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ABSTRACT 

In this paper, several sliding friction formulations used in spur gear dynamics are examined and 

compared in terms of the predictions of interfacial friction forces and off-line-of-action.      

Computing friction formulations include Coulomb models with time-varying friction coefficients 

and empirical expressions based on elasto - hydrodynamic and/or boundary lubrication regime 

principles. Predicted results compare well with friction force measurements and appeared 

completely conformed with specific objectives of this paper are established as follows: (1) 

propose an improved MDOF spur gear pair model with time-varying coefficient of' friction, 

µ(t), given realistic mesh stiffness profiles.(2) comparatively evaluate alternate sliding 

friction models and predict the interfacial friction forces and motions in the off -line-of-action 

(OLOA) direction: and (3) validate one particular model (III) by comparing predictions to the 

benchmark gear friction force measurements 

 

 الخلاصة:

في ٕزا اىبحث فأُ ْٕاىل اىعذيذ ٍِ ٍعادلاث الاحخناك الاّضلاقي اىَسخخذٍت في ديْاٍينيت اىخشٗط الاسط٘اّيت اىعذىت حٌ اخخباسٕا 

اىَخ٘قعت في ق٘ٙ الاحخناك اىسطحيت اىبيْيت ٗ خط اىخأثيش .أُ ٍعادلاث الاحخناك ٕزٓ حخضَِ َّارج م٘ىً٘  اىظشٗفقاسّخٖا ٍع ٍٗ

ئ اىخ٘اصُ ىحذ ٍع ٍعادلاث الاحخناك باخخلاف اىضٍِ ٗمزىل علاقاث حجشيبيت حعخَذ عيٚ عيٌ اىذيْاٍينا اىَائعيت اىَشّت ٗعيٚ ٍباد

اُ الإذاف خٖا جيذا ٍع قياساث ق٘ٙ الاحخناك ٗظٖشث ٍخ٘افقت حَاٍا ٍعٖا .ىَخ٘قعت في ٕزا اىبحث حٌ ٍقاسّاىخضييج . اُ اىْخائج ا

 ؛الاساسيت ىٖزا اىبحث ٍبْيت عيٚ ٍاييي 

 ىَْ٘رج صٗج ٍِ اىخشٗط الاسط٘اّيت اىعذىٔ ٍع حغيش اىضٍِ ٍٗعاٍو الاحخناك  MDOF حط٘يش ٗححسيِ  -1

اىَخباده ٗق٘ٙ الاحخناك اىذاخييت اىْاحجت ٗاحجآ اىحشماث عْذ  اىَقذسة راث الاحخناك الاّضلاقي ىيَقاسّت ٍع َّارج اىخشٗط  -2

  OLOAخط اىخاثيش 

 .ٍٗقاسّخٔ ٍع قياساث ق٘ٙ الاحخناك ىيَْ٘رج اىَْخج ىخشط بيْجَاسك   (III)اخخباس صلاحيت َّ٘رج عَيي ٗاحذ  -3
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INTRODUCTION  .  

 Gear dynamic researchers have typically modeled sliding friction phenomenon  by assuming 

Coulomb  formulation with a constant coefficient (µ) of friction (it is designated as Model I in this 

paper). In reality, tribological conditions change continuously due to varying mesh properties and 
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lubricant film thickness as the gears roll through a full cycle . Thus, µ varies instantaneously 

with the spatial position of each tooth and the direction of friction force changes at the pitch 

point. Alternative tribological theories, such as elasto-hydrodynamtc lubrication (EHL), 

boundary lubrication or mixed regime, have been employed to explain the interfacial friction in 

gears.  For instance, (Benedict,G.H.and Kelley,B.W.,1961) proposed an empirical dynamic 

friction coefficient (designated as Model II) under mixed lubrication regime based on 

measurements on a roller test machine.( Xu,E.A.,1972) recently proposed yet another friction 

formula (designated as Model III) that is obtained by using a non-Newtonian, thermal EHL 

formulation. Duan and Singh, developed a smoothened Coulomb model for dry friction in 

tornsional dampers; it could be applied to gears to obtain a smooth transition at the pitch point 

and designate this as Model IV.( Hamrock,B.J. and Dawson,D.1977) suggested an empirical 

equation to predict the minimum film thickness for two disks in line contact. They calculated 

the film parameter A. which could lead to a composite, mixed lubrication model for gears 

(designated as Model V). Overall, no prior work has incorporated either the time-varying (t) or 

Models II to V, into multi-degree-of-freedom (MDOF) gear dynamics. To overcome this void in 

the literature.  

 

 

MIDOF SPUR GEAR MODEL 

Transitions in key meshing events within a mesh cycle are determined from the undeformed 

gear geometry. Fig. 1(a) is a snapshot for the example gear set (with a contact ratio of about 

1.6) at the beginning (t = 0) of the mesh cycle ( ). At that time, pair #1 (defined as the tooth 

pair rolling along line AC) just comes into mesh at point A and pair #0 (defined as the tooth 

pair rolling along line CD), is in contact at point C, which is the highest point of single tooth 

contact (HPSTC). When pair #1 approaches the lowest point of single tooth contact (LPSTC) 

at point B, pair #0 leaves contact. Further, when pair #1 passes through the pitch point P, the 

relative sliding velocity of the pinion with respect to the gear is reversed, resulting in a reversal 

of the friction force. Beyond point C, pair #1 will be re-defined as pair #0 and the incoming 

meshing tooth pair at point A will be re-defined as pair #1. resulting in a linear time-varying 

(LTV) formulation. The spur gear system model is shown in Fig. 1(b) and key assumptions for 

the dynamic analysis include the following: (i) pinion and gear are rigid disks; (ii) shaft-

bearing stiffness elements in the line-of-action (LOA) and OLOA directions are modeled as 

lumped springs which are connected to a rigid casing; (iii) vibratory angular motions are small 

in comparison to the kinematic motion. Overall,  obtain a linear time-varying system 

formulation with a constant . Refinements to the multi-degree-of-freedom model of Fig.1 

with time-varying sliding friction (t) are proposed as follows. The governing equations for the 

torsional motions (t) and (t) are as follows )Lundvall,O.and .Stomberg , N.,2004)  

 

 

                                     (1) 

 

(t) = -  

 

 

Here, the "floor" function rounds off the contact ratio  to the nearest integer (towards a 

lower value); Jp and  are the polar moments of inertia for the pinion and gear; Tp and  are 

the external and braking torques; (t) and Ngi (t) are the normal loads defined as follows: 
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Fig.1.(a) Snap shot of contact pattern(at t=0) in the gear pair:(b)MDOF spur  gear pair system; here 

K(t) is in the LOA direction. 

 

 

  Where (t) and ci(t) are the time-varying realistic mesh stiffness and viscous damping 

profiles;  and  are the base radii of the pinion and gear; and xp(t) and xg( t )  denote 

the translational displacements (in the LOA direction) at the bear ings I the sliding 

(interfacial) friction forces Fpfi(t) and Fgfi(t) of the  ith  meshing pair are derived as 

follows; note that five alternate (t) models  

 

 = (t )N r i  (t )  ,    = (t)  (t),     i = 0,....a.                                   (4a,b) 

 

The frictional moment arms ( t ) and (t) acting on the ith tooth pair are:  

 

(t) =  + (n — i) mod(  t, ),   i = 0,…n.                                                (5a) 

 

X g i  ( t )=L y c
.
 +i .—mod(( t ), i=0,.... n.                                                       (5b) 

 
  Where "mod"  is the modulus function defined as: mod(x, r) = x—y floor(x,y), if y≠0; 

"sgn
"
 is the sign function: , and  are the nominal operational speeds (in rad/s); and . 

is the base pitch. Refer to. Fig. 1(a) for length L.. The governing equations for the 

translational motions xp(t) and xg(t) in the LOA direction are: 

 

 

 
 

(a) (b) 
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   Here,  and are the masses of the pinion and gear; KpBx, and , are the ffective 

shaft-bearing stiffness values in the LOA direction, and  and  are their damping 

ratios. Likewise, the governing equations for the translational motions y p(t) and  (t) 

in the OLOA direction are written as: 
 

 

 
 

 

ALTERNATE SLIDING FRICTION MODELS 

 

  Model 1: Coulomb Model With µ( t) 
 

The Coulomb friction model with time-varying (periodic) coefficient of friction  

for the ith meshing tooth pair is derived as follows, where is the magnitude of the 

time-average: 

 

  
 

 

Model 11: Benedict and Kelley Model 
 

The instantaneous profile radii of curvature (mm) (i) of ith meshing tooth are: 

 

 

 

The rolling (tangential) velocities  (t) (m/s) of ith meshing tooth pair are: 

 

 
 

The sliding velocity (t) and the entraining velocity  (i) (m/s) of ith meshing tooth 

pair are: 

 

  

 

The unit normal load (N/mm) is (Zrwp, cos .), where  is the pressure angle, Z is 

the face width (mm),  is the torque (N mm) and  is the operating pitch radius of pinion 

(mm). Our (t) prediction for the ith meshing tooth pair is based on the Benedict and Kelley 

model, though it is modified to incorporate a reversal in the direction of friction force at the pitch 

point. Here,  is the averaged surface roughness ( m), and  is the 
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dynamic viscosity of the oil entering the gear contact: 

 

 
 

 

Model III Formulation Suggested by Xu et al. and Kahraman 
 

  The composite relative radius of curvature  (mm) of ith meshing tooth pair is 

 

ri (t)=         i=0,….n                                                                                   (15) 

     
 

  The effective modulus of elasticity (GPa) of mating surfaces is E = 2/[(1 — / Ep) + (1 — 

/ Eg )], where E and v are the Young's modulus and Poisson's ratio, respectively. The 

maximum Hertzian pressure (GPa) for the ith meshing tooth pair is: 

 

 

                                                             (16) 

 

 

Define the dimensionless slide-to-roll ratio SR(t) and oil entraining velocity Ve(t) (m/s) of ith 

meshing tooth pair as 

 

SRi(t)=                                                  (17a,b) 

 

The empirical sliding friction expression (for the ith meshing tooth pair), as proposed by H. 

Xu et al.and Kahraman based on non-Newtonian, thermal EHL theory, is modified in this work 

to incorporate a reversal in the direction of the friction force at the pitch point as 

 

                                                                                                                                                (18a,b) 

 

Xu suggests the fallowing empirical coefficients (in consistent units) for the above formula: 

b1 = -8.916465, b2 = 1.0 3303, b3= 1.036077, b4 = -0.354068, b5 = 2.812084, b6= -0.100601, b 7 

= 0.752755, b8 = -0.390958 and b9 = 0.620305. 

  

Model  IV: Smoothened Coulomb  Model  
 

Xu and Kahraman,conducted a series of friction measurements on a ball-on-disk test 

machine and measured the (t)values as a function of SR: these results resemble the 

smoothening function reported by Duan and Singh near the pitch point (SR = 0) especially at 

very low speeds (boundary lubrication conditions). By denoting the periodic displacement of 
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ith meshing tooth pair as xi(t) = mod(Ωprbpt, + (n - i)  - LAp, a smoothening function could 

be used in place of the discontinuous Coulomb friction. The arc-tangent type function is 

proposed as follows though one could also use other functions 

 

 

Si = arc tan[  (t)] + xi(t)     i=0,….,n.                                               (19) 

 

 

  In the above, the regularizing factor is adjusted to suit the need of smoothening requirement. 

A higher value of corresponds to a steeper slope at the pitch point 

 

Model V:Composte Friction Model 

    

Alternate theories (Models I to IV) seem to be applicable over specific operational conditions. This 

necessitates a judicious selection of an appropriate lubrication regime as indicated by the film 

parameter, ,that is defined as the ratio of minimum lubrication film thickness and composite 

surface roughness Rcomp=  measured with a filter cutoff wave length Lx, where 

Rrms is the rms gear-tooth surface roughness. The film parameter for rotorcraft gears usually lies 

between 1 and 10. In the mixed lubrication regime the films are sufficiently thin to yield partial 

asperity contact. while m the EHL regime the lubrication film completely separates   the gear 

surfaces. Accordingly. a composite friction model is proposed as follows: 

 

 

(t) =                 (20) 

 

 

   Application of Models II. III or IV would. of course, depend on the operational and tribological 

conditions though Model I could be easily  utilized for computationally efficient dynamic 

simulations. Note that the magnitude of Model I or IV should be determined separately. For 

instance. the averaged coefficient based on Moods II was used in this work. Also, the critical  value 

between different lubricating regimes must be carefully chosen. The film thickness calculation 

employs the following equation developed by (Hamrock,B.J. and Dowson,D.1977) based on a 

large number of numerical solutions that  predict the minimum film thickness for two disks in line 

contact. Here, G is the dimensionless material parameter, W is the load parameter, U is the speed 

parameter, H is the dimensionless central film thickness and  bH is the semi-width of Hertzian 

contact band. 

 

Ai(t) =   

bHi(t) =  

Ui(t)=  
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RESULTS AND DISCUSSION   
 

    Fig.2(a) shown the magnitudes of  as predicted by Models II and III for a spur gear set 

given Tp= 22.6 Nm (200 lb in)and  = 1000 rev/ min. The linear time- varying formulations for 

meshing tooth pairs  0 , and 1 result in periodic profiles for both models. Two major differences 

between these two models are: (1) the averaged magnitude from Model II much higher compared 

with that of Model III since friction under mixed lubrication is generally higher than under EHL 

and (2) while Model III predicts nearly zero friction near the pitch point. Model II predicts the 

largest  value due to the entraining velocity term in the denominator. As explained by (Xu,H. and 

Kahraman,A.2007) three different regions could be roughly defined on a  versus SR curve. When 

the sliding velocity is zero, there is no sliding faction, and only rolling friction (though very mall) 

exists. Thus. the  value .should be almost zero at the pitch point. When the SR is increased from 

zero,  first increases linearly with small values of SR. This region  is defined as the linear or 

isothermal region. When the SR is increased slightly further,  reaches a maximum value and then  

decreases as the SR value is increased beyond that point. This region  is referred to as nonlinear or 

non-Newtonian region. As the SR is increased further, the fraction decreases in an almost linear 

fashion; this is called as the thermal region. Model II seems to be valid only in the thermal region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                        (a) Normalized time t/tc                                                           (b)  Ωp(RPM) 

 

Fig. 2. ( a ) Comparison of Model I I and Model III given Tp = 22.6 N m (200 lb in) and p =   

1000 rev/min. Key; …. pair 1 with Model II;----pair 0 with model II;     pair 1 with 

Model III;       pair 0 with Model III; (b) Averaged magnitude of the coefficient of friction 

predicted as a function of speed using the composite Model V with Tp= 22.6 Nm (200lb in). 

Here, tc is one mesh cycle. 

 

  

           Fig. 2(b) shows the averaged magnitude of avg predicted as a function of p using the 

composite formulation (Model V) with  Tp = 22.6 Nm (200 lb in ). An abrupt change in 

magnitude is found around 2500 rev/min corresponding to a transition from the EHL to a  
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 mixed lubrication regime. Similar results could be obtained by plotting the composite  (t) as 

a function of Tp .Though our composite model could be used to predict  (t) over a large 

range of lubrication conditions, care must be exercised since the calculation of  itself is 

based on an empirical equation 

 

 
 

 

Fig.3.Comparison of normalized friction models. Key: …… Model I (Coulomb friction with 

discontinuity);      Model II;      Model III:;----- Model IV (smoothened Coulomb friction) . 

Note that curve between 0  t/tc < 1 is for pair 1; and the curve between 1 t/tc < is for 

pair 0 

 

  Fig. 3 compares four friction models on a normalized basis. The curves between 0 t/tc<1 are 

defined for pair 1 and those between 1 t/tc  are defined for pair 0. Discontinuities exist near 

the pitch point for Models I and II, and these might serve as artificial excitations to the OLOA 

dynamics. On the other hand, smooth transitions are observed for Models III and IV corresponding 

to the EHL condition. Fig.4 compares the combined normal loads and friction force time histories 

as predicted by four friction models given Tp= 56.5 N m (500 lb in) and p= 4875 rev/min. Note 

that while Fig. 3 illustrates for each meshing tooth pair the friction forces of Fig. 4 include the 

contributions from both (all) meshing tooth pairs, Though alternate friction formulations dictate the 

dynamic friction force profiles, they have negligible effect on the normal loads.  
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Fig. 4. Combined normal load and friction force time histories as predicted using alternate friction 

models given Tp= 56.5 N m (500 lb in) and p= 4875 rev/ min. Key;: ….. Model I;  

         Model  II;      Model III;----- Model IV. 

 

Fig. 5 compares the predicted LOA and OLOA displacements with alternate friction 

models given Tp = 56.5 Nm (500 lb in) and p= 4875  rev/min. 

 

 

 
 

Fig. 5. Predicted line-of-action and off-line-of-action displacements using alternate friction models 

given Tp = 56.5 N m (500lb in) and p=4875 rev/ min. Key: in time domain… Model I:      

Model II; — Model III; ----Model IV; in frequency (mesh order n)domain; Model I; 

Model II;      Model III;+ Model IV  

 

       The differences between predicted motions are not significant though friction 

formulations and friction force excitations differ. This implies that one could still employ the 

simplified Coulomb formulation (Model I) in place of more realistic time-varying friction 
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models (Models II to IV). Similar trend is observed in Fig.6. for the dynamic transmission 

errors (DTE), defined as ( t )=rbp —rbg (t)+ xp(t)-xg(t).   

 

   
 

 

 Fig.6. Predicted dynamic transmission error (DTE) using alternate friction models given T p= 

56.5Nm (500 lbin) andp= 4875rev/min Key: in time domain:------Model I:    Model II;    

Model III;--- Model IV; in frequency (mesh order n) domain:  Model I:    Model II: 

       Model III:+ Model IV. 

 

  Predicted normal load and friction force time histories (with Model III) are validated using the 

benchmark friction measurements made by Rebbechi et al.Results are shown in Fig. 7..  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                 

                                           (a)    Normalized time t/tc                                       (b)     Normalized time t/tc 

 

 

       Fig. 7. Validation of the normal load and sliding friction force predictions : (a) at Tp = 79.1 

Nm (700 lb in) and p= 800 rev/min; (b) at Tp = 79.1 Nm (7001b in) and p = 4000 

rev/ min. Key: — prediction of tooth pair A with Model III:      prediction of tooth pair 

B with Model III; X measurement of tooth pair  A     measurement of tooth pair B. 
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CONCLUSIONS  

    Following are the main conclusions drawn from this paper :  

1. The most significant variation induced by friction formulation is at the second harmonic, 

which matches the results reported by Lundvall et al. 

2. Based on the comparison,  is found to be about 0.004 since it was not given in the 

experimental study 

3. The periodic LTV definitions of meshing tooth pairs 0 and 1 to be consistent with 

those of measurements, where meshing tooth pairs A and B are labeled in a continuous 

manner 

4. Predictions match well with measurements at both low (p= 800 rev/min) and high (p = 

4000 rev/min) speeds. 

5. Ongoing research focuses on the development of semi-analytical solutions given a 

specific (t) model and an examination of the interactions between tooth modifications 

and sliding friction 

6. The mean absolute discrepancy between three curves shown in Fig.5 is about 8%. 

7. Predicted results compare well with friction force measurements and appeared 

completely conformed with , that the maximum error rate was about 3%  
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ABSTRACT  

The study introduces a theoretical analysis and numerical solution for the combustion of a 

hydrocarbon fuel droplet inside the combustion chamber. The study employs two mathematical 

models to analyze the combustion process.  Conventional (Classical) model and Transient model. 

The combustion process of a stagnant droplet in the steady state was analyzed in the classical 

model, while, In the transient model, it was assumed that there is a period of time in the stages of 

the droplet combustion in which the droplet is heated before combustion. The effect of change in 

temperature on the thermo-physical properties of the fuel was adopted through the two models. For 

the classical model, a convenient approximation was adopted for the heat transferred inside the 

droplet. 

KEY WORDS 

 droplet, combustion, numerical, modeling, transient. 

INTRODUCTION 

Droplet burning has relevance to many practical combustion devises, including, rockets, and gas-

turbine engines, as well as oil-fired boilers, furnaces, and process heaters. In these devices, spray 

combustion is the dominant feature [Turns, 2000]. The problem of droplet burning includes both the 

evaporation and the combustion process. Solving problems concerning droplet evaporation and 

combustion needs the use of mass transfer and thermodynamic laws and equations. In all the above 

systems, liquid fuels and/or oxidizer are usually injected into the combustion chamber as a spray of 

droplets, which undergoes process [Lamnna, et.al. 2004]. Research on the gasification, oxidation, 
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and dynamics of fuel droplet commands both practical and fundamental interest to energy and 

combustion science. On the practical aspect one recognizes that petroleum oil constitutes a 

significant share of the world energy supply [Law, 1982]. According to law, droplet combustion is a 

problem involving complex chemically reacting multicomponent  two-phase flows with phase 

change, rich in physical and chemical phenomena typically to be studied. Theories and studies 

concerning the evaporation and combustion fuel droplets took into account a spherical droplet 

(motionless or moving). It is cold and is placed in a hot stagnant, gravity free environment, [Law, 

1982]. No forced or natural convection is concerned. Heat is transferred from the ambience towards 

the cold surface of droplet, where some of it is used to gasify the droplet and the remaining is 

transferred to the interior of droplet to heat it up. According to Law, through the above mechanism, 

a liquid mass can be converted to vapor and eventually dispersed to ambience, with the rate 

controlling process as heat and mass diffusion the ignition of the droplet causes a reaction or 

oxidation of the fuel with heat generated to be transferred both outward and inward. With D
2
-law 

[Godsave, 1953, Spalding, 1953, Goldsmith & Penner, 1954] with its simple assumptions and some 

inadequacies. Then different approaches were conducted to develop the D
2
-law. Some included the 

unsteady droplet heating and combustion [Law & Sirignano, 1977]. Others included internal 

circulation, transient heating, multicomponent fuel, radiation, high pressure, sprays, etc., 

introducing modern computational models [Williams & Sirignano,1983, Abraham,2001, 

Dombrovsky & Sazhin,2003, Hohmann & 

Ranz,2003,Sazhin,et.al.,2004,Sazhin,et.al.,2005,andYan&Aggarwal,2006]. 

THEORIES 

Classical Droplet Combustion Model:   

  D
2
-law theory for droplet combustion established the basic fundamentals for droplet combustion 

model. One of the assumptions of that theory is that thermophysical properties are constant for all 

temperature of droplet surface and it is surrounding, so that it's more suitable to consider the 

dependence of thermophysical properties to a reference temperature which vary with the variation 

of surface and environmental temperature.  This behavior will be considered later through this work 

to obtain its effects on the main parameters of combustion process such as mass burning rate. Mass 

burning rate represents the amount of fuel that is burned during the combustion process. It is 

dependent on the mass vaporization, rate which is the amount of fuel that evaporates from the 

surface of the droplet as a result of heat that is transferred to the surface (or droplet) because of the 

burning fuel in the process. Mass burning rate represents the combustion process and affects other 

parameters in the process such as flame radius, which Is the radius of flame front that is surrounding 

the burning fuel droplet. The flame radius can be expressed as flame standoff ratio. It is a ratio of 

the radius of flame to the radius of the individual liquid droplet, and that can show the position of 

flame front from the surface of the droplet at any time of droplet combustion process.  Flame 

temperature is the temperature of the flame front that is surrounding the fuel droplet. Knowing this  

temperature can provide primary knowledge to the heat that is transferred inward and outward the 

fuel droplet, and that heat is dependent on the mass burning rate. In the classical model for 
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combustion, mathematical model will be considered and solved for mass and heat transfer for the 

gas-phase of droplet combustion process. The solution will provide the basic equations that relates 

the main characteristic parameters, which will be solved numerically to evaluate their values overall 

the combustion process. A suitable approach for the heat that is transferred to the droplet interior 

will be considered. 

TRANSIENT DROPLET COMBUSTION MODEL:  

The study of transient combustion process is required to understand the effects of heat up period on 

the combustion parameters. Heat up period is the period of time that the droplet surface is raised 

from its initial temperature to a steady temperature (boiling temperature) by gaining heat from its 

surrounding flame. In heat up period, heat that is transferred to the droplet can be divided into two 

parts, one part used for heating the droplet liquid to its steady temperature, and the other part for 

vaporizing the liquid fuel, causing dominant effects on the main parameters of combustion process 

such as mass burning rate. Surface temperature of the droplet varies with time until it reaches to a 

steady temperature. This variation can affect latent heat of vaporization that can be considered to 

become slowly –time varying latent heat of  vaporization and can be expressed as a function of 

surface temperature, which, in turns, can be expressed as a function of time, and the numerical 

substitution can be used to simplify this dependence. Numerical computation will be used to solve 

the basic equations which relate the basic parameters evaluated from the solution of mass and heat 

transfer equations for the mathematical model. 

MATHEMATICAL WORK 

Classical Droplet Combustion Model:  Problem Statement 

Spherical fuel droplet that has the initial radius  is burning and is surrounded by thin 

flame sheet that has a radius  and is surrounded by infinite medium of oxidizing atmosphere to the 

radius ∞. Liquid fuel is vaporized at the droplet surface, the droplet is the source of vapor in the 

system, vapor is convicting and diffusing outward toward the flame. The source of convicting 

species at the droplet surface is the specific volume change associated with phase change at the 

surface, while the oxidizer diffuses inward from the ambient environment to the flame sheet [Kuo, 

1986]. The fuel and the oxidizer react stoichometrically ,and the chemical kinetics are assumed to 

be infinitely fast, so that the fuel vapor mass fraction  is maximum at the droplet surface and 

monotonically decrease to zero at the flame sheet, where the fuel is totally consumed . The oxidizer 

mass fraction  mirrors this, being a maximum far from the flame and decrease to zero at the 

flame sheet . If the fuel is burning at a medium of pure oxygen then the value of mass fraction of the 

oxidizer at infinity is unity. Most of combustion systems are working in air rather than in pure 

oxygen, so that the environment will be considered as air in the calculations and will be 

calculated. Heat is generated at the reaction on the flame sheet causing the flame temperature to 

be the highest temperature in the system. Heat is transported via conduction and radiation outward 

from the flame to infinity and inward back to the droplet surface causing vaporization. The heat 

deposited at the droplet surface is balanced by the evaporation process at the vapor-liquid interface. 
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There are three important temperatures in the system, the droplet surface temperature , the flame 

temperature , and the temperature of the medium at infinity . The combustion products have 

their maximum concentration at the flame sheet (unity) diffusing both inward toward the droplet 

and outward away from the flame [Turns, 2000]. 

The major assumptions of this model are [Law, 1982]: 

* Spherically symmetric: forced and natural convection are neglected, this reduces the analysis 

to one dimension. 

* No spray effects: the droplet is an isolated one, immersed in an infinite oxidizing environment. 

* Isobaric process: at 1 atm. 

* Flame-sheet combustion: chemical reaction rates are much faster than gas-phase diffusion rates 

such that the flame is of infinitesimal thickness and can be treated simply as a sink for the 

reactants and a source of chemical heat released. 

* Gas-phase is quasi-steady. 

* Simultaneous fuel gasification and consumption: this assumes that the amount of fuel gasified 

at the surface is instantly consumed at the flame; it neglects the accumulation of fuel vapor 

between the droplet and the flame. 

* Single fuel species: thus it is unnecessary to analyze liquid-phase mass fraction. 

* The fuel has zero solubility for gases and phase equilibrium prevails at the liquid-gas interface. 

* No soret, Dufour, sooting, and radiation effects. 

*  Thermophysical properties are functions of temperature only. 

CONSERVATION OF MASS: 

 With the assumption of quasi-steady burning, the mass flaw rate  is constant, independent of 

radius; thus: 

 

For the inner region bounded between the zone (  < r < ), Fick's law of diffusion can be applied 

to the inner region: 

 

This can be simplified to; 

 

With the boundary conditions; 
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The outer region is that bounded by the zone (  < r < ∞), the important diffusing species is the 

oxidizer, Fick's law of diffusion can be applied to the outer region: 

 

It can be written as: 

 

With the boundary conditions; 

 

      

CONSERVATION OF ENERGY:  

The Shvab-Zeldovich form of the energy equation is used. Since the chemical reactions occur at the 

boundary, i.e., the flame sheet, the reaction rate term is zero both inside the flame and outside the 

flame [Turns, 2000]: 

 

This equation can be re-arranged and written as: 

 

With the boundary conditions for inner region: 

 

 

And for outer region: 
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ENERGY BALANCE AT DROPLET SURFACE: 

 Heat is conducted from the flame through the gas-phase to the droplet surface. Some of this heat is 

used to vaporize the fuel, while the remaining is conducted into the droplet interior. 

Mathematically: 

 

Where: 

 

The droplet is assumed to be consisting of two zones, an interior zone existing uniformly at its 

initial temperature , and then surface layer at the surface temperature . For this it is called 

"onion-skin model ": 

 

So that, equation (8) becomes: 

   

 

ENERGY BALANCE AT FLAME SHEET: 

 Since the flame temperature is the highest temperature in the system, heat is conducted both toward 

the droplet, , and away to infinity, The chemical energy released at the flame is taken into 

account by using absolute enthalpy fluxes for the fuel, oxidizer, and products. A surface energy 

balance at the flame sheet can be written as: 

 

Where can be represented as: 
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SOLUTION:  

solving equation (1) with the boundary conditions (2.a, b) for gives: 

 

Solving equation (3) with the boundary conditions (4.a, b) for presents: 

 

Solving equation (5) with the boundary conditions (6.a,b) gives the temperature distribution of inner 

region, which can be derived with respect to r, and the resulted equation can substituted into 

equation (9) which can be solved for Ts to obtain: 

 

Solving equation (5) with the boundary conditions (7.a,b) gives the temperature distribution of outer 

region, which can be derived with respect to r, and the resulted equation can substituted into 

equation (10) which can be solved for Tf to obtain: 

 

To estimate the relation that describe the equilibrium between the liquid and vapor-phase of the fuel 

at the surface, and applying Antoine equation gives : 

 

The droplet life time was obtained using the mass balance, which states that the rate at which the 

mass of the droplet decreases is equal to the rate at which the liquid is vaporized [Williams, 1965]: 

 

Where: 

 

And  can be expressed as a function of  : 
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Equation (16) can be written as: 

 

TRANSIENT DROPLET COMBUSTION MODEL 

Problem Statement: 

 In order to formulate the model that describes the droplet heating and combustion, the major 

assumptions will be [Chigier, 1981]: 

1. Constant, stagnant, unbounded atmosphere. 

2. Combustion process is spherically symmetric and isobaric. 

3. The combustion process is following the double-film theory. 

4. Fuel and oxidizer meets in a satoichiometric ratio at the flame front. 

5. The reaction kinetics is fast compared with gas-phase transfer. 

6. Physical properties will be calculated at reference temperature. 

7. Single component droplet with no liquid-phase flows. 

8. No soot formation, negligible radiation. 

The problem is analyzed as follows. At time , the droplet with radius  and temperature 

is igniting in constant, unbounded atmosphere characterized by its temperature , 

pressure , and oxidizer mass fraction . The outwardly diffusing fuel vapor reacting 

stoichiometrically and completely with the inwardly diffusing oxidizer gas at a thin flame front 

located at . For analyzing the inner and outer regions, mass and heat balance will be obtained 

considering the non-dimensional quasi-steady phase equations [Law, 1976]. 

 

CONSERVATION OF MASS: 

 Inner region is expressed by non-dimensional equation [Law, 1976]: 

 

Where: 
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With the boundary conditions: 

 

 

Outer region is represented by the non-dimensional equation [Law, 1976]: 

 

With the boundary conditions: 

 

 

CONSERVATION OF ENERGY: 

 for the inner region: 

 

Where: 

 

With the boundary conditions: 

 

                                                                                                                                   (23, b) 

For the outer region: 

 

Where: 

 

And the boundary conditions: 
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SOLUTION:  

Solving equation (18) with the boundary conditions (19.a, b) for   and expressing with 

dimensional form: 

 

After solving equation (20) for and applying boundary conditions, equation (21, a, b), expressing 

with dimensional form: 

 

 Can be expressed in dimensional form after solving equation (22) with boundary conditions (23, 

a, b) as: 

                                                                                                       

Where,  expressed after solving equation (24) with the boundary conditions (25, a, b), in 

dimensional form: 

 

 

The relation of surface temperature with droplet radius can be found using the expression of time 

varying latent heat of vaporization as: 

 

Where: 
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Chain rule can be used to reduce one of the derivatives as : 

 

Where: 

 

Substituting into equation (30), and simplifying: 

 

In order to solve this equation to obtain  as function of  (or ), the term  which is function of 

( , , , and ) must be expressed as function of  only, the vapor is saturated at the droplet 

surface, an independent relation between and was given by [Law,1976]: 

 

Using computational substituting is necessary obtain  as function of , then substituting the 

resulted equation into (31) gives: 

 

With boundary condition: 

 

Solving this equation presents , which can be expressed as dimensional form as: 

                                                                                                                                        (32) 

The droplet lifetime could be evaluated as follows: 

 

This can be expressed as: 
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Where  can be expressed as dimensionless form as: 

 

Differentiating: 

 

This equation can substituting into equation (33) and    can be expressed as dimensional from , 

rearranging the resulted equation gives:  

 

 

CALCULATIONS 

For both models, the following relations were used for calculate the terms and thermo-physical 

properties as; for Cp, k, and μ [Andrews & Biblarz, 1981]: 

 

 

And: 

  

Where  for air, For binary diffusion coefficient [Reid, et.al. 1987] : 
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The parameters of this equation are listed in reference above, Mass fraction of the oxidizer 

(Oxygen) at the infinite medium (air) was suggested as followed: 

 

The molecular weights of the fuel and the products that used in the analyses,  and , were 

calculated as: 

 

So: 

 

 

The above relations were obtained at reference temperature as[Sparrow & Gregg,1958]: 

 

NUMERICAL WORK 

Computer programs were created to evaluate the required properties, solving the ordinary 

differential equations evaluated from heat and mass Transfer balances, then constructs systems of 

non-linear equations as follows; for the classical model, the program fixed the value of surface 

temperature as Tboil , This is a reasonable assumption when the droplet is burning vigorously after 

its initial heat-up transient.[Turns,2000, Kuo,1986, kotake & Okazaki,1969, Law, 1982]. The 

program substituted equation (13) into equation (14) and resolving for Tf , then used the resulted 

equation with equations (11)and(12) to construct system of non-linear equation, calculating the 

Jacobian matrix for the system, then solving the  system with Newton-Raphson method using the 

Jacobian. The droplet lifetime was obtained by solving equation (17) using Range-Kutta 4 method 

with appropriate time interval. For transient model, the program solves dimensionless equations for 

mass and heat balances, then made numerical substitution to obtain  , constructing system 

of non-linear equations using equations (26),(27),(28),(29),(32) and the equation that related 

 then solving the system with Newton-Raphson method using the Jacobian. Droplet 

lifetime can be obtained using equation (34).  

RESULTS AND DISSCUSION 

The droplet size used in calculations are; d=100μm as an initial diameter, and d=0 as a final 

diameter. The environment conditions are taken as 1500K, and pressure 1 atm.. Figures (1) and (2), 

shows the behavior of mass burning rate with the size ratio of the two fuels and for both models. 

The droplet size changes from rso to zero. It is expressed in terms of a size ratio so it changes from 1 
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to zero. It is evident from these figures, For the classical model, the burning rates greater than that 

for the transient model due to the classical theory, which assumes that all the heat gain to the 

droplet is used in the vaporization of the fuel droplet at the surface. This will lead to an increase in 

mass vaporization rate, which in turn, will increase the mass burning rate. Actually, some of the 

heat gained to the droplet is used for heating the droplet in early stages of its lifetime. This 

decreases the amount of fuel vaporized from the droplet surface, and this will lead to a decrease in 

the mass burning rate. 
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for the transient model is higher than that for the other model. The assumption of quasi-steady 

burning of the fuel in the stagnant case resulted in raising the values of flame stand off ratios much 

more than its original values.  

Figures (5) and (6) show the variation of flame temperature with size ratio, the flame 

temperature increases with the decrease in the size of droplet for the transient model. This can be 

attributed to the assumption of variable surface temperature.The flame temperature values for the 

classical model is higher than that of the transient model for the same condition. The burning rate of 

this model is higher than that of the transient model. This will lead to the burning a larger amount of 

fuel.  

Figures (7) and (8) show the relationship between the time of the combustion process with the size 

ratio for both models and for the same condition. From these figures, it can be seen that the droplet 

size decreases with the increases in time. This is attributed to the consumption of the liquid fuel 

during the combustion process. This behavior continues through the whole process and the 

complete consumption of the droplet. The final time of the process is reached when the droplet 

radius diminishes completely.  

Regarding and referring to the results expressed in the figures, two fuels were considered, namely: 

n-heptane and n-dodecane. The difference encountered between the two fuels can be attributed to 

the fact that the two fuels have different boiling point. The boiling point for n-heptane and n-

dodecane are (371.4) and (489.3) respectively. For the transient model, the amount of heat that is 

used to reach the boiling point of n-dodecane is larger than that for n-heptane, and the fraction of 

heat used to heat up the droplet for n-dodecane is larger than that of n-heptane. As a result, the heat 

required to complete the vaporization will be less. Consequently, the vaporization rate will be less. 

The reduction in the burning rate causes a reduction in the flame conditions, which are position and 

the temperature. The position of the flame or radius of the flame. The flame temperature may 

increase as the burning rate becomes larger, since large amount of fuel is burning. Referring to the 

figure (8), it can be seen that the fuel of the largest burning rate has the shortest lifetime. Increase 

the burning rate causes the fuel to consume more rapidly. For that reason the figures of transient 

model is exactly opposite to the arrangements of fuel in the figures of other model. 

COMPARISON WITH OTHER WORK: 

 for the transient model, Figure (9) shows the comparison between the transient combustion models 

with that of Law [Law, 1976]. Figure (9) shows the droplet size ratio variation with the variation of 

non-dimensional time (time to final time). Good agreement between Law's model and the present 

model can be seen with some difference, this difference can be attributed to the more complicated 

and elongated model used by Law and his use of the finite difference method.  
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CONCLUSION 

The two models show that thermophysical properties are strong functions to reference temperature 

even when the droplet surface temperature is assumed constant. For classical model shows that the 

variation of surface temperature can be neglected and this temperature can be assumed constant. For 

transient model shows that the period of droplet heat up is  dominant in the process and caused the 

mass burning rate at the early stages to be less than that expected in classical theory droplet 

combustion.  
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NOMENCLATURES 

 

: Antoine equation constants 

   : Specific heat 

     : Binary mass Diffusivity co-efficient 

        : Enthalpy 

      : Latent heat of vaporization 

        : Thermal conductivity 

kg)        : Mass 

        : Mass flow rate 

     : Mass flux 

: Molecular Weight 

      : Pressure 

               : Prandtl number 

         : Heat transfer rate 

           : Time varying latent heat of vaporization per unit mass 

           : Radius 

                  : Time 

  

       : Radial velocity 



Journal of Engineering Volume 14  December   2008       Number  4 
 

 

 0422 

              : Number of carbon atoms in fuel molecule 

      : Mass fraction 

            : Number of hydrogen atoms in fuel molecule 

 

 

GREEK SYMBOLS 

    : Heat of combustion 

    : Size ratio 

      : Oxidizer to fuel stoicheometric ratio 

SUBSCRIPTS AND ABBREVIATIONS 

: Boiling 

 : Droplet 

 : Fuel 

 : Flame  

 : Gas 

 : Gas–phase to interface region 

  : Interface region to liquid-phase 

      : Oxidizer 

      : Products 

     :reference 

         : Droplet surface 

     : Sensible 

         : Initial 

         : Environment 
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ABSTRACT 

The present work studied the drop size distribution in the RTL contactor using 

two liquid-liquid systems, xylene-acetone-water and kerosene-acetone-water. Process 

variables studied were: rpm (10-50 min
-1

), continuous phase flow rate (4-12 l/h), 

dispersed phase flow rate (4-12 l/h), and concentration (0.1-0.5 mole/l). It was found 

that Sauter mean drop diameter (d32) decreased with increasing rpm and continuous 

phase flow rate, and decreasing dispersed phase flow rate and concentration. An 

empirical correlation, with a correlation coefficient equal to (92.6%), relating d32 with 

process variables was developed having the form: 

43.0)(228.0(Re)367.0)(0627.0)(310*845.932

c
Q

d
Q

We
R

d


 

 الخلاصث

( باسةدخذا  مىوةىمد  RTLخمح دراسث الدىزيع الحجمي للقطراج في جهاز الملامسةث الررايسة ر  

سىائل هي: السايل ه/اس دىن/ماء و الر روس ه/ اس دىن/ماء. خمح دراسث المدغ راج الدال ةث: سةر ث 

دق قث 50-10المسج  
-1 

-4دح   لدر/سةا ث(، جريةان الطةىر الم ة 12-4، جريان الطىر المسةدمر  

 مىل/لدر(.  0.5-0.1لدر/سا ث( و الدرك س   12
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 % وهي كما يلي:Correlation Coefficient  )92.6 لاقث  
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INTRODUCTION 

The separation of the constituents of a homogeneous liquid mixture is a problem 

frequently encountered in the chemical processing industry. Liquid-liquid extraction has 

been emerging as a very important method for separating such liquid mixtures. The 

addition of a solvent in this process corresponds to the addition of heat in the case of 

separation by distillation. The solvent used in the extraction process should be 

immiscible or partially miscible with one of the components of the mixture in order to 

facilitate the separation of liquid phases [Hartland 1970, Treybal 1981]. 

The case for the use of liquid-liquid extraction will depend upon its either 

accomplishing a separation that cannot be achieved by other operations such as: 

distillation, evaporation, and crystallization, or effecting the separation more 

economically. Liquid-liquid extraction is now being adopted as a more economic 

alternative to other separation processes and has found immense applications in the 

separation of [Benitez 2002]: 

1. Solutions of components having low relative volatility, especially when vacuum 

distillation is expensive. 

2. Solutions of close boiling and azeotrope forming components. 

3. Dissolved solute when evaporation may be impractical. 

4. Solutions of heat sensitive components such as antibiotics. 

5. Components of differing chemical type whose boiling points may overlap as in 

the case of petroleum hydrocarbons. 

The RTL (Formerly Graesser Raining Bucket) contactor consists of a single 

rotor operating on a substantially horizontal axis in a cylindrical stator. The rotor 

comprises a series of circular baffles, between which are mounted a number of 

cylindrical buckets, partly open in the direction of rotation. RTL contactor applied to 

many extraction processes, such as: pyrethrum refining, purification of herbicide 

products, and dearomatization of naphtha. Possibilities exist for the applications of the 

RTL contactor to systems containing a solid phases; thus apparatus has been used for 
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the treatment of oil bearing sands, with the use of kerosene to remove bitumen as one 

product, leaving clean treated sand as the under flow [Tech, et al. 1983]. 

RTL contactor differs in some major respects from vertical type contactors. It 

has the operating advantages that: 

1- Density changes during extraction will not induce axial circulation since the axis is 

horizontal. 

2- The RTL contactor recovers easily from any sudden shutdown since drainage of 

material from stage to stage cannot occur.  

These factors in addition to its ability to handle easily emulsified systems, have 

contributed to its success over the past years. [Laddha and Degaleesan 1976, Tech, et 

al. 1983, Mark and Othmer 1998]. 

 

DROP SIZE DISTRIBUTION 

The effects of drop size and size distribution on the performance of an extraction 

column are the most important hydrodynamic characteristics, because under steady 

operating conditions, drop size is related to the interfacial area by: 

32

6

d
as


   

Where:  

 = Dispersed phase holdup. 

d32 = Sauter mean diameter =



2

3

ii

ii

dn

dn
 

The prediction of interfacial area in agitated dispersions is of a considerable 

importance in heat and mass transfer operations.  

Many investigators studied the effect of drop size distribution on the 

performance of different contactors. Drop size distribution is an important parameter as 

it defines the available interfacial area for mass transfer. No general correlation is 

available at present time to describe the drop size distribution in each contactor. Each 

investigator found a different distribution function suitable to describe his data [Lovick, 

et al. 2005]. No attempts have been done till now to study the effect of drop size 

distribution with mass transfer conditions on the performance of RTL contactor.    

 The following two tables shows some relations used to represent the drop size 

distribution with and without mass transfer conditions. 
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Table (1). Published correlation of drop size without mass transfer [Kumar and 

Hartland 1986]. 

No Correlation Ref. 
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Table (2). Published correlations of drop size under mass transfer conditions [Kumar 

and Hartland 1986]. 

No. Correlation Reference 
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Shinnar and Church [1960] investigated the predication of drop size in agitated 

dispersions. The average drop diameter was calculated for concentrated liquid-liquid 

distribution in agitated tanks for various liquids by the following empirical equation 

derived by Rodger, et al. [1956]. 
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(1) 

Hinze [1955] has proposed an equation for the maximum stable drop size, based 

on the assumption of an isotropic homogeneous turbulence in liquid-liquid systems with 

mass transfer: 

5

2

5

3

)(725.0max


 





c

cg
d                                                                                       (2) 

Strand, et al. [1962] studied the performance of rotating disc contactors under 

mass transfer conditions. Some attempts to measure (dmax) have been made. The authors 

couldn’t obtain enough information to generalize, but it can be said that such data will 

be more difficult to interpret, especially if rates of drop breakup or coalescence are 

sensitively affected by solute concentration or by the direction of transfer. They 

suggested that a mechanism for predicting (d) or (dmax) during mass transfer will be 

difficult to devise. 

Olney [1964] investigated the prediction of drop size distribution in a counter- 

current rotating disc contactor for five liquid-liquid systems. The study presented an 

interpretation of drop size distribution data in a contactor for which a fairly complete 

analysis of drop dynamics and mass transfer processes were obtained based on the 

simplified (average drop) concept. Olney showed that rotor speed have a marked effect 

on the average or characteristic drop size but not much effect on the parameters of the 

size distributions. For example, the data for white oil dispersed in water showed that the 

volume median drop size (d50) decreased from (3.1-0.8 mm) as rotor speed is increased 

from (650-1100 rev/min) but the width of the size distribution changed only from (4.5 

to 4.2). 
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Effect of holdup on the size distribution at a given rotor speed, as the holdup 

increased the increase in drop sizes over the whole spectrum may be caused solely by 

higher drop interaction rates due to smaller inter particle distances. 

Olney showed that all his experimental data of the five systems were obeying 

the upper-limit distribution proposed by Mugele and Evans (1951). 

Coulaloglou and Tavlarides [1976] studied the drop size distributions and 

coalescence frequencies of liquid-liquid distributions in flow vessels. Drop size 

distribution measurements in the circulation and impeller regions and dispersed phase 

coalescence frequencies measurements were made co-currently for the turbulently 

agitated dispersion of kerosene – dichlorobenzene (d) - in water (c), in a 12 liter flow 

vessel. The ranges of operating conditions studied were dispersed phase holdup (0.025-

0.15), impeller speed (190-310 rev\min) and nominal residence time of (10min). The 

Sauter mean diameter was correlated by the following relation:  

6.032 ))(47.41(081.0  critWe
R

d
                                                                      (3) 

Magiera, et al. [1976] investigate the hydrodynamics of rotating disc contactor. 

They showed that Sauter mean diameter is calculated from: 

2.2*

32 ]06.0)66.0(045.1[ N
D

R
d

r

                                                                  (4)    

 

 

 

Many studies have been done on the bubble size distribution in different 

contactors [Alves, et al. 2002, Mouza, et al. 2005, and Lage 1999]. Martinez, et al. 

[1999] studied the breakup frequency of air bubble in a fully turbulent flow. They found 

that the diameter for which breakup frequency will be a maximum depends on: 

5
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3
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12
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d                                                                                         (5) 

EXPERIMENTAL WORK: 

Liquid-Liquid Systems: - 

Physical properties of the liquid-liquid systems employed are summarized in 

table (3). The selection of these two systems is based in general on: 

1. Availability and cost. 

2. Selectivity. 
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3. Difference in physical properties. 

4. Corrosivity. 

The systems used were: 

1. Water (c)-acetone (s)-xylene (d). 

2.  Water (c)-acetone (s)-kerosene (d). 

 

Table (3) Physical properties of the studied systems. 

 

 

 

System 

Temp Density g/cm
3 Viscosity 

g/cm.sec 

Diffusivity 

cm
2
/sec 

Interfacia

l tension 

dyne/cm 

Distributi

on 

coefficient 

xylene-

acetone-water 
25 

Disp. Cont. Disp. Cont. Disp. Cont 

28.01 0.438 0.860 0.997 0.610 1.020 0.389 0.109 

kerosene-

acetone-water 

21 0.795 0.998 1.123 1.050 0.227 0.109 39.9 0.905 

 

Description of Equipment: - 

 A (0.1 m) diameter, (1 m) long Graesser raining bucket contactor supplied by 

Corning Ltd., England, was employed. The contactor consists of a horizontal cylindrical 

shell with a compartment rotor which is made up of a number of circular plates which 

have "C-shape" buckets mounted near the outer edge between each pair of plates. 

 The contactor is capable of handling a total phase throughput of (12 l/h) and it 

consist of (36) compartments, each of (0.025 m) long and consists of (6) buckets, each 

bucket is (0.025 m) in diameter. 

 The two phases flow counter-currently along the shell from compartment to 

another through a peripheral gap between the rotor and the shell. A short disengaging 

zone is provided at each end of the unit to ensure complete separation of the phase. The 

heavy phase, which was aqueous phase, enters and leaves the contactor at points just 

below the rotor shaft, while the light (organic) phase enters and leaves at points above 

the rotor shaft. A (1/3 hp) AC motor drives the rotor shaft. The drive shaft of the motor 

was coupled to the contactor shaft via a gear box to select the required rpm (0-50). 

 Six (0.01 m
3
) QVF glass spherical vessels were used as storage reservoirs and 

were mounted on a special vessel support. Two Stuart-Turner centrifugal pumps, type 
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number 12, capable of handling (720-750 gph) against (10-45 ft) head of water were 

used to transfer the liquids. 

 The pumps were made of stainless steel and the pump glands were especially 

adapted for use with solvents. 

 Flow rates were measured by independently calibrated rotameters. The range of 

flow of each rotameter is (2.4-30 L/h) of water at 20 
0
C.   

 

MEASUREMENTS OF SOLUTE CONCENTRATION: - 

 Concentrations of solute in organic phase and aqueous phase were measured by 

UV-visible spectrophotometer (Shimadzu UV-160). 

 

EXPERIMENTAL PROCEDURE: - 

 The dispersed phase solution was made up to the required concentration. The 

contactor filled with the continuous phase, and then the dispersed phase was introduced 

into the contactor. Flow rates were adjusted to the required value until the dispersed 

phase made up to (50%) holdup. The continuous phase flow and the agitator were 

adjusted to the required values. 

 Pictures were taken at several compartments of the contactor, namely 

compartment [6, 11, 16, 21, 26, and 31]. After steady state was reached, pictures were 

taken.  

 LG web camera, version LG Lic-100, connected to P4 computer, which have the 

ability for recording video or pictures, used for picturing. The camera has the ability to 

record (33 frames per second). 

 Lighting was provided by two (1000, 250 watt) photoflood lamps placed directly 

behind the contactor. 

 Pictures were taken through the glass shell of the contactor, and the area pictured 

was (0.025 m) in width, bracketing one compartment, and (0.03 m) in length. And since 

the object is very close to the contactor wall distortion due to curvature is therefore 

negligible.  

 (800) to (1500) pictures were taken for each experiment (130 to 250 pictures in 

each compartment). Drop size measurements were taken from pictures using picasa 

programmed in P4 computer to calculate the drop size, (15-35) picture were analyzed 
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for each compartment. Finally, samples from liquid vessels were taken and analyzed by 

UV-spectrophotometer to obtain the concentrations of solute. 

 

PROCESS VARIABLES: - 

Table (5) shows the range of operating conditions studied in the present research: - 

Table (5) operating conditions studied 

 Variable Range 

X1 Rotation of speed 10-50 rpm 

X2 Continuous phase flow rate 4-12 l/h 

X3 Dispersed phase flow rate 4-12 l/h 

X4 Concentration of dispersed phase 0.1-0.5 mole/l 

 

  

EMPIRICAL MODEL OF SAUTER MEAN DIAMETER: - 

 The effect of operating conditions, physical properties, and contactor geometry 

on the Sauter mean diameter of each experiment were correlated using dimensionless 

analysis (Buckingham theorem). 

 d32 is assumed to be a function of the following variables: 

),,,,,,,,,( *
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Using STATISTICA program, the constant (i) and the powers were found to be: 

i = 9.845*10
-3 

 i1 = 0.0627
 
 i2 = -0.367

 
 i3 = 0.4003

 
 i4 = 0.0723

 
 i5 = -0.00818

 

 i6 = 0.228 

 Thus the final correlation obtained is: 

 

43.0228.0367.00627.0332 )((Re))()(10*845.9
c

d

Q

Q
We

R

d          (7) 

  

Since modified We no. =


 3*2

RNc     and modified Re no. =
c

cRN



2*

 

 This equation correlates the data with a correlation coefficient equal to (92.6%).  



A.A.A. Al-Hemiri                                                Study of Drop Size Distribution in RTL Contactor 

Y. J. Jany 

 

 2968 

 

 

 

RESULTS AND DISCUSSIONS : 

The Influence of Process Variables on Sauter Mean Drop Diameter (d32): - 

Variation of d32 along the axial distance of the contactor is shown in figures (1) 

for xylene-acetone-water system and (2) for kerosene-acetone-water system. The two 

figures showed that the d32 decreased with the axial distance from the dispersed phase 

inlet. This was because, in the inlet of the dispersed phase and due to the horizontal 

nature of the contactor the holdup is higher in compartment number one than that in the 

other compartments and decreased with the axial distance along the contactor and 

reached a minimum value at the inlet of the continuous phase. This was in agreement 

with Al-Hemiri and Kareem [1990], as the holdup increased the d32 increase.   

 

EFFECT OF RPM: - 

Figures (3) and (4) show the effect of rpm on d32 for the two systems xylene-

acetone-water system and kerosene-acetone-water system respectively. 

The two figures showed that increasing the rpm decreased d32. This was because 

increasing the rpm increased drop breakup and lead to smaller drops. This was in 

agreement with Coulaloglou and Tavlarides [1976], Lovick, et al. [2005]. 

  Equation (7) shows a good agreement with the experimental results as shown in 

the two figures. 

 

EFFECT OF CONTINUOUS PHASE FLOW RATE: - 

Figures (5) and (6) show the effect of continuous phase flow rate on the d32 for 

the two systems xylene-acetone-water system and kerosene-acetone-water system 

respectively. 

Increasing the continuous phase flow rate decreased the d32 for the two systems. 

This was because an increase in continuous phase flow rate leads to more redispersion 

resulting in smaller drops. This was in contrary to the observations of Mumford [1970], 

who suggested that in agitated columns, the vertical contactors like the RDC, the drop 

size distribution was directly affected by the continuous phase flow rate, but it is in 

agreement with Al-Hemiri and Kaream [1990], and Kolb and Bart [2002]. 
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Equation (7) shows a good agreement with the experimental results as shown in 

the two figures. 

 

EFFECT OF DISPERSED PHASE FLOW RATE:- 

 Figures (7) and (8) show the effect of dispersed phase flow rate on d32 for the 

two systems xylene-acetone-water and kerosene-acetone-water respectively. 

 Increasing the dispersed phase flow rate increased the d32, this was because a 

larger amount of the dispersed phase enhance coalescence and cause an increase in the 

drop sizes. This was in agreement with Jeffreys, et al. [1981], and Al-Hemiri and 

Kareem [1990]. 

Equation (7) shows a good agreement with the experimental results as shown in 

the two figures. 

 

EFFECT OF CONCENTRATION: - 

 Figures (9) and (10) show the effect of concentration on d32 for the two systems 

xylene-acetone-water and kerosene-acetone-water respectively. 

 For both systems used increasing the concentration increased the d32 this is 

because the transfer is from the dispersed phase to the continuous phase, which 

enhances the drop size to be larger due to the Marangoni effect, This was in agreement 

with Kumar and Hartland [1986] and Bratsun and Dewitt [2004]. 
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Fig. (1). Sauter mean diameter along 

the axial contactor length experiment 

(8) xylene-acetone-water system. 
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Fig. (2). Sauter mean diameter along 

the axial contactor length experiment 

(20) kerosene-acetone-water system. 
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Fig. (3). Effect of rpm on the Sauter 

mean diameter for xylene-acetone-

water system. 
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Fig. (4). Effect of rpm on the Sauter 

mean diameter for kerosene-acetone-

water system. 
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Fig. (5). Effect of continuous phase 

flow rate on the Sauter mean diameter 

for xylene-acetone-water system. 
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Fig. (6). Effect of continuous phase 

flow rate on the Sauter mean diameter 

for kerosene-acetone-water system. 
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Fig. (7). Effect of dispersed phase flow 

rate on the Sauter mean diameter for 

xylene-acetone-water system. 
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Fig. (8). Effect of dispersed phase flow 

rate on the Sauter mean diameter for 

kerosene-acetone-water system. 

 



Journal of Engineering Volume   14  December  2008       Number  4 
 

 

 2971 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS:- 

* The Sauter mean drop size (d32) decreased with the axial distance along the 

contactor from the point of the inlet of the dispersed phase. 

* An empirical correlation was correlated between d32 and operating conditions, 

contactor geometry, and physical properties of the studied system, expressed as a 

function of dimensionless groups with a correlation coefficient of (92.6%). 

* The d32 was found to decrease with: 

 Increasing rotation of speed (rpm). 

 Increasing continuous phase flow rate. 

 Decreasing dispersed phase flow rate. 
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NOMENCLATURE:- 

 

Symbol Definition Units  

A Interfacial mass transfer area cm
2 

as Specific interfacial mass transfer area cm
2
/cm

3 

D diffusivity cm
2
/s 

Dr Column diameter cm 

d32 Sauter mean drop diameter   cm 

g Acceleration of gravity cm/s
2 

H Width of contactor compartment cm 

hm Height of mixing compartment  cm 

Ko Overall mass transfer coefficient cm/s 

kc Individual mass transfer coefficient of continuous phase cm/s 

Koc Overall mass transfer coefficient based on continuous 

phase 

cm/s 

Kod Overall mass transfer coefficient based on dispersed 

phase 

cm/s 

kd Individual mass transfer coefficient of dispersed phase cm/s 

L  Length of contactor cm 

m Distribution coefficient  

n Compartment number  

N
*
 Rotor speed min

-1 

Q Volumetric phase flow rate l/h 

R Impeller (rotor) diameter cm 

Sf Superficial flow velocity  cm
3
/cm

2
.s 

U Superficial phase velocity cm/s 

Uk Characteristic velocity  cm/s 
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Ut Terminal velocity cm/s 

V Volume of contactor l 

X1,2,3,4 Process variables  

 

 

 

 

GREEK SYMBOLS: 

 

Symbol Definition Units  

ε Dissipation energy per unit mass  erg/g.s 

μ viscosity g/cm.s 

ν Kinamatic viscosity cm
2
/s 

ρ  density g/cm
3
 

σ Interfacial tension dyne/cm 

Φ Dispersed phase holdup fraction  

 

SUBSCRIPT: 

  

Symbol Definition 

c Continuous phase 

d Dispersed phase 

max Maximum 

min Minimum 

crit Critical 
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AND MULTILEVELS INVERTERS 
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ABSTRACT: 

      The need of higher powers in electrical drives has forced the researchers to develop new power 

source possibilities. Multilevel inverters have been presented as a cost effective solution for various 

high voltage and high power applications including power quality and motor drive problems.  

      The traditional pulse width modulated (PWM) Inverter does not completely eliminate the unwanted 

harmonics in the output waveform. Using the multilevel inverter as an alternative to traditional PWM 

inverters for electric motor drive applications is investigated. 

      The concept of the Optimized Harmonic Elimination Stepped-Waveform (OHESW) technique for a 

multilevel inverter is presented. The effectiveness of this technique in minimizing the inverter 

switching losses and its output voltage harmonic content which cause reducing harmonic losses and 

torque pulsations of an induction motor fed form is investigated analytically. 

      Comparison between the Selective Harmonic Eliminated PWM (SHEPWM) as a traditional PWM 

technique for three-level inverter and the OHESW technique for multilevel inverter with regard to the 

switching losses, harmonic distortion, additional harmonic losses in the motor and the pulsating torques 

is also presented.  

 

 الخلاصة :

اٌعٛاوس  أتذاءصذر اٌمذرج. تُ ّ اٌثاحثيٓ ٌتطٛير أِىأياخ جذيذج ٌّ خاٌحاجح ٌٍمذراخ اٌعاٌيح في اٌّسٛلاخ اٌىٙرتائيح أجثر  أْ       

ًّ فعّاي ِٕٚاسة ٌّختٍف تطثيماخ اٌمذرج اٌعاٌيح ٚاٌفٌٛتيح اٌعاٌيح   .ِٕٚٙا ِسائً سٛق اٌّحرن ٚجٛدج اٌمذرج اٌّتعذدج اٌّستٛياخ وح

تُ ّ تحميك أستخذاَ اٌتضّيٓ اٌتمٍيذٜ ٌعرض إٌثضح لا يحذف اٌتٛافمياخ اٌغير ِرغٛب تٙا ِٓ اٌّٛجح اٌخارجح تشىً تاَ.        

 اٌتي تعًّ تتضّيٓ عرض إٌثضح في تطثيماخ سٛق اٌّحرن اٌىٙرتائي. ٌعاوس ِتعذد اٌّستٛياخ وثذيً عٓ اٌعٛاوس اٌتمٍيذيحا

      ُّ ُّ اٌتحمك تحٍيٍيا ً ٌعاوس ِتعذد اٌّستٛياخ. (OHESW) يح اٌّٛجح اٌّثاٌيح اٌخطٛيح ٌحذف اٌتٛافمياخِفَٙٛ تمٕ أتذاءت ِٓ فعاٌيح ت

اٌي تمٍيً اٌخسائر اٌتٛافميح اٌذي يؤدي ٚ ٌٍفٌٛتيح اٌخارجح ِٕٗ اٌّحتٜٛ اٌتٛافميٚفي اٌعاوس  خسائر اٌتشغيً ٘ذٖ اٌتمٕيح في تمٍيً

 .ذٜ ِٓ دٌه اٌعاوسيغ ن حثيرٌّح ٚاٌعزَٚ اٌتٕثضيح

ُّ أتذاء        تمٍيذيح ٌعاوس ثلاثي  تضّيٓ وتمٕيح (SHEPWM)حذف اٌتٛافمياخ الأٔتمائي ت عرض إٌثضح ِمارٔح تيٓ تضّيٓ ت

 اٌىٍي  خسائر اٌتشغيً ٚاٌتشٛيٗ اٌتٛافمي , ِٓ حيثاٌّستٛياخ ٚتمٕيح اٌّٛجح اٌّثاٌيح اٌخطٛيح ٌحذف اٌتٛافمياخ ٌعاوس ِتعذد اٌّستٛياخ

  . اٌخسائر اٌتٛافميح الأضافيح ٚاٌعزَٚ اٌتٕثضيح في اٌّحرنٚ
KEYWORDS 

 Harmonic Elimination, PWM, Multilevel Inverter. 



K. S. Krikor                                                                                                        Comparative  Study of Traditional Pwm 

Khalid I. Alnaimi                                                                                                 Inverters and Multilevels Inverters 

J. A.K. Mohammed 
 

 2976 

 

INTRODUCTION:  

      In the industry, there are two basic needs for the development of the power electronic devices. The 

needs are a higher power capability (over 1 MW) and a smoother output voltage. In a classical 2- or 3-

level low power inverter increasing the switching frequency and modifying the modulation techniques 

have been executed for a 

smoother output voltage. 

In the case of the high 

power applications, the switching frequency cannot be increased, because of higher switching losses 

and electronic limitation of the power switches (turn on and off times are bigger with high voltage 

switches than with low voltage switches). One solution for this problem is a multilevel inverter. In the 

multilevel inverters the voltage rating of power switches can be lower than in 2- or 3-level inverters. 

Lower voltage rating of switches, decrease the switching losses and diminish the electronic limitation of 

the high voltage switches. Increasing the voltage levels of an inverter can solve the problems of a 2- or 

3-level inverter [M. Jokinen 2005]. 

      The poor quality of current and voltage fed by a classical 2- or 3-levels inverter which has been 

pointed out in previous works [P. N. Enjeti 1990, H. S. Patel 1973, and J. Sun 1992] leads to the use of 

multilevel inverters in the drives community, for high power adjustable speed systems.  

      Traditional PWM inverters have recently been found to be a major cause of motor bearing failures 

due to excessive bearing currents in inverter-motor drive systems [J. M. Erdman 1996].  

One of the problems of the PWM controlled AC motors is the acoustic noise that could become 

unacceptable when used in silent environments [S. Laurentiu 2002]. Traditional PWM schemes have 

the inherent problems of producing Electromagnetic Interference (EMI). Rapid changes in voltages 

(dv/dt) are a source of EMI. The presence of a high dv can cause damage to electrical motors [J. M. 

Erdman 1996]. 

      The Selective Harmonic Eliminated PWM (SHEPWM) technique is currently applied in 

conventional 2- or 3-level inverter circuits. The concept of the SHEPWM technique will be presented in 

this paper.  

      Multilevel inverters synthesize the AC voltage from several different levels of DC voltages. Each 

additional DC voltage level adds a step to the AC voltage waveform. Therefore, a staircase (stepped) 

waveform can be produced which approaches the sinusoidal waveform with minimum Total Harmonic 

Distortion (THD) [J. S. Lai 1996]. A harmonic distortion decreases when the number of voltage levels 

increase. This means that there is no need for such filters, which are implemented nowadays. With the 

multilevel inverter, also, dυ/dt decrease. Smaller dυ/dt decreases the motor failures like bearing failures 

and insulation breakdowns [M. Jokinen 2005]. 

      The Optimized Harmonic Elimination Stepped-Waveform (OHESW) technique is very suitable for 

a multilevel inverter circuit. By employing this technique along with the multilevel topology, the low 

THD output waveform without any filter circuit is possible. Switching devices, in addition, turn on and 

off only one time per cycle, this can overcome the switching loss problem, as well as EMI problem [S. 

Sirisukparsert 1999]. 

      The objective of this paper is to compare the results of the multilevel inverter using cascaded-

inverters with OHESW technique to those of the traditional 3-level full-bridge inverter with SHEPWM 

technique to get the optimum one. 

 

MULTILEVEL INVERTER ADVANTAGES AND DISADVANTAGES: 

      The most attractive features of multilevel inverters are as follows: 
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* They can generate output voltages with extremely low distortion and lower dv/dt. 

* They draw input current with very low distortion. 

* They generate smaller Common Mode (CM) voltage, thus reducing the stress in the motor bearings. 

In addition, using sophisticated modulation methods, CM voltages can be eliminated. 

* They can operate with a lower switching frequency [J. Rodriguez 2002]. 

      Compared to a full bridge inverter which can generate 2- or 3- level output voltage waveforms, a 

multilevel inverter has the following advantages: 

* If the number of DC bus voltage levels is high, a near-sinusoidal staircase voltage can be generated 

with only fundamental frequency switching. Fundamental frequency switching minimizes switching 

losses and is particularly suitable for high power, high voltage applications such as large induction 

motor drives or static Volt-Ampere reactive (VAr) compensators. 

* When the number of levels is sufficiently high, harmonic content will be low enough to avoid the 

need for filters. 

* High voltages on the DC side do not have to be blocked by one switching device only, but by a 

number of switching devices in series. Therefore, the switching devices in a multilevel inverter can be 

rated at lower voltages compared to switching devices applied in a full bridge inverter.  

* Some multilevel inverter topologies such as the flying capacitor and cascaded multilevel inverters 

provide switch combination redundancies. These redundancies for example, can be used for balancing 

the different voltage levels, for minimizing the switching frequency and for employing each switching 

device equally, hence, avoiding asymmetrical wear and asymmetrical temperature distribution within 

the inverter. 

* Fast dynamic response of a multilevel inverter can be achieved by switching “larger” voltage steps to 

the output. Due to the flexibility arising from the accessibility of different DC potentials, control 

schemes can be tailored depending on the application of the inverter [J. S. Lai 1996 and F. Z. Peng 

1996]. 

Disadvantages of multilevel inverters can be summarized as: 

* They require more devices than traditional inverters. The system cost may increase (part of the 

increased cost may be offset by the fact that switches with lower ratings are being used). Using more 

devices also means; the probability of a system failure will increase. 

* The increased number of switches will result in more complicated control. 

*  They have narrow range of modulation indexes [S. Sirisukprasert 2002]. 

 

TRADITIONAL 3-LEVEL VOLTAGE SOURCE INVERTER: 

      Switch-mode dc-to-ac inverters used in ac power supplies and ac motor drives where the objective 

is to produce a sinusoidal AC output whose magnitude and frequency can both be controlled. 

Practically, we use an inverter in both single-phase and three-phase ac systems. A half-bridge is the 

simplest topology, which is used to produce a 2-level square-wave output waveform. The full-bridge 

topology is used to synthesize a 3-level square-wave output waveform. The 3-level full-bridge or H-

bridge configuration of the single-phase voltage source inverter is shown in Fig. 1. 
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Fig. 1: H-bridge Inverter 

 

The full bridge inverter can provide either Bipolar or Unipolar output voltage switching. The unipolar 

inverter is optimum for harmonic elimination more than the bipolar inverter. Therefore the unipolar 

scheme is the optimum technique [K. S. Krikor and J. A. Mohammed 2002] which is to be compared 

with the OHESW technique later. The unipolar inverter circuit consists of four main switches and four 

freewheeling diodes. According to four-switch combination, three output voltage levels, +Vdc, - Vdc, and 

0, can be synthesized for the voltage across a and b [J. M. Jacob 2004]. Fig. 2 shows the unipolar 

waveform output from H-bridge inverter. 

 

 

Fig. 2: Unipolar Switching Scheme 

 

- SHEPWM TECHNIQUE: 

      The SHEPWM technique is currently used to synthesize an output waveform of both a half-bridge 

and a full-bridge inverter. In this paper, a 3-level SHEPWM generated by a full-bridge inverter is 

considered.  

      Since the advent of the family of new semiconductors, tremendous interest has been renewed in 

inverter technology. The ability of switching devices having turn-off times in the range of a few 

microseconds or sub microseconds has increased the flexibility of achieving a practically sinusoidal 

output by employing sophisticated switching patterns in inverter circuit. SHEPWM technique is 

introduced by Patel [H. S. Patel 1973]. The idea of such a method is that the basic square-wave output 

is “chopped” a number of times, which are obtained by proper off-line calculations. 
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- OPTIMIZED SHEPWM SWITCHING ANGLES: 

      The optimized unipolar output waveform shown in Fig. 2 is assumed to be the quarter-wave 

symmetric. Patel and Hoft [H. S. Patel 1973] presented the Fourier series of the 3-level SHEPWM as 

follows: 
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where αk is the optimized switching angles, which must satisfy the following condition: 0 ≤ α1 ≤ α2 ≤... 

αk …≤ π/2. The amplitude of all odd harmonic components including fundamental one, are given by: 
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where n is the harmonic order. The amplitude of DC component and all even harmonics equal zero. 

Thus, only the odd harmonics in the quarter-wave symmetric waveform need to be eliminated. The 

switching angles of the waveform will be adjusted to get the lowest output voltage THD. 

 

 

SOLVING SHEPWM EQUATIONS:  

      Eqs. 2 are nonlinear equations and transcendental in nature. As a result, many people have utilized 

numerical iterative techniques in order to solve these equations. For example, Jian Sun used the 

Newton-Raphson numerical technique [J. Sun 1992]. Another numerical technique one might use is 

Gauss-Seidel, although this particular numerical technique is not as robust as Newton-Raphson. 

Unfortunately, numerical iterative techniques have their drawbacks: 

1. These techniques require an initial guess in order to work. However, if the initial guess is not good 

enough, a solution will not be found. 

2. They will only find one solution, if one exists. 

3. They needed large time for calculation. This time increased with increasing the degree of freedom 

of the nonlinear equations.  

The obvious drawback here is that more than one solution might exist to the problem at hand. Using the 

fast recursive algorithm derived in [D. Czarkowski 2002]; all solutions to these nonlinear equations can 

be found without the need for an initial guess.  

 

MULTILEVEL VOLTAGE SOURCE INVERTER: 

      A multilevel inverter is a power electronic system that synthesizes a desired voltage output from 

several levels of DC voltages as input, typically obtained from capacitor voltage sources. The so-called 

“multilevel”, starts from three levels. As the number of levels reach infinity, the output THD 

approaches zero. The number of the achievable voltage levels, however, is limited by voltage unbalance 

problems, voltage clamping requirement, circuit layout, and packaging constraints. 

The multilevel voltage source inverter is recently applied in many industrial applications such as ac 

power supplies, static VAR compensators, drive systems, etc. One of the significant advantages of 

multilevel configuration is the harmonic reduction in the output waveform without increasing switching 



K. S. Krikor                                                                                                        Comparative  Study of Traditional Pwm 

Khalid I. Alnaimi                                                                                                 Inverters and Multilevels Inverters 

J. A.K. Mohammed 
 

 2980 

frequency or decreasing the inverter power output [J. S. Lai 1996]. In this paper, three capacitor voltage 

synthesis-based multilevel inverters are introduced, i.e. 

1. Diode-Clamped Multilevel Inverter. 

2. Flying-Capacitor Multilevel Inverter. 

3. Cascaded-Inverters with Separated DC Sources [J. S. Lai 1996 and S. Sirisukparsert 1999]. 

Implicitly, the multilevel inverter using cascaded-inverters requires the least number of components. 

Another advantage of cascaded-inverter is circuit layout flexibility. Modularized circuit layout and 

packaging is possible because each level has the same structure, and there are no extra clamping diodes 

or voltage balancing capacitor. The number of output voltage levels can be easily adjusted by adding or 

removing the full-bridge cells. 

 

* Cascaded H-bridges Multilevel Inverter:  

      The cascaded H-bridges multilevel inverter is a relatively new inverter structure [J. S. Lai 1996, T. 

Cunnyngham 2001, and S. M. Tenconi 1995]. It is proposed here to solve all the above-mentioned 

problems of the multilevel inverters as well as conventional multi pulse inverters (or traditional PWM 

inverter). This new multilevel inverter eliminates the excessively large number of i) bulky transformers 

required by conventional multi pulse inverters, ii) clamping diodes required by multilevel diode-

clamped inverters, and iii) flying capacitors required by multilevel flying-capacitor inverters [F. Z. 

Peng 1996].  

      A cascaded H-bridges multilevel inverter is simply a series connection of multiple H-bridge 

inverters. Each H-bridge inverter has the same configuration as a typical single-phase full-bridge 

inverter [J. S. Lai 1996 and T. Cunnyngham 2001].  

      The cascaded H-bridges multilevel inverter introduces the idea of using (Separate DC Sources) 

SDCSs to produce an AC voltage waveform. Each H-bridge inverter is connected to its own DC source 

V
dc

. By cascading the AC outputs of each H-bridge inverter, an AC voltage waveform is produced. Fig. 

3 provides an illustration of a single-phase cascaded H-bridges multilevel inverter using 3-SDCSs. 

 

   
Fig. 3: Cascaded H-bridges Multilevel Inverter using 3-SDCSs 

 

By closing the appropriate switches, each H-bridge inverter can produce three different voltages: +V
dc

, 

0 and -V
dc

.  

      As mentioned earlier, each H-bridge inverter produces an AC voltage υ
i
, where i stands for one 

particular H-bridge inverter. Fig.3 contains three such H-bridges, one for each DC source. Therefore, to 

obtain the total AC voltage produced by the multilevel inverter, these three distinct AC voltages are 

added together.  
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      Fig. 4 provides an illustration of these ideas, when the Multilevel Fundamental Switching (MFS) 

scheme is used. It also illustrates the idea of “levels” in a cascaded H-bridges multilevel inverter. 

The smallest number of voltage levels for a multilevel inverter using cascaded inverter with SDCSs is 

three. To achieve a 3-level waveform, a single full-bridge inverter is employed.  

 

 
Fig. 4: Output Voltage of Cascaded H-bridges 7-level Inverter 

In Fig. 4, one notices that three distinct DC sources (s = 3, where s is the number of DC sources) can 

produce a maximum of (l = 7 distinct levels) in the output phase voltage of the multilevel inverter. More 

generally, a cascaded H-bridges multilevel inverter using s-SDCSs can produce a maximum of 2s + 1 

distinct levels l in the output phase voltage [P. M. Bhagwat 1983].    

 

 

OHESW TECHNIQUE: 

      Among modulation techniques being used these days, OHESW technique is very suitable for 

multilevel inverter topologies, and low THD output waveform without using any filter circuit is 

possible.  

      Basically, the concept of the OHESW technique is to combine the idea of the SHEPWM presented 

by Patel et al [H. S. Patel 1973] with the quarter-wave symmetric idea concept presented by Stefano 

Vic et al [P. M. Bhagwat 1983]. The concept of the harmonic reduction is presented here to eliminate 

the specific harmonics, which are the lowest orders. 

The proposed technique is to synthesize waveform by the multilevel inverter using cascaded inverter 

with SDCSs, which was presented in Section A. 

 

OPTIMIZED HARMONIC ELIMINATION SWITCHING ANGLES: 

      The OHESW is assumed to be the quarter-wave symmetric. Fourier series of the quarter-wave 

symmetric s H-bridge cell multilevel waveform is written as follows: 
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where αk is the optimized switching angles, which must satisfy the following condition: α1< α 2 <... < αs 

< π/2. The amplitude of all odd harmonic components including fundamental one, are given by: 
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                                                                                                                               (4) 

 

where n is the harmonic order. The amplitude of DC component and all even harmonics equal zero. 

Thus, only the odd harmonics in the quarter-wave symmetric multilevel waveform need to be 

eliminated. The switching angles of the waveform will be adjusted to get the lowest output voltage 

THD. 

 

SOLVING OF OHESW EQUATIONS:  

      When the MFS scheme shown in Fig. 4 is implemented using s switching angles, Eq. 4 can be used 

to derive s different harmonic equations. In other words, s switching angles will be used to control the 

values of s different harmonics.  

Unfortunately, these harmonic equations are transcendental equations, making them difficult to solve 

without making use of some sort of numerical iterative technique, such as Newton-Raphson.  

Until recently, numerical iterative techniques seemed to be the only viable method to solve the 

aforementioned nonlinear harmonic equations [P. N. Enjeti 1990, H. S. Patel 1973, and J. Sun 1992]. 

Using Resultant method presented in [K. S. Krikor and J. A. Mohammed 2007], all solutions (if they 

exist) to the nonlinear equations can be found without the need for an initial guess. However, by making 

some simple changes of variables and simplifying, these transcendental equations can be transformed 

into a set of polynomial equations [K. S. Krikor and J. A. Mohammed 2007]. 

 

RESULTS AND DISCUSSION: 

      The object of this paper is to design a computer MATLAB program to make comparison between 

the traditional 3-level inverter with SHEPWM technique and multilevel inverter with OHESW 

technique, to assist the optimum design calculation, and to get some results such as switching angles (α) 

necessary for studying the optimum technique. 

      In the case of SHEPWM scheme, computation was done as the modulation index m increased 

between (0 and 1) and for K= (2-17) (K is the number switching angles per quarter cycle). The 

instantaneous SHEPWM, 3-level output voltage waveforms at minimized THD (THDmin) and for K=3 

and 17, are shown in Fig. 5. A SHEPWM waveform consists of a series of positive and negative pulses 

of constant amplitude but with variable switching instants. For example, for K=3, the 3
rd

 and 5
th

 

harmonics will be eliminated from the output voltage waveform. Increasing K causes increasing the 

number of odd harmonics to be eliminated. 

      In the case of OHESW scheme, computation was done as m increased between (0 and s) and for 

number of voltages levels l = (5-15). Fig. 6 shows the instantaneous output voltage OHESW for two 

values of voltage levels (l = 7 and 15) and with THDmin. If the number of l is higher, a near-sinusoidal 

staircase voltage can be generated with only fundamental frequency switching. 

      The optimization technique has been used to minimize the harmonics content of the inverter output 

voltage. The best compromise between efficiency and quality of the inverter operation is achieved by 

the optimal switching pattern technique [K. S. Krikor and J. A. Mohammed 2002].  
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      The behavior of the motor drive is explained by the simulation program. By using the equivalent 

circuit of the motor and the corresponding performance equations, it can be easy to analyze the 

performance of the motor operated on an inverter under the proposed two techniques. 

Fig. 7 illustrates the comparison of the proposed motor drive performance under the SHEPWM and 

OHESW techniques to get the optimum one. From the figure, it can be seen that the THD, switching 

losses Pswmin, additional motor power losses ΣPaddmin, and additional motor pulsating torque 

Tpulsaddmin, motor current Irmin and motor input power Pinmin versus K are less with OHESW technique 

than that with SHEPWM technique. On the other hand, the optimum technique should maximize the 

motor power factor Pfmax and efficiency ηmax for same K. These factors for OHESW scheme seem to be 

higher than with SHEPWM scheme. 

THD curve shows that THDmin increases with K for SHEPWM technique while it decreases with K in 

the case of OHESW technique. On the other hand THDmax decreases with K in the two techniques 

[See also Table 1]. It can be seen from the figure, that the motor performance with OHESW technique 

is approximately constant with K or s > 3 (l > 7), and converges form that motor performance which 

excited from pure sinusoidal excitation while, it does not converges to that performance with increasing 

K, in the case of SHEPWM technique [See also Table 2]. Therefore the cascade multilevel with 7-level 

is suitable to get good performance of the proposed motor with less cost [All the motor parameters are 

listed in Table 3 in the Appendix].  

      From the simulation results, THDmin of the 15-level, or 7-switching (s = K =7), OHESW waveform 

is 6.4554 % with modulation index ma= m/s = 0.7036 [See Table 1], when each power switch is 

switching one time per cycle (50Hz) for single-phase cascade multilevel inverter, which may can meets 

the 5% of IEEE standard for the three-phase multilevel inverter without any filter circuits. On the other 

hand, THDmin of the 7-switching, SHEPWM waveform is 49.1002 %, with ma=0.79, (which does not 

decrease with increasing K like OHESW does) and each power switch is switching 28 times per cycle 

(1.4 kHz). As a result THD in OHESW decreased by 86.85 % and the switching losses decreases 28 

times with respect to SHEPWM waveform. It can also be seen that for the same output power Poutmin, 

the inverter under the OHESW control exhibits less switching losses than that under SHEPWM control, 

for example; with Poutmin= 175.1732Watt, the multilevel inverter needs 3-switching angles per quarter 

cycle (K = s = 3) while traditional 3-level inverter needs approximately 9-switching (K = 9).  

      As a result, the waveform under OHESW control for multilevel inverter is apparently closer to a 

sinusoidal waveform and has less harmonic content, less switching losses, reduced voltage stress on 

each power device, as a result, higher quality power and higher efficiency than the waveform under 

SHEPWM control for traditional 3-level inverter. Therefore, multilevel inverter is better than the 

traditional 3-level PWM inverter of improving waveform quality.  

 

CONCLUSIONS: 

      The multilevel inverter topology can overcome some of the limitations of the standard 2-level or 3-

level inverter. Output voltage and power increase with number of inverter levels. 

Harmonics decrease as the number of levels increase. In addition, increasing multilevel output voltage 

does not require an increase in voltage rating of individual force commutated devices.  

      In OHESW multilevel inverter, not only does the line voltage THD decrease, but also the lowest 

exist harmonics is shifted to higher frequency. This, size of a filter circuit applied in OHESW inverter 

can be decreased dramatically. 

      Traditional Pulse Width Modulation (PWM) methods employ switching frequencies on the order of 

several kHz, while Multilevel Fundamental Switching (MFS) scheme employs 50Hz. Therefore, this 

scheme will lead to minimum switch conduction losses comparable to typical PWM schemes. However, 
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switching losses increase as the switching frequency increases. As a result, it is desirable to make the 

switching frequency as low as possible. 

      The comparative results show that the OHESW technique for multilevel inverter is the optimum 

technique for improving the quality of the motor drive. Therefore, the best compromise between 

efficiency and quality of operation is achieved by the multilevel inverter. 
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Fig. 5: the Instantinuos Voltage of SHEPWM 3-Level Inverter at THDmin with Different No. of 

Switching Angles (K) 

 

 

Fig. 6: The Instantaneous Voltage of OHESW Multilevel Inverter at THDmin with Different 

Voltage Levels (l) 

 

l = 7 

m = 2.44 

THDmin = 

11.6262 

l = 15 

m = 4.925 

THDmin = 

6.4554 
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 Fig. 7: Comparison of Performance between Motor Drive Multilevel Inverter and Traditional 3-

level Inverter with Different K 

APPENDIX  

Table 1: the Optimum Performance of the Motor Drive Fed by OHESW Multilevel Inverter 

 

No. of Levels l 5 7 9 11 13 15 

m 1.67 2.44 3.22 4 4.15 4.925 

THDmin (%) 16.5924 11.6262 8.9907 7.3873 7.6396 6.4554 

THDmax (%) 32.9620 24.8098 14.6081 12.1832 9.1754 7.5029 

Irmin (A) 1.2218 1.2167 1.2156 1.2153 1.2152 1.2150 

ΣPaddmin (W) 0.328 0.08 0.0322 0.0169 0.0122 0.0071 

Pinmin (W) 260.5941 260.1219 260.0283 259.9978 259.9887 259.9784 

Poutmin (W) 175.1772 175.1732 175.1726 175.1725 175.1725 175.1725 

ηmax (%) 67.2225 67.3427 67.3668 67.3746 67.377 67.3796 

Pfmax 0.9695 0.9718 0.9723 0.9725 0.9725 0.9726 

Tpulsaddmin(N.m) 2.5464e-4 4.8729e-5 1.6782e-5 7.7663e-6 4.3794e-6 2.3517e-6 

Pswmin* e-4 (W) 1.9784 2.955 3.9366 4.9194 5.9028 6.8859 

 

Table 2: The Optimum Performance of the Motor Drive Fed by SHEPWM Traditional 3-level 

Inverter 

 

Switching No. (K) 2 3 4 5 6 7 8 9 

m 0.86 0.82 0.81 0.8 0.8 0.79 0.79 0.79 

THDmin (%) 31.5599 43.6109 44.6251 47.2747 47.3379 49.1002 48.9801 48.803 

THDmax (%) 754.8863 671.5544 607.9097 555.3122 521.5931 446.6963 433.3106 352.5778 

Irmin (A) 1.2943 1.2453 1.2484 1.2339 1.2331 1.2288 1.227 1.2239 

ΣPaddmin(W) 4.2568 1.3808 1.5275 0.8425 0.8029 0.6061 0.5254 0.3889 

Pinmin (W) 267.6173 262.7127 262.9976 261.6739 261.596 261.2057 261.0438 260.7677 

Poutmin (W) 175.3341 175.1819 175.1836 175.1754 175.1751 175.1739 175.1735 175.1730 

ηmax (%) 65.5167 66.6819 66.6103 66.9442 66.964 67.0636 67.105 67.1759 

Pfmax 0.9398 0.9589 0.9576 0.9639 0.9643 0.9663 0.9671 0.9685 

Tpulsaddmin 

(N.m)* e-4 
46 7.925 9.024 3.6273 3.3608 2.1619 1.741 1.1174 

Pswmin (W) 3.1437e-4 5.0410e4 7.0749e4 8.991e-4 0.0011 0.0013 0.0015 0.0017 

 

Con. Table 2 

Switching 

No. (K) 
10 11 12 13 14 15 16 17 

m 0.79 0.79 0.79 0.78 0.79 0.78 0.765 0.765 

THDmin (%) 49.0488 48.7001 48.6333 50.0234 48.3048 49.6866 51.9878 51.6942 

THDmax (%) 251.9755 185.042 146.6671 128.137 88.6293 59.0839 51.9878 51.6942 

Irmin (A) 1.2231 1.221 1.2208 1.2204 1.2194 1.2191 1.2191 1.2186 

ΣPaddmin(W) 0.3521 0.2638 0.2532 0.2361 0.1909 0.1814 0.1784 0.1586 

Pinmin (W) 260.6928 260.5125 260.4908 260.4559 260.3626 260.3431 260.3373 260.2961 

Poutmin (W) 175.1729 175.1727 175.1727 175.1727 175.1726 175.1726 175.1726 175.1725 

ηmax (%) 67.1952 67.2416 67.2472 67.2562 67.2802 67.2853 67.29 67.3 

Pfmax 0.9689 0.9698 0.9699 0.9701 0.9706 0.9707 0.9707 0.9709 

Tpulsaddmin* 
e-4 (N.m) 

0.96199 0.62763 0.58992 0.51879 0.38868 0.3519 0.33021 0.27785 

Pswmin (W) 0.0019 0.0021 0.0023 0.0025 0.0027 0.0029 0.0031 0.0033 
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Table 3: Parameters and Specifications of the Proposed Motor 

 

Turn ratio a s 1.066  

Number of pole pair P 2  

Main winding resistance R1m 33.5 Ω 

Main winding leakage reactance X1m 27 Ω 

Auxiliary winding resistance R1a 34.5 Ω 

Auxiliary winding leakage reactance X1a 28 Ω 

Rotor resistance R2 20 Ω 

Rotor leakage reactance X2 12.5 Ω 

Magnetization reactance Xm 173 Ω 

Rated supply voltage V1 220 V 

Rated current I 1.215 A 

Total Power losses ΣP 85 W 

Output power P2 175 W 

Efficiency η 67.38 % 

Power factor Pf 0.9726  

Rated speed Nr 1275 Rpm 

Capacitance C 6 μF 
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ABSTRACT 

 This research intents to design and laboratory implementation of a power 

electronic converter, which is useful for home applications, industrial, 

communications, street light and water pumping using solar cell source. The design is 

based on a step up boost DC/DC converter followed by a full wave SPWM inverter. 

The nominal power rating is 1.25kW and can operate from any DC source such as DC 

battery besides fuel cells. The system which consists of the following stages (PV, 

converter, inverter, DC link, filter and snubber circuit), is designed primarily with a 

general module depending on Orcad PSPICE program to produce power output nearly 

1.25kVA at 50Hz with a pure sinewave output for both voltage and current. After 

designing and simulating this system, the intended SPWM  inverter are built 

experimentally to compare its results with the simulated one.  

 

INTRODUCTION 

The design of a photovoltaic (PV) system is generally addressed to the best matching 

between the energy supplied to the system by the sun, and the energy required by the 

load that is to be fed by the system. The ”best matching” can be searched in terms of 

minimum cost, best efficiency, reliability or a compromise between these constraints. 

Historically, photovoltaic systems have been used as powers supply only for special 

loads such as communication satellites. The continuous advances in the area of 
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semiconductor materials led to the development of commercial PV cells with 

competitive cost, as compared with conventional generating systems. As a result, PV 

cells are now prominent as an alternative energy source [1]. This paper presents the 

design and laboratory implementation of a power electronics converter. The converter 

is made up of a dc-dc step up boost structure and a voltage source inverter (VSI) with 

optimized sinusoidal pulse width modulation 

 

(PWM) strategy. The converter uses MOSFET as power switches because it is 

the available device. The full bridge inverter configuration is frequently employed, 

wherein the power semiconductor switches can be controlled by a variety of PWM 

techniques (Boost and Ziogas), SPWM control strategies involving either unipolar or 

bipolar (Mohan) switching are quite common since the harmonics significant 

amplitude are pushed into the high frequency range near the carrier frequency [2].    

 

e proposed systemTh 

 

Figure 1: Block diagram of the PV system 

Practical photovoltaic solar system designed with a power of 2kW is shown in fig.1. 

The analysis of the complete design circuit was carried out by using the PSPICE 

software. The PV arrays are current source so it is necessary to include a link 

capacitor between the array and the DC/AC inverter to obtain a voltage source in the 

input of the last one [3].  The step up boost converter operates in the continuous 

conduction mode. It has been designed for output voltage of 320V, switching 

frequency 2.5kHz, duty cycle .4 and 1.5kW. Figure 2 shows the boost stage as 

represented in PSPICE. Op1 and Op2 generate PWM as drive signal to the switching 

device (MOSFET – IRFP460).  
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Figure 2: step-up Boost converter as represented in PSPICE 

The output capacitor C for a boost stage is generally selected to limit the output 

ripple voltage to the required level by the specification. Its value was calculated 

according to the following formula [4]: 

                                                                     (1) 
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Where: 

IBo (max) is the maximum output current 

Dmax is the maximum duty cycle 

The minimum value of inductor to maintain continuous conduction mode can be 

determined by the bellow formula [4]: 
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Io(crit) : the minimum output current to maintain continuous conduction mode. 

The complete structure of the full bridge inverter represented by PSPICE is shown 

in fig.3 where MOSFET (IRFP460) used as switching device and BYT30P-400 as 

free wheel diode, C1, C2, C3 and C4 are the resonant capacitors and act as snubbers 

circuit for the switches during turn off and limit the 

dt
dv across the switches[5]. 

 
 

Other important parameter to consider for the power circuit design is the value of the 

output inductor L. The chosen value of this inductor must be a compromise between 

the maximum current rate at the converter output and low current ripple of the same 

signal. The maximum current rate happens when the sinusoidal waveform assumes a 
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null value. In this condition, the inductance value is determined by the input source as 

explained by equation (4). [6] 

 

(3) 

 

(4) 

 

This theoretical value of the inductance was chosen for an input voltage source of 

E=320V, fo = 50Hz and Iorms = 3A. A slightly lower inductance value is adopted in the 

project. The results were as follows: 

 

mHLandsA
dt

di
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t

o 200/18.1332
0




                

 

If a rear sinusoidal (AC) is required, a low pass filter (consisting of L and C) is 

connected at the inverter output terminals in order to minimize the harmonic 

distortion of the load voltage.[2] 

 

The output PWM that is obtained by comparing the output current with a 

reference signal the difference than it is sampled by a sampling frequency. Signal is 

applied to the drive circuit through an opto-coupler, which acts as isolation stage 

between the PWM generator and power stage. The output of the opto-coupler is 

applied to a buffer stage IC (7406, 7407) that feeds the bases of the transistor with 

appropriate signal required to drive it. The transistor supplied pulse of sufficient 

voltages, and drove current to the gate of the switching device (MOSFET) through a 

resistance Rg. 
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H-Bridge configuration has another unique requirement, that is the upper (power 

switch’s) emitter is not at the ground potential, but is floating, making it necessary to 

employ Boot-Strapping technique to drive the power switch[7]. The complete PV 

system (converter and inverter circuit) with PWM and gate drive circuit is shown in 

fig.4. 

 

 

 

Figure 4: PV system as represented in PSPICE 

 

RESULTS AND DISCUSSION 

 The PWM was implemented through experimental prototype. The parameters 

previously determined were used in the inverter at the sampling frequency fc=2.5khz 

and output frequency fo=50Hz. The circuit used is shown in fig.5. The pulse widths 
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and timing are defined using a program (supported to EPROM I.C 2716) that 

determines pulse requirements.  

 

By generating a drive clock using programmable crystal oscillator (PXO600), a 

clock of frequency 30kHz is generated. The clock is applied to 12 bit binary counter. 

The outputs of the counter represent the addresses of the EPROM. The inverter 

performance was verified to an output active power of Po = 1.25kVA 

.  

Figure 5: Pulse width modulation circuit that is used experimentally 

Some experimental results are shown to demonstrate the performance of the 

system. Figure (6) depicts the signal at the gate of MOSFET (M3) and MOSFET (M4) 

which are shown in fig.(3). This figure explains the PWM signal, which is similar to 

that obtained in PSPICE simulation in number of pulses and pulse width. 
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Figure (7) represents the sinusoidal output current. This current have amplitude 

2*2V/div divided by 1.Ω. Therefore, the rms value is equal to 3A. The scale of the 

time base is 5ms/div. 

 

 

 

Figure (8) shows the sinusoidal output voltage of amplitude 310V and the time 

base of this signal is 5ms/div. Also this signal is similar to that obtained in PSPICE. 

Figure 6: PWM signal from PSPICE and experimentally 
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In order to see the behavior of the output voltage against the frequency, fig.9 

shows the maximum voltage appeared at 50 Hz. The behavior of the output current 

against the frequency is shown in fig.10. The peak at 50Hz has a value of about 3A; 

peaks at 150Hz, 250Hz and 350Hz (the 3
rd

 5
th

 and 7
th

 harmonic) have a value of about 

80mA, 30mA, 25mA that is 2.6%, 1%, 0.8% of the fundamental harmonic. 
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CONCLUSION 

The proposed PV system circuit has been simulated with standard software 

(PSPICE) available and the results obtain has been compared with practical 

results, like the efficiency of the PV system, which is built on the laboratory, was 

about 93% and the result obtained from PSPICE simulation about 92% and this is 

agree with the efficiency obtain experimentally as well as the harmonic distortion 

spectrum for both the current and voltage was very low (lower than 3%).  

REFERENCES 

- Pedro G. Barbosa, Luis G. B. Rolim "noval control strategy for grid connected DC-

AC Converters with load power factor and MPPT control"  

www.sola.coppe.ufrj.br/rolim.html 

 

 - M. I. Jahmeerbacus & M. K. Oolun “a dual stage PWM DC to AC inverter 

with reduced harmonic distorsion and switching losses" Science and Technology 

Research Journal, Vol.5, pp.80-91,2000. 

 

- J. A. Dominguez & S. Lorenzo “Global control for two photovoltaic applications, 

pumping and connecting to the Grid systems” 

 www.dte-eis.uva.es/dte/publication/congreses/EPE97B 2000 

http://www.dte-eis.uva.es/dte/publication/congreses/EPE97B%202000


Journal of Engineering Volume 14  December  2008       Number  4 
 

 

 

 

 2222 

 

 - Everett Rogers “Understanding Boost power stages in switch mode supplies” 

application report, Texas Instruments, 1999. 

 

 - Said EL-Barbari & W. Hofmann “Digital control of a four leg inverter for 

stand alone photovoltaic systems with unbalanced load 

final-Japan-www.infotech.tu.chemnitz.de/ema/publikationen/2000Iecon2000  

 

 - Wail Metzker Pustorello Filho & Arnoldo Jose Perin “Delta – H modulater” 

5
th

 Brazilian power electronics conference, 1999 

. 

   - Abhijit D.Pathak “Capacitor charge / discharge circuits”  

   www.ixys.com/to42502a.pdf. 

 

http://www.infotech.tu.chemnitz.de/ema/publikationen/2000Iecon2000-Japan-final


Journal of Engineering Volume 14  December  2008       Number  4 
 

 

 3001 

 

 

 

 

 

INCREASING THE OUTPUT VOLTAGE OF PWM 

INVERTER USING HARMONIC DISTORTION 

 محمد حسين باقر

 قاسم عبد الحسن

 احمد رفعت 

معهد اعداد المدربيين -مدرس مساعد  

 

ABSTRACT 
 

 By adding a measure of third harmonic to the output of each phase of three-

phase inverter, it is possible to obtain a line-to-line output voltage that is 15 percent 

greater than that obtainable when pure sinusoidal modulation is employed. 

 The line-to-line voltage is undistorted. The method permits the inverter to 

deliver an output voltage approximately equal to the voltage of the ac supply to the 

inverter. Thus an induction motor of standard rating with respect to the ac supply to 

the inverter can deliver very nearly full power at rated speed when supplied from the 

inverter. This is achieved without pulse dropping or any other form of mode 

changing. 

 الخلاصة
بإضافة مقياس التوافقية الثالثة إلى خرج كل طور من الاطوار الثلاثية  هواحدالوسائل لزيادة الاخراج لممنظومة 

لك  ، وهي أعظم من ذةبالمائ 51إخراج فولتية بنسبة لمعاكس ،من الممكن الحصول عمى خرج خط إلى خط، لا

التي تسمح لمعاكس لتجهيز هي عند استخدام موجة جيبية نقية ومضمنة.فولتية الخط إلى الخط  الغير مشوهة 

فولتية الإخراج تساوي تقريباً  فولتية التجهيز  المتناوبة  إلى العاكس .لذلك فأن المحركات الحثية ،معدل المعيار 

يمكن تجهيز قدرة كاممة تقريباً لممحرك الحثي بمعدل  السرعة لها يتعمق بالتجهيز  المتناوب إلى العاكس ،من هنا 
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المطموبة عندما يكون التجهيز من خلال العاكس،وهذا  يتم الحصول عميه عندما لا يكون هنالك نبض منخفض 

 أو أي شكل آخر يؤدي الى تغير في نمط العمل لممنظومة .

INTRODUCTION 

A Pulse Width Modulated (PWM) inverter, employing pure sinusoidal 

modulation, cannot supply sufficient voltage to enable standard motor or operate at 

rated power and rated speed. Sufficient voltage can be obtained from the inverter by 

over modulating, but this produces distortion of the output waveform. This paper 

demonstrates that the necessary increase in output voltage can be obtained without 

recourse to over modulation and without distortion of the line-to-line output 

waveform. 

A problem is illustrated in fig.1. The dc supply for an inverter is usually 

obtained by rectifying a three-phase mains supply. Let the line-to-line voltage of this 

supply be Vin. 

The dc link voltage will then be approximately equal to the peak voltage of the 

three-phase supply, therefore; 

indc VV 2 ,         (1) 

In practice, the Vdc will be slightly less than this due to the forward voltage 

drop of the rectifier and to the ripple on the dc link. 

 

 

 

 

 

Fig.1. Inverter circuit 

As fig.2 shows, the peak-to-peak output voltage obtainable from each phase of 

the PWM inverter is equal to the dc link voltage. Thus the rms output voltage of each 

phase is given by: 

2

1

2
)(

dc
phaseout

V
V                                                                              (1) 

Substituting from (1), we obtain: 

3  Input 

Inverter Filter Rectifier 

Switching Device 

3  Output 

+ 

     3  input 
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1

2

2
)(

inin
phaseout

VV
V         (2) 

The line-to-line output voltage is therefore given by: 

in
in

out V
V

V 866.0
2

3         (3) 

 

 

 

 

 

Fig.2. PWM waveform with maximum output using sinusoidal                       

modulation. 

 

From the foregoing, it can be seen that an inverter operating from a supply of 

standard voltage and driving a standard voltage motor, can maintain the correct 

relationship between output voltage and output frequency only up to 0.866 of the 

supply frequency (e.g., 52Hz for 60-Hz mains, and 43Hz for 50-Hz mains). 

It is of coarse, possible to increase the output voltage of an inverter beyond 

that which is obtainable with sinusoidal PWM. The traditional method of achieving 

this is by dropping pulses from the PWM waveform 

This method is successfully employed in present state of the art PWM 

waveform, generators [1], [2]. The disadvantages of this method, however, are that 

the abrupt dropping of pulses may result in a step change in output voltage, which can 

cause motor current in stability [3], and the harmonic content of the output increases 

as pulses are removed from the waveform, thereby increasing motor losses. The 

problem of step changes in the output voltage may be negligible, or may be overcome 

by various techniques [4], [5], but the problem of increased output distortion 

remains.The aim of this paper is to show that the line-to-line output voltage of a PWM 

inverter can be increased by up to 15 percent without the need for pulse dropping or 

any other form of overmodulation, and without any material effect on the harmonic 

content of the line-to-line waveform. 
 

 

Pulsewidth modulated waveform (line-to-neutral) 

-v 

+v 
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METHOD OF DESCRIPTION  

General: 
 

The method involves the addition of triplen harmonics to the phase voltage 

waveforms. It is shown in the appendix that all triplen harmonics in a three-phase 

supply are cophasal and are therefore eliminated from the line-to-line waveforms. 

Although the triplen harmonics are eliminated from the line waveforms, their effect 

on the phase waveform is to decrease the peak voltage, has used harmonic distortion 

of this type to produce flat-topped phase waveforms which improve the efficiency of 

a class B transistor inverter [6]. This is achieved by the addition of various amounts of 

third, ninth, fifteenth, etc., harmonics. The method clearly has potential for the rating 

of all PWM inverters. However, king does not identify the optimum amount of each 

triplen harmonic to be used. Hodkinson and Mills have similarly employed harmonic 

distortion to increase the output voltage of an inverter but not analyze the process [7]. 

The object of the present paper is to determine the manner of distorting the phase 

waveform so as to obtain optimum performance from the inverter. 

 

CALCULATION OF OPTIMUM DISTORTION: 
 

The best modulation that can be made to the inverter phase output waveform 

is assumed a priori to be the addition of a measure of third harmonic. It will be 

subsequently shown that no further improvement can be derived from the addition of 

other triplen harmonics. 

Assume a phase waveform of the type: 

 3sinsin y         (4) 

Where:  = wt and α is the parameter to be determined. First we locate the 

turning points of this function by differentiating y with respect to  and equating the 

result to zero. Thus: 

03cos3cos  
d

dy
       (5) 

The maxima and minima of the waveform therefore occur at: 

0cos           (6) 

And: 
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2/1)
12

19
(cos







         (7) 

From (6) we have: 

1sin           (8) 

And from (7) we have: 

2/1)
12

31
(sin







         (9) 

Using the identify that sin = (1-cos
2)

1/2
. 

The peak value of y can be found by substituting the values obtained for sin 

in (8) and (9) into (4). This is facilitated by first manipulating (4) using the identity: 

 3sin4sin33sin                  (10) 

 

 

Thus (4) becomes: 

 3sin4sin)31( y                 (11) 

Substituting for sin, the values obtained in (8) and (9), we have: 

1ŷ                   (12) 

2/1)
12

31
(8ˆ







y                (13) 

Where: ŷ is the peak value of y. 

The optimum value for α is that value which minimizes ŷ . 

The optimum value of α can therefore be found by differentiating the 

expression for ŷ  and equating the result to zero. Thus from (13) [1], [2]: 

0)
3

1
2()

12

31
(

ˆ 2/1 







d

yd
               (14) 

From which we obtain: 

3

1
                  (15) 

6

1
                   (16) 

From (12) we can see that negative values of α give values of ŷ  greater than 

unity and can therefore be disregarded. 

The required value of α is therefore (1/6), and the required waveform is: 
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 3sin
6

1
sin y                 (17) 

To demonstrate that no further reduction in ŷ  is possible by the addition of 

other triplen harmonics, the values of  at which the peaks of y occur are found by 

substituting for α in (6) and (7) [3]. 

As may be expected, (6) gives  : /2, independent of α, but (7) gives: 

,2/1cos   

i.e. 

  = /3, 2/3, etc.                       (18) 

All triplen harmonics pass through zero at these values of . Thus no further 

reduction in ŷ  can be effected by the harmonics, and the original assumption is 

justified. 

If we now substitute these values of  (= n/3) in (17), we obtain the peak 

values of y. Hence: 

2/3y  =  ±0.866                                                                    (19)                  

             

 

INCREASING THE OUTPUT VOLTAGE: 

As has been shown the addition of one-sixth of third harmonic to be 

modulated waveform has the effect of reducing the peak value of the output 

waveform by a factor of 0.866 without changing the amplitude of the fundamental. 

This process is illustrated in fig.3. It is then possible to increase the amplitude of the 

modulating wave by a factor (k) so that the full output voltage range of the inverter is 

again utilized [4], [5]. 

Thus the modulating waveform becomes: 

)3sin
6

1
(sin   ky                 (20) 

Assuming no minimum pulsewidth limitations, ŷ can equal unity. From (19) 

we know that the previous peak value of (y) was 0.866. 

Therefore, we have that: 

155.1
866.0

1
k                 (21) 
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Thus as fig.3 shows, the addition of one-sixth of third harmonic produces a 

15.5 percent increase in the amplitude of the fundamental of the phase voltage 

waveform and, therefore, in the line voltage waveform. 

Even when minimum pulsewidth limitations are taken into consideration, a 

similar increase in output voltage is possible. The line-to-line waveform is undistorted 

since the third harmonic components in the phase waveforms are canceled. Note that 

it is necessary for the inverter to have a bandwidth equal to three times the wanted 

output frequency in order to satisfactorily handle the third harmonic [6], [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Increasing fundamental output voltage by addition of third harmonic. 

 

(a) To third harmonic. Peak value = 1. Amplitude of fundamental = 1. 

(b) With one-sixth of third harmonic added. Peak value = 0.866. Amplitude of 

fundamental = 1. 

(c) With one-sixth of third harmonic added and peak value restored to one. Peak 

value = 1. Amplitude of fundamental = 1.55. 

 

 

 

 

       1 

      0 

       1 
   0.866 

   0.166 

 1.155 
1 

0 

0 
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TEST CIRCUIT: 
 

 The principle has been proved on a 1.9 KVA three-phase inverter employing a 

high carrier frequency and filtering of the phase waveforms. The output waveforms 

are shown in fig.4. The power circuit of the inverter is shown in fig.5. The inverter 

uses power MOSFET’s as the switching devices. The high switching speed of the 

MOSFET’s permits the use of an ultrasonic carrier. This gives the inverter a 

bandwidth which encompasses both the fundamental and its third harmonic for the 

output frequencies far beyond normal mains frequency. 

 The PWM waveform was generated digitally using micro-processor-based 

waveform generator. 

 Using a carrier frequency, the carrier period is only 51 µs. To minimize the 

harmonic content of the PWM waveform, the positions of the edges of the waveform 

must be calculated every cycle for all three-phases. To make maximum use of the 

time available for computation, Sinewave values are stored in a lookup table in the 

read-only memory (ROM). The one-sixth of third harmonic is incorporated in this 

table. 

 The output of the counter external to the microprocessor is used to address the 

lookup table. To obtain the waveform values for each of the three-phases, an 

algorithm in the microprocessor program modifies these values to implement voltage 

control. The modified values are then supplied to counter timers to determine the 

instants of switching of the power devices. 
 

 

 

 

 

 

 

 

 

 Fig.4 Output voltage waveforms. 

 

VR 

VY 

VRY 

f out =50Hz fC =20KHz 

o
u

t 
p

u
t 

v
o
lt

ag
e 

 =
1

5
0

 V
/d

iv
 



Journal of Engineering Volume 14  December  2008       Number  4 
 

 

 3009 

This PWM controller by microprocessor is supplied with an input clock frequency. 

Hystersis between the switching points is included to avoid jitter noise. The induction 

motor is governed by the general expression. V=NdΦ/dt. So that maintain constant 

flux the voltage-time product  Vt must be kept constant. 

The microprocessor controller automatically satisfies the requirement by the making 

the output voltage directly proportional to the output frequency. 

This represents of clock frequency, and connected to the input signal of the converter 

at the base transistor (logic signal), when maintaining (logic signal) at the 

recommended value and varying clock frequency controls. 

The speed of the motor at constant flux rate (i.e.V/F). That i.e. varying the D.C 

voltage at the input of the inverter increasing or decreasing the modulation depth of 

the fundamental frequency. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Inverter Circuit. 
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CONCLUSION: 

It is possible to increase the output voltage of a PWM inverter beyond that obtainable 

using pure sinusoidal modulation by adding a measure of third harmonic to the 

modulating waveform. The maximum increase in output voltage is obtained when the 

amplitude of the third harmonic is one sixth that of the fundamental. The method 

permits a 15 percent increase in the output voltage of PWM inverters without causing 

distortion of the line-to-line waveforms. 
 

 

APPENDIX 

 Cancellation of Triplen harmonics, it can be shown that triplen harmonics 

contained in the phase waveforms of the output of a three-phase inverter are 

eliminated from the line-to-line voltage waveforms. Consider a three-phase supply, let 

the output waveforms be composed of the fundamentals plus an arbitrarty amount of 

any triplen harmonic. Therefore: 

nwtwtVA 3sinsin                 (A1) 

Fig.6 PWM Waveform Generator 
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)23sin()3/2sin()3/2(3sin)3/2sin(  nnwtwtwtnwtVB      (A2) 

)43sin()3/4sin()3/4(3sin)3/4sin(  nnwtwtwtnwtVC     (A3) 

The fundamental components of angular frequency W form a three-phase set, 

whereas the triplen components are Cophasal. At triplen frequency, therefore, no 

voltage difference exists between phases and all triplen harmonics are eliminated 

from the line-to-line voltage waveform. 
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IN THE MAGNETIC CIRCUIT OF A DOUBLE 

HELICAL WINDING INDUCTION MOTORS 
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University of Baghdad, College of  Engineering, Electrical Engineering Dept. 

 

 

ABSTRACT: 

The paper presented a new type of double helical-winding tubular induction 

motor (DHWTIM). The proposed motor consists of double- layer helical windings 

primary arranged on the same circumference with a common secondary. By 

controlling the phase sequence of supply voltage for each of primary winding 

layers, the secondary conductor would be capable of producing pure rotary motion, 

pure linear motion, or helical motion. An appropriate multi-layer analysis using 

cylindrical geometry is presented. This has been used to study the effect of iron 

presence in the magnetic circuit of the machine on its performance. 

 

KEY WORDS 

Double helical windings, helical motion, induction machine, linear-rotary 

motion, linear induction machines. 

 

   الخلاصة

طبقتااامٍ ياااٍ انًهثااا      مااا   يًتهااا حثاااس اسااا  اَس أداء يحااا     هدر اسااا انبحااا  اهااا   ليتُااا  

أٌ عاذد الأط ا ا انًحم ما    طبقتمٍ يٍ انًهث   انه نبم  )جاءء انث تا،   انًح   انًقت ح يتك ٌ يٍ ر.الأط ا

          ًتح   . انًح ري  يتس  ي  فس كهت  ان بقتمٍ  يع انجءء انث َ ي انع و )انجءء ان

أٌ أن  يقه انتس تى استخذايه  َظ ي  نتحهمم انًح   هاس ط يقاه تحهمهماه ها فه تاى اساتخذاو أساه ا 

 تاى انتعا ع عهاأ تا  م   جا د انحذياذ فاس همكام   تبع  نه ا تً، كت ت  ت َا ي  نها ا انغا   الاعتم ديأنتغ يه 

 انًح  . 

INTRODUCTION 

Since the commercial motor produces only one dimensional (linear or 

rotary) motion, the two–dimensional motion generally requires more than two kinds 

of motors. The helical winding induction motor (HWIM) topology is such that the 

developed electromagnetic forces produce helical motion, and this would be a 

desirable asset to the fields of machine tools and robotic (such as valve-seat 

grinding). 

Massoud and Cathy [1988] had presented a helical winding induction motor 

(HWIM) that could be used in a tandem arrangement of two units to form a direct–

acting, two degree of freedom a actuator. That was capable of producing pure rotary 

motion, pure linear motion, or helical motion, the analysis presented, however, 

made use of a rotating Cartesian Coordinate, and limited the analysis to the case 

where only two poles exist in the circumferential direction.  
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Alwash [2003] had presented a tubular motor with helical winding, together 

with a multi-layer mathematical model chosen for the analysis. Since then few, but 

significant, papers relating to helical motion machines have been published. 

The primary object of this paper first to develop the winding layout for such 

model, and second to show the effect of the presence of iron in the magnetic circuit 

on the performance of the machine. 

 

WINDING LAYOUT 

The basic development of the helical motion tubular  induction  motor can  

be explained with the aid of  fig.(1.a). That shows a flat layout of the instantaneous 

pole pattern of a helical motion tubular induction motor. If this layout is rolled 

about an axis and applied (EE) to (FF), the result is a helical motion tubular 

induction motor, as shown in fig. (1.b).  

 

 

 

 

 

 

 

                         (a)                                                                       (b) 

Fig.(1). Development of a helical motion tubular induction motor.                        

a. Instantaneous pole pattern of a planner motor. 

b. planner motor rolled to form a tubular motor. 

 

The primary coil construction of one phase of the winding may be explained 

with the aid of fig. (2.a), which shows the coil structure for the planner motor. To  

convert  this  into  the tubular  shape,  it  is  rolled  to produce  the  construction  

shown in fig. (2.b). 

 

 

 

  

 

 

 

 (a)                                                                             (b) 

 

Fig.(2). Coil structure of one phase of helical motion tubular induction motor. 

a. Coil structure of a planner motor.           b. Coil structure of a tubular motor.   

 

Fig. (3) show the helical windings in the tubular form for two poles axially. The 

model shown in fig. (3.a) has two poles circumferentially while that shown in fig. 

(3.b) has four poles circumferentially. 
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(a) (b)  

Fig. (3). A  3-phase helical motion tubular induction motor with 2-poles axially.   

a. 2-Poles circumferentially                                         b. 4-Poles circumferentially           

    

Polyphase versions of the winding may of course be arranged, fig. (4)  

shows unrolled  3–phase configuration, with two poles circumferentially and 

axially. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). An unrolled 3-phase helical motion tubular induction motor with two 

poles axially and circumferentially. 

 

From this point, the developed 3-phase winding for the (DHWTIM) may be 

represented as shown in fig.(5). 
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                                         (First layer)                                                 (Second layer)    

  

     Fig. (5).  An unrolled 3-phase double helical windings tubular induction 

motor with two poles axially and circumferentially. 

 

 

 

THEORETICAL EVALUATION 

The layer theory approach has been used to analyze this type of machines, 

Freeman [1968], Freeman and Smith[1970]. The mathematical analyzes of the 

model chosen is based on solution of Maxwell equations in a given region, with the 

continuity across the borders between the consecutive layers. The final governing 

equations are as follows: 
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The details may be seen in the M.Sc. thesis, Saad [2007], it is thought to be  

useful to investigate the effect of rotor and stator iron cores on both the axial and 

circumferential force. 

Table (1) gives the machines parameters for the model chosen for the 

analysis. 
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The model under consideration posses eight degrees of freedom. These are 

shown in table (2), it may be seen that cases 1 to 4 each represent a type of helical 

motion, while cases 5 and 6 each represent a linear type of motion, and finally cases 

7 and 8 each represent a rotational type of  motion. 

Now a helical motion model, was chosen, and the analysis been applied to 

investigate the variation of first the axial force with axial speed and second the 

variation of the circumferential torque with circumferential speed. The results are 

displayed respectively in fig. (6.a) and fig. (6.b). 

The effect of adding iron to the rotor circuit is seen to be apparent while 

adding iron to stator have a greater effect on the forces, and of course adding iron to 

both members of the motor, have the greatest effect on forces and this is expected 

because the magnetic circuit becoming ideal and closed. 

As a second case in the study a linear type model has been chosen for the 

analysis, and fig. (7) shows the variation of axial force with axial speed, and again it 

is clear that adding iron to both primary and secondary member of the model would 

produce a model with the greatest possible values of forces. 

A third case was then chosen for the analysis, this is to represent the 

rotational type of motion, and fig. (8) shows the result of the study for such model 

which again shows the effect of adding iron to the model both to the stator and rotor 

members.       

It is clear that the presence of iron in the magnetic circuit of motor increases 

the speed at which the maximum developed force occur. This is also expected in the 

conventional rotating counter part of the machine. Also it is clear that the effect of 

presence of iron in the stator core on the magnetic circuit is more than that in the 

rotor core because of the limitation of the rotor core circumference. 
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Fig.(6.b) Variation of circumferential torque 

with circumferential speed for the 

mathematical model under investigation in 

helical motion. 

Fig.(6.a) Variation of axial force with 

axial speed for the mathematical model 

under investigation in helical motion. 

Fig.(8) Variation of circumferential torque with 

circumferential speed for the mathematical model 

under investigation in rotary motion. 

Fig.(7) Variation of axial force with axial 

speed for the mathematical model under 

investigation in linear motion. 
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                                                                          Table (2) 

Table (1)                                                       Eight motion of the secondary conductor by 

controlling the phase supply voltage for each layer   Machine parameters                            

                          

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Secondary 

conductor 

motion 

Supply voltage with 

identical balance 

 three-phase  

 

No

. 

 Positive sequence 

currents were supplied to 

first layer only.  

 

1 

 Negative  sequence 

currents were supplied to 

first layer only. 

 

2 

 Positive sequence 

currents were supplied to 

second  layer only. 

 

3 

 Negative sequence 

currents were supplied to 

second  layer only. 

 

4 

 Both the first and second 

layer were excited by 

positive sequence. 

 

5 

 Both the first and second 

layer were excited by 

negative sequence. 

 

6 

 Positive sequence 

currents were supplied to 

first layer while negative 

sequence current were 

supplied to second layer. 

 

7 

 Negative sequence 

currents were supplied to 

first layer while positive  

sequence current were 

supplied to second layer. 

 

8 
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CONCLUSIONS 

 The paper describes  a way to investigate the effect of iron presence in the 

rotor, in the stator, and finally in both rotor and stator of the type motor described in 

the M. Sc. Thesis Saad [2007], and this represent a clear addition to what is 

included  in the reference thesis, and shows clearly that addition of iron in the stator 

would posses a greater effect than that obtained in adding iron to the rotor circuit.  
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ABSTRACT 

Oil refineries are major contributors  to local environmental  problems .The main pollutants are oil , 

dissolved  components , spent  acids , suspended  solids, sludge  . Technically  it  is  possible  to  

remove  all  these  pollutants  by  Physical , chemical  and  biological  means .Oil  is  initially  

removed  in  the  (API)  separators , by  skimming, while  the   heavy  particles  by scrapping . 

Further  removal  of  discrete  particles  is  done  by  gravity  settlement  in  the  primary  settlement  

tank .The  remaining  suspended  matter  is  removed  by  chemicals ,  that  are  added  in  the  

flocculation  tank , while  further  flocs  are  removed  in  the  air  flotation  tank . The  biological 

treatment follows to remove the biological  pollutants , usually followed  by  secondary  settlement 

to reduce the flux of suspended particles carried with the effluent water. This thesis  deals  with  the  

Dora  refinery  wastewater  treatment  plant ,  its  present  performance  in  comparison  with  the  

designed  treatment  performance  and  its  final  effluents  compared  with  the  Iraqi  discharged  

water  quality  limitations .In order  to  identify  the  characteristics  of  the  refinery  effluents  and  

to evaluate  the  performance  of  the  refinery  wastewater  treatment plant , wastewater  from  

different  treatment  stages  were  analyzed  for  various  physical  and  chemical  parameters .  

Using  these  parameters  as  the  criteria  of  performance ,  comparisons  were  made  between  the  

actual  and  the  designed  performance for  various  potential  pollutants. The  sampling  was  

conducted  during  6  months  from  May  to  October  2006 , with  two  samples  in  each  month  

for  each  of  the  units, one  before ,  and  one  after.The results showed that the wastewater 

treatment plant in Al-Dora Refinery performed  significantly, where  high  removal  efficiencies , 

were  obtained. For T.S.S , Oil , COD , BOD , Sulfide  and  Phenol  which  were  95% , 88% , 86% 

, 81% , 85%  and 97%   respectively . And  the  plant  was  not  very  efficient  in  NH3 , SO4  and  

PO4 removal . 

 

 اىخلاصخ

 د  اىْبردخ  ٍِ  اىَصبفي  ٗاىزي رْصشففي  ٍشبمو  اىجيئخ  اىَ٘قعيخ .  إٌ  اىَي٘ثب  اُ  اىَصبفي  رعزجش  عبىَيب  ٍسبٌٕ  سئيسي

 فْيب  ثبلاٍنبُ  اصاىزٖب  خَيعب  ثبسبىيت ب . اىحَأح  ٗغيشٕ ٗاىعبىقخ , اىح٘اٍط  ,,اىَ٘اد  اىَزاثخ ٍٗشمجبرٔ  اىْفط ٍع  اىَيبٓ ٕي 

خضاّبد  خبصخ  ىيعضه  ٗرىل  ثزشك  اٗلا  في  ٍحطخ  اىَعبىدخ  في   حيث  يزٌ   اصاىخ  اىْفطفيضيبٗيخ , ميَيبٗيخ  ٗثبيي٘خيخ .

.  ٗرنُ٘  عَييخ  اىفصو  في  ٕزٓ   اىَيبٓ  فيٖب  ٗقشط  اىْفط  اىطبفي  عيٚ  اىسطح  ٗمزىل  قشط  اىَ٘اد  اىَزشسجخ  في  اىقعش

                                                                                                                   اىدبرثيخ  الاسظيخ  .اىخضاّبد  ثفعو  
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ٍح  ريي  ٕزٓ اىَشحيخ  عَييخ  فصو  ىيَ٘اد  اىعبىقخ  ٗرىل  ثخيط  ٍ٘اد  ميَيبٗيخ  ٍخثشح  ٍع  اىَيبٓ  في  خضاّبد  اىزخثيش  ٗاىذ  

ٍِٗ  ثٌ  يزٌ  رط٘يف  اىَ٘اد  اىعبىقخ  ٗاىَزنزيخ  في  خضاّبد  اىزط٘يف  حيث  يزٌ  قشطٖب  ٍِ  اىسطح  ٍِٗ  قعش  اىخضاُ  

ئجخ  ثبسزخذاً  اىقبشطبد  اىخبصخ  ىزىل .  رزجع  ٕزٓ  اىعَييبد  عَييخ  اىَعبىدخ  اىجبيي٘خيخ , ٗاىزي  يزٌ  فيٖب  ٍعبىدخ  اىَ٘اد  اىزا

الاحيبء  اىَدٖشيخ )اىجنزشيب (  ٍِٗ  ثٌ  يزٌ  فصو  ٕزٓ  اىَي٘ثبد  ٗرشسيجٖب  في  اح٘اض  اىزشسيت  اىْٖبئي   ىفصو  ٍب  ثفعو  

ىزقييو  خشيبّٖب  ٍع  اىَ٘اد  اىَْصشفخ  اىٚ  اىْٖش. رجقٚ   ٍِ  اىَ٘اد  اىعبىقخ   ٗاىَزدَعخ   ٗالاحيبء   اىحيخ   اىَدٖشيخ                      

ىَعبىدخ  اىجبيي٘خيخ  في  ٍصفٚ  اىذٗسح  رسزخذً  اىزٖ٘يخ  اىََزذح  ٗٗحذاد  اىحَأح  اىَْشطخ . يز٘فش  في  ٗحذاد  اىَششٗع  ا

 الاخٖضح  اىلاصٍخ   ىيقشط   ٗاىخيط   ٗاىزٖ٘يخ , ٗأحيبء  ٍدٖشيخ  حيخ  رزغزٙ  عيٚ  اىَي٘ثبد  اىَدٖشيخ . 

ث   ٗاىزحييو   الاحصبئي   ىيجيبّبد  اىَسزحصيخ  ٍِ  قشاءاد اىزحبىيو  اىنيَيبئيخ  ىيَْبرج  رسزخذً   ٕزٓ  اىذساسخ   أسي٘ة   اىجح

اىَأخ٘رح  ٍِ  ٍخزيف  اىَ٘اقع  في  ٍحطخ  اىَعبىدخ . ٗطشيقخ  اخز  اىَْبرج  اىَزجعخ  مبّذ  َّ٘رج  قجو  ٗثعذ  مو  ٗحذح   ٍِ  

اقع  فحصيِ  مو  ٗث٘  6002يفزشح  ٍِ  ايبس  ٗحزٚ  رششيِ  الاٗه  ٍِ  عبً  ٗحذاد  ٍحطخ   اىَعبىدخ   ٗىَذح   سزخ  اشٖش  ٗى

   ( pH ,Oil , T.S.S , BOD5 ,COD ,N-NH3 ,Sulfide ,Sulfate , Phosphorous  and  Phenol) -:شٖش  ٗىيَي٘ثبد
(  حيث   T.S.S ,OIL ,BOD , COD ,Sulfide , Phenol)   اىْزبئح  اظٖشد  الاداء اىنف٘ء  ىَحطخ  اىَعبىدخ  في اصاىخ   اىَي٘ثبد  

ٗمزىل  اىْزبئح  اظٖشد   %  عيٚ  اىز٘اىي 59%  89ٗ% ,  88% , 82% , 88% , 59سديذ  اعيٚ  ّسجخ  اصاىخ  ىٖزٓ  اىَي٘ثبد  ٕٗي  

 .  NH3  , SO4  and  PO4اُ ٍحطخ  اىَعبىدخ  ىيسذ  مف٘ءح  خذا   في  اصاىخ   اىَي٘ثبد  

 

KEYWORDS 

Oil  Refinery  effluents, wastewater  treatment plant, evaluation of  the  performance. 

 

INTRODUCTION  

Pollution  generally  may  be  defined  briefly as  the  total  disturbance of  natural surroundings.  

Water  pollution  may  be  defined  as  the  existence  of  some  , Chemical , Physical  and  

Biological  elements  that  exceeds  the  allowable standard  limits. The  presence  in  significant  

quantity of  any  extraneous  material (solid , liquid , gas) in  any  particular  location  may  

therefore  constitute  pollution . 

0ne  of  the  industrial  sources  of  pollutants  is the   refinery  effluents, being  significant  water  

consumers  and  consequently  large  wastewater  producers . In  this  research  the  performance  of  

the  wastewater  treatment  plant  of  the  Dora  Refinery  will  be  studied .  This  study  will  be  

conducted  in  order  to  specify  the problems  and  hence ,  to  suggest  the  solution  and  

recommendations  for  better  performance . 

 

GENERAL  DESCRIPTION  OF  THE  DORA  REFINERY  WASTEWATER  

TREATMENT   PLANT 

The  Dora  refinery  was  operated  in  1955, and  is  located  at  the southern  region  of  Baghdad 

city  on  the  right  bank  of  the   Tigris  river. The average  Refinery  Wastewater  is approximately 

750  cubic  meter  per  hour ; at  normal  conditions ; reaching  to  850  cubic  meters  per  hour  in  

rainy  seasons . The  wastewater  is  discharged  to  the  Tigris River  after  treatment
 
.The  Dora  

Refinery  Wastewater  contains  several  pollutants including  variable  concentrations  of  oil, 

phenols, suspended solids, sulfides, oxygen  demand, bearing  material  and  other  harmful 

contaminants. A  treatment   plant  was  constructed  and  operated  in  1980 . In spite  of  this  it  

was  noticed  that  sometimes  the  quality  of  the  refinery discharged  effluents  had  exceeded  the 

 Iraqi  discharged  water  quality limitations, leading  to  harmful  environmental  impact  on  the 

Tigris River.The  location  of  Dora  refinery  along  the  Tigris  river  in  Baghdad  is  just  

upstream of the industrial complex.The  present  Dora  refinery  wastewater  treatment  plant  

started  operation  in  1980  and  the  two old  "API "  separators  constructed   earlier  in  1955  

were   connected   with   the   new   treatment  facilities. Fig.(1)  shows  the  treatment  plant  units.   
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Fig.(1):The  Dora  refinery  wastewater  treatment  plant  units  . 

 

 

 

EXPERIMENTAL  WORK 

Parameters   Needed 

Before   testing   the  quality  of  petroleum  refinery  effluents , potential   parameters   should   be  

identified   for  successful   interpretation  of   the   experimental  results  obtained .The  quality  of  

 refinery  effluents   can   generally  be  assessed   by   monitoring   the   most   popular   parameters 

 such  as  Oil , BOD5 , COD ,  Sulfide & Sulfate  , Nitrogen  compounds (NH3 ,NO3) , Phosphorous 

, Suspended Solids  and  Phenols .
1&2

 .                                                                                       

 

Sampling  Technique  

In this  study , a  series  of  ( 12  Grab  Samples )  were  taken from  6  selected  locations  in  the  

plant  in  order  to  detect  the  influent  and  effluent  quality  fluctuations . The  total  of   ( 72   

Sample )  were  taken  during  the  sampling  period  of  {14  May   to  17 Oct.  2006 } . At  an  

average  of  two  samples  per  month. 

 

Sampling  Locations 

In  each  time  of  the  ( 12 Grab  sampling ) , samples  were  taken  before  and  after  each  stage  at  

the  Dora   refinery  wastewater  treatment  plant . This  was  done  in  order  to  obtain  a  clear  

picture  of  the  performance  of  each  stage  alone . 

 

Experiments  And  Equipments  Used 

Experiments  used  for  testing  the  Dora  Refinery  wastewater  contaminants  were  chosen  

depending  on  the  expected  concentrations  of  the  effluents  and  on  the  recommended  tests  

Effluent 
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applied  by  the{Standard  Methods  for  the  examination  of  water  & wastewater  } hand 

book,[1985 ,1988 & 1990 ] 

These  experiments  were  carried  out   in  the  Dora  wastewater  treatment plant  laboratory . 

The  parameters  tested , experiments  and  equipments  used  are  stated  in  table  (1) . 

 

 
 

Table (1) Experiments  and  equipments  used. 

Reference Experiment Parameter No. 

" The standard  method  for examination 

 of  water  and  wastewater " 

 page(5-25)(18)edition 

Partition – Gravimetric 

 method  

Oil & Grease 1- 

The same  above  page ( 2-56  ) Filtration on filter paper Total  suspended  Solids 2- 

=    =    =    =  page (460 )15
th

.edition Direct  Measurement pH 3- 

New  digital  bottles  Direct  Measurement BOD5 4- 

" The standard  method  for examination 2 hour– Dichromate  COD 5- 
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 Experimental  Results    
The  experimental  results  of  the  Dora  refinery  wastewater  are  listed  in  (10) tables .  These 

results   represent  the  wastewater  characteristics  at  6 different  stages  & during  the  sampling  

period  of [14 May to 17 October, 2006]. 

Note :During  the  sampling  period  the  refinery  was exposure to electrical shut  down, that may  

affect  the  results. 
 

ANALYSIS   OF  RESULTS  AND  DISCUSSION 

f  Resultso Representation  

The  experimental  results that  mentioned  above were analyzed to obtain  the  following results in  

others  10 tables  , each  table  is  separated  as  the  following :-   

1-Table (A) involve  the  concentrations  for  each  pollutants  in  the  six  treatment  stages.                              

2-Table (B) involve the  (standard deviation ,minimum ,maximum ,average & design  limitation)  

for  each  pollutant  in  the  six  treatment  stages.                                                                                                                                                                                                                                                                                                        

3-Table (C) involve  the  pollutant  removal  percentage  in each  treatment stage ,their  average   

and  standard  deviation .  

 

 

The  pollutants  concentration  in  tables (B) were  plotted  against  the  designed  limits  of  the  

Dora  Refinery  Wastewater  Treatment  Plant  to  show  the  difference  between  the  design  and  

the  actual  performance  conditions in  figures (2 to 11).The  Dora  Refinery  discharged  effluents  

are  also  studied  and    plotted  with  the  Iraqi  discharged  water  quality  limitations  in  figures 

(12 to 22 ).Table (2) for T.S.S pollutant represent  the  typical  table of  these  10  tables  that  

mentioned  above, and  the analysis  of  the others  pollutant  showed  graphically. 

  

nd  DiscussionAnalysis  a 

The  actual  performance  of  the  Dora  Refinery  Wastewater  Treatment  Plant  will  be  analyzed  

and  discussed  according  to  the  experimental  results  of  the  pollutants  concentrations , which  

were  considered  as  the  criteria  of   performance , as  follows : 

 of  water  and  wastewater "             

page ( 5-7 )(18)edition 

method 

=    =    =    =  page ( 4-78 )(18)edition Nesslerization  Method Ammonia  (NH3) 6- 

=    =    =    =  page ( * )   Not  measured 

(unavailable  reagent) 

Nitrate  (NO3) 7- 

New  digital  device Spectrophotometer Sulfide 8- 

New  digital  device Spectrophotometer Sulfate 9- 

" The standard  method  for examination 

 of  water  and  wastewater "              

page (5-31 )(18)edition 

Chloroform  extraction  

method 

Phenols 10- 

New  digital  device Spectrophotometer Phosphorous 11- 
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Wastewater  Flow  Rate 

Figure (12)  of  the  wastewater  flow  rates  show  normal  conditions  within  the  design  limit of  

(750  to  850  m
3
/hr)  in  the   (  first, second,  sixth,  tenth, eleven  and   twelve)  sample values  are 

(800  m
3
/hr) during  this  sampling  period . The  others  six  samples  the   values  are  (750 m

3
/hr).. 

 

pH  Values 

Figure (2) show the range of the  wastewater  pH at different  treatment  stages of  the wastewater  

treatment  plant. It can be seen  that  the  pH  values  of  the  second  stage  effluent  of  the  

chemical  tank  and  DAF unit  increase  slightly  due  to  the  addition  of  chemicals  for  pH  

adjustment  in  this  stage .The  results  indicate  the  suitable  control  of  pH. Fig.(13 ) shows  the  

pH  values of  the  Dora  refinery  final  effluents  discharged  to the Tigris  River . these  

discharged  values  are  all  within  the  range  of  the  Iraqi  water  quality  limitations . 

 

Total  Suspended  Solids 

The  total  suspended  solids  concentrations , at  different  treatment  stages , are  illustrated  in  

table (2)(A) .These  existing  concentrations  were  plotted  against  the  designed  concentrations  in  

fig. (3).The  maximum  and  the  minimum  concentrations values  seemed  to  be  close  to  the  

design  performance  of  the  treatment  plant .The  total  suspended  solids concentration  decreased  

with  the  operation  of  the   DAF  unit ,but  in  July  and  August  the  samples  from  DAF  unit  

showed  a  slight    increase  in  the  T.S.S  concentration. This  may  be related  to  the  formulation  

of  flocs  in  the  chemical  addition  tank .because  of  these  flocs  are  from  the  spent  caustic  

stream(that  does  not  enter  the  plant  in  the  influent  pit) did not  settle  properly. Also  the  low  

removal  percentages  in  this  unit  is  due  to  the  low  air  pressure  used for  design  Rohlich .
58

 

The  removal  reached  to  3.9%  for  sample  1 , 15.4%  for  sample  9  and  8.6%  for  sample  11. 

The  T.S.S  measurements  from  the  biological  treatment  unit (6) were  very  high  indicating  the  

high  micro-mass  production  in  this  tank. The  removal  efficiency  was  not  recorded  as  this  

unit  is  not  for  solid  settlement.The  final  T.S.S  concentrations  in  the effluent  were  within  the  

Iraqi  discharge  limitations  as  shown  in  fig.(14) and  the  overall  removal  of  the  plant  was  at  

an  average  of  95.2% . 

 

Oil  and  Grease 

Figure (4) also  shows  that  the  oil  concentrations  (max. ,min. & average ) were  very  close  to  

the  designed  performance  of  the  treatment  plant .that  can  be  related  to  the  API  gravity  

separators  especially  the  new  one.The  effect  of  the  new  API  separator  operation  is  clearly  

observed  for  oil  removal, but  it  decreased  to  39.1%  in  May  and  17.8%  in  August .             

 
     

Ingersoll ,(1951). indicated  that  the  API  performance  might  be  disturbed  by  excessive  

concentrations  of  suspended  solids  present  in  the  API  basin , due  to  the  presence  of  some  

suspended  matter  that  neither  floats  nor  settles  down , thus  creating  a  poor  gravity  reduction  

in  oil  and  suspended  solids  concentrations .The  DAF  unit  default  also  in  oil  removal  in May  

as  the  removal  reached  2.6%  and  in  July  8.2% .Gehr  and  Henry  (1978).
 
 reported  that   the  

DAF  recycled  liquid  should  always  be  the  clearest  liquid  obtainable  from  DAF  unit, in order  

to  gain  the  polymer  build-up  in  the  DAF  unit  for  better  flotation   process, but  the  refinery  

uses  tap  water . The  poor  performance  of   the  DAF  unit  also  may  be  related  to  the  low  

saturation   pressure  used  in  pressurization  tank . The  oil  concentrations  of  the  final  effluents  
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are  illustrated  in  figure  (15) .  This  graph  shows  the  fluctuations  in  oil  concentrations  during  

the  sampling  period , indicating  that  the  maximum  concentration  was  (9.6  mg/l )  of  the  first   

sample  tested. Where  the  removal  was  54.3% .The  overall  of  the  plant  was  between  69% - 

100% . All  the  samples  were  under  the  Iraqi  limitations  of  10 mg/l . 

 

Biochemical  Oxygen  Demand (BOD) 

It  can  be  seen  from  figure  (5)  that  the  effluent  (BOD5)  values  of  the  aeration  tank  were  

high  in  all   samples  tested . This  is  normally  related  to  the  suspended  organic  load  of  the  

biological  floc  which  is  recirculated  from  the  final  settling  tank  back  to  the  aeration  tank . 

However ,  these  high  suspended  (BOD5)  values  are  reduced  again  in  the  final  settling  tank , 

which  were  less  than  the  design  limit  of  20 mg/l . In  figure  (16)  the  discharged  values  of  

(BOD5)  were  plotted  with  the  Iraqi  limitation  of  (40  mg/l ).The results indicate  the  low 

(BOD5)  concentrations  discharged  to  the Tigris  River . The  overall  removal  of  the  plant  

ranged  from  68%  to  90.6% . 

 

Chemical  Oxygen  Demand (COD) 

Figure  (6) showed    the   COD    results   are    within    the   design   limitation . Excluding   the   

API   and  DAF  units   in  June  where  the  minimum  concentration  were   over   the   minimum   

design  limits which  lead  to  low COD  removal of  9.8%  and  4.4% .The  COD  concentrations  

in  the  final  effluent  ranged  between  8 mg/l  to  68 mg/l , that  were  below  the  Iraqi  limitations 

 of   120 mg/l .The  plant  had  an  average  COD  removal  of  86.2%.                                            .   

 

Nitrogen  and  Phosphorous 

The  results  of  the  conducted  tests  are  plotted  in    figures  (7 and 10)  at  different  treatment  

stages , to  show  their  fluctuations  throughout  the   stages  of   treatment  no  design  values  for  

the  internal  stages  were  found , but  only   for  influent  and  effluent  from  the  whole  treatment  

plant.The  results  indicate  the  degradation  of  NH3  and  PO4 concentrations  through  the  API  

and  DAF  units . But  the  increase  in  NH3  and  PO4  concentration  in  the  aeration  tank  were  

related  to  the  high  amounts  of  Urea  and  Phosphoric  acid  added  in  this  tank  as  a  source  of  

nutrients . Generally ,  these  amounts  are  governed  by  the  rule  of :- 

100%BOD5 : 5% Nitrogen : 1% Phosphorous . by  Bush , (1980) .
 
However , the  proportions  of  

these  nutrients  added  in  the  Dora  refinery  wastewater  aeration  tank  were 100% BOD5 : 10% 

Nitrogen : 1% Phosphorous. The concentrations decreased  in  the  effluent  from  the  final  settling  

 

 tank  with  respect  to  the  aeration  tank . The  concentrations  of  NH3  in  most  of  the  samples  

were  high  compared  with  the  design limitations  of  0.3 mg/l . According  to  Concawe  

limitations  of  0.5 mg/l  for  final  disposal , samples  8  and  9  showed  high  NH3  concentration  

of  1.62 mg/l  and  1.7 mg/l  respectively . For  PO4  concentrations  all  samples  of  the  final  

 

 

 effluent  were  low  compared  with  the  Iraqi  limitations. The  overall  removal  for  NH3  was  

58.4%  and  20.9%  for  PO4 .   

 

Sulfide  &  Sulfate 

Figures  (8 & 9) showed The  concentration  of  sulfide  decreased  through  the  treatment  

processes , but  it  was  difficult  to  evaluate  the  efficiency  of  each  unit  due  no  design  
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limitations. The  final  effluent  was  low  in  sulfide  concentrations (less  than  0.3 mg/l)  for  all  

of  the  tested  samples . A  high  removal  efficiency  was  observed  that  reached  99.2%  in  May . 

The  average  removal  was  calculated  to  be  85.2% . Also  no  design  limitations  were  provided  

for  sulfate  removal  in  the  treatment  units . According  to  the  Iraqi  limitations  for  disposal , 

the  sulfate  concentration  in  the  effluent  should  be  (+ 1%)  of  the  inlet . This  is  due  to  the  

sulfate  production  from  the  degradation  of  the  organic  matter  in  the  treatment  units . 

Another  increase  in  sulfate  concentration  is  from  the  oxidation  of  thiosulfate  in  the  

chemical  addition  tank .Figure  (19)  show  the  concentrations  of  the discharged  (Sulfides)  to  

the  Tigris River ,  during  the  sampling  period .The  results  were  plotted  against  the  English  

standards  discharged  concentrations  of  ( Sulfide) , since  no  Iraqi ( Sulfide)  limitations  exist . 

Figure  (20)  show  the  (Sulfate)  effluent  concentrations  discharged  to  the  Tigris  river . The  

concentrations  range  between  122 mg/l  to  400 mg/l .   

 

Phenols 

The  results  indicated  that  the   concentrations  of  phenol  in  the  wastewater  treatment  plant  

for  most samples tested were higher  than  the designed  limits  of  Dora  refinery wastewater  

treatment  plant.The effluents from API and DAF contain phenol concentrations more than the 

design  limitations of 0.74 mg/l and 0.72 mg/l respectively as shown in fig.(11).This may related to 

the in – plant treatment that was not  practiced  in a  proper  way, for  separating phenol  from  the  

waste  of  the  units which deal with phenols such as (light petroleum oil units).The decrease  in  

phenol  was  observed  in  the  aeration  tank  for  all  the  samples  tested  and  was  less  than  0.1 

mg/l . The  final  effluent  discharged  to  the  river  was  low  in  phenol  only  for  one  sample  

tested  in  June  which  contained  0.06 mg/l  compared  with  the  Iraqi  limitation  0.05  mg/l 

.Figure  (22) show  the  concentrations  of  discharged  phenols  to  the  Tigris  river .The  treatment  

plant  was  efficient  in  phenol  removal  that  reached  to  an  average  of  97.7% .     
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(T.S.S.)Measurements-:(A): ITEM NAME -2)Table ( 

 

Measurements  Analyses -(B):-2)Table( 

 

 

 Sample  set  no. 1 2 3 4 5 6 7 8 9 10 11 12 

date of experiments 

 
14-5 28-5 05-6 25-6 02-7 23-7 13-8 28-8 05-9 27-9 9-10 17-10 

ST. 

DEV. 

Aver. 

Actual 

Min. 

Actual 

Max. 

Actual 

Min. 

Design 

Max. 

Design 

Sample  Location                   

A-Inlet 171 175 182 198 239 237 225 185 216 198 215 188 23.54 202.42 171 239   

B-API-eff-P10 14.7 20.4 22.6 32.6 34.5 34.6 20 19 21.2 16.6 28.6 23.8 6.89 24.05 14.7 34.6 500 1000 

C-new API-eff-P29 12.8 18.2 15.7 21.7 22.3 27.4 11.8 11.8 15.6 8.2 15.2 N.P 5.59 16.43 8.2 27.4 50 100 

D-DAF-S09 12.3 7.8 8.2 10.3 11.5 13.1 21.2 21.4 13.2 13.6 13.9 N.P 4.45 13.32 7.8 21.4 20 30 

E-Bio. Treat.-S10 1482 1520 1430 3000 3700 2000 3100 3270 3340 3220 2550 2640 806.23 2604.33 1430 3700 2800 4000 

F-final dis.-P18 15.8 7.8 8.3 5.5 7.8 10 9.2 7.4 9.06 9.4 14.4 9.4 2.89 9.51 5.5 15.8  10 

Table (2)-(C):- (T.S.S) units percentage removal  
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R1=eff. Of -Where:

old API , R2=eff. 

Of new API , 

R3=eff. Of DAF 

unit , R4=eff. Of 

aeration tank , 

R5=eff. Of final 

clarifier, Ro=eff. Of 

overall treatment    

                     plant       

                     ******= Negative  value

Sample 

date 

 

14-5 

 

28-5 

 

5-6 

 

25-5 

 

2-7 

 

23-7 

 

13-8 

 

28-8 

 

5-9 

 

27-9 

 

9-10 

 

17-10 

 

ST.DEV. Average 

R1% 91.4% 88.3% 87.6% 83.5% 85.6% 85.4% 91.1% 89.7% 90.2% 91.6% 86.7% 87.3% 0.03 88.2% 

R2% 12.9% 10.8% 30.5% 33.4% 35.4% 20.8% 41.0% 37.9% 26.4% 50.6% 46.9% N.P 0.23 37.2% 

R3% 3.9% 57.1% 47.8% 52.5% 48.4% 52.2% ******* ******* 15.4% ******* 8.6% N.P ******* ******* 

R4% ******* ******* ******* ******* ******* ******* ******* ******* ******* ******* ******* ******* ******* ******* 
R5% 98.9% 99.5% 99.4% 99.8% 99.8% 99.5% 99.7% 99.8% 99.7% 99.7% 99.4% 99.6% 0.00 99.6% 

Ro% 90.8% 95.5% 95.4% 97.2% 96.7% 95.8% 95.9% 96.0% 95.8% 95.3% 93.3% 95% 0.02 95.2% 
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T.S.S  unit  value 

pH unit  value 

Oil  unit  value BOD5  unit  value 

COD  unit  value  N-NH3  unit  value 

Figure (7): Existing practical and the Designed of (N-NH3) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant. 

 

Figure (6): Existing practical and the Designed of (COD) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant. 

 

Figure (5): Existing practical and the Designed of (BOD5) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant. 

 

Figure (4): Existing practical and the Designed of (Oil) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant. 

Figure (3): Existing practical and the Designed of (T.S.S.) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant. 

 

Figure (2): Existing practical and the Designed of (pH) value through 

stages of the Dora Refinery Wastewater Treatment Plant. 
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Sulfide  unit  value Sulfate  unit  value 

PO4  unit  value Phenol  unit  value 

Figure (11): Existing practical  and the Designed of (Phenol) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant.  
 

 

Figure (10): Existing practical and the Designed of (phosphorus) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant. 

 

Figure (8): Existing practical and the Designed of (Sulfide) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant. 

 

Figure (9): Existing practical and the Designed of (Sulfate) 

Concentrations through stages of Dora Refinery Wastewater 

Treatment Plant. 

 

Figure(12):  Existing  and  the  designed  (Flow)  of  the  wastewater 

 in  the  Dora  Refinery  Wastewater  Treatment Plant  during  the  

sampling  period . 

Figure (13): (pH) Discharged  values  of  the  Dora  refinery  

wastewater  treatment  plant  during  the  sampling  period  

compared  with  the  Iraqi  Limitations . 
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Figure (14) : (T.S.S.) Discharged  Concentrations  of  The  Dora  

Refinery  Wastewater  Treatment  Plant  during  the  sampling  

period  compared  with  Iraqi  discharge  water  Limitation . 

Figure (15) : (Oil) Discharged  Concentrations  of  the  Dora  

Refinery  Wastewater  Treatment  Plant  during  the  sampling  

period  compared  with  Iraqi  discharge  water  Limitations . 

Figure (16) : (BOD5) Discharged  Concentrations  of  the  Dora 

Refinery  Wastewater  Treatment  Plant  during  the  sampling  

period  compared  with  Iraqi  discharge  water  Limitations . 

Figure(17) : (COD) Discharged  Concentrations  of  the  Dora  

Refinery  Wastewater  Treatment  Plant  during  the  sampling  

period  compared  with  Iraqi  discharge  water  Limitations . 

Fig.(18 ) : ((N-NH3) Discharged  concentrations  of  the  Dora  

refinery  wastewater  treatment  plant  during  the  sampling  

period  compared  with  (Concawe) discharge  water  limitations . 

Fig.(19 ) : (Sulfide) Discharged  concentrations  of  the  Dora  

refinery  wastewater  treatment  plant  during  the  sampling  

period  compared  with  (English) discharge  water  Limitations 

.  
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CONCLUSIONS  AND  RECOMMENDATIONS 

Conclusions 

From  the  study  of  the  conditions  of  the  Dora  refinery  wastewater  treatment  plant  and  its  

final  effluent  discharged  to  the  Tigris  River ,  the  following  conclusions  could  be  drawn :-  

1- The   influent  of   the   treatment   plant  is  of  high   diversity ,  in  both    quality and  quantity , 

due  to  the  fact  of   having a single  collection system  of  wastewater  from :different   processing    

units  of   the  refinery, rain water   runoff , and  domestic  sewage  wide  fluctuations  in  the               

performance  of  the Dora  refinery  wastewater  treatment  plant  were  detected  and  can be   

related  operational  problems .              

Figure(20) : (Sulfate) Discharged  Concentrations  of  the  Dora  

Refinery  Wastewater  Treatment  Plant  during  the  sampling  

period  compared  with  Iraqi  discharge  water  Limitations . 

Fig.(21 ) : (PO4) Discharged  Concentrations  of  the  Dora  

Refinery  Wastewater  Treatment  Plant  during  the  sampling  

period  compared  with  Iraqi  discharge  water  Limitations . 

Figure (22) : (Phenol) Discharged  Concentrations  of  the  Dora  

Refinery  Wastewater  Treatment  Plant  during  the  sampling  

period  compared  with  Iraqi  discharge  water  Limitations . 
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2- The performance  or  the  API  separators  effects  the  malfunctioning in  the downstream  units .  

The  API  was  high  in oil  and  suspended  solid  removal which was reflected on the final effluent.                                       

3- The (DAF) unit faced  operational  problems.Caused by, first  the  low air  pressure to  form the  

desired   air   bubble  size .  Second    not    recycling it’s  effluent  for  the  formulation of  the  

required  polymer  for  emulsion.  

4- The  performance  of  aeration  tank  in  regard  to  the  removal of  dissolved  organics  and    

chemical  compounds  was  good . This is due  to  the  good  aeration  process .                                                                                       

5- The  large amounts  of  Urea  and  phosphoric  acid  being  added  to  the  aeration tank  is  

believed  to  be  the  reason  of   the  relatively  high  concentrations  of   dissolved  ammonia  (NH3)  

and  PO4  discharged   to  the  Tigris   River.                                                                                                           

6- The   reuse   or    recycling  some  of   the   refinery  effluents  are  not  practiced in the  Dora  

refinery  wastewater   treatment  plant . 

7- The  treatment of  sludge  was  practiced  by  adding   chemical material  (CaO)with  steam  and   

continuous  agitation  in  order  to  change  the  sludge From a hazard waste  to  an  environment  

friendly  material.                                                                                        

8- In  general  high removal  efficiencies  were  obtained  for  T.S.S , oil , COD ,BOD , Sulfide and  

phenol , which  were 95% , 88% , 86% , 81% , 85% And 97%  respectively. And  the  plant  was  

not  very  efficient  in  NH3,SO4  and  PO4  removal.  

9-The  annual  percentage  removal of  sulfide , oil ,COD ,BOD and  T.S.S.,were found  acceptable   

except  for   the  T.S.S.  value   which   shows   relatively   low  removal  percent 67.58% .                                                                                                                                                                   

10-The   monthly  percentage  removal  of sulfide , oil , COD , BOD and T.S.S. shows  considerable 

changes among different  months of  the  years ,which  may  reflect  considerable   variation  in   

influent  water   properties  and  treatment   process. 

 

Recommendations 

1- The  in- plant   treatments  are  believed  to  be  essential, i.e , treatment  after  each  production   

unit   before   sending   the  wastewater    to  the    sewer   system .These  treatments  include  

(source  reduction , reuse , recycling &  recovery ) .                                                           

2-Dilution of  the  strong  influent  with  the  less  contaminated  waste  streams before  treatment  is  

highly  recommended. This is to ensure the equalization  and  the  utmost  efficiency  of  the  plant.                                                            

3- The  separation  of  the  different  wastes  reaching  the  inlet  pit . Domestic  

sewage  and  storm  water  should  be  disposed  to  the  main  city  sewer system  either    as    in   a   

combined   or   separate    systems . The   wastes   from   the        processing   units  in  the  refinery  

should  only  reach  the  treatment  plant  for   proper    treatment.                                                                                                 

4- The  performance  of   the  DAF  unit  can  be  improved  by :- 

      A- using  high   pressure  this will  help  for  better  saturation  of  air  in  water . 

      B- recycling  of  the  effluent  for  better  polymer  formation . 

 

 

 

 

5- Installation of  interface  Oil / water level  indicators  in the three Oil separators where Oil layer    

at the surface is thick, in order to improve the separation of oil and grease  from  the  water - grease                 

mixture  and  reduce  the   pollution  of   wastewater   with   petroleum  waste. 

6- Adding  the  proper quantities  of  Urea to the  aeration tank  will decrease  the  levels of  the  

dissolved  ammonia (NH3)  in  the  final effluents   discharged   to   the  Tigris   river.                                                                       

7- Installation    of  flow   meters   in   the  wastewater  treatment  plant  is essential to control  the  

addition  of  chemicals   at   different   flow  rates.                    
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8- Environmental awareness  and  up  to  date  operational courses are  recommended  to  be  

conducted   for   staff   members. These  courses  will outline  the  environmental impact of    

refinery effluents  and  the  refineries commitment to water quality improvements. 
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USING FUZZY LOGIC CONTROLLER FOR A TWO- TANK 

LEVEL CONTROL SYSTEM 
 

Omar W. Abdul-Wahab 

 

ABSTRACT 

This paper presents a fuzzy logic controller for a two-tank level control system, which is a process 

with a dead time. The fuzzy controller is a proportional-integral (PI-like) fuzzy controller which is 

suitable for steady state behavior of the system. Transient behavior of the system was improved 

without the need for a derivative action by suitable change in the rule base of the controller. 

Simulation results showed the step response of the two-tank level control system when this 

controller was used to control this plant and the effect of the dead time on the response of the 

system.   

 

 الخلاصة

 

حناهلٌ  -فٌ خضاًَي. الوسَطش الضبابٌ هو هسَطش حٌاسبٌ هزا البحث ٍقذم هسَطشهٌطق ضبابٌ للسَطشة علي ًظام هسخوى الواء

والزً ٍنوى هٌاسباً لسلوك الٌظام فٌ الحالت الوسخقشة. أها فَوا ٍخص سلوك الحالت الإًخقالَت للٌظام فقذ حن ححسٌَه دوى الحاجت إلي 

الخوثَلَت بٌَج اسخجابت ًظام الخضاًَي لإشاسة الخأثَش الخفاضلٌ ورلل بواسطت إجشاء حغََش هٌاسب فٌ قاعذة بَاًاث الوسَطش. الٌخائج 

   .   الإدخاه بإسخخذام هزا الوسَطش ومزلل بٌَج حأثَش صهي الخأخَش علي حلل الاسخجابت

 

KEYWORDS 

PI-like fuzzy logic controller, two-tank level control system. 

 

 

INTRODUCTION 

The vast majority of conventional control techniques have been devised for linear-time invariant 

systems which are assumed to be completely known and well understood. In most practical 

instances, however, the systems to be controlled are nonlinear and the basic physical processes in it 

are not completely known a prior. These types of model uncertainties are extremely difficult to 

manage even with the conventional adaptive techniques ( Abonyi, Nagy, and Szeifert 2005). 

 

The past few years have witnessed a rapid growth in the use of fuzzy logic controllers for the 

control of processes that are complex and badly defined. Most fuzzy controllers developed till now 

have been of rule-based type ( Driankov, Hellendoorn, and Reinfrank 1996), where the rules in the 

controller attempt to model the operator’s response to particular process situations. An alternative 

approach uses fuzzy or inverse fuzzy model in process control (Babuska, Sousa, and Verbruggen 



O.W. Abdul-Wahab                                                                       Using Fuzzy Logic Controller for A two 

                                                                                                                     Tank Level Control System 

 

 3037 

1995) because it is often much easier to obtain information on how a process responds to particular 

inputs than to record how, and why, an operator responds to particular situations.  

 

In recent applications, many authors started applying more sophisticated fuzzy logic controller 

structures in sake of a more robust fuzzy logic controller and overcoming some of the difficulties 

associated with fuzzy logic controller design, in general. Self organizing (Sutton and Jess 1991), 

self tuning (Isomursu and Rauma 1994) and adaptive (Pave and Chelaru 1992) (Fei and Isik 1992) 

fuzzy logic controllers have become very popular. Some of the tuning methods assume an existence 

of the initial fuzzy logic controller model and the availability of the plant model. However, most of 

the late design methods do not require any plant model at all (Ghanayem, and Reznik 1996). 

 

THE STRUCTURE OF THE PI-LIKE FUZZY LOGIC CONTROLLER 

In practice, full PID control sometimes is not desired. Instead, partial PID control in the form of PI 

or PD control is more effective and appropriate. This is because the derivative term tends to amplify 

noise and hence should be avoided if the system output is rather noisy. On the other hand, the 

integral term can cause slower system response and larger system overshoot (Ying 2000). PI-like 

fuzzy controller is known to be more practical than PD-like fuzzy controller because it is difficult 

for the latter to remove steady state error (Karasakal, Yesil, Guzelkaya and Eksin 2005). An 

equation giving a conventional PI-controller is 

 

                                                         dtteKteKtu IP )()()(                                                  (1) 

where PK  and IK  are the proportional and integral gain coefficients, respectively. Differentiating 

Eq. (1) with respect to t  yields 

                                                       )(
)()(

teK
dt

tde
K

dt

tdu
IP                                                     (2) 

The corresponding discrete-time form is 

 

                                                  )()()( kTeKkTeKkTu IP                                                 (3) 

where T  is the sampling interval. 

  

For the PI-like fuzzy controller, the inputs are the error )(kTe and the change-of-error )(kTe  and 

the output is the change-of-control )(kTu . To obtain the control output variable )(kTu , the 

change-of-control output )(kTu  is added to ))1(( Tku  . This takes place outside the fuzzy 

controller and is not reflected in its rule base. A block diagram of this controller is given in Fig. (1). 

 

 

 

 

     

 

  

 

Fig (1): Block diagram of the PI-like fuzzy logic controller. 

 

FUZZIFICATION 

This controller uses singleton fuzzification method. The reason is that when singleton fuzzification 

is used, combining the inputs with rule premises is reduced to computing the values of the input 

membership functions at the current input values. Other fuzzification methods add computational 
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complexity to the inference process and the need for them has not been well justified. (Passino and 

Yurkovich 1998). 

 

KNOWLEDGE BASE 

The knowledge base of the fuzzy logic controller consists of the following parameters: 

 

Membership Functions  

For each input variable ( )(kTe  and )(kTe ), five fuzzy sets have been used. They are Negative 

Large (NL), Negative Small (NS), Zero (Z), Positive Small (PS), and Positive Large (PL). The 

membership function of each fuzzy set is triangular with width 2 and overlapped with the two 

adjacent membership functions by 0.5. The outermost two membership functions ( NL  and PL ) 

are saturated.   The equations of the three input membership functions PSZNS  ,,  are   

 

                                           














otherwise0

5.05.0 if
5.0

1
)(

cxc
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xi                                            (4)   

 

where PSZNSi ,, , x = )(kTe , )(kTe  and c  is the center of the input membership function. The 

equations of the outermost membership functions PLNL   and  are 
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For the output variable )(kTu , the same fuzzy sets were used with the same membership 

functions. The only difference is that the outermost two membership functions ( NL  and PL ) are 

not saturated. The equations of the output membership functions are 

 

                       














otherwise0

5.05.0 if
5.0

)(
1

))((
cxc

ckTu

kTui                                            (6) 

where PLPSZNSNLi ,,,,  and c  is the center of the output membership function. 

 

The input and output membership functions are shown in Fig. (2).  
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Fig (2): The input and output membership functions. 

 

Scaling Factors 

According to Eq. (3), the input scaling factors are ))((for   and ))((for  kTeKkTeK IP  . )(kTu  is 

multiplied by the output scaling factor uK . Different values for the input scaling factors were used 

in the simulation to show their effect on the sensitivity of the controller with respect to the optimal 

choice of the operating areas of the input signals. Also different values for the output scaling factor 

were used to show their effect on the stability and oscillation of the system (Reznik 1997).   

 

RULE BASE 

Since the inputs of the PI-like fuzzy controller are the error )(kTe and the change-of-error )(kTe , 

a standard PD-like fuzzy controller rule base was used. To form the rule base, each fuzzy set was 

given an index. The indices of the fuzzy sets PLPSZNSNL ,,,,  are 0,1,2,3, and 4, respectively. 

The rule base was generated according to the following equation:  
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where ji  and  are the indices of the input membership functions and ),( jiRule  is the index of the 

output membership function. The resultant rule base is shown in Table (1).  
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Table (1): Rule base of a standard PD-like fuzzy controller. 

  

 

 

 

 

 

 

 

 

Because of the absence of the derivative action in this fuzzy controller (since the overall action of 

this controller after integrating the output of the fuzzy system is a PI-like fuzzy controller), an 

overshoot (or undershoot) may occur at some operating points. To solve this problem, the rule base 

can be modified so that when the output of the plant moves towards the set point and becomes near 

it, a reverse action is given for the change-of-control output. This is done by replacing the rule (IF 

)(kTe  is PS and )(kTe  is NS THEN )(kTu  is Z) with the rule (IF )(kTe  is PS and )(kTe  is 

NS THEN )(kTu  is NS) (to reduce overshoot) and replacing the rule (IF )(kTe  is NS and 

)(kTe  is PS THEN )(kTu  is Z) with the rule (IF )(kTe  is NS and )(kTe  is PS THEN 

)(kTu is PS) (to reduce undershoot). The modified rule base is shown in Table (2). 

 

Table (2): The modified rule base. 

  

 

    

 

 

 

 

 

INFERENCE ENGINE 

The inference step is taken by computing, for each rule, the implied fuzzy set. This is done by 

clipping the membership function of the consequent part of each rule according to the following 

equation: 

                     ))((*))(),(())(( ),( consequent),( premice),( implied kTukTekTekTu jijiji                         (8)                                                 

  

where ))((),( implied kTuji   is the membership value for the implied fuzzy set of rule ),( ji , 

))(),((),( premice kTekTeji   is the membership value for the premise of rule ),( ji  which represents 

the certainty that rule ),( ji  holds for the given inputs, and ))((),( consequent kTuji   is the membership 

function for the consequent part of rule ),( ji . By using the minimum operation as a t-norm for the 

intersection operation, ))((),( consequent kTuji   is clipped to produce ))((),( implied kTuji  .        

     

DEFUZZIFICATION 

Since the inference step is done by computing the implied fuzzy set for each rule, center of gravity 

defuzzification technique was used to compute the final controller output )(kTu  (Passino and 

Yurkovich 1998).   
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TWO-TANK LEVEL CONTROL SYSTEM 

The two-tank level control system is shown in Fig. (3). The fuzzy logic controller has to keep a 

constant level in the second tank. The system is nonlinear with a dead time, so it is not easy to 

design a conventional controller. Let the levels in tank 1 and tank 2 be 1h  and 2h , respectively, the 

cross-sectional areas be 1D  and 2D , and the cross-sectional areas of each pipe be 1A  and 2A . L  

corresponds to the dead time. Then the plant model can be described with the following equations 

(Reznik 1997): 
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Fig (3): The two-tank level control system. 

 

SIMULATION RESULTS 

The simulation of the two-tank system needs to find the corresponding discrete-time form of Eqs 

(10). Euler method was used to approximate the differential equations in Eqs. (10) (i.e., the first and 

third equations) (Astrom and Wittenmark 1997) and (Severance 2001). The result is the following 

difference equations: 
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where h  is the integration step size. The values of the parameters in Eqs (11) were taken as 

follows: 

 

sec4.0L ,   2sec
8.9 mg   ,  2

21 1.0 mAA  ,   2

21 1 mDD  ,  sec2.0h .     

Initially, the levels in the two tanks were assumed to be 0 meters, i.e. , mhh 0)0()0( 21  .  

 

For the controller to simulate the way that a digital control system would be implemented on a 

computer in the laboratory, the value of the sampling interval T must be an integer multiple of the 

integration step size h . In this simulation, sec2.0 hT .   

 

Two Step Changes 

The step response of the system has been investigated by applying two step changes to the reference 

input. The value of the reference input is  

 










sec200100          when4

sec1000          when2

kT

kT
r  

Table (1) was used for the rule base of the controller. Fig. (4) through Fig. (10) show the response 

of the system for different values of the scaling factors. The effect of the scaling factors on the 

overall response of the system is summarized in Table (3). 

 

Table (3): The effect of the scaling factors on the overall response of the system. 

 

 Increasing IK  Increasing PK  Increasing uK  

Overshoot/Oscillation Increases Decreases Increases 

Speed of response Increases Decreases Increases 

 

Large Step Change and Overshoot 

Fig (11) shows the step response of the system for a step change of 5 m. As shown, the response 

has an overshoot of about 5%. To reduce (or even eliminate) this overshoot, the modified rule base 

given by Table (2) was used. Fig. (12) shows the new step response. In both cases, the values of the 

scaling factors were: IK =0.01, PK =0.4, uK =1.    

 

Effect of Dead Time Parameter L on the Response of the System 

Processes with large dead times present a special challenge for a controller—any controller 

(http://www.expertune.com/artdt.html 2008). Dead time is the delay from when a controller output 

signal is issued until when the measured process variable first begins to respond. The presence of 

dead time is never a good thing in a control loop. For any process, as dead time becomes larger, the 

http://www.expertune.com/artdt.html
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control challenge becomes greater and tight performance becomes more difficult to achieve 

(http://www.controlguru.com/wp/p51.html 2008). 

Fig. (13) shows the step response of the system for a step change of 5 m for different values of the 

dead time parameter L . These values are measured in seconds. This figure shows that increasing 

the dead time drives the system towards instability.  

 

In each figure, the dotted line represents the reference input signal. 

 

CONCLUSIONS   

The simulation results showed that a PI-like fuzzy controller can stabilize the two-tank level control 

system which has a dead time with zero steady-state error. They show the effect of changing the 

input scaling factors on the sensitivity of the system and the effect of changing the output scaling 

factor on the stability and oscillation of the system. The overshoot and oscillation of the system 

were reduced or eliminated by a suitable change in the rule base that led to a change in the control 

surface so that the controller would become more reactive in the neighborhood of the set-point.  

Also the effect of the dead time on the response of the system was shown so that large dead time 

can make the system unstable.  
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Fig (4): Two step changes response with IK =0.01, PK =0.55, uK =1. 

 

 

 

 

 

 

 

 
Fig (5): Two step changes response with IK =0.005, PK =0.55, uK =1. 
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Fig (6): Two step changes response with IK =0.012, PK =0.55, uK =1. 

 

 

 

 

 
Fig (7): Two step changes response with IK =0.01, PK =0.8, uK =1. 

 

 

 

 
Fig (8): Two step changes response with IK =0.01, PK =0.4, uK =1. 
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Fig (9): Two step changes response with IK =0.01, PK =0.55, uK =2. 

 

 

 

 

 
Fig (10): Two step changes response with IK =0.01, PK =0.55, uK =0.5. 

 

 

 

 
Fig (11): Large step change response using Table (1) for the rule base. 
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Fig (12): Large step change response using Table (2) for the rule base. 

 

 

 

 

 
Fig (13): Effect of dead time parameter L on the response of the system. 
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SLIDING MODE VECTOR CONTROL OF A PWM INVERTER 

FED INDUCTION MOTOR 
 

                AAyymmeenn  AA..  SSaalliihh                                                      PPrrooff..  DDrr..  QQaaiiss  SS..  AAll--SSaabbbbaagghh                AAsssstt..  PPrrooff..    AAzzzzaamm  MM..  AAhhmmeedd        

MMeecchhaattrroonniiccss  EEnnggiinneeeerriinngg  DDeepptt..              CCoommppuutteerr  EEnnggiinneeeerriinngg  DDeepptt..                    IInnffoorrmmaattiioonn  EEnnggiinneeeerriinngg  DDeepptt..  

          UUnniivveerrssiittyy  ooff  BBaagghhddaadd                                              UUnniivveerrssiittyy  ooff  BBaagghhddaadd                            UUnniivveerrssiittyy  ooff  BBaagghhddaadd   

 

 

ABSTRACT 

 

The purpose of this paper is to analyze, study and simulate a three-phase induction motor drive 

using vector (field-oriented) control strategy and PWM current regulated inverter using hysteresis 

band current controller. The mathematical model of the induction motor and the principle of 

indirect field-oriented control are introduced. The Sliding Mode Controller with Boundary Layer 

(SMC-BL) is used as a speed controller and compared with the proportional integral (PI) controller. 

A Simulink / Matlab program is written for simulating the induction motor model, SMC-BL and PI 

controllers and indirect field oriented control. The SMC-BL based system and PI-controller based 

system are compared from the point of view of speed–time response and load disturbance. 

The simulation results which illustrate the performance of SMC-BL based system and PI-controller 

based system are plotted and discussed. These results obtained have shown improvement in the 

SMC-BL system performance from the point of view of variable speed tracking and load 

disturbance. 

 
KEY WORD 

 induction motor, field oriented control, sliding mode control. 

 
 الخلاصة

 

السيطرة عمى هو تحميل ودراسة ومحاكاة مسوق تيارمتناوب لمحرك حثي ثلاثي الطور باستخدام ستراتيجية  الهدف من هذا البحث
المستخدم  (PWM current regulated inverter( وباستخدام عاكس التيارالعامل بتضمين عرض الموجة )FOC)اتجاه المجال

(.تم تقديم النموذج الرياضي لممحرك الحثي Hysteresis band current controllerالهسترة ) لمسيطر التيار المتضمن حزمة
( كمسيطر لمسرعة SMC-BLغير المباشر. تم أستخدام المسيطر الانزلاقي ذو المحددات ) (FOومباديء سيطرة المجال)

 (.PIومقارنتة مع المسيطر التناسبي التكاممي )
( و المسيطر PI( و )SMC-BL( لمحاكاة وتمثيل نموذج المحرك الحثي و المسيطرات )Simulink / Matlabاستخدم برنامج )

( من حيث PI( و )SMC-BLتمت المقارنة بين النتائج المستحصمة من تطبيق المسيطرات )و (. IFOCالاتجاهي الغير مباشر)
 .لسرعةعمى ا (load disturbance) وتأثيرأظطرابات الحمل الاستجابة الزمنية لمسرعة
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تم رسم ومناقشة النتائج المستحصمة من المحاكاة والمتضمنة خصائص المنظومة الجديدة والمنظومة القديمة. أن النتائج النظرية 
اوضحت ان المنظومة الحديثة والتي تستخدم المسيطر الانزلاقي ذو المحددات هي جيدة جدا وهي افضل من المنظومة القديمة من 

 . وكذلك كبح تأثير الحمل عمى السرعة نية لمسرع المختمفةناحية الاستجابة الزم
INTRODUCTION 

 

The main types of motors that are used in speed control are dc motors and induction motors 

(IMs). The induction motors particularly the cage type are the most commonly used in industry due 

to their advantages over the dc motors. The main advantage is that induction motors do not require 

an electrical connection between stationary and rotating parts of the motor. Therefore, they do not 

need any mechanical commutator and brushes leading to the fact that they are maintenance free 

motors. Induction motors are cheap, robust, rugged structure, high efficiency (up to 80% higher) 

furthermore the induction motors can work in explosive environments because no sparks are 

produced. 

However, the use of induction motors has several disadvantages; these include difficult 

controllability due to the complex mathematical model of the motors. Their nonlinear behavior 

during saturation, and variations of the electrical parameters due to the physical influence of 

temperature and a strong temperature dependency of electrical motor parameters. . For example, the 

rotor time constant of an induction motor can change up to 70% over a motor’s temperature range. 

These factors make mathematical modeling of motor control systems difficult [1].     

 However, because of its highly non-linear and coupled dynamic structure, an induction 

motor requires more complex control schemes, more expensive and higher rated power converters 

than DC and permanent magnet motors [2]. 

Traditional open-loop control of the induction motors with variable frequency may provide 

a satisfactory solution under limited conditions. However, when high performance dynamic 

operation is required, these methods are unsatisfactory. Therefore, more sophisticated control 

methods are needed to make the performance of the induction motor comparable with DC motors 

such as Vector Control method. 

 

 

MATHEMATICAL MODEL OF INDUCTION MOTOR 

 

In an adjustable-speed drive the machine normally constitutes an element within a feedback 

loop, and therefore its transient behavior has to be taken into consideration. Besides high-

performance drive control, such as vector- or field-oriented control, is based on the dynamic d-q 

model of the machine. 

The dynamic performance of an AC machine is somewhat complex because of the three-

phase rotor windings move with respect to three-phase stator windings, as shown in Figure (1 a). It 

can be looked on as transformer with a moving secondary coil, where the coupling coefficients 

between the stator and rotor phases change continuously with the change of the rotor position r. 

The machine model can be described by differential equations with time-varying mutual 

inductances, but such a model tends to be very complex. A three-phase machine can be represented 

by an equivalent two-phase machine by using axes transformation Clark’s transformation as shown 

in Figure (1 b), where d
s
– q

s  correspond to stator direct and quadrature axes, d
r
 – q

r to rotor direct 

and quadrature axes. This will reduce the order of the differential equations describing the machine. 

However, the problem of time-varying parameters still remains.  This problem can be solved by 

replacing the machine variables (voltages, currents, and flux linkage) associated with stator 

windings that are fixed to stationary axes (frame) with variables associated with fictitious windings 

fixed to axes rotate at synchronous speed. This is called Park’s transformation from stationary 

reference frame to synchronously rotating reference frame. This transformation will eliminates all 
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the time varying inductances due to the relative motion between stator and rotor electric circuit and 

varying magnetic reluctances [1]. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The mathematical model of a three phase induction motor and load is described by 

equations in the synchronously rotating reference frame (d
e
 - q

e
) as [1]: 

 

     
   

    































































dr

qr

ds

qs

rrrremmre

rrerrmrem

mmessse

memsess

dr

qr

ds

qs

i

i

i

i

sLRLsLL

LsLRLsL

sLLsLRL

LsLLsLR

v

v

v

v









              (1) 

 

Where s is a d/dt operator. 

For singly-fed machine (i.e. only stator be energized) such as squirrel cage motor, vqr = vdr = 0. 

The speed r in Equation (1) can be related to the torque as:  

 

dt

d
J

P
T

dt

d
JTT r

L
m

Le

 2
                                                                                  (2) 

 

Where 

 

 e

qr

e

ds

e

dr

e

qsme iiiiL
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22

3
                                                                                           (3) 

And  

 Te = Developed or electromagnetic torque, TL = load torque, P  = Number of poles of the motor 

J = rotor inertia, r = rotor speed in electrical rad/sec and m = rotor mechanical speed. 

 

Equations (1)-(3) give the complete model of the electro-mechanical dynamics for induction 

machine in synchronous frame. 

r r 

r r 

a
s

b
s

c
s

a
r

b
r

c
r

qr

dr

qs

ds

 
                             (a)                                                                               (b) 

Fig (1) (a) Coupling effect in three-phase stator and rotor windings of motor, 

 (b) Equivalent two-phase machine [1]. 
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VECTOR CONTROL 
 

Field oriented control transforms the dynamic structure of the ac machine into that of 

separately excited DC machine. For a DC machine, the field flux is proportional to the field current 

assuming that the magnetic saturation term is negligible. If the field is assumed to be constant and 

independent of armature current, the armature current provides direct control of torque, so that [3]: 

Te  If  Ia            (4) 

  

With the induction motor transformed to d-q plane, it looks like a separately exited DC 

machine and it can achieve four quadrant operations with fast torque response and satisfactory 

performance down to standstill. The space angle of the induction motor (angle between stator and 

rotor fields) will vary with load and; therefore, result in complex interactions between the fields. 

The space angle will be controlled such that the stator input current can be decoupled into flux 

producing (
s
dsi ) and torque producing (

s
qsi ) components.  

There are two essentially general methods of vector control. One is called the direct or 

feedback method, and the other is known as the indirect or feedforward method [1]. These methods 

are different essentially by how the unit vector (cosθe and sinθe) is generated for the control. It 

should be mentioned that the orientation of e

dsi  with the rotor flux r , air gap flux m , or stator flux 

s  is possible in vector control. However, rotor flux orientation gives natural decoupling control, 

whereas air gap or stator flux orientation gives a coupling effect which has to be compensated by a 

decoupling compensation current. 

Indirect vector control method is essentially the same as direct vector control, except the 

unit vector signals ( ecos  and esin ) are generated in feedforward manner. Indirect vector control 

is very popular in industrial applications. The fundamental principle of indirect vector control can 

be explained by a phasor diagram shown in Figure (2). The ss qd   axes are fixed on the stator, but 

the rr qd   axes, which are fixed on the rotor, are moving at speed r  as shown. Synchronously 

rotating axes ee qd   are rotating ahead of the rr qd   axes by the positive slip angle sl  

corresponding to slip frequency sl . 
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Fig (2) Phasor diagram explaining indirect vector control [1] 



Journal of Engineering Volume  14  December  2008       Number  4 
 

 

 8403 

 
 

Since the rotor pole is directed on the ed  axis and slre   , one can write 

e = dte = dtslr )(   = r + sl                   (5) 
 

The phasor diagram suggests that for decoupling control, the stator flux component of 

current e

dsi should be aligned on the ed axis, and the torque component of current e

qsi should be on 

the eq axis. 

To implement the indirect vector control strategy, equation (5) and the following equations 

should be applied [1]: 

 

          e
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                                                                             (6) 
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3
                                                                                 (8) 

The unit vector signals cose and sine are obtained from the angle e by integrating e signal. 

 

VARIABL STRUCTURE WITH SLIDING MODE CONTROL 

 

 Variable structure systems (VSS) with a sliding mode (SMC) were discussed first in the 

Soviet literature [4,5], and have been widely developed in recent years. Comprehensive survey of 

variable structure control can be found in [6, 7]. 

 VSS with SMC are characterized by control laws that are discontinuous on a certain 

manifold in the state space, the so-called sliding surface [5,8]. A VSS control law is designed such 

that the representative point’s trajectories of the closed-loop system are attracted to the sliding 

surface and once on the sliding surface they slide towards the origin Fig (3) [9]. The dynamic 

performance of SMC has been confirmed to be an effective robust control approach as facing the 

problems of systems uncertainties and unknown disturbances, but a SMC indeed exhibits some 

drawbacks [10]. The major drawback in the SMC approach is the undesired phenomenon of 

chattering Fig (3), because of the discontinuous change of control laws across the sliding surface. In 

practical engineering systems, chattering may cause damage to system components, as well as 

excite unmodelled and high frequency plant dynamics [11]. 

 There exist several techniques to eliminate chattering. The widely-adopted approach to 

chattering-free VSS is the so-called boundary layer, where the discontinuous VSS control law 

signum function is applied to small vicinity around the sliding surface (see [7,12]). 

 

 

 

 

 

 

 

 

 

 



QQ..  SS..  AAll--SSaabbbbaagghh                                                                                                              Sliding Mode Vector Control of A Pwm 

AA..  MM..  AAhhmmeedd                                                                                                                       Inverter Fed Induction Motor 

AA..AA..  SSaalliihh 
 

 

 

8408 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SLIDIN MODE CONTROLLER DESIGN 

 

The sliding mode control consists of two phases [13]: 

 Designing an equilibrium surface, called sliding surface S(t), such that any state trajectory 

of the plant restricted to the sliding surface is characterized by the desired behavior. 

 Designing a discontinuous control law to force the system to move on the sliding surface in 

a finite time 

. 

Sliding mode control Law 

 

To apply the SMC approach, we first define a time-varying sliding surface, S(t), in the state 

space nR   by the vector equation 0),( eeS  , where 
 eCetS )(                                                                                          (9) 

Where C is a strictly positive constant number, and e , e  is the state tracking errors and their time 

derivatives respectively. 

Sliding mode means that once the state trajectory has reached the sliding surface S=0 the 

system trajectory remains on it while sliding into the origin (e=0) independently of model 

uncertainties, unmodeled frequencies, and disturbances [13]. So, the SMC is known as being robust 

for model parameter variations. This property is used for compensating the effects of model 

uncertainties and load disturbances [14]. For the induction motor speed control, let   refe  

and 
   refe , where ( ref ) is the motor reference speed, and ( ) is the motor actual 

speed.  

As can be seen from Eq. (9), maintaining system states on the surface 0),( eeS   for all (t > 

0) will “closely” satisfy the tracking requirements ref   and ref
  .  Indeed, it will 

force e and e  to approach zero, given any bounded initial conditions e(0) and )0(e .  

By choosing the Lyapunov function candidate SSV T5.0 , a reaching condition (sliding 

condition) is obtained as [15]: 

Sliding Surface S(t) 

State Trajectory 

Chattering phenomenon 

Fig (3) Sliding motion of the system 
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0;  SSSV T      or                             (10 a) 

)sgn(SSSSS TTT                                          (10 b) 

Where  is a strictly positive constant. Reaching the sliding mode means a system trajectory is 

outside the sliding surface but follows the reaching condition Eq.(10 b) [15]. 

Essentially, Eq.(10 b) states that the squared “distance” to the surface, as measured by 

SS T  , decreases along all system trajectories. Thus, Eq. (10 b) provides a sufficient reaching 

condition such that the tracking error e  will asymptotically converge to zero [14]. 

The sliding mode controller law is now chosen as follows: 

 

 )sgn(SKusmc                                 (11) 

Where  

eCetS )(  

K: +ve constant number,  

 

                                      (12) 

 

 

 

The state trajectories with signum function is shown in Fig (4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Saturation Function Instead of Signum Function 
 

 To eliminate the chattering phenomenon caused by the signum function, Saturation function 

is used. This method is called SMC with boundary layer (BL). For each link, define thin boundary 

layers (BL) neighboring the sliding surfaces [12]. 

      0},),(,{)(  iiiii tqSqtB    i = 1, 2, 3…                                  (13) 

 

sgn(S) = 

-1    if   S < 0 

+1    if   S > 0 

S(t) = Ce + e
•
 = 0 

Fig (4) State trajectories with signum function [6] 
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Where ),( tqSi is the distance between state ie  and sliding surface iS , i  is the boundary layer 

thickness and, as illustrated in Fig. (5) for i=1 in the error phase space. To remedy the control 

discontinuity in the boundary layer, the signum function ( )sgn(s ) is replaced by a saturation 

function of the form [16,10]. 
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)(  i = 1, 2, 3…                                  (14) 

 

   

 

 

 

 

 

 

 

 

 

 

However, the system state with this control law is uniform ultimate bounded with respect to 

a small neighborhood of the origin Fig (6) [17]. Let iii C  1 , ,....3,2,1i   be the boundary layer 

width. As shown in [18], the tracking errors exist within a guaranteed precision i . Therefore, the 

larger the boundary layers the smaller the control chattering and the greater the tracking errors [10]. 
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Fig (5) The sliding surface and the boundary layer [9]. 

Φ 

S(t) = Ce + e
•
 = 0 

 

e
• 

e 

Fig (6) State trajectories with saturation function [17]. 
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SIMULATIONS 
 

Induction machines models are often ill – defined. Even if the machine model is well 

known, there may be a parameter variation problem. The d-q machine model discussed before was 

multivariable, complex, and nonlinear. Vector or Field Oriented Control of a drive can overcome 

this problem, but accurate vector control is nearly impossible. To overcome such problems Sliding 

Mode with boundary layer technique was used. The overall Simulink block diagram of the Vector 

Control of a three phase induction motor is shown in Fig. (7), which are taken from the MATLAB 

program. 

 

The Field Oriented Control (FOC) makes the rotor shaft to follow or track the input 

reference speed (ω
*
). The command speed signal subtracted from the measured rotor speed and 

generates the error signal. The error generated is then fed into a speed controller block. The speed 

controller block is either a Proportional Integral (PI) controller or a Sliding Mode Controller with 

Boundary Layer (SMC-BL) that generates a torque command (Te
*
). This torque command is used to 

set the electromagnetic torque induced within the induction motor by calculating an appropriate iqs
*
 

command based on the generated Te
*
 signal according to Equation (8), and the flux will be 

computed from the resulting direct component of stator current (ids), and the flux is assumed to be 

constant when the motor is operated below and beyond the rated speed, and the flux-speed product 

is held constant. Inside the (FOC) block calculations are made and the reference direct and 

quadrature components of the stator current (ids
*
, iqs

*
) are generated. These two components are fed 

to the (dq to abc) conversion block to generate the three phase reference currents (Iabc
*
). These are 

then compared with the actual measured currents (Iabc) in the hysteresis band current regulator block 

to generate the pulses to feed the current source PWM inverter. The latter produces the driving 

power for a ( 50 Hp, 460 V, 60 Hz, 4 poles ) three phase induction motor as shown in Fig. (8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (7) Overall control system [MATLAB]. 
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SMC-BL Speed Controller Tuning 

  

The control law of this controller is given as in equation (14): 
 

Usmc= K sat (S)   
 

Where  















Sif

S

SifS

Ssat
,

),sgn(

)(                  and             eCetS )(  

 

Controller parameters (K, C, and Φ) chosen should be made very carefully to satisfy the 

desired speed response without affecting the overall behavior of the system. Every parameter has 

specific effects on some region of the overall response. Where the gain (K) affects the initial 

starting point of the controlled variable, also it affects the transient response for the controlled 

system. The gain (C) affects the transient response and the steady state error, while the (Φ) 

parameter is used to eliminate the chattering phenomena. 

For the controlled system (FOC-IM), if the value of (K) is small then the initial value of the 

electromagnetic torque (Te) will be small. Then the transient response of the speed curve will be 

slow and it takes large time to reach steady state region, and vise versa as shown in Figures.(9, 10). 

If the value of (C) is small then the transient response of the speed curve will be slow and the steady 

state error will be large, and vise versa as shown in Figures.(11, 12). It should be noticed that there 

is a limit for increasing the values of (K, C) because it will no more affects the transient response 

but only increases the drawn currents and the electromagnetic torque at the instant of speed or 

torque changes during motor working.  

Fig (8) Inside field oriented control block [MATLAB].  
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 The boundary layer (Φ) is used to eliminate the chattering, so it should be chosen small. If the 

boundary layer is very small then under some operating conditions chattering may re-occur. Alternatively, if 

the boundary layer is chosen large then chattering is completely eliminated. However, a large boundary layer 

results in slow system response and therefore degrades the dynamic performance of the system. 

All the above tests are made on ω*=120 rad/sec, then the following values of the controller 

parameters are chosen to satisfy the desired speed response without affecting the overall behavior of the 

system: 

K = 300,  C = 18,  Φ = 2 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               (a) K =270                              (b) K= 300                            (c) K= 330 

      Fig (9) Speed response at ω*=120 rad/sec with load step changes, at (t=3sec) from (0-200 N.m) 

         and at (t=5sec) from (200-100 N.m). 

 

              (a) K =270                              (b) K= 300                            (c) K= 330 

Fig (10) Speed response at (200 N.m) load with speed step changes, at (t=4sec) from (120-160 rad/sec) and at 

(t=5sec) from (160-120 rad/sec). 
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                 (a) C =5                           (b) C= 10                                       (c) C= 20 

Fig (11) Speed response at ω*=120 rad/sec with load step changes at (t=2sec) from (0-200 N.m) 

         and at (t=4sec) from (200-100 N.m). 

 

 

                           (a) C =5                                     (b) C= 10                                  (c) C= 20 

 Fig (12) Speed response at (200 N.m) load with speed step changes, at (t=3sec) from (120-150 rad/sec) and 

at (t=5sec) from (150-120 rad/sec). 
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RESULTS 
 

In this section the results of simulation of sliding mode controller with boundary layer 

(SMC-BL) based on rotor field orientation induction motor drive are presented and discussed, also 

the results of simulation of conventional proportional integral (PI) controller for the same induction 

motor are presented and compared with the results of (SMC-BL) system from the point of view of 

speed tracking and load disturbance rejection on system response. 

The simulation results will consist of two parts. The first part will show the System performance 

under no load. The second part will show the System performance under load. The parameters of 

the induction motor are listed in table (1):  
 

             Table (1) Parameters of induction motor. 

 

Motor Power 50Hp 

Frequency 60 Hz 

Number of Poles 4 

Volts 460 V 

Stator resistance ( Rs ) 0.087 Ω 

Rotor resistance ( Rr ) 0.228 Ω 

Stator inductance ( Ls) 0.8 mh 

Rotor inductance ( Lr) 0.8 mh 

Magnetizing inductance ( Lm)  34.7 mh 

Friction constant ( F ) 0.1 N.m.s 

Moment of inertia ( J ) 1.662 Kg.m
2
 

 

System Performance under No Load Conditions 

 

Fig. (13) and Fig. (14) show the speed tracking performance under no load for two rated 

speeds (120 rad/sec), (30 rad/sec) respectively for both (SMC-BL) system and (PI) system. The 

motor speed (ωr) tracks the reference model output (SMC-BL) system without overshoot, and the 

amount of torque ripple is much less than that of the (PI) system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             (a) PI                                     (b) SMC-BL  

Fig (13) Speed response at ω
*
=120 rad/sec with no load 
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Fig.(15) and Fig.(16) represent the speed response for step changes of speed of the (SMC-

BL) and (PI) control system for two rated speeds (120 rad/sec), (30 rad/sec) respectively. The motor 

speed (ωr) tracks the reference step change model output (SMC-BL) system without overshoot and 

the amount of torque ripple is much less than that of the (PI) system and the speed response for the 

(SMC-BL) is smoother and faster than the (PI) system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          (a) PI                                         (b) SMC-BL 

Fig (14) Speed response at ω
*
=30 rad/sec with no load 

                                    (a) PI                                     (b) SMC-BL  

Fig (15) Speed response at no load with speed step changes, at (t=4sec) from (120-150 rad/sec) and at 

(t=7sec) from (150-120 rad/sec). 
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Fig.(17) and Fig.(18) represent the speed response for forward and reverse rotating of speed 

of the (SMC-BL) and (PI) control system for two rated speeds (120 rad/sec), (30 rad/sec) 

respectively. The motor speed (ωr) tracks the reference step change for both forward and reverse 

rotating case for the (SMC-BL) system without overshoot and the amount of torque ripple is much 

less than that of the (PI) system and the speed response for the (SMC-BL) is smoother and faster 

than the (PI) system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                        (a) PI                                         (b) SMC-BL  

Fig (16) Speed response at no load with speed step changes, at (t=4sec) from (30-50 rad/sec) and at 

(t=7sec) from (50-30 rad/sec). 

 

 

                                     (a) PI                                      (b) SMC-BL  

Fig (17) Speed response at no load with forward and reverse speed changes, at (t=4sec)  

from (120 to -120 rad/sec) and at (t=7sec) from (-120 to 120 rad/sec). 
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System Performance under Load Conditions 
 
 

 Fig.(19) and Fig.(20) show the speed response for both (SMC-BL) system and (PI) system 

for two rated speeds (120 rad/sec), (30 rad/sec) respectively, when a set value of 200 N.m load is 

applied at starting. The motor speed (ωr) tracks the reference model output (SMC-BL) system faster 

and without overshoot, and the amount of torque ripple at the steady state is much less than that of 

the (PI) system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

                                   (a) PI                                      (b) SMC-BL  

Fig (18) Speed response at no load with forward and reverse speed changes, at (t=4sec)  

from (30 to -30 rad/sec) and at (t=7sec) from (-30 to 30 rad/sec). 

 

                                    (a) PI                                     (b) SMC-BL  

Fig (19) Speed response at ω
*
=120 rad/sec and constant load of 200N.m 
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Fig.(21) and (22) represent the speed response for step changes of load of the (SMC-BL) 

and (PI) control system for two speeds (120 rad/sec), (30 rad/sec) respectively. No dip or jump 

appears in the speed responses at the instant of applying or removing the load for the (SMC-BL) 

system and also the amount of torque ripple is much less than that of the (PI) system for the two 

rated speeds, and its obvious that the stator currents (Iabc) are increased when the load is applied, 

and the speed response for the (SMC-BL) is smoother and faster than the (PI) system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

                                    (a) PI                                    (b) SMC-BL  

Fig (20) Speed response at ω
*
=30 rad/sec and constant load of 200N.m 

 

                                   (a) PI                                    (b) SMC-BL  

Fig (21) Speed response at ω
*
=120 rad/sec with load step changes, at (t=3sec) from (0-200 N.m) 

         and at (t=6sec) from (200-100 N.m) and at (t=9sec) from (100-200 N.m). 

. 
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CONCLOSIONS 

 

Based on simulation results, the following aspects are concluded: 

* The speed of the induction motor using the (SMC-BL) speed controller track the reference 

model output with zero steady state error and faster with no overshoot for different speeds, 

while the (PI) controller needs to be tuned for different speeds to insure the stability and good 

speed response. 

* The (SMC-BL) system is more robust than the conventional system when the load disturbance 

occurs. 

* The control techniques studied are very suitable for real time implementation due to their 

simplicity, robustness and ease of tuning. 
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List of symbols: 

 

e : Tracking error. 

e : Time derivatives of the state tracking errors. 

F : Friction constant (N.m.s) 

iqs , ids : q and d axis  stator current (A). 

iqr , idr : q  and  d axis  rotor current (A). 

Ia : Armature current (A). 

If : Field current (A). 

J : Moment of inertia (Kg.m
2
) 

Lm : Magnetizing inductance (H). 

Lr : Rotor inductance (H). 

Ls : Stator inductance (H). 

P : Number of machine poles 

Rr : Rotor resistance ( Ω ) 

Rs : Stator resistance ( Ω ) 

S(t) : Time-varying sliding surface. 

S : First time-derivative of the sliding surface. 

),( tqS
i

 : Distance between state 
i

e  and sliding surface
i

S . 

Te : Electromagnetic Torque (N.m ) 
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TL : Load torque ( N.m ) 

vdr , vqr : d and q axis  rotor voltage (V). 

vds , vqs : d and q axis  stator voltage (V). 

V : Lyapunov function. 

s
 : Stator flux (Wb.Turn). 

r
 : Rotor flux (Wb.Turn). 

m
 : Air gap flux (Wb.Turn). 

qr, dr : q and  d axis  rotor flux linkage (Wb.Turn). 

qs, ds : q and d axis  stator flux linkage (Wb.Turn). 

e : Angle between stator and rotor axes (rad). 

r : Rotor position ( rad ) 

sl : Slip angle (rad). 

r : Angular rotor speed (electrical rad/sec). 

ref : Desired speed (electrical rad/sec). 

b : Angular Base frequency (electrical rad/sec). 

e : Angular synchronous speed (electrical rad/sec). 

sl : Slip frequency (electrical rad/sec). 

i
 : Boundary layer thickness. 

i
 : Boundary layer width. 
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CONSOLIDATED SILTY CLAY SOILS AND CONCRETE 
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ABSTRACT 

 Up to date, in many foundation design problems (especially for piles foundation), the shear 

strength (skin friction) between soil and construction materials of the foundation was usually 

estimated or correlated without any direct methods for measurement. 

The modern trend is to establish skin friction coefficients through laboratory experiments in 

which the factors influencing the results may be controlled quantitatively. 

 In this study strain controlled Direct Shear Tests were performed using shear to simulate the 

shear behavior area between   concrete (foundation materials) and   undisturbed over consolidated 

silty clay, to determine the shear strength of soil – foundation interface, considering the following 

variables   : (1) Concrete, smooth surface condition, (2) Undisturbed over consolidated silty clay, 

(3) Variation of the normal load between the friction surface.  The tests conveniently revealed   both 

shear strength parameters as for soil test (cohesion and angle of internal friction), and interface 

angle of friction was in the range of 14° to 17°, while the adhesion was in the range of   13 to 16 

kPa.           

The ultimate shear strength was mobilized through 4 to 7 mm displacement in the direction of 

shear   slip; this was a great advantage of Direct Shear Test performance. 

 

KEYWORDS 

 undisturbed, over-consolidated, silty clay soils, soil-concrete interaction, skin friction, direct 

shear test. 

  

 الخلاصه

اا ٍ  ه خب ياا  فا  صشساا   )صحخكاك صلخوااا  هااْصا صشًءاا هعااهتث هااّهاات صلاان اااري صلخ ااَ ّ  غالباا  هاا حخااخ    ااانّى قا ب هباه 

 .للحخاب

َ صلخ  يوكي ختلِا صلخرط ٍ علا  صلرا ّو ّصلوعااهتث صلوا   ٍ يورل صلخْحَ صلحنيث شسخ  ص  هعاهل صلخوا  هي حجارب ه خب ي

                                                                                                                                                          علرِا.

اااري  لوحاكاااة حفاا و صلااان  صلوباهاا  هخارط  صشًلعاااص فاا  لااٌنّب صلاان  أج يااج هجوْعاَ هااي حجااارب صلااانفا  ُاااص صلبحااث 

أخاايي    ا.أج ياج صلخجااربوِصل  ساًَ )هْصا صشسا  ّح اَ قرٌرَ غ يٌبَ هخباَ صشًضوام غر  هءْهَ لحخاب هااّهَ صلاان ارٌ

  حغراّ  3صشًرواام غرا  هءْهاَ )   ح ااَ قرٌراَ غ يٌراَ هخابا2َ خ سااًَ ًاعواَ صلخاط  )1اٌر  صشعخبار صلوخغرا صث ّصلرا ّو )

)صلختلا   صلحول صلعوْاي عل سط  صلخوا .عكخج صشخخبارصث اءاكل أعخراااي هعااهتث صلاان كواا فا  حجاارب صلخ ااَ صلطبرعراَ

 11 – 13ألخفاااب احاانّا ارٌوااا   ° 11 - °14ضااوي صلحاانّا اااري  كاًااج زصّياات صحخكاااك صلخوااا  ,ّّزصّياات صشحخكاااك صلاانصخل  

 كرلْااسكاص .

ٍ  ُ  فائنة كبر ٍ هي صسخ نصم  هاتّ اأحجاٍ أزصحَ هلن 1 -4هااّهت صلان صلعرو  للخوا  هي  حأُبت صخخبار هااّهَ صلان   صلان . ُا

   صلوباه  .    
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INTRODUCTION 

In the field of geotechnical engineering, it's well known that the designs of piles foundation   

depend upon end bearing and /or skin friction between the piles and soil. There are various ways to 

determine the pile capacity and most of them rely on full scale field tests using full size piles, but 

such tests are expensive and the results may apply only to the site where the test was performed. 

The value of skin friction factor to use in determining the load capacity of piles is a subject of much 

debate and testing (Budhu, M. 2000). 

The soil parameters needed for static analysis of single and group piles capacity   consist of 

the angle of internal friction υ and the cohesion   c. The strength parameters have been determined 

from laboratory triaxial tests on undisturbed samples with experience used to extrapolate this data 

to obtain the design parameters. Also , they  used in situ parameters of cone penetration test or 

pressure meter test and probably most pile design still relies heavily on standard penetration test N 

values in sand and field tests  for shear strength in cohesive soil deposits (Bowles, J.E. 1988). 

Many geotechnical problems involve estimation of stresses transferred along the interface 

between soils and solid surfaces. While considerable work have been done on the interfacial friction 

between cohesion-less soils (sands) and solid surfaces. The interfacial shear resistance between fine 

grained soils and solid surfaces depends on whether its mobilization takes place in the drained or in 

the undrained condition. Also most of these studies are on normally consolidated soils, the 

influence of over- consolidated soils has received little attention (Acar et. al 1982, Ampera, B. and 

Aydogmus, T. 2005)   

The objective of this study is to use the Direct Shear Test Box to study interface friction and 

adhesive between undisturbed over consolidated clay soil and foundation material.   

 

TEST PROGRAM 

The test program consists of 12 Direct Shear Test on specimens of cohesive silty clay soil and 

concrete slice (foundation materials). The soil is placed in the bottom part of the Direct Shear Test 

Box and the concrete slice placed above it (in the top part of the box) as shown in Fig.1. Test series 

(S1 – S5) were performed on five undisturbed cohesive silty clay soils, a total of twelve Direct 

Shear Tests were carried out. 

These 12 tests were conducted in such away that in the first six tests the rate of strain was 

higher than the second group, in addition to, the natural properties difference of the tested soils. 

Table 2 shows the details information of the test series performed. 

Its worth to mention, that all the soil series   properties and characteristics physically and 

chemically, also the field work were carried out in accordance with (ASTM standards D 3080). 

Table 1 presents the properties of tested soil. 

 

SAMPLE PREPARATION 

To prepare the test sample, for the direct shear test, the soil  part of the specimen was 

undisturbed cohesive silty clay soil extracted directly from Shelby tube (Five undisturbed samples 

obtained from various locations in Babil governorate, 110 km south of Baghdad, were used in this 

work. It was extracted from different depths. The boring equipment used in carrying out the field 

work was rotary drills rigs, with the use of thin wall tube samplers Shelby tube for taking 

undisturbed samples .The disturbed samples were obtained, to determine the classification of soils, 

the samples that secured by the Standard Split Spoon Sampler were also used as disturbed samples, 

the water table was found at the time of boring be 3-4 m deep) using hollow box cutter sampler (6 × 

6× 2 cm) specified for Direct Shear Test.  The other part was a slice of concrete cube which was 
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cast using job mix (1:1.5:3) and cured for 28 days. Then the soil pushed to the bottom half of the 

Direct Shear Box before tighten the two halves of box. Later the concrete slice (foundation 

material) was put in the upper half of the Shear Box, as shown in Fig. 1. Finally the test was 

conducted in the usual manner (Das, B. M. 2002, and Lambe, T. W., 2000). 

  Slices of concrete cubes made to fit the Shear Box device dimension by making   projection 

of 6 mm in the direction of applied shear and less than 1 mm in the opposite direction. The detailed 

characteristics of these soil samples are presented in Table 1. Note that the soils are denoted by 

series symbols (S1 – S5). 

 

DIRECT SHEAR TEST 

A conventional strain controlled Direct Shear Box machine with specimen dimensions of 

(6×6×2 cm) was used. Series of shear strength test on 12 samples were conducted in such away that 

the soil is placed in the bottom part of the Direct Shear Box and the   concrete (foundation material) 

is placed above it, i.e. in the top part of the box. The test were carried out at two constant rate of 

strain 1.2 mm/min and 0.3 mm/min. 

The tests were carried out in soaked condition using normal pressure ranging from 26.2 kPa to 

349 kPa, as illustrated in Table 2. 

Typical results of sample number five are shown in Fig. 2. 

 

RESULTS AND DISCUSSION 

Fig. 2, shows the results of Direct Shear Test between a cohesive soil and concrete 

(foundation material) in soaked condition at a stain rate of 1.2 mm/min.  The ultimate shear strength 

was mobilized at about 10 % strain of sample dimension. 

Fig. 3 and Fig. 4, illustrates the results between shear stress and normal stress for the first six 

specimens, the results show a friction angle and adhesion between the tested soil and concrete. The 

adhesion achieved from the cohesion properties of soil and angle of friction (interface friction) 

obtained from rough surface of concrete (foundation material).  

Comparison of results of Fig. 3 and Fig. 4 with the results shown in Fig. 5 and Fig. 6 

indicates that testes at lower rate of strain i. e 0.3 mm/min had increased the adhesion and decreased 

the angle of internal friction slightly. This is due to the low applied strain that permits the soil to 

consolidate and to increase the contact area with the concrete face. The shear strength along the 

surface of contact of the soil and the foundation can be given as in eq. (1):- 

 

τf =  ca′  + σ′ tan δ′                                                                                 (1) 

 

Where   τf       = Shear strength between the two different material. 

             ca′    = Adhesive. 

             σ′     = Effective normal stress.    

             δ′      = Effective angle of friction between the soil and the foundation material. 

 

The shear strength parameters between a soil and a foundation material can be conveniently 

determined by a Direct Shear Test. The Direct Shear Test is simple to perform, but it has some 

inherent shortcoming .The reliability of the results may be questioned because the soil is not 

allowed to fail along the weakest plane but is forced to fail along the plane of split of the shear. This 

shortcoming is related to the original test for soil only to determine their strength parameters. 

Despite of this shortcoming, this is a great advantage of the Direct Shear Test; where the shear 

strength between the soil and the foundation material can be obtain during ordinary site 

investigation for pile foundation construction. 
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CONCLUSIONS 

This paper has presented the results of an experimental work on five different soil samples   

used as underneath soil for construction site. From the results of this work, the following 

conclusions can be warranted: 

1. Interface friction angle of undisturbed cohesive soil- concrete (foundation material) can be 

determined using Direct Shear Test. This is a great advantage of the test.   

2. The shear strength between undisturbed cohesive soils – concrete (foundation material) is 

mobilized at a 10 % strain of sample towards the shear direction that is about 4 – 7 mm 

horizontal displacement or slip. 

3. The shear strength between undisturbed cohesive soils – concrete (foundation material) 

consisted of adhesion and interface angle of friction. 

4. Normal pressure is the most effective parameter on the shear between the soil and concrete. 

5. It's preferable to use this test with other tests to estimate the pile load capacity or the length 

of pile proposed. 

6. It's recommended to do this work again, but with either   foundation material and other 

undisturbed soils type or remolded disturbed soils.  
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Table 1 – Properties of Tested Soils 

 

Soil 
Series 

 

Depth 
(m.) 

 

Sample 
No. 

 

Consistency 

Limits Natural 

Water 

Content 
(%) 

Dry Density 

kN/m3)  

Specific 
Gravity 

Gs 

Consolidation 

Test 
Sieve 

Analysis 
% 

Passing 

No. 200 

Soil 

Type 
Strength SPT 

Chemical Tests 

Liquid 

Limit LL 

(%) 

Plasticit

y Index 

PI (%) 

Natural 

Void 
Ratio 

eo 

 

 

P′ c 

Comp. 

Index 
 

cc 

Reboun

d Index 
 

cr 

Organic 

Matter 

(%) 

Soluble 

Salts   

(%) 

S1 2.0-3.0 
1 

40 18 17.2 15.7 2.69 0.739 120 0.18 0.031 97.4 CL 
Med. 

To Stiff 
14 8 1 

2 

S2 2.5-3.0 
3 

55 28 24.6 15.2 2.71 0.835 90 0.19 0.034 98.3 CH 
Med. 

To Stiff 
18 20 1 

4 

S3 3.0-4.0 
5 

48 25 27.2 13.9 2.69 0.851 85 0.16 0.031 96.3 CL 
Med. 

To Stiff 
16 11 1 

6 

S4 2.0-3.0 

7 

44 21 21.5 15.4 2.68 0.824 95 0.14 0.026 85.5 CL 
Med. 

To Stiff 
12 6 0.5 8 

9 

S5 5.5-6.5 

10 

43 23 25.9 14.4 2.68 0.788 125 0.17 0.031 97.0 CL 
Med. 

To Stiff 
23 × × 11 

12 

   Not tested × 

 

 

 

Table 2 – Details of Test Series Performed 

 

Soil 

Series 

Sample 

No. 

Normal Stress (kPa) 
Rate of 
Strain 

(mm/min) 

After Test Interface Strength 

1 2 3 
Water 

Content (%) 

Dry Density 

(kN/m3) 

Adhesion C 

(kPa) 

Angle of 
interface 

friction Φ (°) 

S1 
1 41.9 71.0 129.3 1.20 26.3 15.4 36.13 14.86 

2 41.9 71.0  129.3 1.20 28.1 14.9 13.2 17.43 

S2 
3 41.9 71.0 129.3 1.20 25.20 15.0 16.35 10.5 

4 45 76.4 139 1.20 23.0 15.6 5.15 17.9 

S3 
5 45 76.4 139 1.20 29.0 14.3 4.0 18.53 

6 45 76.4 139 1.20 24.0 14.9 5.2 17.6 

S4 

7 45 76.4 139 0.30 24.2 15.6 12.93 16.4 

8 114 192.4 349 0.30 × × 39.85 13.4 

9 114 192.4 349     0.30 × × 21.49 15.10 

S5 

10 114 192.4 349 0.30 26.7 16.0 24.13 15.4 

11 114 192.4 349 0.30 × × 45.8 8.3 

12 26.2 40.8 70 0.30 × × 3.1 13.6 

 Not tested × 
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Fig. 1 Direct Shear Test to Determine Adhesion and Interface Friction Angle of Cohesive Clay 

– Concrete 
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Fig. 2 Results of Direct Shear Test for Sample Number 5 
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Fig. 3 Results of Direct Shear Test of over Consolidated Clay Soil-Precast Concrete in 

undrained Condition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Determination of Skin Friction of over Consolidated Clay – Precast Concrete in 

undrained Condition 
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Fig. 5 Results of Direct Shear Test of over Consolidated Clay Soil-Precast Concrete in 

undrained Condition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Determination of Skin Friction of over Consolidated Clay – Precast Concrete in 

undrained Condition 
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ABSTRACT                
A series of laboratory tests were carried out on disturbed soil samples containing different 

gypsum contents. The soil samples were obtained from al-Jazeera south-west of Iraq. Tests were 

performed to obtain the physical and mechanical properties of the soil. In addition; permeability-

leaching tests were conducted by using oedometer and large-scale Rowe cell apparatus to obtain the 

variation of the coefficient of permeability, dissolved gypsum and leaching strain with time. All 

samples were tested under similar conditions, e.g. the hydraulic gradient, vertical stress and 

leaching period. The soil samples designated N1, N2, and N3 are obtained from depths (0.5-0.75), 

(1.0-1.25), and (3.25-3.5) m and having gypsum content (31.43), (51.37), and (4.86) percentage 

respectively. Results of experimental work show that the coefficient of permeability, the 

percentages of dissolved gypsum and leaching strain measured from the oedometer test are higher 

than that measured from large-scale Rowe cell test for the same soil sample. The gypseous soil with 

higher gypsum content exhibited significant amount of leaching strain. 

 

 الخلاصة
ت فحوص عهغهت يٍ اجري حى انحصىل   .يٍ انخشبت راث يحخىي جبغٍ يخخهف يشىشت انًخخبشَت عهً عُُاث ال

ناتعهٍ ي ع هخىاص انفُضَاوَت وانًُكاَُكُت نعُُاث انفحىص انشئُغُت نحى اجشاء غشب انعشاق. -يٍ يُطقت انجضَشة جُىب ال

ص فٍ حفغُش حصشف انخشبت إثُاء عًهُت غغم الأيلاح انقابهت نهزوباٌ يٍ انخشبت نغشض حصُُفها والاعخفادة يٍ َخائج هزِ انفحى

انغغم باعخخذاو جهاص الاودَىيُخش وخهُت سو راث انقُاط انكبُش نغشض حغاب -بالإضافت إنً رنك حى أجشاء فحض انُفارَتانخشبت. 

الإجهاد  يٍع انعُُاث ححج َفظ انظشوف َغبت انجبظ انًزاب واَفعال انغغم يع انضيٍ. حى فحض جًُوحغُُش يعايم انُفارَت 

  3Nو 2Nو 1Nوحى حشقًُها  الاَحذاس انهُذسونُكٍ وفخشة انغغم. اعخخذيج ثلاثت عُُاث يٍ انخشبت فٍ هزِ انفحىصوانعًىدٌ 

 4.86)( و )51.37(, )31.43( يخش وراث يحخىي جبغٍ )3.25 -3.5( و )1.7-1.25(, )7.5-7.75يٍ الأعًاق ) وانًغخخشجت

َغبت انجبظ انًزاب واَفعال انغغم انخٍ حى انحصىل عهُها يٍ فحض الاودَىيُخش هٍ وعهً انخىانٍ. إٌ يعايم انُفارَت  ائتبانً

  هزا واٌ الاَفعال بانغغم كبُش فٍ انخشبت راث انًحخىي انجبغٍ انعانٍ.  أعهً يٍ حهك انخٍ حى انحصىل عهُها يٍ فحض خهُت سو.

 

KEY WORDS 
Gypseous soil, Dissolution, Leaching, Gypsum, and Experimental Work. 

                                                             
INTRODUCTION 

Gypseous soil appear to be strong, stable in their natural dry state, weak and collapsible under 

wetting generating large amount of settlement. The main cause of settlement is the dissolution of 

gypsum under wetting. The gypseous soil forms approximately (27-36) percentage of Iraqi soils 

(Al-Kaabi, 2007). Nashat (1990) studied the influence of soaking on the compressibility and 
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strength of gypseous soil. He concluded that soaking and leaching of gypsum leads to large 

reduction in undrained shear strength. Ismael (1993) carried out laboratory and field tests on a 

gypsiferous sandy silt soil. The results of tests indicate that leaching increases the permeability, 

void ratio, and compressibility. Al-Ani and Seleam (1993) studied the effects of initial water 

content and soaking pressure on the geotechnical properties of gypseous soils. They concluded that 

the increase in initial water content leads to decrease the collapse potential, the volumetric strain, 

and the compression index. Ismael and Mollah (1998) studied the effect of leaching on the 

properties of cemented sand deposits (natural and leached soil specimens). The results of tests 

indicate to an increase in the compressibility due to leaching. Al-Busoda (1999) studied the effect 

of leaching on the geotechnical properties of gypseous soil experimentally. The results indicate that 

2.5% of dehydrate calcium chloride decreased the coefficient of permeability and the percentage of 

dissolved gypsum better than 5%. Al-Qaisee (2001) studied the behavior of gypseous soils under 

different preconsolidation pressures and different periods of soaking; also the collapse of soil during 

leaching using the oedometer permeability-leaching test. The test results indicate that void ratio 

remains constant with time for normally consolidated specimens and increases for overconsolidated 

specimens. Al-Rawi (2003) studied the effects of long-term soaking on the engineering properties 

of gypseous soil. The results obtained show that increasing the soaking period for both flowing and 

stable water basins decreases the percentage amount of gypsum, which remains stable in the case of 

gypsum saturated water basin. Mahdi (2004) conducted a non-standard field plate loading tests in 

six selected locations of gypseous soils. The soil was tested in its natural moisture content and after 

complete soaking with water. The results of tests indicated that soaking decreases the values of 

stiffness module, which causes an increase in settlement. Al-Obaidi (2007) investigated the 

leaching behavior of gypsiferous soils by using permeability-leaching oedometer test.    

 

EXPERIMENTAL WORK  

The samples were extracted by using handle excavation, with helping of a shovel, then labeled 

and encased in nylon cases. The laboratory tests were carried out according to the program given in 

Fig. 1. Note you have to omit Shear strength test and the direct shear test from Testing Program. 

 

 

 

 

              

 

 

 

 

 

  

 

 

 

 

 

 

                                      Fig. 1: Program of Testing. 
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CLASSIFICATION TESTS  

Soil samples were classified according to the American Society for Testing and Materials 

(ASTM) specifications and British Standards (BS).  

 

Particles-Size Distribution 

The presence of gypsum in soil sample affects the results of particle-size distribution due to 

the cementation of soil particles by gypsum and its dissolution in water. Accordingly, modifications 

in some details of test procedure are needed to take care of the presence of gypsum in soil. 

The particle-size distribution of different samples has been tested according to the standard 

method ASTM 422-79 (dry sieving) and by using kerosene as non-polar solvent (wet sieving). The 

wet sieving method involved washing the soil samples upon sieve No.200. The fraction of soil 

sample retained on sieve No.200 is oven dried at 45ºC and then analyzed using dry sieving. The 

results of particle-size distribution of the soil samples are given in Table 1 and Fig. 2. 

 

Table 1: Classification of Soil Samples.  

Sample No. USCS 

N1 Poorly graded sand with gravel (SP) 

N2 Poorly graded sand with gravel (SP) 

N3 Poorly graded sand (SP) 

 

Gypsum Content 

The gypsum content of the soil samples was calculated by using the method proposed by Al-

Mufty and Nashat (2000). In this method, the gypsum content was calculated according to the 

following formula: 

 

                                                100*
36

18136
*

45,

45,

. 24


 




Cs

dCs

oHCaSo
o

o

W

WW
                                         (1)  

 

                                                                 
dCs
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45,

45,
)(2

                                                          (2) 

 

Where χ is the gypsum content; ε is the number of hydration water molecules in the hydrated   

calcium sulfate molecules; Ws,45
o
C  is the weight of soil sample oven dried after 24 hours at 45ºC; 

W 's,45
o
C  is the weight of soil sample after being flooded by distilled water and oven dried at 45ºC 

after 24 hours and Wd is the weight of soil sample oven dried at 105ºC after 24 hours. 

The results of gypsum content tests are given in Table 2. The distribution of gypsum in the 

tested sandy soil samples is present in the form of coarse inclusions. 

 

   Table 2: Gypsum Content of the Soil Samples. 

Sample No. Gypsum Content % 

N1 31.43 

N2 51.37 

N3 4.86 
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Specific Gravity 

The specific gravity of the tested samples was determined according to the BS 1377:1975, 

Test 6 (B). Kerosene was used instead of water to avoid solving of gypsum (Head,1984). The test 

results indicate that the specific gravity decreases with the increase of gypsum in the soil sample 

due to the low specific gravity of gypsum. The specific gravity of gypsum is 2.32.  
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          Sample N3 

Fig. 2: Particle-Size Distribution Curves of Soil Samples. 

 

Atterberg Limits 

Atterberg limits (liquid and plastic) were measured according to the BS 1377: 1975. The 

liquid limit was carried out according to test 2(A) using the cone penetrometer method on soil 

passing sieve No.40. The plastic limit was carried out according to test 3. To prevent the loss of the 

water of crystallization, the drying temperature must not exceed 80
o
C (Head,1984).  

   

Dry Unit Weight 

The minimum dry unit weight of the tested soil samples was determined according to the test 

described by Head (1984). It is widely accepted as a standard test for sandy soils. The maximum 

dry unit weight was determined according to ASTM D2049-64T (Bowles,1986). The tests results of 

Atterberg limits, Specific gravity, Dry unit weights, and Gypsum content are given in Table 3.  

 

Table 3: Physical Properties of the Soil Samples.  

Sample 

No. 

Liquid 

Limit 

L.L (%) 

Plastic 

Limit  

P.L (% ) 

Initial 

Void 

Ratio eo 

Specific 

Gravity 

Gs 

Minimum dry 

Unit Weight  
(kN/m

3
) 

Maximum dry 

Unit Weight  
(kN/m

3
)  

N1 29 NP 0.77 2.44 12.2 14.87 

N2 45 NP 0.93 2.42 10.87 13.71 

N3 25 NP 0.61 2.49 14.29 15.99 

 

Chemical Tests 

The chemical composition of the tested soil samples was calculated from several chemical 

tests. The results of chemical tests are given in Table 4.  

Table 4: Results of Chemical Tests. 

Sample 

No. 

TSS  

% 

SO3 

 % 

CaO   

% 

Cl
-1    

 

% 

pH  

                           

N1 32.43 17.15 10.37 0.09 7.7 

N2 52.64 29.1 16.75 0.09 7.7 

N3 5.07 2.79 1.71 0.18 8.3 
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X-Ray Diffraction Test 

X-ray diffraction test was carried out primarily to identify the mineral phases (classification 

of soil minerals into clay minerals and non-clay minerals). These tests indicate that non-clay 

minerals predominantly consist of quartz and gypsum while the clay minerals predominantly 

consist of palygorskite and mica. The results of x-ray diffraction tests are given in Table 5.  

 

Table 5: Results of X-Ray Diffraction Tests. 

Sample 

No. 

X-Ray Diffraction 

Non-Clay Minerals Clay Minerals 

N1 Quartz, Gypsum, Calcite, 

Dolomite and Hematite 

Palygorskite, Mica and Kaolinite 

N2 Quartz, Gypsum, Feldspar and 

Dolomite 

Palygorskite, Mica, Montmorillonite and Kaolinite 

N3 Quartz and Gypsum Palygorskite, Mica, Montmorillonite and Kaolinite 

 

 

REMARKS ON SOIL PROPERTIES  

The classification tests provide a reliable indication about the engineering characteristics of 

the soil. The particle-size distribution was found to be relevant in the engineering classification of 

most soils. In addition to the initial gypsum content, the chemical composition of gypsum and the 

distribution of the gypsum in the soil has significant role in the classification of gypseous soils. 

There is a small difference between the dry and the wet methods of particle-size distribution 

of the soil sample as shown in Fig. 2. This difference results from washing the soil by kerosene on 

sieve No.200. The washing reduces the sharp edges of the soil particles and destruction some of the 

particles cementation resulting from the presence of minerals that dissolve in kerosene. 

Atterberg limits play an important role in the classification of cohesive soils, which affect on 

the scale of magnitude of their many properties such as compressibility, permeability, and strength. 

The liquid limit increased with increasing the initial gypsum content as shown in Table 3. The 

presence of gypsum in the soil reduces the importance of Atterberg limits effects on the soil 

properties. The specific gravity is decreases with increasing the initial gypsum content as shown in 

Table 3 due to the lower specific gravity of gypsum, which is equal to 2.3.  

 

LEACHING TESTS  

A series of permeability-leaching tests conducted on samples of different gypsum contents by 

using the permeability-consolidation cell and large-scale Rowe cell. The tests were performed under 

similar conditions such as vertical stress, hydraulic gradient and leaching period. The hydraulic 

gradient was chosen in order not to affect the orientation of soil particles during leaching process 

(Al-Khuzaie, 1985). The measured data from these tests are the coefficient of permeability, 

dissolved gypsum percentage, and leaching strain.  

 

Permeability-Leaching Oedometer Test (PLOT) 

The permeability-leaching test was conducted by using a special oedometer cell called the 

permeability-consolidation cell of dimensions 75 mm in diameter and 19 mm in height. Fig. 3 

shows the schematic diagram of the setup used in testing. The test consists of three stages: dry 

compression stage, saturation stage, and leaching stage. The soil samples were tested under vertical 

stress of 200 kPa and hydraulic gradient of 57 (Karkush,2008).  
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Fig. 3: The Schematic Diagram of Permeability-Leaching Test by Oedometer. 

The duration of leaching stage is divided into intervals, at the end of each interval record the 

volume of leachate collected in a graduate cylinder to measure the change in the coefficient of 

permeability with time assuming laminar flow (Head, 1988). 

                                                                
tiA

Q
k

C

L

60
                                                                      (3) 

where k is the coefficient of permeability in the flow direction (m/sec), QL is the volume of leachate 

(ml) in time t, AC is the cross-sectional area of soil sample (mm
2
), i is the hydraulic gradient 

(Δh/H), t is the time (min), ∆h is the difference in head (mm), H is the height of soil sample (mm). 

Also, record the change in the height of the soil sample to calculate the leaching strain. 

                                                        

Permeability-Leaching Rowe Cell Test (PLRCT) 

The permeability-leaching test using Rowe cell consists of three main stages: Saturation 

stage, Consolidation stage and Leaching stage. Large samples of Rowe cell (151.4 mm in diameter 

and 50 mm in height) are used to test under vertical stress of 200 kPa and hydraulic gradient of 50. 

The schematic diagram of the used system is shown in Fig. 4 (Karkush,2008).  
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Fig. 4: The Schematic Diagram of Permeability-Leaching Test by Rowe Cell. 

 

RESULTS AND DISCUSION 
The variation of the coefficient of permeability k with time for the three tested soil samples 

N1, N2, and N3 are shown in Fig. 5. In general, the coefficient of permeability resulting from 

Oedometer test decreases rapidly with the time in the first 50 hrs of time of tests.        

For the three samples tested by large-scale Rowe cell, the permeability coefficient is 

unsteadily oscillated with time as shown in Fig. 5. The higher effective radius of soil particles 

means more coarse grains and consequently affects the reorientation of the soil particles during 

leaching process.  

The final values of the coefficient of permeability were much lower than its values at the 

beginning of the test. The percentage of the initial gypsum content and dissolved gypsum plays a 

significant role in the variation of the coefficient of permeability with the time. The coefficient of 

permeability resulting from the oedometer test is higher than that resulting from Rowe cell test. 

This difference may be due to the difference in the stages of testing procedures adopted in the 

present study or the small difference in hydraulic gradients between the two types of tests. The 

variations in the percentage of dissolved gypsum and the percentage of leaching strain with the time 

obtained experimentally from oedometer test for the three tested soil samples are shown in Fig. 6. 

While, for the three tested soil samples by Rowe cell are shown in Fig. 7. The soil of initial gypsum 

content exceeding 50% can be treated as gypsum containing soil. The non-uniform distribution of 

gypsum in the soil sample leads to a difference in strain value. 
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             (a)                        Sample N1                                    (b) 
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               (a)                       Sample N2                                     (b) 
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             (a)                        Sample N3                                    (b) 

Fig. (5): Coefficient of Permeability for the Samples Tested     by (a)- Oedometer and (b)- 

Rowe Cell. 
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        (a)                           Sample N1                                 (b) 
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        (a)                           Sample N2                                 (b) 
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Fig. (6): Experimental Results for Samples N1, N2 and N3 Tested by Oedometer: (a)-Dissolved 

Gypsum versus Time and (b)-Leaching Strain versus Time. 
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    (a)                           Sample N3                                (b) 

Fig. (7): Experimental Results of Sample N1, N2 and N3 Tested by Rowe Cell: (a)- Dissolved 

Gypsum versus Time and (b)- Leaching Strain versus Time.  
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CONCLUSIONS  

* The gypseous soil samples exhibit significant amount of leaching strain, which is larger than the 

initial settlement and has no definite endpoint upon the continuation of gypsum dissolution and 

leaching from a soil sample;  

* For soil samples with high gypsum content, there is an increase in the percentage of dissolved 

gypsum in leaching water, consequently the leaching strain increases;  

*  The percentage of dissolved gypsum in leaching water decreases upon progressing of leaching 

process (time of leaching);  

* The coefficient of permeability, the percentages of dissolved gypsum and leaching strain 

measured from the oedometer test are higher than that measured from large scale Rowe cell test 

for the same soil sample and under the same conditions, but under different sizes of soil samples;  

* The permeability-leaching test by using large-scale Rowe cell gives more reliable results than 

those by using the ordinary permeability consolidation-cell (oedometer test).  
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ABSTRACT 

          A mathematical model is developed to express stress-strain relationship of normal-

strength concrete confined by transverse reinforcement. The sectional ductility analysis on 

rectangular reinforced concrete columns is performed under axial load. Analytical modals 

available in the literatures for confinement concrete by different types of transverse 

reinforcement are used. A parametric study is performed to study the influence of these 

parameters on the curvature ductility of reinforced concrete columns. The main parameters 

introduced are the amount of longitudinal reinforcement, amount of transverse reinforcement, 

tie spacing and the level of the compression axial force. The experimental and analytical 

results available in the literatures are being compared with present study.  

 

KEYWORDS: 

 Columns, Confined Concrete, Curvature Ductility, Stress-Strain Relationships.   

 

 

 الخلاصة:
في هذا البحث تم تطوير التمثيل الرياضي لعلاقة الإجهاد مع الانفعال لمخرسانة المسمحة الاعتيادية والمحصورة بالتسميح 

ومستطيمة الشكل تحت تأثير القوة المحورية الجانبي . تم حساب مطيمية التقوس لمقاطع أعمدة ذات خرسانة مسمحة 
 المسمطة. تم استخدام عدد من علاقات الإجهاد مع الانفعال لمخرسانة المحصورة والمتوفرة في المصادر.

تم إجراء الدراسة بإدخال عدة متغيرات لمعرفة مدى تأثيرها عمى مطيمية التقوس. المتغيرات الرئيسية المستخدمة هي كمية  
ولي و كمية الحديد الجانبي والمسافات بين روابط التسميح الجانبي ومقدار القوة المحورية المسمطة.تم مقارنة الحديد الط

 النتائج مع نتائج عممية متوفرة.
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INTRODUCTION 

        Columns subjected to lateral forces such as dynamic loads must be designed according to 

the displacement or recently performance based approach , Bousalem, Chikh and . Hachem 

(2004). 

     A significant amount of transverse reinforcement, which has a double function in resisting 

shear forces as well as providing confinement to the concrete core, must be provided to 

achieve a ductile behavior. The presence of transverse reinforcement to increase strength and 

ductility in these regions of the columns is a major consideration. Therefore, tests have shown 

that the confinement of concrete by adequate arrangement of transverse reinforcement will 

cause a significant enhancement in the flexural strength capacity of the reinforced concrete 

column. 

        A mathematical model is developed to express stress-strain relationship of normal-

strength concrete confined by transverse reinforcement in order to perform a moment 

curvature analysis with quantity of the confining steel required in reinforced concrete columns 

sections to achieve the ultimate curvatures required for ductility demands. The predictions of 

the behavior of a four representative specimens tested by Sheikh and Yeh (1990) from the 

considered stress-strain models for confined concrete are compared with the test results. 

The unconfined moment capacity is calculated based on the equivalent rectangular concrete 

stress block and as stated by Bousalem, Chikh and  Hachem (2004). 

. 

 

 

ANALYTICAL STRESS-STRAIN MODELS: 
       The analytical models were developed in the light of the experimental data and various 

stress-strain models for the prediction of the confined concrete have been illustrated and a 

summary of mathematical expressions of some established models is shown in Table (1). 

 

 

STRESS-STRAIN RELATIONSHIP MODEFIED FOR CONFINED CONCRETE: 

      The modefied model was developed on the basis of the observations derived from several 

experimental studies tested by Sheikh and Yeh (1990) and as indicated by Bousalem, Chikh 

and Hachem (2004).The experimental observations show that the stress strain curve of 

confined concrete is constantly characterized by three parts: the ascending branch, descending 

branch and the sustaining branch. The mathematical formulation of the stress-strain relations 

are shown in Tables (1) and (2). 

 

 

ULTIMATE COMPRESSION STRAIN: 

     As confirmed by Bousalem, Chikh and Hachem (2004), Scott et al.(1982) observed that it 

is reasonably conservative to define the limit of useful concrete compressive strain cu where 

the first hoop fractures occurs. Recently, Priestley et al. (1996) proposed a value of cu based 

on energy balanced approach and is given by the following expression;   

   

                
cc

smyhsh

cu
f

f 
 4.1004.0                                                       (1)                                                                                                  
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Equation 1 has been adopted in many updating models except for Hoshikuma model(1997) 

where the value of cu was used as proposed by the author and is given by equation 2. 

 

                 
des

cc
cccu

E

f

2
                                                                       (2) 

Table (1) Summary of stress- strain model for confined concrete 

    

                                      Stress- Strain Model for Concrete 

Author  
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(1988)    

Note that:                         
)( secEE

E
r

c

c


  

                                         
cc

ccf
E


sec  

                                         ccc fE 4730  

And the analytical expression of   k  is proposed to be equal to: 

 

                                        
yhsh

co

f

f
k


 25.6  

Table (2) Analytical expressions of Ks et Kd values for rectangular section columns 

 

Authors       Proposed equation for 

co

cc

s
f

f
K          proposed equation for 

co

cc

dK



  

 

Mander et al.       
coco f

f

f

f 11 294.71254.2254.1
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cc

f

f
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Hoshikuma et al.                
co

yhsh

f

f
73.01                                  

co

yhsh

f

f
98.41  

B.Bousalem et al.          
co

yhshe

f

fk 
4.01                                     

co

yhshe

f

fk 
7.21  

 

 MOMENT-CUTVATURE RELATIONSHIPS: 

       Fig.(1) shows a typical stress-strain curves for two representative specimens, A3 and 

A11, as predicted from using different confinement models. It is clear that Mander model 

predict respectively higher strength and lower ductility of confined concrete compared with 

other models and also as indicated by Bousalem, Chikh and Hachem (2004). 

The stress strain curves for concrete and the stress strain model for longitudinal reinforcement 

proposed by Mander et al.(1984), a series of analytical moment curvature curves can be 

generated taking into account the different influencing parameters.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As confirmed by Bousalem, Chikh and Hachem (2004)  and other literatures listed through 

this study, the assumptions used in theoretical moment curvature analysis are as follows. 

- Plane section before bending remain plane after bending, 

- Tensile strength of concrete is ignored, 

- Stresses in concrete are derived from the appropriate stress strain curves respectively 

for confined and unconfined concrete 

- Stresses in longitudinal reinforcement are derived from the stress strain curve using 

Mander model and experimental data including strain hardening 

- Perfect bond between steel and concrete 

- In the application of the analytical models, the lateral steel stress is suggested to be 

equal to yield stress 

- The ultimate state is reached when one of the three limit is attained: 

1. The concrete strain at the extreme compression fiber reaches the specified value cu , 

Fig. (1) Analytical stress-strain curves for confined concrete 
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2. The steel strain in the tension zone reaches the specified value su , 

3. The flexural moment drops to a value of 0.8 Mmax . 

 

 

PARAMETRIC STUDY USING IN THE MODEL: 

       As stated in previous studies and illustrated in this study, the effect of different 

variables is considers by comparing moment curvature relations of the column sections in 

which only one major variable differed significantly. These variables included the level of 

axial load, the amount of both transverse and longitudinal steel, and the tie spacing. 

 

 Level of Axial Load: 

       The effect of axial load on moment curvature relationship is shown in Fig.(2). The 

level of axial load simulates the column axial load from medium to high stories. This level 

is defined as F equal to gc AfP   where p is the compressive axial load on the columns. 

The moment curvature curves were derived using the experimental data of column A3 

tested by Sheikh et al.(1990) where the confining and longitudinal steel ratios were 1.68 

and 2.44% respectively. It is observed that the ductility reduces as a result of higher axial 

load levels, and the moment beyond the maximum point degrades more rapidly as the 

level of axial load increases and as confirmed by  Bousalem, Chikh and Hachem (2004).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Amount of Lateral Reinforcement: 

      The effect of this variable is clearly evaluated by comparing the behaviour of the three 

curves shown in Fig. (3).The identical ascending parts of the curves indicate that the quantity 

of transverse steel don’t influence the section behaviour prior to the first cracking of 

unconfined concrete. It can be noticed that the ductility increase with the increase of 

transverse steel content. It is apparent that with lower lateral volumetric ratios, the confining 

pressure is not sufficient enough to maintain the moment capacity of the section and as 

confirmed by  Bousalem, Chikh and Hachem (2004).   
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Amount of the Longitudinal Reinforcement: 

     Fig. (4) illustrates the effect of longitudinal steel content on the moment curvature curve 

for a specimen having the same details as specimen A11. It is demonstrate that the increase of 

the moment capacity of the section with the increase of the amount of longitudinal steel is 

small. The post peak behaviour is characterized by gradual drop in the moment capacity of the 

section where it reaches approximately a same value at ultimate curvatures. However a large 

longitudinal steel content means that less reliance is placed on the concrete capacity, and 

therefore the moment capacity can be better maintained at high curvatures and as confirmed 

by  Bousalem, Chikh and Hachem (2004).  .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tie Spacing: 

        The effect of tie spacing on the moment curvature behaviour of the section is shown in 

Fig.(4) for specimen A11 and subjected to a load level of 0.5%. In general smaller tie spacing 

resulted in higher curvature ductility. The moment capacity in this case also increased by 

reducing of tie spacing and as confirmed by Bousalem, Chikh and Hachem (2004).  . 

 

MOMENT-CURVATURE CURVES: 

         Figs.(6) and (7) show the comparisons between the moment curvature relations for four 

representative specimens (Sheikh and Yeh 1990) and those derived from numerical analysis 

from the four models discussed previously. Except for specimen D5, ρ =2.58%, ρsh =1.68%, 

the model by Hoshikuma et al.(1994) constantly overestimated the moment capacity of the 

sections. The other models tend to underestimate the moment capacity of the sections and this 

underestimation is even larger for specimen D5 with higher volumetric ratio of longitudinal 

steel and lower level of axial load. Sheikh et al.(1990) reported in their experimental 

investigation that in the case of specimen D5, it has been observed that yielding of steel took 

place before a significant drop in the moment capacity, indicating that crushing of core had 

started after lateral steel became effective, this may explain the discordance of the theoretical 

results compared with the experimental ones in spite they are on the conservative side.          
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CONCLUSIONS 

          The conclusions reached from this analysis for the range of variables considered in this 

study and as confirmed by Bousalem, Chikh and Hachem (2004)  are as follows: 

1. The large transverse steel content and reduced tie spacing increase the ductility and enable 

the moment capacity to be better maintained at higher curvatures. 

2. The level of axial load reduces the ductility and the moment beyond the maximum point 

degrades more rapidly as the level of axial load increases. 
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3. The increase of the amount of longitudinal steel on the moment capacity of the section is 

small. However a large longitudinal steel content means that less reliance is placed on the 

concrete capacity, and therefore the moment capacity can be better maintained at high 

curvatures. 

4. The proposed model reflects well the influence of the variables considered in this study, 

namely the axial load level, the transverse and longitudinal steel content and the tie 

spacing. The accuracy of the model in the representation of experimental results is 

acceptable. 

 

 

 

 NOTATIONS: 

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

fy           =steel yield strength. 

fyt           =yield strength of transverse reinforcement. 

c       =concrete strain. 

cc       =strain corresponding to peak stress of confined concrete. 

01      =strain corresponding to peak stress of unconfined concrete. 

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

h        =static strain hardening initiation strains of steel. 

u        =static ultimate strains of steel. 

Ec       =modulus of elasticity for concrete. 

Esec     =secant modulus of elasticity for concrete. 

Es       =modulus of elasticity for steel. 

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

area. 

S         =spacing of transverse reinforcement. 

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

tie. 
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STATIC AND DYNAMIC ANALYSIS OF STIFFENED PLATE 
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ABSTRACT 

                      Static behavior (under torsion and bending loading) of machine tool column 

was studied in this paper. The effects of changing the cross sectional area of the column itself 

on the deformations (design parameters) was investigated. The adding of stiffeners and 

changing the stiffeners cross sectional area are also verified. The results show that using of 

stiffeners can produse a great reduction in deformation of the column structure under the 

stastic loading mentioned above. Also using stiffeners with different cross-sectional areas 

suggest the best stiffener cross-sectional shape can be used to give the minimum 

deformations of column structure.  Dynamic analysis of column involves calculating natural 

frequencies and mode of different column structure mentioned above, these frequencies are 

fairly insensitive of adding stiffeners to colmn structures. 

KEYWORDS 

Static analysis, Dynamic analysis, Stiffened Pplates, Machine Tool Column, Natural 

Frequencies 

 الخلاصة:

اهالبحمممماهة المممم هالتامممم )هال ممممتلاتتو ه تحمممماه( مممملهاملتممممنا هشاملح مممملا  هل توممممله  ممممنةه لا  مممم هت مممم تلهدتمممم ه مممم ه مممم

شمممولهال  ممملا( هال للعتممم هلشع مممنةهلشت مممن لا(ه   اممم هالتاممم ت  يه  ممملاهتممم ه توممملالتو يه(تممماهتممم هة الممم هتممملا ت هت تتممم ه

دلكهالتحلمممممته ممممميهتممممملا ت هت تتممممم هال  ممممملا( ههال للعتممممم هل مممممد هة الممممم هتممممملا ت هاتممممملا  هة لا ممممملا(هل توممممملهالع مممممنةهش ممممم

المممد لا لا(يتبتيهال تممملااضهاةهاتممملا  هالمممد لا لا(ه  وممميهاةه  مممتضهتلشتمممله بتممم ه ممم هت مممن لا(هالع مممنةهتحممماهتممم  ت هام( ممملا ه

ت هال مممد ن ده ممدلكهالمممتاد هة لا مملا(هط  ممملا(لا(ه للعتمم ه اتشاممم ه لتمم يها لممملا ها  مملهشمممولهالممد ه علممم ها ممملهال ممتلاتتو

ت مممن هل توممملهالع نةيالتحشتممملهالمممد  لا تو هلشع مممنةهت ممم يه تممملاكهالتممم ةةهاللبتعممم هل تلا ممملهالع مممنةهال اتشاممم هال مممد ن ده

 الع نةهيهها لا ه،هش دهتبتيهاةه د هالت ةةا(هتت   ه شتلاهًط تلا  هالد لا لا(هل تول
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NTRODUCTION: 

           Stiffened plates are structural component consisting of plate reinforced by a system of 

ribs to enhance their load-carring capacity. These structural components have been widely 

applied to aircraft, ships, bridges, buildings, rockets and machine tool structures as well as in 

many other branches of structural engineering. Thus, there are many circumstances in which 

stiffened plate structure is exposed to static and dynamic load. Different approaches have 

been suggested for static and vibration analysis of stiffened plates, (Rossow and 

Ibrahinkhail 1978) applied the constraint method to the finite element static analysis of 

concentrically and eccentrically stiffened plates, the displacement fields in the stiffener are 

expressed in term of the displacements of the middle surface of the plate. 

                      Supposing the strain energy of plate and stiffener, the stiffness matrix of 

compound structure is obtained, for arbitrary order of approximating polynomials. 

(Mokhopadhyay 1981) suggested a new approach to account for the stiffeners within the 

plate element under plane stress. It caters accurately the spacing and orientation of the 

stiffeners, the results of stiffened deep beams, a rectangular ship plating and typical web 

frame of tanker obtained by using this new approache. (Deb and Booton 1988) used linear 

finite element models based on Mindlins shear distortion theory for bending of eccentrically 

stiffened plates subjected to transverse loading. Two models using discrete plate-beam 

formulation are given superiority of one over the other discussed, also additional formulation 

applicable to technically orthotropic plate under distributed lodaing is included. (Palani et al 

1992) proposed isoperimetric finite element models, the eight – noded and nine-noded 

models have been arrived at by appropiatly combining Lagrangian plate shell elements with 

three node isoperimetric beam element. (Omurtag and Akoz 1992) presented a new 

functional for thin cylindrical shells and space bars with geometric and dynamics boundary 

conditions, using Gateaux diffrentials. (Rao et al 1993) applied a finite element analysis of 

the large deflection behavior of stiffened plates using isoperimetric quadratic stiffened 

bending element. The evaluation of fundemental equations of stiffened plates is based on Von 

Kerman s theory. (Singh and Miller 1992) deal with the design analysis of a twin head 

horizontal press using finite element model, developed for the press, quantitative results 

useful to press designers. Some suggestions are made to improve the stiffness and torsion 

rigidity of the press. In modeling the twin head horizontal hydrualic press, different elements 

types are used, rectangular, quadrilateral, traingular, beam and 8-node solid element. The 

entire model possesses 4542 degree of freedom. In present work finite element approach is 

applied to analyze the static and dynamic behavior of stiffened plates for analysis of machine 

tool column. 

MODELING OF THE COLUMN: 

                                Software Nastran(70.7) and Patran(90) are used in analyzing the machine 

tool column, through the following steps: 
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1. Geomatry modeling. 

2. Solution. 

3. Getting the results. 

                         The (3D) column structure is modeled using shell (elastic shell) element 

with both bending and membrane capabilities Fig.1-a. The element has both bending and 

membrane capabilities, both in-plane and transverse loads are permitted and six degree of 

freedom, translation in the nodal X,Y,Z directions and rotation about nodal X,Y,Z axes. 

                         While stiffeners of this column are modeled using beam (1-D elastic 

beam) element. This beam is uniaxial element with tension, compression, bending and 

torsion capabilities. The element has two degree of freedom at each node, translation in X 

axis and rotation about Y axis, Fig.1-b. The element position is defined by offsetting 

from the column structure shell. 

                         Solution steps consist of applying the boundary conditions (the column 

modeled as cantilever), setting the load (6kNm for bending or torsion) and solve the 

eq.(1) to get the displacement which is the most impotrant design variable for the column, 

while obtaining the natural frequencies of this column is done by solving eq.(2): 

                       (1) 

            (2) 

RESULTS AND DISCUSSIONS: 

Comparison of Results: 

                           For verification, simply supported steel square stiffened plate (Dep and 

Booton 1988) is modeled under a uniform distributed load with (4+4) orthogonally placed 

stiffeners of rectangular section, the obtained result for max. deflection is (2.921E-3) and 

gives good agreement with the published result (3.365E-3) in meter. 

Stiffened Column: 

                    The column structure of machine tool has been verified for different cases to 

study the effects of some design variables on the static behavior of that structure. 

                    Machining forces, which are transmitted to column structure by the slides 

causing torsion and bending of the column, can be calculated as shown below (Sen and 

Bhattacharyya 1975): 

           (3) 

        (4) 
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                                                     (5) 

                                                               (6) 

                                                             (7) 

                                                                (8) 

                                                             (9) 

                           The first design variable is changing the cross-sectional area of the column 

as in Fig.2-a, the cross-sectional area and material properties of each structures are given in 

Table 1, these three column structure are analyzed under bending and torsion loading as 

shown in Fig.2-b, the deformations results of these structures are compared in Table 2 and 

plotted against the length of the column in Fig.3 in which column with square section has 

minimum deformations. 

                           The second variable is adding of orthogonal stiffeners (12 vertical stiffeners 

and 10 rings spaced equally) to the three column mentioned above, also the effect of this 

parameter on the deformation of these structures under the two static loading types are 

compared in Table 2 and shown in Fig.4,5 and 6. 

                           The third parameter is changing the cross-sectional area of the orthogonal 

stiffeners which are added to the three column structure as mentioned above, the cross-

sectional area and material specifications of each beam type are given in Table 1. Studying 

the effects of this variable is shown in Table 2 and Figs. 4, 5 and 6 in which column stiffened 

with I- section beams has the minimum deformations. 

                          Knowledge of natural frequencies and modes is important from a design 

viewpoint to avoid resonance conditions and it is also the foundation for forced response 

calculations. The natural frequencies of this column with different cross-sectional area and 

with stiffeners are obtained in Table 3, while the first mode of different cross-section area 

without stiffeners are shown in Fig.7. 

CONCLUTIONS: 

                              It is apparent from the obtained results that the best cross-sectional area of 

the column structure without stiffeners is the square shape which gives a reduction of 

62.685% in deformation of the column under bending loading, also under torsion loading it 

gives 66.885% reduction of the deformation (compared with maximum deformation for both 

cases). 
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                                     Adding the stiffeners to the column structure improve the static 

behavior of the column, the best reduction in deformation of the structure is done with a 

beam of I cross-sectional area which gives 72.224% reduction of deformation (with column 

of square section) under bending load and 91% reduction of deformation (with column of 

circular section) under torsion loading (compared with maximum deformation in both cases), 

while adding of these stiffeners have a little effect on the natural frequencies of different 

column structures because these structures are stiff and heavy. 

Table 1: Geometry and material properties of column and its stiffeners. 

Column Stiffeners 

Cross-Section Square Circular Hexagonal I section Rectangular Circular 

Area(mm
2
) 47760 47752.208 47814.3595 1386 1386 1386 

E(GN/m
2
),v 210 

.3 

210 

.3 

210 

.3 

210 210 210 

Table 2: Column max. displacement component(mm). 

Stiffeners 

type 

Bending Load Torsion Load 

Square 

column 

Circular 

column 

Hexagonal 

column 

Square 

column 

Circular 

column 

Hexagonal 

column 

Without 

stiff. 

.072315 .143215 .1938 .161357 .283126 .487274 

I-section .053829 .055092 .088833 .071935 .043848 .13738 

Rect. .056879 .062494 .102152 .08853 .07373 .181651 

Circ. .059229 .069587 .113294 .098704 .10092 .223053 

Table 3: Natural frequencies (Hz) for column. 

Mode 

no. 

Square column Circular column Hexagonal column 

Without 

stiff. 

I-

section 

Circ. Rect. Without 

stiff. 

I-section Circ. Rect. Without 

stiff. 

I-

sectio

n 

Circ. Rec

t. 

1 125.6 91.7 100.5 94.2 118.8 82 89.1 85.5 134.2 91.2 93.9 92.

6 

2 125.6 91.7 100.5 94.2 118.8 82 89.1 85.5 134.2 91.2 93.9 92.

6 

3 133.3 100 109.3 102.6 162.5 118.7 130.1 125.2 140.4 105.3 109.5 108

.1 

4 133.3 100 109.3 102.6 162.5 118.7 130.1 125.2 140.4 105.3 109.5 108

.1 

5 157.4 125.9 133.7 130.6 260.9 208.7 216.5 206.1 300.9 240.7 252.7 246

.7 

                                                                               

   

a)-Quad 4                                                           (b)-Bar2 

(Fig. 1: Element type that used in modeling the column structure. 



W. I. Alazzawy                                                                              Static and Dynamic Analysis of Stiffened 

                                                                                                       Plate Used in Machine Tool Column 

 

 3104 

 

 

 



Journal of Engineering Volume  14 December   2008       Number 4 
 

 

 3105 

 



W. I. Alazzawy                                                                              Static and Dynamic Analysis of Stiffened 

                                                                                                       Plate Used in Machine Tool Column 

 

 3106 
 



Journal of Engineering Volume  14 December   2008       Number 4 
 

 

 3107 

 



W. I. Alazzawy                                                                              Static and Dynamic Analysis of Stiffened 

                                                                                                       Plate Used in Machine Tool Column 

 

 3108 

 



Journal of Engineering Volume  14 December   2008       Number 4 
 

 

 3109 

 



W. I. Alazzawy                                                                              Static and Dynamic Analysis of Stiffened 

                                                                                                       Plate Used in Machine Tool Column 

 

 3110 

REFERENCES 

*A.Deband M.Booton “Finite element models for stiffened plates under transverse loading”,                                                      

Comp.&Stru., V.28, No.3, 1988. 

* Backlund Jesper “Free vibration analysis of rocket nozzles using energy methods”, Masters    

Thesis, Luleal Tekniska University, 1998. 

*D.Venugopal Rao, A.H.Sheikh and M.Mukhopadhayay “A finite element large 

displacement analysis of stiffened plates”, Comp.&Stru., V.47, No.6, 1993. 

* G.S.Palani, N.R.Iyer and T.V.S.R.Appa Rao “An efficient finite element model for static 

and vibration analysis of eccentrically stiffened plates shells”, Comp.&Stru., V.43, No.4, 

1992. 

* G.C.Sen and Bhattacharyya,”Principles of machine tools”, New Central Book 

Agency,Calcutta 700009, India, 1975. 

* I.E.Harik and M.Guo “Finite element analysis of eccentrically stiffened plates in free 

vibration”, Comp.&Stru., V.49, No.6, 1993. 

* M.P.Rossow and A.K.Ibrahimkhail “Constraint method analysis of stiffened plates”, 

Comp.&Stru., V.8, 1978. 

* M.Mukjopadhyay “stiffened plates element for analysis of ships structures”, Comp.&Stru., 

V.13, 1981. 

* M.H.Omurtag and A.Y.Akoz “Mixed finite element formulation of eccentrically stiffened 

cylindrical shell”, Comp.&Stru., V.42, No.5, 1992. 

* U.P.Sigh and P.P.Miller “Design analysis of twin head horizontal hydraulic press”, J.of 

Eng. For industry, V.114,1992. 

NOMENCLATURE: 

Cp, Cm=material constant 

d=tool diameter(mm) 

Fx, Fy=Force components(N) 

FT, FB=Torsion and bending forces(N) 

[K]=Column stiffness matrix (N/mm) 

Kp=Coefficient taking into account the effect of point angle. 

KB= Coefficient taking into account the effect of Brinell hardness-number. 
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[M]=Column mass matrix(g). 

MT,MB= Torsion and bending moments(Nmm). 

S=Feed rate(mm/rev.). 

T=Column torque(N .mm). 

xm,ym=Exponent of tool diameter while calculating tool torque. 

xp, yp= Exponent of tool diameter while calculating tool thrust. 

Y=Length of tool(mm). 

Z=Length of column(mm). 

Ω
2
=Column natural frequency(Hz). 
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  ABSTRACT 

                        The paper studied capability of forging process to produce round shape 

flange using acetal (celconR) polymer which is an engineering  crystalline material 

having a good ductility if it is preheated The process done under cold & hot 

conditions This kind of technique guarantees a product with high strength and 

stiffness better than what  injection molding could achieve. The products showed 

crack and curling traces on the flange under cold forging, but a good product was 

achieved by heating the billet and the tools to (100C
o
)with improvement in the 

mechanical properties. The paper discussed also through (stress – strain) curves 

manner of deformation through forging action. The results explained that POM 

(celconR) is forgeable polymer if it is  preheated at   (100 C
o
 ) using slow speed press 

by closed die forging process under applied pressure of 170Mpa to produce round 

shape flange,  while this technique failed to forge same polymer at room temperature. 

                                                           

 الخلاصة

وىي    )اسيتيل سيمكون( من مادة   انتاج )شفة دائرية( ب المغمقة فىطريقة الكبس بالقوالورقة امكانية ال تدرس
وذلك  وقد اجريت التجربة   كمما كانت ساخنة.الكبس  مطاوعة عمى بمورية ليا القابمية مادة بلاستيكية ىندسية 

ه الطريقة تضمن صلادة و ىذ .  مرة اخرى الكبس بعد تسخين القطعة المشغولةوب  مرة عمى البارد بالكبس
حوى تتحت ظروف درجة حرارة الغرفة  ةالمنتج ت النماذجانك  .مقاومة لممنتج افضل مما تفعمو طريقة البثق 

قالب تم تسخين القطعة المشغولة وال حيثفي الحالة الثانية  نماذج عيوب التكسر والالتواء, بينما كانت ال
سيىك اىَادة اىىسقت دسسج مزىل .  تحسن في الخصائص الميكانيكية عوالأبعاد مكاممة الشكل    مئوى111لدرجة

ه اىنافيه ارا حٌ اىْخائج اوضحج اُ الاسيخو ىه اىَطاوع .دْحْياث اىجهذ والاجهااثْاء عَييت اىنبس ٍِ خلاه ٍ

 161ج صغط ) ححىنى يْخج شفت دائشيت بىاسطت طشيقت اىنبس باىقىاىب اىَغيقت  (مئوى111حسخيْه ىذسجت)

   بيَْا فشيج اىَْارج اىخى اّخجج دوُ حسخيِ ٍسبق باسخخذاً ّفس طشيقت اىصْع .(, ناباسناه ٍي

                                                                          
KEY WORDS 
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 (Forging _ POM_ recovery _ dwell time _billet _   SPF) 

 
CLAIMS:  
1. Forgeability of acetal (celconR) through closed die forging technique to produce 

flange under cold (room temp.) & hot (100 C
o
) conditions

                         

2.Behaviour of the polymer through forging action taking into consideration that 

typical forging process using acetal is usually done at (155C
0
) ( Kulkarni1995) . 

Melting temperature for it about (165C
0
) 

 

INTRODUCTION 

Closed die forging is a process in which a billet or blank is subjected to bulk 

deformation by application of compressive pressure with constraining dies which are 

generally made from steel (Coffman1990). The billet (POM) is made of 

formaldehyde and it always has been referred to as (acetal).  This polymer as an 

engineering material had been fabricated by forging process which was previously 

applied only to metals; it has been successfully employed with many types of 

polymeric materials (Kulkarni, yong-Seon Lee 2002) which have to be ductile, with 

most deformation non-recoverable to minimize spring back and time dependent strain. 

(POM) can be difficult cold forged (Kulkarni 1995). It typically fabricated after 

heating at (155C
0
). Cold forming implies that the process is performed at room 

temperature with out heating the material or the tools. In general a polymer can be 

either cold or warm formed. Solid phase forming (spa) indicates any of them. The 

process is selected depending on the application. This technique insures better 

mechanical properties and can produce a complex shape with high thickness or deals 

with polymers of (ultra high molecular weight) which are mostly beyond  the 

capability of injection molding process (kulkarni 995).  

 

DIMENSIONS AND MEASUREMENTS: 

 

 Billet dimensions: the billet was solid plastic rod 

Cross-section area = 25mm 

Height                    = 65mm 

 

 Die dimensions: the die  was made of hardened carbon steel  

Outside diameter                  = 51mm 

Inside   diameter                   = 39mm 

Height                                  = 10mm 

Cone diameter (bottom part) = 28mm 

 Cone height                        =   5mm 

 

 Billet test measurements :                                        

                                             mechanical properties           
 

  Tensile strength    Modulus tensile    Modulus flexural     Hardness( ROCKWELL)           

at 1%strain                                                                                       ( wt=100gm)             

 ------------------------------------------------------------------------------------------------------- 

  62Mpa          2.87Gpa           2 Gpa at  23C
0       

                     M84  

                                                       0.9 Gpa  at 100 C
o
           

  

 



Journal of Engineering 

 

Volume  14 December   2008    

   

Number 4 
 

 

 2113 

 

                                            Table 1 

 

 

                                   (Fig. 1): shows steps of forging actions 

 (A) punch is ready to start forging 

 (B) Punch is moving down pushing the polymer according to load 

increasing, and then gradually the die filled with polymer except corners.  

 (C) Increasing of pressure gradually to fill corners. 

This process influenced by load increase which was done gradually while trial and 

error were the only way to examine what was going on inside die cavity step by 

step, so many samples were spent for this  purpose 

 

EXPERIMENTAL PROCEDURES: 

 1. The process was done using slow speed press.  

 2. A load cell consisted of strain gauge was used to transmit the compressive load to 

the strain recorder then to an amplifier. The amplifier then connected to Bryan X-Y 

plotter to get graphs of load against displacement, then to be converted later to (stress-

(strain) curves describing the style of flow done by yielding action. 

  

 A. Cold forging  

The billet was simply put into the die at room temperature, and then forging carried 

out.   .   

Load would then be increased and when the pen on the plotter started to move 

vertically (Fig.2), load then held constant at that particular value for (2 minutes) to 

prevent recovery.  

 

B. Hot forging 

The billet was put into the die and whole assembly was placed in an oven over night. 

The temperature was adjusted at 100C
o
. The strain gauge was insulated from the hot 

punch by the use of an asbestos slab to prevent unwanted effect of strain gauge due to 

 

Fig.1 
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heating. After putting the die assembly below the machine punch, switching on, then 

the head of machine was brought down and the forging carried out. When the pen of 

the plotter started to move vertically, load was again held constant at that particular 

value (100second). 

 

RESULTS AND DISCUSION: 

 

* RESULTS:   

 

Product test. 

Dimensions stability = within 1 % in all directions 

 Modulus improvement increased by   50%      in one direction 

Tensile strength increased by 150% in one direction 

  

* DISCUSSION: 

 Typical forging pressure for preheated billet (5 C
o
) below softening point is around 

40Mpa. Cold forging pressure recorded in such work to be  (3-5)times that of typical 

heating, while in the case of heating billet and tools to(100C
o
) would be (2- 3 ) times 

that of typical heating(Coffman1990) , sometimes the use of ( MoS2) based lubricant 

gives an advantage by lowering forging force value.                .                                                                     

In this paper, a cold forging at room temperature and a hot forging at (100 C
o
) had 

been done using MoS2 based lubricant to reduce forging pressure, the results indicated 

that curling, and cracks traces appeared on the flange under cold forging. On the other 

hand smooth product -with improvements in the mechanical properties -was achieved 

by heating the billet and the tools at (100 C
o
). 

A. Load –displacement curves behavior: (see Fig.2)                                           

Curves at both conditions showed viscoelastic behavior of (POM)      

1. OA-section which represented a behavior of elastic material.                        

2. AB-section which represented viscous non-linear deformations because of this 

polymer behavior, AB line was not fully horizontal straight line.                       

The load required to form the general shape of flange was at ranges: 

  (40-65 KN) to achieve (11.5) mm as reduction in height at cold forging for     

(section AB).  

  (20-35 KN) to achieve (10) mm as reduction in height at hot conditions for 

(section AB).                                                                                                                                                                                                          

3. BC-section which indicated  load applied to fill the corners which were last 

part of flange to achieve: 

  Total reduction in height was (22.5mm) including elastic part using range of 

loads (65-90 KN) at cold forging. 

  Total reduction in height was (20mm) including elastic part using range of 

loads   approached (85 KN) at hot conditions. (Fig.1) shows the details of the 

forging process stages. 

      The total percentage reduction in height in each case was (34%) 
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                               Fig.2-a          Load-displacement graph 
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 Fig.2-b   Load - displacement graph             

 

 

B. Strain rates:  
According to the types of deformation shown on Fig.3 

 There are two parts of strain:  

 Elastic part which  obeys Hooks law, hence  

                      Stain = stress/ modulus                                                                               

  Viscous non-linear part:  This polymer is viscoelastic material, so no 

straight linear deformation. The polymer behaved as viscous material & 

as non- linear, in this meaning, 

  The total strain –according to Maxwell model- is equal to both. (Crawfor 1985)   

  So, total strain = (stress1/modulus) + (stress2/vicous element). 

 Any way, from fig.3: 

The strains at 

 cold condition = 37%, achieved under applied pressure of 180 Mpa 

  hot condition = 30%, achieved under applied pressure of 170 Mpa                         
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Fig.3-a stress-strain graph explains the type of deformation of POM during cold 

forging process under increased pressure. 
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Fig.3-b stress-strain graph explains the type of deformation of preheated POM 

polymer during forging process under increased pressure. 
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Fig.4:  (Pictures show a complete shinny flanges produced at (100C
o
 ) by closed 

die  forging process under pressure about 170Mpa 
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CONCLUSIONS 

 

1. The flanges were examined to make sure no defect inside or outside them for those           

produced at hot conditions only. 

 2. Products that produced at cold condition showed curling and crack traces. 

 3. a smooth & shinny flange as shown in (Fig.4.1)  was produced with    

improvement in the mechanical properties as mentioned before. 

4. This work insured forgeability of acetal ( celconR ) at  (100C
o
 ) by closed die 

forging process at applied pressure around 170 Mpa.                 

5. The paper discussed the behavior of the polymer at cold & hot conditions 

6. The disadvantages:  

 Too long dwell time  (100sec.)    

 High pressure was required comparing to typical forging process. 

 7. This kind of flanges is similar to those used in following applications: 

Timing pulley flange, vacuum flange, pipe fitting. 
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ABSTRACT 
Traditional methods of dealing with finding the relationship between the inputs data of simulation 
models and the outputs data fail or takes a long time to find this relationship. Artificial neural networks 
(ANNs) have the ability to learn complex relationships between inputs and outputs. Their use can 
greatly enhance simulation models and allow for more accurate representations of real life scenarios. 
This paper is concerned with the application of the mechanism of integrating simulation models with 
artificial neural network (ANN) model. This mechanism was tested by integrating simulation models of 
re-tubing heat exchangers line (RTHEL) with ANN model to schedule entering exchangers to inside re-
tubing workshop. The result of applying this mechanism of integration in system (RTHEL) was in 
reducing completion time of re-tubing batches of heat exchangers by about (12.5%). 
 

  الخلاصة
د ھذه النظریات التقلیدیة المستخدمة لأیجاد العلاقة بین البیانات الداخلة لنماذج المحاكاة والناتجة منھا قد تفشل أو تأخذ وقت طویل لأیجا

أن ). النواتج(لھا القابلیة على التعلم لأیجاد أصعب العلاقات بین المدخلات والمخرجات ناعیة طصات الخلایا العصبیة الأشبك. العلاقة
ً وتسمح بتمثیل أدق أستخدام ھذه الشبكات  بدراسة  یھتم ھذا البحث .لسیناریوھات العمل الحقیقیة للأنظمةیحسن نماذج المحاكاة كثیرا

نماذج المحاكاة لخط  تكاملھذه الآلیة أختبرت عن طریق  .أصطناعیةعصبیة  یاخلا لشبكة ج المحاكاة بنموذجنماذل تكاملتطبیق آلیة 
أن . لجدولة دخول المبادلات الى داخل ورشة أعادة التأھیل أصطناعیةأعادة تأھیل المبادلات الحراریة مع نموذج لشبكة خلایا عصبیة 

 بمقدار من المبادلات الحراریةات دفع تأھیللكلي لأعادة سوف یقلل من الوقت ا ھیل المبادلاتتطبیق آلیة التكامل ھذه على خط أعادة تأ
)١٢.٥.(%  

KEYWORDS 
 Integration; Simulation Models; Artificial Neural Network; Scheduling  
 
INTRODUCTION 
The risk of failing to complete activities and entire industrial projects on time is critical element of 
project management. Therefore, the decision making of scheduling is important to complete 
manufacturing the products on desired time. The importance of decision making in scheduling 
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production lines for complete all activities on time needs for an estimation tool for both engineers and 
managers.  

Simulation offers a powerful tool to study, planning and improving simple and complex 
systems. In some cases of decision making by using simulation models, there is a difficulty to find the 
relationship between inputs data and outputs data. Therefore, intensive interest to use (ANNs) with 
simulation because; ANNs are effective tools capable of learning complex relationships between inputs 
data and outputs data (G. Roberts 2004). 

One method of integrating neural networks with simulation models is to simply use a separate 
program such as NeuralWorks (NeuralWare 2006) to develop a neural network, provide it with the 
desired inputs values, obtain the outputs and use outputs as parameters to the simulation program. 

A generic approach for integrating simulation models with external systems such as neural 
networks is required. This approach should be able to encapsulate these external processes and provide 
standard access methods for exchanging information with the simulation models.   

The objective of this paper is to develop a mechanism of integration discrete-event simulation 
(DES) models of RTHEL with ANN model to scheduling enters of heat exchangers to inside re-tubing 
workshop (find best array) with smallest completion time of re-tubing it.  
 
SIMULATION MODELS 
Building a simulation model can be a difficult and time-consuming task, it will be useful if decision 
maker could reuse a simulation model if possible and change it to solve a different problem or evaluate 
another option. Thus, it is desirable to have adoptable simulation models that are easy to change with 
little or no programming effort. 

The RTHEL is one of primitive production lines; where it depends largely on performance, 
skills and experience mankind; and also for separation this line from automation. Therefore, there are 
two main reasons which cause a big varying in times of activities. The first reason is human factors and 
the second reason is the ancientness of machines and tools which they are using in this line. This leads 
to separate from recording times of all activities.  

According to that, there is no history data for all activities times of this re-tubing line. For this 
situation (no history data exist), the suitable form to estimate the times of activities is (minimum, most 
likely and maximum values) (Richard B. 2004). Therefore, in this work a use of PERT/CPM 
technique to estimate the times of activities from eq. (1), concurs the critical path (C.P) and calculate 
the probability to meet the desired date from eq. (2) and Table 1.  
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Where: ET = Expected Activity Time. 
              Ta = Optimistic Duration. 
              Tm = Most Likely Duration. 
              Tb = Pessimistic Duration. 
               σ = Standard Deviation of Activity Duration. 
             σcp = Standard Deviation of the Critical Path. 
               n = Activities Number of the Critical Path. 
               Z = Number of Standard Deviations (of a Standard Normal Distribution) that the Project,  
                      Due Date is from the Expected Completion Time. 
               D = Desired Completion Data for the Project. 
              TE = Expected Completion Date for the Project. 
 

Table 1: Standard Normal Cumulative Distribution (Mario F. Triola 2005) 
  

Z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 
0.0 
0.1 
0.2 
0.3 
0.4 

0.5000 
0.5398 
0.5793 
0.6179 
0.6554 

0.5040 
0.5438 
0.5832 
0.6217 
0.6591 

0.5080 
0.5478 
0.5871 
0.6255 
0.6628 

0.5120 
0.5517 
0.5910 
0.6293 
0.6664 

0.5160 
0.5557 
0.5948 
0.6331 
0.6700 

0.5199 
0.5596 
0.5987 
0.6368 
0.6736 

0.5239 
0.5636 
0.6026 
0.6406 
0.6772 

0.5279 
0.5675 
0.6064 
0.6443 
0.6808 

0.5319 
0.5714 
0.6103 
0.6480 
0.6844 

0.5359 
0.5753 
0.6141 
0.6517 
0.6879 

0.5 
0.6 
0.7 
0.8 
0.9 

0.6915 
0.7257 
0.7580 
0.7881 
0.8159 

0.6950 
0.7291 
0.7611 
0.7910 
0.8186 

0.6985 
0.7324 
0.7642 
0.7939 
0.8212 

0.7019 
0.7357 
0.7673 
0.7967 
0.8238 

0.7054 
0.7389 
0.7704 
0.7995 
0.8264 

0.7088 
0.7422 
0.7734 
0.8023 
0.8289 

0.7123 
0.7454 
0.7764 
0.8051 
0.8315 

0.7157 
0.7486 
0.7794 
0.8078 
0.8340 

0.7190 
0.7517 
0.7823 
0.8106 
0.8365 

0.7224 
0.7549 
0.7852 
0.8133 
0.8389 

1.0 
1.1 
1.2 
1.3 
1.4 

0.8413 
0.8643 
0.8849 
0.9032 
0.9192 

0.8438 
0.8665 
0.8869 
0.9049 
0.9207 

0.8461 
0.8686 
0.8888 
0.9066 
0.9222 

0.8485 
0.8708 
0.8907 
0.9082 
0.9236 

0.8508 
0.8729 
0.8925 
0.9099 
0.9251 

0.8531 
0.8749 
0.8944 
0.9115 
0.9265 

0.8554 
0.8770 
0.8962 
0.9131 
0.9279 

0.8577 
0.8790 
0.8980 
0.9147 
0.9292 

0.8599 
0.8810 
0.8997 
0.9162 
0.9306 

0.8621 
0.8830 
0.9015 
0.9177 
0.9319 

1.5 
1.6 
1.7 
1.8 
1.9 

0.9332 
0.9452 
0.9554 
0.9641 
0.9713 

0.9345 
0.9463 
0.9564 
0.9649 
0.9719 

0.9357 
0.9474 
0.9573 
0.9656 
0.9726 

0.9370 
0.9484 
0.9582 
0.9664 
0.9732 

0.9382 
0.9495 
0.9591 
0.9671 
0.9738 

.09394 
0.9505 
0.9599 
0.9678 
0.9744 

0.9406 
0.9515 
0.9608 
0.9686 
0.9750 

0.9418 
0.9525 
0.9616 
0.9693 
0.9756 

0.9429 
0.9535 
0.9625 
0.9699 
0.9761 

0.9441 
0.9545 
0.9633 
0.9706 
0.9767 

2.0 
2.1 
2.2 
2.3 
2.4 

0.9772 
0.9821 
0.9861 
0.9893 
0.9918 

0.9778 
0.9826 
0.9864 
0.9896 
0.9920 

0.9783 
0.9830 
0.9868 
0.9898 
0.9922 

0.9788 
0.9834 
0.9871 
0.9901 
0.9925 

0.9793 
0.9838 
0.9875 
0.9904 
0.9927 

0.9798 
0.9842 
0.9878 
0.9906 
0.9929 

0.9803 
0.9846 
0.9881 
0.9909 
0.9913 

0.9808 
0.9850 
0.9884 
0.9911 
0.9932 

0.9812 
0.9854 
0.9887 
0.9913 
0.9934 

0.9817 
0.9857 
0.9890 
0.9916 
0.9936 

2.5 
2.6 
2.7 
2.8 
2.9 

0.9938 
0.9953 
0.9965 
0.9974 
0.9981 

0.9940 
0.9955 
0.9966 
0.9975 
0.9982 

0.9941 
0.9956 
0.9967 
0.9976 
0.9982 

0.9943 
0.9957 
0.9968 
0.9977 
0.9983 

0.9945 
0.9959 
0.9969 
0.9977 
0.9984 

0.9946 
0.9960 
0.9970 
0.9978 
0.9984 

0.9948 
0.9961 
0.9971 
0.9979 
0.9985 

0.9949 
0.9962 
0.9972 
0.9979 
0.9985 

0.9951 
0.9963 
0.9973 
0.9980 
0.9986 

0.9952 
0.9964 
0.9974 
0.9981 
0.9986 

3.0 
3.1 
3.2 
3.3 
3.4 

0.9987 
0.9990 
0.9993 
0.9995 
0.9997 

0.9987 
0.9991 
0.9993 
0.9995 
0.9997 

0.9987 
0.9991 
0.9994 
0.9995 
0.9997 

0.9988 
0.9991 
0.9994 
0.9996 
0.9997 

0.9988 
0.9992 
0.9994 
0.9996 
0.9997 

0.9989 
0.9992 
0.9994 
0.9996 
0.9997 

0.9989 
0.9992 
0.9994 
0.9996 
0.9997 

0.9989 
0.9992 
0.9995 
0.9996 
0.9997 

0.9990 
0.9993 
0.9995 
0.9996 
0.9997 

0.9990 
0.9993 
0.9995 
0.9997 
0.9998 
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3.50 
and 
up 

0.9999 
 
 

         

 
Therefore, the use of the most familiar technique for building the DES models of RTHEL which is 
Network Technique; because this technique shows the interdependencies and relationships between 
events and activities. There are other reasons of using network technique for building model. First, the 
decision to use PERT/CPM technique is to estimate time of each activity and which activities are 
critical, where PERT is one of network‘s techniques. Second, network is easy to change with little or 
no programming effort and change it to solve a different problem. Third, network is a suitable model to 
DES, because network model can be make changes in it; when changing occur at discrete periods of 
time in system which network represents it.  

Simulation models of RTHEL to re-tubing several types of heat exchangers are building and 
run by using simulation software which develops by using Visual Basic 6.0 language. Fig. 1 show the 
main window of software, using this window the data is entered to Master Database of software or 
doing any change on this data. Fig. 2 show the window of simulation models, using this window a 
simulation model of re-tubing one heat exchanger is built and run it to estimate completion time, 
concurs (C.P) and calculate the probability to meet the desired time. Fig. 3 show the window which 
contain the draw of network (simulation model).  
   

 
Fig. 1: The main window of simulation software 
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Fig. 2: The window of simulation models 

 

 
Fig. 3: The window drawing of simulation models 

 
ARTIFICIAL NEURAL NETWORKS (ANNs) 
The inspiration for artificial neural networks originated from the study of processes in the human brain. 
Neural networks are comprised of multiple simple element called artificial neurons Fig. 4, the network 
acquires knowledge through a learning process. The inter-neuron connection strengths known as 
synaptic weight are used to store the knowledge (Haykin S. 1994). This learning ability of neural 
networks gives an advantage in solving complex problems whose analytic or numerical solutions are 
hard to obtain (Rafiq MY. 2001). The scheduling production line is one of those problems. 
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Fig. 4: Artificial neuron 

 
The Design of Artificial Neural Network Model  
The problem presented in this paper is based on optimum design and prediction utilizing a multi-layer 
feed-forward neural network (MLFFNN) architecture and new supervised learning algorithm. 

The model has been developed in three phases; the modeling phase, the training phase and the 
testing phase. The modeling phase involves the analysis of data, the identification of time estimation 
parameters and the selection of the network architecture and of the internal rules. The training phase 
requires the preparation of the data and the adoption of the learning law for the training. The testing 
phase evaluates the prediction accuracy of the model. 
The Modeling Phase 
The modeling phase includes the design of the neural network architecture. It is a complex and 
dynamic process that requires the determination of the internal structure and rules (i.e., the number of 
hidden layers and the type of activation function). The model is designed according to the type of the 
data and the response required by the application. 

The current model has been designed to include an input layer of (p) processing elements 
(neurons) corresponding to the (p) input parameters and an output layer of one processing element 
(neuron) as the target. One hidden layer of (h) processing elements was selected according the nature of 
problem (D. T. Pham 2003) as shown in Fig. 5. 
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Fig. 5: The architecture of MLFFNN of problem in this work 

 
Therefore, an effective number of processing elements is usually determined by trials for the 

hidden layers, since there is no rule to determine it (Albino V. 1998), (Setyawati BR 2002). In this 
work, the author finds equation can be determine the number of processing elements for the hidden 
layer of neural network of this work as shown in eq. 5. 
 
h = p!                                                                                                                                                       (5) 
 
Where: h = Number of nodes in hidden layer. 
            p = Number of nodes in input layer. 
 
A neuron basically computes the sum of their weighted inputs, subtracts its threshold from the sum, 
and transfers these results by a function. This can be explained mathematically as (Eq. (6)):  
 
Y= f(net)                                                                                                                                                  (6) 
 

p

H

h
hxwNet ∑

=

=
1

                                                                                                                                         (7) 

 
Where: Y = Output of a neuron. 
            wh =Weight associated with the input p. 
             h = Number of nodes in hidden layer = {1, 2 . . . . H}. 
          xp = Input units. 
             f =Transformation function.  
 
The neurons are interdependent on each other via weighted connections. These weights form the power 
of the influence between the neurons. All neurons are connected to the other neurons in the next layer.  

The function of the hidden layer is to extract and remember the useful features and the sub 
features from the input patterns to predict the outcome of the network (values of the output layer) 
(Rafiq MY. 2001). The characteristics of the activation function are important since it defines the 
behavior of the network model. An activation function is used because several impacts, if applied 
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additively, might cause these quantities (i.e., target values) to fall below the lower or rise above the 
upper bound. 
The function adopted for the current completion time estimation problem was a linear function, given 
by eq. 8.   
 
Linear function = c × net                                                                                                                         (8) 
 
Where: c = neuron gain. 
 
To learn this neural network, author decides to use supervised learning to learn MLFFNN of this work 
because; the inputs and the output of ANN are known. In general, there is a useful correspondence 
between the type of training that is appropriate and the type of problem. Additionally, there is a 
relationship between the number of learning epochs and the desired characteristics of the output (D. T. 
Pham 2003).  

According the nature of problem of this work and the desired characteristics of the output, the 
ANN use to scheduling the entering of heat exchangers to inside workshop and find the best array from 
multi arrays, it is the same process to find minimum value from multi values. For this purpose, ANN 
need to one learning epoch to find the best array. Also, weights between input-hidden layers (Wxu) are 
fixed; and learning rate (η) and error goal (eg) are equal to zero because; there is no need to iterative 
training.  

Therefore, author applies a new supervised learning algorithm to train the neural network. New 
supervised learning algorithms represent one of attempts to improving the learning speed of these 
learning algorithms for example; BP algorithm, which are still too slow to be applied in real-world 
applications even for a very simple problem. 
 
The Training Phase 
An important issue to be resolved when applying ANNs to a problem is to determine which training 
procedure to adopt. In this work a new supervised learning algorithm is applied to learn neural 
network. The steps which use to training the neural network in this work to find the best array with 
minimum value of completion time are explained as follows: 
 
Step 1: Input units (xp) (p = 1, 2 ….. P); receive input signal Up. 
 
xp(k) = Up(k)                                                                                                                                            (9) 
 
Step 2: The interconnection weight ( xu

pW ) of input-hidden layer have to be assumed (1) for each 
connection. 
Step 3: Compute the outputs of hidden layer (Xh) by use the following equation: 
 

∑
=

=
P

p
p

xu
ph xWX

1

                                                                                                                                     (10)   

           
Where:  Xh = outputs of nodes of hidden layer. 
              xp = nodes of input layer. 
              p = Number of nodes in input layer = {1, 2 . . . . P} 
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             xu
pW = interconnection weight of input- hidden layer. 

Step 4: The interconnection weight ( yx
hW ) of hidden-output layer will be assumed as below:  

• For the smallest value ( yx
hW ) equal (1) 

• For the other values ( yx
hW ) equal (0)  

Step 5: Compute the output of output layer (Y) by use the following equation: 
 

∑
=

=
H

h
h

yx
h XWY

1

                                                                                                                                       (11)    

 
Where:  Y = output of output layer (output of network).  
              Xh = outputs of hidden layer.  
              h = Number of nodes in hidden layer = {1, 2 . . . . H}. 
             yx

hW = interconnection weight of hidden-output layer.  
 
THE INTEGRATION MECHANISM 
The situation of analysis and decision making in fast paced, rapidly changing venues; such as job shop 
scheduling. In this situation, there is simply no time to perform multiple replications for the selected 
values of the decision variables. Also, some times it is difficult to solve some problems with traditional 
technique. 

The problem of this work; which is scheduling the entrees of heat exchangers to inside re-
tubing workshop, so as to finding the best array of entrance of the batch of heat exchangers to re-tubes 
it with smallest completion time of re-tubing. It is difficult to solve it through simulation models just 
and also it takes long time to get right decision. Therefore, it is necessary to integrate simulation 
models with other tool to solve this problem. Simulation models are integrated with ANN model 
because; ANN provides an effective tool for evaluating relationships between input data and result 
output. 

Integrating simulation with other systems involves a careful analysis of the nature of the 
information that needs to be exchanged. Ideally, the integration mechanism should be generic enough 
to be used to link simulation models to ANN models as well as many other elements such as databases 
as shown in Fig. 6.  
 

 
Fig. 6: Integrating Simulation with ANN and Databases 

 
The mechanism of integrating simulation models with ANN model which is used in this work; is 
explain as follows: 

1. The start begins with insertion of the order of manager RTHEL; which represent the batch 
of heat exchangers that wants to re-tubes it. This order takes as the inputs to ANN model.   

Simulation 
Models 

ANN Model  

Data Base 
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2. The interconnections between nodes of input-hidden layers and hidden-output layers are 
fully connected. 

3. There are two connections (one way) between hidden layer - master database of software 
and master database - simulation models.  

4. There is a connection (two ways) between hidden layer and simulation models to transfer 
models for each node in hidden layer. 

5. The nodes in hidden layer represent the probabilities of array. In each node, the simulation 
models are merging and then, compute the forward time (completion time).  

6. There is a connection (one way) between output NN and simulation models to transfer the 
best array. Then, compute the backward time of this array to detect the critical path.  

 
Fig. 7 shows the integration mechanism between simulation models and ANN model in simulation 
software and how the data of exchangers transfer between models.  
 

 
Fig. 7: The integration mechanism between simulation models and ANN model 

 
The simulation software is designed to scheduling the entrees of heat exchangers, so as to find 

the best array to enter exchangers inside re-tubing workshop by using integrating simulation models 
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with ANN model. Then, compute the completion time of this array and detects the critical path of this 
production process. Also, evaluate the probability to meet the desired completion time. Fig. 8 show the 
window of scheduling, from this window it can find the best array of entering batch of heat exchangers 
by merging simulation models of these exchangers and run it to estimate completion time, concurs 
(C.P) and calculate the probability to meet the desired time. Fig. 9 show the window which contains 
the table of ANN results. Fig. 10 show the window which contain the draw of merging networks 
(merging simulation models).  
 

 
Fig. 8: The window of scheduling 

 

 
Fig. 9: The window of scheduling which contains the table of ANN results 
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Fig. 10: The window drawing of merging simulation models 

 
THE TESTING PHASE 
After applying the integration mechanism, the output of this mechanism is tested by using validation 
technique called “Validation Using Testing against Historical Data”. In this technique, author 
compared the results of simulation software with the actual data (historical data) of completion time for 
re-tubing some batches of heat exchangers as shown in Table 2. 
 
Table 2: Results of simulation software and actual data of completion time for re-tubing some batches 

of heat exchangers 
 

No. of 

Batch 

Re-tubing Completion Time 

Probability of Array  

1 2 3 4 5 6 Actual 

1st 315.277 303.777 318.638 325.833 337.972 329.833 345.5 
2nd 216.111 225.277 228.528 242.195 230.972 227.389 247 

3rd 319.994 305.994 326.638 340.5 311.856 322.5 348 

4th 219.028 228.278 233.972 247.389 226.528 238.278 252.5 

 
Then, it can be recognized from Table 2 that the results of integration mechanism are close from the 
historical data of real system. This result leads that mechanism of integrating simulation models with 
ANN model is acceptable and it can represent the real system for finding best array.  
 
RESULTS 
The run of integration mechanism takes the shortest time to find the best array to entering the batches 
of heat exchangers to inside re-tubing workshop with its completion time and also concurs the (C.P) 
without any error in runs. The results of simulation software (simulation data) of completion time for 
re-tubing some batches of heat exchangers are summarized in Table 3, and then convert to Fig. 11. 
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Table 3: Simulation Data and Actual Data of Completion Time for Re-tubing some Batches of Heat 

Exchangers 
 

 Completion Time of Re-Tubing Batch of Heat Exchangers  
Batch First Second Third Fourth 

Actual Data 345.5 247 348 252.5 
Simulation Data 303.777 216.111 305.994 219.028 

 
From Fig. 11, it can be seen that completion time of re-tubing batch of heat exchangers has decreased 
about (12.5%) after applying the mechanism of integration simulation models of re-tubing heat 
exchangers with ANN model  
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Fig. 11: Histogram of Completion Time for Re-tubing some Batches of Heat Exchangers 

 
CONCLUSIONS 
An approach has been presented to achieve the integration of simulation models with ANN model. The 
approach was designed to allow for future integration with other types of models as well. 
Integration of the ANN model with re-tubing simulation models allows for more accurate 
representation of the real life operations as complex relationships between the heat exchangers needs to 
re-tubes it and the best array of entering these exchangers to inside re-tubing workshop. 
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NOMENCLATURE  
 
 

Symbol Description 
ANN Artificial Neural Network 
ANNs Artificial Neural Networks  

C.P Critical Path  
CPM Critical Path Method  

C Neuron Gain  
D Desired Completion Data for the Project  

DES  Discrete-Event Simulation  
ET Expected Activity Time  
e.g Error Goal 
f Transformation Function 
h  Number of Nodes in Hidden Layer  
n Activities Number of the Critical Path 

MLFFNN Multi-Layer Feed-Forward Neural Network 
PERT Program Evaluation and Review Technique  

p Number of Nodes in Input Layer  
RTHEL Re-Tubing Heat Exchanger Line  

Ta Optimistic Duration  
Tb Pessimistic Duration  
Tm Most Likely Duration  
TE Expected Completion Date for the Project  
U The External Inputs to the Neural Network  
w The weight of interconnection neuron  

Wxu Weighted Interconnection for Input-Hidden Layers  
Wyx Weighted Interconnection for Hidden-Output 

x Input units 
X  The Output of Hidden Units  
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Y The Output of Neural Network  

Z 

The Number of Standard Deviations (of a Standard 

Normal Distribution) that the Project Due Date is from 

the Expected Completion Time. 

σ Standard Deviation of Activity Duration  

cpσ  Standard Deviation of the Critical Path  

η Learning Rate 
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ABSTRACT 

A numerical method is developed for calculation of the wake geometry and 

aerodynamic forces on two-dimensional airfoil under going an arbitrary unsteady 

motion in an inviscid incompressible flow (panel method). The method is applied to 

sudden change in airfoil incidence angle and airfoil oscillations at high reduced 

frequency. The effect of non-linear wake on the unsteady aerodynamic properties and 

oscillatory amplitude on wake rollup and aerodynamic forces has been studied. The 

results of the present method shows good accuracy as compared with flat plate and for 

unsteady motion with heaving and pitching oscillation the present method also shows 

good trend with the experimental results taken from published data. The method 

shows good results for a wide range of unsteady motion of a two-dimensional airfoil. 

 

:الخلاصة  

خلو  ططةواس ائوايلا الاد واد كاحو  تحو   الاعقوابتم تطويش طشيقة عذدية لحساب القوو  الووايةوة كلو   

. طاقوو  الطشيقووة علوو  )طشيقووة الاوادووا   جشيوواغ مةووش لووض  كمةووش حادوو  ل   وو اطلتووااةش كش ووة مةووش ط واص ووة 

 يووةرك حةمووة اك ضاصي حووشب د زدووزب  الووزب مطةوواسالالمطةواس الووزب ياووذا دحش ووة وجايةووة كدضاكيووة كجووو  ط ةئووة  ووزل  

كتااةشاتوا علو   عل  الخواص الووايةة كحةم ال لةا للحش ة الاك ضاصية ل عقابعالةة. اغ تااةش ال صشف ال خطلا 

تموو  دساهوو وا. اكاووح  الطشيقووة كةوو  خلوو  المطةوواس كالقووو  الووايةووة الم ولووذ   دالاعقووابالال فوواف الحا وو  

 شو ةوة كالا حئايةوةالالحش ة الاك ضاصيوة  زل  واغ را طا حوس   ط  الاهطح المس وية كالةا   ايج جةذ  ا المس خذطة

تطادق جةذ طن كة  ال صشف ط  الئ ايج ال ملةة الم حصلة طن دحوو  هوادقة. اغ الطشيقوة الحالةوة ت ووش اظوش  

 كلمذيا  كاه ة ولا الحش ة ال ةش طس قش  لمطةاس ائايلا الا ذ.  ايج جةذ  

KEYWORDS 

 Airfoil Oscillations, Panel Method, Unsteady Aerodynamics, Aerodynamic 

Coefficients, Hydrofoils, Lift, Pressure Distribution 

 

INTRODUCTION: 
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One of the basic assumptions of airfoil theory deal with the presence of 

stagnation point at the sharp trailing edge, what is commonly called Kutta Condition. 

While the existence of this condition is well established for steady non-separated flow 

situation, its validity for time-dependent cases is still controversial (Hess & Smith 

1966). 

It can be shown that Kutta Condition can be applied for force and moment 

prediction in unsteady small amplitude non-separated high Reynolds Number flows. 

As a first approximation it is reasonable assume that the flow can be regarded as 

inviscid so long as the flow in the region of the trailing edge is not separated.  

For general unsteady motion it is possible to obtain numerical solutions by 

imposing either the condition of finite velocities about the trailing edge or the 

condition of zero loading about the trailing edge (Basu and Hancock 1978).  

The most comprehensive numerical solution is due to (Gesing 1968) and is 

based on (Hess & Smith 1966) procedure to solve two-dimensional airfoil in steady 

incompressible flow by using source and vortex distribution on the surface and by 

using Kutta condition invoked velocities equal in both magnitude and direction at 

midpoint of the two trailing edge elements. The method discrete vortex shedding from 

the trailing with strength equal to the negative vortex strength of the airfoil, it found 

that the approach gives good behavior of the wake and loads when the airfoil move in 

unsteady motion. (Basu and Hancock 1978) developed a numerical method to 

calculate two-dimensional airfoil under going an arbitrary unsteady motion in an 

inviscid incompressible flow. The method of Gesing is modified by adding additional 

panel at the trailing edge with length and angle depends on the solution of airfoil 

vorticity and by application of zero loads at the trailing edge, so that, a system of non-

linear equation is produced due to this element and with iteration technique is used to 

solve these equations. Good results obtained with this modification as compared with 

Gesing. (Chen and Sheu 1980) used the interior singularities to solve the unsteady 

incompressible inviscid airfoil. Same approach of Basu and Hancock for oscillations 

motion analysis although results have been presented for a sudden change in 

incidence at high frequency oscillation and entry into a sharp-edge gust, the method is 

completely general. (Kats and Weihs 1981) used a thin airfoil theory to solve the 

unsteady motion, as compared with other published experimental data. It is found that 

when the trailing edge displacement is small the range of linearized theory 

calculations using Kutta condition can be extended far beyond reduced frequency 

larger than 1. (Poling and Telionis 1986) presented two cases of unsteady flow field 

over a NACA 0012 airfoil at an angle of attack, the results indicates that the unsteady 

Kutta condition proposed by Gesing is examined and some evidence is provided for 

its support. 

In the present work will adapt the method stated by (Katz and Plotkine 1991) 

which created to solve the unsteady flow about thin (Flat Plate) airfoil, and then 

coupled with Hess & Smith method to solve thickness problem (e.g. NACA 0012). 

Some modification presented to solve airfoil load coefficients which illustrated in 

numerical procedure. 

 

MATHEMATICAL MODEL: 

 The flow field is assumed to be potential (inviscied and irrotational) and 

incompressible. In that case velocity potential satisfies the laplace equation: 

0         (1) 
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 The equation is the same, both for steady and unsteady flows. Owing to that, 

methods for steady cases can be applied for the solution of unsteady flow problems, 

as well. Unsteadiness is introduced by the unsteady boundary condition: 

 0. nQ


        (2) 

Of the Kelvin theorem: 

 0


Dt

D
        (3) 

And the unsteady form of the Bernoulli equation: 

 
t

QV
pp











 


2

5.0

22       (4) 

In order to define the aerodynamic characteristics of the airfoil, two models 

should be established: airfoil model and wake model. 

 The airfoil model is modeled by (Hess & Smith 1966) method, which enables 

to model airfoil with different shape by using constant source and vortex panel on the 

airfoil surface. 

  Numerical modeling of the wake must be done carefully due to its high 

influence on the lift force generation. To satisfy the unsteady Kutta Condition at the 

trailing edge, the pressure coefficient for the unsteady flow is defined as: 
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 According to that, the difference between the upper and lower surface pressure 

coefficients at the trailing edge is: 
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Where u and l are the upper and lower surface value; 

 The potential difference is: 

 lu             (7) 

 The Kutta condition can be expressed as the uniqueness of the pressure 

coefficients at the trailing edge, which mathematically expressed, takes the form: 

 TEV
t





         (8) 

 From this equation it can be clearly seen that the variation of airfoil circulation 

in time can be compensated by releasing vortices of magnitude γTE. 

 

NUMERICAL METHOD: 

 

The solution for the flow about an airfoil under going an arbitrary time-

dependent motion which started at t = 0 is calculated at successive intervals of time. 

 

tk ( t0 = 0, k=1,2,3…..)      (9) 

 

By a method based on (Hess and Smith 1966) approach to solve steady linear 

incompressible flow about airfoil at time tk, the model of non-linear unsteady 

incompressible flow is shown in Fig (1). 
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The airfoil contour at time tk is replaced by N straight-line elements. A 

uniform source distribution (σi)k and a uniform vorticity distribution (γ)k are placed on 

i
th

 element ( i =1,2,…..,N) where (σi)k varies from element to element but (γ)k is the 

same for all elements on airfoil and the subscript k refer to the time tk. The over all 

circulation (Γk) can be calculated from (γ)k * (airfoil perimeter). 

The unsteady motion of the airfoil is characterized by the presence of the 

trailing vortex wake emanating from the trailing edge of the airfoil. The vorticity shed 

during any time tk is equal in magnitude and opposite in sign to the change in 

circulation about the airfoil during tk.  

 
 

Fig (1): The unsteady motion of a two-dimensional airfoil. 

 

Once the vorticity is shed it moves as a fluid particle subjected firstly to the 

onset flow and secondly to the perturbation velocity due to the airfoil and then to the 

induced velocity due to the remainder of the shed vorticity, this procedure is 

implemented as indicated in Fig (2). From any initial stage the prescribed movement 

of the airfoil during next tk is carried out and the vorticity shed during tk is computed 

from the simultaneous application of the usual Kutta condition at the trailing edge of 

the airfoil and the vorticity conservation low mentioned above. This vorticity is 

placed in the fluid as a line vortex at a location representative of the average fluid 

velocity over the trailing edge locus during tk. Finally, all previously shed line 

vortices are moved to new locations using a predictor-corrector method. As shown in 

the Fig (2). 
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Fig (2):  (a) Airfoil Moves. (b) Wake Moves (from Hess J. L. 1975) 

 

The solution can be summarized at time tk, there are N+2 unknowns (σi)k ( i 

=1,2,3,………,N) , (γ)k and the ΓW. The basic set of equations can be formulated as 

follows; 

 

1- the condition of zero normal velocity (Qn) at the external midpoint of each airfoil 

element j at time tk such that, 

 

  0
0


kjnQ          (10) 

2- the condition of equal velocities at the midpoint of the two elements on the airfoil 

on either side of the trailing edge is, 

 

kNtkt QQ )()(
1

          (11) 

Where Qt1, QtN: is the total tangential velocity at the midpoint of element 1 and N 

at time tk. 

3- the vorticity conservation low ( the Kelvin's Conditions), 

 

ΓW = Γk – Γk-1          (12) 

 

Where    ΓW = is the Wake Circulation. 

         Γk = is the circulation about airfoil at time tk. 

 

Since the problem is concerned with incompressible flow the formula for the 

induced velocities by source and vorticity distributions are the same as for the 

steady case. Thus the experience gained with the steady (Hess and Smith 1966) 

method carries over to the unsteady problem.  
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4- The boundary condition of the equations represents the normal velocity 

component due to the motion of the airfoil which is known from kinematics 

equation. Since the strength of the other wake vortices is known from the 

previous time steps. So that, their effect on the normal velocities will be included 

in the boundary condition also. 

5- Solving the set of equations and once the source and vorticity strengths and wake 

vortex have been determined the velocity distribution on the airfoil or at any 

point in the flow field is known. The unsteady Bernoulli's equations namely(Basu 

and Hancock 1978). 

tVV

Q
C P









2

2
2

1        (13) 

Where Q: is the total velocity on the outer airfoil surface and   is the velocity 

potential. 

 

6- The forces and moments are obtained by direct integration of the pressure 

distributions. In calculation of unsteady pressure coefficient, (
t


) has to be 

determined. In the present numerical method the value of (
t


) at the midpoint of 

the j
th

 element at time tk is approximated by; 
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7- The velocity potential ( ) is obtained by integrating the velocity field along the 

x-axis from upstream of the airfoil and then around the airfoil surface 

8- Once the solution at time tk has been determined, the model stepped for time tk+1, 

with the wake pattern calculated from the solution at time tk. The distributed 

vorticity on the wake element at time tk is now assumed to be concentrated into a 

vortex strength (ΓW ) at time tk+1 situated at , 
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         (15) 

 

The resultant velocity at the center of each of the other concentrated vortices 

in the wake is calculated from the solution at time tk. Then the position of that 

vortex at time tk+1 follows directly. 

A computer program has been developed in FORTRAN power Station, and is 

applied to, 

 

i. Sudden Change in Angle of Attack: 

 

The analytic solution of impulsive incidence (for flat plate thin airfoil) was 

studied by Wagner in 1925 and illustrated in (Yuong 2006), who provided what is 

now referred to as the Wagner Function. The Wagner Function has else where been 

used as a validation of unsteady panel method (e.g. Katz and Plotkin 1991). The lift 
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coefficient ratio )(1
)(

t
tc

c

l

l 


 with  (t) is an approximation to the Wagner 

function, 

 

  tt eet 6.0091.0 335.0165.0             (16) 

 

This equation is valid for angle of attack of 5 deg.   

 

ii. Heaving Oscillation: 

 

The general equations of motion and parametric nomenclature for the 

configuration used to simulate numerical solution are illustrated in Fig (3). The 

equations of motion are shown. From the equations illustrated in the figure the airfoil 

will oscillate up and down the x–axis with amplitude equal to h. this oscillation create 

a velocity on the boundaries of the airfoil showed in terms of u/V∞ and v/V∞. It must 

be note that these velocities must be in concluded in the boundary condition of the 

zero normal velocity. The equations show a harmonic behavior so that, it expected the 

results has these effects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (3): Equation of motion of heaving oscillation and nomenclature. 

 

iii. Pitching Oscillation: 

 

 The pitching motion and its equations are illustrated in fig (4). The figure 

shows that the airfoil will translate with pitching motion about a pivot point called xcp. 

The position of this point is changed to study its effect on the airfoil wake and forces 

coefficients. 
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Fig (4): Equation of motion of Pitching oscillation and nomenclature. 

 

 NACA 0008 thick symmetrical airfoil is used in pitching oscillation for a 

mean incidence angle of 0 deg. At high reduced frequency k=20 with amplitude of 

θo=0.01 rad., So that, the results can be compared with those obtained from (Basu 

and Hancock 1978).  

 

RESULTS AND DISCUSSION: 

 

For sudden change in angle of attack calculation presented in Fig (5) is at 

angle of attack equal to 5
o
 and 

 

c

tV
0.25. The results for computation of lumped 

vortex method (LVM) which is used to find the unsteady flow over thin airfoils is 

also shown in the figure for comparison. The LVM depends on using lumped vortex 

on the quarter chord and Kutta condition was valid at third quarter chord of the airfoil. 

The wake rollup calculation and forces such that at each time interval (dt) a vortex 

shed from the Trailing edge where the strength of each vortex is equal in magnitude 

and opposite in sign to the change in circulation of the airfoil bound circulation. This 

procedure is continued for the next time steps. The results obtained is in good 

accuracy as compared with the other approaches, and it could be conclude that at time 

t=0 there are an impulse lift which arises from instantaneous change in   with time as 

shown in pressure coefficient Eq (5). This change in   with time due to acceleration 

of the flow becomes smaller with reduced influence of the starting vortex. 

Fig (6) show that there is a drag force, this force could be divided into two 

components, first is the wake induced downwash and the second is due to fluid 

acceleration these two components calculated and presented in figure. 

 While examining the wake vorticity as presented in Fig (7), it can be observed 

that the first vortices are the strongest and that all vortices have a counterclockwise 
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values. Also if the wake is allowed to rollup, due to the velocity field induced by the 

wake and the airfoil, the shape is as shown in Fig (8). It could be concluding that the 

present method gives at least good behavior and trends for sudden change in angle of 

attack motion of the airfoil. 

For heaving oscillation (Katz and Plotkine 1991), presented a wake shape 

visualizations for a flat plate under going heaving oscillation (Plunging motion), 

corresponding solution were performed with the present Method for comparison. 

Assume that thickness of the airfoil is NACA 0001 (i.e. 1% thickness) instead of flat 

plate. 

 Three results were performed with k = 8.5, k = 2.1 and k =0.6 with amplitude 

h = 0.019. Fig (10,11 and 12), show a very close agreement with (Kats and Plotkine 

1991) results in terms of the shape of the wake and the degree of self induced roll-up. 

 Overall the present method demonstrated excellent qualitative and quantitative 

agreement with published Panel Method data.  

 Other comparisons are performed between experimental wake visualization of 

airfoil NACA 0012 oscillating in different reduced frequencies and amplitudes with 

computational procedure discussed in the previous section and illustrated in Fig (13). 

 Also figures shows wake behavior of the airfoil with lines represents positive 

vortices(clock wise) and lines which represents negative vortices ( counter clock 

wise). So that, with simple procedure solution depending on linear equations the non-

linear behavior of the problem was solved with good accuracy. 

 For the airfoil thickness NACA 0008 the calculation of heaving oscillation for 

the mean angle of incidence 0 deg with an amplitude h=0.018 c and reduced 

frequency k = 8.5. 

 The lift and drag coefficients for the upper conditions are presented in Fig 

(14). Due to the strong non-linear effects of the discrete vortices in the wake, the 

variations of lift and drag distribution are not simply harmonic. 

 The comparison shows good trends between experimental and computations. 

So that, it could be find complex and nonlinear problems by a linear solution with 

good accuracy. 

For pitching oscillation, generally speaking, the non-linearity in the problem 

arises from the wake, it is non-linear process to find the position and the shape of the 

wake, the wake pattern in the Fig (15), shows the rollup of the wake vorticity into 

discrete vortices of opposite sign.  

 Fig (16) show the wake rollup for NACA 0008 thick symmetrical airfoil in 

pitching oscillating with various oscillatory amplitudes θo and various oscillatory 

positions xcp on mean chamber line at reduced frequency 20 respectively. It could be 

shown that the effect of oscillatory amplitude θoon the wake rollup is significant if the 

airfoil is oscillating about the position between the leading edge xcp =0 and the mid-

point on the mean camber line xcp =c/2.  

 The lift and drag forces coefficients are predicted and simulated in Fig (17). 

The variation in lift and drag are not simply harmonic behavior due to the skew ness 

and the phase shift in the neighborhood of the peak values. 

 The vorticity distributions will influence the vortex shedding from the trailing 

edge and overall lift and drag distributions on the airfoil surface. 
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CONCLUSIONS: 

 

The numerical method out lined in this paper leads to the calculation of the 

inviscid flow field about an airfoil undergoing an arbitrary time-dependent motion. If 

it is assumed that the flow remains attached and that it separates at the trailing edge of 

the airfoil. Although results have been presented for a sudden change in incidence and 

a high frequency oscillation the method is completely general. 

The wake rollup calculations show good agreement with the available flow 

visualization data. The effects of the wake rollup on the calculation of unsteady lift 

and drag coefficients are significant. 
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Nomenclature: 

 

c  Chord length (m) 

Cd Drag coefficient per unit span D/(q∞c) 

Cl Lift coefficient per unit span L/(q∞c) 

Cp Pressure coefficient 

h Amplitude level in heaving oscillation (m) 

k Reduced frequency, ωc/ 2V∞ 

Q Total velocity on the airfoil surface (m/s) 

Qn Total normal velocity on the airfoil surface (m/s) 

Qt Tangential velocity on the airfoil surface (m/s) 

t Time (s) 

u horizontal kinematic velocity (m)  

Uw Wake influence velocity in x-direction (m/s) 

v Vertical kinematic velocity (m/s) 

V∞ Free stream velocity (m/s) 

Vw Wake influence velocity in y-direction (m/s) 

x Horizontal displacement of airfoil in terms of c  

xcp Pivot point at which the airfoil pitching in terms of c 

xTE Airfoil trailing edge displacement in horizontal displacement 

y Vertical displacement of airfoil in terms of c 

yTE Airfoil tailing edge displacement in vertical oscillation 

Γw Wake vorticity 

Γk Vorticity due to airfoil motion at k
th 

step 

 ∞ Uniform flow velocity potential 

γ Vorticity strength distribution 

 Angle of attack 

ω Circular frequency 

θo Amplitude angle in pitching oscillation 

θ Pitching angle of oscillating airfoil 



  Angular velocity of pitching oscillation airfoil 

  Velocity potential and Wagner function 
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Fig (5): Variation of lift after initiation of 

sudden forward motion of two-

dimensional airfoil. 
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of sudden forward motion of two-

dimensional airfoil. 
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(a) Katz and Plotkin (1991)           (b) Present Method 
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Fig (9): Wake rollup behind a two-dimensional 

airfoil which was suddenly set into motion. 
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Fig (11): Wake pattern calculated for heaving oscillation of 
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=2.1 and h=0.019. 
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Fig (12): Wake pattern calculated for heaving oscillation of 
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=0.6 and 

h=0.019. 
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Fig (13): NACA 0012 Wake pattern visualization from Young J. (2006) as compared 

with computed wake for heaving oscillations at various amplitudes . 
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(a) Basu and Hancock (1978)   (b) Present method 
 

 

 

 

 

 

 

dc 

0 2 4 6 8 10
-20

-10

0

10

20

kt 

lc 

0 2 4 6 8 10
-0.3

-0.2

-0.1

0

0.1

kt 

 

Fig (14): Lift and Drag coefficients of NACA 0008 airfoil oscillating with 

Heaving motion k=8.5, h=0.018. 
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Fig (15): Wake Pattern for pitching oscillation as compared with Basu and 

Hancock (1978), airfoil with k=20, θo=0.01 rad. 
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Fig (16): Wake patterns for NACA 0008 thick symmetrical aerofoil in pitching oscillation 

at reduced frequency k=20. 
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INFLUENCE OF RUBBER CONSTITUENTS ON    PERFORMANCE 
OF ASPHALT PAVING MIXTURES 

 
 

Dr. Ayad A. F. Al-Dulaimi 
College of Engineering 
University of Baghdad 

 

ABSTRACT 
        Environmental problems created by discarded waste rubbers, such as potential fire and disease 

hazards, have become significant in recent years. In connection with rubber recycling, a comparative 
study of laboratory performance of application of two polymer types: styrene butadiene rubber (SBR) 
and polyethylene–vinyl acetate (PVA) in asphalt paving mixtures is presented. These mixtures are 
usually employed in construction the surface courses in Iraq. These modified asphalt mixtures were 
prepared with asphalt cement previously modified by using three percents of polymer (1, 3 and 5) 
percent by weight of modified asphalt. Two control mixes are adopted for comparison purpose. The 
first control mix was produced with 40/50 penetration asphalt cement while the second was produced 
with 60/70 penetration asphalt cement.  
         To evaluate the mixture characteristics of the modified and conventional mixes: laboratory tests 
of Marshall, indirect tensile strength, indirect tensile resilient modulus, indirect tensile fatigue and 
incremental indirect tensile creep were conducted on a compacted Marshall specimens. The VESYS 
5W software program was used to investigate the effect of polymer type on rut depth occurring in 
whole selected pavement structure. 

       The results of the present study indicated that the modified mixtures exhibited higher tensile 
strength characteristics than the control mixtures. The modified asphalt mixtures showed overall better 
performance indices (rut depth and fatigue cracks) than the corresponding control mixtures. Also, the 
addition of (SBR) polymer type to the mixture improves asphalt mixture performance, especially, 
when it is added by 1 % by weight of asphalt.  
 
 
KEYWORDS 
 Rubber recycling, styrene butadiene rubber (SBR), polyethylene–vinyl acetate (PVA), indirect 
tensile strength, indirect tensile resilient modulus, indirect tensile fatigue and rut depth. 
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  - :الخـــلاصـــــة
تعد من القضایا التي اكتسبت اهتمام كبیر  والمتمثلة بالحرائق والأمراضأن المشاكل البیئیة المتولدة عن طرح مخلفات المطاط       

 styreneنوعین من البولیمرات هماتطبیقِ  ءأدا بینقارنة مللمختبریه  دراسة تقدیم تمولأجل تدویر مخلفات المطاط،  .في السنوات الأخیرة

butadiene rubber (SBR)     و)polyethylene-vinyl acetate (PVA   عادة ستخدم ت أن هذه الخلطات. الإسفلتيفي خلطات التبلیط
ً والذي یعد الأسمنتي الإسفلتباستخدام  والتي یتم تحضیرها في الع اق إنشاء الطبقة السطحیةفي   )١,3,٥(ثلاث نسب من البولیمر  ستعمالبا ل

زنالمائة ب َ ِ  ِ  و َ  الإسفلتن م ع ُ َ  الأولالسیطرةِ  خلیط أن حیث سیطرةِ لغرضِ المقارنةِ خلطتي  اختبارتم  .دلالم ذو  أسمنتي أسفلتباستخدام أُنتج
  .60/70اختراقذو  أسمنتي أسفلت باستخدام أُنتج الثاني بینما 40/50اختراق
لةِ والسیطرة لتَقییم خ   دَّ َ ع ُ ِ الخلطات الم ِ مارشال المحدولة وھي مارشال، مقاومة الشد  أجریتصائص الاختبارات التالیة على نماذج

ّ غیر مباشر و لل، الكرلمباشا غیر دّ الجوع رغیر مباشر، معامل ال ّ غیر مباشرالشد   برنامجتم استخدام . زحف التراكمي شد
VESYS 5W  البولب ِ ِ نوع   .منشأ التبلیط الكلي المختار في على عمق التخدد الحاصل لیمرحث تأثیر

دَّلةَ  نأ إلى ةنتائج هذه الدراس تشیر َ ع ُ َ  أظهرتالخلطاتَ الم ِ السیطرة أعلى من خلطات الخلطات  أظهرتكذلك  .خصائص مقاومة الشدّ ِ
نْ خلطا) للوشقوقِ ك عمق تخدد(عموماً مؤشرات أداء  ةلعدالم الإسفلتیة المعدلة عموماً  الإسفلتیةالخلطات  أظهرتكذلك . السیطرةِ  تأفضل  مِ

ِ السیطرة المقابلة منأفضل  ) للعمق تخدد وشقوقِ ك(مؤشرات أداءِ  إلى ) SBR(فان إضافة نوع بولیمر  ثالبح بنتائجفیما یتعلق " أخیرا .خلطات
  .لإسفلتامن وزن % ١، خصوصاً عندما یضاف  بمقدار الإسفلتيالخلیط یحسن أداء الخلیط 

  
INTRODUCTION AND BACKGROUND 

Presently and into the future, waste rubber (for example tires, tubes…….etc) could potentially 
become a serious environmental problem. Many methods have been used to dispose waste rubber. One 
method is to recycle waste by cutting and scraping them into small sizes down to powder particles and 
reuse as reclaimed rubber material. The use of reclaimed rubber as an additive in various types of 
bituminous construction not only solves a waste disposal problem and offers the benefit of resource 
recovery; it is also of interest to the paving industry because of the additional elasticity imparted to the 
binder and pavement system ( Nukulchai et al., 2007).      

Many asphalt additives are polymers and the interaction with asphalt may result in a complex blends. The 
polymer may have no interaction with the asphalt (phase separate), partial interaction (swollen polymer 
domains), or strong interaction (thermodynamic dissolution of polymer). Polymer additives differ in molecular 
weight, shape (linear, branched, star, etc…), repeat unit …etc. Polymer amount, strain and thermal history may 
alter the morphological and physical properties of the modified asphalt (Wegan and Brule, 1999). In particular, 
the relationship of fatigue properties to asphalt chemistry is not well understood and the incorporation of 
additives only complicates an analysis (Little et al., 1999). 

The ability of polymer-modified asphalts to improve asphalt pavement resistance to permanent 
deformation is well documented (Institute for Transportation Studies, 1994 and Bahia et al., 2001). In 
cases where high-quality aggregates are used, polymer modification for the purpose of permanent 
deformation resistance may not be necessary, at least for some airfield asphalt mixtures. However, 
modified asphalt mixtures may either degrade or enhance asphalt mixture fatigue life as measured by 
flexural beam tests (Institute for Transportation Studies, 1994 and Newman, 2000). 

Studies by Harvey and Monismith have shown that the addition of a modifier to certain asphalts may reduce 
the number of strain cycles to failure or increase the rutting. The same modifier mixed with other asphalt 
produced opposite results in that the fatigue life increased and rutting decreased (Harvey et al., 1994, Harvey et 
al., 1995, Harvey et al., 1997). These studies indicated that the modifiers had different effects on mix stiffness, 
fatigue life and the cumulative dissipated energy. Stiffness of unmodified asphalt mixtures and cycles to failure 
in flexural beam tests has been shown to correlate well with fatigue life. Fatigue life estimates using ‘surrogate’ 
stiffness of asphalt mixtures were developed for cases in which beam testing was not available. However, with 
polymer-modified asphalt mixtures, fatigue life models were unreliable. Khattak and Baladi have shown 
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significant effects of modifier type, concentration on fatigue and indirect tensile properties (Khattak and Baladi, 
2001).  

       Many factors contribute to the degradation of asphalt pavements. When high quality materials 
are used, distresses are typically due to traffic loading, resulting in rutting or fatigue cracking. 
Environmental conditions such as temperature and water can have a significant effect on the 
performance of asphalt concrete pavements as well. The presence of water (or moisture) often results 
in premature failure of asphalt pavements in the form of isolated distress caused by debonding of the 
asphalt film from the aggregate surface or early rutting/fatigue cracking due to reduced mix strength. 
Moisture sensitivity has long been recognized as an important mix design consideration. The moisture 
affects asphalt mixes in three ways: loss of cohesion, loss of adhesion and aggregate degradation. The 
loss of cohesion and adhesion are important to the process of stripping. A reduction in cohesion results 
in a reduction in strength and stiffness. The loss of adhesion is the physical separation of the asphalt 
cement and aggregate, primarily caused by the action of moisture. The air void system in the asphalt 
concrete provides the means by which moisture can enter the mix. Once moisture is present through 
voids or from incomplete drying during the mixing process, it interacts with the asphalt-aggregate 
interface. Numerous test methods have been developed and used to evaluate the moisture susceptibility 
of HMA mixes (Taylor and Khosla, 1983 and Khosla, 2000). 
 
* EXPERIMENTAL WORK 

Material 
     Asphalt cement 40/50 and 60/70 brought from Daurah refinery with the physical properties given 

in Table (1), were used in the present study. Coarse and fine aggregate, Bulk specific gravity of 2.77 
and 2.68 respectively, were used in the preparation of the asphalt concrete mixtures. Limestone was 
used as mineral filler which was obtained from Karbala'a factory with specific gravity of 2.773.     
Table (2) presents the selected mix gradation for surface course. 

 
Table 1: Properties of used asphalt cement. 

Property Test Results 
 

Requirements Penetration –Graded 
Asphalt Cement 

(40/50) (60/70) 
1.Penetration at 25 oC ,  (0.10mm) 48 66 40-50 60-70 
2. Ductility at 25 oC , (cm) 110 120 >100 >100 
3.Specific gravity at 25 oC 1.03 1.01 ------ ----- 
4.Flash point ,(oC) 275 249 >232 >232 
5.Solubility in trichloroethylene 99.37 99.26 >99 >99 
6.Residue from thin –film oven test 
- Retained penetration , % of original 
-Ductility at 25 oC, (cm) 

 
68 
57 

 
61 
73 

 
>55 
>25 

 
>52 
>50 

 
Table 2: Selected mix gradation for surface course. 

Sieve 19 mm 12.5 mm 9.5 mm No.4 No.8 No.50 No.200 
% Passing 100 95 83 59 43 13 7 

 
    In general, polymer types are classified into four main types: polymer latex (or polymer 

dispersion), redispersible polymer powder, water-soluble polymer and liquid polymer. In particular, 
the commercial polymer latexes widely used in the world are styrene-butadiene rubber (SBR) and 
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polyethylene–vinyl acetate (PVA). The chemical structures of the (SBR) and (PVA) are (-CH-
CH=CH-CH2-CH2-CH-C6H5)n  and (-CH2-CH2-CH2-CH-OCOCH3)n  respectively. 
 
Asphalt mixtures code 
   The fourteen asphalt mixture types adopted in the present study are listed in Table (3). 
 

Table 3: The code for the six asphalt mixture types. 
Asphalt mixture code Description 

Mix 1 Control mix 48 penetration grade asphalt 
Mix2 Control mix 66 penetration grade asphalt 
Mix3 Modified mix 48 penetration grade asphalt and  1 % SBR polymer 
Mix 4 Modified mix 48 penetration grade asphalt and   3 % SBR polymer 
Mix 5 Modified mix 48 penetration grade asphalt and  5 % SBR polymer 
Mix 6 Modified mix 48 penetration grade asphalt and  1 % PVA polymer 
Mix 7 Modified mix 48 penetration grade asphalt and   3 % PVA polymer 
Mix 8 Modified mix 48 penetration grade asphalt and  5 % PVA polymer 
Mix 9 Modified mix 66 penetration grade asphalt and  1 % SBR polymer 

Mix 10 Modified mix 66 penetration grade asphalt and   3 % SBR polymer 
Mix 11 Modified mix 66penetration grade asphalt and    5 % SBR polymer 
Mix12 Modified mix 48 penetration grade asphalt and  1 % PVA polymer 
Mix 13 Modified mix 48 penetration grade asphalt and   3 % PVA polymer 
Mix 14 Modified mix 48 penetration grade asphalt and   5 % PVA polymer 

 
Sample prepartions 

       Asphalt cement content of 5% by weight of total mixture was used based on Marshall Stability 
mix design method. Polymer of (1, 3 and 5) % by weight of asphalt was used for the tested specimens. 
The used polymer was blended with the asphalt binder at a temperature of 160oC using conventional 
mixer. All examined asphalt concrete mixtures were prepared in accordance to (ASTM Designation: 
D1559-89) (ASTM, 2003) with the standard 75-blow Marshall design method for designing hot asphalt 
concrete mixtures, designated as using automatic compaction. 
 
Asphalt mixture properties 

     The Marshall test was performed during the mix design according to the (ASTM Designation:     
D 1559-89) (ASTM, 2003). This test is performed at a deformation rate of 51 mm/min (2 inch/min) 
and a temperature of 60ºC. The properties obtained from this test are the Marshall stability and flow. 
The Marshall stability of an asphalt mixture is the maximum load that the material can be carried when 
tested in the Marshall apparatus. The Marshall flow is the deformation of the specimen when the load 
starts to decrease. Stability is reported in (KN) and flow is reported in (mm) of deformation. Three 
specimens were tested and an average is reported and used in the analysis. Marshall properties at 5% 
asphalt content by weight of total mix and SCRB (SCRB, 2003) specifications for asphalt mixes used 
as a surface course are presented in Table(4). 
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Table 4: Marshall properties of different asphalt mixture types. 

Asphalt paving properties  

Mix type 
Voids filled 

with 
 asphalt 

(%) 

Voids in mineral 
aggregate (%) 

Voids in total mix 
(%) 

Marshall 
flow(mm) 

Marshall 
stability 

(KN) 

70.1 16.2 4.2 2.9 13.6 Mix 1 
74.8 15.9 4 3.1 10.3 Mix2 
74.4 16.0 4.1 3.0 12.7 Mix3 
73.8 14.9 3.9 3.1 12.0 Mix 4 
73.8 14.9 3.9 3.1 12.4 Mix 5 
74.5 14.9 3.8 3.2 10.7 Mix 6 
74.8 16.3 4.1 3.2 10.4 Mix 7 
73.8 16.0 4.2 3.3 10.0 Mix 8 
74.8 15.9 4 3.1 9.5 Mix 9 
75.3 15.8 3.9 3.3 9.0 Mix 10 
73.8 16.0 4.2 3.3 8.6 Mix 11 
73.6 16.3 4.3 3.4 8.5 Mix12 
73.5 16.2 4.3 3.3 7.5 Mix 13 
73.3 16.5 4.4 3.3 7.2 Mix 14 

65-85% Min.14 3-5 % 2-4 mm Min. 8 KN SCRB 
specification  

 
 
* MECHANICAL BEHAVIOR TESTS 

       The mechanical behavior of the polymer-modified and unmodified mixtures was evaluated based 
on the indirect tensile strength, indirect tensile resilient modulus, indirect tensile fatigue and the 
unconfined compressive strength. 
  
Indirect tensile strength test 

      The indirect tensile strength tests were conducted using the standard method ASTM D4123 
(ASTM, 2003). The experimental procedure used to determine the tensile, or splitting, strength of a 
cylindrical specimen is based on loading it diametrically in compression to create a tension zone along 
the specimen’s loaded diameter. The expression for the maximum tensile strength generated can be 
stated as: 

                                         
HD
P

t π
σ max2

=                                                                                        (1) 

Where σt is the indirect tensile strength, Pa, Pmax is the maximum applied load, N, and H&D is the 
height and the diameter of the specimen in m, respectively.  
 
Indirect tensile resilient modulus test 

     The indirect tensile resilient modulus test is conducted at temperatures of 5, 25 and 40ºC 
according to the modified ASTM D4123 (Mohammad and Paul, 1993). It is a repeated load indirect 
tension test for determining the resilient modulus of the asphalt mixtures. The recoverable horizontal 
deformation, δH, was used to calculate the indirect tensile resilient modulus, MR in eq.2. 
 

                                         
Ht

PM R δ
µ

.
)27.0( +=                                                                                 (2) 
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Where MR  Resilient Modulus, Pa, P Applied vertical load, N, t Sample thickness, m, µ Poisson’s ratio 
(assumed equal to 0.35 for asphalt concrete mixtures) and  δH  Horizontal deformation, m. 
 
Indirect tensile fatigue test 

 To determine the fatigue resistance of the asphalt concrete samples, this test was conducted at 
25oC temperature and applied on the Marshall specimen (101.6mm diameter X 63.5 mm height). The 
(10%) of the test failure load obtained from indirect tensile test was used as the peak value of the 
cyclic load with loading duration of 0.10 second followed by a rest period of 0.90 second was applied 
to the test specimen (Loulizi et al., 2002).The number of cycles were monitored through the duration 
of test and the test was terminated when the specimen reached to failure. The fatigue testing procedure 
is described in NLT-350 standard (Spanish Ministry of Public Works, 1990). The failure criteria are 
related to a decrease in the needed load below 50% of the initial value for each imposed strain. A total 
of three Marshall Specimens are tested to measure average fatigue life for each mix being studied.  
 
3-4) Incremental indirect tensile creep test 

At testing temperature of 40oC, a compressive stress of 0.138 MPa (20 psi) was applied on the 
Marshall specimen. The loading times include (3, 5, 10, 100 and 1000 seconds) and rest periods are (2, 
2, 2, 4 and 8 minutes). The total permanent strains, εP (in/in), at the end of each rest period were 
measured. In last loading time (1000 seconds), the creep deformations were measured after (3, 6, 10, 
30, 60,100, 300, 600, and 1000 seconds) durations. The creep compliance, C (t), at each of these 
loading durations is calculated as follows:- 

 
                                                        C(t) = Є(t) / σo                                                                                 (3) 
 
Where C(t) creep compliance at (1/MPa), Є(t) vertical strain at loading duration t (mm/mm)  and σo  
applied stress (MPa). 
 
* RESULTS AND DISCUSSION 
 
Laboratory characteristics of mixtures 

        Only the surface course mixtures were evaluated in the paper. An average of three specimen 
results was reported. The air voids for the laboratory test specimens were 4±1%. Fig.1 presents the 
results of Marshall Tests. It shows that the conventional mixtures had higher or equal values of 
Marshall Stability than the polymer modified asphalt mixtures.  
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Fig.1: Effect of mix type on Marshall Stability values. 
 

       Fig.2 presents the average results of the indirect tensile strength (ITS) test for the surface course 
mixtures. The present modified mixtures exhibited higher indirect tensile strength values than the two 
control surface course mixes. Especially, the 1% SBR or PVA polymer modified asphalt mixtures have 
higher strengths than the other mixture types wearing course mixes. Higher strength indicates the 
mixes to be more resistance under tension. This characteristic is desired for mixtures to resist fatigue 
cracks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Fig.2: Effect of mix type on indirect tensile strength values. 

    
  Fig.3 presents the results of the indirect tensile resilient modulus (MR) of the surface course 

mixtures at 40oC test temperature. The test results indicated that the modified mixtures exhibited 
higher values of MR than the control asphalt mixtures. 
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Fig.3: Effect of mix type on indirect resilient modulus values. 

 
    The results of the indirect tensile fatigue test for various mix types are presented in Fig.4. While 

evaluating the fatigue resistance of asphalt concrete mixes, the number of cycles to failure is used as 
performance indicators. A high number of cycles to failure are the desired properties to resist fatigue 
cracking.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4: Effect of mix type on indirect fatigue life values. 
 

       Fig.4 indicates the modified asphalt mixtures with two selected polymer types (SBR or PVE) 
exhibited higher resistance to fatigue than the control mixes and the asphalt grade has effect on fatigue 
life values of modified asphalt mixtures. 
 
Rut depth calculations 

     VESYS 5W software program is short from Visco-Elastic Pavement System Analysis Program 
Prediction (FHWA, 2003). The rut depth computed by the VESYS 5W software program is the 
summation of the permanent deformation of all layers. Therefore, the input data required to the 
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VESYS 5W software program are material properties of the layers, the thicknesses of each layer, 
traffic data and environmental conditions. These input data will be described in as follows: 
         To obtain input parameters required for the VESYS 5W software, an average curve of creep 
compliance C(t) versus time is constructed on a log-log graph and extrapolated backward to obtain 
values of C(t) at 0.1 and 0.30 seconds. The total permanent strain versus incremental time of loading 
is, also, plotted on a log-log graph and the best-fit line is obtained. The intersection of the line with the 
vertical axis is denoted by (i) and the slope by (s). The permanent deformation properties μ and α are 
determined as follows: μ = (i×s)/ε and α=1-s   where ε is the recovered strain which was obtained from 
resilient modulus test. Creep properties of various asphalt mixtures at average test temperatures of      
40 0C are obtained by conducting incremental creep test on various mix types.  

    Resilient modulus values α and µ parameters for surface course were determined from laboratory 
tests. Cross section of flexible pavement used for a multilane highway is considered in the present 
study. The selected pavement structure consists of five courses as shown in Fig.5.   
 
 
 
 
 
 
 
 
 
 

 
Fig.5: Cross section of the selected pavement structure. 

  
        Initially an equivalent 124 MPa (18000 psi) single axle load (ESAL) with dual tires was adopted. 
Traffic loading is assumed to be one million ESAL with tire pressure of 552 KPa (80 psi) and radius of 
contact area is 6 inches. Annual growth rate is assumed to be 8 percent. Average temperature of 40oC 
was used in estimation of rut depth value within selected pavement structure. Fig.6 illustrates the effect 
of various mix types on rut depth values.  
 

 

 

 

 

 

 
Fig.6: Effect of mix type on rut depth values. 
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   As shown in Fig.6, the addition of polymer to asphalt paving mixture reduces the rut depth values 

in case using the modified asphalt mixes in construction of surface course for the selected pavement 
structure especially for modified mixes containing polymer percent of 1% by weight of modified 
asphalt. Also, the modified mixture with SBR polymer gives rut depth values lower than that modified 
mixture with (PVA) polymer regardless the polymer percent. 

 
* CONCLUSIONS  
- Modified asphalt mixtures with 1% SBR or PVA polymer have higher strengths than the other 

mixture types. Higher strength indicates that the mixes to be more resistance under tension. This 
characteristic is desired for mixtures to resist fatigue cracks. 

-  For the particular asphalt used in the present study SBR and PVA modified polymer mix types affect 
the number of cycles to failure and would be expected to provide an increased level of protection 
against cracking due to repetitive loads. Also, the modified asphalt mixtures with two selected 
polymer types exhibited higher resistance to fatigue than the control mixes and the asphalt grade has 
effect on fatigue life values of modified asphalt mixtures. 

- The rutting distress analysis results shown that the addition of polymer to asphalt paving mixture will 
reduce the rut depth values in whole pavement courses structure especially for modified mixes 
which containing polymer percent of 1% by weight of modified asphalt. 

- The modified asphalt mixtures with (SBR) polymer show excellent performance (high fatigue life, 
high tensile strength, low rut depth), especially, at 1% when compared with other modified with 
(PVA) polymer and control asphalt cement mixes. 
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SYMBOLS 

C(t)    Creep compliance                                                                                                        [1/MPa] 
D       Diameter of the specimen                                                                                             [m] 
H       Height of the specimen                                                                                                 [m] 

maxΡ  Maximum applied load                                                                                                  [N] 
Ρ      Applied vertical load                                                                                                      [N] 
 MR    Resilient modulus                                                                                                           [Pa] 
 t        Sample thickness                                                                                                           [m]  
 
 
  
 
 
δH Horizontal deformation                                                                                                  [mm] 
Є(t) vertical strain                                                                                                               [mm/mm] 
µ   Poisson’s ratio                                                                                                               [unitless] 
σo   Applied stress                                                                                                                     [Pa]                               
σt   Indirect tensile strength                                                                                                       [Pa] 
 
                                                                                 

 

 

Greek symbols 
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PREDICTION OF INDUCED STRESSES WITHIN SOIL 

MASS USING ARTIFICIAL NEURAL NETWORK 

 
Zainal, Abdul Kareem Esmat 

 
ABSTRACT 

In this paper, an Artificial Neural Network (ANN) is applied to predict the soil stress within 

a soil mass for a variety of depths and displacements under applied loading. The neural network 

model is created and applied for two cases, point load, and Uniform rectangular load. 

Theses two cases were selected among many other cases of loading as a representation of the 

capabilities of ANN in finding proper solutions. The first case needs one input to get one output, 

where in the second case we need two inputs, to get one output only.   

Results revealed that function approximation using neural network can be applied easily and can 

give accurate results by choosing the appropriate learning algorithm, number of layers, and number 

of neurons to solve the problem. ANN model can provide reasonable accuracy for civil engineering 

problems, and a more effective tool for engineering applications. 

 انخلاصت

في هزا انبحث، حى حطبيك اسخخذاو انشبكاث انعصبيت في يحاونت نخخًيٍ ليًت الاخهاداث في انخشبت لأعًاق وإصاحاث 

يىديم باسخخذاو انشبكاث انعصبيت وحطبيمه عهى حانخيٍ يٍ حالاث  إيدادحى  .عهى سطح انخشبتحًم يخخهفت ححج يىلع حسهيط ان

 .يسخطيمانًُخظى عهى شكم  الإخهادو ي،نُمطانحًم ا وهًا اثالإخهادحسهيط 

إيداد حهىل يُاسبت. انحانت في خشبت كًُىرج نبياٌ إيكاَيت انشبكاث انعصبيت نهٍ يٍ بيٍ عذة حالاث ححًيم يانحانخ احيٍحى اخخياس ه

 عهى َخيدت واحذة فمط. ٍ نهحصىل يذخهيٍ اثُذخم واحذ نهحصىل عهى َخيدت واحذة، وانحانت انثاَيت ححخاج إنى ي  الأونى ححخاج إنى ي  

ورنك  أسفشث انُخائح عٍ إيكاَيت اسخخذاو انشبكاث انعصبيت كأداة نهحصىل عهى ليى حمشيبيت نهذوال بشكم دليك يع سهىنت الاسخخذاو

شبكاث اسخخذاو ان إٌ. باخخياس خىاسصييت انخعهيى انًُاسبت، عذد انطبماث انًُاسب، وعذد انخلايا انعصبيت انًُاسب نًعاندت انًشكهت

فعانت ويؤثشة نًعاندت بعض انًشاكم وانخطبيماث انخي لا يًكٍ حهها  أداةانهُذست انًذَيت بشكم عاو يعخبش  أعًالانعصبيت في 

 .إلا بصعىبت بانطشق انخمهيذيت

 

Keywords 
Artificial neural network, artificial intelligence, civil engineering, stresses within soil mass, function 

approximation. 

 

INTRODUCTION 

The origins of artificial neural networks (ANN) are in the field biology. The biological brain 

consists of billions of highly interconnected neurons forming a neural network. Human information 

processing depends on this connectionist system of nervous cells. Based on this advantage of 

information processing, neural networks can easily exploit the massively parallel local processing 

and distributed storage properties in the brain (Jeng, et al., 2003). 

A classical comparison of information processing by a human and a computer is focused on the 

ability of pattern recognition and learning. The computer can calculate large numbers at high speeds 
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but it cannot recognize something such as a classification problem, written text, data compression 

and a learning algorithm. On the contrary, humans easily recognizes and deals with the challenges 

mentioned above by processing information with highly distributed transformations through 

thousands of interconnected neurons in the brain. 

Generally speaking, an ANN is an informational system simulating the ability of a biological neural 

network by interconnecting many simple neurons (Fig. 1). The neuron accepts inputs from a single 

or multiple sources and produces outputs by simple calculations, processing with a predetermined 

non-linear function. Therefore, the primary characteristics of an ANN can be presented as 

following: (1) the ability of learning; (2) distributed memory; (3) fault tolerance and (4) operating in 

parallel. 

 
Fig. 1. Structure of Artificial Neural Network model. 

 

Recently, artificial neural network (ANN) models have been widely applied to various relevant civil 

engineering areas such as geotechnical engineering, water resources and coastal engineering. 

 

CASES STUDIED 

Two cases of loading are studied here to determine the stress within soil mass, the cases are: 

1. Point load (one input, one output), 

2. Uniform Rectangular load (two inputs, one output). 

To determine the increase of stresses within a soil mass for a specific depth and displacement that 

results from applying a certain loading condition, we usually use the classical graphs, complex 

equations, or approximate methods. 

Graphical approach gives approximate results, and usually has an error tolerance according to the 

human judgment of determining the required value, while using the complex equations which are 

already built on several assumptions may lead to unnecessary excessive effort of calculations.  

Using ANN is just like using a memory. Artificial Networks can remember the values that we teach 

them to memorize (using the appropriate learning algorithm, number of layers, and number of 

neurons), then we can recall these values back when needed, this process needs to be done only 

once. With some extensive learning and suitable algorithms, this network can predict values that 

never been taught before, these predicted values usually have some error tolerance that we try to 

minimize. 
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Case 1 Stresses Inside a Soil Mass Due to Surface Point Load P. 

Theoretical approach 

  
Fig 2 Mathematical solution for Point Load 

 

Boussinesq published in 1883 a mathematical solution to the problem of finding the stress at 

any point in a homogeneous, elastic and isotropic medium due to a vertical point load P applied 

upon the surface of a semi-infinitely large space, as shown below (Das, 1998). 

For a different ratio of r/z (as defined in eq.1), the value of I1 can be calculated and obtained as 

shown in the second field of table (1). 

The last equation in fig. 2 which is: 
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                                                                                              (1) 

where  

P = Point load 

z = depth 

r = distance from the load 

Is used in this case, r/z (which is the only variable here) will represent the input value and I1 will be 

obtained as the output value. Obtaining I1 makes it possible to calculate Pz  as shown in eq. (1). 

 

 

Implementation of ANN 

 

MatLab version R2008a was used in designing and implementation of the ANN. To find the 

most appropriate design and learning algorithm, the method of trial and error was used by choosing 

different learning algorithms, layers, and neurons, as follows: 

1. Ten different learning algorithms were used as shown in table A–1. 

2. Three different numbers of layers were used, 1 layer, 2 layers, and 3 layers. 

3. Four different numbers of neurons were used, 10, 20, 30, and 40 neurons in each 

layer. 

First, the data was calculated using eq. (1) as shown in table (1), the first column (r/z) was used as 

the input data and the second column (I1) was used as the target data which represents the values 

that we aim to reach after teaching the neural network. The ratio (r/z) was taken from 0.0 to 4.0 

where the calculated values of I1 beyond this range of r/z are very small and can be considered 

negligible in geotechnical problems.  

Verifying data were also prepared, which are random data taken for the ratio r/z and the 

corresponding values of I1 are calculated as shown in table (2), 75% of these data were for 
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interpolation where the values of (r/z) are between 0.0 and 4.0, the other 25% are used for 

extrapolation to examine the reliability of the solution for the values of (r/z) outside the given range. 

Different number of neurons, networks, and training algorithms (tables A–1, A–2) were tried to get 

the best solution, which is considered to have: 

1. maximum correlation ratio between the target data and the output data obtained, 

2. maximum correlation ratio between verifying data and the output obtained, and  

3. minimum time to reach solution. 

Logsig (log–sigmoid) transfer function was used fig. (3) (Demuth, et al., 2008, Zurada, 1992) for 

the hidden layers and the output layer. This function gives an output value of 0 ≤ a ≤ 1 (eq. 2), 

which is exactly what we need to obtain the value of the output I1.   

The value of (a) can be described as: 

  

ne
nfa

 1

1
)(


                              (2) 

 

 
                                                                                                      Fig. 3  Log–Sigmoid Transfer Function 

 

Table 1 value of r/z vs. I1 as calculated by eq. (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

r/z Calculated 

I1 

r/z Calculated 

I1 

0 0.47746 2.1 0.00701 

0.1 0.46573 2.2 0.00579 

0.2 0.43287 2.3 0.00481 

0.3 0.38492 2.4 0.00402 

0.4 0.32946 2.5 0.00337 

0.5 0.27332 2.6 0.00285 

0.6 0.22136 2.7 0.00241 

0.7 0.17619 2.8 0.00205 

0.8 0.13862 2.9 0.00176 

0.9 0.10833 3.0 0.00151 

1.0 0.08440 3.1 0.00130 

1.1 0.06576 3.2 0.00113 

1.2 0.05134 3.3 0.00098 

1.3 0.04023 3.4 0.00085 

1.4 0.03167 3.5 0.00075 

1.5 0.02507 3.6 0.00066 

1.6 0.01997 3.7 0.00058 

1.7 0.01600 3.8 0.00051 

1.8 0.01290 3.9 0.00045 

1.9 0.01046 4.0 0.00040 

2.0 0.00854   
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Table 2 Verifying Data for Case 1 

 

r/z Calculated 

I1 

0.05 0.47449 

0.25 0.41032 

0.65 0.19559 

1.03 0.07831 

1.56 0.02186 

1.85 0.01161 

2.27 0.00508 

2.78 0.00212 

3.75 0.00054 

4.20 0.00032 

4.70 0.00019 

5.00 0.00014 

 

The values of (r/z) were gathered in one vector (the input vector) and the values of I1 are gathered in 

another vector (the target vector) then the learning process was applied to the network until one of 

these criteria is met: 

 mse (Mean Squared Error) of 1 × 10
-10

 is reached, or 

 Maximum number of iterations (Epochs as called in MATLAB) of 10000 is reached, or 

 Minimum gradient of 1 × 10
-6

 is reached, or 

 Minimum step size of 1 × 10
-6 

is reached. 

Each training algorithm depends on one or more of these criteria to reach the end of the training 

process and gives the solution, the solution is a trained network that gives the expected output to a 

specific input value (this process is called simulation) . 

The results of these tries are shown in table (A–2). Figure (4) summarizes the Maximum correlation 

ratios and the minimum time to obtain solution in seconds. It is not necessary that the values for the 

correlation ratio and the minimum time are for the same learning algorithm, but it gives an idea of 

the optimum performance of each try.  

These tries revealed that the most suitable solution for this case is by using (Levenberg-Marquardt 

with 2 layers 40, 40 neurons) as it gives the most accurate results with minimum time.  

The Artificial Network model used was as follows: 

1. 1 node as an input layer, 

2. 40 nodes as hidden layer 1,  

3. 40 nodes as hidden layer 2, and 

4. 1 node as an output layer. 

The output is shown in table (3) for the simulated data and in table (4) for the verifying data. Time 

to reach solution was 6 seconds with 9 iterations.  

Correlation ratio was calculated to observe the fitness of the simulated data to the calculated data; 

also the correlation ratio was calculated for the verifying data and the predicted output data. A 

correlation ratio of 1 and 0.999987812 was obtained for both outputs respectively. 

Figure (5) show the data regression between input and target data, figure (6) shows the performance 

where the value of mse was reached in 9 Epochs (iterations), where figure (7) shows the output 

data, and the verifying data and how they fit to the target data. 

 

Table 3   r/z, I1 Calculated Values, and I1 Simulated Values for case 1 
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r/z Calculated 

I1 

Output Value 

I1 

r/z Calculated 

I1 

Output Value 

I1 

0 0.47746 0.477463584 2.1 0.00701 0.007013647 

0.1 0.46573 0.465731470 2.2 0.00579 0.005794614 

0.2 0.43287 0.432860895 2.3 0.00481 0.004813168 

0.3 0.38492 0.384911411 2.4 0.00402 0.004020859 

0.4 0.32946 0.329444563 2.5 0.00337 0.003375093 

0.5 0.27332 0.273308334 2.6 0.00285 0.002846994 

0.6 0.22136 0.221351186 2.7 0.00241 0.002413953 

0.7 0.17619 0.176182178 2.8 0.00205 0.002056527 

0.8 0.13862 0.138617682 2.9 0.00176 0.001758853 

0.9 0.10833 0.108323893 3.0 0.00151 0.001510348 

1.0 0.08440 0.084403204 3.1 0.00130 0.001302479 

1.1 0.06576 0.065759708 3.2 0.00113 0.001128002 

1.2 0.05134 0.051341152 3.3 0.00098 0.000980044 

1.3 0.04023 0.040236740 3.4 0.00085 0.000854248 

1.4 0.03167 0.031677664 3.5 0.00075 0.000747481 

1.5 0.02507 0.025078250 3.6 0.00066 0.000656436 

1.6 0.01997 0.019972652 3.7 0.00058 0.000578020 

1.7 0.01600 0.016001569 3.8 0.00051 0.000510310 

1.8 0.01290 0.012901423 3.9 0.00045 0.000452432 

1.9 0.01046 0.010465445 4.0 0.00040 0.000401220 

2.0 0.00854 0.008541327    
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Table 4 Simulated Values for Verifying Data 

 

r/z Calculated 

I1 

Output Value 

I1 

0.05 0.47449 0.467757196 
 

0.25 0.41032 0.406451657 

0.65 0.19559 0.192011980 

1.03 0.07831 0.075212898 

1.56 0.02186 0.021337445 

1.85 0.01161 0.011383963 

2.27 0.00508 0.005019298 

2.78 0.00212 0.002098753 

3.75 0.00054 0.000532549 

4.20 0.00032 0.000366514 

4.70 0.00019 0.000366513 

5.00 0.00014 0.000366513 
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Fig. 4 Max. Correlation Ratios for Case 1(see Table A–2) 
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Fig. 5  Regression for ANN Simulated Data 
 

 

 
 

Fig. 6 Performance for Simulated Data with LM Algorithm 
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Fig. 7    (r/z) vs. I1 for Output, Calculated, and Verify Data 

 

 Case 2 Uniform Rectangular Load 

 Theoretical Approach 

 

The increase in the vertical stress at point A is due to the contribution of each dq of area 

(dxdy), added up over the length L and the width B. 

Therefore, dq = q dx dy and the increase in vertical stress is, (Das, 1998) 

 

 

 
Fig. 8 Mathematical Solution for Uniform Rectangular Load 
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The increase of the vertical stress pz at point A due to the load dq can be determined by integration 

that gives pz = qI3, where I3 is defined by eq. (3) for different values of m and n. 

Therefore, finding the value of I3 (through this complex equation (3)) is the key for finding pz that 

represents the increase in the vertical stress under the corner of a rectangular loaded area. 

 

Implementation of ANN 

 

MatLab version R2008a was also used in implementing the ANN for the uniformly loaded 

rectangular area. The input data used are shown in table (5). Values of m and n were transformed 

into 2  400 input matrix holding different combinations of m and n in each column, and 1  400 

target vector holding the value of I3 that correspond to the values of m and n (in this case we need 2 

inputs, m and n (as they are the two variables here), and to get 1 output which is I3). The values of m 

and n were taken from 0.0 to 6.0 as shown in the table (5). Verifying data were also prepared as 

random combinations of m and n with the corresponding values of I3 as shown in table (7), 75% of 

these data were taken for interpolation where the values of m and n are between 0.0 and 6.0, the 

other 25% are used for extrapolation to examine the reliability of the solution for the values of m 

and n outside the given range. 

Different number of neurons, networks, and training algorithms (table A–1) were tried to get the 

best solution, which is also considered to have: 

1. maximum correlation ratio between the target data and the output data obtained, 

2. maximum correlation ratio between verifying data and the output obtained, and  

3. minimum time to reach solution. 

Logsig (log–sigmoid) transfer function was also used here as the transfer function for the same 

reason. The results of these tries are shown in table A–3 and summarized in fig. (9) where a close 

examination of the values obtained could help in choosing a suitable learning algorithm, number of 

layers, and number of neurons.  

The most suitable algorithm was found to be (CGB Conjugate Gradient with Powell/Beale Restarts, 

with 2 layers, each layer having 10 neurons) as it gave high correlation ratio for both, simulated 

data and verifying data with little execution time as shown in table (A–3). So, the CGB learning 

algorithm is considered to be the most promising model with: 

1. 2 node as an input layer, 

2. 10 nodes as hidden layer 1,  

3. 10 nodes as hidden layer 2, and 

4. 1 node as an output layer. 

With correlation ratio of 0.999928637 for simulated data and 0.999904893 for verifying data, with 

22 seconds needed to complete the solution.  

This compromization of choosing the most suitable solution is absolutely a human judgment and 

may differ according to the accuracy needed and the type of problem solved. 
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 RESULTS AND DISCUSSION 

Results are shown in tables (3, 4, 6, and 7) and figures (5, 6, 7, and 10). In general, the 

correlation ratio for all tries show a great relationship between the results obtained and the target 

values (the calculated values). A little decrease in correlation ratio was observed for the verifying 

data results. 

Verifying data was further investigated, and a few samples were taken randomly for analysis for 

both cases where the 75% interpolation data were separated from the 25% extrapolation data and 

the correlation ratio was examined for each case separately. 

 For case 1, it was observed that the interpolation results agree very much with the calculated data 

(higher correlation ratio) where the extrapolation data have relatively lower correlation ratio, which 

indicates that the decrease in total correlation ratio is mainly due to the extrapolation data results. 

For case 2, after examining the interpolation data separately from the extrapolation data, there was 

no indication that the decrease in total correlation ratio is due to extrapolation only, but it is the 

result of the contribution of both interpolation and extrapolation data. 

Generally, the results reveal that the use of ANN gives very good agreement between calculated 

data and simulated data which makes the ANN a very good tool for function approximation method 

to obtain results, it is also very good for obtaining interpolation results, but less dependant on 

obtaining extrapolation results on some situations. 

Table 5 Input Data for case 2 
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Fig. 9 Correlation Ratios for Case 2 (Table A–3) 

 

 

Table 6 Output Data (Simulated Data) for case 2 

 m 

 
 

 

n 
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Table 7 Verifying Data (Calculated and Simulated) 

 

m n Calculated Data Simulated Data 

0.05 0.05 0.001188709 0.003061156 

1.10 2.20 0.208105692 0.208031476 

2.40 0.75 0.176836343 0.175824553 

1.03 0.85 0.165927416 0.165769742 

1.56 0.30 0.086847463 0.086495926 

1.90 4.30 0.237935443 0.238111898 

2.25 4.70 0.242047436 0.241577197 

3.78 2.50 0.243242079 0.242648952 

4.45 3.10 0.246134235 0.244890620 

6.40 2.50 0.244163366 0.244000887 

7.30 3.60 0.247790018 0.250191178 

8.00 0.11 0.034731558 0.032693384 

 

 

 CONCLUSIONS AND RECOMMENDATIONS 

ANN implementation in geotechnical problems as a function approximation for predicting 

stresses in soil mass is found to be very good. The results obtained for the two cases of loading gave 

a correlation ratio of not less than 0.95 for the simulated data in the worst case.   

As mentioned earlier, ANN is just like memory that can be taught some information to memorize 

then we can recall these information back. Therefore, with the appropriate learning rules and a 

suitable number of neurons and layers, a very good solution can be obtained in solving geotechnical 

problems, as one good trained network can remember a lot of information and can be used for 

prediction in a way that is similar to the human brain. 

This method can be combined with more complex artificial intelligence and expert systems to solve 

more complex problems in geotechnical engineering, and generally civil engineering problems. 

The following recommendations could be of great benefits for future work: 

1- Finding a solution for more complex functions solving geotechnical problems. 

2- Combining more cases of stress loading with one network where this network can give a 

solution for more than one case of loading. 

3- Using more fields of Artificial Intelligence and expert systems to find solutions for 

geotechnical problems.  
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Fig. 10 a) Calculated Data, b) Simulated Data  

Using CGB 10,10 Neurons 
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Appendix A 

 

This appendix contains three tables, table A–1 is a list of ten learning algorithms and their 

abbreviations as used by MATLAB (Demuth, et. al., 2008). These abbreviations were used in table 

A–2 and A–3 to show the performance of each learning algorithm when tested for a specified 

number of layers and neurons. 

 

 

 

 

 

Table A–1 Training Algorithms Names and Symbols 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Symbol Algorithm Name 

GDA Backpropagation training with an adaptive learning rate 

GDX adaptive learning rate with momentum training 

RP Resilient Backpropagation  

CGF Fletcher-Powell Conjugate Gradient  

CGP Polak-Ribiére Conjugate Gradient  

LM Levenberg-Marquardt  

BFG BFGS Quasi-Newton 

SCG Scaled Conjugate Gradient 

CGB Conjugate Gradient with Powell/Beale Restarts 

OSS One Step Secant 
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Table A–2 Correlation Ratio and Time to Obtain Solution for Each Learning Algorithm, Case 1 

 

Size  GDX LM BFG RP CGP CGF 

1 

1 Layer 

10 Neurons 

simulated data 0.999654268 0.999999998 0.999974471 0.999994856 0.999689497 0.998935533 

verify data 0.999564824 0.999998664 0.999985423 0.999992449 0.999697215 0.99748201 

Time to reach 

Solution mm:ss 
01:13 00:05 00:02 01:30 00:02 00:01 

2 

1 Layer 

20 Neurons 

simulated data 0.999887993 0.999999998 0.999969126 0.999998361 0.994836809 0.999975446 

verify data 0.99991002 0.999994758 0.999883621 0.999565628 0.998366133 0.999942052 

Time to reach 
Solution mm:ss 

01:13 00:05 00:02 01:30 00:01 00:04 

3 

1 Layer 

30 Neurons 

simulated data 0.999903148 0.999999998 0.999982061 0.999998876 0.999985799 0.999979182 

verify data 0.999657258 0.999725836 0.999817677 0.999124495 0.999853799 0.999849619 

Time to reach 
Solution mm:ss 

01:13 00:01 00:02 01:31 03:15 00:05 

4 

1 Layer 

40 Neurons 

simulated data 0.999925388 0.999999998 0.999982977 0.999999976 0.999977561 0.999827721 

verify data 0.999868643 0.992037779 0.999846374 0.998608843 0.997504938 0.999472775 

Time to reach 

Solution mm:ss 
01:15 00:01 00:03 00:17 01:30 00:03 

5 

2 Layers 

10 x 10 

Neurons 

simulated data 0.999886681 0.999999997 0.999977361 0.999999359 0.970815555 0.999993597 

verify data 0.999936907 0.999998713 0.999991644 0.999996637 0.979495316 0.999994631 

Time to reach 

Solution mm:ss 
01:19 00:07 00:07 01:37 00:01 00:08 

6 

2 Layers 

20 x 20 

Neurons 

simulated data 0.999952208 1 0.999982813 0.999999997 0.999988324 0.999996521 

verify data 0.999880492 0.999951412 0.999955936 0.999903009 0.999950285 0.999961913 

Time to reach 

Solution mm:ss 
01:22 00:01 00:57 00:23 00:08 00:17 

7 

2 Layers 

30 x 30 

Neurons 

simulated data 0.999978976 1 0.999997074 0.999999998 0.999995185 0.996383211 

verify data 0.999430234 0.999661826 0.999859665 0.99790594 0.999716004 0.996033786 

Time to reach 

Solution mm:ss 
01:34 00:03 07:17 00:01 00:06 00:01 

8 

2 Layers 

40 x 40 

Neurons 

simulated data 0.999985139 1 0.506677097 0.999999997 0.999987578 0.999998062 

verify data 0.999780676 0.999987812 0.697834879 0.996756997 0.99990708 0.999912867 

Time to reach 
Solution mm:ss 

01:26 00:06 00:28 00:14 00:05 00:26 

9 

3 Layers 

10 x 10 x 10 

Neurons 

simulated data 0.99998686 0.999999997 0.999988897 0.999999993 0.999981582 0.999997282 

verify data 0.999988507 0.99999969 0.999310864 0.999995224 0.999965553 0.999997825 

Time to reach 
Solution mm:ss 

01:31 00:08 00:33 01:45 00:09 00:19 

10 

3 Layers 

20 x 20 x 20 

Neurons 

simulated data 0.999967055 0.999999998 0.99998969 0.999999997 0.999996346 0.999997943 

verify data 0.999896482 0.999939485 0.999980226 0.999875488 0.999955602 0.999966711 

Time to reach 

Solution mm:ss 
01:30 00:16 07:04 00:03 00:11 00:19 

11 

3 Layers 

30 x 30 x 30 

Neurons 

simulated data 0.999993711 1 0.999998249 0.999999998 0.999997149 0.999999645 

verify data 0.999506264 0.999275545 0.999604536 0.999122072 0.999470174 0.999626002 

Time to reach 

Solution mm:ss 
02:09 00:24 36:29 00:01 00:09 00:33 

12 

3 Layers 

40 x 40 x 40 

Neurons 

simulated data 0.999971275 1 0.999264321 0.999999998 0.99999236 0.999999724 

verify data 0.999928194 0.999944212 0.998731643 0.999069412 0.999913901 0.999712451 

Time to reach 

Solution mm:ss 
01:45 00:38 39:27 00:02 00:06 00:26 
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Table A–2 Continued 

 

 

Size  GDA CGB SCG OSS 
Max. Value 

Min Time 

1 

1 Layer 

10 Neurons 

simulated data 0.999666514 0.998761755 0.999925306 0.999935355 0.999999998 

verify data 0.999955245 0.998627971 0.999924218 0.999978577 0.999998664 

Time to reach 
Solution mm:ss 

01:15 00:01 00:04 03:12 00:01 

 

2 

1 Layer 

20 Neurons 

simulated data 0.999591775 0.999847813 0.999979631 0.999997225 0.999999998 

verify data 0.999663038 0.999891158 0.999962418 0.999926147 0.999994758 

Time to reach 

Solution mm:ss 
01:15 00:01 00:06 02:53 00:01 

3 

1 Layer 

30 Neurons 

simulated data 0.999936424 0.99997307 0.999995115 0.999998675 0.999999998 

verify data 0.999852982 0.999782103 0.999847051 0.999821996 0.999853799 

Time to reach 
Solution mm:ss 

01:20 00:03 00:04 02:55 00:03 

4 

1 Layer 

40 Neurons 

simulated data 0.99969054 0.999992138 0.999994962 0.999998074 0.999999998 

verify data 0.999814941 0.999138924 0.997849328 0.999845586 0.999868643 

Time to reach 
Solution mm:ss 

01:02 00:11 00:09 02:41 00:01 

5 

2 Layers 

10 x 10 

Neurons 

simulated data 0.999734388 0.999866841 0.999989427 0.999996428 0.999999997 

verify data 0.992158466 0.999841064 0.999975637 0.999994309 0.999998713 

Time to reach 

Solution mm:ss 
01:06 00:02 00:07 03:00 00:01 

6 

2 Layers 

20 x 20 

Neurons 

simulated data 0.999902432 0.999984293 0.999996627 0.999996659 1 

verify data 0.999902629 0.99994639 0.999906829 0.999981756 0.999981756 

Time to reach 

Solution mm:ss 
01:09 00:05 00:12 03:00 00:01 

7 

2 Layers 

30 x 30 

Neurons 

simulated data 0.999940514 0.999997308 0.999999045 0.99999981 1 

verify data 0.999676993 0.999799644 0.999798234 0.999974154 0.999974154 

Time to reach 

Solution mm:ss 
01:12 00:04 00:11 03:06 00:01 

8 

2 Layers 

40 x 40 

Neurons 

simulated data 0.99992327 0.999992737 0.999999439 0.999999841 1 

verify data 0.999288164 0.999707704 0.999961055 0.999956722 0.999987812 

Time to reach 

Solution mm:ss 
01:14 00:04 00:13 03:12 00:04 

9 

3 Layers 

10 x 10 x 10 

Neurons 

simulated data 0.999882979 0.999966795 0.999992395 0.999997898 0.999999997 

verify data 0.999910773 0.999975854 0.99998874 0.999954502 0.99999969 

Time to reach 

Solution mm:ss 
01:13 00:03 00:18 03:11 00:03 

10 

3 Layers 

20 x 20 x 20 

Neurons 

simulated data 0.999871778 0.999965098 0.999997622 0.999997538 0.999999998 

verify data 0.999919554 0.999861734 0.999978875 0.999933998 0.999980226 

Time to reach 

Solution mm:ss 
01:17 00:03 00:13 03:19 00:03 

11 

3 Layers 

30 x 30 x 30 

Neurons 

simulated data 0.999937628 0.999996323 0.999999768 0.999999808 1 

verify data 0.999245187 0.999541516 0.999665832 0.999474113 0.999665832 

Time to reach 

Solution mm:ss 
01:35 00:04 00:21 03:50 00:01 

12 

3 Layers 

40 x 40 x 40 

Neurons 

simulated data 0.999973088 0.999996136 0.999999415 0.999999903 1 

verify data 0.99982772 0.999764675 0.999670247 0.999983231 0.999983231 

Time to reach 

Solution mm:ss 
01:38 00:04 00:14 03:57 00:02 
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Table A–3 Correlation Ratio and time to obtain solution for each learning Algorithm case 2 

 

Size  GDX LM BFG RP CGP CGF 

1 

1 Layer 

10 
Neurons 

simulated data 0.997421716 0.999969763 0.999014114 0.999213905 0.99771077 0.998553091 

verify data 0.995884694 0.999893625 0.999367354 0.999172877 0.998582663 0.998684718 

Time to reach 

Solution mm:ss 
00:38 01:17 00:04 00:46 00:04 00:09 

2 

1 Layer 

20 
Neurons 

simulated data 0.995336219 0.999982973 0.999852751 0.999502653 0.999848426 0.998388063 

verify data 0.924061144 0.999998649 0.991147479 0.969938723 0.999954383 0.993569279 

Time to reach 

Solution mm:ss 
00:43 01:33 00:25 00:51 00:50 00:07 

 

3 

1 Layer 

30 
Neurons 

simulated data 0.996806751 0.999985597 0.999903201 0.998806597 0.998807389 0.999438118 

verify data 0.992795757 0.975812633 0.99986166 0.964759798 0.966495175 0.997367799 

Time to reach 

Solution mm:ss 
00:51 01:59 00:21 00:57 00:18 00:14 

4 

1 Layer 

40 
Neurons 

simulated data 0.997892925 0.9999861 0.999905937 0.998788153 0.99945839 0.999224168 

verify data 0.986097452 0.143796811 0.867275277 0.737279256 0.980675097 0.998992426 

Time to reach 

Solution mm:ss 
00:50 02:21 00:46 00:59 00:27 00:26 

5 

2 Layers 

10 x 10 
Neurons 

simulated data 0.996890395 0.999997582 0.999852129 0.999569505 0.9986369 0.999854326 

verify data 0.912433348 0.999404815 0.512562258 0.910469786 0.999706186 0.99876493 

Time to reach 

Solution mm:ss 
00:58 02:32 01:12 01:02 00:10 00:24 

6 

2 Layers 

20 x 20 
Neurons 

simulated data 0.996142221 0.99999999 0.999884894 0.999850083 0.99973115 0.999603252 

verify data 0.909444391 0.936508981 0.994932753 0.942481183 0.999825778 0.946697531 

Time to reach 

Solution mm:ss 
00:59 10:20 04:16 01:12 00:15 00:30 

7 

2 Layers 

30 x 30 
Neurons 

simulated data 0.996598329 0.99999999 0.999942195 0.999960039 0.999768294 0.999905451 

verify data 0.636405873 0.67423607 0.973376501 0.967667176 0.998951902 0.999808203 

Time to reach 

Solution mm:ss 
01:08 12:50 28:50 01:17 00:29 01:08 

8 

2 Layers 

40 x 40 
Neurons 

simulated data 0.997748529 0.99999901 0.998822264 0.999960711 0.999767041 0.999879413 

verify data 0.630516212 0.667252486 0.851514957 0.956629571 0.833867299 0.822350015 

Time to reach 

Solution mm:ss 
01:18 26:05 56:25 01:27 00:53 01:05 

9 

3 Layers 

10 x 10 x 10 
Neurons 

simulated data 0.997350202 0.999999773 0.999888087 0.999929652 0.999682006 0.999907425 

verify data 0.992936228 0.999353912 0.998986038 0.989582256 0.998938213 0.999864811 

Time to reach 

Solution mm:ss 
00:55 04:17 01:57 01:10 00:27 00:36 

10 

3 Layers 

20 x 20 x 20 
Neurons 

simulated data 0.996257627 0.99999999 0.999940914 0.999945295 0.999762082 0.999829242 

verify data 0.978996204 0.685547129 0.814073295 0.732601706 0.862005909 0.994203739 

Time to reach 

Solution mm:ss 
01:29 23:27 19:18 01:23 00:26 00:56 

11 

3 Layers 

30 x 30 x 30 
Neurons 

simulated data 0.997686728 0.99999999 0.999585112 0.999972564 0.999949771 0.999943743 

verify data 0.947105816 0.970780874 0.977114937 0.893065588 0.986427798 0.998443019 

Time to reach 

Solution mm:ss 
01:37 32:07 01:32:04 01:53 01:07 01:20 

12 

3 Layers 

40 x 40 x 40 
Neurons 

simulated data 0.995687483 0.999999966 0.997994709 0.99998398 0.999916312 0.999956099 

verify data 0.445215417 0.939654085 0.984840882 0.988761096 0.994385995 0.881900269 

Time to reach 

Solution mm:ss 
02:00 01:47:39 03:55:40 01:49 00:59 02:53 
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Table A–3 Continued 

 

Size  GDA CGB SCG OSS 
Max. Value 

Min. Time 

1 

1 Layer 

10 
Neurons 

simulated data 0.993069265 0.998929287 0.998957846 0.998689024 0.999969763 

verify data 0.995344777 0.999273071 0.994336215 0.999396451 0.999893625 

Time to reach 

Solution mm:ss 
00:39 00:10 00:22 01:32 00:04 

2 

1 Layer 

20 
Neurons 

simulated data 0.992847871 0.998185191 0.999893027 0.999363396 0.999982973 

verify data 0.796550721 0.998664137 0.999726489 0.999642399 0.999998649 

Time to reach 

Solution mm:ss 
00:44 00:06 00:27 01:42 00:06 

3 

1 Layer 

30 
Neurons 

simulated data 0.957142332 0.999768934 0.999880579 0.999429077 0.999985597 

verify data 0.617977696 0.996636178 0.98631191 0.99255058 0.99986166 

Time to reach 

Solution mm:ss 
00:51 00:29 00:36 01:54 00:14 

4 

1 Layer 

40 
Neurons 

simulated data 0.975834402 0.999865384 0.999918645 0.99936063 0.9999861 

verify data 0.920799101 0.968838149 0.993225527 0.963971922 0.998992426 

Time to reach 

Solution mm:ss 
00:51 00:37 00:52 02:03 00:26 

5 

1 Layer 

10 x 10 
Neurons 

simulated data 0.968764374 0.999928637 0.999749657 0.999307618 0.999997582 

verify data 0.776141122 0.999904893 0.99879928 0.821808487 0.999904893 

Time to reach 

Solution mm:ss 
00:51 00:22 00:29 02:04 00:10 

6 

2 Layers 

20 x 20 
Neurons 

simulated data 0.992261753 0.99980772 0.999936415 0.999589259 0.99999999 

verify data 0.974546767 0.994357189 0.993112716 0.893312454 0.999825778 

Time to reach 

Solution mm:ss 
01:02 00:16 00:47 02:25 00:15 

7 

2 Layers 

30 x 30 
Neurons 

simulated data 0.992262839 0.999921395 0.999954975 0.999464822 0.99999999 

verify data 0.976899059 0.912104144 0.953475843 0.961125015 0.999808203 

Time to reach 

Solution mm:ss 
01:07 00:27 00:35 02:46 00:27 

8 

2 Layers 

40 x 40 
Neurons 

simulated data 0.986202936 0.999896374 0.999973346 0.999797966 0.99999901 

verify data 0.935001304 0.875996341 0.756037951 0.332080011 0.956629571 

Time to reach 

Solution mm:ss 
01:17 00:31 01:53 03:10 00:31 

9 

3 Layers 

10 x 10 x 10 
Neurons 

simulated data 0.994952231 0.997526044 0.99994114 0.999439923 0.999999773 

verify data 0.986227565 0.996553965 0.994876201 0.998729027 0.999864811 

Time to reach 

Solution mm:ss 
00:58 00:03 00:28 02:17 00:03 

10 

3 Layers 

20 x 20 x 20 
Neurons 

simulated data 0.988980895 0.999873191 0.999965168 0.999747848 0.99999999 

verify data 0.792296992 0.999569785 0.979908348 0.837947791 0.999569785 

Time to reach 

Solution mm:ss 
01:13 00:28 01:21 02:55 00:26 

11 

3 Layers 

30 x 30 x 30 
Neurons 

simulated data 0.992739047 0.999899804 0.99997531 0.999843149 0.99999999 

verify data 0.974915566 0.861619169 0.833139766 0.952912463 0.998443019 

Time to reach 

Solution mm:ss 
01:27 00:58 01:41 03:37 00:58 

12 

3 Layers 

40 x 40 x 40 
Neurons 

simulated data 0.984708694 0.99980022 0.999977051 0.999820369 0.999999966 

verify data 0.880740521 0.896155879 0.659881142 0.908629323 0.994385995 

Time to reach 

Solution mm:ss 
01:40 00:33 02:07 04:09 00:33 
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ABSTRACT  

  This paper presents the results of experimental investigations to predict   

the bearing capacity of square footing on geogrid-reinforced loose sand by 

performing model tests.  The effects of several parameters were studied in 

order to study the general behavior of improving the soil by using the 

geogrid. These parameters include the eccentricity value, depth of first layer 

of reinforcement, and vertical spacing of reinforcement layers. The results 

of the experimental work indicated that there was an optimum 

reinforcement embedment depth at which the bearing capacity was the 

highest when single-layer reinforcement was used. The increase of (z/B) 

(vertical spacing of reinforcement layer/width of footing) above 1.5 has no 

effect on the relative improvement for the soil and the relative improvement 

(%) of the reinforced soil can be predicated by using a simple equation . 

 الخاصةا

ظخعزض هذا انبحث انُخائج نذراطت يخخبزٌت نخقذٌز قابهٍت انخحًم نخزبت ريهٍت يفككت بعذ حظهٍحها ٌ  

 و قذ حًج دراطت حأثٍز بعط انعىايم نغزض انحصىل غهى انخصزف .(  geogrid)       الب

( وحشًم هذِ انعىايم الاَحزاف انًزكشي ، عًق  geogrid )          الانعاو نهخزبت انًحظُت ب

هُانك  اٌ انطبقت الاونى يٍ انخظهٍح ، وانًظافت انعًىدٌت بٍٍ طبقاث انخظهٍح . وقذ بٍُج انُخائج انى

انًظافت انعًىدٌت )    (Z/Bنطبقت انخظهٍح انذي ٌعطً اعهى قابهٍت ححًم ، سٌادة َظبت ) ايثمعًق 

نهخزبت ،كًا حى نٍض نها حأثٍز عهى َظبت انخحظٍٍ  1.5نطبقت انخظهٍح / عزض الاطاص( اكثز يٍ 

 . اد َظبت انخحظٍٍ نهخزبت انًظهحتانىصىل انى يعادنت بظٍطت لاٌج
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INTRODUCTION 

        The reinforced earth has been most widely applied with something in 

excess of one million square meters of wall facing benign erected to the end 

of end of 1978, Mickittrick and Darbin (1979).The soil particles in direct 

contact with the reinforcements tend to slide over them under the effect of 

the load. The sliding is reduced by the frictional resistance between the 

particles and the surface of the reinforcement. Consequently this resistance 

will produce a tensile force along the reinforcing element which will acts as 

a tie between the particles surrounding it. The soil particles which are in 

direct contact with the reinforcement are bounded to other particles by the 

interlocking action. The frictional resistance will be transferred through the 

reinforced mass (Vidal, 1969).  

        The present study was undertaken to investigate the bearing capacity of 

square footings on geogrid-reinforced sand. The parameters investigated 

include 

1)- Eccentricity  value (e) 

2)- Depth Ratio of first layer (u/B), where u and B are depth of first 

reinforced layer and footing width, respectively.                                   

    The symbols of the geometric parameters used in this present paper are 

shown in Fig (1).  

     C.L P     

                                                         e        

                                                                

          

  B         u 

N=1 

N=2   Z  

        

 Br 

                                            

Figure (1) Geometric parameters of Reinforced Foundation.                  
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EXPERMENTAL TESTS AND TESTS PROCEDURE 

      A series of model loading tests were conducted inside steel box of 600 

X 600mm in plane and 700mm in depth. The box was made of steel plate of 

3mm thickness, stiffened with  angle sections, as shown in Plate (1) . The 

internal faces of the box were covered with polyethylene sheets in order to 

reduce the slight friction which might be developed between the box surface 

and soil. Static vertical loads were applied using electrical hydraulic pump. 

Loads transferred from the pump to a hydraulic jack were carefully recorded 

by proving ring installed between the jack and the tested  footing. 

      The footing was loaded at a constant loading rate to failure. The ultimate 

bearing capacity state was defined as the state at which either the load 

reached a maximum value where settlement continued without further 

increase in load or where there was an abrupt change in the load –settlement 

relationship. Settlement of the footing was measured using two dial gauges 

fixed in the middle and edge of footing. 

      The test footing was a square steel plate 60mm in plane and 5mm thick. 
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Plate (1) General View of Testing Equipment 

 

SOIL PROPERTIES  

Clean, oven-dried, uniform quartz sand (Kerbela sand) was used in the tests. 

The sand was placed in the test box at unit weight of  approximately 15.2 

kN/m
3
 (relative density is 31%). Some properties of the sand are given in 

Table (1). 

 

3 
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                          Table (1) Sand  Properties. 

Property Values 

Specific Gravity Gs= 2.63 

Void Ratio and Dry 

Unit Weight 

emax=0.8, γdmax=17.39kN/m
3
 

emin=0.5, γdmin =14.4 kN/m
3
 

eused=0.74, γdused=15.2kN/m
3 

Relative Density Dr=31℅ 

Angle  of  Internal 

Friction 

 

Ø=29° 

                    

The value of (Ø) was obtained from the result of   triaxial test (UU.test) in 

accordance with ASTM(D2850-95). 

 

REINFORCEMENT PROPERTIES. 

   The reinforcement used is polymer geomesh the general view for three 

types used in tests described, Plate (2) .The dimensions of the geogrid 

samples used in this study are listed in Table (2).The physical and chemical 

properties for sample used were listed in Table (3). The technical properties 

for sample used were listed in Table (4). 

 

              Geogrid No.1            Geogrid No.2                     Geogrid No.3 

Plate (2) The Reinforcement Used. 
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Table  (2) Dimensional properties for geogrids used. .(Latifia Geogrid) 

      Property Unit      Data          

for geogrid 

     No.1 

    Data 

 for geogrid 

     No.2                                                                

     Data 

  for geogrid 

     No.3 

Aperture Size   mm     6x10     55x55(±4)  39x39(±2) 

Mass Per Unit 

Area 

  g/m
2
       700     520(±℅)   770(±40) 

Roll Width    m       2.0          1.0       2.5 

Roll Length    m       20          20        30 

Roll Diameter    m       0.40         0.43       0.50  

Cross Roll Weight    kg       28.0         10.4      57.75 

  

Table (3) The physical, chemical and biological properties for geogrids 

used. .(Latifia Geogrid) 

Property    Data for 

Geogrid No.1 

   Data for  

Geogrid No.2 

    Data for  

Geogrid No.3 

Structure   Extruded  

   Geogrid                                                  

  Extruded 

    Geogrid 

  Extruded 

     Geogrid 

Mesh Type   Diamond     Square     Diamond 

Standard Color      Black      Black        Black 

Polymer Type    HDPE     HDPE       HDPE 

U.V Stabilized Carbon Black Carbon Black  Carbon Black 

Chemical Resistance                   Excellent   Excellent     Excellent 

Biological 

Resistance 

  Excellent   Excellent     Excellent 

    Packaging    Rolls    Rolls      Rolls 
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Table (4) The technical properties for geogrid used.(Latifia Geogrid) 

    Property  Unit    Data for 

Geogrid No.1 

   Data for  

Geogrid No.2            

   Data for 

Geogrid 

No.3 

Tensile Strength   

   at 2℅ Strain      

kN/m 

 

        5.1         2.3        4.3 

Tensile Strength  

   at 5℅ Strain 

kN/m         9.1         4.0        7.7 

  Peak Tensile  

      Strength            

kN/m         16.0         7.1        13.5 

   Yield Point  

   Elongation                        

  ℅         20.0         20.0        20.0 

 

VARIABLES   STUDIED  

Effect of Depth Ratio  

                                                     The relative improvement for soil versus depth  ratio for each 

value of eccentricity is shown in Fig (2). The optimum depth ratio (u/B= 

0.75, 0.5, 0.25) show the maximum rate of strength improvement is define 

[{(Pr/P) -1}*100] where Pr and P is the max load for reinforced and un 

reinforced sand for eccentricity values (e= 0.05B, 0.135B, 0.22B) 

respectively. It is noted that for depth ratios (u/B=1.0), improvement values 

decreased and approach a constant for eccentricity values (e= 0.05B, 

0.135B and 0.22B). The relative improvement increases with decreased the 

values of eccentricity. 

                                                      It should be pointed out that there is no general consensus 

regarding the effect of depth ratio on the relative improvement of the soil  . 

Singh (1988), based on the study of square footing on sands reinforced with 

mild steel grids (also called "welded mesh"), indicated that the effect of 

depth ratio on the bearing capacity was independent of the number of 
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reinforcement layers and the optimum depth ratio was about 0.25. 

Selvadurai and Gnanendran, (1989) to improve the bearing capacity of 

footing located on slope fill using geogrids, showed that when (u<B), the 

failure path is penetrated below the reinforcement while when (u>B) the 

failure occurs at the soil geogrid interface (i.e. the failure path is limited in 

narrow zone) and the deep location of the geogrid layer at (u>2B) does not 

lead to any improvement in either the carrying load or the stiffness of the 

footing                                                                

 

 

Figure. (2) Improvement versus Depth Ratio for Different Eccentricity 

Values, and Br /B=3. 

   

       The maximum  improvement versus eccentricity values when depth 

ratio is optimum value (u/B=0.75, 0.5 and 0.25) for eccentricity value 

(e=0.05B, 0.135B and 0.22B) respectively is illustrated in Fig. (3). This 

figure shows the deterioration in strength with increasing eccentricity 

values.  

The general equation for the relative improvement (%) for the soil can be 

expressed as follows: 

 q=25.863 - 6.563e          …........................................................   (1) 

Where    q= maximum rate of strength improvement (%)  

               e= eccentricity value (mm). 
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Figure (3) Maximum Improvement Versus  Eccentricity  Values for 

Optimum Depth Ratio and Br/B=3. 

 

Effect of Vertical Spacing of Reinforcement Layers : 

        Figure (4) shows the relative improvement (%) versus vertical spacing 

ratio(z/B=0.5, 0.75, 1.0 and 1.5) for different eccentricity values (e= 0.05B, 

0.135B and 0.22B).This figure illustrated the maximum improvement for 

eccentricity values (e= 0.05B, 0.135B and 0.22B) at z/b=0.5. It can be seen 

that the rate of strength improvement equals (0) for vertical spacing ratio 

(z/B= 1.5) for different eccentricity values thus the increase of (z/B) above  

1.5 has no effect on the relative improvement for the soil. Similar to these 

findings were found by Fukuda et. al., (1987) who tested concentric load 

applied on footing with polymer grid reinforcement showed that the 

optimum vertical spacing between reinforcement is 2/3B. Guido et al (1987) 

indicated that the bearing capacity decreased with increasing vertical 

spacing ratio for Tensar SS1, SS and SS3 geogrid. 
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Figure (4) The Relative Improvement Versus Vertical Spacing Ratio for 

(u/B=Optimum Value and Br/B=3)  
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        The maximum  relative improvement versus eccentricity values is 

shown in Fig. (5). This figure illustrats that the maximum rate of strength 

improvement decreased with increasing eccentricity values. For any value 

of eccentricity value and (z/B)=0.5, the relative improvement can be 

obtained according to the equation (2). 

q= exp (-0.368e ) * 53.239   ……………………………   (2) 

where  

q= maximum rate of strength improvement (%)  . 

e=eccentricity values (mm). 
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Figure (5) Maximum Rate of Strength Improvement Versus        

Eccentricity Values for (z/B=0.5, u/B=Optimum Value, N=2, Br/B=3). 

 

CONCLUSIONS   

*   For single-layer reinforced sand, there is an optimum depth ratio of 

the first layer at which the bearing capacity is the highest. The tests 

indicated  that the optimum depth ratio of reinforcement of the first 

layer is equal to (u/B=0.75, 0.5 and 0.25) for eccentricity values 

(e=0.05, 0.135 and 0.22B), respectively.  

*  The increase of (z/B) (vertical spacing of reinforcement layer/width 

of footing) above 1.5 has no effect on the relative improvement for the 

soil. 

* The relative improvement (%) of the reinforced sandy soil can be 

predicated by using a simple equation ( q=25.863 - 6.563e ).         

* For any value of eccentricity value and (z/B) =0.5, the relative 

improvement can be obtained t according to the equation { q= exp (-

0.368e ) * 53.239}. 
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ABSTRACT 
AsSanna'f Marsh is one of the southern Iraqi Marshes. It is considered as a seasonal 

marsh. During rainy season, the marsh feeders start to fill the nearly empty region of the marsh 
and the water levels start to increase gradually. After the water level reaches a specific value, it 
starts to flow toward Al Huwayza Marsh.  

Studies on the hydrological properties of AsSanna'f Marsh are rare and there is a lack of 
hydrological data of AsSanna’f Marsh feeders. Generally, this paper was prepared to predict 
missing hydrological data, a procedure was developed and applied for this purpose, and to be used 
with the available hydrological and topographical data for modeling and analysis the hydrological 
properties of AsSanna’f Marsh.   

The topographical survey and the hydrological field measurements for a period of six 
months, which were carried out by the Center for Restoration of Iraqi Marshlands, CRIM, of the 
Ministry of Water Resources, MOR, were used in the hydrological analysis carried out by this 
paper.  

The area and storage elevation curves were computed in two different methods satisfying 
the existing behavior of the flow condition through the marsh.   Relations between the inflow, out 
flow with the water level elevation, and storage and losses within the marsh were obtained.   

The hydrological routing showed the dykes surrounding AsSanna'f Marsh must be at least 
11m.a.s.l to increase the Marsh outflow into Al Huwayza Marsh. especially at the south east 
boundary of the marsh near Al Msharah River. Maximum and minimum storages and the 
extended wetted area of the marsh were specified. The required inflow and outflow of AsSanna’f 
Marsh was studied, taking in consideration the wet, normal, and dry years. The maximum 
allowable AsSanna’f Marsh inflow into Al Huwayza Marsh is specified for flooded year 
satisfying different the design criteria of the control structures of the outlets of Al Huwayza Marsh 
and Kmait Flood Escape. A control structure was suggested at the outlet of AsSanna’f Marsh to 
ensure the full restoration of Al Huwayza Marsh.       
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  الخلاصة
خلال نوسم الانطار الى ان  وور ن  نذذيا الذ ىذا   في . يبدأ الداء بالتجهعالدوسمية احد اىوار العراق الجنوبية ىور السناف      

 باتجاه ىور الحويزة.محدد عندىا يبدا الداء بالانسياب  صل نناسيب الدياه فيو الى حد 
كها ان البيانات الدطلوبة لامذاز الدراسات الذيدرولوجية قليلة ونا نتوفر   دودةمحلذور السناف  التي تمت الدراسات الذيدرولجية

لذذا  في ىذه الدراسة عهونا، اعدت ىذه الدراسة لاستنباط البيانات الذيدرولوجية الناقصة وفق سياق اعد فترة محدودة.يقتصر على ننها 
تحليل الخواص الذيدرولوجية لذور نمذجة و تم  انات ىيدرولوجية وطوبوغرافيةبي الذرض ون  ثم وبالاعتهاد على ىذه البيانات ونا نتوفر ن 

   السناف.
العراقية التابع  الاىوار نركز انعاش قبل  الدنجزة ن   الذيدرولوجية والقياسات الحقليةالطوبوغرافي  الدسح اعتهد في ىذا البحث 

 .لددة ستة أشهر لوزارة الدوارد الدائية
ساب العلاقة بين ننسوب الداء نع الخزي  والدساحة السطحيةفي ىور السناف والتي اعتهدت على تم في ىذا البحث ح 

في ننطقة ىور السناف في ايجاد  الاستفادة ن  القياسات الحقلية اسلوبين مختلفين لتحقيق واقع حال الداء الجاري ضه  الذوركها وتم
ستنتاجات الدستحصلة ن  خلال استتبا  ان الا .والخزن والضائعات ضه  ىذا ىور العلاقة بين الداء الداخل والخارج نع نناسيب الدياه 

وخصوصا الجزء  رم فوق نستوى سطح البح11الجريان خلال نوسم الفيضان بان ننسوب التكتيف المحيط بالذور يجب ان لا يقل ع  
وكذلك تم تحديد اقصى  صريف مدك  اطلاقو  الحويزة لزيادة  صريف الذور باتجاه ىور الجنوبي الشرقي ن  ىورالسناف قرب نهر الدشرح

مختلف  الدعايير التصهيهية لدنشأت السيطرة على مخارج ىور الحويزة ونهرب كهيت الفيضاني  ن  ىور السناف باتجاه ىور الحويزة  محققا
 . لكلي لذور الحويزة.اضافة لاستعراض اسلوب التشذيل الانثل للهنشأ الدقترح على مخرج ىور السناف لضهان الانعاش ا
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INTRODUCTION 

Fig. 1 shows a schematic diagram of AsSanna’f Marsh and its feeders, the marsh area 

reaches 360km
2
 during rainy seasons. The marsh area lies along left hand side of Am'arah-

Msharah main road.  Flood protections dykes lie along the south boundary of the marsh started 

from Ghzayla Bridge until the dykes of Sa'ad Drain River. Al Fakka–Ghzayla road is the north-

east boundary of the marsh. The north boundary of the marsh is a varying boundary that depends 

on the levels of the stored water within the marsh. The average ground level is around 5m.a.s.l at 

its southern part and increases gradually in north and north-west directions. The maximum 

recorded water level in the marsh was 6.5m.a.s.l at Ghzayla Bridge in March of 1988.  

The main feeders of AsSanna’f Marsh are: AtTeeb, Dwayreach, Kmait Rivers, the Drain 

water of Sa’ad River irrigation project, and the surface runoff of AshShmasher catchment area.  

The catchments area of AtTeeb and Dwayreach Rivers are 2670km
2
 and 3270km

2
, respectively. 

These catchment areas lie within the Iranian borders and discharging into AsSanna'f Marsh.   

AtTeeb River has a length of 500km; its peak discharge is about 1100m
3
/sec.  While Dwayreach 

River has a length of 202km, its peak discharge is about 930m
3
/sec. These two rivers are seasonal 

rivers they have flow during January to March. There is no hydraulic structure that can be used to 

control the inflow from these feeders, Al-Furat Center for studies and designs of irrigation 

projects, 2003. 

Kmait River was designed as a flood escape, its intake has a design discharge of 

400m
3
/sec and a crest level of 8m.a.s.l, which is located at north of Al Am’arah Barrage. The river 

is extended from Tigris River towards AshShmasher dykes with a length of 3.4km, then its 
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direction is changed to the right along these dykes, and this part of river is known as 

AshShmasher channel, Al-Furat Center for studies and designs of irrigation projects, 1993. 

Sa’ad River irrigation project area is about 90000Donams which is located between Al 

Msharah and Kmait Rivers.  This project is served by a drain system in which the drain water is 

collected by a main collector draining called Sa’ad River irrigation project drain which is finally 

pumped at a rate of 11m
3
/sec to the Kmait River and at a rate of 4 m

3
/sec directly to AsSanna’f 

Marsh by another pump station. 

The catchment area of AshShmasher surface runoff is 1300km
2
, its surface runoff of about 

600m
3
/sec is discharge along AsSanna’f Marsh west dyke, between Ghzayla Bridge and 

AshShmasher dykes.  The water passes this dyke through groups of pipes, Al-Furat Center for 

studies and designs of irrigation projects, 2003, General Directorate of Water Resources 

Management, Center of hydrology, 2004. 

During rain season, water from AsSanna’f Marsh feeders starts to fill empty region of the 

marsh and the levels are increased gradually. Then water of this marsh is directed to Al Huwayza 

Marsh after it reaches a specified level.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Layout of AsSanna'f Marsh and its feeders, after CRIM 2006. 

 
AVAILABLE DATA 

Some of the hydrological and topographical data required to carry out the flow routing 

through AsSanna’f Marsh were available at the CRIM, these data are presented in the following 

sections.   

Topographical Data  

 A topographical survey of AsSanna’f Marsh area was carried out by CRIM, 2006.    Fig. 2 

shows the topographical map of AsSanna’f Marsh.  

 

Hydrological Data 

Huwayza 

Marsh 

Dwareach R. 

AsSanna’f 

Marsh 
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The monthly Evapo-transpiration, evaporation and water used by plants, are essential 

factor in estimating the water losses.  Table 1 presents the calculated monthly Evapo-transpiration 

for Al Huwayza Marsh and was adopted in AsSanna’f Marsh hydrologic routing, Ministry of 

Water Resources, et. al. 2006. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Topographical map of AsSanna'f Marsh, after CRIM 2006. 

 

Table 1. Monthly evapo-transpiration in Al Huwayza Marsh, after Ministry of Water resources et. 

Al. 2006. 

 

Hydrological Field Measurements  

Twelve discharge and stage measurements at four measurement stations, two measurements 

every month, were carried out during the period from January 2006 to July 2006 by the CRIM. 

These stations are shown in Fig. 3. 

The discharge and stage measurements records in all stations are presented in Table 2. The 

recorded discharge at Kmait station is zero during the study period, since there is no inflow water 

from Kmait flood escape. The stage within this station is approximately constant and equal to 

6m.a.s.l.  

 

 
Month 

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total 

Evapo-

transpiration 

mm/month 
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Faisal Bridge 

station 

 

 

 

 

 

 
 

    

 
 

 

 

 

 

 

 

 

 

Fig. 3. Hydrological field measurements Stations. 

 

Table 2. Measured discharge and stage at the measuring stations. After CRIM, 2006. 
 

Measurement date 
Discharge Q ,m

3
/sec- Stage m m.a.s.l. 

Dwayreach Station AtTeeb Station Faisal Bridge station 

23/1/2005 202.00 21.90 154.00 17.40 210.00 7.64 

08/2/2005 94.50 20.86 55.20 15.99 152.00 6.89 

16/3/2005 0.18 18.75 1.55 13.44 94.80 6.14 

30/3/2005 0.16 18.50 1.55 13.44 17.20 6.06 

13/4/2005 0.15 18.75 1.40 14.19 3.55 6.16 

27/4/2005 0.06 18.78 1.38 13.87 3.78 6.13 

01/5/2005 0.06 18.82 1.31 13.78 9.48 6.17 

25/05/2005 0.00 18.50 0.74 13.71 7.23 6.09 

08/06/2005 0.00 18.50 0.51 13.69 6.07 6.09 

22/06/2005 0.00 18.50 0.72 13.71 3.23 6.04 

06/07/2005 0.00 18.50 0.74 13.71 0.00 5.64 

20/07/2005 0.00 18.50 0.71 13.72 0.00 5.64 

 

 

 

PREDICTED HYDROLOGICAL DATA  

     There is a lack of hydrological data of AsSanna’f Marsh feeders. The discharge 

hydrographs of these feeders have been estimated by utilizing the hydrological field 
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measurements during the period of the study. An accurate estimation of the surface runoff of 

AshShmasher catchment area is very difficult because of the absence of the accurate historical 

data and the interface between this runoff and the water of AtTeeb and Dwayreach Rivers before 

the entrance of this runoff into AsSanna’f Marsh. Prediction of AshShmasher catchment area 

surface runoff was carried out depending on the topographical and climatologically similarity. The 

catchment area of AtTeeb and Dwayreach Rivers lies within the same region of AshShmasher 

area and have approximately same conditions.  By assuming a linear relation between catchment 

area and runoff, the surface runoff of AshShmasher area surface runoff hydrograph is 

approximated to be the runoff of AtTeeb and Dwayreach runoff multiplied by area ratio. The 

catchment area of AshShmasher area, AtTeeb, and Dwayreach Rivers are 1300, 2670, and 3270 

km
2
, respectively, General Directorate of Water Resources Management, Center of Hydrology, 

2004, UNEP, January 2004  

The average ratio of AshShmasher catchment area to AtTeeb River catchments area is 

(0.49), and Dwayreach River catchments area, (0.4), is 0.44.  This ratio, 0.44, has been adopted as 

the ratio of AshShmasher area surface runoff from the average of AtTeeb and Dwayreach Rivers 

discharges. Predicted data of AshShmasher catchment area surface runoff is presented below in 

Table 3. 

The discharges of AsSanna’f Marsh feeders, AtTeeb River, Dwayreach River and 

AshShmasher surface runoff, during the dry and wet years were estimated by making use of the 

measured discharges during the study period. These measured discharges have been considered as 

AsSanna’f Marsh feeders’ discharges during a normal year. 

 

Table 3. Predicted surface runoff (m
3
/sec) of AshShmasher Catchments Area. 

 

Months 
Surface Runoff  (m

3
/sec) 

AtTeeb River Dwayreach River AshShmasher Area 

Oct. 0.73 0.00 0.16 

Nov. 0.73 0.00 0.16 

Dec. 0.73 0.00 0.16 

Jan. 154.0 202.0 78.3 

Feb. 55.2 94.5 32.9 

Mar. 1.55 0.17 0.38 

Apr. 1.39 0.11 0.33 

May 1.03 0.03 0.23 

Jun. 0.62 0.00 0.14 

Jul. 0.73 0.00 0.16 

Aug. 0.73 0.00 0.16 

Sept. 0.73 0.00 0.16 

 

 

The ratio of discharge of each feeder to AsSanna’f Marsh outflow, at Faisal bridge station, 

was calculated for normal year. The calculated ratios have been considered as the amount of share 

of each feeder from the marsh outflow for the dry and wet years. The predicted discharges of 

AsSanna’f Marsh feeders, AtTeeb River, Dwayreach River and AshShmasher catchment area 

surface runoff, during the dry, normal, and wet years are shown in Figs. 4, 5 and 6. 
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Fig.4. Averaged monthly flow of AtTeeb River averaged. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                Fig.5. Averaged monthly flow of Dwayreach River 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. AshShmasher Catchment Area Averaged monthly flow. 

 

 

STORAGE CAPACITY RELATION 
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            AsSanna’f Marsh extension is decided depending on the actual height of the marsh dykes. 

The minimum dykes level is about 9 m.a.s.l at the south boundary of the marsh near Al Msharah 

River.  Therefore, the marsh boundary is the within the contour of 9 m.a.s.l.  if 1m is considered 

as a free board, then the maximum allowable water level within the marsh is 8m.a.s.l.  

The area and storage elevation curves were computed for two different cases satisfying the 

existing behavior of the water flowing through the marsh. The first case, when there is inflow and 

no outflow from the marsh toward Al Huwayza Marsh, or there is no inflow and there is outflow 

from the marsh or there is no inflow and no outflow. This case occurs when the marsh is starting 

store water or when the feeders are depleted at the end of the rainy season. In this case the water 

level within AsSanna'f Marsh is approximately horizontal and the Arc-View GIS software is used 

to evaluate the area elevation and storage elevation relations.  

The second case, when the water level near AsSanna'f Marsh outlet is higher than the 5.65 

m.a.s.l, i.e. water is discharged from this marsh towards Al Huwayza Marsh with the existing of 

upstream feeding.  In this case the marsh is treated as a river basin and the water level along the 

marsh will not be a horizontal. Since the marsh width is not constant a long its length, the water 

surface elevation will have significant variation along the marsh length. This variation in water 

levels increases the surface area and storage in the upstream part of this marsh.  

          A one dimensional steady hydraulic model was developed using the HEC-RAS software in 

order to estimate the surface area and the storage within the marsh. Development of this model 

required implementation of the geometrical and hydraulic data. ARC-View GIS Software with 

DEM of AsSanna'f Marsh is used in the construction of the geometrical data. Layout of the 

implemented cross sections is shown in Fig. 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7. Implemented cross sections along AsSanna'f Marsh. 

The upstream boundary condition is a known range of flow rates while the downstream 

boundary condition is rating curve, according to the filed measurements at Faisal Station during 

the study period. According to each computed water level, the surface area and storage are 

evaluated from the developed model. The constructed area-elevation and storage–elevation curves 
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Approximated Function GIS Approach:

A={exp(a+b*E)}/1000000
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HEC-RAS 

Approximated Function Hec-RAS Approach:

A=a+b*E+c*E^3+d*exp(E)+e*ln(E)/E

a=-725158.07, b=47652.029 ,c=-126.46598

d=1.043132, e=1561836.3

R=0.997

for the two cases are shown in Fig. 8 and 9. The constructed area-elevation curves and storage 

elevation curves for the flow conditions are based on the water elevation at location of Faisal 

station. The maximum surface area of AsSanna'f Marsh with 8m.a.s.l is 360 km
2
 with storage 

capacity of 750 million m3. It is to be noticed that, the dykes surrounding the marsh are equal or 

higher than 9m.a.s.l. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. AsSanna'f Marsh area-elevation curves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. AsSanna'f Marsh storage-elevation curves. 

 

HYDROLOGICAL ROUTING  

There is some uncertainty in the flow routing of AsSanna’f Marsh arising from its 

behavior and the lack of infiltration losses data within the marsh. To take these two points into 

account, the following methodology was adopted in the hydrological study. A hydrological 

routing for normal year is presented by the period of this study using the twelve measured 

discharges that were carried out at all feeders and outlet of the marsh and comparing of the 

resulting storage within the marsh with the existing storage according to the recorded stages at 

Faisal station. The effect of the infiltration losses is considered as a part of the required storage in 

the first period of storing water, when there is inflow and no outflow from the marsh. These 

infiltration losses are considered with the calibration of the model.  
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S={a+b*E+c*E^3+d*(EXP(E))+e*LN(E)/E}*10^

6

a=-2077244.8 ,b=136424.67,c=-362.27069

d=3.0576659 ,e=4474163.3

R=0.9972
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The implementation of the hydrologic routing model for calibration purposes depends on 

the inflow into AsSanna'f Marsh, measured at: AtTeeb, Dwayreach, and Kmait  hydrological 

measuring stations, the outflow, measured Faisal bridge hydrological measuring station, the area –

elevation curves, storage –elevation curves, and evapo-transpiration of the study area.  It was 

noted, during the period of the study that there is no inflow towards AsSanna'f Marsh from the 

Kmait Flood Escape at Kmait station. The recorded water levels at Kmait station is approximately 

constant and is about 6m.a.s.l. The outflow form AsSanna'f Marsh was measured at Faisal Bridge 

station. These data were used as an input for the hydraulic mathematical model to verify the flow 

and obtain the relation between the inflow and out flow with the water level elevation, storage and 

losses within the marsh. The resulting marsh storage for normal year is shown in Fig. 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10. Computed and existing storage within AsSanna'f Marsh during January to October, 

2006. 

 

Additional important results from the hydrological routing are the total volume of inflow, 

outflow and the losses within the marsh are 11012.10, 8810.67 and 2201.43 million m
3
 

respectively. The evaporation and infiltration losses within the marsh are about 21% from the total 

inflow. All above results are considered for normal years only 

Due to the lack of data records concerning the wet and dry years, the constructed stage-

outflow curve for normal year, Fig. 11, (it is constructed according to the existing field 

measurements) will be adopted in the implementation of the hydrological routing for the two  

situations.  

 

Hydrological Routing During Wet and Dry Years  
Two individual hydrological routing were made for wet and dry years, to predict the 

storage, outflow, and the water levels within the marsh.  AsSanna'f Marsh starts its depletion at 

the end of the rain season and starts its restoration in sequent new rain season. So, this marsh 

starts its hydrological cycle as a dry marsh. The main limitations that are considered in the 

construction of the hydrological routing are: 

- The maximum storage within the marsh is considered with water level of 8 m, dykes are 

considered to be at 9 m.a.s.l.  The surrounding dykes must be raised to the safe height and new 

area-elevation and storage elevation curves must be achieved when levels are higher than 8 

m.a.s.l. 

- The minimum water level is 5.65m.a.s.l, which is the ground level at AsSanna’f Marsh outlet. 
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Pridected  extension

Stage=0.013*outflow+4.91

- The wet year data of all feeders and the required outflow are considered as detailed in Table 4.  

 

 

 

 

 

  

 

 

 

 

Fig. 11. AsSanna'f Marsh outflow-stage curve. 

Table 4. Monthly discharge, m
3
/sec, into AsSanna'f Marsh from all feeders during wet years. 

 

Month 

Feeder 
Total  

Outflow
b
 

The 

required 

Outflow
c
 

AshShmasher  

Run off 
a
 

Dwayreach 

River
a
 

AtTeeb 

River
a
 

Total  

Inflow 

Oct. 0 0 1 1 0 0 

Nov. 0 0 1 1 0 0 

Dec. 0 0 1 1 0 0 

Jan. 154 384 293 831 388 264 

Feb. 68 171 100 339 367 170 

Mar. 0 0 2 2 240 33 

Apr. 0 0 2 2 103 33 

May 0 0 1 1 67 8 

Jun. 0 0 1 1 0 6 

Jul. 0 0 1 1 0 0 

Aug. 0 0 1 1 0 0 

Sept. 0 0 1 1 0 0 

                       a:predicted   b:hydrologic routing c: CRIM, 2006. 

 

According to the hydrological routing and the predicted outflow from the marsh the 

maximum water level within the marsh reaches 10.15m.a.s.l during January at Faisal bridge 

station.. The stored water, the surface area and water level variations during the flood season are 

shown in Figs. 12, 13 and 14 are respectively. 

The dykes of AsSanna'f Marsh must be at least 11m.a.s.l surrounding the marsh especially 

at the south east boundary of the marsh near Al Msharah River. The maximum expected outflow 

into Al Huwayza Marsh is 388m
3
/sec. Additional routing is needed for Al Huwayza Marsh during 

flooded year, since the required inflow from this feeder into Al Huwayza Marsh is 264m3/sec at 

January. The capacity of Al Huwayza Marsh and its outlet designed structures must be able to 

carry the surplus inflow of 124m
3
/sec, CRIM, 2006. When the dykes surrounding AsSanna'f 

Marsh become equal to (or higher than) 11 m.a.s.l, the maximum storage and surface area of the 

marsh will be 1480 million m
3
 and 426km

2
, respectively. 
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The maximum allowable inflow into Al Huwayza Marsh from AsSanna’f Marsh for 

flooded year is listed in Table 5. The Kmait flood escape structure must be a gated control 

structure with maximum capacity of 250m
3
/sec.This control structure must be operated according 

to the maximum allowable inflow from Kmait Escape. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Engineering Volume 14  December  2008       Number  4 
 

                              

 3221 

0

200

400

600

800

1000

1200

1400

1600

S
to

ra
g
e
 (

m
il
li
o
n
 c

u
b
ic

 m
e
te

r)

Month

Storage (million cubic meter) 35.59 144.15 1481.31 1480.11 702.31 438.95 196.21 150.97 110.90 85.04 72.42 65.02

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

0

1

2

3

4

5

6

7

8

9

10

11

w
a
te

r 
le

v
e
l 
m

 a
m

s
l

month

Water level (m amsl) 2.29 4.92 10.14 10.13 8.75 7.67 5.67 5.03 4.32 3.76 3.44 3.24

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

5.65 m amsl

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12. The Surface area variation within AsSanna'f Marsh. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. The storage variation within AsSanna'f Marsh during wet year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14. Water level variation within AsSanna'f Marsh during wet year. 
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Marsh, refer to Table 4, the outflow of AsSanna’f Marsh into Al Huwayza Marsh will 388m
3
/sec, 

367m
3
/sec, 240m

3
/sec, 103m

3
/sec, and 67m

3
/sec during Jan., Feb., Mar., Apr. and May 

respectively. An additional safe inflow from Kmait Escape can be discharged into Al Huwayza 

Marsh through AsSanna’f Marsh considering the maximum capacity of AsSanna’f Marsh outlet. 

The maximum safe additional inflow from Kmait escape is 223m
3
/sec which occurred at May.  

According to the hydrological routing of Al Huwayza Marsh, CRIM, 2006, the designed 

discharges of Al Huwayza Marsh outlets control structures must be increased to 550m
3
/sec in 

order to safely discharges this surplus inflow into Tigris river and Shat Al Arab River, the client 

recommendation for the maximum capacity of Al Huwayza Marsh outlets is 325m
3
/sec, The New 

Eden group, 2005.  The design capacity of the Al Huwayza Marsh outlets must be 200m
3
/sec of Al 

Kassara River and 350m
3
/sec of AsSuwayb River hydraulic structures. The maximum allowable 

inflow into Al Huwayza Marsh from AsSanna’f Marsh for flooded year is listed in Table 6. The 

Kmait flood escape structure must be a gated control structure of 400m
3
/sec maximum capacity. 

This control structure must be operated according to the maximum allowable inflow from Kmait 

escape, Table 6. 

The dry year data of all feeders are considered as detailed in Table 7.The required outflow 

into Al Huwayza marsh routing is considered to be zero as a worst case, refer to CRIM, 2006, for 

more details. 

The results of the hydrological routing were based on the achieved routing in the normal 

year and the related relations. The maximum water level at Faisal station will be 6.44 m.a.s.l with 

storage and surface area of 289.8 million m
3
 and 133.7 km

2
, respectively. The outflow is predicted 

by trail and error process where, the main constrain is the water level at Faisal bridge station and 

the losses within the marsh. The monthly variation in storage, surface area and water levels are 

shown in Figs. 15, 16 and 17 respectively. According to the hydrological routing and the 

predicted outflow from the marsh that is listed in Table 7. 
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Table 7.  Monthly feeders discharges, m
3
/sec, into AsSanna'f Marsh during dry years. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

1: 

Predicte

d, 2:Resulting from the hydrological routing, 3: CRIM, 2006. 

 

 

The stored water, the surface area and water level variations in the marsh during the 

rainy months are shown in Figs. 18,19 and 20, respectively. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

Fig. 15. Storage variation within AsSanna'f Marsh. 
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Fig. 16. AsSanna'f Marsh surface area variation during dry year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17. AsSanna'f Marsh water level variation during dry year. 

 

Water levels within AsSanna'f Marsh  

The water levels within AsSanna'f Marsh are affected by the fluctuations of the water 

levels within Al Huwayza Marsh. if Al Huwayza Marsh water levels or AsSanna'f Marsh water 

level were higher than 5.65m, AsSanna'f Marsh outlet bed level, there will be an interface 

between these marshes. When the amount of flow from AsSanna'f toward Al Huwayza Marsh will 

be varied according to the head difference and type of flow, free or submerged. Comparison of Al 
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Huwayza Marsh water levels which computed in the hydrological routing of this marsh, CRIM, 

2006, with AsSanna'f Marsh water levels which computed in the hydrological routing of this 

marsh show that Al Huwayza Marsh water levels are higher than that of AsSanna'f Marsh and 

AsSanna'f Marsh outlet bed level during the period from March to September for flooded and 

moderate years, as shown in Figs. 18 and 19.  The flow rates due to the head difference are 

estimated according to the suitable open channel hydraulic formula. These flow rates are shown in 

Table 8. The yearly stored water in AsSanna'f Mash according to the estimated inflow is 1118 

million m
3
 and 680 million m

3
 for flooded and moderate years respectively. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18. Al Huwayza Marsh and AsSanna'f Marsh water levels during wet year. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.19. Al Huwayza Marsh and AsSanna'f Marsh water levels during normalyear. 

Table 8. Al Huwayza Marsh flow, m
3
/sec, into AsSanna'f Marsh during wet and normal years. 

 

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Wet year 0 0 0 0 0 44.2 122.7 145.4 88.3 27.0 3.3 0.5 

Normal year 0 0 0 0 0 53.6 87.0 76.7 44.1 0.6 0.2 0 
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These storages represent about 149 % from the maximum allowable storage of AsSanna'f 

Marsh when the minimum dykes level is 8 m.a.s.l, so AsSanna’f Marsh will be flooded due to this 

rate, and 91 % from the maximum allowable storage of AsSanna'f Marsh when the minimum 

dykes level is 8 m.a.s.l, so AsSanna'f Marsh will be flooded in the next year due to inflow of 

AtTeeb and Dwayreach rivers to AsSanna'f Marsh. While, these storages represent about 76 % 

and 46 % from the maximum allowable storage of AsSanna'f Marsh when the minimum dyke’s 

level is raised to 11m.a.s.l, so AsSanna'f Marsh will be flooded in the next year due to inflow of 

AtTeeb and Dwayreach rivers to AsSanna'f Marsh.  According to the above conclusions, a control 

structure at Faisal bridge station must be constructed at AsSanna'f Marsh outlet to satisfy the 

positive operation of AsSanna'f Marsh. The design discharge of the suggested control structure is 

425m
3
/sec with the spillway crest level of 7m.a.s.l. This control structure must be operated 

according to Table 9. 

 

Table 9. Operation of the proposed control structure at AsSanna’f Marsh outlet. 

 

 

 

  Fully opened    ,   Fully closed 

 

CONCLUSIONS 

1- The dykes surrounding the marsh must be at 11 m.a.s.l. 

2- Ghzayla Bridge width must be increased 30m in order to develop its discharge capacity. 

3- A control structure at Faisal bridge station must be constructed at AsSanna'f Marsh outlet to 

satisfy the positive operation of AsSanna'f Marsh. The design discharge of the suggested 

control structure is 425m
3
/sec with the spillway crest level of 7m.a.s.l. This control structure 

must be operated according to Table 9. 

4- In order to use Kmait flood escape during the flooded years to discharge 400m
3
/sec into Al 

Huwayza Marsh through AsSanna’f Marsh, the design capacity of Al Huwayza Marsh outlets 

hydraulic structures must be: 200m
3
/sec of Al Kassara River and 350m

3
/sec of AsSuwayb River 

and Kmait flood escape structure must be a gated control structure with maximum capacity of 

400m
3
/sec and the operation of this escape must be based on Table 6. 

5- The suggested maximum design discharges of Al Huwayza Marsh outlets, 550 m
3
/sec may not 

be adopted if  a new  gated hydraulic structure is a accomplished at Kmait Flood Escape inlet 

with maximum discharge of 250 m
3
/sec instead of that of 400 m

3
/sec. The operation of this 

escape must be satisfying the maximum allowable inflow into Al Huwayza Marsh, Table 5. 

 

RECOMMENDATIONS 

 The hydrological system of AsSanna'f Marsh requires continuous observations on all its 

feeders using the existing hydrological stations. Extensive reading is required during rain 

season. 

 The expected outflow from the marsh into Al Huwayza Marsh during flooded and dry years 

must be calibrated with observation data of more than 6 years. 

 Studying the morphological changes within AsSanna'f Marsh area resulting from the 

sediment transportation from its feeders.  

 Studying the ability of controlling AtTeeb and Dwayreach flow discharges into AsSanna'f 

Marsh. 

 

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Flood year 

 

 

Moderate year   
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ABSTRACT:  

               The continuous and rapid development of shapes for architectural members and structural 

researches development in stability field encourage the designers and researchers to study the effect 

of member shape on the load capacity. The optimum strength of compression members with 

economical dimensions can be obtained to satisfy the architectural and technical requirements. A 

different nonlinear tapered member shapes have been studied under compression axial force with 

simply supported end conditions. Then graphical comparisons for different member shapes are 

presented to find the maximum axial force and minimum member volume at buckling state. This 

study is based on modified stability functions that have been based on Bessel functions. The results 

of this study provide structural and architectural designers the most proper member’s shape, with 

more economical dimensions to carry the design load. 
 

  :ألخلاصه
 حس و كزنك ذطىس انثحىز فً مٍذان الاسرقشاسٌح الإوشائٍح  مش فً انشكم انمعماسي نهعرثاخانمسرانمرزاٌذ و انرطىس  إن 

الاقصى  انرحمم  عهى قاتهٍح ذحمم انعرثاخ نلاحمال انمحىسٌح لاٌعادوذأشٍشي انشكم انمعماسي هى دساسح عانثاحصٍه وانمصممٍه 

فً هزي انذساسح ذقذٌم وذم مرطهثاخ انمعماسٌح وانفىٍح. انىفش كافح ذمع  ً وفس انىقدوانزي ٌحقق انعاوة الاقرصادي ف نهزي انعرثاخ

وهً  انخطًو وانمحذب انمقعش انرخصش مرضمىح  مه حٍس ذخصش انشكم ومخرهفح مرساوٌح انطىل وانحعماوىاع مه انعرثاخ 

نهمقاسوح تٍه انعرثاخ  ٍاخىمىح . شم ذم عشضانعرثاخ انرً ذم دساسرها ذحد ذأشٍش الأحمال انمحىسٌح ومسىذج إسىادا تسٍطاومارض 

قثم حصىل فشم الاوثعاض.ان هزي انذساسح خ هزي انعرثانواقم حعم مطهىب  مذحم   إنٌمكه  أقصى قىج محىسٌح انمخرهفح ذىضح

نرً ا انشٌاضٍح ذوالان سرىذ عهىوهزي انذوال ذانساتقح  انثحىزفً اسٌح انمحذشح وانرً ذم اشرقاقها ذمد تالاعرماد عهى دوال الاسرقش

عهى اخرٍاس انعرثاخ ي معماس أو إوشائًمصمم  أي مك هسح ذورائط هزي انذسا أن .n انذسظحانىىع الأول مه  راختسم ذذعى دوال 

 انمطهىب. انرخمٍىً انحممذحمم  اقرصادٌح وذحقق فً وفس انىقد قذسج هزي انعرثاخ عهى لأكصشا والإتعادراخ انشكم انمىاسة 

 

KEY WORDS: 

             Stability function, Non-linearity shape, Tapered member, Bessel function, Concave, 

Convex and Axial load. 
 

INTRODUCTION: 

  The model of this study is a tapered member in both dimensions. The section depth and 

width along the member length producing the linearly or non-linearly tapered member is shown in 

Fig. (1). This model is subjected to compression axial force. Increasing the section dimensions will 
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enhance the strength of the individual structural members and enhance the whole structure load 

capacity. 

 

 

 

   

                                                                          
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                  

 

 

 

 

 

MODIFIED STABILITY FUNCTIONS: 

The modified stability functions of non sway and non-prismatic members in different non-

linear configuration shape as derived in previous researches by (AL-Damluji and Yossif 2005), (Al-

Sarraf and Yossif 2005) and (Yossif 2006) can be written in the form of modified slope deflection 

equations as given in eq. (1) and eq. (2) below:   
 

 211
2

1 SCS
L

EI
M   (1) 

 

>1   O d2 dx d1 

b 

x 

a 

b. concave tapered member. 

 

dx O 

L a 

x 
b 

=1   d1 d2 

a. linear tapered member. 

1

 
2 

P P 
M2 

M1 

L 

   

a 

b 

d1 d2 dx 

L 

x 

<1λ 

c. convex tapered member. 

 

Fig. 1: Tapered beam-column member.  
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2

2 SSC
L

EI
M   (2) 

 

These two equations can be written in matrix form as given in eq. (3). 

 

 (3) 

 

 

Therefore the stiffness matrix      for simply supported beam-column member can be written as 

given in eq. (4). 

 

 

 (4) 
 

 

Where I2 is the moment of inertia at smaller depth of member, S1, SC and S2 are the 

modified stability functions and L is the member length. 

The derivation of the modified stability functions based on the exact solution given in eq. 5 

of second order differential equation of the deflected shape of beam column member subjected to 

compression axial force and bending moments. 

 

)bx(
L

M
)ax(

L

M
Qy

dx

yd
)x(EI 21

2

2

  (5) 

 

where I(x) is the moment of inertia at distance x from origin O that can be written with respect to 

member dimensions as given in eq. (6) and with respect to member depth as given in eq. (7): – 
 

 m2 a/xI)x(I   (6) 

 

12/)x(d)x(I 4  (7) 

 

Where m  is the modified shape factor as obtaine from eq. (8). Otherwise the equation of shape 

factor can be obtained using eq. (9) (Al-Sarraf , 1979) and (Al-Damarchi, 1999) which depends 

on logarithm ratio of moment of inertia between two ends and tapering ratio: – 

 

mm   (8) 

 

  ulogI/Ilogm 12  (9) 

 

In fact, the non-linear shape of non-prismatic members can be classified in three types according to 

the non-linearity factor : 
 

1. 1 , for concave tapered member along its axis. 

2. 1 , for linear tapered member along its axis. 

3. 1 , for convex tapered member along its axis. 
 

Where u and u   are the tapering ratio and modified tapering ratio respectively that can be obtained 

from eq. (10), eq. (11) and eq. (12): – 

 

bau   (10) 
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1

uu  (11) 
 

b/au

1

  (12) 

 

Where b and a are the distance from origin O to end 1 and end 2 respectively as shown in Fig. (1). 

The depth d (x) may be expressed by eq. (13): 

 

  axd)x(d 2  (13) 

From eq. (13), the depth d1 at end 1 when x = b can be obtained from eq. (14):  

 

  abdd 21  (14) 

 

The moment of inertia of the strut may be expressed in the form shown in eq. (15): 

 

  m

2 a/xI)x(I


  (15) 

 

The basic differential equation of beam- column as given in eq. (5) can be written as in eq. (16) 

after substituting eq. (8) and eq. (15) into eq. (5). 

 

   bx
L

M
ax

L

M
Qy

dx

yd

a

x
EI 21

2

2m

2 







 (16) 

 

The right hand side of eq. (16) can be reduced to zero by replacing “y” by “Z” when 

 

   bx
QL

M
ax

QL

M
yZ 21  . (17) 

 

Thus, the differential equation becomes: 

 

0Zx
dx

Zd m2

2

2

   (18) 

 

Where 

 

2

m2 EIQa . (19) 

 

Eq. (18) can be transformed into Bessel Equation of the form shown in eq. (20)
 
(McLachla, 1961): 

 

 
0Z

x

n
x

dx

dZ

x

12

dx

Zd
2

222
2222

2

2








 



 

. (20) 

 

This equation has a general solution (McLachlan, 1961): 

 

    



  xBJxAJxZ nn   (21) 
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Depending on (n) is not an integer; here Jn is the Bessel functions of the first kind of order n; A and 

B are the constants of integration. Therefore, the solution can be written down in terms of Bessel 

functions by giving particular values to the constants  ,,  and n, by comparing the two  
equations eq. (18) and eq. (20), the constants  ,,  and n can be obtained: – 

 

m2

1
n,

2

m2
,

m2

2
,5.0










  

 

 

 

 

Hence, the general solution of the fundamental eq. (16) is: 

 

        bx
QL

M
ax

QL

M
xBJxAJxy 21

nn  



  (22) 

 

 There are four unknowns A, B, M1, and M2, which have to be determined from the 

following boundary conditions: 
 

at     x = a ,  deflection y = 0 and rotation 2dx/dy  , 

and  x = b ,  deflection y = 0 and rotation 1dx/dy  . 
 

 The solution of the basic differential equation as given in eq. (22) can be represented by the 

modified stability functions for each type of nonlinear shape as given in Table (1) (Abdul Mahdi, 

2002), (Al-Azawi 2005) and (Yossif, 2006). 

 

Table (1): Modified stability functions for different non-linearity shape (Yossif, 2006). 
 

 m λ m  S1 SC S2 

C
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n
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v
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4 0.2 0.8 
 

 0.4

2

0.4

4

LZQbωPEI

ZaωLf 
 

 
 0.1-0.5

2

0.5-0.1

5

bLZQaωPEI

bZaωLf




 

 
 0.4

2

0.4

3

LZQaωPEI

ZbωLf




 

4 0.4 1.6 
 

 0.8

2

0.8

4

LZQbωPEI

ZaωLf 
 

 
 0.30.5

2

0.50.3

5

bLZQaωPEI

bZaωLf




 

 
 0.8

2

0.8

3

LZQaωPEI

ZbωLf 
 

4 0.6 2.4 
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2

1.2
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LZQbωPEI

ZaωLf
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ZbωLf
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4 1.8 7.2 
 

 3.6
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3.6
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Where any symbol in the above equations is defined in appendix A1,   ِ A2 andA3 

 

ELASTIC CRITICAL LOAD: 

A compression force Q if loaded axially on any beam-column member by a small value that 

is applied through the centroid of the cross section, the column remains straight and undergoes only 

axial compression. This straight form of equilibrium is stable, which means that the column returns 

to the straight position if it is disturbed. For instance, if a small lateral load is applied which causes 

the column to bend, the deflection will disappear and the column will return to the original position 

when the lateral load is removed. As the axial load is gradually increased, it reaches a condition of 

neutral equilibrium in which the column may have a bent shape. The ideal column may undergo 

small lateral deflections with no change in the axial force, and a small lateral load will produce a 

bent shape that does not disappear when the lateral load is removed. The stiffness matrix of beam-

column member is gradually vanished at this load therefore such a load is called the elastic critical 

load. 

 The elastic critical load Qc of any tapered member shape can be obtained using eq. (23) as 

given below: 

 
Ec Q.Q  . (23) 

 

Where: c is non-dimensional axial force parameter at the elastic critical load. 

         EQ is the equivalent Euler load for tapered member which equal to 22

2 L/EI   

          E  is modules of elasticity for steel  

          I2  is the moment of inertia at smaller end depth 

          L  is member length 
The elastic critical load is obtained for linear tapered members and five types of tapering ratio 

which equal to 1.5, 2, 3, 4 and 5, then tabulated with respect to the properties ratio I2/L
2
 as given in 

Table (2) and presented graphically as shown in Fig. (2). 

The value of non-dimensional axial force parameter at the elastic critical load can be obtained using 

stability equations that given in Table (1).  
 

Table (2): Elastic critical load for different depth at smaller depth’s end 
 

I2/L 
Elastic Critical Load Q (kN) 

b/a=1.5 b/a=2.0 b/a=3.0 b/a=4.0 b/a=5.0 

0.000833333 3.70 6.58 14.80 26.32 41.12 

0.013333333 59.22 105.28 236.87 421.10 657.97 

0.067500000 299.79 532.96 1199.16 2131.83 3330.99 

0.213333333 947.48 1684.41 3789.93 6737.65 10527.58 

0.520833333 2313.19 4112.34 9252.75 16449.34 25702.09 

1.080000000 4796.63 8527.34 19186.51 34109.35 53295.86 
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2.000833333 8886.35 15797.95 35545.38 63191.79 98737.17 

3.413333333 15159.71 26950.60 60638.85 107802.40 168441.25 

5.467500000 24282.93 43169.65 97131.71 172678.60 269810.31 

8.333333333 37011.02 65797.36 148044.07 263189.45 411233.52 

12.20083333 54187.83 96333.92 216751.32 385335.67 602086.99 

17.28000000 76746.04 136437.41 306984.18 545749.64 852733.82 

23.80083333 105707.16 187923.85 422828.66 751695.39 1174524.05 

32.01333333 142181.52 252767.15 568726.08 1011068.59 1579794.68 

42.18750000 187368.27 333099.15 749473.08 1332396.59 2081869.68 

54.61333333 242555.40 431209.60 970221.59 1724838.38 2695059.98 

69.60083333 309119.71 549546.15 1236478.84 2198184.61 3434663.45 

87.48000000 388526.85 690714.39 1554107.39 2762857.58 4316964.97 

108.6008333 482331.27 857477.81 1929325.07 3429911.24 5359236.31 

133.3333333 592176.26 1052757.80 2368705.06 4211031.21 6579736.27 

 

 

 

 
 
 

 

 

 

 
 

 

 

 

 

 

 
 
 
Then the modified stability function values substituted into the matrix given in eq. (4) with 

different compressive axial force value until the equation of stiffness matrix becomes equal to zero. 

At this case the axial load is the elastic critical load.  The non-dimensional axial force parameter at 

elastic critical load are tabulated for nine different non-linearity shape and five tapering ratio as 

given in Table (3). 
 

Table (3): Non-dimensional Axial Force Parameter 
 

 b/a=1.5 b/a=2.0 b/a=3.0 b/a=4.0 b/a=5.0 

0.2 1.190 1.364 1.685 1.982 2.263 

0.4 1.408 1.821 2.727 3.69 4.716 

0.6 1.657 2.358 4.232 5.995 8.978 

0.8 1.935 3.134 6.297 10.461 15.611 

1.0 2.250 4.000 9.000 16.000 25.000 

0
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Figure (2): Elastic critical load for different tapering ratio of linear tapered shape 
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1.4 2.991 6.219 16.518 32.005 52.706 

1.8 3.892 9.139 27.001 54.812 92.567 

2.2 4.963 12.793 40.532 84.453 144.561 

2.6 6.212 17.198 56.088 12.902 203.633 

 

ECONOMICAL AND OPTIMUM SHAPE:   

 The economical member shape in this study represents the member that has a minimum 

material weight i.e. minimum member volume while the optimum member shape can be defined as 

the member which has minimum shape volume with maximum load capacity. The optimum shape 

is not necessarily being the economical member shape.  

The optimum member shape depends on the optimum degree ratio represented by the ratio between 

member capacity and member volume. That mean the member shape convergence to the case of 

optimum shape when the optimum degree increased.  

 Nine different shapes of tapered beam-column members are presented in this study assigned 

according to the degree of non-linearity factor. General volume equations for different cross section 

area of tapered member derived as a function of non-linearity degree as given in Table (4) that can 

be used to compare between volumes of different member shapes having the same capacity of axial 

load. 

 

Table (4): General volume equation 
 

Section Type Volume Function 

Square section 
 
 12λa

abd
2λ

12λ12λ2

2



 

 

Rectangular section 
 
 12λa

ab.d
2λ

12λ12λ2

22



 

 

Circular section 
 
 12λ4.a

ab.π.d
2λ

12λ12λ2

2



 

 

 

 The ratio of the elastic critical loads of different non-linearity shape from the elastic critical 

loads of linear tapered member at tapering ratio u=2 are presented in Table (5) as the first 

numerical comparison between different tapered member shapes having the same other properties. 

 

Table (5): Ratio of elastic critical load from linear tapered shape 
 

λ b/a=1.5 b/a=2 b/a=3 b/a=4 b/a=5 

0.2 1.35930 1.35456 1.34557 1.33771 1.33122 

0.4 1.34392 1.30339 1.24151 1.18318 1.13540 

0.6 1.31595 1.20208 1.06945 0.87873 0.84358 

0.8 1.27325 1.12498 0.86182 0.67749 0.54964 

1 1.22161 1.00000 0.65237 0.44444 0.31868 

1.4 1.09224 0.73125 0.31682 0.15197 0.08113 

1.8 0.94111 0.48686 0.12854 0.04121 0.01585 
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2.2 0.78294 0.29878 0.04549 0.00950 0.00259 

2.6 0.63044 0.17111 0.01426 0.00195 0.00037 

 

 The comparison presented in Table (5) explains that the convex shape has a more axial load 

capacity than other shapes in which it will reach about to 136% from the linear shape capacity; on 

the other hand the concave shape is less axial load capacity than other shapes in which it will be 

reach less than 0.04% from the linear shape capacity.  

 

 The elastic critical load of different non-linearity shape as a ratio from linear tapered shape 

is presented as the first comparison in graphical curve for different tapering ratio as shown in      

Fig. (3) for members having the same member length, volume and support conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The ratio of members volume from the volume of linear tapered member at tapering ratio 

u=2 is presented in Table (6) as the second numerical comparison for different non-linearity shape 

and different tapering ratio. 

 

Table (6): Volume ratio with respect to linear shape at u=2 
 

Tapering 

ratio, u 
=0.2 =0.4 =0.6 =0.8 =1 =1.4 =1.8 =2.2 =2.6 

1.5 0.86 0.86 0.87 0.89 0.90 0.96 1.03 1.13 1.26 

2 0.86 0.88 0.91 0.94 1.00 1.17 1.43 1.83 2.42 

3 0.86 0.90 0.97 1.08 1.24 1.77 2.79 4.68 8.37 

4 0.86 0.92 1.07 1.21 1.50 2.56 4.92 10.25 22.63 

5 0.87 0.94 1.09 1.35 1.77 3.51 7.94 19.61 52.16 

λ=0.2

λ=0.4

λ=0.6

λ=0.8

λ=1

λ=1.4

λ=1.8
λ=2.2

λ=2.6

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.5 2 2.5 3 3.5 4 4.5 5

tapering ratio

a
x

ia
l 
fo

rc
e 

ra
ti

o
 w

it
h

 r
es

p
ec

t 
to

 l
in

ea
r 

sh
a

p
e 

a
t 

u
=

2

Tapering ratio 

Figure (3): Comparison of models according to elastic critical loads  
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 The comparison of Table (6) explains that the convex shape needs more volume than other 

shapes to carry the same axial load capacity which can be reached to 5216% as that of the linear 

shape. On the other hand the concave shape needs less volume than other shapes to carry the same 

axial load capacity which can be reached to 86% as that of the linear shape. 

 

 The volume for members having the same length and the same elastic critical load capacity 

with different tapering ratios is presented as the second comparison in another graphical curve as 

shown in Fig. (4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 
 
 

 

 

APPLICATIONS:-  

 The three simply supported steel beam-column members subjected to a compressive axial 

force with equal lengths of 4.0 m and solid rectangular cross sections tapered in different 

configuration shapes: 

1-linear tapered member 

2-concave tapered member with non-linearity equal to 2.6 

3-convex tapered member with non-linearity equal to 0.2 

The members have the same dimensions at the smaller depth’s end which is equal to 5 cm for 

members depth and width, and the same tapering ratio of  3. 

The comparison of the elastic critical force and volume for the three members are tabulated to 

verify the optimum member’s shape: 

 

First member: 

The elastic critical load of this member can be obtained using eq. (23) and Table (3) as given 

below: 

kN3.578
4

x12/05.0x200000000
.9

L

EI
.Q

2

24

2

2

2 





  

The volume of this beam-column can be obtained using Table (5) as given below:  
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Figure (4): Comparison of models according to member volume 
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Second member: 

The elastic critical load of this member can be obtained using eq. (23) and Table (3) as given 

below: 

kN3604
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The volume of this beam-column can be obtained using Table (5) as given below:  
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Third member: 

The elastic critical load of this member can be obtained using eq. (23) and Table (3) as given 

below: 
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The volume of this beam-column can be obtained using Table (5) as given below:  
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The above results are tabulated according to the non-linearity degree as given in Table (8): 

 

Table (8): Application Results 
 

 Concave =2.6 Linear =1.0 Convex =0.2 

Elastic critical load 

Q, kN 
3604 578.3 108.3 

Elastic critical load  

Q, % 
623% 100% 18.7% 

Volume V, m
3 

0.732 0.043 0.013 

Volume V, %
 

1702% 100% 30% 

%V

%Q
 36.6% 100% 62.3% 

 
 

CONCLUSIONS:  

 This study is based on mathematical solution of nine different models of tapered members 

having square or circular solid cross-sectional area to find mathematical functions which named 

modified stability functions which are used to obtain the elastic critical load for each member 

shape.  

 The results of this study are presented by two comparison tables and graphical curves. The 

maximum shape strength is obtained at the non-linearity factor of 2.6 “concave shape” with 

tapering ratio of 1.5 which is equal to 136% of the linear shape strength. The minimum shape 

strength is also found at the non-linearity 0.2 “convex shape” with tapering ratio of 5 which is less 

than 0.04% of the linear shape strength. Then the more economical shape is found at the non-

linearity degree of 0.2 and tapering ratio of 1.5 in which it requires about 86% of the linear shape 

volume to carry the same axial load, on the other hand the least economical shape is found at the 
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non-linearity degree of 2.6 and tapering ratio of 5 which is required about 5216% of the linear 

shape volume to carry the same load.  

Another comparison can be resulted from the application using load capacity-volume ratio in which 

the first optimum degree is obtained in the non-linearity degree equal to 1“linear shape”, and the 

less optimum degree when the non-linearity value convergence to 1. 
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SYMBOLS:  

d1 and d2 : Depth at end 1 and end 2 respectively 

f1, f2,...f6 : Parameters function 

K : Stiffness of the strut 

m, m  : Shape factor and modified Shape factor respectively 

n : The order of Bessel function 

y : Deflection 

u : Tapering ratio 

u  : Modified tapering ratio 

E : Young’s modulus 

I1 , I2 : Moment of inertia at end 1and end 2 respectively 

L : Member length 

M1, M2 : Bending moments at end 1 and 2 of the member 

Q : Axial load 
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Qc : Elastic critical load 

QE : Eular load = 22

2 /LEI    

S1, S2 : Modified stability function at end 1and end 2 respectively 

SC : Carrying factor of  the modified stability function 

λ : Non-linearity factor 

21,  : Rotation at end 1 and 2 of member due to bending moment and axial force 

  : Non-dimensional axial force parameter 

c  : Elastic critical load parameter 

2 : Ratio of member cross sectional dimensions (width to depth) at smaller depth 

APPENDIX A 

 

Table A-1: Symbols of Stability Equations for members having =0.2, 0.4 and 0.6 
 

S
y
m

b
o
l 

8.0m          2.0  6.1m         4.0  4.2m       6.0  

Z           166.0166.0166.0166.0 JJJJ
 

         5.25.25.2.05.2 JJJJ           5.25.25.25.2 JJJJ  

    5.0

2

8.0 EIQa    5.0

2

6.1 EIQa    5.0

2

4.2 EIQa  

  6.0a667.1    a5 2.0   a5 2.0  

  6.0b.6671   
2.0b5    b5 2.0  

A 
   

QZba

bJMaJM 167.02167.01 
   

   

QZba

bJMaJM 5.225.21 
   

   

QZba

bJMaJM 5.225.21    

B 
   

QZba

bJMaJM 167.02167.01 
 

   
QZba

bJMaJM 5.225.21 
 

   

QZba

bJMaJM 5.225.21 
  

f1 )(J)(J)(J)(J 166.1166.1166.1166.1  
 )(J)(J)(J)(J 5.35.35.35.3  

 )(J)(J)(J)(J 5.35.35.35.3  
 

f2 )(J)(J)(J)(J 166.0166.0166.0166.0  
 )(J)(J)(J)(J 5.25.25.25.2  

 )(J)(J)(J)(J 5.25.25.25.2  
 

f3 )(J)(J)(J)(J 166.1166.0166.1166.0  
 

)(J)(J)(J)(J 5.35.25.35.2  
 )(J)(J)(J)(J 5.35.25.35.2  

 

f4 )(J)(J)(J)(J 166.1166.0166.1166.0  
 

)(J)(J)(J)(J 5.35.25.35.2  
 )(J)(J)(J)(J 5.35.25.35.2  

 

f5 )(J)(J)(J)(J 166.1166.0166.1166.0  
 )(J)(J)(J)(J 5.35.25.35.2  

 )(J)(J)(J)(J 5.35.25.35.2  
 

f6 )(J)(J)(J)(J 166.1166.0166.1166.0  
 

)(J)(J)(J)(J 5.35.25.35.2  
 )(J)(J)(J)(J 5.35.25.35.2  

 

P1 )afbf( 5.0

3

5.0

5   )afbf( 5.0

3

5.0

5   )afbf( 5.0

3

5.0

5   

P2  5.0

6

5.0

4 afbf    5.0

6

5.0

4 afbf    5.0

6

5.0

4 afbf   

P   212

1.0

1

1.0 fLfPbPaZ      211

3.0

2

3.0 fLfPaPbZ     212

7.0

1

7.0 fLfPbPaZ   
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Table A-2: Symbols of Stability Equations for members having =0.8, 1.0 and 1.4 
 

S
y
m

b
o
l 

3.2m       λ= 0.8        4m       λ= 1        6.5m          4.1  

Z         βJαJβJαJ 0.8330.8330.8330.833  
 

   βJαJ)β(J)α(J 5.05.05.05.0             278.0278.0278.078.0 JJJJ  

   0.5

2

3.2 I EQa   0.5

2

4 EIQa    5.0

2

6.5 EIQa  

  8.1a56.0   aω  8.1a556.0   

  6.0b667.1   bω  8.1b56.0   

A 
   

QZba

bβJMaαJM 0.83320.8331  

 

   

Q Zb a

 bβJM a αJM 5.025.01  

 

   
QZba

bJMaJM 278.02278.01    

B 
   

QZba

bβJMaαJM 0.83320.8331 


 

   

Q Zb a

 bβJM a αJM 5.025.01 
     

QZba

bJMaJM 278.02279.01 
  

f1        βJαJβJαJ .83311.8331.8331.833  
 

   βJαJ)β(J)α(J 5.15.15.15.1    )(J)(J)(J)(J 278.1278.1278.1278.1  
 

f2        βJαJβJαJ 0.8330.8330.8330.833  
 

   βJαJ)β(J)α(J 5.05.05.05.0    )(J)(J)(J)(J 278.0278.0278.0278.0  
 

f3        βJαJβJαJ .83310.8331.8330.833  
 

   βJαJ)β(J)α(J 5.15.05.15.0    )(J)(J)(J)(J 278.1278.0278.1278.0  
 

f4        αJβJαJβJ .83311.8331.8330.833  
 

       αJβJαJβJ 5.15.05.15.0    )(J)(J)(J)(J 278.1278.0278.1278.0  
 

f5        βJβJβJβJ .83310.8331.8330.833  
 

       βJβJβJβJ 5.15.05.15.0    )(J)(J)(J)(J 278.1278.0278.1278.0  
 

f6        αJαJαJαJ .83311.8331.8330.833  
 

       αJαJαJαJ 5.15.05.15.0    )(J)(J)(J)(J 278.1278.0278.1278.0  
 

P1 )afbf( 5.0

3

5.0

5   )afbf( 5.0

3

5.0

5   )afbf( 5.0

3

5.0

5   

P2  5.0

6

5.0

4 afbf    5.0

6

5.0

4 afbf    5.0

6

5.0

4 afbf   

P 2
f

1
ωLfΡbΡaZ

2

.50

1

.50 




 

 

2
f

1
ωLfΡbΡaZ

2

1.5

1

1.5 




     212

2.3

1

2.3 fωLfPbPaZ   

 

 

 

Table A-3: Symbols of Stability Equations for members having =1.8, 2.2 and 2.6 
 

S
y
m

b
o
l 

2.7m         8.1  8.8m       2.2  10.4m          2.6λ   

Z           192.0192.0192.0192.0 JJJJ           147.0147.0147.0147.0 JJJJ         βJαJβJαJ 0.1190.1190.1190.119    

    5.0

2

2.7 EIQa    5.0

2

8.8 EIQa    5.0

2

4.10 EIQa  

   a385.0 6.2   a294.0 4.3  
4.2aω 0.238   

  6.2b50.38    b.2940 4.3  
-4.2b0.238ω  

A 
   

QZba

bJMaJM 192.02192.01  

 

   

QZba

bJMaJM 147.02147.01       
Q Zba

 b βJM a αJM 0.11920.1191    
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B 
   

QZba

bJMaJM 192.02192.01 


 

   

QZba

bJMaJM 147.02147.01 
     

Q Zba

 b βJM a αJM 0.11920.1191 


 

f1 )(J)(J)(J)(J 192.1192.1192.1192.1  
 

)(J)(J)(J)(J 147.1147.1147.1147.1  
        βJαJβJαJ .11911.1191.119.1191    

f2 )(J)(J)(J)(J 192.0192.0192.0192.0  
 

)(J)(J)(J)(J 147.0147.0147.0147.0  
        βJαJβJαJ .11900.1190.119.1190    

f3 )(J)(J)(J)(J 192.1192.0192.1192.0  
 

)(J)(J)(J)(J 147.1147.0147.1147.0  
        βJαJβJαJ .11910.1191.119.1190    

f4 )(J)(J)(J)(J 192.1192.0192.1192.0  
 

)(J)(J)(J)(J 147.1147.0147.1147.0  
        αJβJαJβJ .11910.1191.119.1190    

f5 )(J)(J)(J)(J 192.1192.0192.1192.0  
 )(J)(J)(J)(J 147.1147.0147.1147.0  

        βJβJβJβJ 1.1190.1191.1190.119    

f6 )(J)(J)(J)(J 192.1192.0192.1192.0    )(J)(J)(J)(J 147.1147.0147.147.0  
        αJαJαJαJ .11910.1191.119.1190    

P1 )afbf( 5.0

3

5.0

5   )afbf( 5.0

3

5.0

5   )afbf( 5.0

3

5.0

5   

P2  5.0

6

5.0

4 afbf    5.0

6

5.0

4 afbf    5.0

6

5.0

4 afbf   

P   212

1.3

1

1.3 fLfPbPaZ 
 

  212

9.3

1

9.3 fLfPbPaZ     212

4.7

1

4.7 fωLfPbPaZ   
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EFFECTS OF SKEW ANGLE ON BENDING MOMENT'S 
DISTRIBUTION IN THE SKEW BRIDGE DECK 

 
Ghaidak A. Fadhil 

Assistant Lecturer, University of Baghdad, Iraq 
 
ABSTRACT 
In this paper the effect of skew angle on reinforced concrete skew bridges deck is 
presented by using the grillage analogy. The actual decking system of the bridge is 
represented by an equivalent grillage of beams. A span 24 m of simply supported 
right bridge deck with I-section prestressed concrete girders is taken as the case study 
to obtain the values of the bending moment's distribution for the two types of 
skewness (types 1 and 2) and the results of skew types are compared against the 
moments of the right deck span of the bridge. In the skew type 1 the deck span is 
increased as skew angle increased while in type 2 there is no increase in the desk 
span. The analysis results for the span are obtained dead and live loads (Iraqi standard 
load and walkway loading) using STAADPRO computer program. The analysis 
provided useful information about the variation of moments with respect to change in 
skewness. It is concluded that in skew bridge deck, the bending moment is increased 
with increasing the skew angle in skew type 1 while it is decreased with increasing 
the skew angle in skew type 2 and the negative bending moment in transverse 
direction and the torsion are increased.  
 
KEY WORDS 
Skew bridge deck, grillage analogy, bending moment, standard Iraqi load 
 

  الخلاصة
عل ى  الجس  ور الخرس  انیة باس  تخدام طریق  ة ) Skew angle(ت  اثیر زاوی  ة الانح  راف ف ي ھ  ذا البح  ث ت  م دراس ة 

ارض یة .لرواف دقیة للجسر بشبكة مكافئة م ن انظام الارضیة الحقی حیث تم نمثیل) grillage analogy(المشبكات 
م ع الرواف د الخرس انیة مس بقة الجھ د ذات  متر ٢٤لھ ذات  الفضاء المستقیم الذي یبلغ طوو بالاسناد البسیط الجسر

ح ث لتحدی د ق یم الع زوم الداخلی ة للجس ر بع د ت دویره بط رقتین الب افي ھ ذ تاستخدم Iمقطع عرضي بشكل حرف 
مختلفتین من طرق تدویر الجسور الممستخدمة واقعیا ومقارنة النتائج مع العزوم المستحصلة من الحالة المستقیمة 

ام ا الن وع الث اني الاول من التدویر یسبب زیادة في طول فضاء الجسر وھ و قلی ل الاس تخدام واقعی ا  النوع .للجسر
نت ائج التحلب ل ف د ح ددت تح ت ت اثیر الحم ل . یبقى محافظا على طول فضاء الجسر وھوالاكثر شیوعا في الجس ور

دام خباس ت) لمماش ي الجانبی ة للجس رالحمل العراقي القیاسي یالاضافة الى الحمل الحي عل ى ا(المیت والحمل الحي 
ح  ول تغیی  ر الع  زوم قیاس  ا بتغیی  ر زاوی  ة التحلی  ل اعط  ى معلوم  ات مفی  دة .  STAAD PROبرن  امج الحاس  بة 
حیث وجد ان عزم الانحناء یزداد بزیادة زاویة الانحراف وذلك للنوع الاول م ن ان واع الت دویر . الانحراف للجسر

یق ل بزی ادة زاوی  ة الانح راف وذل ك للن وع الث  اني م ن ان واع ت دویر الجس  ور كم ا وج د ان ع  زم الانحن اء . للجس ور
وكذلك زیادة في عزم الانحن اء الس الب ال ذي ) torsion(ي لیرافق ھذا النقصان في عزم الانحناء زیادة في عزم ال

    .یظھر بالاتجاه العرضي للجسر
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INTRODUCTION  
Nowadays many of bridge decks are built with some form of skew. The bridge 
skewness is used in order to increase high speeds and more safety requirements of the 
traffic, modern as connection of highways with bridges are to be continuous as far as 
possible. The skew angle is the inclination of the centerline of traffic to the normal to 
the centerline of the river in case of a river bridge or other corresponding obstruction. 
The increasing demand for high skew bridges has been accompanied by the 
development of computer aided methods of analyze, and it is now generally possible 
to analysis and design a structure at any angle of skewness (Hambly, 1976; Gupta and 
Misra, 2007). 
      Many methods are used in analysis of skew bridges such as grillage and finite 
element methods. Generally, grillage analysis is the most common method in bridge 
analysis. In this method the deck is represented by an equivalent grillage of beams 
(Kakish, 2007), the finer grillage meshes, provides more accurate results. The method 
is applicable to bridge decks with simple as well as complex configurations with 
almost the same ease and confidence. 
      The main aim of the present study is to investigate the maximum moments of 
highway bridges by the use of grillage method to idealize the bridge deck systems 
under effect of standard Iraqi load UDL (Iraqi Standard, 1978). The present paper is 
carried out for beam and slab deck system, 14 m in width of deck forming a 9m 
carriageway and two sidewalks 2.5m each is analyzed for 24 m right span for skew 
angle of 0, 10, 20, 30, 40, 50 and 60 degrees by using two types of skewness as shown 
in Fig. 1. In the skew type 1 (Cussens, 1975; Gupta and Misra, 2007) the deck span is 
increased with increasing of skew angle, the span of a skew bridge measured along an 
unsupported edge of the bridge in plan is the skew span and the perpendicular 
distance between the two lines of supports is considered the right span. In the skew 
type 2 (Hambly, 1976; Bakht, 1988) there is no increase in the deck span and the 
rotation is done in the supported edge, this type of skewness is more efficient than 
skew type 1 because there is no need to increase in girders and deck slab length.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1, Types of skew decks 
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ANALYSIS LAYOUT 
The analysis layout in this paper is relatively inexpensive and has been proved to be 
reliably accurate for a wide variety of bridges as in below articles. 
 
Information About Selected Bridge  
The bridge deck type is a beam and slab deck of simply supported span length (24m) 
center to center of piers, the total width of deck is (14m), the span of the bridge deck 
is constructed of the nine precast concrete girders I-cross section with depth (1.2m) 
which are connected by cast in situ deck slab of thickness (20cm) and four 
diaphragms as shown in Fig. 2. The deck slab is covered by asphalt surfacing layer of 
(7cm), the slab thickness is increased by additional concrete layer to be (40cm) for 
(2.5m) width at the two sides of the (9m) carriageway (Al-Sabbagh, 1999). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Idealization of the Bridge by Grillage  
The grillage analogy is used in the analysis of the bridge deck (Hambly, 1976). This 
method is based on representing the actual decking system of the bridge by an 
equivalent grillage of beams. For the purpose of analysis the distributed bending and 
torsional stiffness of the decking system are assumed to be concentrated in these 
beams. 
      The concrete bridge span is idealized by substituting it by (162) longitudinal 
grillage members located along the webs centerlines and (152) transverse grillage 
members as shown in Fig. 3. The grillage members were rigidly connected at the 
intersection joints and the span is supported at its ends on the line of supports as in 

Fig. 2, Selected bridge layouts (Al-Sabbagh, 1999) 

b-top view bridge deck  

a-cross section   

c-girder dimensions details  
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Fig. 3. A linear elastic analysis was used. The recommendations suggested by (West, 
1973) were used to compute the properties of the grillage members. The required 
section properties are the flexural inertia (I), the torsional inertia (J), the cross section 
area (A) of each grillage members, the cross section area is used to include the 
shearing deformation in deflection calculations. The grillage members were classified 
into nine (T1-T9) types for this span according to the section type. Table 1 shows the 
grillage members properties, where I and J are calculated by using the computer 
program PROKON. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 Fig. 3, Grillage mesh and types of its members 
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Table 1, Grillage member properties 
 

Member type I (mm4) J (mm4) A (mm2) 
1 226.58 ×109 43.1×109 890050 
2 234.68 ×109 46.3×109 985050 
3 165.79 ×109 17.5×109 730050 
4 57.871 ×109 22.4×109 583200 
5 6.9333 ×109 22.4×109 520000 
6 64.527 ×109 8.86×109 727200 
7 31.855 ×109 7.97×109 395200 
8 866.67 ×106 3.16×109 260000 
9 35.793 ×109 8.86×109 467200 

 
      The (T1-T9) types can be divided in longitudinal and transverse members, where 
the first group represent the main girders composite with deck slab, and the other 
group represent the deck slab itself in the transverse direction. The spacing of 
transverse grillage members has been selected, so that, it does not exceed (1.5) times 
the spacing of longitudinal members.  
      The analysis is accomplished by the software program "STAAD PRO" for grillage 
structure. This program is the most popular structural engineering software and the 
program enables the user to input the difference level of the neutral axes of the 
grillage members at each start and end joints of a member. Table 2 gives the offsets 
of the grillage members (all offsets are in the vertical direction on grillage plane). 
Grillage member type (3) is assumed to be at level 0.0 in x-z plane. So, the offset 
values for other member types have been measured according to this level. 
 

Table 2, Grillage members offset (in mm) 
 

Grillage member types 1 2 3 4 5 6 7 8 9 
Member offset (mm) 127 155 0.0 297.5 500 337.6 153.6 400 191.6 

 
Application of Loading 
In the analysis all cases are considered for both dead and live loadings which are 
applied on the deck that was modeled by grillage meshes and the bridge deck 
responses are determined.   
      The dead load of the bridge deck can be calculated according to the deck cross 
section, where the precast girder, deck slab, diaphragms and asphalt are considerable 
in the dead load calculations with concrete density = 25 kN/m3 and asphalt density = 
22 kN/m3, these dead loads were applied for the concrete span and the responses are 
obtained. 
      In the live load applications, two types of loadings which are taken into 
consideration, the first is the Iraqi specifications of highway bridge loading issued by 
the Development Board in June 1962 and revised in 1972 and 1978 and adopted for 
global analysis (Iraqi Standard, 1978). The standard loading (S.L) as uniformly 
distributed lane loading (UDL) per linear meter of notional lane. This load is to be 
decreased as the loaded length and lane width are increased. In addition to (UDL) a 
concentrated knife-edge load (KEL) which is uniformly distributed across the width 
of the notional lane is also considered. The carriageway of the bridge is divided into 
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m
kNKEL

m
kNLS 42.393.10. 2 ==

three notional lanes each of (3.0m). Full S.L is to be applied to two notional lanes and 
one-third of S.L to other lane. Two cases of standard loading distribution were 
considered as shown in Fig. 4, the values of  nominal lane loading for the effective 
length (23.3m) of the span as follows:- 
 
 
 
      The other type of the live load is the walkway loading that was taken 4 kN/m2, the 
effect of the critical walkway were added to the effect of the critical standard load by 
superposition.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS AND DISCUSSIONS  
To assess quantitatively the effect of analyzing real life skew bridges, several skew 
angles (0o, 10o, 20o, 30o, 40o, 50o and 60o) for two types of skewness are analyzed and 
compared with right bridge to examine the effects on the major principal moments 
 
Skew Type (1) 
In this type of skewness the span is rotated at the required angle and set the abutment 
at the same arrangement. The analysis is done with the abutment set at the same 
length (which means the perpendicular distance between girders decreases) for angles 
(0o to 60o) with fixing the applied loads and idealization system to find the effect of 
the skew angle on the maximum moment, then the results from the output of analysis 
of bridge decks are obtained. The maximum moments have been calculated for this 
type of skewness under the effect the dead load, the live load and the total load 
separately. Fig. 5 shows that the relationship between the maximum moments and the 
skew angles and also it presents a comparison between the maximum moments 

Fig. 4, Live load cases for Iraqi standard loadings 
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obtained from the different types of loadings. The maximum moment under the effect 
of total loads at 0o skew angle is 2963 kN which increases to 5143 kN at 60o skew 
angle. The relationships between the ratios of increased maximum moments to the 
original moment versus the skew angles for different types of loadings are given in 
Fig. 6.    
      To keep the same traffic width (perpendicular distance to the span) a new mesh is 
used to idealize the bridge for each skew angle because the horizontal distances 
between joints are increased which means that the abutment stays in the same 
arrangement but its length is increased. The relationship between the maximum 
moments and the skew angles under the total load effect is shown in Fig. 7. The 
maximum moment under effect of the total loads at 0o skew angle is 2963 kN which 
increases to 10381 kN at 60o skew angle.  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Skew Type (2) 

Fig. 5, Maximum moments for 24 m 
right span (skew type 1) 

 

Fig. 6, Increase percent in the moments  
for 24 m right span (skew type 1) 

 

Fig. 7, Maximum moments for 24 m right 
span (skew type 1 with mesh modification) 
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This type of skew has the most publicity and widespread use in the construction of 
highway bridges. In this type of skewness the abutment is rotated at the required angle 
with keeping the span between the abutments at the same length.  
      In the present paper, the analysis is done for angles (0o to 60o) to find the effect of 
the skew angle on the maximum moment then the results from the output of analysis 
of bridge decks are obtained.  
      The maximum moments have been calculated for this type of skewness under the 
effect of dead load, live load and total load separately. Fig. 8 shows that the 
relationship between the maximum moments and the skew angles and also it presents 
a comparison between the maximum moments obtained under the different types of 
loadings. The maximum moment under the effect of total loads at 0o skew angle is 
2963 kN which decreases to 2551 kN at 60o skew angle, and the maximum moment 
under the effect of live loads at 0o skew angle is 1128 kN which decreases to 981 kN 
at 60o skew angle. Also the maximum moment under the effect of dead loads at 0o 
skew angle is 1855 kN which decreases to 1613 kN at 60o skew angle.  
      The relationship between the maximum torsions and the skew angles under the 
total load effect is shown in Fig. 9. The maximum torque under the effect of total 
loads at 0o skew angle is 31 kN which increases to 345 kN at 60o skew angle. 
      The relationship between the maximum negative moment in transverse direction 
and the skew angles under the total load effect is shown in Fig. 10. The maximum 
moment in diaphragms under the effect of total loads at 0o skew angle is -74 kN 
which increases to -317 kN at 60o skew angle. 
      Table 3 shows the values of maximum moments and torque in longitudinal 
direction and maximum moment in transverse direction under the effect of live, dead 
and total loads. 
 

Table 3, Maximum values of moments and torque 
 

angle Max. moment in longitudinal dir. Torque Max. neg. moment 
in transv. dir. Total load Live load Dead load 

0 2963.235 1127.985 1854.526 30.734 -73.951 
10 2960.808 1126.481 1852.617 63.486 -80.83 
20 2946.713 1119.303 1844.03 98.364 -94.186 
30 2917.07 1105.358 1826.701 146.942 -117.542 
40 2860.194 1079.445 1794.436 203.624 -152.918 
50 2753.352 1032.787 1733.861 270.509 -207.453 
60 2551.314 980.845 1612.683 344.843 -316.46 

 
      Fig. 11 shows the bending moment diagrams for the girder G1 that is located 
approximately in the edge span, under the effect of total loads. The relationship 
between the distance and the average moment in the joints is appearing clearly in this 
figure for the different skew angles from 0o to 60o. The value of moment diagrams are 
decreased with the increasing of the skew angles in all joints except the joints at 
supports at which the moment approaches to zero (simply supported span). Fig. 12 
shows the bending moment diagrams for the girder G5 which is located in the mid-
span under the effect of total loads. The relationship between the distance and the 
average moment in the joints is appearing clearly in this figure for different skew 
angles from 0o to 60o. The values of moment diagrams are decreased with increasing 
the skew angles. 
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      The bending moment diagrams for the diaphragm that is located at first span 
under the effect of total loads is shown in Fig. 13. The relationship between distance 
(the length of diaphragm) and the moments (two moments at each internal joint) is 
appearing in this figure for different skew angles from 0o to 60o. The bending moment 
diagrams for the diaphragm that is located at one-third span under the effect of total 
loads is shown in Fig. 14. The relationship between distance (the length of 
diaphragm) and the moments (two moments at each internal joint) is appearing in this 
figure for different skew angles from 0o to 60o.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8, Maximum moment for 24 m right 
span (skew type 2) 

 

Fig. 9, Maximum torque for 24 m right 
span (skew type 2) 
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Fig. 12, Bending moment diagrams in the G5 
location at mid  span (skew type 2) 

 

Fig. 10, Maximum negative moment in transverse 
members for 24 m right span (skew type 2) 

 

Fig. 11, Bending moment diagrams in the G1 
location at edge  span (skew type 2) 
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Fig. 13, Bending moment diagrams in the 
diaphragm  location at first span (skew type 2) 

 

Fig. 14, Bending moment diagrams in the diaphragm  
location at one-third span (skew type 2) 
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CONCLUSIONS 
The grillage analogy of analysis for bridge decks is versatile, easy for engineers to 
visualize and prepare the data. It has been found that in skew bridges, the moments 
develop with the change of skew angle. Based on the results of the analysis, the 
following conclusions are drawn: 

- In the skew type 1 which is used in the special case of highway bridges the 
maximum moment increases with increases of skew angle. The maximum 
moment is reached at angle 60o to 175% than the maximum moment at right span, 
so, it depends on the skew angle only and this percent is increased up to 350% 
when the effect of increasing the dead load and the live load (due to increase of 
the span) are taken into consideration.  

- In the skew type 2 which is more widespread in the skew highway bridges the 
maximum moment in the longitudinal direction decreases with increases in the 
skew angle. The maximum moment is reached to 86% at skew angle 60o, on the 
other hand the maximum torque increases with increases of skew angle for more 
than ten times that the torque in the right span at angle 60o. Also the maximum 
negative moment in the transverse direction increases as the skew angle increases 
this increase reaches to four times it values at right span when the skew angle 
reaches to 60o. 

- According to the results obtained here, it is preferable to use the skew type 2 in 
the highway bridge decks more than skew type 1.    
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FEASIBILITY STUDY OF POWER SAVING BASED ON 
USING  

EMMEDUE M2 BUILDING SYSTEM 
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University of Baghdad 
 

ABSTRACT 
The present work concentrates on the feasibility of the heat load reduction by 

utilizing some structural material with very poor heat conductivity as isolators for heat 
transmission. Average annular heating and cooling load is estimated for a typical building 
of certain area and design using ordinary structural material and EMMEDUE M2 
building system. The basic element of the new structural material is made of a foam 
polystyrene core that is self extinguishing and chemically inert with varying density and 
thickness depending on panel type.  The calculations are based on the average maximum 
and minimum monthly temperature in Baghdad. Building heating load could mainly 
depend on the average temperature difference per each daily hour per year, while 
building cooling load components are; direct solar radiation, transmission load, 
ventilation/infiltration load and internal load. Except the transmission load which 
depends on the same average temperature difference the other factors could be calculated 
separately.A reduction of 55% in the annual load is estimated per each house using the 
new building technology. For a district sums up 1000 houses of the new structural design 
the total saving of power will be 10.45 MW. The saving in heating and cooling cost is 
estimated based on capital cost of the diesel generation system and the fuel consumption 
cost. It has been concluded that the passive structural heat isolation is a very effective 
manner in countries like Iraq which has severe temperature differences between the 
summer and winter seasons. 
 

  :الخلاصة
بأستخدام مواد بناء ذات توصیل حراري ضعیف كمواد عازلة راري الحالحمل یتركز البحث على مدى عملیة تفلیل 

ة نموذجیة ذات مساحة وتصمیم معین تم تخمین معدل الحمل الحراري  والترید السنوي لبنای. للأنتقال الحراري
العنصر الأساسي في مادة البناء الجدیدة مكونة من . EMMEDUE M2بأستخدم مواد بناء عادیة مقارنة بمادة بناء 

ذات قابلیة الأطفاء التلقائي وغیر الفعالة كیمیاویا وبكثافات مختلفة وسمك یعتمد على نوع  الرغویة نمادة البولیستری
تمد الحمل یع. الحرارة الشھریة في مدینة بغداد تم بناء الحسابات على معدل القیم العلیا والسفلى لدرجات.القطعة
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أشعة الشمس : الحراري على معدلات فرق درجات الحرارة الیومیة على مدار السنة بینما یعتمد حمل التبرید على
فروقات بأستثناء الحمل الأنتقالي الذي على نفس معدلات . والحمل الداخلي ،حمل التھویة، مل الأنتقاليحال¸ المباشرة

  .كل من صلدرجات الحرارة فأن بقیة العوامل تحسب بش
مواد البناء العازلة لكل بنایة یتم فیھا أستخدام % ٥٥النقصان في قیمة الحمل السنوي بقیمة مقدارھا تم تخمین مفدار 

بنایة مبنیة من مادة البناء العازلة یكون مقدار الأدخار في  ١٠٠٠لحي سكني مكون من . والمشار الیھا في البحث
تم حساب معدل الأدخار في كلفة التدقئة والتبرید بناءا على القیمة الفعالة  .طمیكاوا ١٠.٤٥طاثة التدفئة والتبرید 

تم الأستنتاج من البحث أن أستخدام مواد البناء العازلة في دول حیث . لمنظومة التولید وكلفة الوقود المتسخدم لمدة سنة
        .ذا جدوى اقتصادیة عالیة جدا ذات مناخ قاري یكون

   KEYWORDS 
 EMMEDUE M2, Heating & Cooling Load, Feasibility, Annual Load 
 
INTRODUCTION   

From the beginning of recorded human history people have sought shelter from wind, 
rain, and snow either in caves or in buildings which they have built for that purpose.  In 
addition to shelter from the elements the buildings provide an opportunity to control the 
temperature and humidity of the air inside them.  People are most comfortable when the 
temperature is around 70°F and the humidity is moderate.  When the outside air is very 
cold, a furnace or some kind of a heat source inside the building can heat the inside air.  
When it is very hot outside, we try to control the flow of heat energy into the building 
and we may even cool the air with air-conditioning equipment. In either case the choice 
of building materials plays a critical role in our ability to maintain a comfortable 
temperature inside.  The ground tends to remain cool, so caves, basements....buildings 
built partially underground tend to be cool in those parts that are underground.  Certain 
types of brick or clay change in temperature slowly and tend to “hold in” the heat.  Walls 
of these materials might heat up during the day - soaking in heat from the sun and from 
the inside air, and cool down at night - radiating to the cold night sky and also radiating 
energy to the inside air. Thick walls of brick, clay, or stone often provide a cool daytime 
shelter and a warm night shelter in hot climates.  Thinner walls made of wood planks will 
not have the same properties.  Unless we add other materials to those walls it will usually 
be difficult to maintain a different temperature inside relative to the outside temperature.  
Heat energy flows from hot spaces to cold spaces and the rate at which this energy flow 
increases as the temperature difference increases.  The material which separates the 
temperature extremes has a certain resistance to energy flow.  When the resistance is 
high, the rate at which energy flows through the material is low; when the resistance is 
low, high energy flow rates are expected.  We insulate walls to lower the rate at which 
energy flows through the walls.  Insulation increases the thermal resistance or “R value” 
of the wall. 
         The second important factor which is taken under consideration is the heat capacity 
of the building materials.  Heat capacity is a measure of a material’s ability to store heat 
energy.  Metals tend to have low heat capacities.  When heat energy flows through a 
metal, it changes temperature quickly.  On the other hand, stone or cement has a much 
higher heat capacity.  When heat energy flow into stone it changes temperature very 
slowly and tends to “store” the heat energy. Passive solar homes usually include a large 
mass of stone, rock, or other material with a high heat capacity.  This thermal mass will 
heat up during the day when the sun shines.  At night when it is cooler, energy can be 
drawn from the thermal mass.   
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        ANSARI investigated the effect of building parameters like orientation, windows 
type wall insulation and roof & floor type on heating and cooling load calculations. 
ASHREE Handbook is based for all the heating and cooling load calculations. 
One of the structural materials which have common use now in the world is the  
 
EMMEDUE M2 Building System.  
         The IRISH agreement board proved that the EMMEDUE system meets the 
requirements of the building regulations 1997-2002, as indicated in section 1.2 of their 
certificate. 
 
 
 
DESCRIPTION OF EMMEDUE BUILDING SYSTEM 
Fundamentals of the System 

The basis of the EMMEDUE construction system is based on a serious of a 
polystyrene panels and steel wire mesh, whose shape has been especially designed to 
apply structural plaster during panel installation. The aim is that of providing a system of 
industrialized modular panels that bodies requiring shorter erection time compared to the 
conventional systems, permits to copy with structural and load bearing functions, offering 
in the same time a fast assembling and laying, high thermal and sound coefficient and a 
wide range of shapes and finishes that may be achieved during the building process. 

 
 Composition of the EMMEDUE Panel 
 

The basic element is made of: 
1. A foam polystyrene core that is self extinguishing and chemically inert with 

varying density and thickness depending on panel type, see Fig. (1). 
2. Electro welded steel wire mesh made of galvanized drawn steel wires placed on 

both sides of polystyrene sheet and connected by means of joints of the same 
material. The wire gauge of the net varies according to panel type and mesh 
direction.  
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                                            Fig. (1): EMMEDUE single panel Figure  
 
 
 
Plastering 
 

After Panel assembly, structural plaster should be sprayed and / or poured on the 
panel depending on the panel type. 

 
 
 
 

Classification of the EMMEDUE Products 
 

The various types of EMMEDUE panels, their fields of application, standard sizes 
and complementary EMMEDUE products are described EMMEDUE Me2 Building 
system catalogue certified by the IRISH AGREEMENT BOARD.  
The thickness of the polystyrene sheets as well as the length of the panels may be 
customized according to different project requirements of customers. 
Generally speaking the thickness the panels is usually determined according to its 
different conditions of heat insulation and required structural behavior. In the later case in 
fact, a greater moment of inertia may be achieved by increasing the interval between the 
concreted or plastered surfaces. 
As far as the degree of heat insulation of polystyrene is concerned, a finished panel of 10 
cm thickness with 4 cm thick polystyrene core corresponds to an ordinary brick wall 64 
cm thickness.  
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HEAT LOAD CALCULATIONS 
 
 Assumptions and Postulates 
 

                The present research investigates the effect of the structural material selection on 
power saving based on heat load calculations for typical building in Baghdad. 
Outside ambient temperature is estimated based on the annual temperature records in 
Baghdad for certain year. 
This approach takes under consideration that the design temperature inside the building 
according to the national standards is 22 oC.  
As the heat load is directly proportional to the temperature difference between the inside 
building design temperature and the surrounding temperature these differences are 
averaged per 12 months to facilitate the estimation of the annual power consumption 
saving due to implementation of the M2 material.  
The dimension of the building is assumed according to a typical house building layout in 
Baghdad. Two types of structural material are selected for comparison purposes 
(conventional concrete and brick versus M2 EMMEDUE building system including the 
other structural material used with each of the two types).    
The power saving calculation bases on the comparison between the energy required for 
the typical house building when two structural materials are used in construction. This 
calculation takes under consideration both the capital cost and the fuel cost required to 
ensure electric power for a district consists of 1000 house buildings per one year. The 
cost of the unit price of each of the constructional material is assumed to be equal. 
 
 Annual Temperature Records  
 
      The average values of the maximum and minimum temperatures per each month 
investigated from the annual temperature records in Baghdad is estimated based on the 
references of the Iraqi Meteorological Directorate, IMD, see Table (1). 
The calculation bases on averaging the temperature differences between the building 
inside design temperature and the surrounding higher temperature / or lower temperature 
per each day / or night intervals per each month assuming equal, (12) hours, for each of 
day and night, see Table (2). 
 

Table (1): Annual temperature records in Baghdad based on IMT references 
 

Month Minimum Temperature oC Maximum Temperature oC 
January 4 16 
February 6 18 
March 9 22 
April 15 30 
May 20 37 
June 23 41 
July 25 43 

August 25 43 
September 21 40 
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October 16 33 
November 11 23 
December 6 18 

 
 

Table (2): Temperature differences between the building inside design temperature, 
22 oC and the surrounding higher temperature / or lower temperature per each day 

/ or night intervals per each month. 
 

Month Temperature 
difference at night, oC 

Temperature 
difference at day, oC 

Total temperature 
difference per day per  

month, oC 
January (22-4) (22-16) 24 

February (22-6) (22-18) 20 
March (22-9) (22-22) 13 
April (22-15) (30-22) * 15 
May (22-20) (37-22) * 17 
June (23-22) (41-22) * 20 
July (25-22) (43-22)* 24 

August (25-22) (43-22)* 24 
September (22-21) (40-22)* 19 

October (22-16) (33-22)* 17 
November (22-11) (23-22) 12 
December (22-6) (22-18) 20 

Average temperature difference per each daily hour per year 18.75 oC 
 
 
 
THERMAL PROPERTIES OF THE BUILDING MATERIAL 
 
       The rate at which heat gets transferred depends upon the thickness of the material, 
the thermal conductivity, k (this depends on the composition of the material), surface area 
of the material, A, and the temperature difference between the reservoirs. 
In particular the rate of the heat transfer = A. k. (Th – Tc) / L. This equation shows that 
the thicker the material that separating the two reservoirs, the smaller the surface area that 
is contact, or the smaller the temperature difference, the slower the rate of heat transfer 
through the substance. When it comes to heating and cooling our homes, this is exactly 
what we need to strive for in order to reduce our energy bills. 
In our homes the exterior surfaces are usually comprised of more than one type of 
material. For instance, a wall can be composed of 3 ½ inches of fiberglass insulation 
which is covered by ½ inches of sheetrock on the inside and plywood and brick on the 
exterior. When two or more different materials are between the hot and cold reservoir, the 
equation on the previous page can become quite messy since there will be various 
thermal conductivities and thicknesses with which to deal. 
The equation is greatly simplified if we consider the R-value of objects instead of their 
thermal conductivity. This is a measure of how well the material resists the flow of heat 
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through it, and it combines the thermal conductivity and thickness into one term (R-value 
= thickness / thermal conductivity = L / k). While the common units for the R-value is ft2. 
hr.oF / Btu, these are often not quoted. It is likely to just see the R-value of a substance to 
just be quoted as a number as in “Fiberglass R-value = 13”. 
The R-factor of a surface determines how quickly heat is conducted across it. The values 
shown in Table (3) illustrate some of common R-factors for surfaces found on typical 
homes. 

Table (3): R-factors for typical construction material 
Exterior walls with siding   
                                                        
 Concrete block (8”) Factor 
 (a.) Concrete block (8”) 2.0 
 With foam insulated cores 20 
 With 4” on non-insulated stud wall  4.3 
 With 4’ insulated stud wall 14 
Brick (4”)  
 With 4” non-insulated stud wall 4 
 With 4” insulated stud wall            4 
Wooden Frame  
Non-insulated with 2”x4” construction 4.6 
With 1 ½” fiberglass 9 
With 3 ½” fiberglass stud; studs 16’ O.C  12 
 With 3 ½” fiberglass and 1” foam 20 
 
Roof /Ceiling 
 
Material Factor 
No insulation          3.3 
3 ½” fiberglass 13 
6” fiberglass 20 
6” cellulose 23 
12’ fiberglass 43 
12” cellulose 46 
14” cellulose 54 
 
Windows and Sliding glass walls 
 

Glass Factor Low 
Emissivity 

Drapes Quits 

Single panel 0.9 1.1 1.4 3.2 
Single w / storm window 2.0  2.5 4.2 
Double pane, ¼”air space 1.7  2.2 4.0 
½” air space 2.0 2.99 2.5 4.3 
Triple pane, ¼” air space 2.6  3.0 4.8 
Triple pane, ½”air space 3.2 3.7 3.7 5.5 
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PRESENT CALCULATION APPROACH 
 
        The purpose from our calculation is to estimate the annual power saving based on 
both cooling and heating loads rather than investigation of the design parameters and 
requirements for the air conditioning system which mainly depends on the maximum 
outside temperature conditions. 
In our case building cooling load and heating load are calculated together. Building 
heating load could mainly depend on the average temperature difference per each daily 
hour per year, see Table (2), while building cooling load components are; direct solar 
radiation, transmission load, ventilation/infiltration load and internal load. 
Except the transmission load which depends on the same average temperature difference 
the other factors could be calculated separately. 
Calculating all these loads individually and adding them up gives the estimate of total 
load. The load, thus calculated, constitutes total sensible load. Normal practice is that, 
depending on the building type, certain percent of it is added to take care of latent load. 
Applying the laws of heat transfer and solar radiation makes load estimations.  
Step by step calculation procedure has been adequately reported in the literature issued 
by ANSARI.  
In our case we base the effect of the solar radiation on the cooling load only for the 
period at which the temperature differences represent the days of the seasons when there 
is direct sun radiation and which are marked by (*) in Table (2). 
Overall heat transfer coefficients for all the components of the building are computed 
with the help of thermal properties of the building materials. For the design conditions 
and the building materials used, cooling and heating load temperature difference, solar 
heat gain factors and cooling load components are calculated. Principles of solar energy 
calculation are applied to determine the direct and indirect solar heating component of the 
building.  
First principle is applied to yields the rates of heat transfer through different building 
components. All these components, when added up, give the total cooling and heating 
load of a building. 
The following assumptions are made to estimate the heating and cooling loads: 
1. One story building, shown in Fig. (2), is based for the load calculations. 
2. The heating and cooling load based on transmission factor uses an effect factor of (1). 
3. The lightening, equipment and personnel loads use an effect factor of (1), the building 
dimensions and internal details is shown in Fig. (2). 
4. The outside air flow uses an effect factor of (1). 
5. The solar radiation factor for cooling load uses an effect factor of (0.5x0.85) where 0.5 
represent the percentage of the sunny hours to total day hours, while (0.58) assumes the 
percentage of the days within one year when the outside temperature becomes higher 
than the building inside temperature. 
6. Referring to Table (3) the heat conductance of the main structural material using the 
foam insulated core in 8” concrete block to that without insulation for both wall and 
ceiling material is assumed to be (0.15) for heat transmission factor. 
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7. The heating and cooling load calculations for isolated roof and walls are based on the 
double glass of glass block. 
8. The air flow, lightening, equipment and personnel factors are shown in Table (4). 
9. Table (4) shows the main equation used for calculating the heating and cooling load 
components. 
ASHREA handbook is used as basis for these calculations together with the assumptions 
implemented by RUDOY. 
  
 
 

                                       
 
 Fig.(2): Typical one story Building based for heating and cooling load calculations. 
 
 

 
 
 

Table (4): Cooling and heating load estimations and equations 
 
1. Direct solar radiation:  
(Figure all windows for each exposure, but use 
only the exposure with the largest load)  

For glass black reduce factor by 50%: for 
storm windows or double glass reduce factor 
by 15%.  

Direction  Windows Area, m2 No Shading       Inside shade         Outside 
Awn 

North-east                  4.5        190                     79                         63  
East                 12.0        158                    126                        79  
South-east          237                     95                        63  
South                  4.5        237                   111                        63  
South-west          347                   142                        95  
West                  6.0        473                    205                     111  
North-west          379                    158                       95  

2. Window Transmission :   
Double glass of glass block  (Area = 27m2) 0.46241 + 3.026*  ∆T  

 
3. Walls:   
No insulation (brick, frame etc.), 
(Area=132m2)  

8.3932 + 1.21465* ∆T  
 

4. Roofs:   
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No insulation (Area= 105m2) 48.82+1.55* ∆T 
5.Outside Air per cubic meter of flow area / 20 
frequent door usage        (Floor area=105m2) 

(2.01 + 0.71 * ∆T) / m2 floor area 

6. Lightening                  (Area=105m2)  16.65 w/m2 

7. Equipment 750 w 

8. Personnel 440 w 

 
 
RESULTS AND CALCULATION 
 
         The results of the heating and cooling load calculations for a house of typical 
design, shown in Fig. (2), give a total load of 18,900 KW when ordinary concrete 
structure is used, while this load is reduced to 8,450 KW when the concrete structure is 
replaced by EMMEDUE isolated structure based on the assumptions clarified in previous 
section.  
A reduction of 55% in the annual load is estimated per each house using the new building 
technology. For a district sums up 1000 houses of the new structural design the total 
saving of power will be 10.45 MW. The reduction in the power consumption will affect 
both the capital cost and the fuel consumption cost.  
Based on the diesel power generation technique which is the main power generation 
source in Iraq and an estimated fuel consumption rate of 0.25 liter/hour/ KW the fuel 
consumption saving will be around 22.88xE03 cubic meter. The total fuel cost saving 
will be around 12 M USD in yearly base. Adding this value to the capital cost of 10.45 
MW diesel generation plant price (roughly 0.35 M USD / MW), (total 3.66 M USD). The 
total power saving cost will be (14.11 M USD) per 1000 single story houses of around 
105 square meters per each house. 
These results show the effect of building isolation techniques on the power saving in Iraq 
rather than other countries due to the large temperature differences between the winter 
and summer seasons. 
 

CONCLUSION AND RECOMMENDATION 
 

         It is concluded from the research that the cost benefit form the utilization of isolated 
structural material in the buildings has an effective impact on the total heating and 
cooling cost required in the these buildings specially in countries that have a big 
differences in the summer and winter temperature differences. 
Using the identified structural material EMMEDUE M2 did not have any additional cost 
impact when it is compared to the ordinary structural material. Another benefits from 
using such type of material summarized in low weight reasonable strength and high 
acoustic insulation which add some structural privileges in addition to its excellent 
thermal properties. 
Such type of material is became recommended in special usage building that require an 
optimum design specification between strength, architectural, thermal and acoustic 
properties. 
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 زوايا  ظل الشمس الميندس المعماري

 عبد السلام فرمان
 جامعو بغداد /معيد التخطيط الحضري

 خلاصة البحث 
للة اا إلل الشلم  الاالةل  ربلل الشلبابكب امبلل مللال لةمرلر ال للال   أشلة غالبا ما تمثلة 

 أشلة تقاكل  الشلبابكب ملث  إثالبكلت  الزجاجكل   ز ال للال  يلا اللاالة برلبر ةلا ل جلالمبن   كل  ت ت
لال   للالطلللا الاةاللل  بكللا الملنللا  المةمللال  مللث اجللة تبةكللة ممكلل  المرللر ال أ للتالشللم  تةتبللل مللث 

 .ا ذ
ال للال.  االرللا ةذا  المنللاا الللل لات   المت للا  الإمللالا تاث ال اجلل  لة ماكلل  مبكللل  جللاا يللا اتللل  

المةمللالككث رلث  للذا النا كل  البك كلل  يلا التلللمكت . تكةللز   الملنارللكثتلمننلا  نجللا رزتيلا مللث جانلر 
،  ألللل لةلات تلتيل البكانلا  الم ةكل  برللتل  ملث جلل  تلتةبكلا الطللا المرلتلام  ملث جلل   أتلا لذا  

 أتال اجل  لةتقاكل  ملث الشلم   بلاث تمككلا الللتال لةمبنل  كةنلا رلات الللاط تثانكا الانتشال الماللتت 
 ذلب. أ مك رات 
رةل  لراكل   لذا النا كل  الململ   ملث  الملنارلكث اا  ذا الب    ت تبركط  المتضتع تتشلجك   إث

 تلك    البكانا  المنشتل  تغكل المنشتل  اللال  بذلب.  الةمةك  التلمكمك  م
ت رللر تتقكتلللا الم ةللا  لإمللالا االشللم  للللط رللل  كمثللة اتللل   أشللة بالارللتناا رةلل  زتاكللا رللبتط 

ك تت  رة  اتجاا تطتة الةلاة  أتللالةمةمال  الملمت  الماكا الةاكا مث الجااتة  تلك  اللرما تت 
تملذلب رلااا ملث الجلااتة اللالل  بزتاكلا الضللاة لمبلانا ذا  تتجكللا   شللل.تلملة  ملة رلار يا 

لكتت كمثة مة  رار لال  تاللطتب  لمة  الايه لذلب تارتناا رة  الجا  ضتبالا .الإمالا يا  ملتةا 
التقاكلل  مللث الشللم  .   ملل  ت اكللا لللط ضلللتل  للإمللالا  المللرثل لال   للشلللل تللت لرللت شللبم  الجللا  ال

ار  تالشللل . تذللب لشللف ماللتت رلتثبك   ذا المةةتما  رةل  لرلت مرلالا  الشلم   رلر ال تألكلا
 تةماة منبة  الةلاة مةلا مرتببلا رنا ال اج  .تلترلكة ار للأمالا  الاتل  شاكا  ال لال  بالنرب  
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SUN SHADOW ANGLES FOR ARCHITECTCS With special reference to The  

UAE 
BSTRACT 

Often the greatest source of heat gain is the solar radiation entering through 

windows. Heat is then trapped in; because of the "greenhouse effect" shading the 

windows is one of the most effective method within the reach of the architect for 

reducing this heat gain. This is nowhere more necessary than in a country like the U.A.E. 

but we find the architects here often ignoring this important environmental aspect of 

design. This is partly due to the lack of relevant local meteorological data plus the 

complexity of the procedure involved ;and partly due to the misconception that such 

aspect looses much of its significance when the building is air conditioned . 

The aim of this paper is to simplify the issue and promote greater attention to this 

aspect by architect designing for the U.A.E. 

Based on the solar azimuth and altitude angles for the U.A.E. for the 

representative latitude related to local civil time, a number of useful tables to the architect 

have been prepared . One gives the hourly shadow angles and direction for each month. 

Then a set of tables to define the shadow angles for buildings of various possible 

orientations. 

In addition effective temperature isopleth for the U.A.E. has been constructed, with the 

shading line definded on both the isopleths and the solar charts. This is done in order to 

give greater insight into the overheated period of the U.A.E., and facilitate future possible 

use of shadow protractor, when necessary.     
 

 المقدمة.
 البحث: وأىدافزوايا الظلال ،  أىمية

شلةاراتلاتب  الار   لم  الشم   المةملال   كل  اث لللا لةملنلا   الأ مكل رةل  جانلر مبكلل ملث  تا 
  مبكل  رة  المبلانا تتللمكملا بللتل  رامل  رةل  تجله اللللتل يلا  المنلاطا اللل لاتك تأثكلا 

 لالا للكاا  الأتةيبلط  المنلالكثللةلك  الةلبلا ذا  الاللةكث ارة  رتا ة الب ال ال ال  مثة منطبل  
لالةكث . تكةتبلل  لذا النلتع ملث تالثانا  ال بارتااة شتال م  التااع نرب  اللطتب  النربك  يا ملا ا

 .للإنراثالمناا يا الةالت بالنرب   أنتاع ألةر
ملللث الات لللا  مالشلللبابكب ملللثلا بطلكبللل   إكا لللا هالشمرلللا كلللرثل رةللل  المبلللانا املللا بالتلللل الإشلللةاعاث 

لج ال  الاالة ربل الغلاا اللالجا )تبضمنه زجاج الشبابكب( لاالتاما بترلر ال لال  مث  الإشةاع
لملا لة ملة ملث اللاتل، تلملث بامملاث الملنلا  المللمت اث كةةلر  بالإضلاي التتلكة ال لال  بطلكب  

بتتجكلله  كتللأثلرةلل   للاتكث الطلللكبتكث ،  كلل  اث انتبللاة ال لللال  ربللل الشللبابكب  التللأثكلاتلا مبكلللا يللا 
اللل   بالإضللاي .المبنلل  بالنرللب  للاتجا للا  الالبةلله  تمللذلب بمرللا ه الشللباب تنللتع الزجللاج تطبباتلله  
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ال ماك  بتاقكا  الشم  . مما اث قال  التاقك  رة  ال ماك  ملث الشلم  تتغكلل بتغكلل متضل  الشلم  
بالنرب  لات   الشباب المطةتر  ماكته ربلل الاللتة تربلل رلارا  النللال . ترةكله يملث  المللت جلاا 

الل  لةاتللا  اث كتمل  الملنا  المةمال  بمة ما كلرثل يلا ذللب لاجلة تللمكت التاقكلا  الملا مل  ل
  لال . الأشا

يللا شلال اذا مامللاث المبنل  ممكللا الللتال ات لا.  كلل  اث ا   تلالك  يللا  الأ لااا للذا  تلا كضلكل
المرلر ال لللال  لةمبنلل  رللتا كللنةم   تمللا يللا تلالك   مللة التمككللا ممللا كةنللا الاقتلللاا بللالتقتا 

لال  للاالة المبنل  ، للذا يلاث تال ااة رة  الطاق  تيا اغةر ال الا  تةتبل الشبابكب امبل مالة لة 
 الشم  تةتبل ا رث يلله لتبةكة ال لال  الاالةك  لةمبن . إشةاع ماك  للا مث  إكه

شمرك  . ت ذا كتت اتلا ارط  التلمكت الل كح لةتاقكا  الاث التةةكة الامثة لةشبابكب كممث اث كتت بت 
ةال  ملث الرلن  تلةرلارا  الملتةال  ملث الملت للأشلللتالةمتاك   الأيبك رث طلكا ت اكا زتاكا الةلاة 

الشلللم  بنتركللللا  أشلللةهت اكلللا  لللذا الزتاكلللا كجلللر رةكنلللا اتلا مةليللل  زتاكلللا رلللبتط  لأجلللةالنللللال. تلملللث 
تالةمتاكللل  لللللاة اشللللل الرلللن  ترلللارا  النللللال . تثانكااكجلللر مةليللل  تتجكللله تاجللللا  المبنللل   الأيبكللل 

 . الألب بالنرب  لةجلا  
يةلللاا ي رللر بمللة  المتجللتا   ماكللاا لتلللمكت التاقكلا  الملا ملل  لةشللبابكب زتاكللا الةلللاة لللك اث ت اكلا

ةاللل  تللرثل يللا التكللال التتجكلله الامثللة لةمبنلل  يللا ضللتل الالللل ياا  تلللمكت أكممللث ارللتغلاة ذلللب ملل
مللل    المتا للل  لةمللللمت ، تملللذلب تلكللل ل لةمللللمت اللكلللالا  المةمالكللل  الةاكلللا  يلللا تللللمكت التاجللللا

   المطةتر لةشبابكب.الا تااة بالج  التقاك
 نللاب الةاكللا مللث الطلللا ال رللابك  ات الملرللتم  التللا ترللتلات لت اكللا زتاكللا الةلللاة لةمبللانا ، تلمللث 

ا ما كجا الملنا  المةمال  لةتب  يا ال لتة رةل  المللاال التلا ترلاراا يلا تطبكلا ذللب اغالب
لمثكلل مللث المةةتملا  المنالكلل  بلاللغت مللث يلمل  الةللات لللذا الجانللر تالماتلل  يكلله اث كةليله. يلنللاب ا

النةلكللل  تالةمةكللل  ك تاجللللا الملنلللا  المللللمت برللللر  تلملللث مثلللل  انشلللغاله بجتانلللر  تالمةليللل الم ةكللل  
الةاكللا  تةلكلل  رللث الا تمللات بلللذا المتضللتع ممللا اث رللات ترللا  لللا ر الةمللة لا  الألللل التلللامكت 

لا الملرتم  تالتلا تشلمة اللطلتا  الطلا شكترا راا   ا الط أمثل.اث  هتجةةه كلل رة  المتابة
 التالك  م  ما كل بلا مث رةبكا :

بةلللا ت اكلللا للللط الةلللل  لمنطبللل  المتقللل  المطةلللتر كجلللر ال للللتة رةللل  لرلللت لطلللتط مرلللالا   -1
اقلر للط رلل  بلالشم  اللال  بلط الةلل   لذا . تاذا للت كلتيل ذللب يةةكنلا اللذ اللرلت الللال 

 الل لةلط المطةتر.
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ملا كضللطل المللمت لالللذ لرلت لطللتط مرلالا  الشللم  للطلتط رللل  بةكلا  رللث تللذا يغالبللا       
اللط المبلتا ، تمذلب غالباا ما تمتث ملرتم  لرما لغكلا كرا  ال  ضلتل  التبلكر التباكل  يا 

الملتةال  تالرلارا  الملتةال   الأشلللالةامتاكل  يلا  الأيبك الشم   أشة رمةك  قلال  قكت زتاكا ربتط 
 مذلب.

رللللت لطللللتط مرللللالا  الشللللم  للللللط رللللل  مةللللكث كمللللتث رللللاا  متضللللترا  رللللر التتقكلللل  اث ل  -2
تتقكلل  الالةللاا  لةاتللل  ت للت  اللرللما ات  الم ةللا التتقكلل رللر م ةكللا  تلللك     الةللا ل  لةشللم 

ال اجل  لت اكلا زتاكل  الةلة لرلار  مةكنل   اةمة م ةكاا. تقا كلتا  ذللب الل  بةل  الالتبلاب رنلتالمر
شمرا تكةتما ذلب رة  ت اكا التتقك  المث النلال،  ك  كرتتجر ذلب ت تكة التتقك  الم ةا ال  

، تالتتقكللل  الم ةلللا الةلللاا  لةلللبلاا تملللذلب رةللل  قكمللل  ثابتللل  بالنرلللب  للللط الطلللتة لةمنطبللل  المبللللتا  
 ةا  ذا البكم  بالتلاا اشلل الرن .ت( تتل36ل  1لةشلل تار  مةاال  التق  )الملال :

اللالللل  بزتاكلللا  المنبةللل يلللا  الللل  ارلللتلاات الطلكبللل  الملرلللتم  لت اكلللا زتاكلللا الةللللاة يكجلللر تلللتيل -3
 جلللت لرلللت لطلللتط مرلللالا  الشلللم  المبللللتا  لاجلللة   تبلللنا الةللللاة ملرلللتم  رةللل   قطةللل  شلللااي 

يلللا بللا مللث قلللال  قكملل  زتاكللا  الأااتللكثمةللا بةللا تطللابا ملمزكلمللا . ت تلل  بةللا تللتيل  للاتكث  ارللتةماللا
ال  اث التتقك  المرتةمة كلتةا رث التتقكل  الم ةلا مملا بكنلا  بالإضاي الةلاة بشمة تبلكبا ت ذا 

 .أرلااذلب 
نابةل  ملث ملتث الطلكبل  رامل  تشلمة ملة المنلاطا  أرللااةةت الرةبكا  الملذمتل  تبلتل  رام  ياث م

رةل  ذللب لةتضل ك  بالبرلاط  تالاقل  ت لذا ملا للت كشلج   أا بلطتط الةل  الملتةا  يلا الةلالت تقلا 
ا الجانلللر البك لللا المللللت يلللا الةمةكللل  التللللمكمك  بلللاللغت ملللث ذ للل إ ملللاة لللذا الطلكبللل  تبالتلللالا  انتشلللال
 مثلاا. المت ا الةلبك   الأمالا لنرب  لاتل  با أ مكتلا

 لل  طلكبلل  تطبكبكلل  مبرللط  بتارللط  الجللااتة كا جللال اللللاا مللث  للذا الب لل  ت للت تلةللتمللث  للذا المنط
الملتةالل  مللث اتث التضلل ك   بالاتجا للا لت اكللا زتاكللا الةلللاة مللث قبللة الملنللا  المةمللال  لةمبللانا 

لم ةك  تم رتب  للكلا لللذا البةلا تلا تلار  رمتمكل  المنالك  ا ةةتما الم بالاق   ك  كةتما رة 
 رنا ال اج . ألل تشلف ذلب لمث كلكا التطبكا يا مناطا تمجالا   أنلاالتطبكا باللغت مث 

 الاساس النظري لحركة الشمس الظاىرية بالنسبة للارض:
ت المتقلل   لل الأل الشللم  التللا تتةبا للا نبطلل  مللا رةلل   أشللة اث مللث ا للت الةتامللة الللا ت للاا ممكلله 

الةا ل  لةشم  بالنرب  لةالة ترار  النلال . مما اث متق  الشم   ذا يا ا  تق  كت اا بزاتكلا 

                                                 


 التىقٍج الظاهري للشمس هى التىقٍج السوالً أي ان الظهر ٌكىن فً الساعت الثانٍت عشر فً رلك المىقع الجغرافً. 
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الةمتاكلل    تنلمللز للللا بللال لا ااا تالزاتكلل الأيبكلل  الزاتكلل  مللا : ت  الأل   ةللالشللم  ر أشللة رللبتط 
 تنلمز للا بال لا اعا.

ط الشماة ات اللاجل  ا  منتلا النلال تباتجلاا التا تبا  مث ل الأيبك اث الزاتك  ااا  ا الزاتك   
الللذ  كشلمة اا للل   الأيبلاالشلم  تالمرللطح  أشلة ربلالر الرلار  امللا الزاتكل  اعا يلللا م للتل  بللكث 

 .الأيا
.  ت لذا  الألضلك بالتغكلا  المترمك  لةلاق  الشلم  بلالمل   تتأثلاثالزاتكتكث لمنطب  م اا   ثاث  اتك

 تة نارلا ما لا بشمة  ثاب  رة  مرلطح ملاال  الأل م تل اتلاث  نات  بلتل  ل كرك  رث متث
الجل  رلث الةملتا  ) المللال  23.5الج  ا  بل  66.5قال ا  بزاتك البكضت   تة الشم   الأل 

 .( 4ت2ت24،ل  1:
شمرك  ت ا الةمتاكل  رةل   أشة تمنتكج  للذا التض  الما ة نل  اث المنطب  التا تربط رةكلا اشا 

رللل   اكلتةلا متقةللا بلكث ملاال الرللطاث شلمالا تملاال الجلا  جنتبلا ا  بلكث لطل الأل رلطح 
نللال يلا  أطلتةملث الشللل الرلاا  ت لت  21شمالا تجنتبا ت رلر المترلت . تكملتث ذللب يلا  23.5

مللث الشلللل الثللانا رشللل تمللتث الشللم  رمتاكلل  رةلل  مللاال الجللا   22نلللا المللل  الشللمالا ، تيللا 
مللث  23مللث الشلللل الثاللل  تثانكلل  يللا  21  الجنللتبا تاقلللل  يللا نلللال يللا نلللا المللل  أطللتةت للت 

 الأكلللات أ مكللل الكلللتمكث بترلللات  ملللة ملللث الةكلللة تالنللللال تملللث  لللذا تةللللل  الشللللل التارللل  تيلللا  لللذكث
 . الأشللمث  ذا  21،22،23

 
 العربية المتحدة : الأماراتاختيار خط العرض الذي يمثل دولة  
 

تالةمتاكلل  لرللبتط  الأيبكلل رةلل  قللكت الزتاكللا  تللأثكلالللط الةللل   تال ا  لبكملل تاث لةبةللا رللث لللط الارلل
الةلبكلل   الأمللالا . تبمللا اث اتللل   للأشللة الشللم  ، لللذا يةمللة لللط رللل  مةللكث زتاكللا ملتةللا  أشللة 

الشلماة  أقل الجنتر ال   أقل الج  شمالا تذلب مث  26.55ت 32.58تب  بكث اللطكث  المت ا 
يلاث بالاممللاث ت اكلا لللط  رلل  تا للا لكمثلة الللبلاا مملة تقللا  مارلاا بةلل  الجلزل يللا اللةلك  ، لللذا

كلرثل يلا ت اكلا  لذا  اااللل  االجل  شلمالا . تلملث  نلاب رلاملا 24.25كمتث ذلب  ت المةاة ا  لط 
لةغالبكللل  الةامللل  لرللماث المرلللتتطنا  البشللللك   الأقلللراللللط ت لللت اث الللللط المنتلللر كجلللر اث كملللتث 

 الأمللالا كلل  مللاث مكللا الةلللاة رنللا تلللمكت المبللانا .تبمللا اث جالارللتااا  البلللت  مللث زتا لإممانكلل 
( . لللذا 166، ل  3الجلل  شللمالا )الملللال : 24تالغالبكلل  الةةملل   لبلا للا تبلل  شللماة لللط رللل  
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الجلل  شللمالا .  26ت24بمللانلا تقلا للا تيةالكللا  البنللال يكلللا تن لللل بللكث  الأمللالا يللاث اغةللر رللماث 
ابللت ةبللا جنتبللاا ت تلل  لا  اللكملل  شللمالاا ، يللا  ةللكثلللط جنللتر لللط مللاكنتا المللث تكشللمة ذلللب 

 الأمالا % مث رماث 95رث  لا كبة ذا المنطب  ما  تضثتت 
 25يللت للط  الغل  زتاكا الةللاة اذا الأمالا تبما اث المطةتر  ت التكال لط رل  تا ا كمثة 

الجل  شللمالاا  25.15 ت لتالجل  شلمالا ت للذا كتطلابا رةل  تجلله التبلكلر مل  لللط رلل  ماكنل  ابللا 
 لللذا مملللثلا  الةلللل لماكنللل  للللذا تلللت التكلللال للللط تلا تملللاة تلللتيل المةةتملللا  المنالكللل  المطةتبللل  لللللذا ا

 مث الج  تا اا. أمثلةا رنه اكه مرتتطن  بشلك  ذا  شأث  ك  لا تب للأمالا 
 

  المتحدة:العربية  الأماراتزوايا سقوط اشعة الشمس حسب الشير والساعة في دولة 
  ابللا ا  لللط رللل  منلللا تالةمتاكلل  لماكنلل الأيبكلل الشللم   أشللة  المطةللتر الاث ت اكللا زتاكللا رللبتط

 الج  شمالاا . ت ناب ثلا  طلا متا   لة لتة رة  ذلب: 25.15
( تلةلات 1-58،ل: 4قلال  قكت الزتاكا ملث الجلااتة المنشلتل  للبة  لطلتط الةلل  )المللال : -أ

لللذا ارللتتجر ذلللب  االجلل  شللمالا 25تللتيل قللكت الزتاكللا مللث الجللاتة المنشللتل لللبة  لطللتط الةللل  
ا البكملل  المجلتللل  الم لللتل  بللكث قكمتللكث مةلللتيتكث ت للذا كةنللا اث التبلكللر يللا رمةكلل  ارللتكاال لت اكلل

يا الةمةك .  ذا راا متث التتقك  المرتةمة يا  ذا الجلااتة  لت التتقكل  الةلا ل   ااالبكت كةةر اتل 
 تتقك  الم ةا.التلك    لةشم
الجلل  شللمالاا  25لللط رللل  لةلللط  لأقلللرمللث لرللت لطللتط مرللالا  الشللم   الزتاكللاقلللال  قللكت -ر

،ل:  1الجلل  شلللمالاا )المللللال : 25المتلللتيل  لللت اللرللت الللللال بلللل لا كمللتثلا  ا.ياللا اغةلللر ال للل
، ل:  6( . ت ت  يا  ال  تتيل اللرت لللط الةلل   لذا )المللال :8،ل: 5-98،ل:  85-2
  بالإضلللاييللللا كلللزاة  نلللاب نترلللا ملللث التبلللاكلا  المبلبللل  رنلللا قللللال  قلللكت الزتاكلللا ملللث اللرلللت نارللله ( 27

 لارتةماة التتقك  الشمرا تلك  الم ةا الةاا  مما ربا ذمل.
البكلا  الاةةللا لزتاكللا متقل  الشللم  رنللا ملة رللار  مللث رلارا  النلللال لكللتت كمثلة مللة شلللل مللث  -ج

يلا مطلال   لال الجتكل  يلا مطلال الشلالق  اللاتلا لةلات تتي الأنلتالاشلل الرن  . تقا لجا البا   لبرلت 
 تقك  ملنتش .تيل  الزتاكا المطةتب  تلمث  رر ابا الاتلا . تبذا يبا تت 

مملا  أ مكل ملث الشللل مكلتت ممثلة لملة شللل تذللب نرلب  لملا لللذا التلالك  ملث  23تقا تت التكال كتت 
 (1تلا ذملا راببا تقا تت ت تكة تتقك  ملنش ال  التتقك  الم ةا الةاا  ) الجاتة لقت 

                                                 


دولت الإماراث العربٍت  -التخطٍطوزارة –م. الإدارة العامت للإحصاء  1981حساباث الباحث استنادا" على نتائج التعذاد العام للسكان سنت  

 المتحذة .
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 المستوية في دولة الامارات العربية المتحدة: الأرضاتجاه وطول الظلال في كل ساعة ولكل شير عمى 
 

الةلبكلل  المت للا   الأمللالا تالةمتاكلل  لرللارا  الكللتت الللذ  كمثللة مللة شلللل يللا  الأيبكلل بةللا ت اكللا زتاكللا رللبتط الشللم  
 تلإكجلاالاتجلاا الةلة تملذلب طلتة ذللب الةلة لملة رلار  ،  الأيبكل كل  ( كلبح يا الامملاث ت اكلا الزتا1)الجاتة لقت 
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مثة قات تا ا ات متل تا ا ات غكل ما  الت ا المرتت  طتللا  الأل ذلب ناتل  اث  ناب رلا رمتاك  رة  رطح 
 . تبذا كمتث طتة الةة بنا  ت اا  البكا  المرتةمة  لبكا  التااع الةلا.

 التالك  : بالمةاال رار   تقا تت ا ترار  الةلاة يا مة
 

                                                   1  
 ----------------------------------------------------------طتة الةلاة = 

 الشم  ا  الزاتك  )ع( أشة ةة الزاتكا الةمتاك  لربتط                    
 

رللا  نأللذ( . تممثلاة رةل  ذللب 2لةلاة لملة رلار  مل  ت اكلا الاتجلاا )الجلاتة لقلت تبالنتكج  ةلل جاتة بأطتة ا
المرتتك  يرتا كمتث ةةللا يلا الرلار  الثامنل  للبا اا  رلر التتقكل  الم ةلا  الأل بالتااع متل تا ا يتا رطح 

 22لا يبلط يلا متل 1.6ملث الشللل الثالل  ت 23يلا  3.5ملث الرلن  ت  الأتةملث الشللل  23يا  أمتاللم   للأمالا 
( اما اذا ماث التااع الةلا ات 2الج  رة  التالا )الجاتة لقت  296،28،257تباتجا ا  الزتاكا  الراا مث الشلل 

 .يا الجاتة  ذا مضلتب  يا التااع المبن    المتجتا الأطتاة االمبن  امثل مث ذلب يكمتث طتة الةلاة مراتكا للذ
 
 

ل شير عمى الأرض المستوية في دولة الاماارات اتجاه وطول الظلال في كل ساعة ولك
 العربية المتحدة:

بةللا ت اكللا زتاكللا رللبتط الشللم  الأيبكلل  تالةمتاكلل  لرللارا  الكللتت الللذ  كمثللة مللة شلللل يللا الأمللالا  
( كللبح يلا الامملاث ت اكلا الزتاكل  الأيبكل  لاتجلاا الةلة تملذلب طلتة 1الةلبك  المت ا  )الجاتة لقت 

تلإكجللاا ذلللب ناتللل  اث  نللاب رلللا رمتاكلل  رةلل  رللطح الأل  المرللتت   ذلللب الةللة لمللة رللار  ،
طتللا الت ا  مثة قلات تا لا ات متلل تا لا ات غكل ملا . تبلذا كملتث طلتة الةلة بلنا  ت لاا  البكلا  

 المرتةمة  لبكا  التااع الةلا.
 تقا تت ا ترار  الةلاة يا مة رار  بالمةاال  التالك  :

 
                                                   1  

 ------------------------------------------------طتة الةلاة = 
 ةة الزاتكا الةمتاك  لربتط أشة  الشم  ا  الزاتك  )ع(                   

 
( . تممثلاة رةل  2قلت ة الةلاة لملة رلار  مل  ت اكلا الاتجلاا )الجلاتة ل اتبالنتكج  ةلل جاتة بأطت 

ذلب نألذ رلا بالتااع متل تا ا يتا رطح الأل  المرتتك  يرتا كمتث ةةلا يا الرار  الثامن  
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يلا  3.5مث الشلل الأتة مث الرن  ت  23لبا اا  رر التتقك  الم ةا للأمالا  لم  أمتال يا 
 296،28،257زتاكلا مث الشلل الرلاا  تباتجا لا  ال 22متلا يبط يا  1.6مث الشلل الثال  ت 23

( املا اذا ملاث التالاع الةللا ات المبنل  امثلل ملث ذللب يكملتث طلتة 2تالا )الجاتة لقلت تالج  رة  ال
 الةلاة مراتكا للذا الأطتاة المتجتا  يا الجاتة  ذا مضلتب  يا التااع المبن  .

  مرلتتكا لأكله لامماث الارتااا  مث  ذا الجاتة يلا لرلت ةللاة ا  مبنل  رةل  ال ابالاةاي  لذلب يب
رار  مث النلال تلمة شلل مث اشلل الرن   تبغ  النةلل رلث تتجكله المبنل  مملا  لت ملرلتت لملة 

لرلت شلمة اللتة الشلم  ملث الشلباب للاالة  بالا مملاثمث الشللكث الراا  تالثانا رشل ، مما اث 
 ( .2تما  التالا  يا  ذا الجاتة لقت )ةالمبن  ارتمااا رة  المة

 
 دسية لزوايا الظلال عمى المبنى : المباديء الين

تنلمللز للللا بللال ليكث ايللاا  الأيبكلل مللث الزاتكللا ت مللا زاتكلل  الةللة  بنللتركث تاقكللا  الشللم  ك للاا أاالاث 
  ةللتزاتكلل  الةللة الةمتاكلل  تنلمللز للللا بللال ليكث ارللتا . تكللتت قكللا  مللة منلمللا مللث  اللللط الةمللتا  ر

الشلم   أشلة اث  اتكث الزاتكتكث لاتتاثلاث بزتاكا ربتط التاجل  المطةتب  لةمبن  رنا قاراتلا  . لذا ي
تالةمتاك  يا تةب الرلار  ملث نللال ذللب الشللل للذلب المتقل  ي رلر ، بلة تتلاثلاث اكضلاا يلا  الأيبك 

تتجكلله ذلللب المبنلل  ات تاجلتلله المبلللتا  رةلل  تجلله الللللتل . اث زتاكللا الةلللاة  للذا تةنللا ال للا 
 الشم  . أشة ملتل  ألتاقكهالذ  بةاا تمن  

اث زتاك  الةلاة الايبك  اياا تتثل يا تلمكت التاقكا  الةمتاك . تتمثة  ذا الزاتك  الاللا بلكث زتاكل  
جللاال المبنلل  المطةللتر تاث زتاكلل   اتجللاارللبتط اشللة  الشللم  الايبكلل  يللا الرللار  المطةتبلل   تزاتكلل  
لتلا كملل منللا الللط الةملتا  الجل  ا 365اتجلاا جلاال المبنل   لذا ربلال  رلث ا لا  زتاكلا اللاا ل  اللل 

 (.2رة  تاجل  الجاال المطةتر تنلمز للا بال لا ابا ) الشمة لقت 
الةلاة الةمتاك  ارتا يتتثل يا تلمكت التاقكا  الايبكل  مثلة المةةل  الايبكل  لةشلباب تتبلا   ااما زتاك

 رة  الال  المرتتك  تمذلب رة  تاجل  المبن  المطةتر. ضمث مرطح رمتا 
الشلللم  الةمتاكللل  ارلللتا تالتلللا ت لللاا  أشلللة نلللا الملا ةللل  بضللللتل  التمككلللز بلللكث زات  رلللبتط تتجلللال  

 متاللاا الةمتاكل  ارلتا  تالتلا ت لاا  الةلةبالنرلب  لةمشلا ا تبلكث زاتكل   الأيلاالتااع الشلم  رةل  
تاقكلل  الشللم  . تقللا تتطللابا  للاتكث الللزاتكتكث اعا ت ارللتا يللا  اللل  تا للا   للا رنللاما تمللتث الشللم  

ملل  زاتكلل  اتجللاا   الأيبكلل الشللم   أشللةهةلل  لتاجللل  المبنلل  تمامللاا ا  رنللاما تترللات  زتاكللا رللبتط مباب
جاال المبن  تبللاا ذلب تمتث زاتك  الةلاة الةمتاك  امبل مث زاتك  ربتط اشة  الشم  الةمتاك  
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. 
 اما الةلاق  اللكاضك  بكث  ذا الزتاكا اعا ت ارتا تاياا يلا مما كةا :

 (.53، ل  7قا)يا(   )الملال : x( ةا)رت(=ةا)ع
 الأيبكلل الشللم   أشللة زاتكلل  الةلللاة الةمتاكلل  لا  مبنلل  بةللا مةليلل  زتاكللا رللبتط  إكجللااتبللذا كممللث  

للللط   لاثاالشللم   للا مةلتيلل   أشللة تالةمتاكلل  تبةللا مةليلل  تتجكلله المبنلل  . تبمللا اث زتاكللا رللبتط 
مللا رةكنللا الا ت اكللا اتجللاا المبنلل  بالنرللب  ( ي1الجلل  شللمالاا ) الجللاتة  لقللت  25.15 الأمللالا رللل  
 . تبالامماث ايتلا  بة  الزتاكا الم تمة . الألب لةجلا  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 تحديد زوايا الظلال عمى المباني في دولة الامارات العربية المتحدة :
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 تحديد زوايا الظلال عمى المباني في دولة الأمارات العربية المتحدة:
 

( تلت ا ترلار 1تمذلب رة  البكانا  اللتالا  يلا الجلاتة لقلت ) أرلااتبالارتناا رة  المباا ل التالا  
 الا  باكة  يبط يا التتجكلا  الملتةا  لةمبن  تذلب لضلكا   لألبة الةمتاك  ت  يبك الأ الةلاةزتاكا 

 المجاة ، ت ا مما كةا :
 : زتاكا الةلاة لةمبن  المتاجه شمالاا تجنتباا. 3الجاتة لقت 
 الجا . 215الج  ت  35: زتاكا الةلاة لةمبن  المتاجه لل  4الجاتة لقت 
 ةمبن  المتاجه شلقا تغلباا.: زتاكا الةلاة ل 5الجاتة لقت 
 الج  . 245الج  ت 165: زتاكا الةلاة لةمبن  المتاجه لل  6الجاتة لقت 

 تجكه الامثة يا الامالا  .تت ذا  ت ال    
الم ةلا  التتقكل تتةطا  ذا الجااتة بلتل  يتلك  زتاكا الةلاة الةمتاك  تالايبك  لاكله رلار   رلر 

 رلر تتجكله المبنل  يلا ذللب الجلاتة . تملة جلاتة ك تلت  رةل  لةكتت اللذ  كمثلة الشللل المطةلتر ت 
زتاكللا الةلللاة بالنرللب  لجللاالكث متبللابةكث مللث المبنلل  ، تمللذلب رةلل  زتاكللا الشلللتا تالغلللتر ملرللتم  

 بالنرب  لتتجكلا  المبن  تالالتلايا  الشللك  للذا الزتاكا . 
لشم  راطة  مث الجل  الكرل  لةشلل اث ا اترنا متث البكم  رالب  لزتاك  الةة الايبك  يلذا كةن

المتاجه لةتاجلل  المطةتبل  . مملا اث  نلاب لطلاا ات امثلل يلا ملة جلاتة كاللة الزتاكلا اللالل  بملة 
 تاجل  مث التاجلا  المطةتب  المتبابة  مث المبن  .

نل  ث لةملنا  الملمت مةلي  زتاكلا الةللاة برللر  يلا  لذا الجلااتة الا اذا ملاث تتجكله المبمتبذا كم
ةلب المتجلتاا تلا كنطبا رة  اكه  الل  ملث  لذا ال لالا   الملذمتل  ترنا لذ بالامملاث تبلاكل البلكت بلكث 

يا الجاتلكث المتبالبكث بالتتجكه لةتتجكه المطةتر ات اث كتت  رابلا  مث المباا ل الاتلك  مملا رلبا 
رلللب  لةرلللار  تالتلللالك   لللذا يبالامملللاث تللللمكت تاقكلللا  الشلللم  بالن ةشلللل ه . بةلللا ت اكلللا زتاكلللا الةللللا

   التة الشم  لةمبن  .نا لملمالمطةتر يك
 
 
 
 
 
 



 عبد السلام فرمان                              زوايا  ظل الشمس المهندس المعماري                                                                     

 

 532 

 الاساس النظري لتحديد اوقات الحماية من الشمس
بةا ت اكا زتاكا الةلاة لمة رار  مث الكتت اللذ  كمثلة ملة شللل كببل  اث نةللا يلا ا  رلار  ملث 

لشللم  يللا  اللل  تةلضلله رللارا  النلللال تا  شلللل مللث اشلللل الرللن  ن تللاج اللل  تقاكلل  الشللباب مللث ا
للا.اث ا رث طلكبه لمةليل  ذللب  لا الت اكلا  النلات  ملث ماللتت الاتلل  شلاكاا  ال للال  ملرلتم  رةل  

(  115ت  63ت -59،ل  2شبم  الجا  ال لال  لمة رار  لةكتت الذ  كمثة مة شلل  )الملال :
 ت ذا تشمة التغكلا  الكتمك  تالمترمك  لالجا  ال لال  .

 ( :254، ل  2ل لال   ذا يلا رة  ثلاث  انتاع ) الملال :اما الجا  ا
ةاملة م بلاللغت ملث ا مكتللاالج   لال  اللتال للالج المبنل  ، تلملث  لذا تلملة تلاثكل لطتبل  الجلت  -أ

 مرثل يا مناا الامالا  الةلبك  المت ا .
تملة قكمل  ملث  لمة تجه جاال ت رلر تتجكلل  بالنرلب  للاتجا لا  الالبةل  الشمرك الج  ال لال  -ر

ذلب تتاثل بشاا الاشةاع الشمرا الراقط رة  التجه بالاضلاي  الل  الجل   للال  الللتال للالج المبنل  
تمذلب مبلال  الجلاال رةل  امتللال ال للال  تتتللكةلا لةلاالة . تركلر  لذا المبكلا   لت رلات تلتيل 

 2الجلاال نارله )المللال : البكانا  المايك  لال  يا المل ة  الاتلك  مث الالارا  تقبة ت اكا متاا
 ( .74، ل :

الج  ال لال  المرثل  ،ت ا تجم  بكث رتامة الج   لال  اللتال اللالجا ، تنرب  اللطتب  تمذلب -ج
ا كانا مباال  لم  اللتال تللا ل الملاب  الملتاك  . ت ناب الج   لال  الل  مبالب  ت ا الجل  

اللللا ت للت تللاثكل الاشللةاع الا  انلله قةمللا تتللتيل مللة  للذا  ال لللال  المللرثل  المتطللتل  ت للذا تضللكا رللاملاا
( . تلمللث رنللا تللتيل بةلل  البكانللا  55، ل: 2البكانللا  لارطللال  للذا المةامللة التا للا ) الملللال : 

الامتل رث طلكا الالذ بنةلالارتبلال بةل  الايتلاضلا  لغلل  تملتكث تلرلت  تبركطيبط يبالامماث 
شللكا ت ذا ربلال  رلث شلبم  لم لاتل  متةاملا  تمثلة الةمتاكل  شبم  الجا  ال لال  لةرارا  الكتمك  

منلا اشلل الرن  تتمثة الايبك  رارا  الكتت ، تملرتت رةكلا مجمتر  ملث المن كلا  ملة تا لا منللا 
كللبط بلكث ملة نبللاط التقل  تالتلا تترللات  يلا الجل   لالتللا . ا  انلللا اللطلتط االمتنتتلكل ا لللالجا  

  رة  شبم  التق  تالشلل.تبةا لرت  ذا المن نكا  رة   ذا الشبم  كجر ال لال  المتراتك  ملرتم
ت اكا لط ال لال  الذ  ك اا منطب  ال لال  الشاكا  ت ذا اللط باتلا ك اا ) لط الج   للال  مةكنل ( 

 متاركا ضلتل  التةةكة بالنرب  لةرار  تالشلل.
 تمالتت الاتل  شاكا  ال لال : تللذا الغل  كممننا الارتااا  مث مالتت المنطب  الملك  

الةةمكلل  رةلل  اشلللال ت لل  ةلللتا  راث  للاتا المنطبلل  الملك لل   للا مللا نللت  رللث التبللالا  التجللال 
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% ملنلت تتةتمللا  لذا رةلل  85شلةل ت تللا باللا لل  ملا لاكبللة رلثكملتةال  ملث الةتامللة المنالكل  تالتللا 
 نللاب التلايللا  مبكللل  ببللكت لةشلللل ت لل  التجلبلل  . تقللا اةلللل  التجللالر  االبلللال غكللل المتضللتر

الجلا  ال لللال  المللتثل  المببتلل  مالجلل  ملك لل  بللكث بللاا تالللل  تبللكث الللكا تالشللتال . تكةللز  ذلللب 
( يملللثلا يلللا الللللكا تن للللل الاتلللل  57،  2ت 25ل  - 1رةللل  تةلللتا الجرلللت تتمكاللله )المللللال : 

بكنمللا تتلللاتف  للذا الاتللل  يللا  الجلل  م تكلل  مللرثل  24ت18الملك لل  يللا التالاكللا  المت ا الاملكمكلل  بللكث 
 ( . 57،ل  2الج )الملال : 27ت 24ايتل  بكث غرن

مث لرت شبم  الجلا  ال للال  لةرلارا  الكتمكل  شلللكاا الل  لرلت   تكممث نبة  اتا المنطب  الملك  
تذلللب للارلللتاااا منللللا رنلللا ارللتةماة منبةللل  زتاكلللا الةلللاة مملللا رلللكاتا ذمللللا   لطللتط مرلللالا  الشلللم

لةمنطبللل   انللل ملللالا  . تاث الجللل   للللال  ال لللا الارةللل  لةمنطبللل  الملك للل  قلللا كمثلللة ال لللا الابالنرلللب  للا
 شاكا  ال لال  .

تمث لرت شبم  الجا  ال لال   ذا كممننا ت اكا رار  النلال تالتالك   اللذ  كرلتتجر التةةكلة تملث 
 (.6-3ة الرابب  )الجاتة مث ت اثت تتب  طلكب  الجا

 العربية المتحدة: ترااالأمالشمس في دولة اوقات الوقاية من  دتحدي
لاجلللة لرللللت شللللبم  الجللللا  ال لللللال  المللللرثل  المتطللللتل  كجللللر مةليلللل  الجلللل  ال لللللال  تاللطتبلللل  تال لللللال  

لكتت منتالا لمة شلل , تلمث بةل   لذا البكانلا  غكلل متلتيل   تل  لماكنل   الت اللالاشةارك  ترلر  
نبغللا الالتجللال اللل  بةلل  الايتلاضللا  بالنرللب  الجلل  شللمالاا . ترةكلله ك 25.15ابللا ا  لللط رللل  
 لبة   ذا المرثلا .

 لللذا  ةبالنرلللب  للللالجا   للللال  الللللتال تلطتبتللله لملللة رلللار  ملللث رلللارا  النللللال ، يةبلللا تلللت ت للللك -أ
البكانا  مث اا ل  الانتال الجتك  يا مطال ابا ت لا مةلالا  الجل  ال للال  الم تكل  بلالم لال الجلاا 

ة الشلل . ت كل  اث ذللب متلتيل لةلا  رلنتا  يبلا اللذ مةلاة قللال  الرلار  لمة رار  رة   اا لطت 
 الم لال اللطر.  ررلجا  ال لال  ا المةنك  رة  ما   ذا الرنكث . تمذلب يكما كلل

بالنرب  لالجا   لال  الاشةاع يانلا  لت تتتيل  ك  اث اا ل  الانتال لا ترتلات الم لال ذت المل  -ر
ة يةغلل  الارل  الةللتا ال لالكل  االلة المبنل  كممننلا ا ملاة تلاثكل الاشلةاع المةانك  ترة  ا   لا

الشمرا . ت لذا كةنلا اث الجل   للال  رلطح الجلاال ات الرلبا ناتلضللا مرلاتك  لالجل   للال  الللتال 
 (. تقا جال  ذا الايتلا  لتبركط  الامتل .59ت58ل   2)الملال :



 عبد السلام فرمان                              زوايا  ظل الشمس المهندس المعماري                                                                     

 

 534 

 
 
 
 



  الهندسة مجمة 8002 كانون الأول     44المجمد      4العدد 
 

 535 

 

 
 



 عبد السلام فرمان                              زوايا  ظل الشمس المهندس المعماري                                                                     

 

 536 

 
 
تنةلا لةات تتيل رلر  اللاتال يا مة رار  لكتت منتالا مث مة شلل ، يبالامملاث ايتللا  ملتث -ج

 لكح لالجا  ال لال  المرثل .ال لا  مث نا ك  ال ا الم أت راللاتل رامناا ت ذا كمثة ا
تبالذ الجا  ال لال  بالم لال الجاا تبالم لال اللطر تبارتةماة الملطلط البكلانا بلالجا  ال للال  

( الللبح  بالاممللاث ارللتللاج الجللا  ال لللال  المللرثل  لمللة 54ل   2المللرثل  ) نتمللتجلات( )الملللال :
للب لكلتت تا لا مللث ملة شللل. تبلذا تلت تلمكللر تذ الةااكل رلار  بالنرلب  لةللتال الرلامث تملابل  الةمللة 

 لرت شبم  الجا  ال لال  المرثل  
بتضل  ت اكلا الجاتللا ال لالكل  تلةلات تجلتا تجلبل  كتلغل  ت اكا المنطب  الملك   رةل   لذا اللرلت 

رةمك  لال  باتل  الامالا  تارتنااا رة  البكت التا ربا ذمل لا بالنرلب  لةتلاكلا  المت لا  الاملكمكل  
تت ت اكلا ذللب يكلالجل  م تكل  ملرثل  .  27ت22غايتل  يةبا  تت ت اكا المنطب  الملك   تبلاكلكا بلكث ترن

 تت ت اكا المنطب  شاكا  ال لال  رةكه.لكرة  لرت شبم  الجا  ال لال  
مما قا تت التكلال  لا الةللاة . نةلكلا كنطبلا  لذا الللط مل  ال لا الاانل  لمنطبل  ال للال  الشلاكا  ا  

  م تكل  ملرثل  . تلملث بملا اث تلاثكل الاشلةاع لا كمملث ا مالله ملاملاا يلا ال رلابا  للذا الجل 27لط 
الجل  م تكل  ملرثل   لت  لا  25الج  تلبا ارتبلنا للط اللل  27يمث المنارر تلاك   ذا ال ا اتث الل

 تت لرت  ذا ال ا رة  ملرتت شبم  الجا  ال لال .لكالةلاة , 
تت نبةلللا كللرللت شللبم  الجللا  ال لللال  للامللالا  الةلبكلل  المت للا  قللا المةةتاملل  المثبتلله رةلل  ل  اث جمكلل 

ةرللاا  تالثللانا مللث الرللاب  لةثللانا رشللل لرةلل  ملططللكث لمرللالا  الشللم  الاتة مللث الشلللل الاتة 
للا تكتضلح ملث الارل  اللرلت البكلانا لشلبم  الجلا  ال للال   لذا ت رلر  تذلب لا تماة  اج  البال 

 كةا :المذملت  رابباا  الايتلاضا 
 الشباب  رة    ماك  مث اشة  الشم ةلاضلتل  ل مث الرن  بالنرب  لةشلل الاتة تالثانا تالثال   -
  17ت  11كنبغا ال ماك  بكث الرار      بالنرب  لةشلل اللاب                      -
 ترترار  الغل  9كنبغا ال ماك  بكث الرار     بالنرب  لةشلل اللام                   -
 بالنرب  لةشللكث الراا  تالتار        كنبغا  ال ماك  مث الشلتا ت ت  الغلتر-
 ترار  الغلتر 9بالنرب  لةشلل الةاشل                     كنبغا ال ماك  بكث الرار -
 بالنرب  لةشللكث الالكلكث                 يلا ضلتل  لة ماك -

للللاة الشلللل الرللاب  تمللاا تمللتث متتالللة  طكةلل  الالبةلل     ممللا كةلللل اكضللا اث الاتللل  شللاكا  ال لللال 
 .تالةشلتث رار  كتمكا ا  ما راا رار  تبض  الرار  تق  الاجل 
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 الاستنتاجات والتوصيات:  
 

ك لللاا زتاكلللا  اللللذ ( 3( اللللذ  ك لللاا زتاكلللا رلللبتط الشلللم  تالجلللاتة لقلللت )1اث الجلللاتة لقلللت ) -1
ارا  النلال  رر التتقكل  الم ةلا الةلاا  تلملة تالةمتاك  لمة رار  مث ر الأيبك الةلاة 

ا لةملنا  الملمت لمةلي  متقل  الشلم  بالنرلب  لةمبنل  تاطلتاة اجا شلل رتا تمتث ماكاا
الةلللللاة الايبكلللل  لملللللة رللللار   رلللللر التتقكلللل  الم ةللللا الةلللللاا  ممللللا كلللللرثل يللللا ارلللللتةمالا  

 ث تتقك  لالل.المرط ا  اللالجك  تمتاركا تةةكةلا ، تمث اتث ال اج  لةت تكلا  م

الشلف المبرط لةةلاقا  اللنارك  لزتاكا رلبتط اشلة  الشلم  تزتاكل  تتجكله المبنل  تزتاكلا اث  -2
الةلاة الناتج  لمة رار  رتا كرلة قالا الملنلا  رةل   رلار زتاكلا الةللاة لا  تتجكله 
 كلتللالا لةمبنلل  ت رللر التقلل  الم ةللا الةللاا  تالمترللت المطةللتر ،  للذا يللا  اللل  اث تتجكلله
المبنلل  المطةللتر لا كتطللابا ملل  ا للا التتجكلللا  الةاكللا  الملتللال  يللا جللااتة زتاكللا الةلللاة 

لا ضكا المجاة لتت تلك   جااتة اضايك  تتناتة زتاكا تتجكه الل  ( . تلت 6-3تة مث ا)الجا
 لترلكة ملم  الملمت.

 ا  لذا الجلااتة اما يا  ال  متث التتجكه المطةتر لةمبن  كنطبا م  التتجكه المذمتل يا ا -3
قكمللل  الزتاكلللا الايبكللل  تالةمتاكللل  لةةللللاة ملللث الجلللاتة  اللللذ  يملللا رةللل  الملنلللا  المةملللال  الا

 مبااشل .
ممللا اث التتجكللللا  المنتلبللله لغللل  الجلللااتة تشلللمة التتجكللللا  الم تمةلله تبضلللمنلا التتجكللله الامثلللة 

الجل  ا  شللا الشلماة  345اتكلا ( ت لت المتاجله لةز 6بالنرب  للامالا  الةلبك  المت ا  ) الجاتة لقلت 
اث  للذا التتجكلله  للت الامثللة  الجلل  ،  كلل  اث مللث المةلللتا 165الغلبللا تالزاتكلل  المبابللة للللا ت للا 

بالنرب  لمة مث اتجاا الشم  تاتجاا اللكاف الرا ا  ت ا اللكاف الشمالك  الغلبك  بالنرب  لاشلل ال ل 
 ( 92ت91ل   8يا الامالا  ) الملال :

ا زتاكللا الةلللاة المطةللتر رنللا ا التقاكلل  مللث الشللم  كرللتطك  الملنللا  المةمللال  رنللا ت اكلل -4
تتشللللمة التاقكللللا  الضللللكبه  تللللتيكل ذلللللب بللللانتاع التاقكللللا  الايبكلللل  تالةامتاكلللل  بنرللللر متااتتلللله 
قبللتة الللتة بةلل  اشللة  المتبالبلل  . ممللا كممللث تاللاا  ال ةللتة با ضلل  التمللالكا مللث للللاة 

التاقكللا  الشمرللك   للت جللزل مممللة لمتطةبللا  التلللمكت  الشللم  باتقللا  قلللكل  . اث تلللمكت
. تكجلر رللات تلللمكت التاقكلا  بمةللزة رللث ة تجمالكلل  ت لملل  الللتال تالضللتلمالاللل  مللث شل



 عبد السلام فرمان                              زوايا  ظل الشمس المهندس المعماري                                                                     

 

 538 

 ذلب .

مث الملا لة اث الاتلل  ال لال  يلا الاملالا  تملتث رةل  اشلا ا لللاة الشللل الرلاا  تالرلاب   -5
الاجلل الاتلل  ترةكل  يللا بلا ملث الارتملاا رار  ما راا رارا   24تالثامث  ك  تمتا طكة  

رة  ترا ة التمكا المكمانكمك  . لذا ياث تقاك  الشبابكب مث اشة  الشم  اثتلال النللال غكلل 
اكةلا ضللتلك  جلاا ا مملا اث  ا لالةزة ال للال  لةجلالاث تالرلبتا مايك  لت ا ا لاث ترا ة 

بللة رةلل  الةملل   الاالةلل  لشللم الللتاف الزجللاج المزاتجلل  غكللل مجاكلل  بللاتث تقاكلل  مللث اشللة  ا
 يبا تزكا مث ةا ل  البكت  الزجاجك  مث ا تجاز ال لال  الاالة  لةمبن 

( تبضلمنلا  لا 4اث براط  تانرلكار من نكلا  الجلا  ال للال  الملرثل  للاملالا  ) شلمة لقلت  -6
الجللل  م تكللل  ملللرثل ( لا كرلللتتجر ارلللتلاات  اجلللر  25ضللللتل  ال لللا ملللث الشلللم  )ا  للللط 

رنلا  اتلرلت مرلالا  الشلم   كل  اث للذلب ملا كبللل  م  تارلتةماة منبةل  الةللاة الشطلكب  
ةرللار  تالشلللل مةبللا  مللثلا رنللاما تمللتث الجلل  ال لللال  لمللتث من نكللا  شللبم  الجللا  ال لللال  

مللرثل  منلاضللل  للللبا ا تمرلللالاا ترالكلل   لللتالا منتللللا النللللال ممللا يلللا بغلللااا تاللكلللا  ال
    لذا بشلمة جلااتة للللا مببلاتللا بنلال رةل  طبكةلل  المبرلطللذا يلاث ارلتلاات الطلكبلل    ملثلا.

  م اتا  ال لال  مناا الامالا  اللالا مث الاتلا  
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 قطاع التشييد في العراقمشاريع مقترح نظام اداري لقواعد اختيار اسموب التنفيذ في 
 

 د. حاتم خميفة بريسم العجيمي
 مدرس / جامعة بغداد

 الخلاصة 
 

دٌ ) الملةاو  الوةا( و وعلةد جةدو  التمُةاخ همةا الأكثةز إن اكثز المشـاكل الرٍ واجهها الاسلىب الجدَد هٍ إشاعح الأسـالُة اللدَمةح والروةىع علُهةا ق وكةد كةان الاسةـلىب الرللُة

زغم مه عد( وجاحهم   فٍ ذحلُق جمُع شُىعا واسرُواتا لدي الجهاخ الفىُح والإعارَح تمخرلف مسرىَاذها ومىاكوها وكد شاع اسرخدامهم خلا  ذطثُق اسلىب الرىفُذ المرسارع تال

اصثح مه الضزورٌ الثحث عه كىاعد ذواكدَح موُىح َمته اسةرخدامها كثةدَل مفضةل لجمُةع الحةالاخ والمةزولا مةع الاسةلىب مرطلثاخ الرىفُذ لاسلىب الرىفُذ المرسارع ق ولذا 

 الجدَد تود اسرخلاص الدروص والوثز  مه ذجارب اللطز فٍ حملاخ الأعمار .

ُذ المرسارع ق مع مزاعاج ذاثُز كل الوىامل المؤثزج او الرٍ ذؤعٌ إلً  سَةاعج َهدلا الثحث إلً ذحلُل مىضىع اخرصار عىصز الشمه وذطىَز كىاعد اخرُار اسلىب الرىف        

 التلفح والىكد خلا  الرىفُذ .

 اء الاسرثُان المُداوٍللد جزي اذثاع مىهجُح علمُح فٍ الجاوثُه الىمزٌ والمُداوٍ مه الثحث . ذضمه الثحث اجزاء الرحلُلاخ الاحصائُح الرفصُلُح عه طزَق إجز        

 لغزض ذلىَم الوىامل المؤثزج تصىرج مثاشزج أو غُز مثاشزج علً اسلىب الرىفُذ المرسارع .

 

ABSTRACT 

 

Among the most important problems which faced the new approach is the wide use of old approach 

, particularly the traditional approach ( general contractor ) and the bill of quantity contract, and this 

were commonly used in the course of the application of fast – track approach in spite of unfulfilling 

the execution requirements for the fast – track , so It became necessary to look for certain contract 

rules to be used as a substitute suited all conditions and cases after concluding lessons from the 

local experiments in rebuilding issues . 

        This research aims at analyzing the subject of shortening time factor taking in consideration 

the effect all the effective factors which leads to increase the cost and time  
A scientific methodology was followed in both theoretical and practical phases of the study . A 

detailed statistical analysis of the study was incorporated using questionnaire and interview method 

to evaluate the effective factors directly or indirectly on fast – track approach. 

 
  : مقدمة * 
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 لتصذذمي  فالاتفذذ م مذذك المعمذذ ر  الذذ  الفةذذرع مذذ   هذذ خطدات فذذا المرذذ ريك الة يذذرع دالمعيذذدع العمليذذا التيليديذذا تأحذذذ 
  ذذذ ع تع  ذذذع حتذذذ  اذا ةذذذ   ةذذذ  رذذذة ي ذذذير   ذذذهدلا ,  ذذذ ي  دالاح لذذذا العطذذذ  ا  داعذذذداد الدقذذذ ام قذذذ  ا ذذذتدرا  

لصذذ حع العمذذ  المحذذدد الميزا يذذا م ذذتد  فذذدم    ا عطذذم ذذ لا ال. ا  مجذذة دحجذذ  المرذذرد  الفع ليذذ   دالا رذذطا 
عمذ  علذ  لغذر  الاد   لهذ  عمليا التصمي  م  اعت  را ددرع المررد   عع ديؤد  ال  االا ا ه   ي غر امرا لايعت ر 

ع  ذي  التصذمي  دالا رذ   ة يذرع مدال تةد يمة  ا  عليه  . المحددعالميزا يا حج  تج ه يت   ع مك   لدك طريم  
فذا العذرام فذ    لا ذتخدامه  دجذددلا عيذدد التضذخ لم  ة    د . لاض فا ال  الد   الحيييا للا ر    ف ه جدا   

تذذ عةس يجذذع ا  علذذ  الميذذ د  ا  يعت ذذر تصذذ عد الةلفذذا المتضذذخ  خذذلا  فتذذرع الا رذذ   مج زفذذا غيذذر    لذذا للت  ذذؤ 
 (AL –Sedairy. , 1985)عل  عط  ه 

دفذذك المه د ذد    تجذ ه تطذدير ا ذ ليع الت فيذذذ  ذع ر لااعلذ   ذلذك ريدتذ قم تيل ذ   ال ذذد د مذدع المرذرد   اط لذاا  
مذ  حلد  جيدع لتلك المرةلا  فة    الادارع الا ر ايا دالت فيذ المت  ر   جديدع   ليع اداريااات    العم  عل  د 

 .  زم  المررد خلا  تداخ  الفع لي   دالا رطا داختزا  
 
 (Fast Track) :اسموب التنفيذ المتسارع  *
   Phased Design /Constructionطرييذذا التصذذمي  دالت فيذذذ المتذذداز  اد طرييذذا التذذداخ  المرحلذذا   ذذم يد 
(Merritt,1975)  . اليدرع عل  ال د    لت فيذ رغ  ا تمراريا العم    لتصمي  يعرف ا لدع الت فيذ المت  ر     ه

 المرذرد  زمذ المه   دالفع لي   دالأعم   دتتراةع لاختص ر  تتع  ع حيثدفدر ا ته   التص مي  الادليا للمرافم 
 .  ت فيذ التا تدفر الد   لص حع العم  م  خلا  التداخ   ي  عملي   التصمي  دالت فيذالدهد احد ا  ليع , 

عيذدد تر يا عدد مذ  الدجدد مدير ا ر   ي  عد عل  ا  الاداع الي  د يا التا يت  الت فيذ فيه  عل  هذا ال حد ها 
الت فيذذذذذ المت ذذذذ ر  ا  .  (Ferry,1974)م  رذذذذرع مذذذذك صذذذذ حع العمذذذذ    تةذذذذد  علا تهذذذذ  صذذذذدرع م ذذذذتيلا دم فصذذذذلا

 ي مذ  يحذتفا التصذمي   المررد  لا  اعم   التصمي  تتتذ  ك دت ذتمر مذك الت فيذذتة ليف صدرع ة ملا ع  لايعطا 
 فيذذذ   ذذ  مرذذرد  يذذت  اختصذذ ره   تيجذذا ال ذذد    لتدلةذذ  المذذدع الةليذذا لت فيذذذ ال, همذذ ةذذ  م   لد ذذ  الحيييذذا لدالا رذذ   

 . (5:91,غدلده  ر )ا ته   التصمي  الةلا 
أ لدع الت فيذ المت  ر  احد الم  فك الا   يا لا لدع الإدارع الإ ر ايا التا تجع  م ه ا لد   مفيدا دعملي  يعت ر 

جذذا اليهذذ  فذذا جميذذك المرذذ ريك  ي مذذ  الت فيذذذ فذذ لادارع الا رذذ ايا يذذت  الح  .حذذد قم رهذذ  امذذ  اجذذ  تذذدفير الد ذذ  دهذذد 
اذا مذذ  ارد ذذ  تط يذذم الجذذدد  الا تصذذ ديا  (Turner ,1989)المت ذذ ر  لذذه متطل  تذذه ديط ذذم فذذا مرذذ ريك محذذددع

 للمررد  .
مذك   ال  مجمدعا م  المراحذ  دالاجذزا  دالميذ دلا   المررد  يي يتطلع  ج ح تط يم ا لدع الت فيذ المت  ر   ت

ميذ د   .   لاضذ فا الذ  دجذددع متة ملذا تلك المي دلا  دالتع مذ  معهذ  ةدحذدلت  يم دالترا ط فا ت فيذ ازي دع حج  
 لطرييذذا التذا تضذذم   العمذ   ذذ در علذ  جددلذذا فريذذم ادارع مرذرد  فذذا الت فيذذ دالتخطذذيط يرذ رك ذد تجر ذا دخ ذرع 

تفهذذذ  ة مذذذ  لعمليذذذا الإ رذذذ   د  ( AL–Sedairy, 1985)متفذذذم عليذذذه  ذذذعر الدال زم الذذذعلذذذ  دفذذذم الادا  جذذذددع 
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  الميذرع مرذرد ال اميزا يذعلذ   لمح فاذاتغذيا عة ياّ د يطرع ةلفا لالمتدازيا مك التصمي  دتداخلاته  التا تتطلع 
(Merritt,1975)  . تط يم  عت ر احد اه  اددا   ج حيتدفير الصلاحي   ا   عد تجزاته  عل  العيدد المتعددع

  (1554 عجيلا,ال )ا لدع الت فيذ المت  ر  
الت فيذذ تحذ  مذك ا ذتمرار عمليذا تر  ك  ر ط   التصمي  دالت فيذ  طرييا مدرد ا دم رمجا  يمت ز هذا الا لدع 

  فس الد   الذذ  يذت  فيذه ع  اجزااه فا المررد  فا الم ةر لت فيذ ل م ح   ل د  ,   لاض فا ال  ار   ا رديدع 
تص ح العلا    م  ررع  ي  ص حع العم  دالمي دلي  لددر المي د  الع    الغ  د  , الا    ل ييا تصمي  ال ا تمرار

 ( McNulty, 1982 )تر يا عيدد مختلفا عديدع  عد المتعددي  
 , Fisk)يليذ  الفتذرع الزم يذا الةليذا لا جذ ز المرذرد  تتمقذ  فذا تاهذ  الفدااذد المتحييذا مذ  ات ذ   هذذا المذ ه  امذ  

 مذذ  د ذذ  الت فيذذذ الاح لذذا تيذذ رعلالمج زفذذا علذذ  الميذذ دلي  حجذذ  ا دتخفذذي  يع ذذا اختصذذ ر الةلفذذممذذ   (  1982
ف ذذح المجذذ   د تيليذذ  دتحجذذي  اقذذ ر التذذ خير ال ذذ ج  فذذا احذذد المراحذذ  دعذذد   يلذذه الذذ  المراحذذ  الاخذذر  فذذا الت فيذذذ د 
   (Merritt,1975) الةلفا تضخ    تأقير فيختد دزي دع الت  فس عدد ة ير م  المي دلي  ل

امذتلاك صذ حع العمذ  فةذرع داضذحا عذ  ةلفذا  عذد ت حصر فذا التا لايخلد م   ع  العيدع  لا لدعا إلا ا 
الميذذ دلي  المتعذذددي   ذذي  لت  ذذيم ازيذذ دع حجذذ  د  حيلذذا ة يذذرفريذذم دارع لا لح جذذاا  لاضذذ فا الذذ   ,المرذذرد  الةليذذا
(Fisk , 1982  )  يجذع الا ت ذ ه ةمذ  .  يذد لالتيالت فيذذ تحمذ  صذ حع العمذ  لمج زفذا ةلفذا اعلذ  مذ  ا ذلدع د
   (AL –Sedairy, 1985)د     ا  فات لي  المررد  ج  لاة ير ضغط ل صم المتعر    ال

ت لي  المفت ح اد تع  دا  ادارع الا رذ    ها صيغاالت فيذ المت  ر  ا  الصيغا التع  ديا الملااما لتط يم ا لدع 
 ( Groton,1998 ) لامة  يا هذه الصيا التع م  مك خداص الا لدع 

دفا الدا ك لايدجد مررد  لايمة  ات    هذا الم ه  فيه دلةذ  الجذدد  الا تصذ ديا دالف يذا تةذد  اةقذر تحيييذ  فذا 
دالا  يذذذا الع ليذذذا متعذذذددع فذذذا المرذذذ ريك المتةذذذررع د متعذذذددع الا  يذذذا اد الا  ذذذ   مقذذذ  المجمعذذذ   الة يذذذرع دالالمرذذذ ريك 

 .  (Turner ,1989) .مختلفا  الطدا م دالتا يمة  ترغيله  عل  مراح 
 
  :العوامل المؤثرة عمى زمن التنفيذ  *
اد  ذذ هرع  ذذدع اد اهذذدر الادارع  ذذد  لا ذذ  ع عذذدع مقذذ  لاخف  ذذ   الزم يذذا لعديذذد مذذ  الالمرذذ ريك  رمجذذا تعذذر  ت

ا اذردف ا ذتق  اياهذدر اد الميذ د  ت فيذذ احةذ   التعهذد  صذدرع مطليذا غيذر متد عذا تم ذك اردف خ رجيا اهدر 
  (:::5,جعلدك  )جعل  الت فيذ مرهي  للمي د  

يعتمد اختزا  الزم  المطلدع فا المر ريك الم فذع    لدع الت فيذ المت  ر  عل  عدع عدامذ  تختلذف مذ  مرذرد  
الاذردف الم  خيذا د الامة  يذ   الا تصذ ديا المتذدفرع تهذ  د ط يعهذ  د  دعد حج  الفع ليذا د ط يعا التصمي  مق  لاخر 

مذد  احتم ليذا للم فذذي  دالمرذرفي  د الخ ذرع دمذد  تذدفر الزم يذا  رمجذا امة  يذا الالتذزا    لد  لفترع الت فيذذالمص ح ا 
تتدجذذع درا ذذا العدامذذ  التذذا ت ذذ عد علذذ  تيليذذ  مذذدع الت فيذذذ لامة  يذذا . لذذذا  (1554)العجيلذذا , . المرذذ ة اهذذدر 
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مذذذ  خذذذلا  مع لجذذذا هذذذذه العدامذذذ   ذذذيا ديمةذذذ  الا ذذذتف دع م هذذذ  فذذذا تحييذذذم اهذذذداف ا ذذذلدع الت فيذذذذ المت ذذذ ر  الا  
  (1::5العز  . )هم  :  تج هي  التطدير  

تحديذذد د دقذذ ام دتصذذ مي  المرذذرد  تطذذدير دتذذدفير دم هذذ   درا ذذا اذذردف التع  ذذد  تتعلذذمالتذذا ع مذذا العدامذذ  ال -5
   ييا المدارد المطلد اد المداد الادليا د  عم مد ك التهياا د الم   ع التمدي  ا لدع 

الذذردح المع ديذذا رفذذك د الييذذ دا  اله د ذذيا المد عيذذا تهياذذا  المتمقلذذا المتعليذذا  اذذردف الت فيذذذ   الخ صذذا العدامذذ -1
المة فاذ   دالمحفذزا  مذ ح د  فا مد ك العم الت فيذيا  عملي  اليي دا  العلي  للد   يالا تر ري دجاد تد للع ملي  
طيلذذذا زمذذذ  الارذذذراف اله د ذذذا دالمت  عذذذا مرار ا ذذذتد اعتمذذذ د م ذذذدا الم  ف ذذذا د الملاامذذذا ايجذذذ د ال ذذذداا  د الم ديذذذا 
 مض عفا   ع   العم د صي  ا داصلاح الاجهزع دالمعدا  د الت فيذ 

 

  لمتخطيط السميم لمتنفيذ المتسارع :  الاجراءات *
تةمذذ  تف صذذي  التخطذذيط د ,  ا  التخطذذيط ال ذذلي  للمرذذرد  هذذد مفتذذ ح ال جذذ ح فذذا تط يذذم ا ذذلدع الت فيذذذ المت ذذ ر 

ليذدرع علذ  تحديذد الذ ا  الراي ذا دالق  ديذا  حيذث يذرت ط ةذ  م همذ   ذ لاخر دتذرت ط ةلهذ    لاطذ ر العذ   ال لي  فا ا
لمرذذرد  , دهذذد مذذ يعرف  هيةليذذا تجزاذذا المرذذرد  التذذا يذذت  الح جذذا اليهذذ  فذذا تجزاذذا مراحذذ  المرذذرد  الذذ  مراحذذ  ل

صذي  حذذ   الا تهذذ   مذ  تصذذميمه   عذذد إلذذ  ميذذ دلي  متخص تهذ ح لايذذت   ,يذا دمجذذ ميك صذذغيرع لل ذيطرع عليهذذ  ق  د 
العر  الأفضذذذ  اختيذذذ ر ا ذذذتيف اه  لإجذذذرا ا  التع  ذذذد المعمذذذد   هذذذ  ةذذذ لإعلا  ع هذذذ  ددرا ذذذا العذذذرد  دتحليلهذذذ  د 

 دتةدي  علا ا تع  ديا م  ررع  ي  المي د  دص حع العم  . 
هد تطدر التصمي  , فح لمذ  ي ذدا تتطلع مر ريك الت فيذ المت  ر  مدير ا ر   يعم  ددرا  ريط  فا مرا  ا ددع  ج

ال ر ط الت فيذ  فا الحي  تص ح عمليا ال رمجا داعداد الجذدد  الزم ذا م ذتعجلا جذدا دملحذ  , ديجذع ا  يةذد  
ت ل   تدفير دق ام التصمي  متت ليا ليتج ع التأقير الة يذر علذ  تذ خير دعر لذا  رذ ط   الحيذ  الت فيذيذا دليلغذا 

 (McNulty, 1982 ) . عليه ةلفا المررد  الةفد أ لدع التت  ك الذ  تعتمد 

يتطلع التغيير الراي ا فا الإجذرا ا  لمرذ ريك الت فيذذ المت ذ ر  زيذ دع الإ ت ذ ه إلذ  ال ذيطرع الم امذا علذ  الةلفذا 
دالد ذذ  , ةمذذ  يجذذع أ  يحذذدد الجذذدد  الزم ذذا الأد ذذ   المطلد ذذا لل ر ذذ م  د ذذرارا  التصذذمي  دت ذذلي  الدقذذ ام دهذذذه 

  (McNulty, 1982 )ريخ يجع أ  تةد  متفم عليه  . التدا
 معايير تطبيق اسموب التنفيذ المتسارع :  

الأ ذذذذلدع الم فذذذذذ ع دصذذذذحا ت ذذذذميا ةفذذذ  مذذذذد  لمعرفذذذذا  الت فيذذذذذ المت ذذذذ ر  ذذذلدع تط يذذذذم امعذذذذ يير  يمةذذذ  ا ذذذذتخدا 
 :   (1554)العجيلا , دها  لا لدع المت  ر  

مراريا العم    لتصذمي  مذك تذدفير الد ذ  لصذ حع العمذ  عذ  طريذم التذداخ  اليدرع عل  ال د    لت فيذ رغ  ا ت -
  ي  عملي   التصمي  دالت فيذ . 

 تداخ  دتر  ك  ر ط   مرحلتا التصمي  دالت فيذ  طرييا مدرد ا دم رمجا د م تدي   مختلفا. -

 صمي  عليه  . لأعتم د الع  صر المت خرع م  التّ  إ ه    ع  الع  صر م  عمليا التصمي  م ةرا -
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د  العيدد المح لا ة ملا تر يا عدد م  العيدد  صدرع م تيلا  دلا م  عيد داحد مك مي د  ع   عل  ا  تة -
 ,يا فا التصمي  دالفع لي   الحرجا, دهذا يع ا ا  تي ي  العيدد دالمراح  يجع ا  يعتمد عل  الا  ي الدق ام

  . ديا  دضدحي  د يا لة  مجمدعا عيديجع ا  تعرف الدق ام الرردط دالم ؤدلي   ال

 علا    م  ررع  ي  ص حع العم  دالمي دلي  المتعددي  المختصي  ص ك إلغ   ددر المي د  الع   د  -

    )  تتحذذذذرّك ةذذذذ  د ذذذذيلا فذذذذا ا ذذذذلدع الت فيذذذذذ المت ذذذذ ر  ا ذذذذدع   لعمليذذذذا التيليديذذذذا مرحلذذذذا مرحلذذذذا خذذذذلا  ةذذذذ  عيذذذذد -
  عم  (  د  الال   ت فيذه د  ته العرد  دتحليله  دتر ي ا تدرا يد د داعداد دق ام العال رمجا دالتصمي  

العمذذ  دالادا  فذذا الد ذذ  المطلذذدع علذذ  دفذذم  ذذعر العطذذ     رمجذذادجذذدد فريذذم ةفذذد  لإدارع المرذذرد  لضذذم    -
 المحدد 

ا لدع الت فيذ اادا اد عيد الةلفا ز التصمي  أد تع  دا  إدارع الإ ر   –لاا  عيدد ت لي  المفت ح أد عيد الإ ر  ت -
 المت  ر  لامة  يا هذه الصيا التع م  مك م ؤدلي   الا لدع  دا طا مدير الإ ر   

ا  الاح لا دال دايا الم ةذرع لس ذس  .صمي       دايا الر د  التفصيليا مك دلي  ةلفا تتزديد   عدع صحيحا لل -
لتذذزا  ييذذدد إلذذ  الح لذذا التذا تتجذذ دز فيهذذ  الةلفذذا ال ه ايذذا الميزا يذذا يمةذ  أ   دالا رذ    ذذدد  مقذذ  هذذذه الي عذدع دا 

 حيث يةد  تأقيره  خطيرا عل  الميزا يا الةليّا فا د   م  
 

 ارع والادارة الانشائية : التنفيذ المتس *
العمذ   ت فيذذالتا تعتمد التع  ذد ل  ليع لاأيجع ا   عرف ا  لمعرفا الفرم  ي  الت ييذ المت  ر  دالادارع الا ر ايا 

 ( 1554ها : ) العجيلا ,

 ت فيذ العيد ع  طريم الم   ص   داختي ر المي د  الم فرد ) المي د  الع   (   . أ
 التع  د عل  ا  س ت لي  المفت ح أ  التصمي  دالت فيذ داحي    التجهيز ايض  .  . ع

ميذذ دلي  حيذذث ا ذذلدع الادارع الا رذذ ايا لت فيذذذ المرذذرد  ديذذت  علذذ  ا ذذ س الميذذ د  العذذ   اد تعذذدد الاعتمذذ د  .  
  لاعم   .ا ت  يم ييد  ي تع    مدير للمررد  يجر  التع  د معه  عيد ادار  ليمق  ص حع العم  د 

مذك امة  يذا التع  ذد دهذد احذد قمذ ر الادارع الا رذ ايا د اذ   تعذدد الميذ دلا  ا لدع الت فيذ المت ذ ر  اعتم د  . ث
 ذؤدليا صذ حع العمذ  الت  ذيم  ذي  المصذم  , دتةد  مه فيطصمي  المررد  دت فيذه اد ت فيذتعل  ا  س 

 دالمي د  لل يطرع عل  ال دعيا دالد   دالميزا يا.

 الاستبيان الميداني *
تعت ر عمليا الم ح الميدا ا ت جيلا للدضك ال  اد ل ا   معي  لغر  التحلي  دالا ت ت   ضذم  الد ذ  المحذدد 

لغذر  تيذدي  د  .لح للتط يذم فذا الأعمذ   المي لذالغر  الحصد  عل  معلدم   ة فيا  هدف ا ت ت    داعد تصذ
دا ذذذك العدامذذذ  المذذذؤقرع علذذذ  تط يذذذم ا ذذذلدع الت فيذذذذ المت ذذذ ر  الم  رذذذرع دغيذذذر الم  رذذذرع دأهميتهذذذ  تذذذ  اللجذذذد  إلذذذ  

تذ  الم ذح الميذدا ا لعي ذا مختذ رع ةمصذدر للمعلدمذ   المطلد ذا  عذد  ذد د  ذلذك,ةد يلا لإ ج ز الا ت ي   الميدا ا 
 ( مداصف   أفراد العي ا الم تخ ا لل حث .   5د د  ي  الجدد  ) لعي ا دمداصف ته .تحديد حج  ا
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تمق  ا تم رع الا ت ي   الميدا ا د ذيلا لجمذك المعلدمذ   دالحيذ ام مذ  العي ذا  طرييذا مجددلذا د ا ميذا , د ذد تذ  
محذذ در المغلذذم دعلذذ  دفذذم  دفذذم مذذدار الا ذذت ي   المفتذذدح دمذذدار الا ذذت ي  علذذ   ذذتم رع لاإعذذداد دت اذذي   مذذدذ  ا
د ذذد ا ذذتدج   عمليذذا جمذذك دتحليذذ  ال ي  ذذ   دجذذدد معلدمذذ   مذذ   ي  ذذ     حذذثحت جذذه اليمختلفذذا تمقذذ  ةذذ  مذذ  

  تدزيذذك ا ذذتم را  الا ذذت ي   علذذ  جميذذك أفذذراد تذذ.  مدج هذذ  تيذذدي  إج  ذذ   أفذذراد العي ذذا لرخصذذيا عذذ  أفذذراد العي ذذا 
( ا ذذتم رع مذذ  الا ذذتم را  الم ذذتلما  عذذد 59اعتمذذ د )د ذذد تذذ  ( فذذردا 05عذذدده  )ال ذذ لا العي ذذا الم تخ ذذي   ع  يذذا د 

, حيذذث   اريذذا ال ه يذذا المرةزيذذا مدجذذع  دهذذد عذذدد م ذذتدف لد ذذا الا ذذت ي  اج   تهذذ  لعذذد  اةتمذذ   اهمذذ    عضذذه  
ك ديمةذذ  تذذد يم ذلذذ,  (55تدزيذذك العي ذذا مذذ  التدزيذذك الط يعذذا اذا ةذذ   حجذذ  العي ذذا اة ذذر اد م ذذ د  الذذ  )ييتذذرع 

حيذث تؤرذر اعتمذ د حجذ  العي ذا علذ   ذد  التدزيذك دم ذتد  القيذا   ( ASTM-E122-79 )علذ  دفذم المداصذفا
 المطلد ا .

 ( المعلدم   دال ي     الرخصيا لافراد العي ا5جدد  )
المشاركة     الدور الحالي في فريق الانشاء

في التنفيذ 
 المتسارع

عدد 
سنوات 
 الخدمة

 التحصيل العممي

 ت رةاسم الدائ
 استشاري

ميندس 
 موقع

ميندس 
 تخطيط

ميندس 
 مقيم

رئيس 
 قسم

مدير 
 مشروع

مدير 
 دائرة

 الشيادة التخصص

 جامعة بغداد / ماجستير مدني 35 *       *
 
 

 الشؤون اليندسية

4 

 8 ماجستير ميكانيك 80 * *      

 3 ماجستير مدني 35 *       *

 4 ماجستير مدني 30 *       *

 5 بكالوريوس مدني 48 *    *   

 6 بكالوريوس مدني 38 *       *

 7 بكالوريوس معماري 89 *   *    

 8 ماجستير مدني 49        *

 وزارة الاسكان ماجستير مدني 84 *   *    
المركز الوطني 

 للاستشارات اليندسية 
 

9 

 40 ماجستير مدني 83 *   *    

 44 وريوسبكال مدني 86 *       *

 48 دبموم عالي مدني 80 *       *

 43 بكالوريوس معماري 89 *   *    
 44 ماجستير مدني 88        *
 45 بكالوريوس مدني 49 *       *

شركة المعتصم  ماجستير مدني 85 *  *     
 لممقاولات

46 
 47 دبموم عالي مدني 33 *  *     
 48 سبكالوريو  مدني 34 *      * 
 49 بكالوريوس مدني 87 *      * 
شركة الرشيد  بكالوريوس مدني 86 *   *    

 لممقاولات

80 
 84 ماجستير مدني 48 *  *     
 88 بكالوريوس مدني 84 *  *     
 83 شركة رمضان ماجستير مدني 86 *  *     
 84 شركة المنصور بكالوريوس مدني 88 *  *     
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 85 شركة اشور ماجستير مدني 85 *  *     

 86 ىيئة التصنيع الممغاة ماجستير  مدني 38 * *      
 87 ماجستير مدني 83 *  *     
 88 بكالوريوس مدني 84 *      * 
 89 ماجستير مدني 38 *  *     
 30 دكتوراة مدني 86 *   *    
 34 بكالوريوس مدني 88 *  *     

 ماجستير مدني 88 *   *    

 شركة الفاو
 اليندسية

38 
 33 ماجستير مدني 88 *  *     
 34 بكالوريوس مدني 49 *  *     
 35 بكالوريوس معماري 88 *   *    
 36 دكتوراة مدني 30 *       *
 ماجستير مدني 34 *       *

 قطاع خاص
37 

 38 ماجستير مدني 34 *       *

      
 :والتنفيذ المتسارع نفيذ محور اساليب الت *
علذ  مذدع مجمدعذا العدامذ  المذؤقرع ا  ليع الت فيذ د تهدف إل  تيدي   التا يتضم  الأ الا الا ت ي  ياهد محدر د 

دالأ   ع التا تعيم ا تر ر تط يم ا لدع الت فيذ المت  ر   صدرع عليه  دالد  ا  دالا  ليع التا ت يطر الت فيذ 
دفذم المعذ يير المدحذدع الم ذتخدما فذا تحليلهذ  . تذت  الإج  ذا  مدجذع خمذس درجذ    عل م  ررع اد غير م  ررع 

دم  اج  الإ ي   عل  معي ر مدحد للمي ر ا دالييذ س .  تيديميا ها ) ضعيف دمتد ط دجيد دجيد جدا دممت ز (
ر ميذذا لذذدرج    دلتحديذذ  تلذذك المعلدمذذ   دالذذدرج   التيديميذذا إلذذ  أر ذذ   يمةذذ  التع مذذ  معهذذ  تذذ  اعتمذذ د معذذ يير

(  1 <( دتغطا الفترع م  ) صفر ( إلذ  )5ها ال دايا دتع د   يما دز يا ) الأهميا ف عت ر  درجا ) ضعيف (
  .( 1تت عه   ييا الدرج   التيديميا دةم  مدضحا فا الجدد  )

 ( اليي  الدز يا لدرج   الأهميا الداردع فا إج     العي ا1الجدد  )
 ت درجة التقويم في إجابات أفراد العينة المجال أو ) الفترة ( مة الوزنية (مركز المجال أو ) القي

 4 ضعيف 8>  - 0 4

 8 متوسط 4>  - 8 3

 3 جيد 6>  - 4 5

 4 جيد جدا 8>  - 6 7

 5 ممتاز 40>  - 8 9

 

ا  د م ح ا لدع %( م  حج  العي 9ق50إ  ) س  ليع الم ي الالعي ا عمليا تحلي  إج     أفراد اق      د لدحاد 
 ي مذ  حصذ  ا ذلدع  .( يعذ د  تيذدي  ) جيذد جذدا ( :9ق8المي د  الع   تيدي  ممت ز ليحص  عل  معد  تةذرار  )
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حصذ  ا ذلدع الت فيذذ المت ذ ر  علذ  التيذدي  د ( يعذ د  تيذدي  ) جيذد ( 0,15معذد  تةذرار  )الإدارع الإ ر ايا عل  
%( مذذذ  العي ذذذا تيذذذدير جيذذذد 5ق15  ) جيذذذد (  عذذذد أ  م حذذذه )( دهذذذد يعذذذ د  تيذذذدي 0,50معذذذد  تةذذذرار  ) الق لذذذث  

%( تيذذدير ممتذذ ز دهذذد اةقذذر الأ ذذ ليع التذذا تذذ  الاخذذتلاف فذذا تيديمهذذ  9ق50%( تيذذدير جيذذد جذذدا دفيذذط )8ق15د)
لا   ع ةقيرع م ه  عد  المعرفا الت ما لأفراد العي ا  أ س دمع يير تط يم الا لدع   صدرع علميذا صذحيحا مذك 

( 91ق4ليذذه د لذذا ا ذذتخدامه, دحصذذ  ا ذذلدع التصذذمي  دالإ رذذ   علذذ  التيذذدي  الرا ذذك  معذذد  تةذذرار  )عذذد  التعذذدد ع
ممذ  يتضذح إ  ا ذلدع الميذ د  العذ   التيليذد   ذد حذ ز علذ  .  (5دةمذ  مدضذح فذا الجذدد  ) يع د  تيدي  )جيذد(

 ذذذذلدع داهذذذذدر العديذذذذد مذذذذ  الأغل يذذذذا دلةذذذذ  مد ذذذذك ا ذذذذلدع الت فيذذذذذ المت ذذذذ ر  يعت ذذذذر جيذذذذدا إذا م عرف ذذذذ  حداقذذذذا الا
عذذذد  دجذذذدد جهذذذ   ف يذذذا ذا  خ ذذذرع دا ذذذعا فذذذا مجذذذ   د لذذذد  الجهذذذ   المم ر ذذذا لس ذذذلدع لأد  مذذذرع   المرذذذةلا

 ا تخدا  الا لدع تعت ر ةمرجك للجه   الراغ ا فا ا تخدامه . 

 ( تيدي  ا لدع الت فيذ5جدد  )
 

 التقويم

% لمعدل تكرار 

 الإجابات 

 جب درجات الأىمية مع النسب المئوية لمعدل تكرار الإجابات عدد الإجابات التكرارية بمو 

 ضعيف متوسط جيد جيد جدا ممتاز ت اسموب التنفيذ
العد % العدد % العدد %

 د

 العدد % العدد %

 4 المقاول العام صفر صفر 8  5,3 4 40,5 7 48,4 85 65,8 7,89 جيد جدا

 8 الإدارة الإنشائية 4 8,6 8  84  45 39,5 44 36,9 صفر صفر 5,84 جيد

 3 التصميم والإنشاء 6 45,8 8  84  47 44,7 8 5,3  5  43,8 4,58 جيد

 4 التنفيذ المتسارع 7 48,4 6  45,8 40 86,3 9 83,7 6  45,8 5,05 جيد

 

الذذدز   فيذذد تذذ  ا ذذتخرا  لتحديذذد حجذذ  تذذأقير تلذذك العدامذذ  المهمذذا فذذا   ذذ   ال اذذ   الميتذذرح ) ح ذذع رأ  العي ذذا (
, داعت ذذذر  العدامذذذ  المذذذؤقرع ذا  المعذذذد   دي  ) جيذذذد جذذذدا ( ةحذذذد أد ذذذ  للي ذذذد  ذذذد اعتمذذذد التيذذذهذذذ  , د المعيذذذ ر  ل

 ( غير مهما فا      ال ا   ح ع رأ  العي ا . 5التةرار  ا   م  ) 
 :  العوامل المؤثرة في اختيار اسموب التنفيذ 

 
 تيار أسموب التنفيذ المناسبالعوامل المؤثرة في اخ الوزن المعياري الأىمية

 ت

 مدى توفر وثائق التعيد من تصاميم ىندسية وجداول كميات ومواصفات فنية  49,94 ميم
4 

 8 الخبرة المتوفرة لدى المقاول للأعمال المشابية 46,8 ميم

 مدى توفر الكوادر اليندسية والفنية والتنفيذية لدى صاحب العمل  46,49 ميم
3 

 وفر الموارد من مواد وعمالة ومعدات لتنفيذ العمل وتخصصيا وقربيا من موقع العمل مدى ت 46,44 ميم
4 

 وحجم الأعمال المراد إحالتيا بعيدة مقاولين ثانويين .وعدد الأبنية حجم المشروع اليندسي  45,58 ميم
5 

  طبيعة المشروع وموقعو وعلاقتو بالأبنية المجاورة مع تحديدات موقع العمل 45,38 ميم
6 

 .الابنية  وشكلدرجة التعقيد في التصاميم اليندسية   
7 
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 مدى توفر المساحات المطموبة لخزن المواد ونصب المعدات اللازمة لمتشييد  
8 

 مجموع الأوزان المعيارية لمعوامل 400 

 

 : الأسباب التي تعيق انتشار تطبيق اسموب التنفيذ المتسارع 

 ىميةالأ الوزن المعياري  الأسباب ت
 ميم 88,84 احتمالية تحمل صاحب العمل لمجازفة عالية في الكمفة   4

 ميم 80,73 عدم توفر الخبرة المطموبة في فعاليات تنسيق الأعمال  8

 ميم 80,33 تطمب تحمل صاحب العمل مسؤولية إدارية كبيرة  3

 ميم 48,54 نعدم وجود صلاحيات واسعة للإدارة لمتعاقد مع مقاولين متخصصين متعددي 4

 ميم 48,88 الإجراءات الروتينية السائدة  5

   عدم وجود مقاولين ومعماريين ذوي خبرة في ىذا الاسموب  6

   عدم إمكانية تأسيس ميزانية واقعية حيث تبقى الكمفة مفتوحة النيايات 7

   اعتماد مبدأ الغرامات ألتاخيرية  8

   قمة المنفعة المالية المباشرة  9

  400 موع الأوزان المعيارية للأسباب مج

                                                                                    

 : الوسائل والأساليب التي تسيطر عمى مدة التنفيذ وتساعد عمى تقميص الفترة الزمنية 

 
 ت الوسائل والاساليب الوزن المعياري الأىمية

 4 فير إشراف ىندسي موقعي واستشاري عالي وتوفير المتابعة في تحميل الانحرافات ومعالجتياتو  6,95 ميم

 8 استخدام قيادات ىندسية كفوءة في الموقع والمكتب الرئيس 6,63 ميم

 3 توفير الخبرة والكفاءة لدى الكوادر اليندسية لجعل التصاميم اكثر انسيابية  6,5 ميم

 4   في الوقت المحددلإنجاز بعض الفقرات الخاصة  الماىرة وغير الماىرة الفنية المتخصصةتوفير الكوادر  6,37 ميم

 5 توفير المخططات ووثائق التعيد في الوقت المطموب  6,37 ميم

 6 توفير المواد الأولية وفق الجدول الزمني المتفق عميو  6,46 ميم

 7 لأعمال تقميص حجم التغييرات في المخططات وتنفيذ ا 6,45 ميم

فيامو إلى المنفذين وعدم تعقيد التصاميم 6,44 ميم  8 فيم المشروع وا 

 9 رفع الروح المعنوية لمعاممين من خلال منح الحوافز والمكافئات التشجيعية 6,44 ميم

 40 منع الاختناقات والانقطاعات في العمل والالتزام بالجدول الزمني  5,89 ميم

 44 قاولين والعمل عمى تداخل أعماليم بدون التقاطع بينيم التنسيق بين الم 5,83 ميم

 48 تسييل اسموب التسديدات المالية وتوفير سيولة نقدية كافية  5,55 ميم

 43 إيجاد البدائل لبعض الفقرات الإنشائية بسرعة  5,34 ميم

 44 رفع الغموض والاختلاف عن الوثائق والمخططات  5,48 ميم

 45 دأ المنافسة بين القطاعات والمراحل اعتماد مب 4,98 ميم
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 46 السيطرة عمى أعمال المقاولين الثانويين  4,97 ميم

 47 مضاعفة ساعات العمل  4,97 ميم
 48 اعتماد مبدأ الغرامات ألتاخيرية   

صلاحيا بسرعة     49 صيانة الأجيزة والمعدات وا 

 80 ي داخل وخارج المنشأالسيطرة عمى الظروف الجوية من خلال تنسيق العمل ف  
 مجموع الأوزان المعيارية لموسائل والأسباب  400 

 
 : الإداري المقترح وتقويمو بناء النظام *

, الا رذ ايا  للمرذ ريكا لدع الت فيذ المت ذ ر  اختي ر م  خلا  التحلي  الد يم للمح دلا  ال اميا الم تخدما فا 
   ل ي ط الت ليا : يمة  تحديد أه  المميزا  لتلك المح دلا 

  .الاعتم د عل  الخ رع الرخصيا لفريم الإ ر    صدرع راي ا 
  ا لدع الت فيذ المت  ر ة    الرغ ا فا ال د  الم ةر   لت فيذ م  أه  العدام  المؤقرع فا اختي ر. 

 تدفر الدق ام اة ر تأقير فا اختي ر ا لدع الت فيذ .عد  ة   ل 
 المترافيا مك تلك المح دلا  فها :  ام  اه  العيدع اد  ي ط الضعف

  عد  الا تف دع م  خ رع مي دلا اليط   الخ ص فا المي دلا  الراي ا  . 

  الصلاحي    الخ رع د   ا تخدا  الإدارع الإ ر ايا لادارع المر ريك م  خلا  مدافي  حةدميي  يفتيرد  إل  

 .  ا خف   م تد  التخطيط الم تخد 

 مر ريك الإ ر ايا مم  يضعف عمليا التغذيا العة يا للمعلدم   ضعف عمليا التدقيم فا ال.  
 . عد  دجدد ضدا ط معتمدع لا تخدا  ا لدع الت فيذ المت  ر  فا المر ريك 

 

 : تشييدأسموب التنفيذ المتسارع في مشاريع قطاع الاختيار إقتراح نظام إداري لقواعد   *
اهذدر هةذذا لدع الت فيذ المت  ر  إل  دا ك الح     ذ ع الح جذا إلذ  ا  اختي ري ت د ال ا   الميترح    اه ليداعد 

 . فا اختي ر ا لدع الت فيذ دعد  الاعتم د عل  الارا  الرخصيا ال حتا علما دادار   ا   
 ت حصر المداصف   المؤم  أ  يتمتك  ه  ال ا   الميترح دالتا تضم   ج حه فا  دعي  هم  : 

 (1::5ال ي تا ,  )تمتك  ه  أ   ا   ميترح دها : : التا يجع أ  ي المواصفات العامة *
 التة م  : ديع ا الت  يم  ي  الأ اما الفرعيا لغر  تحييم الدحدع دالترا ط  ي ه  . - أ
 الا لدع العلما : ديع ا ا تخدا  الأ  ليع العلميا ع د إ ج ز هذه ال ا   رة  ة م  دمعيد . - ع
 التي يا الحديقا للم  عدع فا ت فيذ ال ا   ة لح  دع .التة دلدجي  : ديع ا ا تخدا   -  

 : التا يجع ا  يتمتك  ه  ال ا   الميترح   لذا  دها : المواصفات الخاصة*
 أ لدع الت فيذ الم   ع الا لدع الأمق  لاختي ر  تحييم افض  ف ادع م ديا إل  ص حع العم  م  خلا  - أ

 ا تدا  م  الفةرع  إل  ا   د   ممة  د إمة  يا اختص ر د   العمليا الإ ر ايا للمرر  - ع
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 لتغييرا  دالم تجدا  الم تي ليا ا دفم ا  الم    الاتخ ذ اليرار ص حع العم  لتدفير المرد ا الة فيا  -  

 تحييم القيا   ل ا   الميترح م  خلا  الد ا المطلد ا لعمليا الت فيذ   - ث

 
 متطمبات استخدام النظام المقترح :  *

  علذذ  ضذذردرع ا تحضذذ ر دتهياذذا متطل  تذذه فذذا الد ذذ  الم   ذذع , دعليذذه ي ذذتدجع معرفذذا يعتمذذد  جذذ ح أ   اذذ 
المتطل    التا يحت جه  ال ا   الإدار  الميترح فا تط ييه لةا يحيم م تغ ه , ديمة  أ   حدد المتطل    الت ليا 

 ةضردرع فعليا لتط يم ال ا   م  خلا  تحلي  ال ا   الميترح :

  يرا أد معيدا .أ  يةد  المررد  ة 
  ت ايمه . م  داخ  الهية  الت ايما لص حع العم  أد م  خ ر للمررد  تهياا إدارع إ ر ايا 
   إعذداد درا ذذا لجميذك العدامذذ  المذذؤقرع فذا تحديذذد الفتذرع الزم يذذا للت فيذذذ أد الم ذ  ا لتذذأخير العمذ  فذذا المرذذرد

عداد دتهياا د  ا  اختزاله  , دتهياا درجا الأهميا ال     يا لة  ع م  م  تلك العدام  .دا 

  دت  عد علذ  تيلذيص الا ر ايا إعداد ددرا ا الد  ا  دالأ  ليع التا ت يطر عل  مدع الت فيذ فا المر ريك
 الفترع الزم يا دالتا يمة  ا تخدامه  .

 .  درا ا العدام  المؤقرع فا تحديد ا لدع الت فيذ , دتهياا درجا الأهميا ال   يا لتلك العدام 

 رفا العدام  المؤقرع عل  ا تخدا  ال ا   الميترح م      م تخد  ال ا   . مع 

 
 صياغة ىيكمية النظام المقترح : *
 تعريف المشكمة  : المرحمة الأولى *

يذذت  فذذا هذذذه المرحلذذا تعريذذف دتحديذذد المرذذةلا  يذذد الدرا ذذا ددضذذك صذذي غا داضذذحا دمحذذددع لا ع دهذذ  د ط  هذذ  , 
أ لدع الت فيذ المت  ر  الذ  رذ   ا ذتعم له أخيذرا فذا  اختي ردد  ا   ادار  ليداعد دالتا تمحدر  حد  عد  دج

 عد  ا تيرار ال دم لاليط   الع   فا العرام لملاامته للمر ريك الة يرع دالمعيدع د 

 

  لدع الت فيذ المت  ر  لأدرا ا العدام  المؤقرع عل  الع  صر الأ   يا :  المرحلا الق  يا* 
 م يلا : يت  مرحلا فا هذه الد 

  ها العدامذ  المذؤقرع تحديد الع  صر الأ   يا المةد ا لفع ليا تط يم ا لدع الت فيذ المت  ر  دالمؤقرع عليه  د
دالا ذذذ  ع المعييذذذا جذذد  إلذذذ  أ ذذلدع الت فيذذذذ المت ذذ ر  للمرذذذرد  د ذذذ ع الل لااذذ اختيذذذ ر ا ذذلدع الت فيذذذذ المفذذا 

 لا تر ر تط يم الا لدع 
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 يير دالعدامذ  المذؤقرع علذ  تلذك الع  صذر الأ   ذيا ةذ  علذ  ا فذراد مذ  اجذ  الدصذد  إلذ  درا ا جميك المعذ 
 حذذذ ث ال اريذذذا جمذذذك المعلدمذذذ   الخ صذذذا دتحديذذذد الأهميذذذا ال  ذذذ يا لتلذذذك العدامذذذ  مذذذ  خذذذلا  الدرا ذذذ   دالأ

 :لتحديد دفم أهميته  دتأقيره  عل  دالدرا ا الميدا يا لإع دع ترتيع تلك العدام  
 ختي ر أ لدع الت فيذ .مع يير ا 
 .  مع يير اختي ر ا لدع الت فيذ المت  ر 
    ح ذذ ع الذذدز  المعيذذ ر  لتذذأقير ةذذ  ع مذذ  مذذ  هذذذه العدامذذ  علذذ  حذذدع  عذذد ا ذذتخدا  معيذذ ر مدحذذد لذذدرج

ت  ا تخدا  خمس درج   تيديميذا هذا ) ضذعيف دمي ذد  دجيذد دجيذد جذدا دممتذ ز ( دتدضذح  حيثالأهميا 
لذذا الأهميذذا ال  ذذ يا للعدامذذ  ددز هذذ  المعيذذ ر   عذذد تحديذذ  تلذذك المعلدمذذ   دالذذدرج   الجذذداد  فذذا هذذذه المرح

 التيديميا إل  أر    يمة  التع م  معه  دفم معي ر مدحد للمي ر ا .

 
 تحديد العدام  المؤقرع فا اختي ر ا لدع الت فيذ :* 
 فيذ الم   ع دمتطل ذ   دمعذ يير تط يذم جمك المعلدم   الخ صا   لعدام  المؤقرع عل  اختي ر أ لدع الت د ت  د 

 الدرا ذذذذا ال اريذذذذادالا ذذذذ  ع التذذذذا تعيذذذذم ا ترذذذذ ر ا ذذذذلدع الت فيذذذذذ المت ذذذذ ر  مذذذذ  خذذذذلا  أ ذذذذلدع الت فيذذذذذ المت ذذذذ ر  
دةمذ  درد  داع دع ترتي ه  عل  دفم أهميته  دتأقيره  فذا ضذد  الخ ذرع دالدا ذك العملذا  ت ي   الميدا ا حدله  الاد 

   (5-5فا الفيرع )
 م  متطل    ا تخدا  ا لدع الت فيذ المت  ر  التا ت  التدص  إليه  فها : أ

 إعداد الدرا    الأدليا ددرا    الجدد  الف يا دالم ليا دالا تص ديا لة  المررد  مدحدع .ضردرع   (5
  .تخمي  ةلفا د يم للحف ا عل  ميزا يا المررد  إجرا    (1

 .لمررد  المتة م  لمتدازيا الإ ر   الفه  ة م  در م  لتف صي  عمليا   (5

    يا .لاع  صر أالد دالاجزا  مراح  مجمدعا م  الإل  مررد  تجزاا ال  (4

دالييذ   المتعذددع تدفير الخ رع لد  ص حع العم  دالا ترذ ر  فذا مجذ   تجزاذا الميزا يذا الةليذا علذ  العيذدد  (0
ةلفذذا ل ر ذذ م  التصذذمي  دالإ رذذ    ذذيطرع  ر ذذ م   أعمذذ   التصذذمي  للمجذذ ميك المتعذذددع دالم ذذ عدع فذذا تذذدفير 

 لمح فاا عل  ميزا يا المررد  الميرع.م  اج  االمتداخ   رة  فعّ   
دجذذذدد فريذذذم إدارع للمرذذذرد  محتذذذرف دمذذذتمة  ف يذذذ  داداريذذذ  د ذذذد  د ذذذ در علذذذ   رمجذذذا العمذذذ   صذذذدرع ممتذذذ زع  (5

لذزم  دال ذعر المتفذم عليذه,   لطرييا التا تضذم  جذددع الادا  علذ  دفذم االمتعددي    لت  يم مك المي دلي  
  عملي   الإ ر   المختلفا للمج ميك المختلفا مك التغذيا العة يا ت  يم تهت   د 

  لدع  لاح تط يم االتا تعت ر أحد أه  أددا   ج لفريم ادارع المررد  د تدفير الصلاحي    (8
 ة ملازي دع حج  الت  يم دالترا ط فا ت فيذ تلك المي دلا  دالتع م  معه  ةدحدع مت (9
 . (0درد فا الفيرع )مع يير تط يم ا لدع الت فيذ المت  ر  ةم   د د ت  تحديد 
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 تحديد العدام  المؤقرع عل  المدع الزم يا للمررد  :* 
لم  ة   الهدف الأ   ا لأ لدع الت فيذ المت  ر  هد ال يطرع الزم يا داختزا  دتيليص مدع ت فيذ المررد  الةليا 

الت فيذ  الأ ر  أد الأةقر ا تص دا     ا عل  متطل    المي دلا عليه يتدجع درا ذا العدامذ   دت ي   ا ه الا لدع
المذذؤقرع علذذ  المذذدع الزم يذذا لغذذر  التع مذذ  معهذذ   ويج  يذذا فذذا مح دلذذا تحييذذم الهذذدف الراي ذذا لأ ذذلدع الت فيذذذ , 

 دلذلك يتدجع ت ي   م يلا :
 مه  . الاحتي ج   م  المداد الإ ر ايا دتداريخ ا تلا (5
 م تد  ا تخدا  الأيد  الع ملا دالمعدا  دالمة ا  دأد  ته  .  (1
 تداريخ الح جا إل  ا تخدا  المي دلي  الق  ديي  .  (5
 تدفير طرييا  ريعا لح  ع الةلف دالمص ريف المرافيا لت فيذ فيرا  المي دلا الإ ر ايا .  (4

 
لع صر المه  الذ  يعم  عل  يعت ر ا  ذال الت فيذ  زمالعديد م  العدام  المؤقرع عل  عمليا تخمي   ارا لدجدد 

ع الزم يذذا دالتذذا يجذذع تجهيزهذذ    ذذ  ال ذذد  مذذدعليذذه يجذذع درا ذذا أهذذ  المتطل ذذ   لا جذذ ح عمليذذا تخمذذي  ال اختزالذذه,
   لمررد  أد خلاله  حيث لا تؤقر  رمجته  عل  د   إ ج ز الفيرا  المختلفا دلاتعر   ت فيذه  دها :

  مراح  يةم   عضه   عض  فا ح لا ة ر حجمه , دتي ي  العم  فا مراحذ  المرذرد  إلذ  تي ي  المررد  إل - أ
 يفا أد الح جا الآ يا أد المه ا مج ميك د ط ع   داجزا  محددع يت  إ راره      ا عل  المد ك أد الدا

   ذذع   ذذ  تجهيذذز جميذذك الدقذذ ام لتلذذك المجذذ ميك دالأجذذزا  التذذا تذذ  إ رارهذذ   رذذة  داضذذح دمفهذذد  فذذا د ذذ  م - ع
الم  ررع   لعم  لة  جز  أد مرحلذا , د رمجذا تيذديمه   حيذث لا تذؤقر علذ   ذرعا إ جذ ز العمذ  أد  دعيتذه أد 

 التداخ  مك  ييا الأجزا  دالمج ميك دالمي دلي  فا ح لا الم  ررع   لت فيذ     إةم   الدق ام .
  لعدد دال دعيا دالمدعد المحدد  ملا  إعداد جدد  زم ا لت مي  مدارد المررد  الأ   يا م  الأيد  الع -  
دضك جدد  زم ا لتدفير المة ا  دالمعدا  دالأجهزع المطلد ا فا عمليا ت فيذ المررد  الق  تا دالمتحرةا مذك  - ث

 الأق ث دالمدع اللازما ل ي اه  فا المد ك .

داد المطلد ذذا دمصذذ دره  دضذذك  ر ذذ م  زم ذذا لتدريذذد المذذداد الأدليذذا دخز هذذ    ذذ  الم  رذذرع   لعمذذ  , دمعرفذذا المذذ -  
 دمد   ر ه  م  مد ك المررد  أد ا تيراده  م  خ ر  اليطر م  ي  . 

 إعداد  ر  م  ال يدلا ال يديا المطلد ا لتمدي  المررد  . - ح

إعذذداد مخطذذط مد ذذك العمذذ    ذذ  الم  رذذرع دت يذذ   مدا ذذك الأ  يذذا دالم رذذ   الدااميذذا دالمؤ تذذا الإداريذذا دالخذذدم    - خ
    ي  المداد دحرةا الع ملي  . دالمخ ز  دم  را

 ت مي  الحد الأد   م  د  ا  الاتص لا   ي  مد ك العم  دالم تدي   الإداريا المختلفا . - د

ت ايف المد ك م  المعد    الط يعيا دالاصذط  عيا   ذ  الم  رذرع   لعمذ  , أد الا ذتمرار فذا عمليذا الإخذلا   - ذ
 جته  عل   رمجا العم  .للمد ك م  الرداغ  دالمعد     حيث لا تؤقر  رم

 .المررد  لجع  العم  فا المررد   هلاللع ملي  فا ت مي  الخدم   الضردريا الدااميا دالد تيا  - ر
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 المرحلا الق لقا : مرحلا ح  ع درجا الأهميا ال   يا للعدام  المؤقرع :* 

درد فذا  ا دةمذ  ال اريا دالميدا يذ  عد تحديد العدام  المؤقرع فا تط يم ا لدع الت فيذ المت  ر  م  خلا  الدرا ا
, يذذت  فذا هذذذه المرحلذا تحديذد المعذذد  التةذرار  لتلذذك العدامذ   مدجذع الا ذذت ي   الميذدا ا دجذذددلته  المرحلذا الق  يذا

 رةله  ال ه اا لغر  تيدي  تأقير ة  ع م  م  تلك العدام  المؤقرع , حيث يت  ا ذتخرا  درجذا الأهميذا ال  ذ يا 
علذ  م ذتد  الح صذلا خلا  الاعتم د عل  المعد  التةرار  للعدام  دتيديمهذ  داعت ذ ر العدامذ  لتلك العدام  م  

 تيدي  جيد جدا ذا  درجا أهميا مهما . 
 
  لدع المت  ر لاا اعتم د/      هيةليا ال ا   الميترح لدرا ا إمة  يا الرا عاالمرحلا  *

ر  هد المدافيذا علذ  ا ذتخدا  ا ذلدع التصذمي  دالإ رذ   أد إ  الأ  س فا إمة  يا اعتم د ا لدع الت فيذ المت  
(, دلة ذذه  ذذد ي ذذمح 5اختيذذ ر  اذذ   الميذذ دلا  المتعذذددع مذذك ا ذذلدع الإدارع الإ رذذ ايا دةمذذ  مدضذذح فذذا الرذذة  )

 تدجيه ا لدع الت فيذ  حد غير ذلك , فهد  د ي مح    تخدا  الإدارع الإ رذ ايا  ذدد  أ ذلدع الت فيذذ المت ذ ر  , 
يع ذذذا دجذذذدع معرفذذذا مذذذد  تذذذدفر المتطل ذذذ   التذذذا ت ذذذمح    ذذذتخدا  الت فيذذذذ المت ذذذ ر  دمذذذد  الح جذذذا إلذذذ   ممذذذ 

ا تخدامه عل  دفم مجمدعا م  الأ الا تمق  مع يير الا تخدا  دالتا تةد  الإج  ا عليهذ  مذ  خمذس درجذ   
 ( 5دةم  مدضح فا الرة  ) ,  أرير إليه     ي  فا الا ت ي  تيديميا ةم

 
 لأ الا المعي ريا فها : أم  ا

 ه  المررد  ة ير أد ا ه معيد التصمي  ديحت   إل  تي يا ع ليا متطدرع ؟  (5
ه  ه  ك ح جا ملحا لتدفير الد   دالم  ررع  أعم   الت فيذ     إةم   التص مي  ةدجدد تضخ  مذ لا أد  (1

 ؟ح جا آ يا أد  يا إل  ا تعم   الم رأ  صدرع م ةرع أد عد  ا تيرار ال دم 
ميذذذ د  التصذذذمي  دالإ رذذذ   أد  داهذذذ  تتذذذدفر الإمة  يذذذا لذذذد  ممقذذذ  صذذذ حع العمذذذ  ) الإدارع الإ رذذذ ايا (  (5

عل  تي ي  العم  فا المررد  إل  مراح  تتع  ع فا ع  صره  الت فيذيا إ ذدع   لعمليذا الت فيذيذا المصم  
 التيليديا ) ال رمجا , التصمي  , تطدير التصمي  , الدق ام , العط   ( ؟

هذذذ  تتذذذدفر اليذذذدرع علذذذ  الا ذذذتمرار   لتصذذذمي  دالت فيذذذذ معذذذ  عذذذ  طريذذذم تذذذداخ   رذذذ ط   المذذذرحلتي     ذذذع  (4
 ؟ لجه   المصمما دالجه   الم فذعمختلفا تختلف م  مررد  لآخر لد  ا

ه  تتدفر الإمة  يا لد  الجها الم ؤدلا ع  التصمي  لإ ه    ع  ع  صر التصمي  م ةرا مقذ  تصذمي   (0
    تلك الجها مي د  التصمي  دالإ ر   أد المصم  ؟الأ س  دا  ة 

 ه  تتدفر اليدرع عل  إدارع عدع عيدد م فصلا فا  فس الد   ؟  (5
هذذ  يذذتمة  الم ذذؤد  عذذ  العمذذ  مذذ  التع  ذذد م  رذذرع مذذك الميذذ دلي  المتعذذددي   ذذدا  ةذذ   ميذذ د  التصذذمي   (8

 دالإ ر   أد ص حع العم  دم  يخدله ؟
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د  عدع صحيحا للتصمي       د  الر د  الترغيليا مك دلي  ةلفا لضم    ه  ه  ك إمة  يا لدضك مررد (9
 عد  تج دز الميزا يا الحددد الميررع له  ؟          

 
 ديتطلع المدافيا عل  ا تخدا  ا لدع الت فيذ المت  ر  عدع محددا  ها : 

% ( إذ إ  مذذ   05)حصذذد  المعيذذ ر الأد  مذذك المعيذذ ر القذذ  ا  صذذدرع متة ملذذا علذذ  تيذذدي  لاييذذ  عذذ   - أ
الممةذذ  أ  يةذذد  تيذذدي  المعيذذ ر الأد  ضذذعيف  دالمعيذذ ر القذذ  ا جيذذد جذذدا مقذذ  ةذذد  المرذذرد  غيذذر معيذذد 

 دلة ه يحت   إل  تدفير الد   .
 % ( . 05الحصد  عل  تيدي  لة  معي ر م  المع يير ال تا الأخيرع  صدرع م فردع لايي  ع  )  - ع
%( ةحذذذد أد ذذذ  يمقذذذ  تطذذذ  م معذذذ يير ا ذذذتخدا  ا ذذذلدع  85عذذذد  )حصذذذد  التيذذذدي  العذذذ   للمعذذذ يير علذذذ  م -  

 الت فيذ المت  ر  مك ا لدع التصمي  دالإ ر   أد الإدارع الإ ر ايا مك الت فيذ المت  ر  . 
%( ف  ذه يع ذا عذد   85-05فا ح لا عد  تحييم ذلك دحصد  التيدي  العذ   علذ  معذد  ي حصذر  ذي  ) - ث

أ لدع ت فيذ المررد  دعلي   اللجد  إل  أ لدع الإدارع الإ ر ايا م فردع تدافم أ لدع الت فيذ المت  ر  مك 
 أد مك ا تخدا  ا لدع التصمي  دالإ ر   .

% ( يت  اللجد  إل  الأ ذلدع التيليذد  ) الميذ د   05) ا   م فا ح لا حصد  التيدي  الع   عل  معد   -  
 ا لدع التصمي  دالإ ر    دد  ت  ر  . داالع   ( 

 
 النظام المقترح : تقويم -

يهذذدف تيذذدي  ال اذذ   الميتذذرح إلذذ  التأةذذد مذذ  مط  يتذذه للحيذذ ام د  دلذذه لذذد  الجهذذ   الإ رذذ ايا التذذا تحت جذذه, دمذذ  
 د التيذذدي  علذذ  دفذذذم اجذذ  تيذذدي  ال اذذ   الميتذذذرح د يذذ   أهميتذذه دةف اتذذه دد تذذذه د ذذهدلا ا ذذتخدامه , فيذذد تذذذ  اعتمذذ

 التا ت تخد  ا لدع الت فيذ المت  ر  ك مر رياحد الالتط يم العملا لل ا   عل  
اختي ر مررد  م   ا ةليا العلد  / ج معا  غداد لغر  تط يم ال ا   الميترح لةد ه مذ زا  فذا طذدر الت فيذذ , ت  

الةقيذر مذ  الأعمذ     دأ جذز جها ف يا دعلميا معردفذا  ذ م ا  تع  ذد  دلةد  ص حع العم  فا ذلك المررد  
تلك الدرايا دالخ رع لادارع مراحذ  العمذ  المختلفذا ة فذا , دمذ  خذلا  مت  عذا ةيفيذا تط يذم خ ير يم ادالمر ريك ده

  : هاتيدي  إج     الأ الا القم  يا ا  ال ا   الميترح عل  المررد  يمة  أ   دضح 
%( لةذذد  المرذذرد  ة يذذر دلة ذذه غيذذر معيذذد التصذذمي  دلايحتذذ   إلذذ  05يعذذ د  )دهذذد التيذذدي  الأد  ) جيذذدا (  (5

 ي يا متطدرع .ت
%( للح جذذا الملحذذا لتذذدفير الد ذذ  دالم  رذذرع   ذذ  إةمذذ   التصذذ مي  5:التيذدي  القذذ  ا ) ممتذذ زا ( دهذذد يعذذ د  ) (1

 إل  ا تعم   الم رأ  صدرع م ةرع ح جا آ يا ددجدد   عد  ا تيرار ال دممك  دجدد تضخ  م لال
الذ   ع الإ رذ ايا علذ  تي ذي  العمذ لذد  الإدار %( لتذدفر الإمة  يذا 5:يعذ د  )هذد ( د ا ممت ز  التيدي  الق لث ) (5

 تتع  ع فا ع  صره  الت فيذيا إ دع   لعمليا الت فيذيا التيليديا مراح  داجزا  
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علذذ  %( لتذذدفر اليذذدرع لذذد  الجهذذ   المصذذمما دالجهذذ   الم فذذذع 5:التيذذدي  الرا ذذك ) ممتذذ زا ( دهذذد يعذذ د  ) (4
    ر ط   المرحلتي     ع مختلفا الا تمرار   لتصمي  دالت فيذ مع  ع  طريم تداخ

 عذذذذ  ع  صذذذذر  %( لتذذذذدفر الإمة  يذذذذا لذذذذد  المصذذذذم  لإ هذذذذ  5:التيذذذذدي  الخذذذذ مس ) ممتذذذذ زا ( دهذذذذد يعذذذذ د  ) (0
 مق  تصمي  الأ س التصمي  م ةرا 

علذذذ  إدارع عذذذدع عيذذذدد %( لتذذذدفر اليذذذدرع لذذذد  الإدارع الإ رذذذ ايا 5:التيذذذدي  ال ذذذ دس ) ممتذذذ زا ( دهذذذد يعذذذ د  ) (5
 .فس الد   م فصلا فا  

 %( لتمة  الإدارع الإ ر ايا م  التع  د م  ررع مك المي دلي  المتعددي  5:يع د  )د التيدي  ال   ك )ممت ز(  (8
دضذك مررذد د  عذدع صذحيحا للتصذمي    ذ   ذد  %( لتذدفر إمة  يذا 05التيدي  الق م  ) جيدا ( دهد يعذ د  ) (9

  درجا جيد .د ا يا الحددد الميررع له  الر د  الترغيليا مك دلي  ةلفا لضم   عد  تج دز الميز 
 د مدجع ال ا   الميترح فيد حصل  المدافيا عل  ا تخدا  ا لدع الت فيذ المت  ر  لتدفر المحددا  الت ليا :

 (  85حصد  المعي ر الأد  مك المعي ر الق  ا  صدرع متة ملا عل  تيدي  ) %< (05. )% 
  ( . 05)   >عل  تيدي  حصد  ة  معي ر م  المع يير ال تا الأخيرع % 
 (  95حصد  التيدي  الع   للمع يير عل  معد )%< (85  )% 

دهذذذذا يع ذذذا تطذذذ  م معذذذ يير ا ذذذتخدا  الإدارع الإ رذذذ ايا مذذذك ا ذذذلدع الت فيذذذذ المت ذذذ ر  , مذذذك إ ذذذرار  اذذذ   الميذذذ دلا  
 دهد الدا ك الفعلا الذ  تؤيده الادارع الا ر ايا لص حع العم  المتعددع 

 
 تاجات : الاستن -

 تذذذ ا  تحليذذذ  الم ذذذح الميذذذدا ا لمجذذذ ميك العدامذذذ  المذذذؤقرع فذذذا تط يذذذم ا ذذذلدع الت فيذذذذ د فذذذا ضذذذد  الدرا ذذذا ال اريذذذا 
 فيد ت  التدص  إل  مجمدعا م  الا ت ت ج   الخ صا  ودارع المر ريك المت  رعا دةم  يلا : المت  ر 

علذذ   ذذد  داحذد مذذ  أ ذذدا  التخطذذيط  دجذدد ضذذعف داضذذح فذذا مجذ   التخطذذيط للميذذ دلي  مذذ  خذلا  الاعتمذذ د -5
هم   مجذ لا  التخطذيط الأخذر  المتعليذا  Bartcharالع   الذ  يتعلم   ل رمجا الزم يا للفيرا  دي م   , دا 

   لا تخدا  الأمق  للمدارد ال رريا أد المدارد الأخر  دا تخدا  ال داا  دتح ي  ال دعيا .
غلذع تلذك العيذدد تعمذ  ت فيذذ االتذا تيذد   دامذ  الجهذا الم فذذع د  ف ادع تي ي  المررد  إل  أجزا  دعيذدد م ع -1

 مع  عل  الرغ  م  ةد ه  عيددا مختلفا . ه ا  ر ط تعل   رمج
الأعمذ     ذ  إةمذ   تصذ ميمه  دمخطط تهذ  مذ  خذلا  جذدد  ةميذ   تيري ذا فذا المراحذ   ت فيذ  ع إح لا  -5

 .مت  ر  هد اجرا  خ طة ي ة ال  الا لدعلاحي  دت ميته ت فيذ الأدل  للت فيذ ديعم  عل  تصحيحه 
عذد  إرذراك اليطذذ   الخذ ص فذا الت ذذ فس دالاعتمذ د علذ  اليطذذ   العذ   فيذط اضذذعف الت ذ فس الف ذا دالةلفذذد   -4

 ليط   الع   .لد ل  م  إمة  يا ا تيدا  مي دلي  أد ا تر ريي  أةف   غير مرت طي    لإجرا ا  الردتي يا 

 الأ   يا لذلك دها :   يجع تدفير  ع  المتطل    ع الت فيذ المت  ر م  اج   ج ح تط يم ا لد   -0
 . إعداد الدرا    الأدليا ددرا    الجدد  الف يا دالم ليا دالا تص ديا لة  المررد   صدرع مدحدع 
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   تخمي  ةلفا العم   أدم م يمة  م  اج  الحف ا عل  ميزا يا المررد.  

 ا إ ر   المررد  المتة م  .الفه  الة م  دالر م  لتف صي  عملي 

 .  تجزاا التصمي  إل  مراح  دع  صر أ   يا متدافيا مك هيةليا تجزاا العم  للمررد 
 . تدفر الخ رع لد  ص حع العم  دالمعم ر فا مج   تجزاا الميزا يا الةليا عل  العيدد المتعددع 
  عمليا التغذيا العة يا .  لمررد  عملي   الإ ر   المختلفا للمراح  داليط ع   مكاإدارع ر ط 
   تدفير الصلاحي   لإدارع المررد  لاعت  ره  أحد أه  أددا   ج ح تط يم ا لدع الت فيذ المت  ر 

, اد  الذذ   الذذذ  تذذت  إح لذذا الأعمذذ    مدج ذذهضذذعف آليذذا ت ذذعير الفيذذرا  غيذذر المدرجذذا فذذا جذذدد  الةميذذ    -5
  الت فيذ المت  ر  اضعف ا لدعد ك الفيرا  اهدر الةقير م  الخلاف   حد  ا لدع تحديد  عر تل

أدضذذذح التيذذذدي  التط ييذذذا دالا ذذذت ي  ا ةفذذذ  ع ال اذذذ   الميتذذذرح فذذذا ال حذذذث دأهميتذذذه فذذذا تجذذذ دز ح لذذذا الضذذذعف  -8
 داليصدر  الا هرع فا المح دلا  ال اميا المعتمدع ح لي  .

 
 التوصيات : -

 :  فا ضد  ال ت ا  المتحييا م  ال حث يدصا ال  حث  م  يلا

رذذراك المه د ذذي  دالف يذذي   تلذذك الذذددرا  لتطذذديره  درفذذك م ذذتداه  العلمذذا  -5 ضذذردرع إعذذداد ددرا  تطديريذذا دا 
دالف ا  م  يتلاا  مك التطدر الح ص  فا العلد  اله د ذيا دخ صذا فذا مجذ   التخطذيط دال رمجذا دال ذيطرع 

  أرة له  دم ه  ا تخدا  ا لدع الت فيذ المت  ر  .
 للمعلدم   فع لا التدقيم فا المر ريك الإ ر ايا دتحييم تغذيا عة يا الاهتم    عمليا  -1
الاهتمذذذذذ    ذذذذذودارا  المرذذذذذ ريك دتذذذذذأهيله  ةييذذذذذ دا  ه د ذذذذذيا ةفذذذذذد ع فذذذذذا المد ذذذذذك الحيلذذذذذا دالمرةذذذذذز دمذذذذذ حه   -5

 الصلاحي   اللازما لغر  ت فيذ العم    ج ح متج دزي  المعد    دالإجرا ا  التيليديا دالردتي يا .
ا لدع الإدارع الإ ر ايا لإدارع عملي   المررد  التصميميا دالت فيذيا  ذدا  ةذ   ذلذك عذ  طريذم ا تخدا    -4

, أد م  خلا  اعتم د اليطذ    خلم إدارع إ ر ايا تخصصيا م  اليط   الع   مزددع   لصلاحي   الم    ا
 الخ ص الخ ير. 

فا   ديت   ع مك الح لذا الاجتم عيذا اعتم د  ا   محفزا  متة م  دةفد  ي  عد فا صرف الحدافز دالمة  -0
دالقي فيا دالم تد  المع رذا لسيذد  الع ملذا لترذجيك العذ ملي  دالإ ذرا   عمليذا الت فيذذ , درفذك ردح الا تمذ   

     لأر  ح المتحييا م  التدفير لد  المه د ي  دالف يي  دمت  عته  للت فيذ م  خلا  إرراةه
 ليا التخطيط م  خلا  م يلا :ال د  م ةرا   لا تخدا  الامق  لعم -5

  دضك خطا  ه ايا للمرذرد  متفذم عليهذ  تذتلاا  مذك اذردف العمذ  دالرذردط الع مذا دالخ صذا المطلد ذا
مة  يذذا الميذذ دلي  القذذ  ديي  فذذا ت فيذذذه  ضذذم  الد ذذ  المحذذدد  دمذذك متطل ذذ   صذذ حع العمذذ  الزم يذذا دا 

  ر  ه يا تخطيط الةلفا مك  د  الت فيذ دتتلاا  مك حج  المدارد دال يدلا ال يديا المتدفرع دتعت
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  دضك خطا محدددع الأمد مفصلا للعمليذ   الت فيذيذا الداجذع الييذ    هذ  تذرت ط زم يذ  مذك الخطذا الزم يذا
 دلا تخر  ع ه  د د تةد  لفترع زم يا محدددع أد لفيرع عم  محددد 

 ذذا حجذذ  العمذذ  دمعذذدلا  دضذذك خطذذا ال ذذيطرع الزم يذذا علذذ  د ذذ  ت فيذذذ المرذذرد    لاعتمذذ د علذذ  درا 
الادا  للعذذذذ ملي  دالآليذذذذ    مدجذذذذع متطل ذذذذ   صذذذذ حع العمذذذذ  ددضذذذذك  رمجذذذذا زم يذذذذا راي ذذذذيا للمرذذذذرد  

 دمفصلا للفيرا  يت  تحديقه  رهري  ا ت  دا إل  المعلدم   المتدفرع م  المت  عا الميدا يا للعم . 
 مذ   الم ليذا دالمصذردف   دمي ر ذا دضك خطا  ا   ض ط الةلفذا د ذيطرع الةلفذا لت ذجي  دتيذدير الالتزا

المخم ا داليي    التة ليف ال  تجا مك الزي دا  فا تيديرا  الةلفا دض ط التة ليف الفعليا مي    الميزا يا
  تيدي  ال داا  الف يا المي دلا فا ح لا ا حراف م  را  الةلفا الحييييا ع  التخمي يا.

    جرا  الفحدصذ المتت  عذا لل مذ ذ  ة ر ذ م  مت  عذا للعمذ  ددضذك لف يذا ادضك خطا ال يطرع ال دعيا دا 
خطا لل لاما المه يا للتأقيرا  الةقيرع التا ت   ه  عل  الةلفا دالزم  فذا ح لذا ا حرافهذ , ددضذك خطذا 

 لترغي  الم ر  دصي  ته  عد إجرا  عمليا الا تلا  تةد  مةملا للخطط ال   يا .
ير تعتمد عل  م دأ ال رعا فذا العمليذا دالتفذ د  مذك الميذ د  , ا تخدا  صيغا جديدع لإصدار أدامر التغي -8

 داعتم د آليا جديدع لت عير الفيرا  غير المدرجا فا جدد  الةمي   التا تاهر أق    ت فيذ المررد . 
 تي ي  العم  فا المررد  إل  أجزا  دمراح  تتدافم مك ال رمجا الزم يا الةليا للمررد . -9
ك المجذ ميك دالأجذزا  التذا تذ  إ رارهذ   رذة  داضذح دمفهذد  فذا د ذ  م   ذع   ذ  تجهيز جميك الدقذ ام لتلذ -:

الم  ررع   لعم  لة  جذز  أد مرحلذا , د رمجذا تيذديمه   حيذث لا تذؤقر علذ   ذرعا إ جذ ز العمذ  أد  دعيتذه 
 . أد التداخ  مك  ييا الأجزا  دالمج ميك دالمي دلي  فا ح لا الم  ررع   لت فيذ     إةم   الدق ام 
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 ( مخطط انسيابية النظام الفرعي لدراسة إمكانية استخدام اسموب التنفيذ المتسارع 4الشكل )

 مامدى كبر        
حجم المشروع وتعقيد  

تقنية  إلىوىل يحتاج  وتصميم
 عالية متطورة

 لتنفيذه ؟        

 مامدى توفر    
مراحل  لىإتقسيم العمل  إمكانية

سوة إتتعاقب في عناصرىا 
 بالعممية التقميدية ؟

 مامدى الحاجة
والالحاح  لتوفير الوقت 

قبل بأعمال التنفيذ والمباشرة 
 التصاميم ؟ إكمال

 مامدى توفر
بعض  لإنياء الإمكانية

 عناصر التصميم مبكرا مثل
 ؟ تصاميم الأسس

 مامدى توفر
القدرة عمى الاستمرار بالتصميم 

تداخل نشاطات و والتنفيذ معا 
 المرحمتين ؟

 مامدى القدرة
نفصمة عقود معدة  إدارةعمى 

 ؟ في نفس الوقت 

 إمكانيةمامدى 
وضع قاعدة صحيحة  

كي لمتصميم مع دليل كمفة ل
 تجاوز الميزانية ؟لات

 مدى قدرة  ما   
التعاقد مباشرة  عمى المسؤول

 مع المقاولين المتعددين ؟

 الإجابة من خمس درجات تقويمية ىي ) ضعيف ومقبول وجيد وجيد جدا وممتاز (

 % (70-50الحصول عمى تقويم عام ) 
 %70الحصول عمى تقويم عام < % 50الحصول عمى تقويم عام > 

اسموب  اسموب المقاول العام أواستخدام 
لإدارة الإنشائية بدون م اسموب ااستخدا نشاءلا تصميم وا  ال

 تنفيذ متسارع 

الموافقة عمى استخدام اسموب التنفيذ 
 المتسارع 

 اتخاذ الإجراءات اللازمة لدراسة إمكانية استخدام اسموب التنفيذ المتسارع 
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 مةاطبقات العمارة المستد  
 عمار سالم

 مدرس مساعد

 كلية الهندسة –جامعه بغداد 

 الخلاصة:

الطاقة التي  أزمةالمفاىيـ المعمارية الحديثة تداولا بسبب  أكثريعتبر مفيوـ العمارة المستدامة مف 
لات كوكب الارض برمتو,وحيث تعد العمارة احدى اكبر مجا عانى منيااعتمت حياة الإنساف و 

استنزاؼ الطاقة, لذلؾ كاف الاىتماـ بتقنيف وترشيد استخداـ الطاقة او امكانية توفيرىا او حتى 
الاستغناء عنيا في الابنية احدى اىـ ما تسعى اليو العمارة الحديثة.وبسبب حداثة مفيوـ العمارة 

فاستخدـ تارة للاشارة المستدامة فقد اعتمى المفيوـ الكثير مف المبس والغموض عندما عُمّـ استخدامو,
الى العمارة الخضراء واستخدـ تارة اخرى للاشارة لمعمارة الذكية, واستخدـ مرة ثالثة  للاشارة الى 

تحديد اىـ ركائز مفيوـ العمارة العمارة البيئية وىكذا,واماـ ىذا المبس كاف ىدؼ ىذا البحث الاوؿ ىو 
البيئي والحفاظ عمى الطاقة,ثـ كاف ىدؼ البحث المستدامة التي تحددت بخفض الكمفة وتقميؿ التموث 

العمارة التي تمبي عرفيا بانيا  عندماوضع التعريؼ الاجرائي لمفيوـ العمارة المستدامة الثاني ىو 
حاجات الانساف المعمارية مف حيث الجماؿ والوظيفية والمتانة مع قدرتيا عمى توليد او تقميص 

وتقميؿ كمؼ الانتاج او الادامة قدر الامكاف مع الحفاظ عمى تشغيميا لاستيلاكيا لمطاقة المطموبة 
اليدؼ الثالث الا .ثـ انتقؿ البحث الى القادمة للأجياؿوبيئتو وموارده سميما معافى  الأرضكوكب 
منيا بحؽ معيف مف حقوؿ تصنيؼ ىذا المفيوـ الى طبقات مختمفة تتخصص كؿ طبقة وىو 
الحديثة لتحقيؽ مفيوـ  مة ىي العمارة التي تعتمد عمى التقنياتا,فكانت العمارة الذكية المستدالعمارة

مة ىي العمارة التي تعتمد عمى النباتات والمناطؽ االاستدامة,فيما كانت العمارة الخضراء المستد
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الخضراء والأشجار لتحقيؽ مفيوـ الاستدامة,وكانت العمارة البيئية المستدامة ىي العمارة التي تعتمد 
.فالبحث ىو محاولة لفيم البيئية لتحقيؽ الاستدامة ,وىكذا لباقي طبقات المفيوـعمى الخصائص 

 اوسع لمفيوم العمارة المستدامة وتمييزا لطبقات ىذا المفيوم المتداخمة.

SUSTAINABLE ARCHITECTURE LEVELS 

ABSTRACT 
 

   Sustainable architecture has became one of the most important architectural concepts on earth 

today because of the energy crises. Architecture is concerned as the largest energy consuming field 

,so that one of the main goals of modern architecture is to reduce energy consumption or reticence 

it from building if possible . 

Sustainable architecture is a modern and new concept. It is used sometimes to refer to green 

,intelligent and environmental architecture , and that make it confused term , therefore the main 

goals of this research is to clear the main important pillars of this architectural concept (reduce 

costs , reduce the environment pollution , reserve energy ) as a first goal. Second goal establishing 

The Procedural definition for this architectural concept is sustainable architecture is Defined In 

This Paper As (The Architecture That Satisfies The architectural human needs) – beauty , function 

, structural needs , the ability to generate energy needed to operate the building or reduce the 

energy needs for it , reduce the costs of production & maintenance , consumption for 

environmental conservation purposes to preserve earth and its resources for the future generations. 

This paper tried also to classify the concept to different levels each one dedicated to specified 

architectural field . Intelligent sustainable architecture is the one that depends on modern 

technologies for implement the sustainable concept .Green sustainable architecture is the 

architecture using plants and green areas ,environmental sustainable architecture is the one 

depending on environmental features to achieve sustainability. and so on for the rest of levels 

concepts . 

As a summery this research is an attempt to understand the concept ( sustainable architecture ) and 

recognition for its interrelated levels. 

 

 

 المقدمة:
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"العمارة المستد مة" خصوصا بعد اف تفاقمت مشاكؿ البيئة العالمية ااشتير مؤخرا مفيوـ
وارتفعت اسعار الطاقة وغدا كوكب الارض ميددا بشتى انواع الكوارث ليس اقميا ازمة الغذاء 

وخصوصا العالمي التي يتردد صداىا ىذه الاياـ حتى ارتفعت اسعار الخبز في كثير مف دوؿ العالـ 
مة ىي جزء صغير مف مفيوـ اوسع نطاقا واكثر شمولا الا االثالث.ورغـ اف العمارة المستدالعالـ 
بكؿ ما مف شانو اف يحفظ ىذا الكوكب سميما ومعافى  تي اعتنتمة" الاالمستد التنمية" مفيوـ وىو 

قدر الامكاف  للاجياؿ القادمة الا اننا ما زلنا نشيد بعض المبس والارتباؾ في استخداـ مفيوـ 
واع ىذه الاستدامة وطبقاتيا.فقد اختمط الامر عمى الكثيريف فراحوا مة" وتبياف انا"العمارة المستد

مة وبيف العمارة الذكية والعمارة ايتذبذبوف بيف استخداـ مصطمح العمارة الخضراء وبيف العمارة المستد
عمارة "حسف فتحي" بانيا مف ضمف العمارة  تنفصُ  .راءالبيئية والعمارة الاقتصادية وعمارة الفق

الابنية  افف جانب اخر بينما نرى م رغـ انيا عمارة لمفقراء تمتاز بقمة ما يصرؼ عمييا,مة االمستد
 .!اف كمؼ انتاجيا تفوؽ أي عمارة اخرىمة مع االى العمارة المستدتنتمي الذكية 

مة ات مشكمة البحث ىو وجود لبس وغموض في مفيوـ العمارة المستدوليذا كانمشكمة البحث:
  مة وطبقاتيا.االذي يمكف مف خلالو تحديد اصناؼ العمارة المستدوغياب الاطار النظري 

تحديد الركائز التي يعتمد عمييا مفيوـ العمارة وىكذا كاف ىدؼ البحث ىو ىدف البحث:
,واخيرا وضع تعريؼ اجرائي المستدامة,ثـ  العمارة  مفيوـ نظري لطبقاتالطار الاوضع  لذلؾ المفيوـ

  العمارة كؿ حسب تخصصيا.ىذه ع انوا مف خلالومة يصنؼ االمستد

 يتضمن البحث ما يمي:

 مةااستعراض الدراسات السابقة التي تكممت عف العمارة المستد. 
 .تحديد ركائز العمارة المستدامة 
 مة.اتعريؼ مفيوـ العمارة المستد 
 مةاتحديد الاطار النظري لطبقات العمارة المستد. 
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 مة:التنمية المستدا

ىبة فيي الله أعارنا الأرض لنحيا عمييا بعض الوقت اف : " سكف""جوف راالمعماري "كتب 
لأبنائنا وأحفادنا أكثر مما تعود لنا، وليس لدينا أدنى حؽ في أف  ومنحة عظيمة، لكف ممكيتيا تؤوؿ

أو أف نحرميـ مف نعـ وىبيا الله ليـ، ,عقاب عمى جرائـ لـ يقترفوىا النشركيـ في  نتجاىميـ أو اف
باف أي  الإنسانيالسموؾ  تكنولوجيايقوؿ عمماء فيما .(6002-شديدي)ؽ في ذلؾ".ح أدنىلنا  ليس

 لإنساف الأساسيةفي العصر الحاضر ىي عمى حساب الحاجات  الإنسافرفاىية كمالية يحققيا 
 (.8991-سكينرالعصور القادمة)

واسعاً أولت معظـ دوؿ العالـ في العقد الأخير مف القرف المنصرـ عناية خاصة واىتماماً 
بمواضيع حماية البيئة والتنمية المستدامة، ولـ يولد ىذا الاىتماـ مف فراغ فقد تعالت الأصوات البيئية 
المنادية بتقميؿ الآثار البيئية الناجمة عف الأنشطة البشرية المختمفة ونادت بخفض المخمفات 

يجة لذلؾ فإف القطاعات والمموثات والحفاظ عمى قاعدة الموارد الطبيعية للأجياؿ القادمة. ونت
العمرانية في ىذا العصر لـ تعد بمعزؿ عف القضايا البيئية الممحة التي بدأت تيدد العالـ وتـ التنبو 
ليا في السنوات القلائؿ الأخيرة، فيذه القطاعات مف جية تعتبر أحد المستيمكيف الرئيسييف لمموارد 

ة أخرى فإف عمميات صناعة البناء والتشييد الطبيعية كالأرض والمواد والمياه والطاقة، ومف جي
الكثيرة والمعقدة ينتج عنيا كميات كبيرة مف الضجيج والتموث والمخمفات الصمبة. وتبقى مشكمة ىدر 

مدة الاقتصادية لممباني بسبب استمرارىا وديمومتيا طواؿ -الطاقة والمياه مف أبرز المشاكؿ البيئية
ا ونتيجة لتنامي الوعي العاـ تجاه الآثار البيئية المصاحبة تشغيؿ المبنى. وليذه الأسباب وغيرى

لأنشطة البناء فقد نوه بعض المتخصصيف أف التحدي الأساسي الذي يواجو القطاعات العمرانية في 
ىذا الوقت إنما يتمثؿ في مقدرتيا عمى الإيفاء بالتزاماتيا وأداء دورىا التنموي تجاه تحقيؽ مفاىيـ 

الشاممة، وأضاؼ آخروف بأف الإدارة والسيطرة البيئية عمى المشاريع العمرانية التنمية المستدامة 
ستكوف واحدة مف أىـ المعايير التنافسية اليامة في ىذه القطاعات في القرف الواحد 

 .(6002-السواطوالعشريف)
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مر ستوكيولـ لقد بدأ العالـ يعترؼ بالإرتباط الوثيؽ بيف التنمية الاقتصادية والبيئة منذ انعقاد مؤت
في بداية السبعينات، وقد تنبو المتخصصوف إلى أف الأشكاؿ التقميدية لمتنمية الاقتصادية تنحصر 
عمى الاستغلاؿ الجائر لمموارد الطبيعية وفي نفس الوقت تتسبب في إحداث ضغط كبير عمى البيئة 

المسمى "مستقبمنا نتيجة لما تفرزه مف مموثات ومخمفات ضارة. وقد شدد تقرير الأمـ المتحدة 
( عمى أف ىناؾ حاجة ماسة إلى أسموب جديد يضمف استمرار Our Common Futureالمشترؾ" )

 .(6002-السواط) التنمية الاقتصادية عمى المدى البعيد، ومف ىنا ظير مفيوـ التنمية المستدامة

لأجياؿ ( بانيا: تمبية احتياجات اSustainable Developmentتعرؼ التنمية المستدامة )
"سعيد فيما عرفيا .(6002-السواط)الحالية دوف الإضرار بقدرة الأجياؿ القادمة عمى تمبية احتياجاتيا(

قائمة عمى الإفتراض بأف القرارات الحالية يجب ألا تضعؼ مف أمكأنية الحفاظ وتحسيف  بأنيا مرعي"
 وصيانةحقيؽ ربحية الموارد ت التي الاقتصاديةمستوى الحياة بالمستقبؿ مف خلاؿ إدارة جيدة لمنظـ 

 .(6002- مرعيالأصوؿ الثابتة)

ـ عمى أىمية مشاركة جميع 8911وقد شدد تقرير الأمـ المتحدة عف البيئة والتنمية في العاـ 
الحكومات والشعوب والقطاعات الصناعية بما فييا القطاعات العمرانية في الحفاظ عمى البيئة 

( الذي Earth Summit-Iد كؿ مف مؤتمر قمة الأرض الأوؿ )وصيانة الموارد الطبيعية، أيضاً شد
-Earth Summitـ ومؤتمر قمة الأرض الثاني )8996بالبرازيؿ في عاـ  "ريو دي جانيرو"عقد في 

II عمى العمؿ بأسرع وقت ممكف لمحد  6006بجنوب أفريقيا في عاـ "جوىانسبيرغ "( الذي عقد في
 (6002-السواطت ميددة بالاضمحلاؿ.)ة التي أصبحمف فقداف الموارد الطبيعي

الحفاظ عمى  لأجؿ الإنسافمة" ىي المحاولات التي يبذليا ا"التنمية المستد إفومف ىنا نعرؼ 
مع تمبية ما يحتاجو منيا,وحيث تعتبر "العمارة" مف اىـ متطمبات الانساف عمى ىذه  الأرضسلامة 
 أشارـ عناصر تخريب البيئة,حيث واى الأرض,وحيث اف العمارة تعد مف اكبر مموثات الأرض

(  إلى أف المباني تستيمؾ سُػدس إمدادات الماء العذب في العالـ، James Wines) "جيمس واينز"
وربع انتاج الخشب، وخُمسيف الوقود والمواد المصنعة. وفي نفس الوقت تنتج نصؼ غازات البيت 
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 ىوس الحراري او الدفيئة الارضية )ظاىرة البيت الزجاجي او ما يسمى بالاحتباالضارة الزجاجي
.ثـ (8002-()ويكيبيدياظاىرة ارتفاع درجة الحرارة نتيبجة لتغير في سيلاف الحرارة مف البيئة والييا

وجيزة  مدة( في العالـ ستتضاعؼ خلاؿ built environmentيضيؼ بأف مساحة البيئة المشيدة )
ذه الحقائؽ تجعؿ مف عمميات إنشاء وتشغيؿ . وى(6002-)السواطسنة قادمة 00-60جداً تتراوح بيف 

المباني العمرانية واحدة مف أكثر الصناعات استيلاكاً لمطاقة والموارد في العالـ. كما أف التموث 
الناتج عف عدـ كفاءة المباني والمخمفات الصادرة عنيا ىي في الأصؿ ناتجة عف التصميـ السيء 

-byأضراراً كبيرة بالبيئة ليست سوى نواتج عرضية )لممباني، فالمموثات والمخمفات التي تمحؽ 

products لطريقة تصميـ مبانينا وتشييدىا وتشغيميا وصيانتيا، وعندما تصبح الأنظمة الحيوية )
(bio-systems غير صحية نتيجة ليذه المموثات فإف ذلؾ يعني وجود بيئة غير آمنة )

باني المعمارية في امريكا تستيمؾ لوحدىا اشارت الدراسات باف الم .(6002-)السواطلممستخدميف
-)السواط% مف ظاىرة البيت الزجاجي00% مف اجمالي استيلاؾ الطاقة وتتسبب في 26

فيما اوضحت دراسات مصرية باف التموث الناتج عف اصدار غاز ثاني اوكسيد الكاربوف مف (,6002
% مف 80ة السكنية والتجارية يبمغ % بينما التموث الناتج عف الابني 61استيلاؾ الصناعة لمطاقة ىو

 (6006-عبدة)سيد الكاربوف المستخدـ لاستيلاؾ الطاقة البتروليةكمميوف طف مف غاز ثاني او  90
مة" ليس بذخا او ترفا طبقيا ,كما انو لا يمكف اف يكوف ا.وىكذا نجد اف الميؿ نحو "العمارة المستد

 طر تتعدى الذات لتشمؿ كوكب الارض باجمعو.تسببو العمارة السيئة مف مخا ما اماـ نزعة ذاتية

 مة:اتعريف العمارة المستد

مة ,فقد اختمفت المصادر في تعريؼ ىذه العمارة اتعريؼ شامؿ لمعمارة المستديجري تحديد لـ 
 اف: لسواط"عمي بف محمد ا" قاؿ.فقد  المفيوـ مف خلاؿ دمج كؿ طبقاتيا في

 كؿ ىذهالإنشاءات المستدامة .. البناء الأخضر .. التصميـ المستداـ .. العمارة الخضراء .. 
المفاىيـ جميعيا ما ىي إلا طرؽ وأساليب جديدة لمتصميـ والتشييد تستحضر التحديات البيئية 
والاقتصادية التي ألقت بظلاليا عمى مختمؼ القطاعات في ىذا العصر، فالمباني الجديدة يتـ 
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ت متطورة تسيـ في تقميؿ الأثر البيئي، وفي نفس الوقت تصميميا وتنفيذىا وتشغيميا بأساليب وتقنيا
(، Running Costsتقود إلى خفض التكاليؼ وعمى وجػػو الخصػػوص تكػػاليؼ التشغيؿ والصيانة )

كما أنيا تسيـ في توفير بيئػػة عمرانية آمنة ومريحػػة. وىكػػذا فإف بواعث تبني مفيػػػوـ الاستدامة في 
ختمؼ عف البواعث التي أدت إلى ظيور وتبني مفيوـ التنمية المستدامة القطػػاع العمراني لا ت

(Sustainable Development)السواط)( بأبعادىا البيئية والاقتصادية والاجتماعية المتداخمة-
6002). 

د أساسا عمى المواد الطبيعية في الإنشاء مالعمارة التي تعت بانيا:رشيد اكرـ شميوب""فيما قاؿ عنيا 
فلا ينتج عنيا عناصر ذات آثار ضارة عمى صحة  ,ـ مع البيئة المحيطةئوالتي تتلا اءالانيو 

كما تعتمد عمى التصميـ الذي يراعي احتياجات ىؤلاء السكاف سواء كانوا كبارا أـ شبابا ,مستعممييا 
، فتكوف ىذه العمارة متوافقة مع متطمبات و توجيات مف مرضىنساء أو أطفاؿ أصحاء أو 

 .(6001-شميوبا)يستعمموني

ما ىي الا مة(ا)ويقصد بذلؾ العمارة المستديرى المعماري "ولياـ ريد": اف المباني الخضراء فيما 
يضع البيئة في اعتبارة وىو يري ايضا اف احد اىتمامات  بأسموب إدارتيامباني تصمـ وتنفذ وتتـ 

 وإنشائجانب تقميؿ تكاليؼ  ىإلالبيئة  ىعمالسمبي  ىالمبن تأثيرالمباني الخضراء يظير في تقميؿ 
 .(6002-حساـ)ووتشغيم

المعماري "كيف يانج": فمقد ناقش مفيوـ العمارة الخضراء مف وجية نظر بيئية ,فيو منزعج اما 
مف تاثير المباني عمي الانظمة الطبيعية وىو يري اف العمارة الخضراء او العمارة المستدامة يجب اف 

ؿ حؽ الاجياؿ القادمة لمقابمة احتياجاتيـ ايضا فالقرارات تقابؿ احتياجات الحاضر دوف اغفا
-حساـ)التصميمية لاتنحصر تاثيرىا عمي البيئة فقط ولكف يمتد تاثيرىا للاجياؿ القادمة ايضا

6002).  
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اياف مشارج": اف مشكمة الانساف مع الطبيعة تتجمي في ضرورة اعطاء الطبيعة " فيما قاؿ المعماري
ينظر لممشكمة مف وجية نظر بيئية تدعو لمتقكر  وكما ان,اءة كمصدر لمحياة صفة الاستمرارية بكف
 .(6002-حساـ)وفي العالـ والتعمـ من

 –تسعى إلى الجودة المتكاممة ) الإقتصادية  التيممارسات البناء  ابقولو:أني "سعيد مرعي"فيا وعرّ 
ارد الطبيعية والإدارة الملائمة المنطقى لممو  فالاستخداـواضحة ،  ةالبيئية ( بطريق –الإجتماعية 

نى يسيـ في إنقاذ الموارد النادرة وتقميؿ إستيلاؾ الطاقة وتحسيف البيئة مع الأخذ في الاعتبار الممب
-مرعي)دورة حياة المبنى كاممة وكذلؾ الجودة البيئية ، الوظيفيو ، الجماليو و القيـ المستقبميو)

6002). 

 مة:امميزات العمارة المستد

 بانيا:( -6008coldham)مة حسب "كولدىاـ "االعمارة المستدتمتاز 

 .مف الطاقة اتوفر احتياجات مستعمميي -8

 تؤدي الى الحفاظ عمى صحتيـ.  -6

 تزيد شعورىـ بالرضى .-0

 وتعمؿ عمى زيادة انتاجيتيـ.-0

 (.-6008coldham) واشباع الحاجات الروحية -6

 انيا:"سعيد مرعي"بفيما وضع ميزاتيا 

 قابمة لمتجديد .اللحد مف إستيلاؾ الموارد غير ا-8 

 تجميؿ البيئة الطبيعية . -6

 إزالة أو الحد مف إستخداـ المواد السامة . -0
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ومحيطيا  نياالمبتطبيؽ ىذة المبادىء يقمؿ التأثير السمبى عمى البيئة الطبيعية والمشيدة مف حيث  
 .(6002-مرعي)والعالمى والإقميميالمباشر 

 فذكر ميزاتيا بانيا: "صفاء عبدة" فيما توسع

توفير البيئة الصحية الداخمية لضماف عدـ اصدار مواد البناء او الانظمة الانشائية أي  -8
يد اليواء في الداخؿ وتنقيتو بواسطة المزروعات دغازات سامة كما يتعيف العمؿ عمى تج

 والمرشحات.
اف يستخدـ المبنى اقؿ طاقة  كفاءة استخداـ الطاقة فيجب مراعات الاجراءات التي تضمف -6

ممكنة في عممية التبريد والتدفئة والاضاءة وذلؾ باستخداـ الوسائؿ الفنية والمنتجات التي 
 تحافظ عمى الطاقة المتوفرة وتحوؿ دوف سوء استخداميا.

حيث يجب مراعاة استخداـ مواد البناء  ,الحميد عمى البيئة التأثيرالمواد ذات الاعتماد عمى  -0
ات التي تؤدي لخفض تدمير البيئة عالميا.فيمكف اختيار الخشب شريطة الا يدمر والمنتج

 الغابات كما تؤخذ في الاعتبار المواد الاخرى عمى اساس عدـ سمية العناصر التي تنتجيا.

الموقع بفيجب مراعات ضرورة ربط التشكيؿ والتصميـ  التشكيؿ المرتبط بالبيئة المحيطة -0
.ىذا مع تمؾ المنطقة مف حيث درجة الحرارة وحركة الرياحطقس ببالمنطقة و و المقاـ عميو 

ومراعاة تجانس العلاقة بيف شكؿ  waste recyclingتوفر  وسائؿ اعادة تدوير المخمفات 
 المبنى وقاطنيو والطبيعة المحيطة.

الحصوؿ عمى تصميـ يحقؽ كفاءة في العلاقة بيف  مراعاةفيجب  ,التصميـ الجيدتوخي  -6
ستخدمة ومسارات الحركة وتشكيؿ المبنى والنظـ الميكانيكية وتكنموجيا البناء المساحات الم

كما يعبر عف تاريخ المنطقة والارض وكذلؾ القيـ والمباديء الروحية التي يجب دراستيا 
 .(6006-عبدة)حتى يصبح المبنى متميزا بسيولة الاستعماؿ وجودة البناء وجماؿ الشكؿ
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 التصميم المستدام:

اف اصبح  إلىالعمارة المستدامة تصميـ مفيوـ العمارة المستدامة مجرد تمبية متطمبات  لقد تعدى
التداخؿ  :االبعض باني اعرفيالتي و "فمسفة تصميمية".وليذا ظيرت نزعة تسمى بالتصميـ المستداـ 

ميدية لمحجـ الاىتماـ بالجماليات التقفضلا عف  والإنشائيةبيف العمارة واليندسة الكيربائية والميكانيكية 
 مممس وغيرىا.فاف فريؽ تصميـ المبنى يجب اف ييتـ بالتكاليؼ طويمة المدىلوالنسب والمقياس وا

وقد حدد معيد "روكي ماونتف" خمسة عناصر لمتصميـ .(6006-عبدةبيئيا واقتصاديا وبشريا)
 وىي: (6006-عبدة)المستداـ

 ة استخداـ الطاقة.شمولية التخطيط والتصميـ اذ اف ليا اكبر الاثر في كفاء -8

اعتبار التصميـ المستداـ فمسفة بناء اكثر مف كونو طراز مقترح لمبناء,فالابنية التي تبنى  -6
 بيذا الفكر غير محدودة الشكؿ والطابع.

لا يتعيف زيادة تكمفة المباني المستدامة عف المباني التقميدية كما انيا لا تختمؼ عنيا مف  -0
 حيث البساطة وعدـ التعقيد.

كؿ عنصر مف العناصر جزء مف الكؿ وضروري لنجاح ىذا  إفؿ التصميـ باعتبار تكام -0
 التصميـ.

اعتبار خفض استيلاؾ الطاقة والحفاظ عمى صحة الافراد وتحسنيا مف المباديء المنظمة  -5
 .(6006-عبدة)لمتصميـ المستداـ

 التخطيط العمراني المستدام:

ستدامة عمى مستوى التخطيط العمراني مشاريع لقد توسع مفيوـ الاستدامة في العمارة ليشمؿ الا
.وليذا ظير مفيوـ مصفوفة (6006-عبدة)انشاء المدف وخاصة في المناطؽ النائية والصحراوية

عنى التخطيط العمراني المستداـ التي يُ  sustainable urban matrixالتخطيط العمراني المستداـ  
في التنمية العمرانية والتي تحقؽ التوافؽ المستمر  فييا بالتشكيلات العمرانية والفراغية المؤثرة
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اسس التخطيط  punterو williamseو  freyللاحتياجات المتغيرة ونظـ العمراف.وقد طرح كؿ مف 
 وىي:( 6006-)بشنديالعمراني المستداـ مف خلاؿ ثلاث عناصر اساسية تؤثر في تركيب المدينة 

 .accessibilityالوصوؿ   إمكانية-8

 .proximityارب التق-6

 . function mixاندماج الوظائؼ   -0

 والتي تتوافؽ مع احتياجات الانساف وفؽ ما حددىا ماسمو في مقياسو وكالتالي:

 .needs  physicalتوفير الاحتياجات العمرانية-8

 .safety,security and protectionتوفير الامف والاماف والحماية  -6

 .a conducive socialالاجتماعي  توفير الانتماء والتواصؿ -0

 .self sufficiencyتحقيؽ الاكتفاء الذاتي    -0

 . a chance to creativeاحتمالية الابداع   -6

 .(6006-)بشندي an aesthetically pleasing environmentتحقيؽ البيئة الجمالية    2

 مف خلاؿ:(6006-)بشنديمباديء التخطيط العمراني المستداـ   bartonفيما حدد 

 الاكتفاء الذاتي. -8

 تصميـ المجاورة السكنية. -6

 تمبية احتياجات الانساف وتحقيؽ الاىداؼ الاجتماعية والبيئية. -0

 تشكيؿ العمراف الطاقة المفتوحة. -0

 خطيط الشوارع .ت -6
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 تصميـ شبكة الفراغات المفتوحة . -2

 ستراتيجية استخداـ الطاقة. -1

 (.6006-)بشندياستراتيجية استخداـ المياه -1

 العمارة الذكية والاستدامة:

المستخدميف  لإقناع بدأ المعماريوف في إعادة تعريؼ كممة العمارة الخضراء بالعمارة الذكية
قد تـ تعريؼ المبانى ،و (6002-نورالديفبمزاياىا وقدرتيا عمى الوفاء بالحاجات الوظيفية لممنشآت)
، وفاعمة ، وداعمة مف أجؿ تحقيؽ آداء  الذكية عمى أنيا المبانى التى توفر بيئة سريعة الإستجابة

العالية المستخدمة في الابنية (. وعمى الرغـ مف التقنية 6006-احمدأفضؿ لمستخدمى المبانى )
عمى أنيا داعـ ومحرؾ فحسب  مةاأف تمؾ التقنية ينظر الييا مف وجية نظر العمارة المستدإلا الذكية 

 .الاستدامة في العمارة   ,فالتقنية وسيمة لتحقيؽوليست ىدفاً او غاية

لقد تـ إستخداـ مصطمح المبانى الذكية فى الولايات المتحدة فى بداية الثمانينات مف القرف 
. وعرفت المبانى الذكية آنذاؾ بواسطة معيد المبانى الذكية عمى أنيا مبانى يتـ فييا دمج  المنصرـ

أجؿ تعظيـ الآداء الفنى، وزيادة العائد ،  أنظمة متعددة بكفاءة عالية لإدارة الموراد والإمكانيات مف
 .(6006-احمد)وترشيد تكمفة التشغيؿ ، وتحقيؽ المرونة

وعرفت المبانى الذكية أيضاً عمى أنيا مبانى تتميز بفاعمية وتغير مستمريف ، وكذلؾ تستجيب  
اً وذلؾ مف خلاؿ لإحتياجات الأفراد وتساعد عمى رفع كفاءة الإنتاج ، وترشيد الإنفاؽ ، ومتوافقة بيئي

التفاعؿ المتواصؿ بيف المكونات الرئيسية لممبانى الذكية وىى البناء ، والعمميات ، والمستخدميف ، 
 .(6006-)احمدوالإدارة ،وكذا العلاقات المتبادلة بينيـ

إف المبانى الذكية تتطمب ذكاءاً يجب أف يتـ تطبيقو خلاؿ مراحؿ التفكير فى تصميـ المبنى ، 
ائو ، وعند تشغيمو وصيانتو ويجسد فى أنظمة المبانى ومكوناتيا وسبؿ تفعيميا وطرؽ اثناء إنش

تفاعميا مع المستعمميف ومع بعضيا البعض. ويتفاوت التركيز عمى مفيوـ المبانى الذكية مف مكاف 
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فى  إلى آخر ففى المعيد البريطانى لممبانى الذكية يتـ التركيز عمى الإستجابة لمتطمبات الأفراد، اما
المعيد الأمريكى لممبانى الذكية فيتـ التركيز عمى التقدـ التقنى ، ومف جانب ثالث نجد أف تركيز 

متطمبات وظيفية وتقنية لفراغات فضلا عف المعيد الأسيوى لممبانى الذكية ىو وحدات الكفاءة البيئية 
 .(6006-)احمدالمبانى

ذا نظرنا إلى تطور فكر المبانى الذكية سنجد أنو  فى الماضى كاف ىو توظيؼ تقنيات الحاسب وا 
صاؿ والمعرفة فى دمج أنظمة المبنى والتنسيؽ بينيا مف أجؿ رفع كفاءة إدارة موارد الآلى ووسائؿ الإت

المبنى وترشيد تكمفة الإستخداـ والصيانة مع تحقيؽ ديناميكية وتفاعمية أنظمة المبنى لتحقؽ الراحة 
المقدرة لمستعممية مع تحسيف إنتاجيتيـ. أما ىذه الأياـ فقد تطور مفيوـ وفكر المبانى الذكية لتعدى 

عمى الإستجابة ورد الفعؿ إلى القدرة عمى التعمـ وتعديؿ الآداء بناءاً عمى أنماط الأستخداـ وظروؼ 
إف التطورات الحديثة فى تقنيات المبانى الذكية تشير إلى دور ىاـ ليا (.6006-)احمدالزماف والمكاف

عبر الشبكة العنكوبيتو  بعدحيث أنيا تنحى بيا إلى مفيوـ التحكـ عف  ,معرفةالفى دعـ بناء مدف 
 . تدعـ مفيوـ الشراكة المعرفية والتى ىى أىـ دعائـ مدف المعرفةل

 :والاستدامة EcoTechتيار الايكوتيك 

مصطمح يطمؽ عمى العمارة التي تيتـ بمجالات البيئة والتقنيات الحديثة في  ىوالايكوتيؾ 
 Techووىي تعني عموـ البيئة  Eco = Ecologyالعمارة.والمصطمح مكوف مف اختصار لكممتيف:

=  Technology  (6001-الشايع)تعني التقنيةو. 

بانو العلاقة التفاعمية بيف المكونات الفيزياوية  Ecosystemؼ النظاـ الايكولوجي عرّ يُ 
physical components يولوجيةاوبيف المكونات الب Biological components  في مكاف

يكولوجي ىو وحدة بيئية متكاممة تتكوف مف مكونات حية واخرى .فالنظاـ الا(6000-)فجاؿمحدد
غير حية في مكاف محدد يتفاعؿ بعضيا مع البعض الاخر وفؽ نظاـ دقيؽ ومتوازف في ديناميكية 

القيمة الاساسية في فيـ النظاـ الايكولوجي تتمثؿ في دراسة ذاتية لتستمر في اداء دورىا في الحياة.
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كما يعتبر القاعدة العممية الاساسية لمتعرؼ عمى ابعاد العلاقات الوظيفية  دةالتغيرات البيئية المعق
المتكاممة بيف عناصر البيئة السميمة والتخطيط البيئي الجيد.دراسة تاثير وانعكاس الظروؼ البيئية 
والمناخ عمى التصميـ جزء مف المقدمة البيئية لتطوير عممية البناء والتي تسمى بالتصميـ 

 .(6000-)فجاؿEcological Sustainable Design(ESD)جي المستداـ الايكولو 

العمارة المستدامة والتقنية المتقدمة  “واىتمامات ىذا المجاؿ تصب فيما يتعمؽ بمجاؿ:
"Sustainable Architecture and High Technology رواد المجاؿ ىـ مف أسسو وتبنى."

:رنزو ىـ بو وااشتير المعمارييف الذيف ضمف  المنيج حتى أصبح تيارا معماريا بحد ذاتو,مف
 بيانو,رتشارد روجرز, نورماف فوستر.

 :ىي السمات العامة ليذا التيار

ىوالحفاظ  مجاؿ استخداـ التقنية المتقدمة في المباني في اف الغرض الرئيسي مف ىذا التيار -8
 عمى الطاقة.

 نجاح أي مبنى.الاىتماـ بالأداء الإنساني والبيئي مف العوامؿ الميمة في  -6

عادة تدوير المخمفات.  -0  تخفيض الإنبعاثات لغاز ثاني اكسيد الكربوف الناتجة عف المباني وا 

 استعماؿ الطاقة ذات الكمفة الطويمة المدى لممباني. -0

 .(6001-الشايعاستخداـ مواد بناء ذات مصدر طبيعي قدر الإمكاف) -2

 (.6000-ؿاستخداـ المواد المتجددة والقابمة لمتدوير)فجا -1

 ,ومف سمات ىذا التيار نلاحظ انيا تصب مباشرة في مفيوـ العمارة المستدامة الذي نبحث فيو
مشتركتاف في ىذا المجاؿ مع تركيزىا عمى استخداـ التقنية العالية,وبالتالي تكوف ىي والابنية الذكية 

 .تحديدا

 :والاستدامة (اءاوعمارة الفقر )الطبيعي التيار 
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رائد المعماري "حسف فتحي" نمط بيوت النوبة المبنية بالطيف والمسقفة بالقبب عندما ابتعث ال"
والأقبية في بداية الأربعينيات لـ يكف يخترع شيئًا مف عدـ، ولـ يكف يبتعثو أيضًا كفمكمور يبغي منو 
أف يحوز إعجاب الأثرياء والأجانب لما يجدوف فيو مف غرابة وطرافة، إنما كاف ىذا نابعًا مف 

وليتو كميندس معماري يقوـ بدور رائد وىو إحياء التراث المعماري المحمي لمعمارة الشعبية مسئ
المصرية؛ إذ وجد فيو الحؿ المناسب إف لـ يكف الأمثؿ لمشكمة شديدة الإلحاح وىي توفير بيت لكؿ 

قص فلاح فقير في الريؼ المصري، بتكمفة اقتصادية منخفضة تناسب دخؿ ىذا الفلاح، عمى ألا تنت
)نور "الفلاح في أف يكوف لو بيت متيف وواسع ومريح وجميؿ ىذه التكمفة المنخفضة مف حؽ ىذا

ستخداـ بميميا لافقد امتازت  ,عمارة "حسف فتحي" بانيا "عمارة الفقراء" يطمؽ عمى.(8002 -الديف
تقؼ ل مارة قميمة جداكمؼ انتاج تمؾ العووسائؿ البناء التقميدية لتكوينيا,وبالتالي كانت  الطبيعيةالمواد 

ما وحسف فتحي احد رواد تيار الضد مف العمارة الذكية او عمارة الايكوتيؾ مف حيث الكمفة . في
في انشاء التصاميـ التقميدية و " والذي كاف يعمد الى استخداـ المواد الطبيعية naturalists "لػيسمى با
تطبيقا  ,حوؿ الفناء الداخميالتجميع و فالعزؿ الحراري يتـ مف خلاؿ تصميـ نسيج المبنى المباني,

 .(6006-عبدة)لمباديء الحفاظ عمى الطاقة والتيوية والطبيعة المناسبة

تكوف مف خلاؿ التخمي عف التقنية  "عمارة الفقراء"اف الاستدامة الموجودة في العمارة الطبيعية او 
العمارة الذكية انيا بدلا مف  الحديثة التي تعتمد في تشغيميا عمى الطاقة,وبالتالي فاف نقيضيا مع

فانيا تعمد الى الاستغناء قدر الامكاف عف التي يحتاجيا المبنى,في توليد الطاقة  البناءالاعتماد عمى 
وحيث يتـ الاعتماد عمى التخطيط  الحضري الناجح , التي تحتاج الى تمؾ الطاقة التقنياتالاجيزة او 

ة المناسبة وطرؽ البناء المقدور عمييا لتحقيؽ اقؿ كمفة والتصميـ المعماري الجيد والمواد البنائي
اي اف ضـ عمارة الفقراء الى مفيوـ الاستدامة جاء مف خلاؿ وافضؿ انتاج واحسف اداء بيئي لمعمارة.

قمة تكاليؼ الانتاج والادامة والحفاظ عمى ما موجود مف طاقة ,وليس اعتمادا عمى مبداء توليد 
 كية.الطاقة كما في الابنية الذ
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والأقبية لحسف فتحي حازت الجدارة ليس لما  اف البيوت المبنية بالطوب والمبف والمسقفة بالقبب
الجيدة حيف تـ إخضاعيا لمحسابات  فييا مف جماليات معمارية فقط، بؿ ولنتائجيا الاقتصادية

 فضلا عف واليندسية في المتانة وتصميمات البناء،  الاقتصادية في التكمفة، والحسابات العممية
المحيطة، فخامة الطيف التي تُعَدّ مادة البناء الأساسية في ىذه البيوت  تناسبيا وتجاوبيا مع البيئة

التي  مف ىنا تنعدـ تكمفتيا تقريبًا، وقد أثبتت البحوث العمميةو ومتوفرة في البيئة الريفية  خامة موجودة
-نورالديف)خاماتو وتناسب تصاميموعمى ىذا النمط مف البناء مدى قوة  نفسو أجراىا حسف فتحي

,وبالتالي كانت الكمفة الاقتصادية لتشييد العمارة معيارا ناجعا في تحقيؽ الاستدامة لعمارة (6002
 عمارة "الفقراء" عموما.لاسموب حسف فتحي خصوصا و 

  :والاستدامة العمارة الخضراء

ءة تتعامؿ مع محيطيا الحيوي مدخؿ لتصميـ مباني ايكولوجية عالية الكفاىي العمارة الخضراء 
الجانبية بالبحث الدائـ عف البدائؿ التصميمية لحموؿ اقتصادية تتوافؽ مع  الأضرار بأقؿ

إف التكمفة العالية لمطاقة والمخاوؼ البيئية والقمؽ العاـ حوؿ ظاىرة "المباني (.6000-البيئة)فجاؿ
لسبعينات، جميعيا ساعدت عمى إحداث قفزة المريضة" المقترنة بالمباني الصندوقية المغمقة في فترة ا

البداية لحركة العمارة المستدامة الخضراء. أما في الوقت الحاضر فإف "الاقتصاد" ىو الباعث الرئيس 
 (.6002-)السواطعمى التحوؿ والتوجو نحو التصاميـ والمباني الأكثر خضرة

فوائد الكثيرة ليذا الإتجاه. في حالة المؤيدوف لمعمارة المستدامة الخضراء يراىنوف عمى المنافع وال
 Green Designفإف إدماج أساليب التصميـ الخضراء ) -عمى سبيؿ المثاؿ  -مبنى إداري كبير 

Techniques( والتقنيات الذكية )Clever Technology في المبنى لا يعمؿ فقط عمى خفض )
اليؼ الإنشاء وتكاليؼ الصيانة، ويخمؽ إستيلاؾ الطاقة وتقميؿ الأثر البيئي، ولكنو أيضاً يقمؿ مف تك

بيئة عمؿ سارة ومريحة، ويحسّف مف صحة المستخدميف ويرفع مف معدلات انتاجيتيـ، كما أنو يرفع 
 مف قيمة ممكية المبنى وعائدات الإيجار. 
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فوائد المباني الخضراء ليست مقصورة فقط عمى الجوانب البيئية والاقتصادية المباشرة،  رغـ اف
أنو يقمؿ  فضلا عف  –عمى سبيؿ المثاؿ  –ؿ ضوء النيار الطبيعي في عمارات المكاتب فإستعما

، فقد وجدت الدراسة التي وراحة مف تكاليؼ الطاقة التشغيمية فيو أيضاً يجعؿ العامميف أكثر إنتاجاً 
( Rachel and Stephen Kaplanأجراىا المتخصصاف في عمـ النفس البيئي بجامعة ميتشيغاف )

موظفيف الذيف تتوفر ليـ اطلالة عمى مناطؽ طبيعية مف مكاتبيـ أظيروا رضى أكبر تجاه أف ال
العمؿ، وكانوا أقؿ اجياداً وتعرضيـ للأمراض كاف أقؿ. وعمى نفس المنواؿ، فإف استعماؿ ضوء 
النيار الطبيعي في مراكز التسوؽ يؤدي إلى رفع حجـ المبيعات، فالمجموعة الإستشارية المتخصصة 

( ومقرىا كاليفورنيا، وجدت أف Heschong Mahoneقنيات المباني ذات الكفاءة في الطاقة )في ت
تيا مف خلاؿ فتحات ء%( في المخازف التسويقية التي تمت اضا00المبيعات كانت أعمى بنسبة )

(. وقد وجدت المجموعة أيضاً أف أداء الطلاب في قاعات الدرس المضاءة Skylightsالسقؼ )
 (.6002-)السواط%(60ؿ بنسبة )طبيعياً أفض

معظـ احد اىـ ركائز العمارة الخضراء ىو الاعتماد عمى النباتات والمساحات الخضراء,حيث اف 
ركزت  الدراسات التي تناولت تأثير المساحات الخضراء عمى الظروؼ الحرارية لمفراغ الخارجي قد

 في الساحات الصغيرةزروعات الماما استخداـ  ,بشكؿ أساسي عمى المساحات الخضراء الواسعة

لكنو رغـ ذلؾ يبقى فعالا في التاثير عمى البيئة   ,يو أقؿ بكثيرفكالساحات العمرانية و الشوارع 
 .(6002-شديدي)الموضعية

الأبنية  حدة الإشعاع الشمسي عف طريؽ تظميؿتخفيض تاثير المناطؽ الخضراء يتـ مف خلاؿ 
 فيماقسـ منيا ينعكس  الساقطة عمى الكتمة الخضراءة الشمسيإف الطاقة حيث .بواسطة النباتات

يستخدـ في النباتات في عممية واخر قسـ يمتص لحرارة كامنة  في الجو عمى شكؿقسـ اخر يتشتت 
.تحويؿ النباتات لمطاقة الشمسية وخصوصا  خلاؿ عممية التركيب الضوئي التحويؿ الغذائي مف

البيئة  ر العنصر الاكثر فعالية في تاثير النبات عمىالاشعة المرئية التي ىي الاشد حرارة يعتب
 .(6002-شديدي)المحيطة
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نوع النباتات المستخدمة وشكؿ الاوراؽ والاغصاف وفيما اذا كانت نفضية او دائمية وقربيا مف 
ظؿ الكساء الابنية كؿ ذلؾ يؤثر في درجة تظميؿ النباتات للابنية او تاثيرىا في البيئة المحيطة. 

تبريد المباني فيو يستطيع تخفيض الحرارة الداخمية ليا ودرجة  ساىـ بأكثر مف طريؽ فيالأخضر ي
تعديؿ تبادؿ الإشعاع الشمسي و او  مف خلاؿ استعمالو عمى جوانب الأبنية الحرارة العظمى المحيطة

 الغطاء الأخضر يصدر اشعة تحت.بالاضافة الى اف الطويمة بيف السطح و البيئة الخارجية الموجات
أوالمواد الصناعية وبيذا يخفض مف معدؿ الأشعاع الحراري الجرداء أقؿ مما تصدره الأرض  الحمراء
كمية أقؿ مف الحرارة  تواجوالأبنية التي تواجو المسطحات الخضراء ىذا بالاضافة الى اف  لمبيئة

 المطمة عمى ابنية اخرى.العالية بالنسبة للأبنية  الأشعاعية

الحراة كما نفعؿ طاقة النبات تكوف فعالة لانو لا يستخدـ طاقة لاجؿ تقميؿ اثر  اف ستراتيجية استخداـ
حيث تعمؿ نحف اليوـ حيث نستخدـ الطاقة الكيربائية لاجؿ تقميؿ حدة الطاقة الحرارية الشمسية,

النباتات عمى امتصاص الطاقة الشمسية وتحويميا الى غذاء ومواد نافعة وذلؾ افضؿ حؿ لمتخمص 
 الفائضة. مف الطاقة

 والاستدامة: العمارة البيئية

 بداية منذ التخصص ىذا ظير وقد البيئة مع وىندسة كفف العمارة أندماج عف الناتج العمـ ذلؾ وىو
 والتعقيد التشعب مف كبيرة درجة عمي أصبحت التي البيئية لممشاكؿ طبيعي فعؿ كرد الخمسينيات

 عمي الحفاظ مجاؿ في اسياما تحقؽ وجذرية عةمتنو  شاممو وبرامج عامة سياسات وضع بيدؼ وذلؾ
 أسياـ تحقيؽ وبالتالي,  والمستقبمية الجديدة المدف او الحالية المدف في سواء نوعيتيا وتحسف البيئة
العمارة البيئية عمى  اطمؽ  "عباس الزعفراني"فيما (.6002 -.)مرعيلبيئتو المواطف انتماء في وزنو لو

ا بانيا جانب مف تصميـ البيئة المبنية ييتـ بتوفير الظروؼ المناخية العمارة المناخية وعرفياسـ 
 (.6001-الامنة والمريحة للانساف باقؿ قدر مف التكاليؼ)الزعفراني

 وفريؽ حولو مف البيئية والعوامؿ المواطف بيف والوثيؽ الكامؿ التفاعؿ ثمرة ىي البيئية العمارةف
 مف الكافي الحد للانساف تحقؽ التي العمارة تمؾ وىي,  المعماري الميندس بقيادة البيئي التصميـ
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 لمعيشتة اللازمة الصحية الشروط مف المقبوؿ والحد البيئي التموث مف الادني والحد البيئية متطمباتة
 والتزامو البيئة لتمؾ الانساف أنتماء ومدي الحضرية البيئة وكفاءة نوعية عمي بدورة ينعكس ما وىو

 (.6002 -)مرعي يياعم بالمحافظة ووعيو

 العمارة صديقة البيئة:

لقد ظير مؤخرا مصطمح"صديؽ البيئة" واعتبر احد مقاييس الانتاج في الشركات التقنية العالمية,وىو 
يعني باختصار نوع العلاقة بيف المنتج والبيئة,فاف كاف العلاقة بيف الاثنيف واحد الى واحد ىذا يعني 

ا,فاف كانت اقؿ مف واحد فيذا يعني اف المنتج ضار بالبيئة واف كاف اف تاثير المنتج عمى البيئة صفر 
ووفؽ ىذا المقياس وضعت شركة اكثر مف واحد فيذا يعني انو يعمؿ عمى تنقية البيئة.

"باناسونيؾ"ىدفا ليا اف تكوف صداقة منتجاتيا لمبيئة واحد الى واحد ثـ بعد اف حققت ىذه النسبة فقد 
يا القادمة محققة لنسبة اثناف الى واحد وىذا يعني اف منتجاتيا سوؼ طورت ىدفيا لتصبح منتجات

 (.6001-جبرافتكوف منقية لمبيئة وليس فقط غير ضارة لمبيئة.)

 ركائز العمارة المستدامة:

 مة بثلاث نقاط رئيسة وىي:االعمارة المستدمفيوـ  ركائز سبؽ ,يمخص البحثمف خلاؿ ما 

 ة او مف خلاؿ توليدىا داخؿ العمارة.التركيز عمى تقميص استخداـ الطاق -8

التركيز عمى الجانب الاقتصادي وتقميؿ الكمفة قدر الامكاف,وتقميؿ تمؾ الكمفة يحسب اما  -6
 بتقميؿ كمفة الانتاج او مف خلاؿ تقميؿ كمؼ التشغيؿ والادامة المستمرة مع عمر البناء.

رة عف طريؽ اختيار المواد الحفاظ عمى بيئة الكرة الارضية مف خلاؿ تقميؿ مخمفاتيا الضا -0
استخداـ المرشحات المنقية بتنقية الفضلات التخمص او المناسبة في البناء وتقميؿ التموث و 

 .الحديثةتقنيات الاستخداـ باو النباتات مثؿ الطبيعية لمبيئة 
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يـ ,وتتنافس ق مةاىي عمارة مستداو اكثر وبيذا تكوف كؿ عمارة محققة لاحد ىذه المرتكزات الثلاثة 
 العمارة ونجاحيا في اعتماد الاستدامة عمى كفاءتيا في تحقيؽ ما يمي:

 اكثر عدد مف تمؾ الركائز. -8

 كفاءتو في تنفيذ أي مف تمؾ الركائز. -2

 :مةامعمارة المستدتعريف البحث الاجرائي ل

ة مالمعمارة المستداف يضعو بالنسبة  مبحثلالتعريؼ الاجرائي الذي يمكف مف خلاؿ ما تـ ذكره فاف 
كما  وبيف التنمية المستدامة ىوالثلاث متطمبات العمارة وركائز الاستدامة بيف  يتـ الربطوبعد اف 

 :يمي

تمبي حاجات الانسان المعمارية من حيث الجمال والوظيفية العمارة التي  ىي :مةاعمارة المستدال
وتقميل كمف الانتاج ميا والمتانة مع قدرتيا عمى توليد او تقميص استيلاكيا لمطاقة المطموبة لتشغي

وموارده سميما معافى للاجيال وبيئتو مع الحفاظ عمى كوكب الارض و الادامة قدر الامكان 
 القادمة.

 النتائج:

وضع التعريؼ في تحديد ركائز مفيوـ العمارة المستدامة اولا,ثـ  تتمخصاف نتائج ىذا البحث 
باعتباره ىدؼ البحث  مةالمفيوـ العمارة المستد وضع الاطار النظريالاجرائي ليذا المفيوـ ثانيا ,ثـ 

وقدمنا تعريؼ البحث الاجرائي ليذا  ذكرنا قبؿ قميؿ ركائز العمارة المستدامة,وحيث ثالثا الرئيسي
تحديد مستويات استخداـ ىذا المفيوـ  سيتمثؿ في  الذي سيضعو البحث الاطار النظري,فاف  المفيوـ

حتى يتـ ازالة المبس الذي يعتمي بعض استخدامات ىذا , كؿ حسب تخصصياوتمييزه وفؽ طبقات 
 المصطمح.
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حيث اننا سنعمد حاليا الى تقسيـ مفيوـ العمارة المستدامة الى مجموعة طبقات ,كؿ طبقة تتخصص 
في مجاؿ مف المجالات التي تعتمدىا العمارة كاسموب تصميمي او كطراز او كمنيج,وعند ذلؾ 

 ارة المستدامة الا مقروننا بمجاؿ تخصصو وكما يمي:سوؼ لا يتـ اطلاؽ مفيوـ العم

وىي العمارة التي تستخدـ النباتات والمناطؽ الخضراء والاشجار لتحقيؽ :مةاالمستد العمارة الخضراء
 مة.امفيوـ العمارة المستد

وىي العمارة التي تستخدـ التقنيات الحديثة لاجؿ تحقيؽ مفيوـ العمارة :مةاالمستد العمارة الذكية
 مة.االمستد

نسبتة الى مقدار صداقتيا تقاس نسبة استدامتيا : ىي العمارة التي مةاالعمارة صديقة البيئة المستد
 لمبيئة والتي يجب اف تساوي واحد او اكثر .

عف طريؽ استخداـ العمارة  مةاتيتـ بتحقيؽ العمارة المستد :ىي العمارة التيمةاالعمارة البيئية المستد
 .البيئية

مة عف طريؽ استخداـ طرؽ اىي العمارة التي تحقؽ مفيوـ العمارة المستدمة:االمستد اءلفقر عمارة ا
 البناء التقميدية والمواد المتوفرة طبيعيا والتي تكوف كمؼ انتاجيا وديمومتيا قميمة قدر الامكاف.

ادراج اي يمكف اف ىذا الاطار النظري مفتوحا لتقبؿ المزيد مف المجالات والحقوؿ المعمارية ,حيث 
تخصص معماري اخر واعتباره طبقة مف طبقات العمارة المستدامة في حالة تحقيقو لأي مف ركائز 

,وبالتالي يمكف زيادة عدد طبقات مفيوـ العمارة المستدامة او العمارة المستدامة التي سبؽ ذكرىا
 تقميميا اذا افتقرت اي مف تمؾ الحقوؿ لشروط مفيوـ الاستدامة.

 التوصيات:
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وتفعيمو تطبيقيا عمى ارض الواقع وعدـ الاكتفاء رة الاىتماـ بمفيوـ الاستدامة ضرو  -8
الواردة في البحث ركائز العمارة المستدامة اعتماد ويتـ ذلؾ مف خلاؿ التركيز عمى بالتنظير.

 كمؼ الانتاج وتقميؿ نسبة التموث قدر الامكاف. تخفيضمف حيث توفير الطاقة و 
مف معايير تقييـ اي مشروع معماري,فتكوف مة ضاالمستد ضرورة ادخاؿ ركائز العمارة -6

جودتو مف حيث تقميؿ  ,معايير تقييـ اي مشروع بالاضافة الى جودتو التصميمية والوظيفية
كمؼ الانتاج ونسبة صداقتو لمبيئة ومدى توفيره لمطاقة او توليده ليا,ومف شاف دخوؿ معايير 

يميا يستطيع اف يرتقي باليندسة المعمارية يجا تصمناف تخمؽ م ىذه  العمارة المستدامة
 الى حقؿ اليندسة. الذي اصطبغت بو مؤخرا مف حقؿ الففوينقميا 

مة وطبقاتيا الواردة في البحث ضمف المواد التدريسية اضرورة تدريس مفاىيـ العمارة المستد -0
 في اقساـ اليندسة المعمارية لزيادة وعي الميندسيف الشباب بيا.

ورة زيادة البحوث والدراسات التي تعنى بالاستدامة لما ليا مف اثر كبير يوصي البحث بضر  -4
 في التصدي لممشاكؿ التي تواجو عصرنا الحالي والمتمثمة بالتموث البيئي ونقصاف الطاقة.

 :المراجع
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