
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Where 
x

J and 
Y

J are the total fluxes through faces normal to the x and y directions 

respectively with these definitions, Eq. (14) can be written  










S

y

J

x

J yx                                                                                                (17) 

 Eq. (17) was integrated by using the finite volume approach of (Patenker 1980), see Fig. 

(3) The source term has been linerized, and the values at the control volume faces (e,w,n,s)are 

assumed to be found by linear interpolation (central difference) . The resulting final form of Eq. 

(17) becomes 
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                                                                                             (22) 

Generally 

baa
nbnb

nb                                SNWEnb ,,,                                             (23) 

Where:                       b = Absolute part of the discredited equation 

 

 

 

COMPUTER PROGRAMS 
 Computer programs are developed in FORTRAN 90 to perform the numerical solution 

formulated previously. The program consists of 3 main parts. The first is for grid generation. The 

second deals with solving the five non-linear, partial differential equations and the third deals with 

displaying the large quantity of results in a simplified form. In the first part of the program 

(MESHGEN), the mesh distribution of the model is generated. The resulting grid is stored in an 

external file and plotted on the screen for visual checking. In the second part (MODEL), the five 

non-linear, partial differential equations (u-velocity momentum equation, continuity equation, 

turbulent kinetic energy equation (K), turbulent energy dissipation equation (  ) and energy 

equation (T) are solved. The equations are solved in a sequential order after applying the 

appropriate boundary condition to each equation. In the third part (PLOT), the displaying of the 

large quantity of results in simplified standard windows graphics is made. This includes plotting the 

made, grid the velocity vectors and contour lines in Fig.4.  

 

RESULTS AND DISCUSSION 

The developed computational algorithm is tested for the take part in Tigris River 1000m 

long, 150m width and input river obstacle variable (dimensions, near river, further river) 5m long 

and 3m width. The obstacle near (+15m) and obstacle further (-15m) from injection. The Mach 

number was taken as (0.5), the free stream velocity (1m/s). Velocity injection equals to (0.1, 

0.9m/s). The Reynolds number of the flow is (1* 710 ) the temperature surface (25 C ) with the free 

stream pressure and temperature (101325 pa) and (25 C ) respectively. The Iraqi standard for 

thermal pollution according to environmental protection law (Ministry of health directorate 

genera of human environment 1967) is that' no hot water should be discharged into natural water 

resources on which its temperature is greater than (35 C ) '', as well as another world wide limit at 

powre stations that thermal pollution should not exceed 3 C in the receiving water at mixing zone 

in case of river condition (International atomic energy1974). The numerical results show that the 

developed algorithm is capable of calculating the flow field, properly and accurately. Taken as 

follow:- 

Case No.1 present normal section without obstacle and without injection show the Fig (1) 

Case No.2 river region with obstacle in the middle and without injection. 

Case No.3 river region with obstacle in the middle and with injection (0.3 m/s, T-inj=308 K). 

Case No.4 normal region without obstacle and with injection (0.3 m/s, T-inj=308 K). 

CaseNo.5without obstacle in river and increase injection velocity (0.9 m/s, constant                          

-                temperature injection). 

CaseNo.6obstacle in river and increase injection velocity (0.9 m/s, constant temperature -  ----                 

-                injection. 
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CaseNo.7obstacle in river, increase injection velocity and increase injection temperature   ---                

.                   (0.9 m/s, T-inj=313 K). 

CaseNo.8 obstacle in river, increase injection velocity and increase injection temperature   ---                   

.                  (0.9 m/s, T-inj=318 K). 

Case No.9same as 6, with obstacle closer to injection. 

Case No.10 same as 6, with obstacle further to injection 

      The difference equations of this study were solved on a digital computer using FORTRAN 90 

program and the mat lab program was used MAT LAB the isotherm and streamline contours. 

 

The Flow Field 

Case1: The first water body configuration that was considered in this work has a rectangle 

shape without obstacle and without injection. The numerical results of the stream function were 

drawn as equipotent lines giving the trend of the flow all over the river which is without obstacle as 

shown in Fig. (5) 

For case2: Fig. (6) Shows the stream lines of the flow with obstacle and without injection. The 

streamlines were shown to be simple diffuse in obstacle region. 

In case3 higher diffuse in streamlines compared with case 2 for a large portion of the obstacle is 

clear in Fig. (7) because of the existing of the injection. After the obstacle the stream lines were 

equipotent lines giving the trend of the flow. 

Stream lines in case4 were diffuse clearly in a large portion of the river in the zone of injection 

without obstacle as in Fig. (8). 

In case 5 for higher injection velocity (v x 3) compared with case 4 it is clear that the characteristics 

of the flow field is relatively similar to that in case 4 for the region far away from the injection zone 

as shown in Fig. (9). 

For case 6 which is as case 3 but with higher injection velocity (v x 3), Fig. (10) Shows more 

diffusion in flow compared with Fig. (7).  

It is clear from Fig. (11) and Fig. (12) that the increase in injection temperature (Tinj =298˚ K for 

case 6 and Tinj = 343˚ K for case 7) cause the flow to move longitudinally occupying the end of the 

region and a disturbance will be occur in the injection zone. 

In case 8 the obstacle is closer to the injection zone by 15 m for the same conditions of case 6. Fig. 

(13) shows a disturbance in the region of injection because of the imminence of the  obstacle and 

after the disturbance region the stream lines are steady in the longitudinal direction. 

When the obstacle is far away from the injection zone by 15 m (case 9) there is no effect on the 

stream lines as shown in Fig. (14). 

 

The velocity vector    

The flow field can be demonstrated in a vector form to show the value and direction of the 

velocities in the river area for the 9 cases. Figures (15) and (16) show the velocity vector for a river 

without and with obstacle respectively and without injection for both cases. It is clear from Fig. 

(16) that the  velocity vector is disturbed  near the obstacle. 

When the obstacle exist with the injection as in case 3 the velocity decrease near the injection zone 

as shown in Fig. (17) Compared with that in Fig. (18) for case 4 because of the existing of the 

obstacle 

Fig. (18) for case 4 shows that the higher velocity vector is near the injection zone and its value 

reduced away from the injection zone. 

The velocity vector increase higher near the injection zone in case 5, compared with that in case 4 

because of the increase in injection velocity and this are clear in Fig. (19) while in Fig. (20) the 

velocity vectors are seen to be decrease and become very small near the obstacle. 

In Fig. (21) the obstacle is closer to the injection zone which noted a shifting occurred near the 

injection zone compared with that in Fig. (22) for isle far away from the injection zone.  
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Temperature Field 

The temperature field was obtained by the numerical solution of the energy equation for the 

8 cases in configuration considered in the previous section. The net local energy rejected from each 

finite element of the surface of the river as a function of the finite element local surface 

temperature, turbulent flow (k-ε) model, incompressible fluid, different injection temperature, 

different injection velocity and different obstacle location (closer or farness) in river. 

The results of the temperature field are clear in Fig. (23) and Fig. (24) for case 3 and case 4 which 

show the temperature distribution in the river region of 1000 m length and 150 m width. The 

injection temperature for the two cases is Tinj =298˚ K and a decrease in temperature of hot water 

injected and the isotherms are seen to be clustered around the injection zone then the temperature 

decays in all directions away from injection towards river due to the convection heat transfer as net 

energy lost from the river to the environment. The isotherms obtained by (Seghal and Jaluria 

1982) are qualitatively similar to the isotherms obtained in this work. Comparing Fig. (23) and Fig. 

(24) Shows similarity due to the grate area providing bigger region of dissipating a large amount of 

heat transfer to the environment and obtaining lower temperature far away from injection zone. 

Fig. (25) and Fig. (26) With grater injection velocity for cases 5 and 6 without and with obstacle 

respectively are shown the isotherms obtained to be clustered around the injection and to have 

increasing value when moving away from the injection opening toward river. The shape of the 

contours differs from that in Fig. (23) and (24). It is clear that the temperature is taken wider region 

due to the increase in injection velocity. Comparing Fig. (25) and Fig. (26) it is clear that there is 

different distance of temperature distribution or wide region of temperature distribution for the case 

with obstacle in the river, so the obstacle is an obstacle disturbs the temperature distribution and 

after this obstacle the temperature distribution will be steady.    

 The isotherms profiles with injection are shown in Fig. (26) with Tinj =298˚ K and in Fig. (27) with 

Tinj =313˚ K and Fig. (28) with Tinj =318 k. respectively. The three cases have the same condition of 

isle existing and velocity injection but, the variation between the three figures are very small. So the 

temperature distribution area increases in the last case. 

Fig. (29) shows the isotherms for the river with obstacle closer to injection zone and other 

conditions are as in case 6 but the difference in temperature distribution region increases due to the 

decrease of the distance between the obstacle and the injection zone. 

It is clear from Fig. (30) which is of the same conditions as case 6 but with obstacle existing far 

away from the injection zone by 15 m that the isotherms of this case is the same as in case 6 

because this area is not affected by the farness obstacle.     

 

Comparison with an Actual Case 

 The estimated weather conditions for cooling ponds are listed below:- 
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The inflow temperature was taken to be approximately 36 C .The contour lines close to the 

inflow both cases (present work and cooling ponds (Kasim Daws)) are seen to be clustered around 

the inflow and a reducing value by moving a way from the inflow opening toward the length river. 

Selected results and calculations concerning the thermal temperature of the cooling river under 

study are presented Fig. (5, 6) are same cooling ponds (Kasim Daws) Fig. (31, 32) but the 

temperature distribution Fig. (33) different between the present work Fig.(34) because the cooling 

ponds taken study the following:- 

1. Solar heat flux. 

2. Evaporation heat-exchange. 

3. Heat flux due to back radiation 

4. Surface temperature. 

5.  Weather different. 

 

 

 

CONCLUSION 

The contour lines close to the inflow in all cases are seen to be clustered around the inflow 

and reducing value by moving away from the inflow opening toward the long river. From the 

results of the present work it was concluded that the increase in injection velocity cause a disturb 

near the injection zone and affect the area of temperature distribution and stream lines and so was 

the obstacle exist but the in crease injection temperature cause a small effect. The closer obstacle to 

the injection zone by15m cause more disturbances in this area.    
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Fig.1: The Problem of the Present Work 

 

 

 

 

 
 

 

 

 

 

Fig.2: The Initial and Boundary Condition 
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Fig.3: The Volume for Tow-Dimensional Case 
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Fig.4: Flow Chart for the Numerical Model 
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Fig. 5: Stream Lines for case 1 

 

 

 

 
Fig. 6: Stream Lines for case 2 

 

 

 

 
Fig. 7: Stream Lines for case 3 

 

 

 

 
Fig. 8: Stream Lines for case 4 
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Fig. 9: Stream Lines for case 5 

 
Fig. 10: Stream Lines for case 6 

 

 

 

 
Fig. 11: Stream Lines for case 7 

 

 

 

 
Fig. 12: Stream Lines for case 8 

 

 

 

 
Fig. 13: Stream Lines for case 9 
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Fig. 14: Stream Lines for case 10 

ig. 15: velocity Vectors for case1 

 

 

 

 

 

 
 

Fig. 16: Velocity Vectors for case2 

 

 

 

 

 

 
 

Fig. 17: Velocity Vectors for case3 
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Fig. 18: Velocity Vectors for case4 

 

 

 

 

 

 

  

 

 

 

 

 
Fig. 19: Velocity Vectors for case5 

 

 

 

 

 

 
 

Fig. 20: Velocity Vectors for case6 

 

 

 

 

 

 
 

Fig. 21: Velocity Vectors for case9 
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Fig. 22: Velocity Vectors for case10 

 
Fig.23: Isotherms for case3 

 
Fig.24: Isotherms for case4 

 

 
Fig.25: Isotherms for case5 
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Fig.26: Isotherms for case6 

 
Fig.27: Isotherms for case7 

 

 
Fig.28: Isotherms for case8 

 

 
Fig.29: Isotherms for case9 
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Fig.30: Isotherms for case10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 31: Stream Lines for same (present work and cooling ponds) 

 

 

 
Fig. 32: Velocity Vectors for same (present work and cooling ponds)  
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Fig.33: Isotherms for cooling ponds  

 

 

 
Fig.34: Isotherms for present work 
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NOMENCLATURE 

C p          The Specific heat at Constant Pressure, (=1004.5 J/kg.K) 

F           Convective Flux Through a cell Face                                                                 m
2
/sec  

K           Thermal Conductivity                                                                                       W/m. K 

k            Kinetic Energy of Turbulence                                                                            J 

K           Ratio of Specific's Heat, (=1.4 for air)     

P           Pressure                                                                                                            N/m
2
 

P           Cell Nodal Point 

Re          Reynolds Number 

T           Temperature                                                                                                    K 

Tw          the Wall Temperature                                                                                    K 

t Time                                                                                                               sec 

U           The Velocity Vector                                                                                      m/sec 

u, v, w   Velocity Components in the x, y and z                                                          m/sec 

X, x       X-Coordinate Distance                                                                                  m 

Y, y       Y-Coordinate Distance                                                                                  m 

 

Greek letters 

ε                                          Dissipation Rate of Turbulent 

 ,,X                        Cell Distances 

 ,k                                  Constant in the  Model 

yx  ,                                   Half the Cell Distances 

                                        Dependent Variable in the General Form of Equation  

                                        Transfer Coefficient 

                                        Laminar Viscosity                                                            kg/m.s 

eff                                     Effective Eddy Viscosity                                                 kg/m.s 

t
                                       Turbulent Viscosity                                                         kg/m.s 

                                        Density                                                                            kg/m
3
 

                                      Kinematics Viscosity                                                        m
2
/s 

 w                                   Wall Shear Stress                                                              N/m
2
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Subscripts 

 

e, w, n, s                            (east, west, north, south) nodes at the cell face 

l                                         Laminar 

o                                        Initial Value 

t                                        Turbulent 

u, v, w                               Velocity Component in x, y, and z directions 

1, 2, 3                               Coordinate Direction 

 

Superscripts 
 

t                                        Turbulent 

*                                       Predicted Values 

,                                        Fluctuation Values, Correction Values 

                                     Signifies Free Stream Conditions 

Abbreviations 

F.D.M           Finite Difference Method 

SIMPLE        Semi-Implicit Method for pressure-Linked Equation 
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ABSTRACT 

  

  Two dimensional turbulent natural convection heat transfer and fluid flow inside an air 

filled inclined square enclosure differentially heated has been numerically studied. Fully 

elliptic Navier- Stockes and energy equations are solved using finite volume method. The 

problem is simulated for different angles of inclination ( .deg1800  ) and Rayleigh 

numbers ( 168 1010  Ra ). The turbulence k-є model is used to model the effect of 

turbulence. The wall function approach is used to model the regions near the walls of the 

enclosure. The obtained results from this study show that the rate of heat transfer is increased 

with the increase of Rayleigh number and decreased with the increase of angle of 

inclination( .deg900  ).Also the induced vortices are strongly elongated with increase 

of Rayleigh number. The thickness of thermal boundary layer is decreased with the increase 

of Ra. The validation of the present code was done by comparing the computed results with 

the published ones. The comparison indicated  a good agreement. 

 

                            

وجريان المائع بالحمل الحر الأضطرابي داخل حيز مربع  أجريت دراسة عددية لدراسة انتقال الحرارة المستخلص:    
ستوكس ومعادلة الطاقة باستخدام طريقة الحجم المحدد. أجريت  -مائل ومسخن تسخينا جزئيا. تم حل معادلات نافير

deg1800.ه)الدراسة الحالية لزوايا ميلان مختمف  )168)ولأرقام رايمة متعددة 1010  Ra ) بينما تم استخدام
لمعالجة تأثير الأضطراب. أستخدم اسموب دالة الجدار لنمذجة المناطق القريبة جدا من (   k-є) نموذج الأضطراب 

 ة عدد رايمة الجدران. أظهرت النتائج التي تم الحصول عميها أن معدل انتقال الحرارة قد ازداد مع زياد
. أيضا بينت النتائج أن الدوامات الناتجة تستطيل وتتحد بقوة مع زيادة ( deg 90  0) زاوية الميلان ويقل بزيادة

من خلال المقارنة مع  عدد رايمة بينما يقل سمك الطبقة الحرارية المتاخمة. تم التأكد من صحة الطريقة العددية المستخدمة
  النتائج العممية المنشورة حيث بينت المقارنة توافقا جيدا.

 KEYWORDS 
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 natural convection, heat transfer, enclosed enclosure 
 

 

 INTRODUCTION 

Natural convection heat transfer in an enclosure is of importance in many engineering 

applications. These include cooling of electronic systems, double windows, air gaps in 

unventilated spaces and solar collectors.. However turbulent natural convection in inclined 

enclosures is still needs more research area to understand the complex fluid flow and heat 

transfer behavior. In the reviewed studies on natural convection, there is a few studies 

relating the turbulent natural convection inside inclined enclosures, so the present study try 

to facillate the challenge in understanding the flow and heat transfer behavior in this type of 

the problems. One of the most important bench mark studies on turbulent natural convection 

inside enclosed cavities was an experimental study done by(Ampofo and 

Karayiannis,2003). (Corcione,2003) performed a numerical study on the natural convection 

in a rectangular horizontal enclosure differentially heated. He used various thermal 

conditions of the cavity side walls. Also laminar natural convection in enclosed cavities has 

been studied numerically and experimentally by (Davis to Kuper et al., 1983-1993). 

(Markatos et al.,1984) and (Lankhorst et al., 1991) used  a k-є  model to study the two and 

three dimensional turbulent flows inside a cavity. Some interesting studies for both laminar 

and turbulent flows in inclined cavities has been found by the authors (Zhongand 

Young,1985) and( Elshirbiny,1982).  

 In the present work a numerical investigation has been performed to study the turbulent 2D 

thermally driven air flows inside a square enclosure. The objective was to investigate how 

the enclosure tilted angle can effect on these flows which are found in a diverse engineering 

applications. The computations were performed for Ra ranging from 10
8
 to 10

16
 and an angle 

of inclination from 
0  to 

180 . The enclosure is differentially heated  as shown in Fig.1.  
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MATHEMATICAL MODEL 

 The turbulent viscous flow and temperature distribution inside an inclined square enclosure 

are described by the steady Navier-Stockes, energy and turbulence equations. The flow is 

assumed to be incompressible and Boussine approximation is valid. Employing the eddy 

viscosity concept, the time averaged governing equations are defined as follows(Jones and 

Luander,1972): 
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The turbulent kinetic energy and the rate of its dissipation for two dimensional buoyancy 

turbulent flow can be written as follows(Jones and Luander,1972): 
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the eddy dynamic viscosity is obtained by the Prandtl-Kolmogorov hypothesis 

 

              
 k

ct

2

                                                                                              (11) 

 

the model coefficients are (  σk   ;σЄ ; C1є ; C2є ;  Cµ) = (1.0 , 1.3 , 1.44 , 1.92, 0.09 ) 

respectively (Jones and Luander,1972). 

 

 BOUNDARY CONDITIONS 

 In order to solve the mathematical model, the following boundary conditions are used 

At the walls: u = v = 0. and wall function approach (Versteege and  Meer,1995) is used for 

the near wall grid points. 

 For perpendicular walls on the x-axis: at x = 0, T = Th , at x =L , T = Tc  and the parallel 

walls to the x-axis are insulated. 

The local and average Nusselt numbers along the left vertical hot wall can be obtained from 

the following formulas:  
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 The average Nusselt number is a function of Rayleigh and grid points. The number of grid 

points for 108 1010  Ra is 41×41 and for 1610 1010  Ra  is  84×82 . The increase in Ra 

needs more grid points and computational time to obtain a converged solutions. The large 

part of grid points for all the studied Ra are found near the walls in all directions.   

 

 NUMERICAL PROCEDURE 

 Finite volume method is used for the discritisation of the considered governing equations. 

This gives a system of discritization equations which means that the system of elliptic partial 

differential equations is transformed into a system of algebraic equations. The solution of 

these equations is performed by implicit line by line Gause elimination scheme. A computer 

program is developed to attain the results using the pressure velocity coupling (SIMPLEC 

algorithm) (Versteege and  Meer,1995). Due to this strong coupling and non-linearity 

inherent in these equations, relaxation factors are needed to ensure convergence. The 

relaxation factors used for velocity components, temperature, pressure and turbulence 

quantities are  0.4, 0.5, 0.45 and 0.7 respectively. These relaxation factors have been adjusted 

for each case studied in order to accelerate convergence. Non uniform grid with refinements 

near the walls is used. The computational grids are staggered for the scalar variables and not 

staggered for the scalar one. The accuracy of the considered code is validated by comparing 

the present results with published results as shown in the table 1 . The linear least square 

regression method is used for the correlation between Ra and Nuav  for the present results 

found in the table 1. This relation takes the form 40.025.0 RaNuav   

Table1. Comparison of the present results with the published results of (Marakato,1984) for 

Pr=0.71 and 
0 .            

   

 Ra     Nuav (present results)                 Nuav (published results)    

          

10
6                            8.748                      8.754 
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10
8                            32.1                       32.04 

10
10                            156.85                      156.8 

10
12                            8 40.8                      840.1

 

10
14                           3627                      3624 

10
16                           11229.9                                      11226 

  RESULTS AND DISCUSSION 

 The computed results are presented as follows for different Rayleigh numbers and angles of 

inclination. 

 Fig.2. demonstrates the stream function for different values of Ra and 
0 . It can be 

seen that at Ra = 10
8
, there is two elongated vortices near the enclosure walls. When Ra 

increased to 10
10

, the two vortices are stretched to one vorticity in the central part of the 

enclosure. However there is small vortices arises in the bottom right corner. As Ra =10
12

, 

there is small secondary vortices found in the upper part of the enclosure besides the central 

vorticity. At Ra =10
14

 and Ra =10
16

 the secondary vortices are distributed near the walls. The 

increasing of Ra due to the increment in H leads to increase the buoyancy which leads to 

increase the vertical and horizontal velocities consequently effect on the vorticity 

distribution. The effect of angle of inclination on stream function distribution for Ra = 10
8
 is 

depicted in Fig.3. As the Figure shows, when 
30 , the stretching vortices are elongated 

in the direction of inclination and the size of the occupied region by these vortices is less 

compared with the case of 
0 . When 

60 , besides to the elongated vortices, there 

is a small secondary vortices near the enclosure walls. The size of these vortices is larger 

compared with 
30 .  At 

90  there is four re-circulating secondary vorticties 

formed near the vertical walls and bottom surface as a result of increasing the buoyancy 

force because the hot wall became at the bottom . As the angle increased to 
120 , there 

is elongated vortices and two secondary vortices near the walls. The occupied zone by the 

elongated vortices is larger. For 
150 , the distribution is nearly similar to the case of 

30 . However the boundary layer is thicker. This is demonstrated at Fig.6 and Fig.8.  
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For 
180  there is two secondary vortices and the size of these vortices is larger 

compared with the case of 
0 . The temperature distribution for different Rayleigh 

numbers and 
0  is shown in Fig.4. It is evident that the heat is transferred from the hot 

wall to the cold wall through a working fluid (air) by convection. This assessed when one 

observe that the isotherm lines are not perpendicular. Also it can be seen that the thermal 

boundary layer thickness as shown in b,c,d and e.  is decreased with the increase of Ra and 

as a consequence of this the rate of heat transfer is faster with increasing the Rayleigh 

number. The temperature distribution for different angles of inclination and Ra=10
8
 is shown 

in Fig.5. It can be seen that at 
30 , the isotherm lines are inclined with direction of the 

enclosure tilted angle  and the rate of heat transfer is less compared with case of 
0 . The 

isotherm lines be thicker at the lower part of the hot wall and upper part of the cold one and 

this leads to the rate of heat transfer to be larger. This confirmed through Fig.6. which 

demonstrates the variation of the average Nusselt number with angles of inclination. As 

Fig.5. shows, the rate of heat transfer is continous to decrease from 
60  to 

90 . At 

120  to 
180 , the rate of heat transfer is noticeably increased and this confirmed at 

Fig.6.. Also it can be seen from Fig.6 that the average Nusselt number is increased with the 

increase of Ra for all angles of inclination because when Ra is increased, the buoyancy 

induced flow is increased and that leads to increase the rate of heat transfer. The local nusselt 

number variation along the hot wall for different Ra and 
0 is depicted in Fig.7. It can 

be seen that the the lower corner of the hot wall indicated the high value of Nu and hence the 

high rate of heat transfer. When the enclosure is tilted with the considered angles of 

inclination( .deg900  ), Fig.8., the local Nusselt number values is decreased. It is 

evident that for 
30  to 

90 , the lower corner(y/H=0) of the hot wall disclosed the 

high values of Nu while at 
120  to 

180 , this position is shifted to y/H=0.95 as a 
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result of change of the location of hot and cold walls and hence changing the strength of 

buoyancy force.  

 

CONCLUSIONS 

 In the present paper, the turbulent 2D natural convection inside inclined square enclosure 

has been successfully predicted. From the computed results, the following conclusions can 

be obtained. 

 The rate of heat transfer is increased with the increase of Ra and decreased with the 

increase of angle of inclination( .deg900  ) and converse verse 

at( .deg18090  ) . 

 The local Nusselt number values along the hot tilted wall is higher at the bottom 

section of the wall, while for the tilted cold wall at the top section. 

 The thermal boundary layer thickness is decreased with the increase of Ra 

 The resulted  vortices are stretched to the middle of the enclosure with the increase 

of Ra.  
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NOMENCLATURE 

 

Cu, C1, C2                  turbulence constants, -  

G                             generation term by shear, Kg/m.sec
3
 

H                             height of the enclosure, m  

k                             turbulent kinetic energy, m
2
/s

2
 

Nu                          local Nusselt number, - 

Nuav                       average Nusselt number, - 

P                             pressure, N/m
2
 

Pr                            Prandtl number, - 

Ra                           Rayleigh number 






 



 ch TTHg (3

 , - 

TC                           cold wall temperature, Ċ  

Th                            hot wall temperature, Ċ  

 x, y                         Cartesian coordinates, m  

 X                            dimensionless Cartesian coordinate 








H

x
,-  

 Greak symbols: 

є             turbulance dissipation rate, m
2
/s

3
 

µ                dynamic viscosity, N.s/m
2
 

µt               turbulent viscosity, N.s/m
2
 

νt                      eddy dynamic viscosity, m
2
/s  


eff

          effective turbulent viscosity, N.s/m
2 

eff           effective exchange coefficient, kg/m.s 
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                dimensionless temperature 














ch

c

TT

TT
, - 

σk   ;σЄ      turbulent schmidt numbers, - 

             thermal diffusivity of fluid, m
2
/s  
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ABSTRACT 

 The aim of reducing drag is to increase the flow efficiency by using the same pipes and 

pumps. As a result the amount of crude oil transported will increase without using new pipes and 

pumps.  

 

In the present work, the effectiveness of two surfactants (Sodium dodecyl benzene sulfonate 

(SDBS) and Sodium lauryl sulfate (SLS)) are studied by using a closed loop system. This system 

consists of three pipes made from commercial steel, each one with different diameter (0.75, 1 and 

1.5 inch). The length of each individual test section of the pipe is two meters. The experimental 

work is achieved under three different temperatures (30º, 40º and 50°C). The concentrations of both 

surfactants used are ranging between 50 to 300 weight ppm. 

 

  Laboratory tests showed that there is a direct proportionality  between the percentage of 

drag reduction (%DR) on one hand and in Reynolds number and pipe diameter on the other hand. 

Inverse proportionality is observed between %DR and temperature. The %DR increases as 

concentration increases, but at a certain higher concentration, this relation will reverse. 

 

The final results showed that the highest drag reduction (%DR) was 23.67%. This value is 

obtained when 200 ppm SDBS is added at 30°C. 

 

The calculated values of friction factor were found to be situated between Blasius and Virk 

asymptote adjacent. 
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 الخلاصة:

إو الهدف  نددى يل ٍدع اة هوددة دد  سٌددهال ريددهبل الدزٌدهو  هلأددبخفاو ييدخ ا.يه ٍددت جالهزددخهك.   هلًبٍددة يددشااا رهٍدة الددًي  الخددهو     

 الهزخ خ  فجو الأبخفاو نزخهك جأيه ٍت جفٌفل. 

 

 العهع يم ارالأة فعهلٍة ي  ٍى نى نعهنلاك الب يز السطحً)الهًظيهك( جدً:  فً دذا            

 (SDBS, SLS)  ذاك نصً  ة نى نهال السدبٍع الصدًه ً   هلأبخفاو نًظ نة جزٌهو نغ لة. دذٌ الهًظ نة يبألف نى ثلاثة أيه ٍت

م إجزاب العهع ألهخببزي يحد  ثدلاد ارجدهك نبز(. ي 5أيج(. ط ل رع نلطع اخببهر ٌب غ ) 3.2ج  3ج  2..5أوطهر نخب ية جدً ) 

 جددشب ل ددع ن ٍدد و جددشب 155-25ارجددة نةٌددة(. يزرٍددش الهًظيددٍى الهسددبخفنٍى يددزجا   ددٍى ) 25, 05, 15حزارٌددة نخب يددة جدددً )
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نى جهة ج فا رًٌ لدف جوطدز ا.يبد ن ندى  (DR%)اليح ص الهخببزٌة  ًٍ  جج ا يًهلأت طزاي  ٍى يسبة يل ٍع الا هوة 

أخزى. ٌلاحع جج ا يًهلأت   سً  ٍى يسبة يل ٍع الا هوة جارجة الحزارل. إو سٌهال يزرٍش نعهنلاك البد يز السدطحً ٌسده ف جهة 

   ى سٌهال يسبة يل ٍع الا هوة جل ى دذٌ الشٌهال يعطً نيع ل   سً  ًف البزارٍش العهلٍة.

 

جدشب ل دع  555يحصدع   دى ددذٌ اللٍهدة  ة دهفة .%  2..51أظهزك الًبهئج الًههئٍة إو أ  دى يسدبة لبل ٍدع الا هودة   غد  

 ارجة نةٌة. 15ج فرجة حزارل  SDBSن ٍ و جشب نى نهال 

 .Virkجنحهذي  Blasiusيلع اللٍم الهحس  ة لهعهنع الاحب هك  ٍى نحهذي 

 

INTRODUCTION 

Drag is a term used to refer to pressure drop per unit length of pipe which resulted from 

friction. Many techniques for drag reducing were suggested by many researches. One of these 

techniques depends on suppressing turbulent eddies by using baffles with different heights, other 

techniques used layers of greasy materials or bubble layers to reduce friction. The modern 

techniques use small amounts of an additive in a fluid which cause a reduction in the turbulent 

friction compared with that of the pure fluid at the same flow rate ( Jiri Myska 1997). The word 

“drag” may also be defined as the resistance force parallel to the direction of fluid flowing over a 

solid surface. Drag force may be expressed by two components: “friction component” which is 

equal to the stream wise component of all shearing stresses over the surface and “pressure drag 

component” which is equal to the stream wise component of all normal stresses (Mansour 1998). 

 

There are many applications of drag reduction such as increasing flow rate in drilling 

operations, fire fighting and irrigation. In petroleum industry, drag reduction is of great importance 

in hydraulic fracturing of oil wells and transportation of liquid petroleum (Thomas R. 1981).  

   

White (1967) examined flowing of a dilute solution of cetyl trimentol ammonium bromide 

(CTAB) at concentration 508 ppm.  He concluded that the drag reduction increases by increasing 

pipe diameter. Hershy, Mcmillan and Boxter (1971) used aluminum dioctoate in toluene as drag 

reducer. Zakin (1983) used large number of non–ionic surfactants to study the effect of surfactant 

structure, concentration, temperature and mechanical degradation on drag reduction. Abdul–

Hakeem(2000) used one type of non–ionic surfactant (nonyl phenol) and two types of anionic 

surfactants (sodium dodecyle benzene sulfonate, SDBS and sodium lauryl sulfate , SLES) as drag 

reducers in turbulent flow of Iraqi crude oil. 

 

  EXPERIMENTAL WORK AND TEST PROCEDURE 

The flow system used in this work consists of reservoir tank, pump, flow meter, pipes, 

valves, pressure transmitters, chiller, digital thermometers and computer interface. A schematic 
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diagram of flow system is given in figure (1). The diameters of pipes are 0.75, 1 and 1.5 inch while 

the length used is two meters. These dimensions are  considered suitable for laboratory work. 

 

The following experimental procedure is carried out :  

1. The crude oil is permitted to flow in only one pipe. The flow rate of solution was controlled by    

    bypass section until this rate reaches a specific value.                 

2. The pressure drop is measured by transmitter which is connected with the computer.   

3. Steps 1 and 2 are repeated with different flow rates, keeping in mind that  this operation is carried                                                                                                                                                                                                                                                                                                                                                                                                                                           

out at constant temperature. 

4. The above steps are redone but with the addition of a solution of different additives to the crude 

oil. 

5.  Steps 1 to 4 are repeated for the other two pipes. 

6. Using different surfactant types, concentrations and temperatures, the above procedure is redone 

for the sake of observing the effect of these parameters on pressure drop.      

 

The main properties of crude oil before and after adding  are given in table (1) 

 

 

Temperature 

°C         

Specific  gravity 

before adding 

Kinematic 

viscosity  

csc before 

adding 

Specific  

gravity after 

adding 

Kinematic 

viscosity  csc 

after adding 

30 0.879 15.314 0.876 15.315 

40 0.873 10.152 0.874 10.152 

50 0.867 4.233 0.869 4.232 

 

 

The velocities used are 1.7 to 5.3 m/sec. The choice of the velocities is controlled by the    

pump capacity. 

The concentration of available surfactants are first chosen to be very small (50 ppm). As this 

concentration gave small drag reduction the concentration is continuously increased. At specific 

concentration (300 ppm), the drag reduction decreased hence the concentration increase is stopped. 

Table (1) Physical properties of crude oil 
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Experimental Calculations 

The following equations are used to calculate velocity(V), drag reduction percentage(%DR) 

and Reynolds number(Re) respectively. 

 

   AQV             
 

 

b

ab

P

PP
Dr




%

      
 

 

 

 DV 
Re

                  
   

 

1. Centrifugal pump, 2. Chiller, 3. Tank, 4. Digital thermometer, 

5. Cooling coil, 6. Flow meter, 7. By pass line,   8. Valve, 

9.Entrance length, 10. Test section, 11. Pressure transducer, 

12. Parallel port, 13.P/C interface. 

Figure (1) schematic diagram of flow system 
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RESULTS 

Several runs (108) were carried out in this work to study the influence of the following 

variables on drag reduction: 

1- Reynolds number and Pipe diameter. 

2- Surfactants concentration.     

3-Tempreature.  

Effect of Reynolds Number and Pipe Diameter 

Figures (2a-2d) shows the effect of Reynolds number and pipe diameter on %DR for 

concentrations (50-300) ppm for SDBS at 30°C at different pipe diameters (0.75, 1 and 1.5 inch). 

Figures (3a-3d) show the same effect but for SLS. 

 

It is noticed that  for a certain pipe diameter the %DR increases by increasing Reynolds 

number. This result is expected since the degree of turbulence inside the pipe increases as Reynolds 

number increases and this will provide a better media to the drag reducer (surfactant) to be more 

effective. 

 

It is obvious that at the same Reynolds number, high %DR is obtained for larger pipe I.D 

This is because the increase in pipe diameter will give a large area for interaction between the 

aqueous solution of surfactant and crude oil. At temperature 40° and 50°C the same effects were 

observed. 

 

Effect of Concentration 

    Figures (4a-4c) are plotted for SDBS at 30°C for different diameters and figures (5a-5c) 

for SLS at 30°C. 

 
From figures (4 and 5), it is noticed that %DR increases as concentration increases to a 

certain value (about 200 ppm). This may be attributed to the formation of rod-like micelles which 

increases as concentration increases to some extent. 

 

When the concentration became greater than 200 ppm, the rate of %DR increase will be 

less. Such behavior may be explained by the change of micelles structure from rod-like to spherical 

shape as explained by Virk(1967). 

 

Effect of Temperature 

The temperature of crude oil is reduced and controlled by a chiller. Figures (6a-6d) show the 

effect of temperature on %DR for concentrations (50-300) ppm for SDBS in pipe of 0.75 inside 

diameter at different temperatures, and figures (7a-7d) show similar plot but for SLS. 

 

It is noticed that %DR decreases as the temperature increases for both additives used. This 

may be caused by the transformation of rod-like (or thread like) to spherical micelles these behavior 

noticed by Takashi(1993). 

 

Friction Factor 

 

             The friction factor is calculated by the following equation(Bottural 1999): 

           

22

4

v

LPd
f






 

4)) 
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The calculated value of friction factor is plotted versus Reynolds number on log-log scale as 

shown in figures 8 and 9. The friction factor is also calculated by using Blasius and Virk equations. 

 

 

25.0(Re)0791.0 f  
 

58.0(Re)59.0 f  
 

 

As can be seen from figures 8 and 9, the values of friction factor obtained by equation (4) lie 

between Blasius  and Virk . 

                        
 

 

 

 

                           

 

 

 

 

Blasius (5) 

Virk 6)) 



Journal of Engineering Volume 15 march 2009       Number1  
 

 

Available online @ iasj.net 

 

125. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2a) Figure (2b) 

Figure (2c) 

 

Figure (2d) 

Figure (2) effect of Reynolds number and pipe diameter on %DR for SDBS at 30°C; 

(a): 50 ppm, (b): 100 ppm, (c): 200 ppm and (d): 300 ppm 
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Figure (3a) Figure (3b) 

Figure (3c) 

 
Figure (3d) 

Figure (3) effect of Reynolds number and pipe diameter on %DR for SLS at 30°C; 

(a): 50 ppm, (b): 100 ppm, (c): 200 ppm and (d): 300 ppm 
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Figure (4a) Figure (4b) 

Figure (4c) 

Figure (4) effect of concentration on %DR for SDBS at 30°C; 

(a): 0.75 inch ID, (b): 1 inch ID and (c): 1.5 inch ID 
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                                       )                                             Figure (5a 

Figure (5a) Figure (5b) 

Figure (5) effect of concentration on %DR for SLS at 30°C; 

(a): 0.75 inch ID, (b): 1 inch ID and (c): 1.5 inch ID 
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 Figure (6c) 

Figure (6c) 

Figure (6) effect of temperature on %DR for SDBS at 0.75 inch I.D.; 

(a): 50 ppm, (b): 100 ppm, (c): 200 ppm and (d): 300 ppm 
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Figure (5c) 

Figure (6a) Figure (6b) 

Figure (6d) 

Figure (7a) Figure (7b) 

Figure (7c) 
Figure (7d) 

Figure (7) effect of temperature on %DR for SLS at 0.75 inch I.D.; 

(a): 50 ppm, (b): 100 ppm, (c): 200 ppm and (d): 300 ppm 
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   Figure (8) calculated friction factor versus Reynolds number at different concentration of SDBS at 30°C; 

(a): 0.75 inch ID, (b): 1 inch ID and (c): 1.5 inch ID 

Figure (8a) Figure (8b) 

Figure (8c) 
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   Figure (9) calculated friction factor versus Reynolds number at different concentration of SLS at 30°C; 

(a): 0.75 inch ID, (b): 1 inch ID and (c): 1.5 inch ID 

Figure (9a) Figure (9b) 

Figure (9c) 
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CONCLUSIONS 

          1-Maximum % DR obtained in the present work was 23.67% by using SDBS surfactant at 

            30°C in 1.5 inch pipe diameter. This indicates that both surfactants used are effectiveness    

             of moderate as drag reducer with the crude oil under study.    

    2-The drag reduction percent increases when : 

 Increasing Reynolds number. 

 Increasing surfactant concentration to a certain limit. 

●Decreasing temperature. 

     3-The values of friction factor calculated lie between Blasius  and Virk lines.   

 

 

SYMMOLS AND ABBREVIATIONS     

    

Unit                                                     Description                Symbol               

%DR                          drag reduction percentage                                          - 

d   Pipe inside diameter                                                   [in] 

L   Testing section length      [m] 

Re   Reynolds number (VD/)                                        -  

V                                 velocity                                                                     [m/s] 

P                                  Pressure                                                                   [psi] 

Definition                        Abbreviations                        

CTAB Cetyl tri-methyl ammonium bromide 

NPH Nonyl phenol 

ppm                           part per million  

SDBS Sodium dodecyle benzene sulfonate 

SLES Sodium lauryl ether sulfate 

SLS Sodium lauryl sulfate 
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