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ABSTRACT 

   A composite section is made up of a concrete slab attached to a steel beam by means of 

shear connectors. Under positive and negative bending moment, part of the slab will act as a 

flange of the beam, resisting the longitudinal compression or tension force. When the spacing 

between girders becomes large, it is evident that the simple beam theory does not strictly apply 

because the longitudinal stress in the flange will vary with distance from the girder web, the 

flange being more highly stressed over the web than in the extremities. This phenomenon is 

termed "shear lag". 

In this paper, a nonlinear three-dimensional finite element analysis is employed to evaluate and 

determine the actual effective slab width of the composite steel-concrete beams by using the 

Analysis System computer program (ANSYS 11.0). 

The of elements were used (SOLID65, LINK8, SHELL143, COMBIN39, TARGE170 and 

CONTA174) to model the concrete slab, the steel reinforcing bars, the steel girder, the shear 

connectors (including uplift and dowel action), and the interface between top flange of the steel 

girder and concrete slab, respectively. 

Comparisons with experimental tests have been performed to validate the finite element analysis 

results. In general, excellent agreement between the finite element solution and the experimental 

results has been obtained. The maximum difference in ultimate load is about (2.9%). 

Finally, parametric studies have been carried out to investigate the effect of some important 

parameters; these parameters include the degree of interaction, slab thickness, slab width, 

concrete compressive strength ( ), distribution of shear connectors, reinforcement of slab, type 

of loading, and boundary conditions. The effect of changing these parameters causes variety in 

the effective slab width and the maximum stress reaches 40.7% and 28.5%, respectively. 

 

Keywords: shear lag, effective width, composite beams, partial interaction, nonlinear analysis 

 

 العرض الفعال في العتبات المركبة من الفىلار والخرسانة عنذ الحمل الاقصى
  سلام نصير محمذ                                                                                                  د. مهنذ حسين محسن                   

 ٍشياجسر يذسط                          

 جايؼح تغذاد –جايؼح تغذاد                                                                                    كهٍح انهُذسح  –كهٍح انهُذسح 

 

 الخلاصة
انًمطغ انًشكة ٌركىٌ يٍ شفح خشساٍَح يشتىغح تؼاسظح فىلارٌح تىاسطح سواتػ انمص. ذحد ػضو الإَحُاء انًىجة اٌ 

انة جضء يٍ انثلاغح ٌؼًم كجضء يٍ انؼرثح نًماويح انشذ أو الاَعغاغ انطىنً. ػُذيا ذصثح انًسافح تٍٍ انؼىاسض وانس

َظشٌح انؼرثح انثسٍطح لا ذُطثك تذلح لأٌ الإجهاد انطىنً فً انحافاخ سٍرفاوخ حسة انًسافح يٍ وذشج  فاٌانفىلارٌح كثٍشج،

نىذشج ذكىٌ ذحد إجهاداخ أكثش يٍ انحافح انثاسصج انثؼٍذج،فاٌ هزِ انظاهشج ذسًى انؼاسظح. حٍث اٌ يُاغك انشفح انمشٌثح يٍ ا

 "ذخهف انمص".

اػرًذخ هزِ انشساانح ذحهٍام لاخطاً يلاياً الأتؼااد ، تاسارخذاو غشٌماح انؼُاداش انًحاذدج ، نرمٍاٍى وذحذٌاذ ػاشض انشافح 

 .(ANSYS 11.0)ب انفؼال نهؼرثح انفىلارٌح انخشساٍَح انًشكثح تأسرخذاو تشَايج انحاسى
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 SOLID65, LINK8, SHELL143, COMBIN39, TARGE170) أسرخذيد ػُادش يحذدج يخرهفح

CONTA174 انثلاغح انخشساٍَح وحذٌذ انرسهٍح وانؼاسظح انفىلارٌح وسواتػ انمص )يرعًُا ً الاَفصال والاَضلاق( ( نرًثٍم

 وانًُطمح انثٍٍُح.

غ فحىداخ ػًهٍح لأػراب يشكثح. ولذ كاَد انُرائج يرىافمح تشكم يًراص. نهرحمك يٍ دحح انرًثٍم ذى إجشاء يماسَح ي

 %.2.9وأكثش َسثح فشق فً انرحًم الألصى كاَد 

وذاأيٍش ساً   دسجاح الاسذثااغأخٍشاً  ،نمذ أجشٌد ػذج دساساخ نرحشي ذأيٍش تؼط انًرغٍشاخ انًهًح. صيٍ ذها  انًرغٍاشاخ ذأيٍش

وياح الاَعاغاغ نهخشسااَح وذاأيٍش ذىصٌاغ ساتطااخ انماص وذاأيٍش كًٍاح حذٌاذ انرساهٍح فاً انثلاغح وذايٍش ػشض انشفح وذأيٍش يما

انثلاغح وذأيٍش َىع الإسُاد وانرحًٍم.اٌ ذأيٍش انرغاٌش فً هزِ انًرغٍشاخ لاذ ساثة إخارلار ػاشض انشافح انفؼاال و أػظاى إجهااد 

 % ػهى انرىانً.28.5% و 40.7فٍها تًمذاس 

 

1. INTRODUCTION 
Composite steel-concrete structures are used widely in bridge and building construction. A composite 

member is formed when a steel component, such as an I-section beam, is attached to a concrete component, 

such as a floor slab or bridge deck. The fact that each material is used to take advantage of its best attributes 

makes composite steel-concrete construction very efficient and economical. However, the real attraction of 

composite construction is based on having an efficient connection of the steel to the concrete, and it is this 

connection that allows a transfer of forces and given composite member unique behavior [Oehlers and Bradford, 

1999]. Although the word composite may refer to all kinds of different materials connected together, in this 

study the term composite construction means steel girder attached to a reinforced concrete slab by means of 

mechanical connectors, Fig. 1. The functions of these connectors are to transfer horizontal and normal forces 

between the two components, thus sustaining the composite action. 

 

2. SHEAR LAG 
The thin slab of cellular and beam and slab decks can be thought of as flanges of I- or T-beams. When such 

I- or T-beam are flexed, the compression/tension force in each flange near mid span is injected into the 

flange by longitudinal edge shear forces. Under the action of the axial compression and eccentric edge shear 

flows, the flange distorts as shown in Fig. 2 and does not compress as assumed in simple beam theory with 

plane sections remaining plane. The amount of distortion depends on both the shape of the flange in plane 

and on the distribution of shear flow along its edge. As is shown in Fig. 2, a narrow flange distorts little and 

its behavior approximates to that assumed in simple beam theory. In contrast, the wide flanges distort 

seriously because the compression induced by the edge shears does not flow very far from the loaded edge, 

and much of each wide flange is ineffective. The decrease in flange compression away from the loaded edge 

due to shear distortion is called (shear lag) ,Hamply, 1976. 
Shear lag has long been of interest to researches. Adekola, 1974, formulated and solved constitutive 

equations which relate partial interaction with shear lag by series solutions for deflections and in-plane stress 

in the slab to satisfy all the known boundary conditions. Foutch and Chang, 1982, investigated the effects of 

shear lag and shear deformation on the static and dynamic response of tapered thin-walled box beams. Dezi 

et al. 2001 proposed a model for analyzing the shear-lag effect in composite beams with flexible shear 

connection. Sun and Bursi, 2005, proposed displacement-based and two-filed mixed beam elements for the 

linear analysis of steel–concrete composite beams with shear lag and deformable shear connection. 

Chiewanichakorn et al. 2004, introduced a three-dimensional non-linear finite element analysis to evaluate 

and determine the actual effective slab width of steel-composite bridge girders. Aref et al. 2007, investigated 

the behavior of steel–concrete composite girders mainly under applied negative moment to develop and 

apply an appropriate effective slab width definition. Zhou 2011, presented a new F.E.M. to be proposed for 

the analysis of shear lag effect in box girders under prestressing. 

 

3. EFFECTIVE SLAB WIDTH 
Effective width definition has traditionally been based on the distribution of longitudinal stress across the 

slab width. This definition takes effective width as the equivalent width of slab having a constant stress 

distribution across it and sustaining a force that is equal to interaction axial force in each of the elements of 



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

 

3 
 

l

s
for                                                    l

l

s
0.05   fors

l

s

l

s

l

s
   for                                                           s

l

s
0.3   forl

l

s
 0.05    fors

l

s

l

s
   for                                   s

2
30150

30
2

2
2

54
2

23061

020
2

2

2
150

30
2

2
2

211

050
2

2

2

/
..

.
/

/
/

.
/

..

.
/

/

/
.

.
/

/
/

.

.
/

/
































































the composite system. The magnitude of the constant stress is taken as the peak longitudinal stress in the slab 

at the slab-beam junction [Adekola, 1974b], as shown in Fig. 3. 

Many researchers, Mackey, 1961; Adekola, 1968; Ansourian, 1975; Heins, 1976; Elkelish, 1986; 

and Oehlers and Bradford, 1999, used Eq. (1) to calculate the effective slab width in composite beams. 

=                                                                                                                    (1) 

Where ( ) is the effective width of the concrete slab, (b) is a half slab width, (  represent the normal 

stress in the longitudinal direction in the slab at top surface, and  is the maximum normal stress 

between 0 ≤ x≤ b  Fig. 4. 

The numerator of the Eq. (1) was calculated by an approximate method using trapezoidal rule; these 

calculations were done by MATLAB (R2010a) computer program. 

 

3.1 Effective Width in Codes of Practice 
The effective width concept has been widely recognized and implemented into different codes of practice 

around the world. The formulas used by various codes are shown in Table 1. 

 

4. BRIDGE DESIGN SPECIFICATIONS 

4.1 British Specification [BSI 1979, BSI 1982] 

In part 5 of BS5400, the effective slab width ratios are defined in three Tables, which cover simply 

supported, cantilever, and internal spans for continuous girders. For each case, effective slab width ratios for 

mid-span, quarter span, and support are specified based on girder spacing to span length ratios (s/l). Different 

ratios are separately specified for uniformly distributed and concentrated load. 

 

4.2 Canadian Specification [CSA 2000, CSA 2001] 
In calculating flexural resistances and stresses in slab- on girder and box girder bridges with a concrete slab, 

whether girders are steel or concrete, a reduced cross-section defined by the following effective slab width 

criteria, i.e. Eqs. (2) and (3), shall be used. b2  is the effective slab width, s/2 is half girder spacing and l is 

the span length. 
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4.3 Japanese Specification [JRA 1996] 

In Japan, one-side effective slab width, λ, is used to calculate strength and stiffness of the girders. One-side 

effective slab width (λ) for uniformly distributed load and concentrate load can be computed using Eqs. (4) 

and (5), respectively.  
 

 

 

 

 

EU  

 

      

 
                                                                     (5) 

 

 

 

 

(2) 

(3) 

(4) 

(5) 
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4.4 Eurocode 4 [Eurocode 4 1992, eurocode4 1997] 

In Eurocode 4, the one side effective slab width shall be taken as the distance from the centerline of the 

girder to the center of the outstand shear connectors plus one-eighth of the effective span length but not 

greater than half of the geometric slab width. 

 

4.5 Australia Standard [AS 2327.1, 1996] 
The effective width ( b2 ) shall be calculated as the sum of the distances b2 /2, measured on each side of the 

center-line of the steel beam, where b2 /2 are in each case the smallest of: 

a) L/8, where L is the span of the beam. 

b) In the case of a concrete slab with a free edge (i.e. an edge beam situation). Either the perpendicular 

distance to the edge measured from the center-line of the beam, or 6 times the overall depth (hc) of the 

concrete slab plus half the width of the steel beam flange (bf). 

c) In the case of a concrete slab which spans between two steel beams (i.e. either an edge beam or internal 

beam situation), either half the center-to-center distance between the steel beams or 8 times the overall 

depth (hc) of the concrete slab plus half the width of the steel beam flange (bf). 

It must be noted that the Australian code takes into account the slab thickness in the effective slab 

width computations. 

 

5. ANSYS FINITE ELEMENT MODEL 
ANSYS 11.0 is a comprehensive general-purpose finite element computer program. It is capable of 

performing static and dynamic analysis. It is a very powerful and impressive engineering tool that may be 

used to solve a variety of problems. 

5.1 Finite Element Model 
A three-dimensional eight-node solid element (SOLID65) is used to model the concrete slab, while the steel 

reinforcement bar is modeled by a spar element (LINK8). The steel beam is modeled by a four-node shell 

element (SHELL143). A spar element (LINK8) is used to model shear connector to resist uplift; while the 

dowel action of shear connector is modeled by combine element (COMBIN39), in the modeling of interface 

between two surfaces a contact element (CONTA174) and target element (TARGE170) is used, as shown in 

Fig. 6, and the geometry of these elements is shown Fig. 5. 

 

 

6. FINITE ELEMENT VERIFICATIONS 
The verification of the finite element modeling described above can be accomplished and comparing the 

results generated by the finite element analysis program (ANSYS V.11) to those obtained from the 

experimental test. In this paper, yam and Chapman simply composite steel-concrete beam [Yam and Chapman, 

1968] is used to verify the accuracy and performance of the finite element models used in this study. 

The simply supported composite beam, tested by yam and Chapman, is one in a series of tested beams. 

The beam span was 5486 mm and subjected to a concentrated load at the midspan. In the present study the 

chosen specimen is designated as beam (E 11). The dimensions and reinforcement details of this beam are 

shown in Fig. 7. 

6.1 Finite Element Idealization and Material Properties 
The three-dimensional finite element mesh for one half of the beam has been used by using ANSYS 11.0 

computer program, as shown in Fig.8. Concrete slab is idealized by using (1792) eight node brick elements 

(SOLID65), and steel beam is idealized by using (364) four node shell elements (SHELL143). 

Reinforcement is idealized by using (510) link elements (LINK8). The interface between the concrete slab 

and the steel beam (sticking and friction) is idealized by (112) eight node contact elements (CONTA174) and 

(112) eight node target elements (TARGE170). Shear connectors are idealized by (100) link elements 

(LINK8) to resist uplift separation. The effect of dowel action of the shear connectors through the interface 

between top flange of steel beam and concrete slab is idealized by (50) combine elements (COMBIN39) to 

resist slip. The function used to idealize the load-slip relation is: 

 

                                                                                                  (6)  
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Where  is the load on shear connector in (kN) and  is the slip in (mm) [Yam and Chapman, 1968]. 

The total number of nodes resulting from the above idealization is (2871) nodes, and the total number 

of element is (3040) elements. 

Material properties of the Yam and Chapman composite beam are summarized in Table 2. In this 

analysis the symmetry has been used by using half span of the beam. The boundary condition of this beam is 

shown in Fig. 8. The roller support is obtained by constrained displacement in y-axis, and at mid span the 

symmetry condition is used, the symmetry condition is obtained by constrained displacement in z-axis 

(longitudinal axis) for all nodes and rotations in x-axis for shell elements. The load applied (510 kN) at 

midspan is distributed on a rectangular area, as shown in Fig. 8. 

The results obtained using the nonlinear finite element analysis carried out for the beam (E 11) are 

presented and compared with the experimental data, as shown in Table 3. The experimental and nonlinear 

analytical load-deflection curves are shown in Fig. 9. 

 

7. PARAMETRIC STUDY 
A simply supported steel-concrete composite beam tested by Yam and Chapman (E 11) has been selected to 

carry out the parametric study. The parameters studied can be summarized as follows: 

1) Effect of Degree of Interaction.  

2) Effect of Concrete Compressive Strength (f´c ). 

3) Effect of Longitudinal Reinforcement. 

The effect of partial interaction on Yam and Chapman composite beam has been investigated. To get 

full interaction, a large value for the stiffness of the shear connectors used by Yam and Chapman 

experimentally has been used by multiplying the stiffness value by 10
6
. While for partial interaction, the 

number of shear connectors used by Yam and Chapman experimentally has been reduced as a percentage 

from the number of studs that has been used experimentally. 

In this work, the uniformly distributed Load (UDL kN/m
2
) (on the overall slab) is investigated 

The nonlinear finite element analysis for the simply supported steel-concrete composite beam tested 

by Yam and Chapman (E 11) gave the ultimate load (500 kN) in case of (CL) and (190.5 kN/m
2
) in case of 

(UDL). The distribution of longitudinal stresses in the slab has different shapes along the slab as shown in 

the Fig. 10. The distribution of the effective slab widths and longitudinal stresses for Yam and Chapman 

composite steel-concrete beam (E 11) for several stages of loading is shown in Figs. 11 and 12. 

The effect of partial interaction on the effective slab width and the stress distribution at midspan, with 

various degrees of interaction, at ultimate load are shown in Figs. 13 and 14. 

The effect of the degree of interaction on the effective slab width and maximum stress at midspan for 

this beam at ultimate load is listed in Tables 4 and 5, respectively. Comparison of effective slab width with 

design specifications at ultimate load is shown in Table 6. From the obtained results, it can be seen that 

when the degree of interaction increases from 24% to the used the effective slab width decreases by 10.8% 

and the maximum slab stress decreases by 25.6%. 

The effect of concrete compressive strength on the effective slab width and maximum stress at 

midspan for this beam at ultimate load is listed in Tables 7 and 8, respectively. From the obtained results, it 

is seen that when the concrete compressive strength increases from (21 MPa) to (30 MPa), the effective slab 

width decreases by 24.5% Fig. 15 and the maximum slab stress decreases by 28.5%, Fig. 16. 

The effect of longitudinal reinforcement on the effective slab width and maximum stress at midspan 

for this beam at ultimate load is listed in Tables 9 and 10, respectively. From the obtained results, it is seen 

that when the diameter of longitudinal reinforcement increases from (Ø12 mm) to (Ø25 mm), the effective 

slab width increases by 40.7% , Fig. 17 and the maximum slab stress increases by 19.7% ,Fig. 18. 

 

8. CONCLUSIONS 

1) The results indicate good estimates of failure loads compared with experimental values. The maximum 

difference ratio in ultimate load is about 1.9%, while the maximum difference ratio in central deflection is 

about 4.7%  These results reveal the accuracy and efficiency of the selected elements in ANSYS 11.0 

computer program in predicting the behavior and  ultimate load of composite steel-concrete beams.   

2) When the degree of interaction increases from 24% to the used the effective slab width decreases by 

10.8% and the maximum slab stress decreases by 25.6%. 
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3) When the concrete compressive strength increases from (21 MPa) to (30 MPa), the effective slab width 

decreases by 24.5% and the maximum slab stress decreases by 28.5%. 

4) When the diameter of longitudinal reinforcement increases from (Ø12 mm) to (Ø25 mm), the effective 

slab width increases by 40.7% and the maximum slab stress increases by 19.7%. 
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NOMENCLATURE 
The following symbols are used in this paper:- 

 
b  = one-side slab width 

  = one-side effective slab width 

 = ultimate compressive strength   (Cylinder Test) 

L  = span length of the beam 

 = normal stress in the longitudinal direction  

 = maximum normal stress in the longitudinal direction 
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bf   =  steel beam flange width 

Q  = shear force in one shear connector 

   = slip at the interface 

 s  = spacing of beams 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Transverse 

reinforcement 

Shear 

connectors 

Reinforced 

concrete slab 

Steel beam 

Longitudinal 

reinforcement 

Figure 1. Composite beam components.  

 

Figure 2. Shear lag distortion of flanges of various widths. [Hamply 1976]. 
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Figure 3. Effective slab width definition. 

Chiewanichakorn et al., 2004
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Figure 4. Effective width Definition. 

 

y 
 x 

(a

) 

(e) 

(d) 

(b) 

(c) 

Figure 5. Elements geometry. 

(a)SOLID65 (b) SHELL143 (c) CONTA174 (d) TARGE170 (e) LINK8. [ANSYS Manual 2005] 
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Table 1. Effective width of the slab. 

Code Formula 

AASHO [AASHO, 1944] 

b2  (interior beams) is the least of:  

1. L/4 

2. 12hc + greater of (hw or bf/2) 

3. average (s) of adjacent beams 

AASHTO [Bowels, 1981]
 

b2  is least of: 

1. L/4 

2. s 

3. 12hc 

AASHTO-LRFD [AASHTO, 1998; 

AASHTO, 2004] 

b2  (interior girder) is the least of:  

1. L/4 

2. 12hc + greater of (hw or bf/2) 

3. average (s) of adjacent beams 

b2 (exterior girder): ( b2  (interior girder)/2) + the 

least of: 

1. L/8 

2. 6hc + greater of (hw/2 or top bf/4) 

3. overhang width 

ACI [ACI 318M-08]
 

b2   (interior girder) is least of: 

1. L/4 

2. s 

3.bw + 16hc 

b2  (exterior girder) is least of: 

1. L/12+bw 

2. 6hc+bw 

3. s/2+bw/2 

AISC [American institute of steel 

construction, 1999]
 

b2  is the least of: 

1. L/4 

2. s  

3. 2be 

BS 8110 [BSI 8110 Part 1 and Part 2, 1985] 
 

b2 is least of: 

1. L/5+bw 

2. s  

CEB [FIP-C and CA, 1970]
 b2  = L/8 for U.D.L. 

b2  = L/10 for point load. 

BS CP 117 [BSI Part 1, 1965]
 

b2  is least of: 

1. L/3 

2. s  

3. bf + 12hc 

BS CP 117 [BSI Part 2, 1967]
 

1. for s ≤ L/10: b2  = s 

2. for s > L/10: (s/ b2 )
2 
= 1+12(s/L)

2
 

but b2  shall not be taken as less than L/10. 

Report of Committee 41A [Effective Slab 

Width, 1978] 

b2 is the least of: 

1. L/4 

2. s 

3. 2be 

Special Committee on Concrete and 

Reinforced Concrete [Special, 1916] 

b2 is the least of: 

1. L/4 

2. 12hc 
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Slab: 8-Node Solid 

Brick Element 
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CONTA174 

Concrete slab: SOLID65 

Steel: SHELL143 

COMBIN39 

Shear 

Connectors 
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Figure 6. Schematic drawing of finite element model for composite beam. 

 F 

5486 mm 

Steel beam 

(a) 

Φ 16 @ 300 mm 

c/c 

152 mm 

10.16 mm 

Φ 12 @ 400 mm c/c 

Φ 12 @ 200 mm 

c/c 

(b) 

305 mm 

18.2 mm 

Figure 7. Yam and chapman test beam 

(a) dimensions and loading arrangement of beam (e 11) (b) cross section. 

152 

mm 

RC slab 

18.2 mm 

1220 mm 
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Table 2. Material properties used for yam and chapman  composite steel-concrete beam (E 

11). 

Concrete 

Symbol Definition Value 

 
Compressive Strength (MPa) 50 

Ec Young's Modulus (MPa) 33234 

 
Tensile Strength (MPa) 4.38 

υ Poisson's Ratio 0.15* 

 Shear Transfer Parameters 
0.3* 

 
0.83* 

Reinforcement 

 
Yield Stress (MPa) 

265 (Ø16) 

265 (Ø12) 

Es Young's Modulus (MPa) 205000 

υ Poisson's Ratio 0.3 

Ew Steel Hardening Parameter (MPa) 4100 

Steel Beam 

 
Yield Stress (MPa) 265 

Es Young's Modulus (MPa) 020222 

Ew Steel Hardening Parameter (MPa) 4100 

Shear Connector 

H Overall Height (mm) 50 

ɸ Diameter (mm) 20 

Sstud Spacing (mm) 222 

Nf Number of Studs 100 

 
Yield Stress (MPa) 265 

Es Young's Modulus (MPa) 020222 

Ew Steel Hardening Parameter (MPa) 4100 

Interface µ Coefficient of Friction 0.7† 

 

  *assumed value, † [ACI 318M-08] 

Note: Ec = 4700    ,   Ew= 0.02 Es   , ƒr = 0.62    

Figure 8. Three-dimensional finite element mesh for yam and chapman 

composite steel-concrete beam (e 11). 
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 Table 3. Comparison between the experimental and analytical results 

of yam and chapman composite beam (e 11). 

Max. Central Defl. (mm) 
Experimental 78.4 

Analytical 82.1 

Ultimate Load (kN) 
Experimental 510 

Analytical 500 

 
0.98 

Error in (Pu) -1.9% 

Failure Mode Concrete Crushing 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.9  Experimental and nonlinear analytical load-deflection curves for yam and 

chapman composite beam (e 11). 

 

 

Figure 10. Slab top surface stress distribution for udl (190.5 kn/m
2
). 
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Figure 12. Effective width for several stages of loading for udl (190.5 kn/m
2
). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Slab top surface stress distribution for several stages of loading for udl (190.5 

kn/m
2
) at mid span. 
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Figure 13. Effective width for various degrees of interaction at ultimate load for UDL. 
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Degree of Interaction  

(%) 

Maximum Slab Stress 

Ratio ( ) 

24 

52 

76 

Used 

Full 
 

0.753 

0.396 

0.431 

0.559 

0.560 
 

  

 

Degree of Interaction  

(%) 

Effective Width Ratio 

 ( /b) 

24 

52 

76 

Used 

Full 
 

0.934 

0.934 

0.948 

0.833 

0.808 
 

Table 6. Comparison of effective slab width in midspan with design specifications at ultimate load 

for UDL  

Degree of 

Interaction  

(%) 

 (mm) 
ASHTTO-LRFD ACI 

AISC 
BS 

8110 Exterior Interior Exterior Interior 

24 1139 1144 1220 609 1220 1220 1220 

52 1140 1144 1220 609 1220 1220 1220 

76 1156 1144 1220 609 1220 1220 1220 

Used 1017 1144 1220 609 1220 1220 1220 

Full 985 1144 1220 609 1220 1220 1220 

 

 

Figure 14. Effect of degree of interaction on the stress distribution in midspan section at 

ultimate load  UDL. 

 

Degrees of 

Interaction: 

Table 5. Effect of degree of interaction on the effective slab width ratio 

at ultimate load in midspan for UDL 

Table 4. Effect of degree of interaction on the maximum slab stress 

at ultimate load in midspan for UDL. 
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f´c  (MPa) 
Effective Width Ratio 

 ( /b) 

21 

25 

30 

0.951 

0.714 

0.718 
 

 

 

 

f´c  (MPa) 
Maximum Slab Stress 

Ratio ( ) 

21 

25 

30 

0.875 

0.837 
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Figure 15. Effective width for various concrete strengths at ultimate load for UDL. 

Figure 16. Effect of concrete strength on the stress distribution in midspan at ultimate load 

for UDL. 
 

Table 7. Effect of concrete strength on the effective slab width ratio 

at ultimate load in midspan for UDL 

Table 8. Effect of concrete strength on the maximum slab stress 

at ultimate load in midspan for UDL 
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Diameter of Longitudinal 

Reinforcement (mm) 

Effective Width Ratio 

 ( /b) 

Ø12 

Ø16 

Ø25 

0.701 

0.833 

0.987 
 

 

 
Diameter of Longitudinal 

Reinforcement (mm) 

Maximum Slab Stress 

Ratio ( ) 

Ø12 

Ø16 

Ø25 

0.512 

0.559 

0.613 
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Figure 17. Effective width for various diameters of longitudinal reinforcement at 

ultimate load for UDL. 

 

Figure 18. Effect of longitudinal reinforcement on the stress distribution in midspan at 

ultimate load for UDL. 

 

Ø12 mm 
 

Ø16 mm 
 

Ø25 mm 

Table 9. Effect of longitudinal reinforcement on the effective slab width ratio 

at ultimate load in midspan for UDL. 

Table 10. Effect of longitudinal reinforcement on the maximum slab stress 

at ultimate load in midspan for UDL 
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ABSTRACT 

   The problem of the high peak to average ratio (PAPR) in OFDM signals is investigated with a 

brief presentation of the various methods used to reduce the PAPR with special attention to the 

clipping method. An alternative approach of clipping is presented, where the clipping is performed 

right after the IFFT stage unlike the conventional clipping that is performed in the power amplifier 

stage, which causes undesirable out of signal band spectral growth. In the proposed method, there is 

clipping of samples not clipping of wave, therefore, the spectral distortion is avoided. Coding is 

required to correct the errors introduced by the clipping and the overall system is tested for two 

types of modulations, the QPSK as a constant amplitude modulation and 16QAM as a varying 

amplitude modulation. 

 

Key words: OFDM (orthogonal frequency division multiplexing), PAPR (peak to average power 

ratio), clipping, QPSK (quadrature phase shift keying) modulation, QAM (quadrature amplitude), 

channel coding. 

 

 باستعمال القطع والترميز OFDMلاشارات  PAPRتخفيفض قيمة 
 

 محمد قاسم محمد

 مذسس

 قضم الانكخشووُك والاحصالاث

 جامؼت بغذاد - كهُت انهىذصت

 

 الخلاصة

مغ اصخؼشاض مخخصش نهطشق  OFDM فٍ اشاساث PAPR انمؼذل انقذسة انً مشكهت اسحفاع وضبت انقمتدُسصج  فٍ هزا انبحث

هقطغ حُث َجُشي انقطغ بؼذ مشحهت انـ انخشكُز ػهً طشَقت انقطغ. حم حقذَم طشَقت بذَهت نو PAPRانمخخهفت انمضخؼمهت نهخقهُم انـ 

IFFT  وانخٍ حىنذ ومى انطُف خاسج انحزمت انخاصت  فٍ مشحهت مكبش انقذسة انقطغ جشيَُ بؼكش انطشَقت انخقهُذَت نهقطغ حُث

جم . حكىن انحاجت انً انخشمُز لاحشىَه انطُفَخم حجىب حم قطغ انؼُىاث ونُش انمىجت نزنك فٍ انطشَقت انمقخشحت  .بالاشاسة

 16QAMانزٌ هى رو صؼت ثابخت وححمُم  QPSKحصحُح الاخطاء انمخىنذة بضبب انقطغ وقذ حم اخخباس انمىظىمت ككم ػهً ححمُم 

 انزٌ هى رو صؼت مخغُشة.

 

 انخقضُم انخشددٌ انمخؼامذ، وضبت انقمت انً مؼذل انقذسة، انقطغ، حضمُه انطىس انشبؼٍ، حضمُه انضؼت انشبؼٍ ئيسية:رالكلمات ال
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1- INTRODUCTION 

In modern communications the Orthogonal Frequency Division Multiplexing (OFDM) is becoming 

increasingly a widely used technique to transmit data due to its attractive advantages especially its 

immunity to multipath fading and impulsive noise, bandwidth efficiency and the fact that recent 

technology advancement made its complexity no longer an obstacle against implementation. This 

made it possible to have the OFDM to be adopted in many wireless communication systems like 

802.11a, 802.11n, 802.16 and 4G mobile systems. Despite the wide spread applications of OFDM 

but this is mostly in systems where the high cost is affordable and non-battery operated devices, on 

the other hand OFDM still has limited application in mobile cell phones application because of the 

high peak to average power ratio (PAPR) of the OFDM signal. Such problem requires the power 

amplifier (PA) stage to have a relatively wide dynamic range to accommodate for the high peaks of 

the OFDM signal. This can lead to a low efficiency of the PA, Reynaert, 2006 and  Hu, 2010, and 

will cause a deleterious effect of the battery life which is a very undesirable to the user. There are 

many techniques that try to solve the high PAPR problem but each has its disadvantage; these 

techniques will be discussed later. Clipping is the direct and simplest technique to deal with the high 

PAPR problem, where the waveform is clipped whenever this waveform exceeds a specified 

threshold. This has the disadvantage of increasing the out of band spectral power due to the 

nonlinear effect on the waveform, and as it is so obvious to anyone who is involved in wireless 

communications, the bandwidth is becoming a very scarce resource and the OFDM is basically a 

solution to this problem and by using direct brutal clipping to the signal waveform, we are 

eliminating the advantage of OFDM that wireless communication is relying on. On the other hand 

regulatory authorities have strict requirements regarding radiation outside the subscriber’s 

accommodated bandwidth. Filtering can be used to eliminate the out of band spectral growth due to 

clipping but this may reproduce the high peaks again, so, multistage of clipping and filtering may be 

required which is very demanding in terms of amount of calculation and/or cost. The traditional way 

of clipping where the OFDM signal is allowed to grow at a certain instance of time and then this 

signal is applied to a power amplifier with insufficient backoff input power which leads to clipping 

of the wave. In this work the clipping is made by software to the samples produced by the IFFT 

stage, therefore, this clipping will be referred to as the sample clipping as opposed to the wave 

clipping produced by the traditional clipping, see Fig. 1. Although sample clipping affects the 

certain sample values (that are higher than a certain threshold) and hence affects the transmitted data 

carrying symbols but it does not cause out of band spectral growth and does not distorts the in band 

spectrum. The modification of the sample value can be considered as an impulsive noise because 

from Eq. (4) there are N values of the data carrying symbol ck that depend on the value of a specific 

OFDM symbol s(n). 

 

2- OFDM AND THE PAPR 

The idea of the OFDM transmission is that instead of sending a high rate data with rate Rs=1/Ts, 

where Ts is the symbol duration, on a single carrier, the data are converted into a bank of N parallel 

subchannels each is transmitted by a different carrier with a fixed frequency separation given by 

,Rohling, 2011. 

 

)/(1 ss NTf   (1)  
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where T is the symbol duration, in this way the new symbol duration will be NT and the new rate 

Rm=1/(NTs). Although the situation in terms of bandwidth seems the same because in the single 

carrier we are sending at rate Rs=1/Ts while in the multicarrier N carriers are sent with rate 

Rm=1/(NTs) so theoretically it is the same bandwidth, but actually wireless channels suffer from the 

multipath situation, where the signal arrives at different time delays at the receiver which makes 

different symbols to be added up at the same time at the receiver which causes what is commonly 

known as Inter Symbol Interference (ISI). Such channel is referred to as time dispersive channel and 

the amount of the ISI is considered negligible if the symbol time is much greater than the channel 

maximum delay spread Tm. So, in the single carrier situation it should be such that Ts>>Tm while in 

multi carrier it should be NTs>>Tm. From this it can be seen that the maximum delay spread Tm is a 

limiting factor against increasing the symbol rate while in multicarrier transmission the condition 

can be met by increasing the number of carriers N. 

 

The complex OFDM signal can be expressed as 

NTttkffcts
N

k

sok 




0))(2exp()(
1

0

  (2) 

where ck is the data carrying symbol, it is a complex quantity and its values depend on the 

modulation and constellation shape, fo is the OFDM carrier frequency and fs is the separation 

frequency given by Eq. (1) which is a requirement to maintain orthogonality. In the receiver the 

received signal is sampled N times within each OFDM symbol, that is within time equals NTs which 

according to Eq. (2) contains N data symbols (ck) this gives N equations with N unknowns that can 

be solved for the ck’s. In practice this is not how it is done, returning to Eq. (2) if the carrier term is 

excluded and making the sampling at t=nTs, the OFDM sampled signal will be 







1

0

)/2exp()(
N

k

k Nnkcns    (n=0,1,…,N-1) (3) 

Eq. (3) looks so much like the Inverse Fourier Transform (IFFT) of the data symbols ck. This is an 

important advantage of the OFDM because the IFFT can be implemented by efficient algorithms. In 

the receiver side the values of dada carrying symbols ck are obtained by Fast Fourier Transform 

(FFT) as in Eq. (4) below 







1

0

)/2exp()(
N

n

k Nnknsc    (k=0,1,…,N-1) (4) 

A simple block diagram featuring the main components of the OFDM transmitter-receiver is shown 

in Fig. 2. There are other component in the OFDM system which are not discussed here like the 

windowing and the cyclic prefix because they deal with the spectral shaping and equalization and 

these issues are not within the scope of this work and do not affect our treatment of the PAPR. 

After this brief overview of the OFDM we turn our attention to the PAPR problem. The PAPR of a 

signal s(t) can be expressed as ,Bhad et al., 2012. 

 2

2

)]([

)](max[

tsE

ts
PAPR   (5) 

where max[s(t)]
2
 is the maximum power, E{.} is the expected value operator and E{[s(t)]

 2
} is the 

average power of s(t). From Eq. (2) it is clear that the OFDM signal is the sum of multiple sinusoids 

and it can happen that at certain instances these sinusoids add up constructively and lead to high 
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peak as shown in Fig. 1. The peak and average power of the OFDM symbol can be found from Eq. 

(3) as 

 

)()()( * nsnsnP   
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




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1
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1

0
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N
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N
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mk NmknjccnP   (6) 

 

By making the change of variables r=m-k Eq. (6) becomes: 

 

 




 
r

rN

m

mrm NrjccnP
1

0

* )/2exp()(   (7) 

In the above equation the range of values of r in the outer summation is from –(N–1) to (N–1). The 

difference between the summations in Eqs. (6) and Eq. (7) can be viewed like summing elements of 

an NxN matrix; in Eq. (6) the summation is in row-column direction, while in Eq. (7) is in diagonals 

direction. The inner summation is called the aperiodic autocorrelation of c at displacement r. To find 

the average power the expected value of Eq. (7) is taken over the random variable c and it is 

assumed that the data symbols are independent and each has zero mean (because the constellations 

are usually symmetrically distributed) the terms in Eq. (7) vanish except when r=0, so the average 

power will be reduced to: 







1

0

2]|[|)]([
N

m

mav cEnPEP  (8) 

And since it is usually assumed without loss of generality that the constellation of any modulation 

scheme (QPSK or QAM) has normalized average power, then Eq. (8) reduces to simply 

 

NPav   (9) 

To find an upper bound of the expression in Eq. (7) it is known that the complex exponential term 

has the upper bound of 1 (|e
jx
|≤1) and the correlation term has an upper bound when all coefficients 

are equal to the maximum coefficient which we denote cM, so from Eq. (7) 

 





r

rN

m

McnP
1

0

2 )1(||)(  (10) 

Now the term inside the summation is constant (independent of m and r) and remember that the 

outer summation is over the values –(N–)≤ r ≤(N–1) so we will separate the case when r=0 and 

combine the two cases when r is positive and negative because the inner summation is the same, so, 

Eq. (10) will be: 

 
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In other words the peak power is proportional to N
2
 with constant of proportionality equals the 

magnitude square of the data symbol of maximum amplitude. It should be noted that this constant 

equals unity for the MPSK modulation and depends on the constellation shape for the amplitude 

varying constellations like the QAM case. Hence we get from Eqs. (9) and  (11) the peak to average 

power ratio 

 

McNPAPR   (12) 

Sometimes this ratio is given in dB and its square root is called the crest factor. It can be seen that 

PAPR increases with the number of carriers and this makes the reduction of this ratio an important 

job. 

 

3- TECHNIQUES FOR PAPR REDUCTION IN OFDM 

In this section, an overview is presented for the different techniques used to reduce PAPR in OFDM. 

In general there is no single technique that is best in every aspect for PAPR reduction. Every 

technique has its own drawback in one or more of the following aspects: 

1- Cost which is either in hardware or amount of calculations 

2- Reduction in coding rate 

3- Distortion 

4- Increasing of transmission power 

5- Transmission of side information 

It is up to the designer to determine which of the above can be tolerated by the specific application. 

A brief description is presented her for the different techniques used for PAPR reduction. 

 

3.1- Clipping and Filtering  
Clipping is the simplest and the most straightforward technique for reducing PAPR, actually 

clipping alone can hardly be considered a technique because in this case the system is doing nothing 

and the high peaks of the OFDM signal are passed to the power amplifier that does not have enough 

input backoff which causes clipping of the high peaks. The clipped signal can be represented by 

Joshi and Saini, 2011. 

 










TtsTe

Ttsts
ts

tj )(

)()(
)(

)(
 (13) 

where s(t) is the OFDM given by eq. (1), T is the threshold and (t) is the phase of s(t). 

 As a consequence the out of band spectrum will grow due to the signal distortion as shown in Fig. 

3. Therefore, clipping is usually combined with filtering as in the work of Bhad et al., 2012, but the 

filtering will cause the clipped peaks to grow again so further clipping-filtering stages are usually 

required which in turn causes increase in cost. 

 

3.2- Coding 

The method of coding is based on the idea of choosing a forward error coding (FEC) scheme where 

the codewords have low PAPR. In this technique two goals are achieved; reducing the PAPR and 

providing more reliable transmission via coding. Many researches have been developed in this field 
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and most adopt Golay sequence to achieve low PAPR. Golay pairs are defined as the two sequences 

whose aperiodic autocorrelation add to zero i.e. if a(n) and b(n) are two sequences of length N then 

 

0)()(  kCkC ba  for k=1, 2,… N (14) 

 

Where 

 







1

0

)()()(
kN

n

x knxnxkC  (15) 

Is called the aperiodic autocorrelation of the sequence x(n). Any two sequences that satisfy Eq. (14) 

are called Golay pairs and either sequence is called a Golay sequence. It can be shown that Golay 

sequences when chosen as OFDM symbols will have PAPR of at most of 2 (PAPR ≤ 2) irrespective 

of the sequence length N ,Davis and Jedwab, 1999. In 1999 Davis and Jedwab devised an analytical 

scheme to produce Golay sequences and found a relationship between Golay sequences and Reed-

Muller codes. Although their work was limited to MPSK signals up to 32 carriers it was considered 

a landmark that many other researchers like Rößing et al., 2001, who expanded Davis and Jedwab 

work to 16QAM and archived PAPR≤3.6 or Huang et al., 2010, who expanded to 64QAM 

achieving PAPR≤2.85, Lee and Golomb, 2006 also expanded to 64QAM achieving PAPR≤4.66. 

The problem with the coding method for reducing the PAPR is that the hamming distance between 

sequences that have low PAPR is not always high. Therefore, many sequences with low PAPR are 

excluded in order to satisfy the high hamming distance criteria of the coding scheme. Satisfying 

both conditions (low PMPR and high hamming distance) results in reduction of the coding rate and 

hence the information rate which strips the OFDM technique from its main advantage. 

 

3.3- Selected Mapping 

In selected mapping (SLM), each information sequence D is mapped to U different sequence blocks 

X
u
 (where u=0,1,…U-1) in many cases the mapping is performed by multiplying the information 

sequence by random vector B
u
 i.e. 

 

1,....,1,0  UuDBX uu  (16) 

 

The effect of this mapping is supposed to introduce randomness in the new sequence X
u
 such that 

the PAPR of X
u
 will be lower than the PAPR of D for some u. In other words selected mapping 

selects the vector B
u
 such that PAPR(X

u
) is minimum over u and sends the value of u as a side 

information so that the receiver can extract the information sequence D. The advantage of the 

selected mapping is that it works for any type of modulation, while the disadvantage is that in order 

to find the minimum PAPR, the transmitter requires to perform the IFFT stage U times and selects 

the output that with minimum PAPR, and this increase the cost requirement of the system. On the 

other hand, the requirement of sending side information is also a cost in terms of bandwidth 

requirement. There is another technique that is closely related to SLM which instead of the mapping 

used by Eq. (16), a set of interleavers is used to find one output whose PAPR is lowest to be selected 

for transmission. In literature, selected mapping received great deal of attention to improve 

performance especially in terms of computational cost, for example, Ding and Lin-Bo, 2011 used a 
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method called Random Screening (RS-SLM) to find the mapping vector B
u
 of Eq. (16) before the 

IFFT stage, so, only one IFFT stage is required. RS-SLM is based on calculating coefficients for 

each X
u
 sequence, these coefficients are measures of randomness, periodicity, and period of the 

sequence and by using a special criterion, the sequence with the lowest PAPR can be found and sent 

to the IFFT stage. Although this method requires only one IFFT stage but it still requires some 

calculations and the authors only presented the results for limited parameters where the number of 

carriers N=64, the number of vectors U=8 and BPSK modulation type. Breiling et al., 2001, 

proposed a method that does not require explicit transmission of the side information (the mapping 

vector index u), in the traditional methods where the mapping vector index u is explicitly 

transmitted, the whole information sequence can be lost if transmission error occurs in the value of 

u. Breiling proposed to concatenate the index u at the beginning of the information sequence and 

feeding the resulting sequence to a scrambler, according to the value of u different scrambled 

vectors are produced and fed to U IFFT stages to choose the output with lowest PAPR. At the 

receiver, the received sequence is descrambled and if no transmission errors occurred, the 

information sequence is retrieved with the index u. 

 

3.4- Partial Transmit Sequence 

In Partial Transmit Sequence (PTS) method the signal block X(k), of length N, is partitioned into M 

blocks, where M is a divisor of N. New M vectors X
m
(k) (m=1,2,…, M) are generated such that 

 



 


otherwise

mLkLmkX
kX m

0

)1()(
)(  (17) 

 

where L=N/M is the length of the partition vector X
m
(k). The signal block X(k) can be expressed in 

terms of the partition vectors X
m
(k) by 





M

m

m kXkX
1

)()(  (18) 

 

Now the vectors X
m
(k) are fed to M IFFT stages to generate M time-domain vectors x

m
(n) which are 

in turn each multiplied by a fixed phase shift number b
m
. The sum is optimized by choosing the set 

of values of b
m
 for the lowest PAPR, i.e. 

 





M

m

mm nxbnx
1

)()(  (19) 

 

where the values of b
m
 are chosen from a set of phase shifts b

m
=e

j2h/W
, where h=0,1,…W-1 and W is 

a given integer whose value affects the performance. Eq. (19) says that the transmitted sequence is a 

linear combination of the outputs of the IFFT stages with each output phase-shifted by b
m
. Now the 

system must make an exhaustive search for the values of b
m
 that minimize the PAPR. In practice, 

without loss of performance, b
1
=1 so the exhaustive search for the M-1 vectors from a set of W 

values gives a value of W
(M-1)

 iterations and the size of the side information is log2(W
(M-1)

) where 

x is the greatest integer less than or equal to x. In the receiver, performing the FFT to x(n) results 

in 
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And because of the special arrangement of X
m
(k) as in Eq. (17), the output of the FFT stage will be 

the signal vector X(k) with each partition multiplied by the corresponding phase shift b
m
 that are 

obtained from the transmitted side information. The main disadvantage of the PTS method is the 

large amount of iterations that depend of the values of M and W, where increasing their values 

enhances the performance in terms of lowering the value of the PAPR while degrades the 

performance in terms of amount of computations Han et al., 2005. The partitioning expressed by 

Eq. (17) is called adjacent partitioning and it is not the only way of partitioning, there is the 

interleaved and the pseudo random partitioning but the adjacent partitioning is the simplest to 

implement. Lee et al., 2012, presented a tree-based method for reducing the number of iterations 

required to find the best phase vector, the performance is better than the exhaustive search in terms 

of number of iterations but it is suboptimal in terms of achieved PAPR values. 

 

3.5-Tone Reservation 

In tone reservation (TR) the frequency domain data sequence D (of length N) is not composed 

entirely of data symbols, rather it has zero values at certain frequency indices on the other hand a 

sequence A, same length as sequence D, is composed of nonzero entries where X has zero entry and 

a zero entry where D has a nonzero entry. The overall sequence X=D+A is fed to the IFFT stage 

such that 

 

x(n)=IFFT[X]=IFFT[D]+IFFT[A] (21) 

 

The problem now become to find A such that the time domain added signal IFFT[A] results in 

reduction of PAPR of the overall time domain signal x(n). Hu et al., 2010, used TR and used 

iterative procedure in which the vector of the reserved tones is recursively updated by a special 

formula. The iterations stop if the number of iterations reaches a predefined number or the PAPR 

becomes lower than a desired threshold. In TR technique no side information is transmitted but part 

of the bandwidth is allocated for the reserved tones. 

 

3.6-Active Constellation Expansion 
Active Constellation Expansion (ACE) or Active Point Modification (APM) is to dynamically 

expanding the outer points of the constellation (used in mapping the data symbols) further outside or 

equivalently increasing the amplitude of these points in a way that does not affect the decision 

thresholds used to detect the received symbols and at the same time allows manipulating the values 

of some of the transmitted symbols in order to reduce the peaks in the time domain signal. The 

problem is to find a vector C whose components represent the magnification factor such that 

IFFT[CX] has a minimized PAPR. Zhou and Jian, 2013, presented an ACE method based on 

minimizing quadratic form of M<N variables, the choice of the number of variables M affects 

performance and complexity. The ACE method does not require sending side information but its 

drawback beside complexity is the increase of transmitted power. 
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3.7-Tone Injection 

In tone injection (TI) Technique, each point of the M constellation points is mapped to another set of 

K constellation points and hence the overall constellation is mapped to a new larger KM-point 

constellation that is divided into M sub-constellations each represents one symbol. The modulator 

can use either one of the K points to represent each symbol and the choice criteria will be to reduce 

the PAPR of the transmitted OFDM symbol. Zhou and Jian, 2009, proposed a multipoint mapping 

based scheme to eliminate the need for transmitting side information by using a QPSK constellation 

as information symbols and mapping this constellation to a 16 QAM constellation. The authors 

presented the work as a PTS scheme, but it actually falls under the TI category. Although this 

technique does not require transmission of side information, but the constellation expansion of the 

QPSK to 16 QAM means increase of average transmission power. Goel et al., 2013, introduced a 

similar concept except that the mapping is performed from the QPSK constellation to a concentric 

circles constellation. Goel et al., made a performance evaluation of these to schemes and results 

show the symbol error rate (SER) of the concentric circles base mapping has a 1 dB advantage over 

the QPSK to 16QAM mapping. 

 

4- PROPOSED SYSTEM 

It has been mentioned before, that clipping the OFDM waveform causes undesirable out of band 

spectral growth and ICI. In this work the clipping is performed in an earlier stage at the output of the 

IFFT stage where the signal is still in terms of samples, therefore it is referred to as sample clipping. 

This has the advantage of having no spectral distortion, but it still has the disadvantage of modifying 

samples in the time domain and this reflects on all the frequency domain samples which are actually 

the transmitted symbols.  

 

)(ˆ)()( nsnsne   (22) 

 

Where, e(n) is the error (noise) term, s(n) is the OFDM symbol given by Eq. (3) and )(ˆ ns is the 

clipped OFDM symbol. This means that e(n) is nonzero whenever there is a clipping event and zero 

when there is no clipping. So, when clipping occurs and s(n) is modified, and it will be reflected on 

all data symbols ck (see Eq. (3)). This can be viewed as introducing a sort of impulsive noise on a 

block of symbols that are the input of the IFFT stage, and this situation can be managed by 

introducing an error correcting code to the system. Before going into more details, it should be noted 

that the use of coding in this work is in the general sense and it is not related to the type of coding 

mentioned earlier that is used to reduced the PAPR. In other words the use of coding here alone does 

not reduce the PAPR by itself, therefore clipping is still required. The role of the coding is to correct 

the errors caused by the sample clipping. Another point that is worth mentioning is that introducing 

a coding scheme into the system does not necessarily mean that we are adding more complexity to 

the system because almost in every communication system, channel coding is used, so we are only 

considering the system as a whole instead of focusing on specific part of the system. On the other 

hand the designer has more freedom to choose the appropriate coding scheme unlike the systems 

that rely on coding schemes alone to reduce PAPR which are limited and hence may impose certain 

limitation to the system like the type of modulation, code rate and coding/decoding complexity. 

In this work, the convolutional coding is proposed to correct the errors introduced by the sample 

clipping and since it is expected that the errors due to clipping to be in the form of burst errors, 
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interleaving is also required and the simplest interleaving technique is used which is the block 

interleaving. Where the symbols are stored in a rectangular matrix with N row and L columns with 

each row containing L convolutionally encoded symbols and each column with N symbols to be fed 

to the IFFT stage, so when clipping is performed at the output of the IFFT stage in case of having a 

high peak sample, the error is distributed over N different symbols each separated by L symbols, so, 

the convolutional decoder will not have a burst of clipping errors in its input. The block diagram 

shown in Fig. 4 illustrates the components of the proposed system. 

 

5- PERFORMANCE EVALUATION 

The system was tested by simulation using Matlab R2010a for two types of modulation; the QPSK 

and 16QAM modulations. These two modulation types were chosen to study the effect of clipping 

on the constant amplitude modulation (QPSK in this case) and the varying amplitude modulation 

(16QAM). Additie White Gaussian Noise (AWGN) was introduced as a perturbing factor to the 

OFDM signal in addition to the clipping error given by Eq. (22). As has been mentioned earlier, the 

error correcting code used is the convolutional code, the parameters used where coding rate R equals 

1/2 and constraint length K (which represents the error correcting capability of the covolutional 

code) taking the values 3, 4 and 5, with generator polynomials having octal representation [3 5], [13 

15] and [23 35] respectively. The circuit diagrams of these encoders are shown in Fig. 5. Viterbi 

algorithm is used as decoding algorithm where the complexity is proportional to 2
K
. The interleaver 

size is 64X128 and the number of OFDM carriers is N=64. The bit error rate (BER) was evaluated 

by simulation for the different values of K. since the clipping will make the OFDM have maximum 

amplitude equals the value of the sample clipping threshold T, then, the PAPR can be evaluates from 

eq. (5) as 

 

N

T
PAPR

2

  (23) 

 

Looking at Fig. 6 and Fig. 7, it can be seen that there is a significant difference in the performance 

of the system for the QPSK modulation for sample clipping thresholds T=2 and T=4, which are 

already very small. Referring to Eq. (12) the PAPR of such signal equals to N=64 and from Eq. (23) 

the PAPR is reduced to 0.0625 and 0.25 respectively. On the other hand, Fig. 8 and Fig. 9 show the 

performance of the system for the 16QAM modulation with square constellation, it has been found 

that in order to achieve a comparable performance to the QPSK, the threshold of the sample clipping 

was chosen T=10 and T=11 which gives PAPR values of 1.56 and 1.89, this is expected because 

QPSK is a constant amplitude modulation and the demodulation criteria depends on the phase of the 

received signal not the amplitude, on the other hand, the QAM modulation is an amplitude varying 

modulation which makes it more sensitive to amplitude clipping. It is clear from these results that 

there is a significant decrease of the PAPR and if the PAPR is further slightly increased the BER 

will be reduced much more, so, it is up to the designer to make the proper compromise between the 

acceptable BER and the desired PAPR.  

 

Further investigation of the graphs in Fig. 6 to Fig. 9, it can be seen that the curves show asymptotic 

behavior at high values of SNR, remember that the SNR in these graphs are for the AWGN and 

there is already the clipping-generated noise of Eq. (22), so, when the power of the AWGN is 



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

 

28 

 

reduced, the clipping noise will be dominant and cause the graph to reach a certain value of BER 

because the clipping noise is directly related to the clipping threshold value. The graph shown in 

Fig. 10 shows the amount of the SNR when a noise-free OFDM signal is clipped by a given 

threshold and it clearly shows that the clipping noise decrease (increase of SNR) when the clipping 

threshold is increased since less clipping events occurs. There are no theoretical formulas for BER 

performance against clipping-generated noise, but in order to assess the simulation results of Fig. 6 

to Fig. 9, the BER performance against AWGN is used as in Fig. 11, where the upper bound 

theoretical values of BER for 1/2 rate convolutionally encoded QPSK and 16QAM signals are 

plotted against AWGN energy per bit to noise spectral power (Eb/No), these curves are Matlab 

generated using BERTool. And the quantity (Eb/No) is related to SNR by 

 

)log(10)(/)( BdBNEdBSNR ob   (24) 

 

Where B is the amount of information in bits per symbol and it equals to the coding rate times the 

number of bits per modulation symbol, so for the QPSK B=1/2x2=1 so (Eb/No)=SNR and for the 

16QAM B=1/2x4=2 so the there is a 3 dB difference in this case. The vertical lines shown in the 

figure reflect the corresponding Eb/No for a given clipping threshold and this is obtained from Fig. 

10 and Eq. (24). BER values are obtained from Fig. 6 to Fig. 9 where the curves saturate, i.e. where 

the clipping noise is dominant. It is seen that the QPSK case have BER values below the theoretical 

cures and there is 3-4 dB advantage, this means that the system has better performance handling 

clipping noise than AWGN. In the QAM case the BER values are over the curves and there is about 

1 dB performance degradation when compared to the AWGN performance and this is because the 

clipping has direct effect on the symbol amplitude and demodulating QAM signal depends on phase 

as well as amplitude, therefore the performance is reduced unless higher value of PAPR (or clipping 

threshold) is allowed. 
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Figure 1. An OFDM signal before and after the LPF showing high peaks over the clipping 

threshold. 

 

 

 

   
Figure 2-a. OFDM transmitter. 

 

 

  
Figure 2-b. OFDM receiver. 
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Figure 3. The spectrum of OFDM signals with N=64 and different clipping thresholds. 

 

 

 

 
Figure 4-a. Proposed OFDM transmitter with clipping and coding. 

 

 
Figure 4-b. Proposed OFDM receiver with clipping and coding. 
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Figure 5. The three convolutional encoders used in the proposed transmitter. 
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Figure 6. BER vs. SNR for QPSK signal and clipping threshold T=2 (PAPR=0.0625). 

 

 

 

 

z
-1

 z
-1

 

 

 

u 

v1 

v2 

z
-1

 z
-1

 

 

 

u 

v1 

v2 

 

 

z
-1

 

 

 

z
-1

 z
-1

 

 

 

u 

v1 

v2  

z
-1

 

 

 
z

-1
 

K=3 

K=4 

K=5 



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

 

33 

 

2 4 6 8 10 12 14 16 18
10

-6

10
-5

10
-4

10
-3

QPSK, Th=4

SNR

B
E

R

K=3
K=4

K=5

  
Figure 7. BER vs. SNR for QPSK signal and clipping threshold T=4 (PAPR=0.25). 
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Figure 8. BER vs. SNR for 16QAM signal and clipping threshold T=10 (PAPR=1.56). 
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Figure 9. BER vs. SNR for 16QAM signal and clipping threshold T=11 (PAPR=1.89). 
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Figure 10. Clipping signal-to-noise ration versus clipping threshold. 
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Figure 11. Comparison of simulated BER results with theoretical upper bound performance against 

AWGN. 
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ABSTRACT 

Leaching scheduling techniques are one of the suggested solutions for water scarcity 

problems .The aim of the study is to show the possibility of using leaching scheduling, when 

applying the irrigation scheduling program for a certain irrigation project, which was prepare by 

Water Resources Engineering –University of Baghdad with some modifications to generalized it 

and it make applicable to various climatic zone and different soil types.   

     The objectives of this research is to build a system that concerns the prediction of the 

leaching scheduling (depth and date of leaching water), illustrating the main problems (soil 

salinity, save the amount of leaching requirement, and to maintain crops growth).The other 

objective is to compare between the calculated amount of leaching water with the amount of 

water that is suggested by designers. The program includes, the calculating of predicted daily soil 

salinity ,the depth of leaching water that should be applied to remove the salt from the soil when it 

reaches a harmful level, and the total annual volume of leaching water. 

The results showed, that the use of predicted leaching scheduling with its applicable 

constrains require high attention when choosing the cropping pattern for each climate zone. Also, 

it was found that the leaching program is a useful tool for saving irrigation water if cropping 

pattern has been adapted carefully. This means the leaching water depth should be added only 

when needed, and may not be necessary with each irrigation event. 
 

Keywords: leaching scheduling, irrigation scheduling, maximum root depth, water resources dept. 

program, water budget, Amara irrigation project. 

 

جدولة متطلبات الغسيل الإضافية لمنع التملح الثانوي في منطقة الجذور         
 الخلاصة 

تؼرف يتطهثاخ انغسٛم تآَا انكًٛح انٕاجة اضافتٓا نهترتح نغرر  انذارا  ػهرٗ يسرتٕٖ يهذرٙ لٌٔ انًسرتٕٖ انًر  ٘          

انغسرٛم ْرٙ أدردٖ انذهرٕل انًةتردرح نذرم يحركهح مرذح  انًٛراِ. تٓردف اندعاسرح انرٗ يؼرفرح أيكاَٛرح .أٌ استؼًال اسهٕب جدٔنرح  

أػدالِ فٙ قسى ُْدسح  فٙ يحرٔع اعٔائٙ ٔانذ٘ تى  الاعٔائٛح  تطثٛق ترَايج انجدٔنح  خلال يٍ أستخداو ترَايج جدٔنح انغسٛم 

جايؼح تغدال يغ أجراء تؼض انتؼدٚلاخ ػهّٛ نجؼهّ قاتم نهتطثٛق فٙ انًُاطق انًُاخٛح انًختهارح ٔنَرٕاع يختهارح   -انًائٛح  لانًٕاع

 .يٍ انترب

انًحرالم انرئٛسرٛح ُٚراق   ٕٚضرخ ٔ دٛث اَرّغسٛم )تاعٚخ ٔػًرق يٛراِ انغسرم ذساب جدٔنح انت ىتٓتُاء َظاو ٚ اْداف انثذث ْٙ

انًةاعَح ياتٍٛ انُتائج انًذسٕتح  ٕٓ فأيا انٓدف انخر نهثذث ،   انًذاصٛم  ًَٕ تٕفٛر يٛاِ غسٛم ٔانذااظ ػهٗٔ)يهٕدح انترتح, 

ٔػًق انًاء انٕاجرة اضرافتّ انًهٕدح انٕٛيٛح ،  انثرَايج ٚتضًٍ دساب ، انًصًًٍٛ قثم تى أقراعِ يٍ تأستخداو انثرَايج يغ يا 

ٔتحرًم انذسراتاخ أٚضرا دسراب دجرى يٛراِ انغسرٛم انسرُٕٚح  ٘ نهُثراخيلاح يٍ يةد انترتح ػُديا تصم انٗ يسرتٕٖ ير  لانزانح ا

 انًضافح.

ٚتطهرة  ، قاترم نهتطثٛرقتخصائصّ انتٙ تجؼهّ ٔ انًتٕقؼحجدٔنح  يٛاِ انغسٛم ْكذا َٕع يٍ َتائج انثذث أٌ أستخداو أظٓرخ       

أٌ  انثرَرايج  لًرا ٔجرد ،تٓرذِ انُثاتراخ نكرم يُطةرح يُاخٛرح ػُاٚح مدٚدج ػُد أستخداو ًَظ تٕزٚرغ انُثاتراخ ٔانًسراداخ انًسعٔػرح

ػًررق يٛرراِ انغسررٛم تانيكرراٌ   ًٚثررم ألاج ياٛرردج نهذارراظ ػهررٗ انًٛرراِ أ ا يررا أدسررٍ أختٛرراع انرردٔعج انسعاػٛررح انًلائًررح. ْٔررذا ٚؼُررٙ أٌ

 اضافتّ ػُد انذاجح فةظ ٔنٛس تانضرٔع٘ يغ لم عٚح ٔلُسثح يٍ ػًق يٛاِ انر٘.
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جدٔنح انغسٛم, جدٔنح انر٘, أقصٗ ػًق جذٔع, ترَايج قسى انًٕاعلانًائٛح, انًٕازَح انًائٛح, يحررٔع انؼًراعج الكلمات الزئيسة:

 انعٔائٙ.
 

1. INTRODUCTION  

          Leaching scheduling , means the minimum amount of water that should be added to 

the irrigation requirements in order to remove the accumulated salt in the root zone due 

to irrigation. When it reaches a harmful effect on crop growth, the leaching scheduling 

will be important for saving water. Leaching is the key factor for controlling soluble salts 

brought by irrigation water.  
 

2. LEACHING REQUIREMENTS  

        The leaching requirements (LR) concept was developed by the U.S. Salinity 

Laboratory, Richard, 1954. It was defined as "the fraction of the irrigation water that 

must be leached out of the bottom of the root zone in order to prevent average soil 

salinity from rising above some specific limit, therefore it represents the minimum 

amount of water that must pass through the root zone to keep salts within an acceptable 

range.  

        Leaching requirements depend on the salt concentration in the irrigation water, the 

amount of water extracted from the soil by the crop (transpiration), and the salt tolerance 

of the crop, which determines the maximum allowable concentration of the soil solution 

in the root zone, Rhoades, and Merrill ,1976.  

        The actual leaching requirements can only be determined by monitoring salinity 

control which is related to field water management. Under some conditions, however, 

differences in soils, drainage, and water application methods make leaching less than 

I00% efficient. Cracks, root holes, wormholes and other large pores can transport water 

quickly through the root zone when these channels are in contact with the irrigation water 

at or near the surface, Rhoades, 1990b.Rhoades and Merrill, 1976, proposed an 

equation to calculate leaching requirement. 

         If all the infiltrated water mixes completely with the soil moisture, the relation 

between the depth of applied water (AW) for consumptive - use and the LR as suggested 

by FAO 1985b, during a cropping season is: 

     AW=ETc /(1-LR) = Irr.D +Pe                                                                                     (1) 

   Where : 

     ETc: consumptive-use (L/T), 

   Irr.D: net irrigation water depth (L),and 

       Pe: effective rain-fall (L). 

 

         However, under normal conditions, a fraction of the infiltrated irrigation water 

equivalent to ((1–f) * Irrigation depth), where: (f) is the leaching efficiency coefficient, 

will percolate directly below the root zone through cracks and macro-pores without 

mixing with the soil moisture solution. This water does not contribute to the leaching of 

salts from the root zone. 

          In practice, the electrical conductivity of drainage water (ECdw) value is not readily 

available, and the U.S. Salinity Laboratory recommends using the average electrical 

conductivity of the saturation soil solution extract, and the electrical conductivity of 

irrigation water (ECiw)to determine LR. The salt entering into the root zone from 

irrigation water or capillary rise from ground water remains in the root zone. 

         The accumulated salt in the root zone is generally leached by applying water in 

excess of field capacity. Field capacity can be defined as the maximum amount of 

moisture that can be held against gravity in the soil pores of the root zone. Results from 
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several laboratory experiments by Miller, et al., 1965; and some field trials by Oster, et 

al., 1972,  showed that the quantity of salts  removed per unit quantity of water leached 

can be increased appreciably by leaching at soil moisture contents less than saturation, 

i.e. under unsaturated conditions. 

         In unsaturated field conditions leaching was obtained by adopting intermittent 

ponding or by intermittent sprinkling at rates less than the infiltration rate of the soil. The 

degree of salt removal during leaching is be markedly influenced by the method used. An 

experiment was carried out at Nahshala Farm, north west of Al-Ain City, U.A.E. during 

the 1998–2000 growing seasons, using six halophytes (Batis maritima, Distichlis spicata, 

Juncus roemerianus, Paspalum vaginatum, Salicornia bigelovii and Spartina alterniflora) 

and two levels of leaching fraction (0·25 and 0·50) under three irrigation salinity levels 

10, 20, and 40 (g/l) in a randomized complete block design arranged in split plots. The 

results indicated that the halophyte species tested can grow with minimum reduction in 

the growth potential at < 20 (g/l) mean salinity of soil solution. Leaching fraction of 0·25 

at the highest salinity of irrigation water 40 (g/l) was inadequate to attain the steady-state 

salt balance during the growing period, although drainage salinity reached more than 90 

(g /l). Furthermore, if the same level of salinity is used for longer periods, soil salinity 

under this high salt treatment will continue to rise and plant growth may deteriorate. 

Leaching fraction of 0.50 is preferable if salinity of irrigation water is more than 20(g/l) 

and dry matter production is considered, although the amount of water used will be 

excessive, El-Sayed et al., 2000. 

   In the past, the means of estimating LR was based on a set of conditions, referred to 

as steady-state conditions, which rarely actually exist in real world. The real world is 

more dynamic and transient-state conditions predominate. The traditional guidelines for 

the calculation of the crop-specific leaching requirement of irrigated soils have fallen 

under the microscope of scrutiny and criticism because the commonly used traditional 

method is believed to over-estimate LR due to the assumption of steady-state flow and 

disregarding salt precipitation and preferential flow. Over-estimation of LR of 

detrimentally impacts the environment and reduces water supplies. Steady-state models 

for calculating LR based on traditional model of the U.S. Salinity Laboratory and water-

production-function models were compared to transit-state models. The calculated LR 

was lower when determined using a transit-state approach than using a steady-state 

approach. Transit-state conditions and the influence of preferential flow have no 

significant effect on lowering the value of LR as shown in the study of the Imperial 

Valley using Colorado River water ECiw  1.23 (ds/m) for irrigation. The LR was 0.08 for 

a certain crop rotation and certain area, as was calculated by transit- state model, and was 

found to be the most reasonable estimate for the entire Imperial Valley as compared to 

LR of 0.13 by using the commonly traditional method. 

   Letey et al., 1985,conducted a reclamation leaching experiment in a drip-irrigated 

pistachio orchard south of Huron, California, during the winter of 2002-2003.The study 

was conducted to quantify the leaching water required to remove salts from the effective 

root zone of trees. This experiment tested a new reclamation leaching technique by using 

multiple lines of low-flow drip tape to supply water to the area of salinity accumulation 

along a tree row. This new technique allows water to be supplied where there is salt 

accumulation along the tree row, instead of supplying water to the entire area of the field. 

Since reclamation leaching requires a relatively large depth of water, this technique 

offers potential for significant water savings.  
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   Bakr, 2011, calculated monthly, and annually water requirements and calculated the 

leaching requirements as a percentage from the depth of irrigation water for many 

projects on Tigris River basin.  

    To make the right decision, there are some steps that should be followed, namely 

selecting the cropping pattern, initial salt concentration of soil, salt concentration of 

irrigation water, leaching efficiency coefficient, and crop characteristics properties. In 

addition to know growing and harvesting date, root depth, and allowable depletion. 

   The physical properties of the soil, climate data, availability of water resources, soil 

water deficit before irrigation, and field water losses should be known as well.  

   With the aid of the information mentioned above, monthly and annual water 

requirements for leaching can be calculated, and then the irrigation and leaching 

scheduling can be adapted. The computer simulation model developed in this research 

was based on the following constrains: 

  The desired salt concentration of soil is 4 (ds/m), at this value the effect of salt on crop 

growth is negligible,Richard,1954, and  

 The harmful level of salt concentration index on crop growth is selected as follows: if 

the expected conductivity of soil saturation extract after irrigation is less than or equal to 

crop salt tolerance at 50% yield reduction, then leaching water is added to the soil at or 

before reaching  this value. 

    Some constrains are required to build the leaching scheduling model and they are as 

follows: 

a. Assuming that the desired salt concentration of soil saturated extract is the initial salt 

concentration in each reservoir. 

b. The soil reservoir is divided into four reservoirs, each one has constant depth of 250 

mm, and therefore the soil depth is always one meter. If the depth of root zone is more 

than one meter, the   remained depth of root zone falls within the drain zone ,Van Der 

Molen, 1979, and  

c. Two cases are employed, the first case is field water losses cannot be controlled as 

surface runoff and deep percolation to the drainage zone losses, and the second case is  

33% from the field water losses can be controlled and will be considered  as the depth of 

leaching water                 (deep percolation).  

3. DESCRIPTION of SELECTED PROJECT AREAS 

    Five irrigation projects on the Tigris River basin were selected because there 

are tributaries on the river. 

   The climate of Iraq is subtropical, continental, summer is long, hot, and dry, and 

winter is short with mean monthly temperatures above zero, and intensive cyclonic 

activity in the atmosphere provoking rainfall. The mean annual amount of precipitation in 

the country tends to decrease from north to south and from east to west. In the summer, 

no rainfall occurs in the country. Temperature, air humidity, and evaporation increase 

from north to south. 

   Iraqi territory was divided into six zones according to the natural humidity, which 

characterizes identity of crops. Three natural-climatic zones and three subzones were 
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identified within the territory of the country, General Scheme of Water Resources and 

Land Development in Iraq, 1982. 

 

4. CONCEPTUAL FORMULATION 

   The conceptual concepts were mathematically formulated in order to obtain a 

workable procedure. Below is a brief description of the mathematical formulation of 

leaching scheduling procedure as presented by FAO, 1985. The first step in leaching 

scheduling is to determine leaching requirements, and to calculate the leaching 

requirements by using the salt equilibrium equation, which is based on the application of 

water balance, salt balance, and leaching coefficient equation. 

 

4-1 The Water Balance Equation   in the Root Zone 

       The basis for understanding the impact of irrigation and drainage management on the 

salt balance is the water balance at the root zone, and can be described by the following 

equation, FAO, 1985b: 

 

   Irr. D = R
*
 +ETc– Pe                                                                                                    (2) 

 

Where: 

    Irr.D: irrigation depth (L), 

        R
*
: leaching water depth (L), and 

        Pe: effective rainfall(L). 

 

4-2The Salt Balance Equation in the Root Zone 

   In irrigation, salts are added to the root zone because all irrigation waters contain 

salts. A fraction of the salts is leached below the root zone by deeply percolated water. 

After a certain period, salt accumulation in the soil will approach an equilibrium or 

steady-state concentration which depends on the salinity of applied water and leaching 

requirements, FAO, 1985. 

The following assumptions were made to formulate the salt balance equation: 

 The exchange processes and chemical reactions which take place in the soil are not 

taken into consideration, and 

 The amount of salts supplied by rainfall, fertilizers, and exported by crops is 

negligible. A zone of shallow groundwater is created with the same average salinity 

concentration as the percolation water. 

The root zone is one meter deep, and the salts are distributed homogenously through 

it. 

The movement of salts starts when the soil moisture content reaches field capacity level.  

Under these assumptions, the salinity of the soil water is equal to the salinity of the 

water percolating below the root zone. The water balance the root zone can be given by 

the following equation, FAO, 1985:  

 

   Irr. D * Ciw = R
*
* CR                                                                                                    (3) 

         Where: 

           Ciw: average salt concentration of irrigation water,( ppm), and 

                      CR: average salt concentration of leaching water, (ppm). 

Other abbreviations are as described earlier. 

 

 

     5-LEACHING EFFICIENCY COEFFICIENT 
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                  Leaching efficiency coefficient is an essential parameter to be considered in the 

leaching processes. It indicates the degree of mixing between the applied water and the 

original soil solution, it could be defined with respect to the water percolating from the 

bottom of the root zone, or it can be defined as the percentage of water percolating from 

the original soil water, the remainder of which flows through a bypass consisting of a 

crack and\or a root hole. This concept of leaching efficiency for vertical water 

movement was originated carried out during the experimental work carried out in 

Dujailah Project in Iraq by Boumans, 1963. Also, it can be defined as the percentage of 

irrigation water that mixes with soil water.  

   The introduction of a leaching efficiency coefficient means that the full amount of 

water percolated through the soil profile is replaced by the effective amount of water 

during the leaching process. 

   In a related work by, Van Der Molen, 1979, two different expressions were 

introduced, each describing a different model of physical leaching process. These two 

expressions are: 

 

     f=CDP\Ce                                                                                                                    (4) 

 

     f=CDP–Ciw\ Cfc- Ciw                                                                                                     (5) 

 

        Where: 

         CDP: average salt concentration of the water percolating below the   root zone, (ppm) 

           Ce: average salt concentration of the reservoir solution (after leaching) at field 

capacity,(ppm)  

 

                       Leaching efficiency coefficient variation with soil depth for many soils in pilot 

projects in Iraq is presented by Hussein, 1997. 

  To calculate the leaching requirements, the salt equilibrium equation presented by 

Richared, 1954, was used in this study; This equation was obtained from: 

 Salt balance equation, Eq.( 2), and  

 Leaching efficiency coefficient equation, Eq.( 4).  

The salt equilibrium equation therefore is: 

 

    R
*
 = ( ETc – Pe ) * [ ECiw / f *( ECfc –ECiw)]                                                            (6) 

      Where: 

ECfc: Electrical conductivity, (ds/cm) ,and : 

ECfc = EC   * ( vs /  fc)                                                                                                   (7) 

     Where: 

    EC  : Initial electrical conductivity of soil solution at field capacity, ds/m, 

 fc: Soil moisture content of soil at field capacity, fraction of unity, and  

 vs: Soil moisture content of soil at saturation, fraction of unity. 

 vs /  fc For moderate texture soil equal to two as showed by,  Al-Furat Center For 

Studies and Designs of Irrigation Project, 1992.  

       To guarantee that all root zones are leached, the maximum crop root depth was 

adopted to prevent any crop losses during whole year. The amount of salts that can added 

during the first irrigation in any month equal to the amount added in the second irrigation 

,and for all irrigations during that month .So, the depth of leaching water differs from 

month to another. The amount of salt added through any irrigation can be calculated 

from: 
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    Zki= (ECiw )k*NA*RDj*C                                                                                           (8) 

 

                Where:      

                       Zki: amount of salts added on the k
th

 day after irrigation, during the i
th

 month,( 

grams),   

    NAj: net area planted with j 
th 

crop, hectares,  

    RDj: root depth at any time of the j 
th

 crop, mm,  

        k: index for time, days,  

         i: index for time, months, and 

        C: conversion factor milli equivalent per liter (meq/l) or part per million (ppm), and 

the unit of electrical conductivity is decisemens per meter (ds/m). 

1(ds/m)=640(ppm),or (gm/m
3
), Ayers and Westcot, 1985. 

 

There are three possibilities of supplying irrigation water, which are: If the net 

depth of irrigation water is equal to the soil water deficit before irrigation (full irrigation), 

the soil water content after irrigation will reach the field capacity of soil, then: 

Irr.D ki = SWDB ki      

 Where: 

        SWDB ki: Soil water deficit on the k
th

 day before irrigation during the i
th

 month, (L). 

 

Second probability, if the net depth of irrigation water is less than the soil water deficit 

before irrigation (partial irrigation).Accordingly there is an additional quantity of water 

that should be added to raise the water soil content to field capacity level. In this case, 

and if the salinity reaches a harmful level that will effect growth of crop, the leaching 

water must be added to remove the salt from the root zone. The additional quantity of 

water is calculated as extra leaching water depth. 

 

  (act.R
*
t)ki=ASWDki+R

*
ki                                                                                               (9) 

 

  SWDBki–Irr.Dki=ASWD ki                                                                                          (10) 

 

      Where:       

    ASWD ki: Additional soil water deficit in the k
th

 day during the i
th

 month, which equals 

to water requirement that raises the soil water content to field capacity level, (L). 

 

Third, the net amount of irrigation water is greater than the soil water deficit before 

irrigation. According to the contiguity between net irrigation water and soil water deficit, 

the water losses may be divided into two parts: 

The first is surface runoff, this amount of water losses cannot be controlled and goes as 

surface run off, and 

The second is one third from field water losses which can be controlled and will be used 

as a depth of leaching water; this part is considered as deep percolation. In this case, the 

deep percolation must be checked if it is greater than depth of leaching water therefore, 

there is no need to add water for leaching purposes. If deep percolation is less than the 

depth of leaching water, leaching water is needed so, 

If Irr.D  ki> SWDB ki , there are two possibility which are: 

 

 The first is; 

Irr.D ki - SWDBki> R
*
ki  then 

 (act.R
*
t) ki  =0, and the second is; 
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Irr.Dki - SWDB ki< R
*
ki then: 

  (act.R
*
t)k=R

*
ki-[Irr.Dki-SWDBi]                                                                                (11)    

       Where: 

    (act. R
*
t)ki: Actual depth of irrigation water on the k

th
 irrigation during the  i

th
  month,( 

L).  

6- SIMULATION MODEL 

The above described mathematical procedure requires tedious calculations if done by 

hand, so it is translated into a computer simulation. Model inputs, outputs, and flow chart 

are presented in Fig.1 as a leaching scheduling program. 

This model was applied for three different climatic zones with three different cropping 

patterns and different soil properties.  

Spreadsheet Formulas for Microsoft Excel program, version, 2007, was used to 

program the procedure. The following input data were used to construct the program:  

 Number of irrigations around the  year together with their dates and depths of irrigation 

water, and link this work with the main irrigation scheduling program which was built by 

Bakr, 2011, and developed by Al-Haddad, 1997; and Hamad, 1996. 

 The seasonal average of irrigation water salinity in the water source of each project. 

 Initial soil salinity, leaching efficiency coefficient, Hussein, 1997. , and the salinity at 

field capacity, as averages. Daily soil water deficit after irrigation around the year, and 

daily field water losses. 

      The main outputs of the simulation model are: 

The amount  of  added salinity, salt increase in the soil after each irrigation cycle, and 

daily, monthly, and annual depths of leaching water,  

 Actual daily, monthly, and annual depths of leaching water that should be provided to 

remove  salt from soil reservoir for the two cases: one third of losses is controlled, and 

the other is uncontrolled, and for different status of soil water content before irrigation, 

 Daily percentage of leaching requirements from net irrigation depth, 

 Daily, monthly, and annual depths of net irrigation water for each case; volumes of 

supplied irrigation water to the project, annual amount of saved water by using leaching 

scheduling, and 

 Percentage of drainage water and actual losses of water. 

 

7- RESULTS AND DISCUSSION 

       Amara Irrigation Project in Maysan Government was taken as an example. 

Currently, this zone has a saline soil to variable degrees; the average salt concentration is 

1676.25 (ppm). Additional leaching water requirements in southern zone were taken as 

19-19.5% of total irrigation requirement as average,General Scheme of Water 

Resource and Land Development of Iraq, 1982.  If the net depth of irrigation water is 

less than the soil water deficit before irrigation (partial irrigation), additional quantity of 

water should be added to raise the soil water content to field capacity. In this case and, if 

the salinity reaches a harmful level, the leaching water must be added to remove salt from 

the soil.  

In all irrigation cycles during autumn and winter seasons, the net depth of irrigation water 

is greater than the soil water deficit before irrigation (full irrigation), accordingly the 

contingents between net irrigation depth and soil water deficit will be taken as water 

losses. In some irrigation applications during summer and spring seasons an additional 

quantity of water should be added to raise the soil water content to field capacity. 
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      Table 1and Fig.1, present the difference in applied water distribution between 

leaching scheduling procedure (calculated) case and designer suggestion (allocated) case. 

In the first case applied irrigation volumes in scheduled case are less than those allocated 

to the project, and there is 29.8 %of water lost as drainage water. In these cases assuming 

that water losses cannot be controlled, 29.8% is lost to the drains, and the real need is 

683mm depth of leaching water. Table 1, also shows that 1767.64 million m
3
 of water 

were saved. In the second case applied irrigation volumes in a scheduled case are less 

than those allocated to the project and there is 25.5% of water lost as drainage water. 

       In these cases assuming that water losses can be controlled and part of water losses 

(deep percolation) substitute part of leaching, loss of drainage water become 25.5%, and 

467.7 mm of leaching water only are needed to leach salts Table 2. Table.1 also shows 

that 1845.29 million m
3
 of water are saved.  

   Introducing leaching scheduling procedures a proper cropping pattern should be used 

in order to improve water use efficiency, but without crops stress.  Cropping pattern 

should be chosen carefully. Amara irrigation project with assumed an cropping pattern, 

five winter-season crops, four summer-season crops, and six perennial crops were 

planted with cropping intensity equal to 115%. The crops differ in degree of response to 

salinity; some crops can produce acceptable yields at much greater soil salinity than 

others. Crops are divided into four relative salinity tolerance rating, sensitive, moderately 

sensitive, moderately tolerant, and tolerant crops. 

   The wide range of salt tolerance crops allows using moderately saline water some of 

them were previously thought to be unusable. Therefore greatly expands the acceptable 

range of water salinity which is considered suitable for irrigation. In the Amara Irrigation 

Project, some crops were planted were but with an assumed area, with many trials, the 

right percentages of plant area which improves water saving without losing crops can be 

found, in this project it is assumed that no sensitive crops are planted. 

      Saving crops at 50% yield potential was considered as an index for salinity hazard; in 

the other words must be added depth of leaching water before the soil salinity become  

less than or equal to  the threshold value of 50 % yield potential.   

  The water source of Amara irrigation project is Tigris River in Maysan Government. 

There were some missing monthly records of salt concentration in irrigation water at 

Amara during 2000 to 2001were lost, therefore in this study the mean seasonal salt 

concentration of irrigation water was used which is equal to the mean annual salt 

concentration, and equal to 1676.25 ppm. 

   For effective salinity control, adequate drainage to control and stabilize the water 

table and leaching saline ground water intrusion in the active root zone were considered 

to be negligible.  

   Table 3 and Fig. 3, show the differences in applied water distribution between 

calculated leaching scheduling and designer suggested (allocated). In the first case 

applied irrigation volumes are less than those allocated, and there is 33.2% of water lost 

as deep percolation. In this case the water losses cannot be controlled therefore 303 mm 

of leaching water was needed. The amount of 1891.57 million m 
3 

of irrigation water was 

saved as shown in Table 4. In the second case, applied irrigation water volumes are less 

than those allocated to the project, and there is 33.2% of water lost as deep percolation. 

In these cases water losses assume to be controlled, and part of water losses should be 

substituted, therefore drainage water losses became 30.4%, and 166 mm depth of 

leaching water is needed to leachout salt. Table 4 also shows that 1942.26 million m
3
 of 

water were saved. Salt concentration of irrigation water at Amara for 2000 to 2010 years 

point is used. So the mean annual salt concentration for the ten years is 1165.02 ppm as 

shown in Table 5.  
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8- CONCLUSIONS 
1. Using the maximum planted crop root depth to leach out salts from the root zone , 

guarantees preventing crop damage due to salt, 

2. The comparison between the monthly applied irrigation volumes  using leaching 

scheduling procedure and the suggested by designers provides flexibility for balancing 

between   monthly applied irrigation volumes; therefore the operation  is efficient while  

the distribution of monthly applied irrigation water suggested by designers has a 

maximum value at summer season which causes problems in operating irrigation and 

drainage network,  

3. High salinity of irrigation water means high  depth of leaching water is needed ,the 

monthly applied  leaching water of the scheduling procedure, and for the two cases  are 

greater than monthly applied leaching water suggested by designers taken into account 

the crops were  not suffer from salinity stress , and 

4. The results show that applying leaching scheduling at Amara irrigation project is more 

acceptable and more economic than using suggestion of designer. 
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Figure 1.  Flow chart illustrates the main steps of the simulation model of the leaching 

scheduling. 
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Table 1. Monthly and annual irrigation water amounts, Amara Irrigation Project, 2000-

2001. 

Estimated by 

general scheme 

(LR =19%) 

Calculation results 

 

 

 

Month  

NI req. 

(m
3
)*10

6 

Designed II: net 

volume of 

irrigation water,  

m
3
x10

6 

 

Designed I: net 

volume of 

irrigation 

water, m
3
x10

6 

 

36.96 100.42 113.29 Jan. 

63.65 101.88 109.21 Feb . 

105.37 116.88 120.71 Mar . 

312.37 153.18 153.49 Apr. 

455.33 136.96 146.49 May . 

635.12 125.16 130.71 Jun . 

631.63 139.18 144.08 Jul . 

571.65 140.37 147.37 Aug . 

266.49 126.15 134.37 Sep . 

117.69 128.25 135.85 Oct. 

62.79 64.91 66.65 Nov . 

19.98 100.42 108.85 Dec. 

3279.06 1433.76 1511.42 Sum. 

 

 

25.5 29.8 

Percentage 

of drainage 

water 

 

18545.29 1767.64 

Saved 

volume of 

water 10
6
 

m
3 

 

19.5 Av.     15.34 

 

 

Av.        22.24 

Percentage 

of leaching 

requiremen

ts, % 

 

…… 895.61 1111.25 

Actual 

water 

losses, mm 
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Figure 2.  Monthly irrigation water amounts; distribution according to leaching 

scheduling, and designer suggestions if water losses uncontrolled and water losses 

controlled. 

 

Table. 2 .Monthly and annual depths of leaching water, Amara Irrigation Project, 2000-

2001.  

 

From general 

method (LR = 

19.5%) 

 

 

From calculation 

 

 

 

 

 

Month 
 

R
*

t (mm) 

 

act . R
*

t ) II 

(mm) 

 

 

(act . R
*

t)I 

(mm) 

 

 

R
*

t (mm) 

26.61 0 17.49 17.49 Jan. 

23.60 17.12 27.06 27.056 Feb . 

23.12 36.69 41.776 41.77 Mar . 

25.96 47.70 48.11 48.11 Apr. 

72.02 57.78 92.85 92.85 May . 

71.22 72.78 95.48 95.48 Jun . 

80.13 81.99 102.06 102.06 Jul . 

80.64 87.94 116.75 116.75 Aug . 

82.99 34.92 71.28 71.28 Sep . 

66.87 18.44 44.38 44.38 Oct. 

14.65 12.29 14.6 14.6 Nov . 

26.61 0.000 14.46 14.46 Dec. 

594.44 467.7 683.34 683.34 Sum 
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Table 4, Monthly and annual irrigation water amounts, Amara Irrigation Project, 2000-

2001. 

From 

general 

scheme   (LR 

=19.5%) 

 

From calculation 

 

 

 

 

 

 

             

Month NIreq. 

(m
3
)*10

6 

 

(designed)II 

net volume of 

irrigation 

(m
3
)*10

6 

 

(designed)I 

 net volume of 

irrigation 

(m
3
)*10

6 

36.96 100.42 106.96 Jan. 

63.65 104.34 109.46 Feb. 

105.37 109.62 110.05 Mar. 

312.37 131.41 133.68 Apr. 

455.33 124.19 129.23 May. 

635.12 111.4 114.25 Jun  

631.63 126.8 129.65 Jul. 

571.65 119.37 122.27 Aug. 

266.49 126.1 133.57 Sep. 

117.69 122.85 128.32 Oct. 

62.79 59.24 61.71 Nov. 

19.98 101.05 108.34 Dec. 

3279.06 1336.79 1387.48 Sum. 

 

 30.4 33.2 Percentage of 

drainage water 

 

1942.26 1891.57 Saved volume of 

water 10
6
 m

3 

 

19.5  Av.   5.47 

 

Av.   9.95 

 

  Percentage of 

leaching 

requirements 

(%) 

 

…… 977.47 1111.25 Actual water 

losses (mm) 
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Figure 5. Monthly irrigation water amounts; distribution according to leaching scheduling, and 

to designer suggestions. 

 

Table 5, Monthly and annual depths of leaching water, Amara irrigation project, 2000-

2010.  
 

From 

general 

method (LR 

= 19.5%) 

 

 

 

From calculation 
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*

t (mm) 
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*

t )II 

(mm) 
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t)I  

mm 

 

 

R
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26.61 0 8.89 8.89 Jan. 
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72.02 10.84 29.38 29.38 May. 

71.22 16.45 28.13 28.13 Jun. 

80.13 31.35 43 43 Jul. 

80.64 1.43 13.39 13.39 Aug. 

82.99 34.72 66.38 66.38 Sep. 

66.87 0 18.67 18.67 Oct. 

14.65 4.66 7.97 7.97 Nov. 

26.61 0 10.76 10.76 Dec. 

 

594.44 
165.79 303.44 300.43 Sum. 
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ABREVIATIONS 

Symbol Description Units 

act.R
*
t Actual depth of leaching water. L 

ASWDki Additional soil water deficit on the k
th
day during the i

th
 month. L 

AW Available water. L 

C Conversion for units.  … 

  CDP The average salt concentration of the water percolating below 

the   root zone. 

ppm 

Ce The average salt concentration of the soil saturation extract.  ppm 

Cfc The average salt concentration of the soil solution at field 

capacity. 

ppm 

Ciw The average salt concentration of irrigation water.   ppm 

CR
*
 The average salt concentration of leaching water. ppm 

ECe Electrical conductivity tolerated by the crop as measured in the 

soil saturation extract.  

ds/m 

ECfc Electrical conductivity of soil extract at field capacity. ds/m 

ECiw Electrical conductivity of irrigation water. ds/m 

EC◦ Electrical conductivity of soil before leaching (initial value). ds/m 

Etc Monthly crop evapotranspiration rate. L/Time 

       f Leaching efficiency coefficient.  % 

       fc Specific moisture of soil at field capacity.  

 I Index for time. Month 

     Irr.D Applied net irrigation water depth infiltrated, which is the total 

applied irrigation water minus evaporation losses and surface 

runoff. 

L 

      J Index for crop grown in the project. … 

      K Index for time. Day 

     LR  The leaching requirements. % 

     NA j Net area planted with the j
th
 crop. Don. 

     Pe Effective rain-fall.         L 

     RD j Root depth at any time of the  j 
th
 crop. L 

     R
*
 Depth of leaching water. L 

     R
*
t Total depth of leaching water. L 

    SWDB Soil water deficit before irrigation.  L 

       Z The amount of salt added after irrigation. Gram 
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Parametric Study of Active Solar Heating Using a Pebble Bed as a Thermal 

Collector and Storage Unit 

 
 

 

 

 

ABSTRACT 

     In this study, pebble bed as an absorber and storage material was placed in a south facing, 

flat plate air-type solar collector at fixed tilt angle of (45°). The effect of this material and differ-

ent parameters on collector efficiency has been investigated experimentally and theoretically. 

Two operation modes were employed to study the performance of the solar air heater. An inte-

grated mode of continuous operation of the system during the period of (11:00 am – 3:00 pm) 

and non-integrated mode in which the system stored the solar energy through the day then used 

the stored energy during the period of (3:00 pm – 8:00 pm). The results of parametric study in 

case of continuous operating showed that the maximum average temperature difference of air 

between inlet and outlet sections observed on (0.018 kg/s) air mass flow rate were exceeded 

(17°C) and the maximum outlet temperature that got was exceeded (34°C) for the three months 

(December, January and February) of experiments. Average efficiency was ranged from 53% to 

65%. In the case of storage and then operating, the maximum outlet air temperature was ranged 

from (27°C) up to (31°C) then decreased with spend of energy to reach (13°C) to (18°C) and the 

maximum storage energy was (165.14 W) for the porosity of (0.29) , height of (20 cm) and (0.01 

kg/s) mass flow rate. The results also, showed that the solar air collector supplied a solar heating 

fraction (SHF) with an average of (0.65) for a meeting room (3 * 4 * 7 m) located in Baghdad as 

a case study. 

 

Keywords: pebble bed, active solar heating, thermal collector and storage, experimental and 

theoretical study 

 

 للحرارة كىحذة جمع وخزنفعالة باستخذام فرشة الحصاة للطاقة الشمسية ال استذلاليةدراسة 
 

 

 

 

 الخلاصة

اخشاء دساست  حُ ولذ ، اٌدٕىة ٌٍحشاسة ببحدبٖ وحخضَٓ ِبدة اِخصبص ببػخببسهب فششت حصبة وضؼج اٌذساست، هزٖ فٍ       

حُ   ة اٌّدّغ اٌشّسٍ.خخٍفت ػًٍ وفبءحغُُش اٌؼىاًِ اٌّ ( ودساست˚45) ػٍُّت ؤظشَت لاداء اٌّدّغ اٌشّسٍ بضاوَت ِبئٍت ثببخت

حشغًُ إٌّظىِت بطشَمخُٓ ٌٍخشغًُ ٌخمُُُ اداء ِٕظىِت حدُّغ اٌطبلت اٌشّسُت. طشَمت ِخىبٍِت ِٓ اٌخشغًُ اٌّسخّش ٌٍّٕظىِت 

خذَ و طشَمت غُش ِخىبٍِت حُث َخُ خضْ اٌطبلت اٌشّسُت خلاي إٌهبس و حسخ  (am – 3:00 pm 11:00)اٌشّسُت خلاي اٌفخشة 

 أْ اٌّسخّش اٌخشغًُ حبٌت فٍ اٌذساست ٔخبئح . أظهشث(pm – 8:00 pm 3:00)اٌطبلت اٌشّسُت اٌّخضؤت لاحمب خلاي اٌفخشة 

  (kg/s 0.018)ِٓ اٌّدّغ اٌشّسٍ وبٔج ػٕذ ِؼذي حذفك  حشاسة دخىي و خشوج اٌهىاء دسخت فٍ ٌٍفشق الألصً ِؼذي اٌحذ

 أشهش اٌثلاثت ٌفخشة( C˚34) ٌٍهىاء اٌخبسج ِٓ اٌّدّغ اٌشّسٍ حدبوصث واػًٍ دسخت حشاسة( C˚17) حدبوصث واٌخٍ

 اٌخخضَٓ حبٌت اِب فٍ .%65 إًٌ %53  ِٓ وفبءة اٌّدّغ اٌشّسٍ ِخىسظ حشاوحج ولذ. اٌخدبسة ِٓ( وفبشاَش َٕبَش دَسّبش،)

ِغ  أخفضج ثُ( C˚31) ًاٌ( C˚27) ِٓ اٌّدّغ اٌشّسٍ ِٓ اٌهىاء ٌّخشج اٌمصىي اٌحشاسة دسخت حشاوحج واٌخشغًُ،
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ورٌه ػٕذِب  (W 165.14) اٌمصىي ووبٔج طبلت اٌخضْ .(C˚18) إًٌ( C˚13) اًٌ ِذي حشاوذ ِٓ ٌُصً اٌطبلت اسخهلان

 أْ إٌخبئح أظهشث أَضب، .(0.01kg/s)وبّؼذي حذفك ٌٍهىاء  (cm 20)و اسحفبع فششت اٌحصبة  (0.29)وبٔج اٌّسبُِت 

 بغذاد فٍ اٌىالؼت الاخخّبػبث ٌغشفت  (0.65)بّخىسظ( SHF) سبت حذفئت ببٌطبلت اٌشّسُت ٔ َدهض اٌّدّغ اٌشّسٍ اٌهىائٍ

 .وحبٌت دساسُت

 فششت اٌحصبة, اٌخذفئت اٌشّسُت إٌشطت, اٌخدُّغ واٌخضْ اٌحشاسٌ, دساست ػٍُّت ؤظشَت الكلمات الرئيسية:

1. INTRODUCTION 

It is becoming increasingly necessary for countries to obtain power from sources other than 

conventional fossil fuels. This is as a consequence of an increasing population, people becoming 

more aware of environmental constraints, and the rising cost of conventional fuels. Nuclear and 

renewable energy sources will have to provide an increasing percentage of total power capacity. 

Nuclear power is still reliant on limited sources of fuel, and has strong environmental and politi-

cal implications, limitations by which renewable energy is generally unaffected. It therefore 

makes sense to consider renewable energy sources as a means of power generation. The largest 

supply of renewable energy is in the form of solar energy. Several improvements have been 

suggested in literature to enhance the performance of the system. The use of porous material in-

side the collector is one method to enhance solar air heater efficiency as suggested by , Donald 

and John, 1983. , Paul and Saini, 2003, Mittal et al., 2005 and Ahmed and Mohamad, 2007. 

Theoretical and experimental study for a solar collector was presented by Murshid, 2005. Using 

porous medium as storage material and heating source, the solar collector was made in case of 

continuous operating from 9:00 AM to 4:00 PM. The maximum difference between air input 

temperature and air output temperature from solar collector was reached (15°C) and the maxi-

mum efficiency of the solar collector reached up to (50%). Different porous materials have been 

suggested, such as mild steel particles, Yeong, 2011. Fused silica glass, alumina and stainless 

steel were used by Mawire, 2009. Degirmencioglu, 2006, investigated the effect of the open-

cell polyurethane foam as an absorber material, placed in a south facing, flat plate air-type solar 

collector at fixed tilt angle on collector efficiency, Collector is tested under the regulations of 

ASHRAE 93-1986 standard named “Methods of Testing to Determine the Thermal Performance 

of Solar Collectors”. Air passing through the collector has been provided by a fan. Tests are re-

peated with three air speeds 1.266 m/s, 1.5825 m/s and 1.899 m/s. Maximum average efficiency 

is calculated on 1.5825 m/s. Maximum average temperature difference of air between inlet and 

outlet sections observed on 1.266 m/s. Maximum outlet temperature that we get is on the same 

day with maximum average temperature difference. , Mohanraj and Chandrasekar 2009, de-

veloped and tested performance of an indirect forced convection solar drier integrated with dif-

ferent sensible heat storage maternal. The system consists of a flat plate solar air heater with heat 

storage unit, a drying chamber and a centrifugal blower. Drying experiments have been per-

formed at an air flow rate of 0.25 kg/s. Drying of chili in a forced convection solar drier reduces 

the moisture content from around 72.8% (wet basis) to the final moisture content about 9.1% in 

24 h. Average drier efficiency was estimated to be about 21%. The specific moisture extraction 

rate was estimated to be about 0.87 kg/kWh.  

In this study, the advantage of using packed beds of pebble to store thermal energy for solar 

collector has been determined. Effects of various parameters (porosity, height of pebble bed and 

mass flow rate) on the collector performance had also been investigated. 

 

2. MATHEMATICAL MODEL 
The packed bed solar air heater model has been considered for this present study is 

shown in Fig 1. The collector consists of a glass cover plate, a blackened absorber plate and a 
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back plate with blackened pebbles packed in the airflow passage between the absorber and the 

black colored back plate.  

The MATLAB program is used in this work for computer programming. The computa-

tion is composed of a main program for one day per month of experiment work. Also it is appli-

cable for each day of the experiment work by changing the variable inputs and the condition of 

experiment day.  

Simplified steps were used to analyze the heat transfer for the air flow across the pebble 

bed and to calculate the amount of energies and the efficiency. The calculations were based on 

the following assumptions: (a) study state. (b) one dimensional heat transfer across the glass 

cover. (c) constant temperature across thickness of glass cover. (d) one dimensional heat transfer 

across insulation layers. (e) one dimensional heat transfer across the porous media. 

 

2.1 Absorption Energy Calculation 

The absorption energy could be calculated by the equation below:  

                                                                                                                             (1)   

Ft is calculated from Eq. (2) as: 

                                                                                                                   (2) 

2.2 Loss Energy Calculation 

Losing energy is happening from all sides of the solar collector, in spite of the biggest 

part of losing is from the absorber surface. However, losing energy from sides and bottom has a 

clear effect. 

The amount of losing energy is given by the following equation: 

                                                                                                               (3) 

Mean plate temperature ( ) is calculated by  Duffie and Beckman, 2008, as follows: 

                                                                                                                 (4) 

The collector overall heat transfer coefficient ( ) is the sum of top, bottom and edge loss coef-

ficients: 

                                                                                                                         (5)  

The top loss coefficient from the collector plate to the ambient for this single glass cover system 

is as follows: 

[  ]
 -1

                                                                                                    (6) 

The wind heat transfer coefficient is calculated as  Duffie and Beckman, 2008. 

                                                                                                                            (7) 

The radiation heat transfer coefficient from the glass to the air ( ) is calculated as: 
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                                                                                                     (8)  

The radiation heat transfer coefficient from the plate to the glass cover ( ) is calculated as: 

                                                                                                                 (9) 

The convective heat transfer coefficient is calculated as: 

                                                                                                                                (10)    

where    , (Pt= porosity). 

Nusselt number  is a function of Rayleigh number Ra which is given by , Duffie and 

Beckman, 2008. 

 

  (11)

The heat removal factor FR is given as: 

                                                            (12) 

Where the collector flow factor F" and the collector efficiency factor F' are calculated as fol-

lows: 

                                  (13) 

                                                                                 

      (14) 

The radiation coefficient between the two air duct surfaces at a mean fluid temperature  is:  

                                                                                             (15) 

 

The heat transfer coefficient inside the duct is: 

                                                                                     (16) 

Where                                             

The useful gain is calculated as follow:  

                                      (17) 

Which is also can be calculated as:  
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                                         (18) 

"eq. (16) dependent in experimental calculation" 

From Eq. (17) & (18), the outlet temperature is: 

                                                 (19)  

2.3 Thermal Efficiency Calculation 

    The efficiency of the flat-plate solar collector ( ) is defined as the ratio of the rate of useful 

energy supplied by the collector ( ) to the rate of incident solar energy in its area. 

                                                                      (20) 

2.4 The Performance of a Solar Collector in an Active System 

It’s a simple procedure which has been devised by Balcomb and McFarland, 1978 and 

used by the researcher  Murshid, 2005 for predicting the performance of solar collector in ac-

tive systems. This calculation can be made based on the values of solar radiation, heating degree 

days, and the thermal loss and solar gain characteristics of the building. In this study, load col-

lector ratio (LCR) was used as the following steps. 

Estimate the building loss coefficient (BLC). This is the sum of the building skin conductance 

plus infiltration. 

                         (21)                                  

The solar heating fraction (SHF) is the fraction of save energy to the net load which is calculated 

as follows: 

SHF = Qsave / Qnet                                                                      (22) 

Qsave =                           (23) 

Qnet =                                                          (24)  

                                              (25) 

"The (+) sign in Eqs. (23) and (25) indicate that only the positive value taken into account" 

The auxiliary energy (Qaux) required keeping the building at (20°C) calculated as follows: 

Qaux =                                     (26) 

2.4 Energy Balance 
   Based on the assumptions that have been mentioned and used to solve mathematical equations 

relating to the performance of solar collector for the collection and storage, we have developed a 

mathematical model by performing an energy balance on the solar collector. 

The equation of thermal energy balance is written as shown in Fig. 2 

(Energy absorbed by the surface absorber) + (Energy entering the air solar collector) = (Energy 

leaving the air solar collector) + (Stored Energy) + (Energy lost from the solar collector) 
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This can be written in the formula as follows: 

                         (27)  

The above equation can be written as:-  

)                                                                 (28) 

3. EXPERIMENTAL WORK 

Air-type solar collector was used in this project. Basically the experimental setup con-

sists of three main mechanical parts. First and the most important part is the collector itself. Se-

cond part is the inlet and outlet channels. Third part is the blower that provides air stream during 

experiments. Pebble bed with (0.29) and (0.34) porosity placed in the collector flow channel in 

order to increase heat transfer area.  

The solar collector is made locally for the purposes of collect and storage at the same 

time. It consists of a reservoir of iron with dimensions of (1x0.6x0.25 m) and a thickness of (2 

mm) for the purpose of carrying the weight of the porous material used to make the tank in case 

of consistency and stability. Three brackets of iron mesh were installed to support and facilitate 

the development of porous media in the collector reservoir, and also to distribute air evenly 

across the porous media. (1mm) thickness aluminum plate was used as absorber plate and coated 

with black color to receive maximum amount of solar incident radiation. The solar collector was 

isolated from all sides and bottom with class wool insulation of (5cm) thickness to reduce the 

heat losses. A glass cover (4mm) thickness and (1x0.6m) dimensions applied at the surface of 

the solar collector. It was sealed to prevent leakage of water into the solar collector or heat air 

loss. The gap between the glass cover and the absorber plate was ranged from (5cm) when the 

pebble bed depth was (20cm), and it was (10 cm) when the pebble bed depth was (15cm).  

The experiments were conducted on the days of December, January and February in 

Baghdad. The collector was located with 45 angle towards the south (For winter load, the tilt 

should be (latitude + 10) degrees and for year round use, the tilt = latitude, [12]). Fig. (1) shows 

the general aspect of experimental setup. The experiments were carried out at the same time pe-

riods between (11:00 to 15:00) of the days (In the case of continuous operation) and between 

(15:00 to 20:00) of the days (In the case of storage and operation) for (0.01 kg/s) & (0.018 kg/s) 

of mass flow rates. The air flow through the collector was supplied by an electric blower and 

adjusted via a regulator integrated with the blower. The velocity of the air was measured by an 

anemometer sensor. The incident solar radiation on collectors’ inclined upper surface was meas-

ured up to date by (Datalogging Solar Power Meter TES-1333R). Type K thermocouples were 

placed at inlet, outlet flow channels, back plate, pebble bed, absorber plate, glazing cover of the 

collector and a free one to measure ambient temperature. 

                                   
4. RESULTS AND DISSCUSION 

Fig. 3 shows the variation of the intensity of solar radiation with time for the days (21 

Dec., 5 Jan. and 10 Feb.). As shown in this figure, the intensity of solar radiation increases 

steadily with time and attained peak values at the mid-day then decrease steadily with time as 

the sun goes down in the late afternoon. It observed that the maximum solar intensity reaches to 

(764.5 W/m
2
) in (21 Dec) and it is reached to (1005 W/m

2
) in (5 Jan) while it is (900.3 W/m

2
) in 

(10 Dec).       

In the case of continuous operating for the solar collector the solar collector has been run 

with electric blower which is working from 11:00 am to 3:00 pm. The temperature was meas-
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ured at different sections, air inlet, air outlet, back plate, pebble bed, absorber plate, glazing cov-

er of the collector and the ambient. According to these measurements, the efficiency, the useful, 

storage and loss energy were calculated. Fig. 4 shows the effect of height of the pebble bed on 

average temperature (by using thermocouples distributed at three equal distance) of porous me-

dia with time for mass flow rate of (0.01 kg/s) for days in Dec., Jan. and Feb. The temperatures 

of porous media increase gradually from (11:00 am) and reach the maximum value at (3:00 pm) 

which exceed (30°C) with height of (15 cm) of pebble bed. In one hand variation of temperature 

of the porous media with time because the intensity of solar radiation increase gradually and 

through this period the temperature of absorber plate increase and this is lead to increase of the 

temperature of porous media. In another hand it can be observed that the maximum temperature 

of pebble bed is at (15 cm) because it heated faster than (20 cm) pebble bed height. 

Fig. 5 shows the variation of inlet air temperature to the collector and the experimental 

and theoretical outlet air temperature with time for (0.018 kg/s) mass flow rate for the days of 

(21 Dec., 5 Jan. and 10 Feb.). Fig. 5a shows a convergence between the experimental and theo-

retical outlet air temperature and matching point at 12:30 pm. The maximum outlet air tempera-

ture from the solar air collector was (35.5°C experimentally and 33.07°C theoretically). The 

maximum temperature difference between inlet and outlet air from the solar collector was 

(17.9°C). The convergence with less error was found in Fig. 5b and the matching was achieved 

from (1:00 to 2:00 pm). The maximum outlet air temperature from the solar air collector was 

(34.6°C experimentally and 33.03°C theoretically) and the maximum temperature difference be-

tween inlet and outlet air from the solar collector was (20°C). The same behavior was shown in 

Fig. (5c) with matching points at (1:00 and 1:30 pm) respectively. The maximum outlet air tem-

perature from the solar air collector was (34.3°C experimentally and 32.9°C theoretically) and 

the maximum temperature difference between inlet and outlet air from the solar collector was 

(18.2°C). The differences between the experimental  and theoretical values in the previous fig-

ures because of the different in the theoretical values of useful energy which are actively in-

volved in the Eq. (19), and that because the theoretical calculation of solar intensity which effect 

on useful energy are different from the experimental  values of solar intensity. The average of 

the maximum outlet air temperature from the solar air collector was (34.8°C) and the average of 

the maximum temperature difference between inlet and outlet air from the solar collector was 

(18.7°C). 

Fig. 6 shows the variation of thermal efficiency with solar radiation for mass flow rate of 

(0.01 and 0.018 kg/s) respectively, pebble bed height of (15 cm) and (0.34) porosity for the days 

of (22 Jan. and 2 Feb.). The efficiency increases with an increase in the solar radiation. This is 

due to the increase of temperature difference which is directly proportion to the efficiency. But it 

can be seen that even when the solar radiation decrease after (1:30 pm), the efficiency continue 

to rise. This is also because increase of temperature difference and this is a positive point for use 

the porous media that help to store heat even when the sun goes down in the late afternoon. 

The effect of temperature rise on the efficiency of the solar collector for mass flow rate 

of (0.01 and 0.018 kg/s), pebble bed height of (15 cm) and (0.34) porosity for the days of (22 

Jan. and   2 Feb.) is shown Fig. 7. The thermal efficiency increases with the increase in the tem-

perature rise because of the direct proportion of efficiency with the temperature rise that has di-

rect proportion to the useful gain and that approved by applying Eq. (20). 

The effect of mass flow rate of air on the variation of inlet and outlet air temperature difference 

with time is shown in Fig. 8 for different height and porosity of the pebble bed.  It has been ob-

served that the temperature difference increases with increase in mass flow up to (26%). The 

figure also shows that the temperature difference has been reached the maximum value between 

(1:30 to 2:00 pm) then the curve goes down for the days of experimental work. This is because 
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of the behavior of solar radiation shown in Fig. 4. Temperature difference is directly proportion 

to solar radiation. 

There is a significant effect of mass flow rate on efficiency. It is evident from Fig. 9, that 

for higher mass flow rate, efficiency is much higher with a rate ranging from (48%) to (54%). 

This behavior has been obtained experimentally and it can be approved theoretically from Eq. 

(20). 

Fig. 10 shows the effect of porosity of pebble bed on the variation of air temperature dif-

ference between inlet and outlet of the solar collector with time, which is higher for low porosi-

ty. It has been observed that the values in the two porosity experiment are quite close, but devia-

tion occur with time progress. It can be concluded that there is an increment ranging from (4%) 

to (20%) showing the effect of porosity on the temperature difference. 

There was no significant effect of porosity on efficiency with higher mass flow rate. This 

is shown in Fig. 11 It has been seen randomly behavior of the curves in the previous figure be-

cause of the effect of the experimental amount of solar radiation which is involve in Eq. (20), 

and that because the different weather in which the experiments process. 

Fig. 12 shows the effect of height of pebble bed on the variation of temperature differ-

ence with time. It has been shown that the pebble bed with (15cm) height has the higher temper-

ature difference with a rate ranging from (5%) to (29%) in Dec. and Jan. for (0.018 kg/s) air 

mass flow rate and ranging from (10%) to (38%) in Feb. for (0.01 kg/s) air mass flow rate. The 

solar radiation takes less time to reach pebble bed with (15cm) than the pebble bed with (20cm), 

so the lower pebble bed will get more heat and thus the higher temperature difference. 

Fig. 13 shows the variation of solar heating fraction for a different height of the pebble 

bed. This comparison shows that for (h=15 cm) in the months of December and January, the 

(SHF) was higher than that for (20 cm) with a fraction reached to (57 %). While in February, the 

behavior was inversed because of the different in (SHF) values which are depend on the amount 

of solar intensity measured experimentally. The variation of auxiliary energy that we need to 

add it for the days of (27 Dec., 5 Jan., and 10 Feb.) and the days of (10 Dec., 10 Jan., and 23 

Feb) was shown in Fig. 14 It was observed that in (5 Jan) it is need higher auxiliary energy 

reached to (21, 093 kJ) while in (17 Feb.) less energy must be adding. The maximum auxiliary 

energy (2,276 kJ) in (23 Feb.) and it is need (2,795 kJ) in (10 Jan) these amounts depended on 

the (SHF) values, where the higher value (SHF) there is less need for the auxiliary energy. 
 

5. CONCLUSIONS                                

The main conclusions from the present work may be stated as follows: 

 The increment of efficiency due to pebble placing can be observed easily in spite of de-

creasing the solar radiation. 

 The solar collector supply hot air up to (29 C°) with average temperature difference of 

(14 C°),  

 The efficiency of the solar collector increases with the increment of air velocity with a 

rate ranging from (48%) to (54%). 

 Decreasing the pebble bed height, increasing the efficiency with a rate of (4% to 30%) 

and the increment of the temperature difference ranging from (10%) to (38%) for a given 

mass flow rate.  

 The variation of air temperature difference between inlet and outlet of the solar collector 

with time was higher for low porosity with an increment ranging from (4%) to (20%).  

 The solar collector supplied a solar heating fraction (SHF) with an average of (0.65). 
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7. NOMENCLATURE 

A =  area of solar collector, m
2
. 

As = area of skin condition, m
2
. 

BLC = building loss coefficient, J/DD. 

Cp = specific heat of air, J/kg.°C. 

Fd = dust coefficient, dimensionless.  

Fsh = shading coefficient, dimensionless. 

Ft = effective transmittance-absorption factor, dimensionless. 

FR = heat removal factor, dimensionless.  

F' = collector efficiency factor, dimensionless. 

F" = collector flow factor, dimensionless. 

Dh = hydraulic diameter, m. 

DD = degree-Day, °C. 

H = coefficient of heat transfer, W/m
2
.K. 

It = total incident radiation, W/m
2
. 

INF = infiltration, W/°C. 

K = thermal conductivity, W/m.K.  

L = length of bed, m. 

m.a = mass flow rate of air, kg/s. 

Nu = nusselt number, dimensionless.  

Pt = porosity, dimensionless.   

Q = energy, W. 

Ra = rayleigh number, dimensionless. 

Re = reynolds number, dimensionless.  

S = absorbed solar radiation, W/m
2
. 

SHF = solar heating fraction, dimensionless.  

T = temperature, °C. 
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Ub = back loss coefficient, W/m
2
.K. 

Ue = edge loss coefficient, W/m
2
.K. 

Ul = overall loss coefficient, W/m
2
.K. 

Ut = top loss coefficient, W/m
2
.K. 

 

GREEK SYMBOLS 

α = absorptance of surface for solar radiation, dimensionless. 

β = tilt angle, degree. 

τ = glass transmittance, dimensionless.   

Δ = difference, dimensionless.  

ɳ = efficiency, dimensionless.   

εg = penetration of glass cover, dimensionless.  

σ = bultzmann constant, dimensionless.   

εp = emittance of surface, dimensionless. 

 

SUBSCRIPTS 

a = ambient, dimensionless. 

b = bottom, dimensionless. 

c = convection, dimensionless. 

e = edge, dimensionless. 

f = fluid, dimensionless. 

g = glass, dimensionless. 

i = inlet, dimensionless. 

m = mean, dimensionless. 

o = outlet, dimensionless. 

p = plate, dimensionless. 

r = radiation, dimensionless.  

u = useful, dimensionless. 
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Figure 1. Cross section of the solar air heater. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. Energy balance on the solar collector. 
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Parameters: (h=height of pebble bed, m'=air mass flow rate, p=porosity) 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 

Figure 3. Variation of Solar radiation with time (h=20 cm, m'=0.018 kg/s , p=0.29). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Variation of temperature of porous media with time for different pebbles bed heights 

(m'=0.01 kg/s, p=0.29). 



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

 

65 

 

                         (a)                                                                                       (b) 
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Figure 5. Variation of inlet and outlet temperatures with time (h=20 cm, m'=0.018 kg/s , 

p=0.34). 
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Figure 6. Effect of solar radiation on efficiency with time. 

 

 

 

 

 

 

 

 

 

 Figure 7. Effect of temperature rise on efficiency with time. 
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Figure 8. Effect of mass flow rate on variation of temperature rise with time. 

 

 

 

 

 

 

 

 

 

 Figure 9. Effect of mass flow rate on variation of efficiency with time. 
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Figure 10. Effect of porosity on variation of temperature difference with time 

 (h=20 cm, m'=0.018 kg/s). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 11. Effect of porosity on variation of efficiency with time (h=15 cm, m'=0.018 kg/s). 
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Figure 12. Effect of height on variation of temperature difference with time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Variation of solar heating fraction for different height of pebble bed  

 (p=0.29, m'=0.018 kg/s). 

 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 14. Variation of the auxiliary energy. 
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ABSTRACT 

    The present study focused mainly on the analysis of stiffened and unstiffened composite 

laminated plates subjected to buckling load. Analytical, numerical and experimental analysis for 

different cases has been considered. The experimental investigation is to manufacture the 

laminates and to find mechanical properties of glass-polyester such as longitudinal, transverse 

young modulus, shear modulus. The compressive test was carried to find the critical buckling 

load of plate. The design parameters of the laminates such as aspect ratio, thickness ratio, 

boundary conditions and number of stiffeners were investigated using high order shear 

deformation theory (HOST) and Finite element coded by ANSYS .The main conclusion was the 

buckling load could increase and decrease depending on the boundary conditions, thickness 

ratio, and, the aspect ratio and number of stiffeners of the plate.  

Keywords: composite laminated plate, glass-polyester, bucking load, high order shear 

deformation, stiffened and unstiffened plate. 

  

 حمل الانبعاجححج حأثير  المقىاة والغير مقىاة لصفائح المركبتاححليل 

 
 يىسف                                      المهنذس احمذ مهذي صالحلؤي صباح د.                                           عذنان ناجي جميلد. 

 باحث         أستار هساػذ      أستار         

 كلية الهٌذسة \جاهؼة بغذاد      كلية الهٌذسة \جاهؼة بغذاد    كلية الهٌذسة  \جاهؼة بغذاد 

 
 الخلاصت

التحلية   تنالحوة  انًبؼةا   وؼشضةةال الوقةاا  االغيةش هقةاا  الوشكبةةصةاائ  ال تحلية  ػلة  سئيسة  بشةل  سكةض  الذساسةة هزٍ

فةة  الناًةةع الؼولةة  تةةن تصةةٌيغ الصةةاائ  الوشكبةةة الوصةةٌاػة هةةي انليةةا  .لوختلةةا الحةةان  االؼولةة  الؼةةذدي الٌظشي،التحليةة 

 اختبةةاس القص تةةن ػوةة  الطةةال  االؼشضةة  اهؼاهةة  ااًةة   هؼاهةة   هثةة   الويلاًيليةةةباليسةةتش نانةةاد الخةةاا  الضجاجيةةة اال

 إلة  ًسةبةالؼش  هثة  شةشائ  بحةث  ػٌارةش تصةوين تةن كوةا للصةايحة  القيوةة الحشجةة لحوة  انًبؼةا  للؼثةاسػل  انًضغاط

ا طشاقة الؼٌارش الوحةذد   القص الذسجة الؼالية تشاٍ باستخذام الٌظشاةػذد الوقااا  ا الحذاة ششاطا سواكة انستااع،اًسبة

 لشةةشاط اولةةي اى اقةة  اا اضاةةذ تبؼةةا قيوةةة حوةة  انًبؼةةا  اى الشئيسةة  انسةةتٌتا  اكةةاى ANSYSالوبشهنةةة باسةةتخذام بشًةةاه  

  اػذد الوقااا  للبيليتة لاحة انستااع إل  ،اًسبةالؼش سواكة ،اًسبةالحذاة

 

للصةةةاائ  الذسجةةةة الؼاليةةةة  تشةةةاٍ القةةةص ًظشاةةةة, حوةةة  انًبؼةةةا  ,  أليةةةا  صجاجيةةةة ,رةةةاائ  هشكبةةةة الكلمااااث الرئي:ااايت 

  الصاائ  الوقاا  اغيش الوقاا  ,الطباقية
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1. INTRODUCTION 

1.1 General 

During the last decades, needs for composite materials which contain two or more types of 

materials mixed together homogenously have appeared.  

     Composite materials have many advantages such as high strength with low weight compared 

with traditional engineering materials; furthermore, their properties can be controlled during 

mixing of their components to meet the suitable design requirements. 

When a flat plate is subjected to low in-plane compressive loads, it remains flat and is in 

equilibrium condition. As the magnitude of the in-plane load increases, however, the equilibrium 

configuration of the plate is eventually changed to a non-flat configuration and the plate becomes 

unstable and begins to deflect to the middle portion. , Reddy J.N. 2004. 

Many researches had studied buckling analysis of stiffened and unstiffened plate.  

Guedes Soares C. and Gordo J. M.1997, performed of three methods to design stiffened panels 

under predominantly in plane uniaxial compressive loading is compared by referring to numerical 

and experimental results. 

Satish Kumar Y.V., Madhujit Mukhopadhyay 1999, presented the basic plate element is a 

combination of Allman's plane stress triangular element and a Discrete Kirchhoff-Mindlin plate 

bending element. The element includes transverse shear effects. The model accommodates any 

number of arbitrarily oriented stiffeners within the plate element and eliminates constraints on the 

mesh division of the plate.  

Rikards  R. etal 2001, concentrated on the development of triangular finite element for buckling 

and vibration analysis of laminated composite stiffened shells. For the laminated shell, an 

equivalent layer shell theory is employed. The first-order shear deformation theory including 

extension of the normal line is used. In order to take into account a non-homogeneous distribution 

of the transverse shear stresses a correction of transverse shear stiffness is employed. Results of 

vibration and buckling analysis of stiffened plates and shells are discussed. 

 Samuel Kidane2002, investigated buckling loads of stiffened composite cylinders under uniaxial 

loading condition by using analytical and experimental approaches. The stiffness contributions of 

the stiffeners are computed by analyzing the moment and force effect of the stiffener on a unit cell. 

Then the equivalent stiffness of the stiffener/shell panel is computed by superimposing the stiffness 

contribution of the stiffeners and the shell. Once the equivalent stiffness parameters are determined 

for the whole panel, the buckling load is calculated using the energy method. 

Aseel Jasim Mohammed Al-Hassani 2005, investigated the vibration   characteristic of composite 

plates with and without holes ,manufactures  of fiber glass+ polyester  in the presence of steel 

layers reinforcement , stiffeners subjected to various load conditions and constraints (simply 

supported and clamped). 

 An experimental programmed was also conducted in order to obtain the material properties 

of the used plates and study the plate behavior under static load and measuring the strain and 

deflection from which the structures are obtained and compared with the numerical results. 

Akl W. etal 2008, selected the orientation angles of stiffeners arranged in the form of isogrid 

configuration over a flat plate to optimize the static and dynamic characteristics of these 

plates/stiffeners assemblies. The static characteristics are optimized by maximizing the critical 

buckling loads of the isogrid plate, while the dynamic characteristics are optimized by maximizing 

multiple natural frequencies of the stiffened plate. 
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Tran Ich Thinh and Tran Huu Quoc2010, studied free vibration and bending failure of laminated 

stiffened glass fiber/polyester composite plates with laminated open section (rectangular or T-

shaped) and closed section (hat shaped) of stiffeners by finite element method and experiment. The 

results calculated by computational model for above plates under different boundary conditions are 

in good agreement with experiments. The failure problems of these stiffened glass fiber/polyester 

composite plates are also investigated. 

Hasanain Ibrahim Nsaif 2011, investigated Buckling analysis of composite laminates for critical 

thermal and mechanical loads.  The analytical investigation involved certain mathematical 

preliminaries, a study of equations of orthotropic elasticity for classical laminated plate theory 

(CLPT), higher order shear deformation plate theory (HSDT), and numerical analysis (Finite 

element method). 

The present work is focused on how to derive the analytical solution of critical bucking load for 

stiffened and unstiffened composite laminated plates by high order shear deformation theory by 

applied different type of boundary condition on the symmetric cross-ply composite laminated 

plates using Levy solution .Mechanical properties, buckling load for composite plate made from 

(glass-polyester) with fiber volume fraction (0.3) are determined experimentally.   

Also Finite element coded by ANSYS12.1used to find critical buckling load of stiffened and 

unstiffened composite laminate plate. 

 

2. ANALYTICAL SOLUTION (HIGHER ORDER SHEAR DEFORMATION PLATE 

THEORY) 

2.1. Unstiffened Laminated Plate 

2.1.1 Displacement 

 

High order shear deformation plate theory (HSDT) based on assuming the straight line 

perpendicular to the mid surface before deformation become curve line after deformation, Reddy, 

J.N. 2004. 

u(x,y,z,t)=   (x,y,t)+z   (x,y,t) - 
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 )                                              (1. a) 
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w(x,y,z,t)=  (x,y,t)                                                                                                   (1. c) 

2.1.2 Stress and strain 
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The transformed stress-strain relations of an orthotropic lamina in a plane state of stress are; for  ̅   

see ,Reddy J.N. 2004. 
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The result stress Nxx, Nyy and Nxy, Mxx,Myy and Mxy , shear force Qxz, Qyz, Rxz, Ryz , and the 

higher order stress resultants Pxx, Pyy and Pxy  acting on a laminate are obtained by integration of 

the stress in each layer or lamina through the laminate thickness. Knowing the stress in terms of the 

displacement, the stress resultants Nxx, Nyy, Nxy, Mxx, Myy, Mxy, Qxz, Qyz, Pxx, Pyy, Pxy, Rx 

and Ry can be obtained   

 The inplane force resultants are defined as 
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Where   ,     and      are normal and shear stress. 
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Where  

   ,   ,    ,    ,   ,    =  ∑ ∫  ̅  
       

  

 
   (1 , z ,   ,  ,  ,  ) dz                                       (9) 

2.1.3 Equation of motion 

The Euler-Lagrange equations are obtained by setting the coefficient of    ,     ,     ,     ,     

to zero separately 
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These equations of motion (10a-e) can be expressed in terms of displacements (   ,     , 

              by substituting the forces results from eqs. (4,5,6,7,8) into eq. (10.a) to (10.e) and 

get partial differential equations, then the analytical solution done by levy method as derived in[9]. 

2.2 Stiffened Laminated Plate 

2.2.1 Stress and strain  

       The displacements field of laminated plate are as given in Eqs (1(a-c)). The distribution of the 

normal strains over the depth of the stiffened plate is shown in Fig. (1), [10] 

Then, the stress strain relations for laminated plate are as in Eqs. (3,a-b) and the stress strain 

relations for stiffeners can be defined as: 

         
      .,                   

       

,   ) st=0,               ) st=  
  .   , 

    ) st=  
  .                                                                                                                                   (11)     
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Where,  
  and   

   are shear modules of elasticity of stiffeners in x and y directions , respectively. 

The force and moment relation for stiffened plate are: 
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And,[
 
 
]
  

can be defined as in equations: 
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Or, equation (16a) can be written as: 
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2.2.2 Equations of motion 

The refined analysis of such a plate, the governing differential equations are expressed in terms of 

the displacements, u, v, and w of the middle surface of the plate in the directions x, y, and z, 

respectively. The displacements at any point are related to those at the middle surface.  

 

3. NUMERICAL ANALYSIS 

3.1 Element Selection and Modeling 

An element called shell281 as shown in Fig. 3. Is selected for unstiffened plate which is suitable for 

analyzing thin to moderately thick shell structures. The element has eight nodes with six degrees of 

freedom at each node: translations in the x, y, and z axes, and rotations about the x, y, and z axes. It 

may be used for layered applications for modeling composite shells. It includes the effects of 

transverse shear deformation.  

      Finite element method has been employed to analyze natural frequency and dynamic response. 

The model was developed in ANSYS 12.1using the 121 quadrate elements (i.e. there are 11 

elements in the axial direction and 11 along the width) which means (4416 DOF). Convergence 

study is the reason for choosing the particular mesh used in this study. The global x coordinate is 

directed along the width of the plate, while the global y coordinate is directed along the length and 
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the global z direction corresponds to the thickness direction and taken to be the outward normal of 

the plate surface. for stiffened plate, the element used is solid-shell 190. SOLSH190 is used for 

simulating shell structures with a wide range of thickness (from thin to moderately thick) and for 

stiffened plate. The element possesses the continuum solid element topology and features eight-

node connectivity with three degrees of freedom at each node: translations in the nodal x, y, and z 

directions. And adding degree of freedom rotation on x ,y and z for the present solution by 

command adding degree of freedom.   Thus, connecting SOLSH190 with other continuum elements 

requires no extra efforts. A degenerate prism option is available, but should only be used as filler 

elements in mesh generation. The element has plasticity, creep, large deflection, and large strain 

capabilities. SOLSH190 can use for layered applications such as modeling laminated shells or 

sandwich construction. . Accuracy in modeling composite shells is governed by the first-order 

shear-deformation theory (also known as Mindlin-Reissner shell theory). 

   

3.2Verification Case Studies 

    In the present study, Series of preselected cases are modeled to verify the accuracy of the method 

of analysis. The results are compared to analytical solution (Levy) and numerical solution (Finite 

element method).see Table 1 and Table 2 for unstiffened plate, and Table 3 for stiffened plate. 

From these results, it is obvious that the methods of solution gives better results for both analytical 

and numerical solution. 

 

4. EXPERIMENTAL WORK 

In the present work, three- purposes were investigated. First, to outline the general steps to design 

and fabricate the rectangular test models from fiber (E-glass) and polyester resin to form laminate 

composite materials. Second, the manufactured models are then used to evaluate the mechanical 

properties (         ) of unidirectional composite material. Third, compressive test to find 

buckling load of cross ply laminate plate. 

 

4.1Tensile Test  

    Each laminate was oriented in longitudinal, transverse and     angle relative to designated    
direction to determine the engineering parameters   ,   ,    . Tensile test specimen includes 

standard geometry according to ASTM (D3039/D03039M); and the mechanical properties for 

glass-polyester which obtained from tensile test as shown in Table 4. 

 

4.2 Buckling Test 

In this study, buckling load of laminated plate (stiffened and un-stiffened) determined analytically, 

numerically and experimentally. The laminated plate length was 200 mm. the width and thickness 

of it are 100 mm and 4 mm respectively.  

For stiffened plate the same dimensions of the un-stiffened plate except with the use of (stiffeners 

with width of 6mm, two specimen one of them with one stiffener and the other with two). With 

stiffeners depth 4mm, length of 200mm and the lamination angle for all stiffeners was 0 . The 

mechanical properties for glass-polyester are obtained from tensile test as shown in Table 4. 

          The specimen was loaded in axial compression (vertical direction) using tensile test machine 

of 200 KN capacity as shown in Fig. 4. the specimen was simply supported by two ends and kept 

free at the other two ends. The specimen was loaded slowly until buckling. The experimental set up 

has shown in Figs. 5a-c)  for three cases. (Un-stiffened and stiffened with one stiffener and with 

two stiffeners)  
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         Simply supported boundary conditions were simulated along the top and bottom edges. For 

axial loading, the test specimen was placed between two extremely stiff machine heads of which 

the lower one was fixed during the test, whereas the upper head was moved downwards by servo 

hydraulic cylinder. The laminated plate was loaded at constant cross-head speed of 5 mm/min. 

            The buckling load is determined from the load-displacement curve. The vertical 

displacement is plotted on the x-axis in (mm) and the load was plotted on the y-axis in (KN). 

 

5. RESULTS AND DISCUSSION  
5.1 Experimental R%esults 

The critical buckling load is shown in Tables 5 and 6 for un-stiffened and stiffened plate 

respectively. Maximum error between analytical and experimental is (3.925%) in case 0/90/90/0 

un-stiffened plate and maximum error between numerical and experimental is 8.27% for the same 

case. For stiffened plate (pate with one stiffener) maximum error between analytical and 

experimental is (1.762%) in case 0/90/0 stiffened plate and maximum error between numerical and 

experimental is7.72% for the same case. For stiffened plate (pate with two stiffeners) maximum 

error between analytical and experimental is (2.608%) in case 0/90 stiffened plate and maximum 

error between numerical and experimental is5.47% for the same case. 

5.2Theoretical Results Contain (analytical and numerical (ANSYS)) 

In this section the effect of different parameter on critical buckling load are discussed such as 

boundary conditions aspect ratio, thickness ratio, number of stiffeners and stiffener depth ratio for 

cross ply composite laminate plate. This result found by analytical method using HSDT with Levy 

method and numerically using ANSYS 12.1 program. 

 

5.2.1 Boundary conditions 

From the results listed in Table 7 it can be observed that the boundary conditions always affect on 

the buckling load. It′s worth mentioning that the critical buckling load in SCSC and SSSC for cross 

ply and CSCS are higher than other cases because of B.C′S. effect. 

 

5.2.2 Aspect ratio 

For unstiffened plate,   Fig. 6 shows that in SSSF and SFSF the buckling load decreases when a/b 

increases with high percentage reaches to 72.51% and 74.45% in SSSF and SFSF respectively. On 

the other hand in SCSC the buckling load decreases with small percentage reaches to 11.569% 

when a/b varies from 0.5 to 1.5, Then, it′s increases when a/b varies from 1.5 to 2. The maximum 

buckling load in SCSC is at a/b=0.5. While the minimum is at a/b=1.5. 

Fig.7 shows that in un stiffened plate and plate with one stiffener the buckling load decreases when 

a/b increase with high percentage reaches to 67.383% and 57.878% in un stiffened plate and plate 

with one stiffener  respectively. On the other hand in plate with two stiffeners the buckling load 

decreases with percentage reaches to 72.204%, It′s worth mentioning the buckling load in plate 

with two stiffeners is higher than other cases because of the number of stiffener effect with 

percentages (78.4% with plate with one stiffener and 88.19% with plate without stiffener when 

a/b=1). 
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5.2.3 Thickness ratio 

In Fig. 8, for unstiffened plate the buckling loads increase when thickness ratio increases. It can be 

observed that the buckling load is increased with high percentage when b/h varies from 10 to 20. 

Then, this percentage gets smaller when b/h varies from 20 to 50; it is worth mentioning that the 

increasing in buckling load in case           is more than other case where this increase reaches 

to10.81%. 

 

5.2.4 Effect Number of Stiffeners: 

From Fig. 9, it can be obtained that the buckling load increases with high percentage when the 

number of stiffeners increases because of the resistance of stiffener against load that causes 

buckling. Then, it is shown that in, SSSS, SFSF, the buckling load increases when number of 

stiffeners increases with percentage reaches to 57.988% and  81.619%respectively,increasing in 

buckling load in case SCSC is more than other case, it reaches to 59.94%. 

 

5.2.5 Effect of stiffener depth ratio for stiffened plates: 

        It is shown from Fig. 10, the buckling loads decreases and increases with different percentage 

when d/h varies from 2 to 8 in all cases. It can be observed that the buckling load is decreased when 

d/h varies from2 to 4. Then, it is increased when d/h varies from 4 to 8; it is worth mentioning that 

the increasing in buckling load in case of plate with two stiffeners is more than other case where 

this increase reaches to17.733 %.Because of the number of stiffener and its resistance against load 

that causes buckling. 

 

6. CONCLUSIONS 

This study considers the buckling analysis of cross-ply composite laminate plate with various 

B.C's. From the present study, the following conclusions can be made:      

1- The boundary conditions affect 

 On the critical buckling load the maximum critical buckling load occurs at clamped 

boundary condition of plate. while the B.C's change from SSSS to SSCC ,the  percentage of 

increasing the buckling load is (48.86%) for anti-symmetric cross under uniaxial load and 

the percentage of increasing buckling load when changing B.C's from SSFF to SSCC is 

(79.5%) for symmetric cross ply under uniaxial load. 

2- The uniaxial buckling load decreases when a/b increase with high percentage reaches to 

72.51% and 74.45% in SSSF and SFSF un-stiffened plate respectively. On the other hand in 

SCSC the buckling load decreases with small percentage reaches to 11.569% when a/b 

varies from 0.5 to 1.5, Then, it′s increases when a/b varies from 1.5 to 2. For un-stiffened 

plate under biaxial SFSS and SFSF, the buckling load decreases with high percentage when 

a/b increase reaches to 75.133% and77.129% in SFSS and SFSF respectively. 

3- In unstiffened plate and plate with one stiffener the buckling load decreases when a/b 

increases with high percentage reaches to 67.383% and 57.878% in un stiffened plate and 

plate with one stiffener respectively. 

4- The buckling loads increases when thickness ratio increases for un-stiffened plate under 

uniaxial or biaxial load. It can be observed that the buckling load is increase with high 

percentage when b/h varies from 10 to 20. Then, this percentage gets smaller when b/h 

varies from 20 to 50. 

5- it can be obtained that the uniaxial buckling load increases with high percentage when the 

number of stiffeners increased , in SSSS, SFSF, the buckling load increase when number of 
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stiffeners increase with percentage reaches to 57.988%  and  81.619 % respectively , 

increasing in buckling load in case SCSC is more than other case, it reaches to 

59.94%.Then, for biaxial load  SSSS, SCSC, the buckling load increase when number of 

stiffeners increase with small percentage reaches to 18.76 % and 18.91% in SSSS, SCSC, 

respectively , increasing in buckling load in case SCSC is more than other case, it reaches to 

18.91%. 

6- The buckling loads decreases and increases with different percentage when d/h varies from 

2 to 8 in all cases for uniaxial load. It can be observed that the buckling load is decreased 

when d/h varies from2 to 4. Then, it is increase when d/h varies from 4 to 8; it is worth 

mentioning that the increasing in buckling load in case plate with two stiffeners is more 

than other case where this increase reaches to 17.733 %.. 
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Figure 1: Distribution of normal strains for stiffened plates. 

 
Figure 2: Dimensions and directions of stiffened laminated plates. 

 

 

 

 

 

 

 

 

 

Figure 3: Shell281 Geometry [11] 
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Table 1. Dimensionless uniaxial buckling load  ̅=   
  

    
  of anti-symmetric cross ply laminates. 

 

 

 

 

 

 

 

 

 

 

 

Table (2) Dimensionless uniaxial buckling load  ̅=   
  

    
  of anti-symmetric cross ply 

laminates                  b/h = 10    =    =0.6      =0.5       =0.25  ,  a=b ,   h=1. 

 

 

 

 

Table 3. Dimensionless uniaxial buckling load (λ)  of anti-symmetric cross-ply laminated stiffened 

plate.            ,          ,                  ,         

,λ  
      

        
    

⁄ , h=1,     h/a=0.01,  a=100, Stiffener Depth ratio (d/h) =4 

 

 

E1/E2=40 

G12=G13=0.6 E2 

G23=0.5 E2 

 12=0.25 

a=b 

h=1 

N=10 

(Discrepancy %) Present 

 Levy method 

[9] 

Levy method 

B.C'S 

(7 277%) 6 776 6.07 S-F-S-F 

(7 77%) 0 417 7.07 S-F-S-S 

(7 677%) 7 206 7.777 S-F-S-C 

(7 777%) 77 722 77.777 S-S-S-S 

(7 77%) 77 86 77.770 S-S-S-C 

(7 72%) 77 47 77.777 S-C-S-C 

E1/E2 [9] ansys discrepancy% 

3 5.114 5.2556 2.77% 

10 9.777 9.6985 0.80% 

20 15.298 15.027 1.77% 

30 19.957 19.405 2.76% 

40 23.34 23.068 1.17% 

a/b Ref.[4] Present 

F.E.M 

(Discrepancy %) 

Present 

Levy Method 

(Discrepancy %) 

0.5 54 52.84 

(2.148%) 

53.126 

(1.61%) 

1 75 74.66936 

(0.44%) 

72.865 

(2.84%) 

1.5 89 85.952 

(3.048%) 

87.357 

(1.86%) 

2 139 142.773 

(2.7%) 

140.236 

(0.88%) 
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Table 4.  Experimental mechanical properties of fiber glass-Polyester and young modulus for     

polyester. 

 

 

 

 

 

 

 

Figure 4. Buckling test machine. 

 

Figure 5a. Buckling test of S-F-S-F laminates without stiffener. 

Mechanical properties Glass-polyester 

   (Mpa) 24800 

   (Mpa) 4485 

    (Mpa) 1466 

   0.3 
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Figure 5b. Buckling test of S-F-S-F laminates with one stiffener. 

 

 

  Figure 5 c. Buckling test of S-F-S-F laminates with two stiffeners 

Table 5. Dimensionless buckling load [  ̅ =    
 *  /  *  ]  of SFSF laminates for un stiffened plate. 

Laminated plate Levy 

(Error %) 

 ANSYS 

(Error %) 

Experimental 

0/90 1.753 

(3.57%) 

1.712 

(5.83%) 

1.818 

0/90/0 0.981 

(1.3%) 

0.972 

(2.2213%) 

0.994 

0/90/0/90 2.487 

(1.87%) 

2.439 

(3.77%) 

2.5346 

0/90/90/0 1.346 

(3.925%) 

1.285 

(8.27%) 

1.401 
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Table 6. Dimensionless buckling load [  ̅ =    
 *  /  *  ]  of SFSF laminates for stiffened plate 

Number of 

stiffeners 

Laminated 

plate 

Levy 

(Error %) 

ANSYS 

(Error %) 

Experimen

tal 

 

 

 

One 

stiffener  

0/90 11.923 

(1.217%) 

11.645 

(3.52%) 

12.07 

0/90/0 13.04 

(1.762%) 

12.249 

(7.72%) 

13.274 

0/90/0/90 29.53 

(1.369%) 

28.944 

(3.326%) 

29.94 

0/90/90/0 29.856 

(1.747%) 

29.26 

(5.21%) 

30.387 

 

 

Two 

stiffeners 

 

0/90 13.738 

(2.608%) 

13.334 

(5.47%) 

14.106 

0/90/0 15.127 

(2.065%) 

14.665 

(5.05%) 

15.446 

0/90/0/90 33.691 

(1.044%) 

 

33.337 

(2.084%) 

34.046 

0/90/90/0 43.752 

(1.38%) 

43.603 

(1.719%) 

44.366 

 

Table 7. Effect of boundary condition on buckling load under uniaxial loading (0/90/90/0) with or 

without stiffeners. 

 

 

 

 

 

 

 

 

 

 

 

Plate with two 

stiffeners 

Plate with 

Single stiffener  

Unstiffened plate Boundary 

condition 

ANSYS 

Error% 

Levy ANSY

S 

Error% 

Levy ANSY

S 

Error% 

Levy 

264.25 

1.54 % 

260.1

8 

247.5 

0.91% 

245.2

3 

52.33 

3.59% 

50.45 S-C-S-C 

279.74 

1.25 % 

276.2

4 

 245.1 

1.07% 

242.5

3 

39.98 

4.33% 

38.25 S-C-S-S 

 228.33 

1.11% 

225.7

9 

220.6 

1.09% 

218.2

4 

28.47 

8.78% 

25.97 S-S-S-S 

131.25 

3.73 % 

126.3

4 

100.8 

3.69% 

97.14

2 

12.29 

5.91% 

11.56 S-F-S-C 

133.55 

2.47% 

130.2

5 

118.2 

2.76% 

114.9

7 

2.59 

5.4 % 

2.45 S-F-S-S 

14.544 

9.40% 

13.17

6 

7.43 

2.01% 

7.28 1.28 

2.34% 

1.25 S-F-S-F 
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Figure 6. Non-dimensional buckling load  ) versus aspect ratio (a/b) of anti-symmetric cross-ply 

(0/90/0/90) laminates under uniaxial compressive buckling load. 

 

Figure 7 . Dimensionless uniaxial buckling load versus aspect ratio for stiffened and un stiffened 

plates. 

 

Figure 8. Non-dimensional buckling load  ) versus thickness ratio, (a/h). 
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Figure 9. Dimensionless uniaxial buckling load versus No. of stiffeners of stiffened laminated 

plate. 

 

Figure 10. Dimensionless uniaxial buckling load versus stiffener depth ratio for stiffened plates. 

 

Figure 11. SOLSH190 Geometry [11]. 
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ABSTRACT 

          Numerical simulations have been carried out on the solar chimney power plant systems. 

This paper gives the flow field analysis for a solar chimney power generation project located in 

Baghdad. The continuity, Naver-stockes, energy and radiation transfer equations have been 

solved and carried out by Fluent software. The governing equations are solved for 

incompressible, 3-D, steady state, turbulent is approximated by a standard k  model with 

Boussiuesq approximation  to study and evaluate the performance of solar chimney power plant  

in Baghdad city of Iraq. The different geometric parameters of project are assumed such as 

collector diameter and chimney height at different working conditions of solar radiation 

intensity (300,450,600,750 and 900 W/m
2
) to gain the optimal designed structure. The results 

show that the change of collector diameter and chimney height has considerable effects on the 

performance of the system. The velocity increase when the collector diameter  and chimney 

height increase and reach to the maximize  value at H=D 12 m and when solar intensity (900 

W/m
2
). The study shows that Iraqi weather are suitable for this system. 

Keywords: Solar chimney; Solar energy; Collector; Natural convection. 

الجريان في منظومة مدخنة شمسية لتوليد القدرةسلوك لتاثير المعاملات الهندسية على نمذجة رقمية   

  م. عباس جاسم جبير     حمد                          أ.م.د. وحيد شاتي م                                د.اركان خلخال حسين      أ.          

/جامعة واسطالميكانيك ةهندسقسم              /الجامعة التكنولوجيةالميكانيك ةقسم هندس                  التكنولوجية/الجامعة الميكانيك ةقسم هندس  

 الخلاصة
تم اجراء محاكات عددية على نظام محطة المدخنة الشمسية للطاقة.تبين هذه الدراسة تحليل لحقل الجريان  لمشروع         

,الطاقة والاشعاع الشمسي  Naveries-Stokesتم حل معادلات الاستمرارية,محطة المدخنة الشمسية للطاقة في بغداد. 
اداء المدخنة الشمسية من خلال حل المعادلات الحاكمة خلال  .في هذه الدراسة تم حسابFluent(14)باستخدام برنامج 

 -( في اجواء بغدادk-ԑالاضطرابي ) يلاضطرابي حيث تم الاستعانة بالمودجريان لاانظغاطي ,ثلاثي الابعاد,مستقر و
المدخنة  العراق.خلال هذه الدراسة تم فرض عدد من المتغيرات الهندسية المختلفة مثل قطر المجمع الشمسي و ارتفاع

وذلك لغرض  2واط/م (033,053,033,053,033الشمسية وذلك عند ضروف اختبار مختلفة من شدة الاشعاع الشمسي )
التوصل الى افضل تصميم. من ابرز النتائج التي تم التوصل اليها , ان قطر المجمع وارتفاع المدخنة له تاثير كبير على 

لمدخنة الشمسية بزيادة قطر المجمع وارتفاع المدخنة وتصل الى اقصى قيمه لها متغيرات اداء النظام. تزداد السرعة داخل ا
(. ان اجواء العراق تعتبر ملائمة  2واط/م 033م ( وعند شدة اشعاع شمسي ) 22عندما كان قطر المجمع وارتفع المدخنة ) 

 .لهذا النوع من الانظمة

الحمل الحر : مدخنه شمسيه, الطاقه الشمسيه, مجمع,الكلمات الرئيسيه  
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1. INTRODUCTION 

       A solar chimney power plant, SCPP is a solar thermal power plant that uses greenhouse 

principle (solar air collector) and buoyancy effect created by a chimney to generate a solar 

induced convective flow which drives pressure staged turbogenerator(s) to generate electricity, 

A traditional solar chimney power plant consists of a circular transparent canopy or roof raised a 

certain height above the ground, with a chimney/tower at its center as shown in Fig. 1. The 

chimney at the center houses one or more turbogenerator(s) located at its base. Ambient air from 

the surrounding enters the system along the circumference of the collector roof and the ground.          

Radiation from the sun penetrates the collector roof and strikes the ground surface and the 

heated ground in turns heats the adjacent air from the ambient temperature to warm air 

temperature at the collector outlet. The Warm air underneath the collector moves toward and up 

into the central chimney as a result of buoyancy and pressure difference between the ambient air 

and the warm air inside the plant. The kinetic energy in the warm air is converted to electrical 

energy using turbogenerator (s), Aja, and Hussain, 2011. Detailed theoretical preliminary 

research and a wide range of wind tunnel experiments led to the establishment of an 

experimental plant with a peak output of 50 kW on a site made in Manzanares (about 150 km 

south of Madrid) in 1981/82. The experimental plant in Manzanares operated for about 15,000 

hours from 1982 onwards. In Australia a 200MW solar tower project is currently being 

developed, Schlaich, et al., 2005,Bergermann, and Partenr, 2002, and www.wikipedia.org. 

Maia et al, 2009, presented a theoretical analysis of a turbulent flow inside a solar chimney. 

They showed that the most important physical elements in a solar chimney system are the tower 

dimensions as they cause the most significant variation in the flow behavior. An increase in the 

height and diameter of the tower produces the rise in the mass flow rate and decrement in the 

flow temperature. Bernardes et al. 2009. developed a validated mathematical model to estimate 

the temperature and power output of solar chimneys. The maximum power can be reached when 

the factor pressure drop at the turbine is equal to approximately 0.97 from the total potential 

pressure. The other parameters were also involved in the study such as; distance between 

absorber and ground, double cover area, water-storage system area and thickness. The results 

showed that their effect was insignificant since the energy output was the same. Similarly, 

Backström et al., 2006. found that maximum fluid power was available at a much lower flow 

rate and much higher turbine pressure drop than the constant pressure potential assumption 

given. Koonsrisuk & Chitsomboon, 2009. studied the ventilation efficiency of solar chimney 

by comparing between five of the mathematical simulations and five of CFD simulations both 

from the previous researches. Moreover, Maia et al., 2009. presented a validated numerical 

simulation showed that the height and diameter of the tower were the most significant physical 

variables for solar chimney design. The maximum chimney height for convection avoiding 

negative buoyancy at the latter chimney and the optimal chimney height for maximum power 

output were presented and analyzed by, Zhou et al., 2009. using a theoretical model validated 

with the measurements of the prototype in Manzanares. The results showed that maximum 

height gradually increased with the lapse rate increasing and go to infinity at a value of around 

0.0098 K/ m. Walter, and Sergio,1984. described the design, construction and testing the 

variation in the geometry of the chimney for solar dryer system, the results indicated that a slight 

geometry modification of the chimney (convert cone keeping height constant) will increase air 

velocity by a factor of 2- 3 with respect to a chimney of cylindrical shape. Bernardes et al., 

2003. developed a model to estimate the power output of solar chimneys and to examine the 

effect of  various ambient conditions and structural dimensions of the power output. Zhou et al., 

2007. built a pilot experimental solar chimney thermal power generating equipment in China. 

They carried out a simulation study to investigate the power generating system performance 

http://www.wikipedia.org/
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based on a developed mathematical model. Ming Tingzhen et al., 2006. advanced a model to 

evaluate the performance of a solar chimney power plant system, in which the effects of various 

parameters(chimney and collector) on the relative static pressure, driving force, power output 

and efficiency have been further investigated. Tingzhena et al., 2008. presented a numerical 

simulation of the solar chimney power plant systems coupled with turbine. Mathur et al., 2006. 

presented experimental investigations on solar chimney for room ventilation and Bassiouny, 

and Koura, 2008. presented an analytical and numerical study of solar chimney used for room 

natural ventilation. 

       In the present study we modeled a 3-D solar chimney power plant which includes the parts 

of the ground, collector, and chimney together. The flow details production of plants with 

different dimensions and different solar intensities are presented. 

 

2. NUMERICAL IMPLEMENTATIONS 

      Advanced solver technology provides fast, accurate CFD results, flexible moving and 

deforming meshes, and superior parallel scalability. Computational Fluid Dynamics (CFD) 

procedures solve all the interacting governing equations in a coupled manner, albeit in a finite 

framework. With a careful use of CFD, its results could be used to validate those of the 

theoretical models, at least qualitatively.  

2-1 Modelling in GAMBIT 

       For the simulation part, the model is designed by using GAMBIT 2.4.6 for this 

configuration. This software is provided with the advanced geometry and meshing tools. The 

functions of GAMBIT are design the three dimensional (3-D), setup the boundary condition for 

each edge and faces ,and provide the meshing analysis for each configuration. 

       The solar chimney power plant  was modeled with the following dimensions, Circular 

absorber ground with the different diameter of  (6,8,10 and 12 m), inclined collector angle (θ = 

0°), different chimney height (6,8,10 and 12 m), chimney diameter 0.3 m and the gap between 

the absorber  and the transparent cover (glass) is 0.1m as shown in Fig.2. 

       The numerical examination of the flow behavior of air under the steady state condition was 

studied at both the inlet and the chimney base where the turbine is expected to be staged. The 

fluid flow calculation was simulated using FLUENT software. The buoyancy driven flow in the 

system was assumed to be turbulent based on previous studies. Set up the boundary condition is 

to define the situation occur at the surface condition in term of friction. Meanwhile, defining the 

meshing is vital in order to discrete each part to certain section for more accuracy FLUENT’s 

analysis. It is important to define model, meshing, and boundary conditions before running into 

FLUENT. 

     Proper boundary conditions are needed for a successful computational work. After creating a 

geometry which have one volume defined the specify boundary types of solar collector, solar 

chimney and the base such as the wall , while the entry and exit zones type is Inlet and Outlet-

Pressure. Now The assembly is meshed using tetrahedral elements of T-grid scheme type, 

Jinhua, et al., 2007. Gambit scheme with spacing interval size (0.0275) is chosen as shown in 

Fig. 3, the Gambit grid generator with approximately (2-4.5) million computational cells for 

different cases. No-slip condition for velocity and temperature on the walls. 

 

2-2 Simulation with FLUENT 

         FLUENT solves the governing integral equations for the conservation of mass, 

momentum, energy, and other scalers, such as turbulence.There are two processors used to solve 

the flow and heat transfer equations. The first preprocessor is the program structure which 
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creates the geometry and grid by using GAMBIT. The second post processor is solving Navier-

Stokes equations which include continuity, momentum and energy. 

 The set of conservation equations used by CFD are: 

Mass conversion equation 
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In z-direction 
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       The viscous medium is also taken. the analysis is carried using turbulent flow and then the 

standard k-epsilon is considered and take  standard wall functions near wall functions, Launder, 

and Spalding, 1972. The Boussinesq approximation is used to estimate the effect of density 

variation with temperature.Selecting a radiation model enables radiation heat transfer. Discrete 

Ordinates (DO) was selected under this model and then selected DO Irradiation under the solar 

load model .Define the solar parameters, Enter values for the X, Y, and Z components of the Sun 

Direction Vector. 

       In the current study used different direct solar irradiation (300 ,450 ,600 ,750 ,900 W/m
2
) 

data were obtained from Ministry of Transportation-Iraqi Meteorological Organization And 

Seismology of  Baghdad  city of 8-8-2008 in the following times (7:30 , 8:15 , 9 ,10 A.M. and 

12:30 P.M.) and the sun direction vector obtained from, John, 1980. 

       Boundary conditions specify the flow and thermal variables on the boundaries of the 

physical model. They are, therefore, a critical component of the FLUENT simulations and it is 
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important that they are specified appropriately. The boundary conditions applied in this research 

are those shown in Table 1., Ming, et al., 2006. Initially the first order upwind scheme was used 

to get a napproximate solution. This solution is then used as the initial conditions for the second 

order up wind solver.   

 

3- SIMULATION RESULTS  

        In order to validate the results of the numerical part of the present work, a comparison with 

the numerical study of, Rafah, 2007. was carried out. It can be seen from Fig. 4, and 5 the 

absorbing ground temperature and exit velocity when using asphalt aggregates as an absorption 

background, with (0.1m) periphery of collector at radiation intensities of (310,415,505 W/m
2
). A 

good agreement with the numerical results is achieved. 

3-1 Variation of the Solar Intensity and Sunlight Direction 

       The results of the temperature distribution and velocity vectors of solar insolation 

(300,450,600,750,900 W/m
2
) at times of (7:15,8:15,9,10 AM and 12:30 PM) with D=12m and H 

=10m regarding the solar chimney passage are  presented in Figs. 6. to 11. The increase in air 

velocity is very small up to about half the radius of the collector. The very steep increase is 

obtained in the inner half of the collector. This trend is noticed in all solar intensities and 

sunlight direction as shown in Figs. 6. and 7 The reason is the combined effect of flow area 

reduction and the amount of the heat transfer from the ground to the working fluid, which 

increases the kinetic energy of the flow particles. To compare the velocities of the air at the  

solar collector passage for different solar intensity times (7:30,8:15,9,10 AM and 12:30 PM) 

generally, it could be seen that the maximum velocity occurs in the (900W/m
2
 ) solar radiation 

intensity at (12:30 PM) and the minimum velocity in the morning with (300W/m
2
 ) solar 

intensity at (7:15AM). The numerical solution has shown that the velocity in the center of the 

chimney is higher than near the wall. This is logical and in agreement with measurements of real 

fluid in rounded passages.               

     The variations in the air temperature through  the collector passage, i.e. in the radial direction 

are found to be very gradually as shown in Figs. 8. and 9 for different solar insolations. The 

temperature near the ground is  high compared with other regions. Consequently, the density 

near the walls is lower. Generally, along the collector passage, the temperature is increased but 

the density and pressure decreased. It is clear from the figures that the air enters the collector at 

ambient temperature and is heated as it moves toward the chimney. The temperature gradient 

present in the air is steeper near the collector inlet as the boundary layer is thinner in this zone 

than in regions closer to the chimney. 

        The development of flow in the chimney can be seen through the  enlargement regions 

shown in Figs. 10. and 11. The flow in the lower and middle regions is developing non uniform 

flow, but in the top region is uniform fully developed flow (turbulent flow). The velocity 

increases when the chimney height and collector diameter increase. 

      To compare the temperatures of air at the ground, collector diameter at different solar 

intensity and sunlight direction, it can be seen that the maximum temperature occurs in 

insolation of (900W/m
2
) at (12:30 Am) because the solar radiation intensity is very high 

compared to other times, as shown in Figs. 12. and 13. Figures also show a strong temperature 

drop  at the collector center when the solar intensity is (600,750, and 900 W/m
2
 because the 

velocity in this point is very low, which is a stagnation point. 
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       The velocity profiles from ground to top chimney for different solar intensities, shown in 

Figs. 14. and 15. The numerical results indicate that air velocity shows a large increase near 

surface of the ground about (0.3m to 0.4m) chimney height and then the increase of air velocity 

reduced, and the maximum velocity occur near the top of the chimney. Furthermore, the turbine 

may be positioned at a higher position when the velocity is large to improve power output. 

3-2 Collector Diameter Variation    

        The maximum air temperature differences between inlet and absorbing ground occurred at 

the larger diameter due to the collector area exposed to the incident radiation with different solar 

intensities (300-900W/m
2
), as in Fig. 16. The increase of the collector diameter means, the area 

of the absorbing ground is increased and the air temperature in the system is increased too, 

which result in the decrease in air density. Thereby, the  static pressure in the system increased 

and the driving force increased accordingly. Fig. 17. shows the computed updraft velocities at 

the end section of the  chimney for all  test cases, as a function of solar intensity. All 

distributions display the expected increasing trend with the insolation. The rates of an increase 

of the velocities appear to be slightly lower as the insolation increases. Furthermore the increase 

in collector diameter causes an increase in temperature so the velocity will be increased too. 

3-3 Chimney Height Variation 

    The simulations were carried out for chimney heights of (6m, 8m,10m, and 12m). The results 

show that an increase in the height of the chimney causes an increase in the pressure drop along 

the chimney, causing greater mass flow rates and higher flow velocity. As observed, larger mass 

flows and velocities cause a reduction in local temperature values as shown in  Figs. 18. and 19. 

It is clear from Figs. 20. and 21, that as chimney height increased then buoyancy force will 

increase so one can anticipate increase  the air velocity with increasing  chimney height.  

3-4 Temperature Distrbution at a Different Height Above the Ground 

      The distribution of air temperature at different heights above ground level are shown in Figs. 

22. and 23. The variations of air temperature within the collector near the ground (h=0m), at 

height (h=0. 05m) above the ground level, and at the inner glass collector surface (h=0. 1m). Air 

temperatures decrease with an increase in height above ground level, which is induced by the 

greenhouse effect. Solar radiation firstly heat the absorber bed, which heat the cool air nearly. 

Cool air  obtains heat mainly by free convection and radiation. The temperature of the ground is 

higher in the region due to the storage heat in the bed, while the inner glass has a minimum 

temperature because the glass acts as a bed conducting material on hard and passes most of the 

radiation. 

 

4- CONCLUTION 

       A theoretical analysis of the turbulent flow inside a solar chimney was presented. Flow was 

modeled through the numerical solution of the conservation equations of mass, energy, and 

momentum, as well as the turbulent variables transport equations. The model includes a flow 

detail inside a collector and chimney. Numerical simulations were conducted in order to 

evaluate the performance of solar chimney power plants with different dimensions. This 

observation would be useful in the preliminary plant design. The results show: 

1. The numerical results and figure of this study have a good agreement with the numerical 

results of, Rafah, 2007. at the same conditions. 

1. The maximum air temperature was 80.29C°, at (D=12m and H=6m). 
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2. Maximum outlet air velocity was 4.91 m/s, at (D=12m and H=12 m). 

3. Both, maximum air temperature and exit air velocity were at solar radiation intensity; 

900 W/m
2
. 

4. Almost, increasing in collector diameter leads to increased air temperature and velocity. 

5. The increasing in chimney height leads to decreasing of air temperature but increasing in 

velocity. 

6. Under the Iraqi weather radiation conditions, large scale solar chimney in Iraq is 

recommended for a power plant. 
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SYMBOLS AND ACRONYMS 

Symbo

l 
Description Unit 

D Diameter of absorbing ground  m 

g Gravitational acceleration  m/s
2
 

H  Chimney  height  m 

h Heat transfer coefficient W/m
2
k 

I Solar radiation W/m
2
 

K Turbulent kinetic energy m
2
/s

2
 

p Pressure Pa 

S General source term  

T Temperature C° 

http://www.wikipedia.org/
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t Time s 

u , v  Fluctuation of mean velocities m/s 

U,V,

W 
Time-average velocity m/s 

u, v,w Velocity components (x,y&z) direction m/s 

∆ Differentive  

α Absorbtance  

∂ Partial derivative  

ε Rate of dissipation of kinetic energy m
2
/s

2
 

θ Angle  degree 

ρ Fluid density kg/m3 

μ Dynamic viscosity N.s/m
2 

t


 Turbulent viscosity N.s/m2 

π Pi  

o Ambient   
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Boundary Type Boundary 

condition 

Inlet Pressure

- inlet 

∆P=0 ; T= Tambient; 

Exit Pressure

-out let 

∆P=0; T = Tambient –

0.0065* chimney 

height 

Ground 

(asphalt) 

Wall Thermal condition: 

Mixed 

h=8 

W/m
2
K;T=Tambint  

Chimney Wall Wall Constant heat flux: 

q=0 

Glass(semi-

transparent) 

Wall Thermal condition: 

Radiation(Thicness=

0.004mm 

Figure 2. Physical prototype 

Table 1.  Boundary conditions in detail. 

Figure 3. Computational grad. 
 

H
 

Figure 1. Schematic layout of the conventional 

 solar chimney power plant. 
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Figure 4. Variation in absorbing ground temperature with solar insolation 

comparing, with an numerical study. 

 

Figure 5. Variation in exit air velocity with solar insolation comparing, 

with an numerical study. 

(Rafah) 

(Rafah) 
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Figure 6. Velocity distribution  contours of  the solar chimney with solar insolation 

(300 W/m
2
) for D=12m, H=10m. 

m/s 

y=10 m 

y=4 m 

y=1 m 

Figure 7. Velocity distribution  contours of  the solar chimney with solar insolation (900 

W/m
2
) for D=12m, H=10m. 

m/s 

y=10m

0m 

y=4 m 

y=1m
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Figure 8. Temperature distribution  contours of  the solar chimney with solar 

insolation (300 W/m
2
) for D=12m, H=10m. 

°C 

Figure 9. Temperature distribution  contours of  the solar chimney with solar 

insolation (900 W/m
2
) for D=12m, H=10m. 

°C 
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Figure 10.  Flow felid of air in solar chimney with solar insolation (300 W/m
2
) for 

D=12m, H=10m. 

m/s 

y=4 

m 

y=10 m 

y=1 m 

Figure 11.  Flow felid of air in solar chimney with solar insolation (900 W/m
2
) for 

D=12m, H=10m. 

m/s 

y=10 m 

y=4 m 

y=1 m 
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Figure 12. Ground  temperature variation  from solar collector diameter at different 

solar insolation for D =6m, H =6m. 

Figure 13. Ground  temperature variation  from solar collector diameter at different 

solar insolation for D =12m, H =12m. 
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Figure 14. Air velocity variation from center collector exit to chimney exit at different 

solar insolation for D =6m, H =6m. 

Figure 15. Air velocity variation from center collector exit to chimney exit at different 

solar insolation for D =12m, H =12m. 
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Figure 16. The effect of collector diameter  on  maximum temperature different at different 

solar insolation for H =6m. 

Figure 17. The effect of collector diameter  on  updraft velocity at chimney top at different 

solar insolation for H =6m. 
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Figure 18. The effect of chimney  height  on  maximum temperature different at different 

solar insolation for D =6m. 

Figure 19. The effect of chimney  height  on  maximum temperature different at different 

solar insolation for D =12m. 
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Figure 20. The effect of chimney  height  on  updraft velocity at chimney top at different 

solar insolation for D =6m. 

Figure 21. The effect of chimney  height  on  updraft velocity at chimney top at different 

solar insolation for D =12m. 
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 Figure 22.  Air  temperature  at  different heights above the ground level in the solar 

collector and at different solar insolation for D =6m, H =12m. 
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Figure 23.  Air  temperature  at  different heights above the ground level in the solar 

collector and at different solar insolation for D =12m, H =6m. 
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Bioremediation of Soil Contaminated with 2,4-D Herbicide Using Bioslurry 

Reactor 
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ABSTRACT 

       Ex-situ bioremediation of 2,4-D herbicide-contaminated soil was studied using a slurry bioreactor 

operate at aerobic conditions. The performance of the slurry bioreactor was tested for three types of soil 

(sand, sandy loam and clay) contaminated with different concentration of 2,4-D, 200,300and500mg/kg 

soil. Sewage sludge was used as an inexpensive source of microorganisms which is available in large 

quantities in wastewater treatment plants. The results show that all biodegradation experiments 

demonstrated a significant decreases in 2,4-D concentration in the tested soils. The degradation efficiency 

in the slurry bioreactor decreases as the initial concentration of 2,4-D in the soils increases.A 100 % 

removal was achieved at initial concentration of 200mg 2,4-D/kg of sandy soil after 12 days and 92 % at 

500mg 2,4-D/kg sandy soil after 14 days.Clay soil represented minimum removal efficiency among the 

three soils, 82 % at initial concentration of 200mg 2,4-D/kg clay soil after 12 days and 72 % for 500mg 

2,4-D/kg clay soil after 14 days. 

     Abiotic conditions were performed to investigate the desorption efficiency of the contaminant from 

soil to liquid phase through the three soils. In abiotic reactor the results showed that the rate of desorption 

for sand and sandy loam soils were nearly the same, it varied between0.102-0.135 day
-1

 at different initial 

concentration of 2,4-D. While for clay soil the desorption rate varied between 0.042- 0.031 day
-1

 at 

different initial concentration of 2,4-D.  The decrease in desorption rate in clay soil refers to the 

characteristic of clay soil, (fine texture, high organic matter and high cation exchange capacity compared 

with the other soils) that may retain the 2,4-D in the organic matter and the clay minerals.                          

  

Keywords:2,4-D removal;soil contamination; biodegradation process; sewage sludge. 

               تاستخذام المفاعل الثيولوجي D4,2- تمثيذ الاعشابالمعالجة الثيولوجية للترتة الملوثة 

ياسمين عثذ العسيس مصطفىم.د.أ. م.د حيذر محمذ عثذ الحميذ                                                 ق م. زينة عثذ الرزا  

 قسى انهُذست انبُئُت /انجبيؼت انًسخُصشَت          قسى انهُذست انبُئُت /جبيؼت بغذاد                         قسى انهُذست انبُئُت /جبيؼت بغذاد 

 

 الخلاصة
فٍ يفبػم بُىنىجٍ َؼًم ححج انظشوف انهىائُت. اجشَج دساست   D-2,4حًج دساست انًؼبنجت انبُىنىجُت نهخشبت انًهىرت بًبُذ الاػشبة 

يهغى/كغى 500و 300و D 200-2,4اليٍ يخخهفت  خشاكُض يهىرت ب أَىاع يٍ انخشبت )سيهُت وصساػُت وطُُُت(نزلارت اداء انًفبػم انبُىنىجٍ 

كًُبث كبُشة  فٍ بث انحُت انذقُقت وانزٌ حخىفش يٍ انخشبت. اسخخذيج حًأة انصشف انصحٍ كًصذسسخُص انزًٍ نخجهُض انًفبػم ببنكبئُب

 يحطبث يؼبنجت يُبِ انصشف انصحٍ.

فٍ انخشبت. اٌ كفبءة انخحهم D-2,4بُُج انُخبئج انؼًهُت أٌ جًُغ انخجبسة نهًفبػم انبُىنىجٍ أدث انً اَخفبض يهحىض فٍ حشاكُضال     

يهغى / 200٪ ػُذ حشكُض 100واػطج إصانت فٍ انخشبت  D-2,4انببَىنىجٍ فٍ انًفبػم انبُىنىجٍ حُبقصج يغ اصدَبد انخشكُض الابخذائٍ  نم 

 َىيب. 14يهغى / كغى يٍ انخشبت انشيهُت بؼذ 500٪ إصانت ػُذ حشكُض 22َىيب و  12كغى يٍ انخشبت انشيهُت بؼذ 

يهغى / كغى يٍ انخشبت 200٪ ػُذ حشكُض 22انخشبت انطُُُت اقم كفبءة أصانت بٍُ اَىاع انخشة انزلارت  حُذ اٌ َسبت الاصانت بهغج شث اظه 

لاحُىَت )اٌ ناسخخذو انًفبػم ػُذ انظشوف ا َىو. 14يهغى / كغى يٍ انخشبت انطُُُت بؼذ 500٪ ػُذ حشكُض 22َىيب و  12نطُُُت بؼذ اا

( ورنك نهخحقق يٍ كفبءة اَخقبل انًهىربث يٍ انخشبت  ببَىاػهب انزلاد إنً انسبئم انًىجىد فٍ انًجهشَتحُبء بذوٌ اضبفت الا

انًفبػم. حُذ بُُج انُخبئج اٌ يؼذل اَخقبل انًبُذ يٍ انخشبت انشيهُت وانضساػُت انً انسبئم كبَج يخقبسبت وبهغ يؼذل الاَخقبل بٍُ 

( (0.102-0.135day
-1

بًُُب ببنُسبت نهخشبت انطُُُت كبًَؼذل اَخقبل انًبُذ يٍ انخشبت فٍ انخشَت.D-2,4هفت يٍ النخشاكُض يخخ 

dayانً انسبئم بٍُ )
-1 

اٌ اَخفبض يؼذل اَخقبل انًبُذ يٍ فٍ انخشَت انطُُُت. D-2,4نخشاكُض يخخهفت يٍ ال) 0.031-0.042

وانًحخىي انؼبنٍ يٍ  سببّ طبُؼت انخشبت انطُُُت وانخٍ حًزم َؼىيت حجى انذقبئق انبُىنىجٍانخشبت انطُُُت انً انسبئم فٍ انًفبػم 

 انًىاد انؼضىَت وصَبدة انسؼت انخببدنُت انكبحُىَُت يقبسَت يغ انخشة الأخشي.
 

.ه المنشطوأ، تلوث الترتو، عملية التحلل الثايولوجي، الحم D-2,4الكلمات الرئيسية: ازالة 

mailto:yasmen.mustafa@gmail.com
mailto:hayderalmunshi@yahoo.com
mailto:zainababdulrazak@yahoo.com
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1. INTRODUCTION 

    A pesticide is generally a chemical or biological agent (such as virus, bacterium, 

 antimicrobial-  or  disinfectant)  that through its effect deters, incapacitates, kills or otherwise 

discourages pests. Target pests can include insects, plant  pathogens, weeds,  mollusks, birds, 

mammals, fish, nematodes (round worms) and  microbes , that destroy property, cause nuisance, 

spread disease or are vectors for disease. Pesticides can be classified by target 

organism, (e.g. herbicides, insecticides, fungicides, rodenticides, and  pediculicides), chemical 

structure (e.g. organic, inorganic, synthetic, or biological (biopesticide),  and physical state 

(e.g. gaseous(fumigant)). Biopesticides include microbial pesticides and biochemical pesticides, 

Tiryaki,and Temur,2010.  

    Herbicides are widely used to control unwanted plant species that are competing for light, 

water, and nutrients with the wanted plant species. Whenever herbicides are applied, they are 

transported to areas distant from the original site of application, ends up to rivers and streams. 

2,4-Dichlorophenoxyacetic acid (2,4-D) is a common system herbicide used in the control of 

broadleaf weeds. It is the most widely used herbicide in the world, and the third most commonly 

used in North America, USEPA, 2007. 

    2,4-D is a synthetic auxin (plant hormone), and as such it is often used in laboratories for plant 

research and as a supplement in plant cell culture media. It is a major ingredient in Agent 

Orange(one of the herbicides and defoliants  used by the U.S. military as part of its chemical 

warfare   program ,  during  the Vietnam War. 2,4-D is the active ingredient in several 

formulations of herbicides recommended for the control of broadleaf weeds, cereal crops such as 

wheat, corn, oats, and barley, and the cane crops. It is also widely use to control dandelions and 

other broadleaf weeds in lawns, rangeland, and pastures. Other uses include the control of 

aquatic weeds, some woody vegetation, and site preparation and conifer release in forests, 

USEPA, 2007.                                    

    2,4-D is classified by both ANVISA (Brazilian National Agency for Sanitarian Vigilance) and 

WHO (World Health Organization) as a hormonal herbicide of level II toxicity. After its 

application in field, the excess of the herbicide is easily transferred to the groundwater, due to its 

high solubility in water. Even after a long period of disuse, considerable amounts of either 2,4-D 

or its main product of degradation, 2,4-dichloro-phenol (2,4-DCF), might be found in surface 

waters, and groundwater as well, Amarante, et al., 2003. 

    Ingestion of high doses of 2,4-D have shown a moderate acute toxicity to lower mammals and 

humans (gastrointestinal irritation, spasms to the miocardio, depression of the central nervous 

system, and damage to liver and kidney, Kwangjick, et al., 2001. Studies on the environmental 

effects of 2,4-D indicate that this herbicide may be toxic to aquatic invertebrates, phytoplankton, 

and fish, although the extent and degree of toxicity and damage vary among the species 

,Villalobos, et al., 1996;Cheney, et al., 1997. 2,4-D present in soil water, as well as adsorbed on 

the colloidal hydroxides of  Fe and Al and the organic matter of soils and sediments ,  may pose 

a potential risk to the aquifers and the trophic chain, Dejonghe, et al., 2000. 

The remediation methods currently available for the treatment of pesticide contaminated soil are, 

low temperature thermal desorption, incineration, bioremediation and phytoremediation.                              

      Bioremediation is the most attractive method for environmental protection due to its cost 

effectiveness and is unique by offering the potential for complete destruction. Bioremediation is 

a process that uses microorganisms or their enzymes to promotedegradation and/or removal of 

contaminants from the environment, Dobson,and Burgess, 2007. The use of microbial metabolic 

http://en.wikipedia.org/wiki/Chemical
http://en.wikipedia.org/wiki/Virus
http://en.wikipedia.org/wiki/Bacterium
http://en.wikipedia.org/wiki/Antimicrobial
http://en.wikipedia.org/wiki/Disinfectant
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http://en.wikipedia.org/wiki/Pathogen
http://en.wikipedia.org/wiki/Mollusca
http://en.wikipedia.org/wiki/Bird
http://en.wikipedia.org/wiki/Mammal
http://en.wikipedia.org/wiki/Roundworm
http://en.wikipedia.org/wiki/Microbe
http://en.wikipedia.org/wiki/Vector_(epidemiology)
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Herbicides
http://en.wikipedia.org/wiki/Insecticides
http://en.wikipedia.org/wiki/Fungicides
http://en.wikipedia.org/wiki/Rodenticides
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http://en.wikipedia.org/wiki/Biopesticide
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http://en.wikipedia.org/wiki/Cell_culture
http://en.wikipedia.org/wiki/Agent_Orange
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ability for degradation /removal of environmental pollutants provide an economic and safe 

alternative compared to other physicochemical methodologies. However,although highly diverse 

and specialized microbial communities present in the environmentdo efficiently remove many 

pollutants, this process is usually quite slow, which leads to a tendency for pollutants to 

accumulate in the environment and this accumulation canpotentially be hazardous. Different 

strategies can be employed of improving the process of bioremediation, depending of the state of 

the contaminatedenvironment. One of these strategies, biostimulation, involves promoting the 

growth ofmicroorganisms at the contaminated site by introducing nutrients, surfactants and 

oxygen and as a consequence, the rate ofbiodegradation/ bioremediation can be increased. 

Another strategy,bioaugmentation orbioaddition, is the addition of microbial populations, 

indigenous, alien or genetically modified organisms (GMO), in places where there is an 

insufficiency of indigenousmicroorganisms, Vidali, 2001; Silva, et al., 2004;Li, and Li,2011. 

Bioremediation is a versatile process that can be appliedin-situ, at the contaminated site, or ex-

situ, involving removal of contaminated material to betreated elsewhere. In-situ bioremediation 

technologies are more economical and releasefewer pollutants into the environment; however, 

they may require longer treatmenttime frames than the ex-situ techniques, Tabak, et al., 2005. 

Treatment in a slurry bioreactor is considered to be one of the fastest ex-situ bioremediation 

methods. Soil slurry bioreactors consist of a mixture of soil in water in various ratios and greatly 

enhance rates over solid treatment systems by maximizing the contact between micro-organisms, 

contaminants, nutrients, and oxygen. In slurry bioreactors, the increase in soil moisture results in 

a larger amount of solubilized contaminant, therefore increasing bioavailability, Weber,and 

Kim, 2005. 

Currently, there is wide variety of microorganisms (bacteria, fungi, yeasts and algae) that are 

being studied for use in bioremediation processes, Bogacka, 2011; Ali, 2011. Sewage sludge is a 

biomass waste generated from the regular biological activities of municipal wastewater treatment 

plants, it contains bacteria, fungi, yeast and protozoa. Rather than disposing the sludge, this 

waste material seems to be a promising way of turning it into a useful resource. Sewage sludge is 

also generally rich in nitrogen, which is essential for the growth of microorganisms. 

Furthermore, it has a high microbial diversity. The microorganisms overgrown in such 

wastewater systems can be utilized for treatment different types of contaminants including 

herbicides, Bogacka,2011. 

The aim of this research is to treat three types of contaminated soils, sand, sandy loam and clay 

with 2,4-D herbicide, using sewage sludge as an inexpensive, heterogeneous source of 

microorganisms, in ex-situ bioremediation process. The effect of using different concentrations 

of 2,4-D (200, 300 and 500mg/kg soil) on the bioremediation process was studied.  

 

2. MATERIALS AND METHODS  

2.1 Materials 

     2,4-D ( C8H6Cl2O3) was  selected as a model herbicide in this study because of its unique 

behavior in soil. This chemical is both very degradable and vulnerable to leaching. 2,4-D used in 

this study was purchased from Fluka. Its purity is 95% and its solubility in water is 900mg/L at 

20
o
C. Other chemicals are: methanol (CH2CL2) of 99.9% purity was provided by Biosolve 

Chemicals; acetone (CH3COH3) of purity > 99.8% was obtained from Fluka; acetonitrile 

(CH3CN) of 99.5% purity was obtained from BDH Chemicals Limited and Phosphoric acid of 85 

% purity from SDF chemical limited .                                                                                                                                                       
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2.2 Nutrients 

Modified McKinney’s medium was used for the bacterial growth. The composition of the 

minerals in one liter of growth media is shown in Table 1 and the composition of trace elements 

is shown in Table 2. The medium was prepared by dissolving the inorganic chemicals in one 

liter of reverse osmosis water that resulted in a buffered solution of pH 6.5-6.7  which was then 

sterilized at 121°C. 

2.3 Soil  

    Three types of soils were used in the present work: sand, clay and sandy loam. Sand and clay 

soil samples were obtained from the Ministry of Industry and Minerals (Iraq general 

establishment for geological survey and mineral investigations), while the third type of soil 

(sandy loam) was collected from agricultural soils in Baghdad City which was sieved to 2mm. 

The physical and chemical properties of the three soils are given in Table 3.The analysis was 

performed in the Ministry of Industry and Minerals (Iraq general establishment for geological 

survey and mineral investigations). 

2.4 Preparation of 2,4-D Spiked Soil 

    To prepare the 2,4-D  contaminated soil, a stock of  50, 30, 20 mg of 2,4-D was dissolved in 

100 mL acetone . In a stainless steel container, a clean, air dried-soil was placed and sprayed 

with appropriate volume of this stock to give the desired contaminated soil.  Mechanical mixing 

for 1 hour was applied to assure homogenization. The 2,4-D contaminated soil then dried for 24 

hour at 35
o
C in order to evaporate the acetone, then stored in an air-tight stainless steel jar in a 

ventilated hood in the dark.  Each batch of 2,4-D spiked soil was used within 2 weeks.                  

2.5 Microorganisms 

     Sewage sludge was used in the present study as 2,4-D degrading microorganisms. The sewage 

sludge was collected from the sludge drying bed in Al-Rustamiyah Sewage Treatment Plant, the 

old project in Baghdad city. A specified volume of sewage sludge providing at least 10
7
cells/mL 

was used in the experiments. The average mixed liquor volatile suspended solid of the sludge 

was measured according to , Clesceri,et al., 1999 to be 5000 mg/L. 

The number of bacteria in the sludge was estimated using the standard plate count which reflects 

the number of viable bacteria and assumes that the bacteria grow into single colonies.    

2.6 Experimental Procedure 
    Sewage sludge of 20mL plus 60ml of nutrients were placed in three conical flasks (each of 

250mL volume).Then 20mg of contaminated soil with concentration of 200, 300 and 500mg 2,4-

D/kg of sandy soil were added in each flask. The flasks equipped on rotary shaker (from 

Heidolph, Germany), which operated at 200 rpm for 14 days. The required dissolved oxygen 

(2.5mg/L) was supplied by continuous mixing. The temperature was maintained at 25
o
C by 

inserting the rotary shaker inside the incubator. 2, 4-D concentration in both liquid and soil 

phases also the bacterial growth in liquid phase were measured in regular interval (mainly every 

2 days), by removing 5mLsample from the aqueous phase by a clean syringe and1gm of settled 

soil phase using a spatula. The same procedure was followed for sandy loam and clay soils. For 

control reactor the same procedure was followed but without using sewage sludge (i.e. 80mL of 

nutrients were placed in the conical flasks). 
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2.7 Extraction of 2,4-D from Soil Slurry 

 Air dried soil sample (0.25gm) at room temperature was extracted with 30mL of a mixture of 

acetonitrile-water-acetic acid 60:39:1, Garibay, et al., 2005. The suspension was vortexed, at 

maximum speed for 10 min. The solvent extract was recovered by centrifugation at 4000 rpm for 

15 min to separate the liquid from the soil, the procedure was repeated twice before analysis by 

HPLC. The liquid was filtered through filter paper (grade No.1, Whatman, England) and then 

passed through 0.45 µm PTFE syringe filter before analysis by HPLC.  

2.8 Analysis 

    High performance liquid chromatography (HPLC), type Varian 9065, Netherlands, was used 

to identify the concentration of 2,4-D in the samples , at Environmental Engineering Department 

laboratories of Al-Mustansiriyah University. Analyses were carried out with the following 

conditions:  wavelength of 282 nm, 1.5 mL/min flow rate and elution with an  acetonitrile + 

aqueous phosphoric acid (1.0M, pH=3) solution (first using 60+40 solution by volume for 10 

min and then 65+35 solution for 20 min).The HPLC was equipped with C18 column (250 mm 

long, 4 mm ID). The peak of 2,4-D was detected after 2.7 min .  

 

3. RESULTS AND DISCUSSION 

3.1 2,4-D Partitioning between Soil and Liquid Phase in Abiotic Control Reactor  

    Abiotic control reactor represents a reactor with no microorganisms. The behavior of 2,4-D 

partitioning between soil and liquid in abiotic control reactor for three types of soil (sand, sandy 

loam and clay) were investigated in the present experiments. For each type of soil three different 

initial concentrations of 2,4-D (200, 300 and 500 mg/kg  soil) were tested, Figs.1-3.  

After startup of the reactor 2,4-D was desorbed from the soil to the liquid phase. It approached a 

steady state condition after nearly 12 days for sand and sandy loam soil. For clay soil the steady 

state appearedafter 12-14 days. Fig. 1 shows that at initial 2,4-Dconcentration of  200 mg/kg soil, 

the release of  2,4-D from the soil to the liquid  phase reaches  97% , 95% and 72%  for sand, 

sandy loam and clay soil respectively.  Fig. 2 shows that at initial concentration of 300mg 2,4-

D/kg soil, the release of 2,4-D from the soil to the liquid  phase reaches 86% , 89% and 72% for 

sand , sandy loam and clay soil respectively. While from Fig. 3  at initial concentration  of 

500mg 2,4-D/kg  soil ,the release of  2,4-D from the soil to liquid  phase reaches 89%, 88% 

and58% for sand, sandy loam and clay soil respectively. These results were tabulated in Table 4.  

The results show that the release efficiency decreased with the increase of 2,4-D initial 

concentration. A high initial concentration of 2,4-D enhance the sorption  into the soil. This 

observation was coinciding, Boivin, et al., 2005. Also a distinct decrease in the release 

efficiency was observed for clay soil, reaching 58% compared with 89% for sandy soil at initial 

concentration of 500mg 2,4-D/kg soil. This   attribute to the fine texture of clay soil , high 

content of organic matter (1.967 %) and high value of cation exchange capacity 

(68.34meq/100mg),  which enhance the sorption of 2,4-D in to the soil . Bolanand Baskaran, 

1996 in their study for adsorption/ desorption behavior and degradation of 2,4-D, examine 10 

soils from New Zealand that have different organic matter and clay content .They observed that 

the extent of adsorption increased with the increase in soil organic compounds. 

   At early period of time desorption of pesticides follows first-order reaction kinetics, Eq.(1): 

                                                                                                                                                 (1) 
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where    and    are the amount of 2,4-D (mg/kg) in the soil phase at time zero and t , t the 

desorption period (day), and    is the rate of desorption (day
-1

). A linear relationship with R
2
 of 

more than 0.90% was obtained as illustrated in Fig.4.  

It can be observed that the rate of desorption    for sand and sandy loam soils were nearly the 

same, it varies between 0.102-0.135 day
-1

 at different initial concentration of 2,4-D. While for 

clay soil the desorption rate     varies between 0.031- 0.042 day
-1

 at different initial 

concentration of 2,4-D. The decrease in desorption rate refers to the characteristic of clay soil, 

(fine texture, high organic matter and high cation exchange capacity) that may retain the 2,4-D in 

the organic matter and the clay minerals, as confirmed by Bolan,and Baskaran, 1996; Smith, et 

al., 1992. 

3.2 2,4-D Partitioning Between Soil and Liquid Phase in Biological Active Reactor  

The effect of microbial activity, bioaugmentation  (adding of sewage sludge) and 

biostimulation (adding of nutrient) together on 2,4-D degradation  using slurry bioreactor were 

investigated in these experiments.  

2,4-D partitioning between soil and liquid phase for sand ,sandy loam and clay at different initial 

concentrations 200, 300 and 500 mg/kg soil are plotted in Figs. 5-7. 

In all experiments the 2,4-D concentration in liquid phase increased initially reaching maximum 

concentration and then rapid degradation of 2,4-D was observed. The reason for this is that the 

desorption rate of 2,4-D is higher than the biodegradation rate during the first period of 

experiments. In the soil phase a continuous decrease in 2,4-D concentration continued until the 

end of the experiments. This result indicates that the desorbed 2,4-D in the liquid phase was 

subjected to continuous biological degradation therefore desorption was enhanced due to the 

partitioning effect. 

Fig.5 represents the partitioning between solid and liquid phases for 200mg 2,4-D/kg soil in the 

biological active reactor, for the three different soils. From this figure, the maximum 

concentration of 2,4-D  in liquid phase can be observed to be 2.2, 6.8 and 1.4mg/L after two days 

of  the reactor operation for sand , sandy loam and clay respectively. 

For 2,4-D initial concentration of 300mg/kg soil as represented byFig.6, the maximum 

concentration was achieved in liquid phase equal to 13.9 and 37mg/L after two days for sand and 

sandy loam soil and 30.2 mg/L after six days for clay soil. 

 For 500mg 2,4-D/kg soil, Fig.7, the maximumconcentration in liquid phase was obtained to be 

19, 12.4 and 18.9  mg/L after two days  for sand ,sandy loam and clay soil respectively. 

 From the above results it can be concluded that 2,4-D in liquid phase increased until almost two 

days of the reactor operation reaching a maximum concentration  and  then decreased at different 

rates indicating that 2,4-D was subjected to continues biological degradation. 

At early period of time the degradation of pesticides also follows first-order reaction kinetics, 

Eq.(2): 

                                                                                                                                                    (2) 

where    and    are the amount of 2,4-D (mg/kg) in the soil phase at time zero and t ,t the 

degradation period (days), and    is the rate constant of degradation (day
-1

). 

A linear relationship with R
2
 of more than 0.93 was obtained as illustrated in Fig.8, revealing 

that the rate of degradation is directly proportional to the concentration of 2,4-D in the soil phase. 

The rate of degradation of organic pesticide has often been observed to follow first order reaction 

kinetics, Cycon, et al., 2011; Plangklang, and Reungsang, 2010. 
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  for each type of soil with different concentrations of initial 2,4-D were tabulated in Table 5. 

From Table 5 and Fig.8, it can be observed that the rate of degradation     decreased with the 

increase of initial concentration of  2,4-D. 

Macur,and Wheeler, 2007 studed the impact of 2,4-D application on soil microbial community 

structure. They showed that at high 2,4-D concentration (100 and 500mg/kg soil) a significant 

reduce in the diversity of 2,4-D degradation of bacterial strains was observed. They also 

illustrated that clay soil has minimum degradation rate among the three soils (sand, sandy loam, 

clay). 

Considering the 2,4-D removal efficiency for the three soils in the present experiments as it is 

plotted in Fig. 9 and listed in Table 5, the removal efficiency decreases as the initial 

concentration of 2,4-D in the soils increases.  A 100 % removal at initial concentration of 200mg 

2,4-D/kg soil after 12 days for sandy soil was acheived and this percent decreases to 92% at 

500mg 2,4-D/kg soil after 14 days . 

Fournier, et al., 1981 found that the degradation rate of 2,4-D is highly dependent on the initial 

concentration (the higher the degradation, the lower  the initial concentration). 

Clay soil represent the less removal efficiency among the three soils , 82% for  200mg 2,4-D/kg 

soil after 12 days and  72% for  500mg 2,4-D/kg soil after 14 days . Clay soil characteristics 

enhance the sorption capacity and limits the release of 2,4-D to the liquid phase in which 

biological degradation is performed . 

Nikakhtari, et al., 2009 mentioned that the biodegradation rate in the bioslurry reactor with clay 

is slower than with sandy loam and sandy soil. 

3.3 CFU Variation 

    CFU (Colony Forming Unit) was investigated in the present experiments as an important 

parameter indicating the microbial activity. Figs. 10-12 show the biomass growth with 2,4-D 

degradation in the liquid phase during the bioreactor operation. Different initial concentration of 

2,4-D (200, 300, 500 mg/kg) in sand ,sandy loam and clay soils were studied.  

Initial microbial cell numbers of the sewage sludge which was utilized in the biodegradation 

operation were about 200x10
7 

CFU/mL. 

A lag phase of almost 2 days was observed through all the experiments. The lag phase is related 

to the time required to develop a population of microorganisms that could effectively degrade the 

2,4-D. The lag phase is a period of adaption of cells to a new environment. Microorganisms 

reorganize their molecular constituents when they transfer to a new medium. Depending on the 

composition of nutrients new enzymes are synthesized, the synthesis of some other enzymes is 

repressed, and the internal machinery of cells is adapted to the new environmental conditions. 

During this phase, cell mass may increase a little, without an increase in cell number density, 

Yu,and Ruihong, 2006. 

After the lag phase a period of an active growth was observed. The microorganisms multiply 

rapidly and enter the exponential growth phase. The maximum CFU/mL observed in the present 

experiments was in the range of 700x10
7
- 1200x10

7
 CFU/mL which achieved after almost six 

days of operation as shown in the Figs. 10-12. After the exponential growth, a stationery phase 

then a decline in microbial growth was observed, due to the nutrient (2,4-D) depletion.  

It can be noticed that the maximum release of 2,4-D from the soil to the liquid phase happened 

during the lag phase period. The results show that when the 2,4-D concentration increased the 

biodegradation retarded due to inhibition created by the substrate and the toxicity of high 2,4-D 

concentration.  
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3.4  pH Variation 

The pH variation in the liquid phase during the abiotic and biotic bioreactor operation was 

measured to track the microbial activity. Fig. 13 shows the variation in pH for sand, sandy loam 

and clay for 200, 300 and 500 mg 2,4-D/kg soil. It can be noticed that the pH variation in the 

reactor with biological activity (biotic) was more obvious compared to the control reactor 

(abiotic). The variation could result from the products obtained from the biodegradation activity. 

The decrease in pH in the biological active reactors may be due to the formation of CO2 from 

mineralization of the metabolic intermediates formed, Mohan, et al., 2008. 

4. CONCLUSIONS 

    The main conclusions that can be drawn from the experimental work of this research are as 

follows: 

  The rate of desorption in the abiotic reactor for sand and sandy loam soils were nearly the 

same, it varies between (0.102-0.135 day
-1

) at different initial concentration of 2,4-D. While for 

clay soil the desorption rate varies between (0.031-0.042 day
-1

) at different initial concentration 

of 2,4-D. 

 In all biological active reactor experiments the 2,4-D concentration in the liquid phase 

increased initially reaching a maximum level and then rapid degradation of 2,4-D was observed. 

The maximum release of 2,4-D from the soil to the liquid phase happened during the lag phase 

period of microbial growth. 

 The degradation of 2,4-D in the bioreactor follows first-order reaction kinetics. A linear 

relationship between ln(Ct/C0) vs. t with correlation coefficient R
2
 of more than 0.93 was 

obtained revealing that the rate of degradation was directly proportional to concentration of 2,4-

D in the soil phase. 

 The removal efficiency of 2,4-D in the bioslurry reactor decreases as the initial concentration 

of 2,4-D in the soils increases, it 

reached 100% at initial concentration of  200mg 2,4-D/kg sandy soil after 12 days and decreased 

to 92% at 500 mg 2,4-D/kg sandy soil after 14 days .  

 Clay soil represent the less removal efficiency in the bioslurry reactor among the three soils , 

82% for  200mg 2,4-D/kg clay soil after 12 days and  72% for  500 mg 2,4-D/kg clay soil after 

14 days . 

 The pH variation in biological active reactor was more obvious compared to the control 

reactor (abiotic) in all experiments. 
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Figure 1. Partitioning between soil and liquid 

 phase  in abiotic control reactor using three 

 typesof soil (A) sand,(B) sandyloam, (C) clay.  

2,4-Dconcentration  = 200mg/kg soil.                     

  Figure 2. Partitioning between soil and liquid 

   in abiotic control reactor using three typesof soil 

  (A) sand,(B) sandyloam, (C) clay. 

 2,4-Dconcentration = 300mg/kg soil.                                         
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Figure 3. Partitioning between soil and liquid 

 phase  in abiotic control reactor using three 

 typesof soil (A)  sand,(B)sandyloam, (C) clay.  

2,4-Dconcentration  = 500mg/kg soil.                     

Figure 4. First order  rate constant  for 2,4-D 

in abiotic control reactor at different initial 

concentrations,(A)200mg/kgsoil,(B)300mg/ 

kg soil, (C)500mg/kg soil.  

 
 

.                     
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Figure 5. Partitioning between soil and liquid 

 phase  in bioslurry reactor using three  types  

of soil (A) sand,(B )sandyloam, (C) clay.  

2,4-Dconcentration  = 200mg/kg soil.                     
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Figure 6. Partitioning between soil and liquid 

 phase  in bioslurry  reactor using three  types  

of soil (A)  sand,(B)sandyloam, (C) clay.  

2,4-Dconcentration  = 300mg/kg soil.                     
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Figure 7. Partitioning between soil and liquid 

 phase  in bioslurry reactor using three  types 

 of soil, (A) sand,(B)sandyloam, (C) clay.  

2,4-Dconcentration  = 500mg/kg soil.                     

Figure 8. First order  rate constant for 2,4-D 

in bioslurry reactor  at different initial 

concentrations,(A)200mg/kgsoil,(B)300mg/

kg soil,(C)500mg/kg soil.  

 
 

.                     
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Figure9. Removal efficiency for  bioslurry 

reactor using  three types of soil at (A)200 

mg 2,4-D/kg soil, (B) 300mg2,4-D/kg soil , 

(C) 500mg2,4-D/kg soil .    

 

 

Figure10. Biomass growth and 2,4-D 

degradation in liquid phase, during bioslurry 

reactor operation for sandy soil. 2,4-D 

concentration (A) 200mg, (B) 300mg,    (C) 

500 mg/kg soil. 
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Figure11. Biomass growth and 2,4-D 

degradation in liquid phase, during bioslurry 

reactor operation for sandylaom soil. 2,4-D 

concentration (A) 200mg, (B) 300mg, (C) 500 

mg/kg soil. 

 

 

 

Figure12. Biomass growth and 2,4-D 

degradation in liquid phase, during 

bioslurry reactor operation for clay soil. 

2,4-D concentration (A)200mg,(B) 300mg,    

(C) 500 mg/kg soil. 
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Figure 13.Variation of pH during biotic and abiotic reactor, (A)200, (C)300, (E) 500 mg 2,4-

D/kg soil, for biotic reactor,(B)200, (D)300, (F)500 mg 2,4-D/kg soil for abiotic reactor. 
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Table1.Modified McKinney’s medium in 1 liter of reverse osmosis water. 

Substance Mass or Volume 

KH2PO4 420 mg 

K2HPO4 375 mg 

(NH4)2SO4 237 mg 

NaCl 30 mg 

CaCl2 30 mg 

MgSO4 30 mg 

Fe(NH4)2SO4 10 mg 

Trace element 1mL 

 

Table 2. Trace elements composition in l liter of reverse osmosis water. 

Substance Mass(mg) 

H3BO3 300 

CoCl3 200 

ZnSO4.7H2O 100 

MnCl2 30 

Na2MoO4 30 

NiCl2 20 

CuCl2 10 

 
              Table 3.Characteristics of the three soils. 

 

 

 

 

 

 

 

 

 

            OMC: Organic matter content                

            CEC: Cation exchange capacity

Soil type 
Soil texture 

 
Soil pH OMC % CEC 

(meq/100mg)   

 

Sand 

 

Sand 98.93% 

8.75 

 

0.027 

 

0.071 Silt 1.07% 

Clay ----- 

 

Sandy loam 

 

Sand 88.03% 
8.61 

 
0.28            1.42 

     Silt 11.97% 

     Clay ----- 

Clay 

Sand 2.3% 

8.05 

 

1.967 

 

68.34 Silt ------ 

Clay 97.7% 
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               Table 4.  Release efficiency and rate of release of 2,4-D from the three soils withdifferent concentration. 

 

 

 

 

 

 

 

 

Table5. Removal efficiency of 2,4-D and rate   of degradation in theshake flask  bioreactor. 

 

Initial 

 2, 4-D 

conc. 

(mg/kg

) 

 

Sand Sandy loam Clay 

k0 

 (day
-1

) 
R

2
 

Residu

e 

(mg/k

g) 

Releas

e 

(%) 

k0 

 (day
-1

) 

R
2 

 

Residu

e 

(mg/k

g) 

Releas

e 

(%) 

k0 

 (day
-1

) 
R

2
 

Residu

e 

(mg/k

g) 

Releas

e 

(%) 

200 0.140 
0.9

8 
6 97 0.121 

0.9

3 
10 95 0.042 

0.9

1 
50 72 

300 0.102 
0.9

8 
40.5 86 0.106 

0.9

9 
33 89 0.029 

0.9

9 
80.8 72 

500 0.116 
0.9

9 
53 89 0.135 

0.9

9 
58.7 88 0.031 

0.9

4 
200 58 

Clay Sandy loam 

 

Sand 

 

 

Initial 

 2, 4-D 

conc. 

(mg/kg) 

Experiment 

Time (days) 

Removal 

efficiency 

% 

 

R
2 

 
k1 

 (day
-

1
) 

Removal 

efficienc

y % 

R
2 

k1 
 (day

-

1
) 

Removal 

efficienc

y % 

 

R
2

 
k1 

 (day
-

1
) 

82 0.993 0.097 95 0.995 0.132 100 0.996 0.184 200 12 

80 0.934 0.087 91 0.980

4 

0.108 93 0.986 0.153 300 14 

72 0.957 0.067 80 0.967 0.093

1 

92 0.997 0.120 500 14 
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ABSTRACT 

A new application of a combined solvent extraction and two-phase biodegradation processes 

using two-liquid phase partitioning bioreactor (TLPPB) technique was proposed and developed 

to enhance the cleanup of high concentration of crude oil from aqueous phase using acclimated 

mixed culture in an anaerobic environment. Silicone oil was used as the organic extractive phase 

for being a water-immiscible, biocompatible and non-biodegradable. Acclimation, cell growth 

of mixed cultures, and biodegradation of crude oil in aqueous samples were experimentally 

studied at 30±2ºC. Anaerobic biodegradation of crude oil was examined at four different initial 

concentrations of crude oil including 500, 1000, 2000, and 5000 mg/L. Complete removal of 

crude oil was achieved biphasic bioreactor after 3 weeks compared to 73-82% in the 

monophasic bioreactor for the same time period. 

Keywords: bioreactor, crude oil, biodegradation, biphasic reactor, anaerobic biotreatment 

 

ثنبئي الطىر لمعبلجخ الميبه الملىثخ ثبلنفط الخبم الجيىلىجيالمفبعل   

اثتهبج عجذ الىهبة عجذ الرزاق                                                    اسمبعيلزينت زيبد        

استبر مسبعذ                                                                     مهنذس أقذم                                  

خئوزارح الجي                              جبمعخ ثغذاد-كليخ الهنذسخ                                                                     

 

 

 الخلاصخ

تقٍُت جذٌذة تتضًٍ عًهٍتٍٍ يشتزكت فً آٌ ٔاحذ  ببستخذاويزة يعبنجت انًٍبِ انًهٕثت ببنُفظ انخبو  ٔلأٔلتى فً ْذِ انذراست  

انًفبعم انبٍٕنٕجً ثُبئً  ببستخذاؤًْ الاستخلاص ببستخذاو يذٌب عضٕي ٔانتحهم الاحٍبئً بٕجٕد انًعبنجت انبٍٕنٕجٍت 

( نًعبنجت Silicon oil( يٍ طٕرٌٍ سبئهٍٍ احذًْب يبئً ٔالاخز عضٕي )TLPPBْذا انًفبعم ) (. ٌتكTLPPBٌٕانطٕر )

( تى عهى اسبص كَّٕ غٍز TLPPBانتزاكٍش انعبنٍت يٍ انُفظ انخبو.  اٌ اختٍبر استخذاو سٌت انسهٍكٌٕ كًذٌب عضٕي فً )

, ٔغٍز قببم نهتحهم. تى اجزاء عًهٍت تأقهى ٔتًٍُت نهخلاٌب قببم نلايتشاج ببنًٍبِ، لا ٌؤثز عهى فعبنٍت َٔشبط الاحٍبء انًجٓزٌت 

درجت يئٌٕت. تًت يقبرَت انتحهم انلإْائً  2º±  30انبكتٍزٌت نٍتى بٕاسطتٓب انتحهم الاحٍبئً نهُفظ انخبو فً درجت حزارة 

، 1000، 500ظ انخبو تتضًٍ احبدي انطٕر نتزاكٍش يختهفت يٍ انُف انبٍٕنٕجًنهُفظ انخبو فً يفبعم ثُبئً انطٕر يع يفبعم 

أسببٍع, يقبرَت يع  3ثُبئً انطٕر فً خلال  -نهُفظ انخبو فً ٔسظ انًبء  يهغى / نتز ، ٔقذ تى تحقٍق اسانت تبيت 5000، ٔ 2000

 % فً انًفبعم أحبدي انطٕر.82-73َسبت اسانت 

 ثُبئً انطٕر، انًعبنجت الاحٍبئٍت انلإْائٍتانًفبعم الاحٍبئً، انُفظ انخبو، انتحهم الاحٍبئً، يفبعم : الكلمبد الذالخ

 

mailto:zismail@gmail.com
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Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

 

130 
 

1. INTRODUCTION 

Two-phase partitioning bioreactors (TPPB) concept is based on the use of a water immiscible and 

biocompatible organic solvent that is allowed to float on the surface of a cell-containing aqueous 

phase. The solvent is used to dissolve large concentrations of pollutants (as substrates) which are 

readily achievable because most organic contaminants are very hydrophobic, and then partition 

into the aqueous phase at low levels, Hernandez et al., 2011. However, although very high 

amounts of toxic organic substrates can be added to a bioreactor, the cells experience only very 

low (sub-inhibitory) concentrations. Moreover, as the cells consume some of the substrate, 

disequilibrium is created, which causes more of the hydrophobic contaminants to be partitioned 

into the aqueous phase as the system tries to maintain thermodynamic equilibrium. Thus, not 

only do appropriate amounts of contaminants get delivered to the cells but also substrate 

delivery is ongoing until the organic phase becomes completely depleted and the rate is 

determined by the metabolic activity of the microorganisms, Yeom, and Daugulis, 2001.The 

system is well suited for biodegradation of hazardous pollutants, Janusz and Malinowski, 2001. 

The two-phase partitioning bioreactor concept appears to have a great potential in enhancing the 

productivity of many bioprocesses. The proper selection of an organic solvent is the key to 

successful application of this approach in industrial practice. The integration of fermentation and 

a primary product separation step has a positive impact on the productivity of many 

fermentation processes. The controlled substrate delivery from the organic to the aqueous phase 

opens a new area of application of this strategy to biodegradation of pollutants, Janusz and 

Malinowski, 2001. Several studies have been reported concerning the application of TPPB 

technique for the degradation of toxic organics including phenanthrene and pyrene in the 

presence of silicon oil as the second phase. Complete phenanthrene biodegradation was 

achieved within 3 days. Its concentration in the monophasic reactors dropped by 93% within 4 

days, but the removal rate remains at that rate till the end of the experiment. Pyrene removal 

occurred to a limited extent only in the presence of phenanthrene, Guieysse et al., 2001. 

Janikowski et al., 2002 used a two-phase partitioning bioreactor (TPPB) utilizing the bacterium 

Sphingomonas aromaticivorans B0695 to degrade 4 low molecular weight polycyclic aromatic 

hydrocarbons (PAHs). The TPPB achieved complete biodegradation of naphthalene, 

phenanthrene, acenaphthene and anthracene at a volumetric consumption rate of 90mg/L.h in 

approximately 30 h. Tomei et al., 2007, investigated the performance of two phase liquid-solid 

systems applied to the removal of 4-nitrophenol, Hytrel 8206 copolymer was utilized in batch 

kinetic test, this polymer was also employed as the partitioning phase in a lab scale sequencing 

batch reactor. The completely removal reached after 26 h. Zilouei et al., 2008, developed an 

organic-aqueous two-liquid-phase partitioning system to degrade high concentrations of 

pentachlorophenol. At the initial biomass concentrations of 7, 25, and 58 mg/l, the volumetric 

removal rates of PCP obtained were 25.7±0.5, 32.1±0.1, and 39.3 ± 2.9 mg /l.h, respectively. 

Zhao et al., 2009, determined the potential of a two-phase partitioning bioreactor (TPPB) for 

enhancing the treatment of phenol at high initial concentrations, The maximum volumetric 

consumption rate of phenol decreased in the order: immobilized microorganisms with organic 

modified montmorillonite OMMT-PSF capsules in a TPPB (342.4 mg/l.h) > immobilized 

microorganisms without OMMT-PSF capsules (300 mg/l.h) > free microorganisms with 

OMMT-PSF capsules in a TPPB (208.4 mg/l.h) > free microorganisms without OMMT-PSF 

capsules (125.8 mg/l.h). Tomei et al. (2011) compared the performance of a TPPB, relative to 

single phase operation, in which a small volume (5%, v/v) of the beads polymer Hytrel 8206 

was used to treat aqueous mixtures of 2,4-dimethylphenol and 4-nitrophenol, Hytrel 8206 was 

selected from a range of polymers that were tested for their partition coefficient for the target 

molecules, with the more hydrophobic compound (2,4-dimethylphenol) having a higher 
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partition coefficient value of  201 compared to 4-nitrophenol partition coefficient of 143. 

Ramos et al., 2012, proposed a two phase partitioning bioreactor to carry out the degradation of 

the poorly soluble compound anthracene by laccase from Trametes versicolor. The organic 

phase consisted of silicone oil saturated with anthracene. The surfactant, Triton X-100 was 

added to the aqueous phase at concentration above the critical micelle concentration to enhance 

anthracene solubility. Munoz et al., 2013, investigated an innovative operation mode in a two 

liquid phase bioreactor (TLPB) for the treatment of volatile organic compounds (VOC), a 

removal efficiency of 80% was recorded for 26 days. None of the previously mentioned studies 

concerned of the crude oil biodegradation in a Two-Phase Partitioning Bioreactor (TPPB). 

Exploring and investigating new environmentally friendly approaches for oil removal from 

aquatic environment became mandatory due to the wide occurrence of accidental oil spills on 

local, regional, and global scales. Based on this fact, this study was devoted to evaluate the 

performance and efficiency of TPPB for crude oil biodegradation.  

This study aimed to evaluate the performance of a bench-scale two-phase partitioning bioreactor 

(TPPB) for the degradation of crude oil in aqueous phase compared to the performance of 

conventional monophasic bioreactor.  

 

2. MATERIALS AND METHODS 

2.1 Microorganisms, nutrient, and MSM 

A mixed culture was freshly collected from the aeration tanks in Al-Rustamia Sewage 

Treatment Plant, Baghdad. The stock culture was stored at 4
o
C. The nutrient media (NM) 

contained 15000 mg/L meat papain peptone, and 15000 mg/L Tryptone. The composition of 

mineral salt media (MSM) in (mg/L) were, (NH4)2SO4 (100), KH2PO4 (350), K2HPO4 (775), 

MgSO4 .7H2O (100), CaCl2 (40), FeSO4.7H2O (1), MnSO4.H2O (1), NaMoO4 (0.21), and 

Sodium Chloride (5000). The MSM was prepared at pH 6.8, which was accurately controlled by 

daily measurement. Sulfuric acid (0.1M) and potassium hydroxide (0.1M) were used for pH 

adjustment. The prepared MSM was sterilized in an autoclave at 121
o
C for 30 min, Ted and 

Christine, 2010.  
 

2.2 Crude oil samples 

Crude oil samples were obtained from midland refineries company /Al-Dora Refinery. The 

properties of the crude oil are given in Table 1. 

 

2.3 Organic solvent 

The organic phase used in this study was silicone oil (polydimethylsiloxane) of purity 100%, 

purchased from Gainland Chemical Company (GCC). 

  

2.4 Analysis 

The chemical oxygen demand (COD) concentrations in aqueous samples were measured using 

the COD analyzer Type: Lovibond, RD 125. Oil content analysis was carried out using the oil 

content analyzer Type: HORIBA OCMA-350, based on infrared analysis. It includes a single-

beam, fixed wavelength, non-dispersive infrared filter-based spectrophotometer. Infrared 

radiation from a tungsten lamp is transmitted through a cylindrical, quartz cuvette containing a 

sample extract. The radiation which passed through the extract enters a detector containing a 

filter that isolates analytical wavelengths. 
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2.5 Biomass measurements 

Engineers have traditionally used volatile suspended solids (VSS) as an indication of biomass 

concentration. The VSS parameter has the advantage of fitting directly into mass balance 

equations, (Degenaar et al., 2000). Volatile suspended solids were determined according to the 

procedure reported in the Standard Methods (APHA, 1998).  Additional approach known as 

(Standard Plate Count) was used in this study to quantitatively measure the bacteria growth 

(Ted & Christine, 2010). The major part of the procedure deals with a series of successive 

dilutions of the original culture in sterilized bottles using sterilized water. Thereafter, the diluted 

culture is poured into Petri dishes along with the nutrient agar, and then number of colonies is 

counted after incubation. The production of biogas was considered in this study as an additional 

approach to examine the growth and activity of microorganisms.  

 

 2.6 Enrichment of microorganisms  

The freshly collected activated sludge samples were centrifuged at 3000 rpm for 10 min to 

separate the biomass from liquid phase. Thereafter, the culture suspension was reactivated and 

enriched at 30±2
o
C in 250 ml mineral salt media (MSM), into which 20 mg/L of crude oil was 

added to 10 mL of mixed culture suspension in a 500 mL - Erlenmeyer flask to be adapted for 

24h. Prior to starting the adaptation process, the flasks were flushed with nitrogen to achieve 

anaerobic environment, and then agitated by an orbital shaker at 100 rpm to enrich the culture 

seeds. 

 

2.7 Sequential cultivation process 

The growing cells were collected after centrifugation of the enriched suspension at 3000 rpm for 

10 min. The collected activated cells were re-suspended and re-inoculated into fresh culture 

media in 500-ml Erlenmeyer flasks with the addition of 80 mg/L crude oil. After inoculation, the 

flasks were flushed with N2, capped and placed in an orbital shaker controlled at 100 rpm and 

30±2
o
C. This cultivation cycle were sequentially repeated for 20 cycles with increased initial 

concentrations of crude oil up to 5000 mg/L. For each cultivation cycle, the initial and final 

concentration of cell, were determined. 

 

2.8 Two-Phase Partitioning Bioreactors 

Eight bench scale two phase portioning bioreactors (TPPB) were prepared and setup with four 

different initial concentrations of crude oil including 500, 1000, 2000, and 5000 mg/L using 

alternatively mineral salt media (MSM) and distilled water (DW). Silicon oil was used as the 

organic liquid phase. In order to examine the efficiency of TPPB towards the conventional 

bioreactor, additional eight bioreactors were identically set up without using the silicon oil as the 

mono-phasic bio reactors. Also, a set of four reactors were set up to examine the effect of abiotic 

processes including sorption, volatilization, and chemical degradation. Accordingly, a total of 16 

bench reactors were prepared as given in Table 2 which summarizes the experimental set up and 

data related to the amounts and types of the reactors contents, respectively.  All experiments 

were conducted in duplicate in 250-mL Erlenmeyer flasks. The flasks were closed with butyl 

septa, tightly sealed with parafilm and incubated on a rotary shaker at 120 rpm and 30 ± 2ºC. All 

flasks were flushed with nitrogen to maintain anaerobic environment.  
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3. RESULTS AND DISCUSSION 

3.1 Enrichment and acclimation of cultures 

As mentioned in section 2.5, results of the acclimation process are presented by 3 different 

approaches as follows: 

1- Characterization of the dominant cultures  

Results of this method indicated the presence of several types of microorganisms, in particular 

E.Coli, Pseudomonas seroginosa, and Bacillus subtilis which represent the dominant and the 

most widely available types of organisms in activated sludge composition. However, Table 3 

illustrates the dominant types of species and their numbers before and after the acclimation 

process. 

2- Visual characterization of biomass granules  

Results of SEM technique are given in Fig. 1a &b before and at the end of the acclimation 

period, respectively. The bacterial colonization and dense growth at the end of acclimation 

process are well characterized as shown in Fig. 1b indicating the dense growth of 

microorganisms. 

3- Measurements of produced biogas  

As a result of the anaerobic biodegradation process, the biogas mainly represented by CH4 was 

released as the end product of this anaerobic bioprocess. Accordingly, the released amounts of 

CH4 could be another potential approach for indicating the startup progress and the end of 

anaerobic biodegradation process of crude oil during the acclimation period. Fig. 2 presents the 

amounts of released biogas during the acclimation process using 20, 80, 280, 400, and 500 mg/L 

crude oil. Fig. 3 illustrates the bioreactors before and after acclimation period.  

3.2 Significance of TPPB application 

The sets of experiments were alternatively conducted with distilled water (DW) and mineral salt 

media (MSM) to examine the effectiveness of each system for the anaerobic biodegradation of 

crude oil, also to investigate the potential of biphasic bioreactors compared to monophasic 

bioreactors. Results revealed that higher removal efficiency was achieved up to 100% in the 

DW-biphasic bioreactor after less than 3 weeks. However, lower efficiencies of crude oil 

removal were observed in the MSM-monophasic, MSM-biphasic, and DW-monophasic 

bioreactors indicating the effectiveness of the DW-biphasic bioreactor system compared to the 

other reactors. Table 4, illustrates the removal efficiencies (ranging from 73% to 100%) of the 

four bio-systems at different initial concentrations of crude oil. Figs. 4 to 7 illustrate the profiles 

of crude oil removals with time in the bioreactors. However, results revealed complete removal 

of crude oil in the DW-biphasic bioreactors at different initial concentration of crude oil. The 

effect of silicone oil existence as the immiscible organic phase in the bioreactor was well 

observed in controlling the dispersion and transfer of crude oil into the aqueous phase to feed 

the biomass. Silicone oil exhibited as a sponge adsorbed the high initial concentration of crude 

oil, and then gradually desorbs batch doses of oil as a substrate for the starving microorganisms 

to prevent the substrate shock loading which may cause consortiums toxicity and death.  

However, the relatively lower efficiency of MSM-biphasic bioreactor compared to the DW-

biphasic bioreactor could be attributed to the availability of regular substrate (MSM) to the 

microorganisms making them less longing for unconventional type of substrates (crude oil).  

 

4. CONCLUSION 

The main conclusions that can be drawn from this research are represented by a successful 

bacterial acclimation process which was accomplished to tolerate the high concentrations of 

crude oil as the sole toxic organic pollutant in the aqueous solution samples. Also, results 
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demonstrated that the removal efficiency of crude oil at 500, 1000, 2000, and 5000 mg/L initial 

concentrations in DW-biphasic bioreactor was 100% after 3 weeks, compared to 73-86% in the 

MSM-monophasic, MSM-biphasic, and DW-monophasic bioreactors for the same time period.  
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NOMENCLATURE 

COD = chemical oxygen demand, mg/L.  

DW = distilled water.  

MSM = mineral salt media.  

NM = nutrient media.  

OMMT = organic modified montmorillonite.  

TLPPB = two-liquid phase partitioning bioreactor. 

TPPB = two-phase partitioning bioreactor. 

VOC = volatile organic compounds.  

VSS = volatile suspended solids.  
 

 

Table 1 Properties of the crude oil. 

Constituent Value Unit 

Density  0.8745 gm/ml                                               

Viscosity 55.0 cp 

API gravity  30.3 - 

Pour point                                                   -30 
o
C 

Water content  Nil %wt                                            

Salt content                                                          10 Ptb
*
 

Sulphur  3.1 %wt 

Wax  1.2 %wt 

Asphaltene  2.6 %wt 

* Pounds per thousand barrel 
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Table 2 Types and classification of the bench scale bioreactor. 

Reactor Contents Liquid 

phases MSM 

(mL) 

DI         

(mL) 

Crude oil 

conc. (mg/L) 

Culture 

(mL) 

Silicone oil 

(mL) 

Anaerobic biodegradation processes 

BR1 450 - 500 15 - Single 

BR2 300 - 500 10 150 Two 

BR3 - 450 500 15 - Single 

BR4 - 300 500 10 150 Two 

BR5 450 - 1000 15 - Single 

BR6 300 - 1000 10 150 Two 

BR7 - 450 1000 15 - Single 

BR8 - 300 1000 10 150 Two 

BR9 450 - 2000 15 - Single 

BR10 300 - 2000 10 150 Two 

BR11 - 450 2000 15 - Single 

BR12 - 300 2000 10 150 Two 

BR13 450 - 5000 15 - Single 

BR14 300 - 5000 10 150 Two 

BR15 - 450 5000 15 - Single 

BR16 - 300 5000 10 150 Two 

Control reactors for examination of abiotic processes effects 

R1 - 450 1000 - - Single 

R2 - 300 1000 - 150 Two 

R3 - 450 5000 - - Single 

R4 - 300 5000 - 150 Two 

  *MSM, mineral salt media 

    **DW, distilled water 
 

Table 3 Types of organisms in the mixed culture samples 

 

 

 

 

Microorganisms 

Aeromonas hydrophilla (colonies/mL) 

before acclimation  after acclimation  

Pseudomonas aeroginosa 2.0x10
3

 Heavy growth 

Fecal Coliform 1.6 x10
3 

3.7 x10
5

 

E.Coli  6.5x10
7 

Heavy growth 

Bacillus  subtilis  8.5x10
4

 6.2 x10
7

 

Total Coliform 1.2 x10
3

 3.0 x10
6

 

T.P.C. 9.8 x10
7

 Heavy growth 
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Table 4 The 

removal efficiencies 

of the tested 

systems..Types of 

reactor 

Average initial 

concentration mg/L 

Removal efficiency % after 3 weeks 

Crude oil Crude oil 

MSM-monophasic 511 79% 

MSM-biphasic 517 86% 

DW-monophasic 520 82% 

DW-biphasic 521 100% 

MSM-monophasic 1017 78% 

MSM-biphasic 1093 85% 

DW-monophasic 1100 81% 

DW-biphasic 1112 100% 

MSM-monophasic 2080 76% 

MSM-biphasic 2093 84% 

DW-monophasic 2112 80% 

DW-biphasic 2120 100% 

MSM-monophasic 5088 73% 

MSM-biphasic 5100 80% 

DW-monophasic 5090 80% 

DW-biphasic 5120 100% 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 
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Figure. 1 SEM images for the mixed culture; (a) before, (b) after acclimation process. 
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Figure. 2 Biogas production profiles for the enrichment process at different initial 

concentrations of crude oil. 

 

(b) 
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(a)                                                                       (b) 

 

 

Figure. 3 The enrichment process; (a) before acclimation, (b) after acclimation. 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

Figure. 4 Oil content gradient in the 4 bioreactors at 500 mg/L concentration of crude oil. 
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Figure. 5 Oil content gradient in the 4 bioreactors at 1000 mg/L concentration of crude oil. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 6 Oil content gradient in the 4 bioreactors at 2000 mg/L concentration of crude oil. 
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Figure. 7 Oil content gradient in the 4 bioreactors at mg/L initial concentration of crude oil. 
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ABSTRACT 

Medium Access Control (MAC) spoofing attacks relate to an attacker altering the 

manufacturer assigned MAC address to any other value. MAC spoofing attacks in Wireless 

Fidelity (WiFi) network are simple because of the ease of access to the tools of the MAC fraud 

on the Internet like MAC Makeup, and in addition to that the MAC address can be changed 

manually without software. MAC spoofing attacks are considered one of the most intensive 

attacks in the WiFi network; as result for that, many MAC spoofing detection systems were built, 

each of which comes with its strength and weak points. This paper logically identifies and 

recognizes the weak points and masquerading paths that penetrate the up-to-date existing 

detection systems. Then the most effective features of the existing detection systems are 

extracted, modified and combined together to develop more powerful detection system called 

Sequence Number with Rate and Signal Strength detection method (SN-R-SS). 

SN-R-SS consists from three phases. First phase is Window Sequence Numbers; to detect 

suspicious spoofed frames in the network. Second phase is Transmission Rate Analysis; to 

reduce the amount of the suspicious spoofed frames that are generated from the first phase. 

Finally, the third phase is Received Signal Strength; this phase is decisive phase because it 

decides whether the suspicious spoofed frames are spoofed or not. Commview for WiFi network 

monitor and analyzer is used to capturing frames from the radio channals. Matlab software has 

been used to implement various computational and mathematical relations in SN-R-SS. This 

detection method does not work in a real time because it needs a lot of computation. 

Keywords: Sequence Number with Rate and Signal Strength detection method, detection, frame, 

spoof. 

يقت جديدة في اكتشاف تزوير الوتحكن بالوصول للوسط في شبكت الواي فاي الوحليتطر  

 آهنت هحود عباس طالبت هاجستير                   أ.م. حاهد هحود علي  

 قسٌ ْٕذسح اىحاسثاخ          قسٌ ْٕذسح اىحاسثاخ   

 ميٞح اىْٖذسح/خاٍؼح تغذاد                   ميٞح اىْٖذسح/خاٍؼح تغذاد

 الخلاصت

اىٖدَاخ ػِ طشٝق ذزٗٝش اىَرحنٌ تاى٘ص٘ه اىٚ اى٘سظ  ذشَو ذغٞٞش اىَٖاخٌ اىؼْ٘اُ اىَصْؼٜ ىيَرحنٌ تاى٘ص٘ه اىٚ اى٘سظ  

ه اىٚ اىٚ اٛ قَٞح اخشٙ. ٕدَاخ اىرزٗٝش ىيَرحنٌ تاى٘ص٘ه اىٚ اى٘سظ  فٜ شثناخ اى٘اٛ فاٛ تسٞطح تسثة سٖ٘ىح اى٘ص٘

الادٗاخ اىرٜ ذزٗس اىَرحنٌ تاى٘ص٘ه اىٚ اى٘سظ  ػيٚ الاّرشّر٘تالاضافح اىٚ رىل ّسرطٞغ ذثذٝو ػْ٘اُ اىَرحنٌ تاى٘ص٘ه اىٚ 

 ;اى٘سظ  ٝذٗٝا تذُٗ ادٗاخ. ٕدَاخ ذزٗٝش اىَرحنٌ تاى٘ص٘ه اىٚ اى٘سظ  ذؼرثش ٍِ اخطش اىٖدَاخ فٜ اىشثناخ اى٘اٛ فاٛ

ذؼشف ٗذَٞز ّقاط اىضؼف  اىَقاىحاف اىرزٗٝش تْٞد, خَٞؼٖا ىٖا ّقاط ق٘ج ّٗقاط ضؼف. ٕزٓ ّٗرٞدح ىزىل, ػذج اّظَح لامرش
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ٍٗساساخ الاخرشاق لاّظَح الامرشاف اىَ٘خ٘دج. تؼذ رىل ٝرٌ اسرخلاص اىََٞزاخ اىَؤثشج لاّظَح الامرشاف اىَ٘خ٘دج, ذؼذٝيٖا 

 ٗدٍدٖا ٍغ تؼض ىرط٘ٝش ّظاً الامرشاف امثش ق٘ج.

 ;ٝرضَِ ثلاثح اط٘اس. اىط٘س الاٗه ٕ٘ ّافزج ذسيسو الاسقاً شقٌ اىرسيسو ٍغ اىسشػح ٗق٘ج الاشاسجفالامرشا طشٝقح  

ٕزا اىط٘س ٝقيو ٍِ ػذد  ;ٕزا اىط٘س ٝنشف ػِ اىشسائو اىَشن٘ك ترزٗٝشٕا فٜ اىشثنح. اىط٘س اىثاّٜ ٕ٘ ذحيٞو سشػح الاسساه

ٕزا اىط٘س ٕ٘ ط٘س اىقشاس ٗرىل لأّ ٍِ خلاىٔ ٝرٌ  ;شاسج اىَسريَحاىشسائو اىَشن٘ك تٖا فٜ اىشثنح. اىط٘س الاخٞش ٕ٘ ق٘ج الا

اىنشف ٍا ارا ماّد اىشساىح اىَشن٘ك تٖا ٍزٗسج اً لا. ذٌ اسرخذاً تشّاٍح ٍاذلاب ىرطثٞق اىؼلاقاخ اىشٝاضٞحٗاىحساتٞح 

اىزٍِ اىحقٞقٜ لاّٖا ذحراج اىٚ  اىَ٘خ٘دج فٜ طشٝقح الامرشاف سقٌ اىرسيسو ٍغ اىسشػح ٗق٘ج الاشاسج.ٕزٓ اىطشٝقح لاذؼَو فٜ

 حساتاخ مثٞشج.

 .سقٌ اىرسيسو ٍغ اىسشػح ٗق٘ج الاشاسج, إمرشاف, إطاس, خذاع, طشٝقح الامرشاف :رئيسيتال الكلواث

 

1. INTRODUCTION 
Existing Institute of Electrical and Electronics Engineers(IEEE) 802.11 security techniques, such as 

Wired Equivalent Privacy (WEP), Wi-Fi Protected Access (WPA), or IEEE 802.11i (WPA2), can only 

protect data frames Bansal, R., etal., 2008. 

 Detection of adversary presence avoids the launching of other wireless attacks Goel, S., etal., 2009. 

Guo and Chiueh Guo, F., etal., 2006 proposed spoof detection scheme based on the SN field in IEEE 

802.11 MAC header. The difference modulus 4096 between consecutive frames SN transmitted by a STA 

is calculated. This detection system generated many false positive and false negative alarms Li, Q., etal., 

December 2007.This method results in large amounts of false positives on wireless networks which 

experience even small amounts of frame loss Madory,D., June 2006, and caused in large amount of false 

positive in case both of the victim and attacker have QoS propriety in Wireless Local Area Network 

(WLAN) card, or one of them has this propriety Chandrasekaran, G., etal., 2009. Douglas Madory 

Madory,D., June 2006 proposed detection system based on the same field of MAC header that is SN 

field. Instead of raising alarm simply on the basis of SN gap, Douglas Madory considers the transmission 

rate of the frames transmitted by a STA. By using this method the false alarm that was raised due to 

natural loss of frames will not be generated. The transmission rate is calculated by taking difference 

modulo 4096 of the SN of consecutive frames and dividing it by the difference of their arriving time. This 

method generates large amount of false positive alarms caused by the existence of Quality of Service 

(QoS) propriety Chandrasekaran, G., etal., 2009. Qing and W. Trappe Li, Q., etal., December 2007 

defined a relation to detect spoofing using the linear behavior of SN. Rather than operating strictly on two 

consecutive frames, the detection scheme operates on a window of frames coming from a specific STA. 
This method also results in large amounts of false positives on wireless networks which experience even 

small amounts of frame loss Chandrasekaran, G., etal., 2009. Also this method caused in large amount 

of false positive in case both of the victim and attacker have QoS propriety in WLAN card,  or one of 

them has this propriety Chandrasekaran, G., etal., 2009. Yong Sheng and et al. Sheng, Y., etal., April 

2008 proposed an approach based on Gaussian mixture models, building received signal strength (RSS) 

profiles for spoofing detection. They proposed to use Gaussian Mixture Modeling (GMM) for RSS 

profiling.  This approach cannot detect attackers who spoof the MAC addresses of mobile STAs. Shikha 

Goel and Sudesh Kumar Goel, S., etal., 2009 proposed algorithm analyze the possible reasons for 

generating false positive and false negative in Forge Resistance Relationship (FRR) spoof detection 

method and proposed an improved method Forge Resistance Relationship Rate Analysis (FRR-RA) with 

reduced false alarms. This method caused in large amount of false positive in case both of the victim and 

attacker have QoS propriety in WLAN card, or one of them has this propriety Chandrasekaran, G., 

etal., 2009.T. Saelim, C. Sriklauy and P. Chumchu Chumchu, P., etal., 2011 proposed new MAC 

Address Spoofing Detection Algorithm using Physical Layer Convergence Protocol (PLCP) Header. In 

this algorithm they are utilizing PLCP header of IEEE 802.11 frames to differentiate an attacker STA 

from a victim STA. PLCP header of IEEE 802.11 frames maybe changed for each frame. It depends on 

transmission rate adaptation algorithm which is designed by vendors of wireless interfaces driver. The 

rate adaptation of an attacker STA and a victim STA is different depending on adaptive algorithm and 
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environments; therefore it is much harder to spoof PLCP header. This algorithm performs by setting a 

number of monitoring STAs. Then STAs whose MAC addresses are the monitored MAC address will 

reply the special frame. If the monitoring STAs receive more than one response frames, they decide that 

spoofing occurs. The drawback of this approach is the attackers could avoid this detection algorithm by 

stopping to reply any frames. This is could be modified drivers of wireless adaptors. The rest of the paper 

is organized as follows; Section 2 describes variations of MAC spoofing attacks.  Section 3 describes SN-

R-SS method.  Section 4 describes the evaluation. Finally, section 5 concludes the paper and gives further 

work. 

 

2. MAC SPOOFING  ATTACKS 
The theory of the MAC spoofing attack is that the attacker masquerades as a legitimate client. 

Thereby the attacker gains access to the network. As the name implies the masquerading is done by 

spoofing the MAC address of the legitimate client. This information can easily be obtained through 

eavesdropping.  

There exist several variations of this attack. They differ in the way the victim is treated, whether the 

attacker tries to avoid detection, and as a result the complexity of performing the attack. In the remaining 

of this section five different versions will be briefly explained without going into the practical details of 

performing each of the attacks. 

MAC freeloader attack: This is the simplest variation of the attack. It does not require much skill, and it 

does not try to avoid any form of detection. The attack consists of spoofing the MAC address of a 

legitimate client and nothing more. In this case both the attacker and victim will be connected to the 

network at the same time, and as a result both STAs will receive each other's traffic. It is pointed out in 

[20] that this behavior should cause problems in the Transmission Control Protocol (TCP) layer. More 

specifically it should result in a termination of the ongoing TCP connections, thus making it very difficult 

for the attacker to use TCP. 

QoS optimized MAC freeloader attack:  In the QoS optimized version the attacker tries to avoid 

detection based on simple SN analysis. This is done by changing IEEE 802.11 QoS priorities to some 

priority not currently in use by the legitimate client. Each QoS class has its own sequence counter. By 

using a previous unused class the attacker will obtain his own counter and fool some systems based on 

plain SN analysis.  

Wait-for-availability attack:  This attack is very similar to the freeloader attack, but there is one 

important difference. In this case the attacker waits until there is no longer any traffic going to or from the 

victim's STA. Then, assuming the victim has left; the attacker spoofs the address and tries to connect. 

This is the most relevant version of the MAC spoofing attack as it is easy to perform and very hard to 

detect with existing methods based on two STAs transmitting at the same time. 

Session hijacking deauthenticates attack:  In this variation the attacker first spoofs the AP's MAC 

address in order to send fake deauthenticate messages to the victim. The victim's STA believes that the 

deauthenticate is legit, and as a result it terminates its association with the AP. The attacker can then 

spoof the victims MAC and have the session for himself. To prevent the victim from reconnecting the 

deauthenticate procedure will have to be repeated frequently. 

Session hijacking channel switch attack: A recent variation of the session hijacking, called channel 

switch attack is described in [21]. In this version the attacker does not send fake deauthenticate messages; 

instead he sends a channel switch announcement element. A correctly crafted element would result in the 

victim changing channel (to an invalid one) immediately, and stay on that channel for up to 255 beacon 

intervals before switching back. The authors report that a denial of service (DoS) effect of up to one 

minute can be achieved with a single message Idland, C., June 2011. 
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3. SEQUENCE NUMBER WITH RATE AND SIGNAL STRENGTH DETECTION 

METHOD (SN-R-SS) 

3.1 Window of Sequence Numbers Phase 
 This phase is used to analyze and inspect out of order frames for the intention of detecting 

spoofing activity. The proposed detection scheme should operate on a window of frames which are 

coming from a specific MAC address MAC(i). Suppose that an observation w(k) to be a collection of n 

states corresponding to the kth frame from MAC(i). For example, one choice for w(k) might be to take 

w(k)={S(k), S(k-1)}, which is simply two consecutive frame states. The window w(k)={S(k), S(k-1),….., 

S(k-n-1)}, where n consider as window size consisting of n consecutive SN of frames S(k) Li, Q., etal., 

December 2007. This phase consists of two stages: 

 First stage of this phase is carried out by checking for the presence of two frames with same SN 

in the window of certain STA MAC address [16]. The purpose of this stage is to discover the 

phenomenon of a retransmitted frame due lost Acknowdgement (ACK). This phenomenon occurs when 

the ACK frame sent by the receiver STA is lost and is not received by the sender STA. If the window 

contains two frames with same SN, then the contents of the two frames are compared. The second arrival 

frame is considered a retransmitted frame and thus has to have the same content as the first arrival frame. 

This means that the frame is not spoofed and cannot possibly do any harm as it is just a duplicate and it is 

dropped by the monitor STA from the window. Otherwise, if the contents of the two frames, with same 

SN, have not the same contents, then this window is marked as containing suspicious spoofed frame and 

is passed to the third phase for further analysis. 

 Second stage of this phase adopts the Window of SNs techniques. By using a window of frames, 

rather than only two consecutive frames, different degrees of detection accuracy can be used to enhance 

the detection system. The detection accuracy can be adjusted to increase or decrease the false positive and 

negative alarms generated by the detection system. In this stage, the detector calculates the n-1 SN 

differences {d1, d2, d3,…., dn-1}, where dn=[SN(k-n+1) - SN(k-n)] (mod 4096). The detector determines 

the occurrence of spoofed frames if Max (di) > T. Where ‘i’ varies from 1 to n and ‘T’ correspond to a 

threshold that governs the probability of false alarms and missed detection. Threshold value ‘T’ usually 

taken to be ‘3’ on considering frame loss, where frames are sent by the sender STA and are not received 

by the receiver STA. Usually the frame SN is incremented by one for each consecutive frame. The lost 

frame would cause the frames not to be received sequentially. A threshold value is used to reflect 

approximately the maximum number of acceptable loss of consecutive frames in IEEE 802.11 based 

wireless network Goel, S., etal., 2009. The threshold value can be adjusted according to the level of 

security required in a network. With the decrease in threshold value the number of false positive alarms 

will increase but there will be a decrease in false negatives. When the frame SN differences are greater 

than that threshold, then it is an indication of suspicious spoofed frame which is the purpose of the next 

phase. 

 

3.2 Transmission Rate Analysis Phase 
This phase adopts the Transmission Rate Analysis method to inspect the window of suspicious 

spoofed frame passed from previous phase. Transmission Rate Analysis considers the time difference 

between consecutive frames and permit for naturally occurring loss frames while still detecting invalid 

SNs. To avoid false positive situation due to heavy frame loss, the window of suspicious frames of the 

previous phase is passed to this phase. This phase works on the basis of measuring the transmission rate 

of each STA in the WLAN. To detect the spoofing in the window, Transmission Rate Analysis on the 

suspicious frame with its previous and next frame is performed. Transmission rate considers possibility of 

frame loss and do not raise false positive alarm for it. Transmission rate is calculated by taking difference 

modulo 4096 of SNs from consecutive frames and dividing by the difference of their respective arrival 

time. The function can be defined as Goel, S., etal., 2009: 

 

Transmission Rate= ((S (i)-S (i-1)) mod 4096) / (T (i)-T (i-1))                                     (1) 
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 Where S (i) and S (i-1) is the SN and T(i) and T(i-1) are the arrival time of  ith and (i-1)th frame 

respectively. By using this method, gaps from natural frame loss do not cause false alarms because they 

will not yield an abnormally large difference in transmission rate. It is necessary to show the relationship 

between the frame SN and its arrival time. For example, assume, the frame sequence numbers: { 1, 2, 3, 

5, 6, 7}, are sent one millisecond apart, then the transmission rate between the first two frames would be 

(2-1) frames/0.001 second or 1000 frames/seconds as frame of SN 2 is arrived one millisecond after the 

arrival of frame of SN 1. 

 The rate between the third and fourth frames would be (5-3)/0.001 or 1000 frames/second as 

frame 5 arrived two millisecond later than frame 3 due lost frame 4. The rate between the four and fifth 

frames would be (6-5)/0.001 or 1000 frames/second. 

 

3.3 Received Signal Strength Phase  
This phase adopts RSS approach to inspect suspicious spoofed frames passed from previous phase. 

RSS is the signal strength of a received frame measured at the receiver’s antenna. RSS is correlated to the 

transmission power. A wireless STA does not often changes its transmission power, so distribution 

pattern of a STA mostly remain same. Also the attacker has no idea what RSS looks like from the receiver 

perspective. Thus, a drastic change in RSS value of received frames from same MAC address indicates 

spoofing. Hence, two STAs at different places have two separate and distinct signal signatures (mean and 

variance of signal strength values). 

In this phase, the monitor STA is placed in a monitor mode, while in monitor mode it can determine 

the RSS for all frames being transmitted within the range of the receiver. The monitor STA will compute 

mean value and variance value of captured RSS sample for each MAC address of the wireless STAs. 

Practical work shows, for stationary wireless STAs, the RSS does not deviate more than 5dBm, taking in 

account that the other affecting factors, like obstacles, temperature degree. are fixed. Hence, the RSS can 

be modeled as normal distribution with mean and variance values calculated as follows Konings, B., 

etal., 2009: 

 

Mean=∑ ∑    (   )   (   ) 
   

 
                                                          (2) 

 

Variance=∑ ∑     (   )   (   ) 
   

 
     Mean                                                      (3) 

Where (j) is the numbers of frames for specific MAC address (i), (P) is the probability of the occurrence 

of specific RSS.   

 The false positive alarms, generated by previous phases, which is due to the wireless cards that 

have QoS extensions, where assumptions about monotonic of SNs in frames originating from a STA do 

not typically hold. In this phase, in addition to detecting spoofed frames in WLAN STAs that are not 

equipped with QoS interface, the QoS specification is one of the main metrics used to detect spoofing. 

Therefore, this phase will make extra test on the windows of suspicious frames and use the RSS as a final 

solution for detecting MAC spoofing. The steps performed by this phase are summarized as follows: 

 For the suspicious window that contains duplicate frames of unequal contents, the type field of 

the frame is examined, a management frame indicates spoofed frame. A data frame leads to examine the 

subtype field of the duplicate frames, matched priority of the two frames indicates spoofed frame. 

Unmatched priority of the two suspicious frames leads to examining the RSS of the two frames. If the 

value of the RSS of the two frames in the range of the variance value, then there is no indication of 

spoofing. Otherwise, any RSS value deviated from the mean with a value greater than the variance then it 

is indication of spoofing. 

 A challenge for the Transmission Rate Analysis, of the second phase technique is the handling the 

phenomenon of retransmitted frames due to the frame loss. This phenomenon occurs when a frame is sent 

and is not received by the receiver STA. In IEEE 802.11, every data frame transmitted is assumed lost if, 

in response, an acknowledgement frame is not received. When this loss is detected, a frame is 
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retransmitted with the same SN as was previously sent. In order to solve this problem, in this phase, the 

monitor STA checks the Retry bit of suspicious frames marked from the previous phase. The following 

steps are performed: 

1. In case, the Retry bit is equal to one (which means a retransmitted frame), the RSS of the 

suspicious frame is examined. If the value of the RSS is the range of the variance value, then there is no 

indication of spoofing. Otherwise, the frame is spoofed. 

2. IF the Retry bit is equal to zero, the monitor STA checks the type of the suspicious spoofed 

frame, a management frame indicates spoofing. Because management frame is associated with a single 

MAC sequence counter, it must be in linear progression. A data frame leads to examine the subtype field 

of the previous and next frames, matched priority of the two frames indicates spoofed frame. Unmatched 

Frame priority leads to examine the RSS of the suspicious frame. The RSS indicates either spoofing or 

not which depends on RSS deviation from the mean. 

 

4. SIMULATION RESULTS 
 This section evaluates the performance of the SN-R-SS detection method by comparing it with 

two other well-known different methods; FRR and FRR-RA methods. FRR and FRR-RA methods are 

implemented separately in this work, and then the results obtained from these methods are used to 

evaluate the SN-R-SS detection method for MAC spoof detection. An attack view has one genuine STA, 

one attacker STA which spoofs the MAC address of the genuine STA; both of them are able to be 

connected to the internet as shown in Fig. 1. The distance between an attacker STA and Access Point 

(AP) is 7 meter, between a genuine STA and Ap is 3 meter, and between an attacker and genuine STAs is 

10 meter.  The practical works is conducted by changing the MAC address of the attacker STA to the 

address of the victim STA. Then around 80 frames are extracted from the file, produced in the capturing 

stage, to evaluate the performance of the SN-R-SS detection method compared to the FRR and FRR-RA 

detection methods. The window size for the implementation of the three methods mentioned above is 

taken to be ten. 

 Description and evaluation the performance of the system with two types of wireless IEEE 

802.11 attacker models are studied. The two types of wireless IEEE 802.11 are: 

- STAs without QoS property. 

- STAs with QoS property. 

 

 
Figure 1. an Attacker model. 
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4.1 STAs without QoS Property 
 In this case, victim STA and attacker STA do not have QoS Property. Figures (2, 3, and 4) 

illustrate the results performance of applying FRR, FRR-RA and the SN-R-SS detection methods, 

respectively. The raising edge lines of the three Figures indicate spoofing or false positive alarms. When 

there are no spoofed frames and no false positive alarms, the Figures show only straight line (the x-axis) 

shown in the Figures. The false negative alarms are not shown in the figures because they are passed 

through the detection system as they were genuine frames. 

 In terms of false positive alarms and spoof detection, it is observed from the figures that both the 

SN-R-SS detection method and FRR-RA methods give better performance than FRR method since FRR 

method generates large number of false positive alarms than the others. Also the SN-R-SS detection 

method gives better performance than FRR-RA method since FFR-RA generates larger number of false 

positives than the SN-R-SS detection method. 

 Fig. 2 shows the result performance which is obtained from FRR method. The FRR method 

produces 82.5% spoofing and false positive. The spoof and false positive alarms signs, shown in the 

figure, is very high compared to other methods.  Actually, FRR method generates many false positive 

alarms mostly due to the following reasons: 

- Frame loss.  

- Out of order frames.  

- One of duplicate frames is spoofed.  

- Retransmitted frame due to the loss of an ACK frame. 

 
Figure 2. FRR method. 

 

The results which are obtained from the FRR-RA method are shown in Fig. 3. The FRR-RA 

method produces 28.75% spoofing and false positive. The spoof and false positive alarms signs are less 

than the spoof and false positive alarms signs shown in Fig. 2 of FRR method. This method decreases the 

false positive alarms which occur in FRR method because:  

- It treats and overcomes the states of the frame loss. 

- This method treats the spoofing in duplicate frames which are not treated in the FRR method. 

But also this method suffers from generating false positive alarms for the following states: 

- Out of order frames. 

- Retransmitted frame due to the loss of an ACK frame 
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Figure 3. FRR-RA method. 

Fig. 4 shows the results which are obtained from SN-R-SS detection method. The SN-R-SS detection 

method produces 25% spoofing and false positive. This Figure shows a better performance results than 

FRR-RA method. As shown in the Figure, the spoof and false positive signs are less than the spoof and 

false positive alarms signs shown in Fig. 3. This is because the SN-R-SS detection method can solve all 

of the following problems that are encountered in FRR and FRR-RA: 

- Frame loss.  

- Out of order frames.  

- One of duplicate frames is spoofed.  

- Retransmitted frames due to the loss of an ACK frame. 

 

Figure 4. SN-R-SS detection method. 

4.2 STAs with QoS Property 

Three cases will be studied in this section:  

 An attacker has QoS property while the victim does not have it.  

 An attacker does not have QoS property while the victim has this property.  

 Both of them (an attacker STA and the victim STA) have QoS property.  
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The results shown in Figures (5 to 13) illustrate the performance of FRR, FRR-RA and the SN-R-SS 

detection methods, respectively. In terms of false positive alarms and spoof detection, it is observed from 

the figures that the SN-R-SS detection method gives better performance than FRR and FRR-RA methods. 

FRR and FRR-RA generate large number of false positive alarms. The main reason of these alarms is the 

QoS property in the WLAN card of STAs. 

 attacker with QoS / victim without QoS  
In this case an attacker STA has QoS property in its WLAN card, but the victim does not have this 

property in its WLAN card. Figures (5, 6 and 7) illustrate the results performance of applying FRR, FRR-

RA and the SN-R-SS detection methods, respectively. 

Fig. 5 shows the result performance which is obtained from FRR method. The FRR method produces 

22.5% spoofing and false positive.The spoof and false positive alarms signs, shown in the figure, is very 

high compared to other methods. The reasons for generating false positive alarms, in FRR method, are: 

- Frame loss.  

- Out of order frames.  

- One of duplicate frames is spoofed.  

- Retransmitted frame due to the loss of an ACK frame. 

- The QoS property of an attacker STA. 

 

Figure 5. FRR method. 

The results performance which are obtained from the FRR-RA method are shown in Fig. 6. The 

FRR-RA method produces 17.5% spoofing and false positive. The spoof and false positive signs are 

less than the spoof and false positive signs shown in Fig. 5 of FRR method. FRR-RA method fails to 

overcome the false positive alarms generated due QoS property of WLAN card. 
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Figure 6. FRR-RA method. 

Fig. 7 shows the result of the performance which is obtained from SN-R-SS detection method. The 

SN-R-SS detection method produces 13.75% spoofing and false positive. The SN-R-SS detection method 

gives better results than the other two methods (FRR and FRR-RA). As shown in the Figure, the spoof 

and false positive signs are less than the spoof and false positive signs shown in Fig. 5 and Fig. 6 

respectively. 

The following are the reasons for generating false positive alarms that are faced totally in FRR and 

partially in FRR-RA and solved by the SN-R-SS detection method:     

- It treats the case of frame loss. 

- It treats the problem of out of order frames. 

- It treats the problem of spoofing existence in duplicate frames. 

-  It treats the problem of the retransmitted frame due to the loss of an ACK frame. 

- It treats the problem of QoS property in an attacker STA WLAN card. 

Although the SN-R-SS detection method has better spoof detection capability than FRR and FRR-

RA, as indicated by the rising edge signs shown in Fig. 7, but also the rising edge signs could partially 

indicates false positive alarms. The false positive alarms signs shown in Fig.  7 are generated due to the 

RSS environmental variation, calibration drift, and other factors that make it difficult to trace the RSS 

value as these disturbances make it unstable and noisy.   

 

 
Figure 7. SN-R-SS detection method  

 Victim with QoS / Attacker without QoS  
In this case, an attacker STA has no QoS property and the victim STA has QoS property.  Figures 

(8, 9 and 10) illustrate the results performance of applying FRR, FRR-RA and the SN-R-SS detection 

methods, respectively. The results show that the SN-R-SS detection method gives better result than 
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FRR and FRR-RA methods. The same analysis and performance results discussed in the previous 

case are applied for this case, for the three detection method FRR, FRR-RA and SN-R-SS detection 

method, are shown in Figures (8, 9 and 10) respectively.  

Fig. 8 shows the results which are obtained from FRR method. The FRR method produces 90% 

spoofing and false positive.  

 

Figure 8. FRR method. 

 

Fig. 9 shows the results which are obtained from applying FRR-RA method on the data file. The 

FRR-RA method produces 28.75% spoofing and false positive. 

 

 
Figure 9.FRR-RA method. 

 

Fig. 10 shows the results which are obtained from applying SN-R-SS detection method on the 

data file. The SN-R-SS detection method produces 25% spoofing and false positive. 

 
Figure 10. SN-R-SS detection method.  
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 Victim and Attacker with QoS Property 
In this case both attacker and victim STAs have QoS property in their WLAN cards.  Figures (11, 

12 and 13) illustrate the results performance of applying FRR, FRR-RA and the SN-R-SS detection 

methods, respectively. By applying the three methods (FRR, FRR-RA and the SN-R-SS detection 

method) on the data file. The SN-R-SS detection method gives better results than the other methods 

(FRR and FRR-RA). All the analysis and performance results discussed in the first case are also 

applied to this case for the three detection method FRR, FRR-RA and SN-R-SS detection method, are 

shown in  Figures (11, 12 and 13) respectively. 

Fig. 11 shows the results which are obtained from FRR method. The FRR method produces 

36.25% spoofing and false positive. 

 

Figure 11. FRR method. 

 

Fig. 12 shows the results which are obtained from FRR-RA method. The FRR-RA method 

produces 17.5% spoofing and false positive. 

 
Figure 12.  FRR-RA method. 

 

The results which are obtained from applying SN-R-SS detection method on data file are shown 

in Fig. 13. The SN-R-SS detection method produces 13.75% spoofing and false positive. 
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Figure 13.SN-R-SS detection method. 

5. CONCLUSION  
During the study and development of the proposed system, several points observed and noticed: 

After deep analysis and inspection of the existing MAC spoof detection systems, it is found and 

realized that one mechanism such as FRR, FRR-RA or RSS alone is not sufficient to build efficient MAC 

spoof detection system. Each one of the mentioned detection system has its drawbacks in detecting MAC 

spoof. To enhance the MAC spoofing detection system, many factors has to be taken into account to 

design reliable detection system. 

The results that have been obtained from SN-R-SS detection method after compared with two 

detection methods (FRR and FRR-RA) indicate that the SN-R-SS detection method gives better results 

performance than FRR and FRR-RA MAC spoof detection methods. 

SN-R-SS detection method treats the problems when an attacker STA and victim STA have QoS 

property in the WLAN card, when attacker STA has QoS property while the victim STA does not have 

this property and the case when an attacker STA does not have QoS property while the victim STA has 

this property. The SN-R-SS detection method produced better results performance than FRR and FRR-

RA when wireless station is equipped with Qos property WLAN interface card.  

SN-R-SS detection method does not work well when the attacker and genuine STA are placed 

near enough to each other. This is because the final phase of SN-R-SS detection method depends on RSS 

value. In other satuation, when an attacker and the victim close to each other, the RSS value of an attacker 

STA is approximately equal to the RSS value of the victim STA. This statuation causes the RSS phase 

genrates false positives and negatives alarms. 

SN-R-SS detection method does not work well when the victim STA is mobile. This is because 

the final phase of SN-R-SS detection method depends on RSS value. In case, when the victim STA is 

mobile STA, This causes oscilating of the RSS value received at the monitor STA that could generate 

false positives and negatives alarms. 

SN-R-SS detection method unable to detect the attacker presence if victim not communicating. 

This results in false negative alarms. 

Due the three phases of checking embedded in the SN-R-SS detection method which requires a 

lot of computation. The SN-R-SS detection method will not be able to conform in the real time spoof 

detection. But there is always tradeoff between security required and time consuming. 

In this paper, the third phase is RSS phase; the researchers can use other fingerprinting tools in 

the STA to enhance the system. Other attributes can be used to uniquely identify WLAN station. Such 

attributes like wireless driver fingerprinting.  

The researcher can use backpropagation neural network to obtain required values of threshold and 

window size which are used in first phase of SN-R-SS detection method algorithm instead of fixed 

values. In this case the system will be enhanced. 
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ABSTRACT 

              In this work, the adsorption of reactive yellow dye (Remazol yellow FG dye) by 

granular activated carbon (GAC) was investigated using batch and continuous process. The batch 

process involved determination the equilibrium isotherm curve either favorable or unfavorable 

by estimation relation between adsorption capacity and concentration of dye at different dosage 

of activated carbon. The results were fitted with equilibrium isotherm models Langmuir and 

Freundlich models with R
2
value (>0.97). Batch Kinetic study showed good fitting with pseudo 

second order model with R
2
 (0.987) at contact time 5 h. which provesthat the adsorption is 

chemisorptions nature. Continuous study was done by fixed bed column where breakthrough 

time was increased at flow rates (21.67, 12.5 and 6 ml/min) and initial dye concentration (80, 40, 

20 and 10 mg/l) were decreased and bed depth was increased (5, 10, 15 and 20 cm). The 

adsorption data were fitted to the fixed-bed adsorption mathematical models Thomas and Yoon-

Nelson models. The results fitted well to the Thomas and Yoon-Nelson models with correlation 

coefficient, R
2
≥ 0.944. Average relative error ARE% was applied to examine the theoretical and 

experimental results. 

Key Words: Adsorption, Reactive Yellow dye, Granular activated carbon, Fixed bed column  

لونشط في تجارب الوجبت و تجارب االنوذجت الزياضيت لاهتشاس الصبغت الصفزاء الفعالت باستخذام الفحن 

 الحشوة الثابتت

 هحوذ صادق سلواى

 مدرش

 مركس الحبضبه الالكترونيه

 جبمعت بغداد

 د. وليذ هحوذ عبود

 مهندضينرئيص 

 هيئت البحث والتطىير

 وزارة الصنبعه

 ظافز فشع علي

 رئيص كيميبئيين

 هيئت البحث والتطىير

 وزارة الصنبعه

 

 الخلاصت

فً هذا البحث تم امتزاز الصبغة الصفراء الفعالة  باستخدام الفحم المنشط الحبٌبً خلال تجارب وجبٌة و مستمرة حٌث 
التجربة الوجبٌة عملٌة تحدٌد منحنً التوازن عند ثبوت درجة الحرارة وبٌان هل نوعه مفضل ام غٌر مفضل من  تتضمن

خلال احتساب علاقة مابٌن سعة الامتزاز وتركٌز الصبغة المتبقٌة فً المحلول بعد الامتزاز بعد استخدام اوزان مختلفة من 

%   فً حٌن تطابقت 97لانكمٌر بقٌمة مربع معامل ارتباط اكثر من  الفحم المنشط حٌث وضحت النتائج مطابقة مع مودٌل

% فً 9887تجارب تغٌٌر زمن التلامس عند ثبوت الحجم مع مودٌل سٌدو ذا المرتبة الثانٌة بقٌمة مربع معامل الارتباط 

متزاز كٌمٌاوي. ساعات والذي ٌثبت ان طبٌعة الامتزاز بٌن الصبغة والفحم المنشط هو ا 5اقصى زمن تلامس مقداره 
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التجارب المستمرة من خلال استخدام حشوة ثابتة عند عدة متغٌرات مثل معدل جرٌان محلول الصبغة من الاعلى الى الاسفل 

 ( ملغم/لتر وعند عمق حشوات 81, 01,  1.,  51( مل/دقٌقة  و عند تغٌٌر تركٌز الصبغة ) 5867.,  5.85,  6بمقدار ) 
واحتساب منحنً الانكسار ومقارنة النتائج مع مودٌلٌن  ثوماس  و ٌوون نٌلسون و احتساب   ( سم  1.,  55,  51,  5)  

 .معدل الخطاء بٌن النتائج النظرٌة والعملٌة 

 
1- INTRODUCTION 

Water is one of most important commodities which man has exploited a other resources for 

sustenance of his life. Water can be regarded polluted when it changes its quality or composition 

either or as a result human activities. Goal, 1997. 

Many materials can cause pollution like inorganic salts, acids, alkaline, organic matter, 

suspended solid, floating (solid or liquid), heat, color, toxic material, microorganisms, 

radioactive material and foam-reducing matter. Nemerow, 1971. 

 Pure water is colorless, but water in nature often colored by foreign substances. Color 

contributed by dissolved solid that remain after removal of suspended matter is known as true 

color. Highly colored water is unsuitable for laundry, dying, paper making, dairy production and 

other industries. Thus the color water effects its marketability for both domestic and industrial 

use. Peavy et al., 1986. 

The azo dyes are by far the most important class, accounting for over 50% of all commercial 

dyes, and having been studied more than any other class. The most important distinguishing 

characteristic of reactive dyes is that they form covalent bonds with the substrate that is to be 

colored during the application process. Thus, the dye molecule contains specific functional 

groups that can undergo addition or substitution reactions with the OH, SO3, and NH2 groups 

present in textile fibers. Most reactive dyes fall in the category of azo dyes. Virtually every hue 

in the dye spectrum can be achieved by appropriate structural modifications (mono- and di-azo 

dyes, combinations involving either single or multiple aromatic and heterocyclic ring systems). 

Hunger, 2003. 

Wastewater effluent from the textile industries can be particularly problematic due to the 

presences of color in the final effluent. This color in the water system is highly visible and thus 

undesirable. Textile industries consist of multi-processes which produce wastewater which 

generally colored, different pH value, high chemical oxygen demand COD, high suspended solid 

and high temperature. Nemerow, 1971. 

There are many technologies currently available for treating wastewater from textile industry 

which include Biological treatment,\Chemical precipitation, Ultra filtration, Adsorption and 

Advanced Oxidation. Abood, 2012. 

Adsorption is a widely used method to treat industrial waste gas and effluent due to its low cost, 

high efficiency and easy operation. Particularly, the adsorption process is suitable for 

decontaminating those compounds of low concentration or high toxicity, which are not readily 

treated by biological processes. Based on the operation mode, adsorption can be generally 

classified into static adsorption and dynamic adsorption. Static adsorption, also called batch 

adsorption, occurs in a closed system containing a desired amount of adsorbent contacting with a 
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certain volume of adsorbate solution, while dynamic adsorption usually occurs in an open system 

where adsorbate solution continuously passes through a column packed with adsorbent.  

For column adsorption, how to determine the breakthrough curve is a very important issue 

because it provides the basic but predominant information for the design of a column adsorption 

system. Without the information of the breakthrough curve one cannot determine a rational scale 

of a column adsorption for practical application. There are two widely used approaches to obtain 

the breakthrough curve of a given adsorption system: direct experimentation or mathematical 

modeling. The experimental method could provide a direct and concise breakthrough curve of a 

given system. Zhe, 2013. 

Reactive yellow dye was investigated as an adsorbate to be removed onto activated carbon 

during batch and the result shows good removal of dyes when increasing adsorption capacity at 

increasing initial concentration and temperature and the adsorption is considered as an 

endothermic.  Sulyamon and Abood 2013. 

The aim of this study is examining the reactive yellow dye as adsorbate and granular activated 

carbon as adsorbent in batch process using Langmuir and Freundlich models as equilibrium 

isotherm models and for kinetic study tested pseudo first and second order models were applied 

to investigate mechanism of adsorption, while for the continuous adsorption  the fixed bed 

column was used with different condition ( initial dye concentration , bed depth and flow 

rates)and the results were tested with most widely used models (Thomas and Yoon- Nelson) and 

the validity of results were approved according to the average  relative error (ARE%) as a error 

function. 

 

2- ADSORPTION ISOTHERMS MODELS 

In general, an adsorption isotherm is an invaluable curve describing the phenomenon governing 

the retention (or release) or mobility of a substance from the aqueous porous media or aquatic 

environments to a solid-phase at a constant temperature and pH. Adsorption equilibrium (the 

ratio between the adsorbed amount with the remaining in the solution) is established when an 

adsorbate containing phase has been contacted with the adsorbent for sufficient time, with its 

adsorbate concentration in the bulk solution is in a dynamic balance with the interface 

concentration. 

Typically, the mathematical correlation, which constitutes an important role towards the 

modeling analysis, operational design and applicable practice of the adsorption systems, is 

usually depicted by graphically expressing the solid-phase against its residual concentration. Foo 

and Ahmed 2010 

 

2-1 Langmuir Isotherm  

 Considered sorption as a chemical phenomenon by assuming that the forces that are exerted by 

chemically unsaturated surface atom (total number of binding sites) do not extend further than 

diameter of one sorbet molecules and therefore sorption is restricted to a monolayer.  

The Langmuir isotherm relationship is shown in Eq. (1) : 
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                                    (1)  

Where qe adsorption capacity mg adsorbate / g adsorbent, Ce final concentration at Equilibrium 

mg/l. qm maximum adsorption capacity in forming complete monolayer on the surface mg/g. KL 

is coefficient related to the affinity between the adsorbate and adsorbent (L/mg) 

Langmuir relationship can be linearized by plotting (1/qe) vs. (1/Ce) where 1/qm is intercept (1/qm 

KL) is slope in Eq.(2). 

meLme qCKqq

111
                                      (2) 

 

The essential characteristics of the Langmuir isotherm can be expressed in terms of a 

dimensionless constant separation factor RL that is given by the following Eq. (3) 

RL = 1/ (1+ KL Co)                                     (3) 

 

where Co (mg/l) is the initial concentration of adsorbate, and KL (L/mg) is Langmuir constant. 

The value of RL indicates the shape of the isotherm which is unfavorable (RL> 1), linear (RL = 

1), favorable (0< RL< 1) or irreversible (RL = 0) 

 

2-2 Freundlich Model . 

 The Freundlich's Equation has been widely used for many years. This Equation is special case 

for heterogeneous surface energies in which the energy term (KF) in Langmuir's Equation varies 

as a function of surface coverage (qe) strictly due to variation in heat of adsorption. This 

relationship is empirical Eq. (4). It doesn't indicate a finite uptake capacity of the adsorbent and 

can thus only be reasonably for low and intermediate concentration range.  

n/1CKq eFe                                        (4) 

 

Where qe and Ce are as above and KF and n are constants. n is larger than zero. 

The linearization equation of Freundlich can be Eq.(5): 

 

Log qe= log KF +1/n log Ce                                     (5) 

 

Where 1/n is slope  and log KF is intercept 

 

3- ADSORPTION KINETICS 

The transport and subsequent adsorption of adsorbate onto an adsorbent particle is usually 

described by one of the following transport mechanism or by combination of them film diffusion 

and intrapartical diffusion (Thomas and Crittenden, 1998). Variations among such models are 
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distinguished according to the rate limiting mass transport step. Examples of those kinetic 

models include; the linear driving force model, the surface diffusion model, the pore diffusion 

model, and the film pore and surface diffusion model. Ho et al., 2000 

kinetic modeling was examined by researchers to investigate the mechanism of adsorption and 

potential rate–controlling process such us mass transfer and chemical reaction. The pseudo-first 

order and pseudo-second order kinetics models were used to analyze the adsorption kinetic of 

textile dyes. Isa, et al., 2007 

 

3-1- Pseudo first order model 

 This model assumes a first order adsorption kinetic and can be represented by the Equation (6): 

)qq(K
dt

dq
te1

t                                          (6) 

 

Where: qe and qt are adsorption capacity at equilibrium and at time t, respectively (mg g-
1
), K1 is 

the rate constant of pseudo first order adsorption (min
-1

). 

 

After integration and applying boundary conditions: 

qt=0 at t=0 and qt=qe at  t=t.  

The integrated form becomes Eq (7): 

 

  Ktqqq ete  )ln(ln                                         (7) 

 

The values of ln (qe– qt) were linearly correlated with t. The plot of ln (qe– qt) versus t should 

give a linear relationship from which K1 and qe can be determined from the slop and intercept of 

the plot, respectively. The applicability of the pseudo-first order equation to experimental data 

generally, differs in two ways; the parameter K1 (qe-qt) does not represent the number of 

available sites and the parameter log (qe) is an adjustable parameter and often found not equal to 

the intercept of the plot log (qe– qt) versus t, whereas in true first order, log (qe) should be equal 

to the intercept. 

 

3-2 Pseudo second order model. 

The pseudo second-order adsorption kinetic rate Equation is expressed as Eq (8): 

2

te2
t )qq(K

dt

dq
                                         (8) 

Where: 

 K2 is the rate constant of the pseudo second order adsorption (g.mg
-1

.min
-1

). 

For the boundary conditions: 

qt=0 at t=0 and qt=qe at t=te 

The integrated form of the Eq (8) which can be rearranged to the linear form as Eq (9): 



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

 

161 

 

 

t
q

1

qK

1

q

t

e

2

e2t

                                        (9) 

The plot of (t/qt) and t of Eq (9) should give a linear relationship from which qe and K2 can be 

determined from the slope and intercept of the plot, respectively. 

 

4- DYNAMIC ADSORPTION 

The adsorption equipment is the heart of the system. Three types of adsorber are generally used 

in wastewater application: down flow fixed bed, packed moving bed an up flow expanded – bed 

Cavaseno, 1980. Down flow fixed bed adsorbers offer the advantage of simple operation plus 

the ability to serve as a filter and can be operated either under pressure or by gravity flow. 

Typical superficial linear velocity for liquid in bed is 0.3 (m/min) in vertical direction to prevent 

settling Tchohanoglous et al., 2003. Empirical or short cut models are still used extensively for 

the design of fixed beds. This is not only due to their simplicity and reliability but also because 

of the formidable nature of more rigorous alternative. Thomas and Crittenden, 1999 

4-1 Thomas Model was developed for adsorption processes in which external and internal 

diffusion limitations are not present. The linearized form of the Thomas model can be expressed 

as in Eq. (10) . Sachin et al., 2010 

eff

oTlcaTo V
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
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


1ln                                                                                             (10) 

where KT is the Thomas rate constant (mL/min.mg), qe is the equilibrium of reactive yellow dye 

uptake (mg/g), Co is the inlet reactive yellow dye concentration (mg/L), Ct is the effluent  

reactive yellow dye concentration at time t (mg/L), W is the mass of adsorbent (g), Q is the inlet 

flow rate (mL/min) and t is the flow time (min). The value of Co/Ct is the ratio of inlet to outlet  

reactive yellow dye concentrations. A linear plot of ln [(Co/Ct) − 1] against time (t) was drawn to 

determine the values of qe and KT from the interception point and slope of the plot, respectively. 

4-2 The Yoon–Nelson model was developed model to describe the adsorption behavior in the 

continuous column adsorption. The linearized form of the Yoon-Nelson model is given in 

Eq.(11). Yahaya et al., 2011 
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ln

        (11) 

 

where, KYN is the rate velocity constant(L/min) and T is the time in (min) required for 50% 

adsorbate breakthrough. A linear plot of ln [Ct / (Co −Ct)] against sampling time (t) was used to 

determine the values of KYN and τ from the slope and intercept of the plot. qe is the amount of 

adsorbate being adsorbed in a fixed bed is half of the total adsorbate entering the adsorption bed 
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within 2Tperiod. Hence, the following Equation (12) can be obtained for a given bed. Sotelo, et 

al, 2012. 
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             (12) 

 

The validity of the adsorption model was further determined by using normalizedaverage relative 

error (ARE%)  Eq.(13) for experimental and theoretical results of ( Ct/Co). Foo and Hameed, 

2010 
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Where X represent the result and N number testing time. 

 

5- EXPERIMENTAL MATERIALS AND METHOD 

5-1-Adsorbent 

Granular activated carbon GAC was used as adsorbent with particle size (0.5–0.75 mm), bulk 

density 711.8 kg/m
3
, porosity 53.44%, and surface area  911.56m

2
/g. 

AC was washed with distilled water to remove dust and fine particles then dried at 100°C. 

5-2-Adsorbate 

A yellow FG reactive dye (Remazol yellow 42) was obtained from Iraqi textile factory as a 

powder with solubility 150 g/l (manufacture companies). A stock of dye solution was prepared 

by dissolving the required amount of dye in distilled water. The dye was measured at a 

maximum wave length 420 (nm) using double beam spectrophotometer (Labomed, UVD. 3, 500 

USA) and single beam spectrophotometer type (APEL PD- 303 UV JAPAN) which was used for 

the analyzing of samples. Al-Degs, et al, 2009 

 

5-3 Isotherm Experiments 

The batch adsorption isotherm experiments were carried out by varying adsorbent dosage m 

(0.05,0.1, 0.15, 0.2, 0.3and  0.4) g of activated carbon GAC which were added to 50cm
3
 of 

aqueous dye solution with initial yellow concentrations Co 10 mg/l in a 100 cm
3
conical flask. 

The mixture was agitated at 200 rpm in a shaker at a constant temperature and pH for 5 h. The 

suspensions were decanted and the solutions were analyzed for yellow reactive dye 

concentrations Ce at equilibrium while adsorption capacity qe at equilibrium is calculated for 

each using Eq.(14) 

 

qe=(Co-Ce)*50/1000*m         (14) 
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5-4  Kinetic Experiments 

Effect of contact time was determined by the “limited bath” technique. A 5 g sample of GAC (m) 

was added to 500 ml volume of reactive dye solution with initial dye concentration 10 mg/l, 

under stirring for 5 h. The temperature was room temperature. After different time intervals (5, 

15, 30,60,90,120,180,240 and 300 minutes) volumes of 5 ml of each sample analyzed for yellow 

reactive dye concentrations Ct at time t then adsorption capacity were estimated using Eq.(15) for 

each sample. 

 

qt=(Co-Ct)*50/1000*m         (15) 

 

5-5 Fixed Bed Column Experiments 

Removal of yellow dye in continuous process was investigated using fixed- bed of GAC in 

Perspex column with internal diameter  1.25 cm and length  50 cm Fig. 1 at different conditions, 

bed height (5, 10, 15 and 20 cm), dye concentration (10, 20,40 and 80 mg/l), and flow rate 

(21.67, 12.5  and 6 ) ml/min. At the top of the fixed-bed, a layer of glass bed was used to provide 

uniform inlet flow to the column and the same layer was placed at the bottom to prevent 

discharging any AC particles during sampling. Dye solution was introduced into the top column 

and was controlled by perstatic pump range (1-10) ml/min which is adjusted for desired flow 

rates. Samples were collected at regular time intervals for analyzing. 

 

6-RESULTS and DISSCUSSION 

6-1 -Equlibruim Isothrm 

Fig. 2 shows qe vs. Ce as a favaroble curve for reactive yellow dye adsorption by activated 

carbon due to  the  separation factor RL vlaue ( 0.69) when the standard range  is ( 0<RL<1).  

Using qe and Ce values of equilibrium isotherm were applied in Eqs. (2) and (5) to estimate 

Langmuir and Freundlich models constants and regression coefficients as shown in Table 1. 

R
2
 values show good fitting for both models with slightly larger for Freundlich than Langmuir, 

while deviation by average relative error shows good fitting with Freundlich model. 

 

6-2 Contact Time Effect 

The objective of adsorption kinetic study is to investigate the possible mechanisms for the 

adsorption process and to determine the time required to attain equilibrium. Fig. 3 show the 

decrease of dye concentration Ct and adsorption capacity at each sampling time were calculate by 

Eq. (15) and adsorption capacity at equilibrium qe equal to 0.865 mg/g at end of contact time  

(300 min).  

 

The kinetics data of Fig. 3 were analyzed using the linearized pseudo first and second order 

models presented in Eqs. (7) and (9). The parameters of the models are listed in Table 2 
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Results in Table 2 show good correlation coefficients R
2
 (0.978 and 0.987) by fitting the 

experimental data to pseudo-first and second order kinetic models. Comparing ARE% value 

shows low value for calculated qe by pseudo second order model Therefore, the adsorption is 

more favorably by pseudo second order kinetic model which is based on the assumption that the 

rate limiting step may be chemisorptions involving valence forces through sharing or exchange 

of electron between reactive yellow dye as asdorbate and activated carbon as adsorbent and these 

result with agreement conclusion by (Ong et al. 2010) and ( Sulyamon and Abood 2013) 

 

6-3 Fixed –Bed Column 

6-3-1 Effect of flow rates 

Fig. 4 shows  low effect of flow rate higher than 12.5 ml/min even though increasing flow rate 

decrease breakthrough time (the position at C/C0 = 0.1) which were ( 25.67 , 16 and 13 min) and 

contact time (volume of bed/ flow rate ) (0.566 ,1 and 2.05 min) for flow rates (21.67,12.5 and 

6ml/min) respectively. This is due to decreased contact time between the dye and the adsorbent 

at higher flow rates. When the flow-rate has smaller values, equilibrium correspondent with 

batch experimental data could be reached, and the shape of the curves is more like an ideal 

breakthrough curve, this result is in agreement explaining by Liljana, 2001 

 

6-3-2 Effect of bed depth. 

Fig. 5 shows the breakthrough curve obtained for reactive yellow dye adsorption on the GAC for 

different bed height at a constant flow rate of 21.67  ml/min and dye inlet concentration of 10 

mg/l where the breakthrough time  increased (0, 15, 40, and 120 min)  and contact time increased 

(0.283, 0.566, 0.849 and 1.039 min) for bed depth ( 5, 10, 15 and 20 cm) respectively. Increasing 

bed depth will provide more binding sites will be available for the yellow reactive dye to be 

adsorbed which will eventually lead to the attainment of a higher bed capacity. Also, an 

increased bed height results in more contact time being available for the dye to interact with the 

adsorbent. This phenomenon has allowed the yellow dye molecules to diffuse deeper into the 

adsorbent. Subsequently, the percentage of dye removal increased (low Ct/Co) when the bed 

height was increased. Faster breakthrough curves were observed for a bed height of 5 cm, while 

the slowest breakthrough curve was observed at a bed height of 20 cm. The bed capacity (qe) 

increased from 4.74 to 17.14 mg/g when the bed height increased from 5 to 20 cm.  This results 

are in agreement with conclusion by Zulfadhly et al., 2001. 

 

6-3-3 Effect of initial dye concentration 

The initial dye concentration of the effluent is important since a given mass of adsorbent can 

only adsorb a fixed amount of dye. Therefore, the more concentrated an effluent, the smaller is 

the volume of effluent that a fixed mass of adsorbent can purify. 

Fig. 6 shows decreasing in breakthrough time (service time) (18, 5, 0, and 0) for increasing 

initial inlet reactive dye concentration (10, 20,40 and 80 mg/l) respectively due to initial dye 

concentration in the inlet constant flow ( constant contact time) is one of the limitation factors 
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and main process variables. An increase in the inlet dye concentration increased the slope of the 

breakthrough curve, reducing the efficiency of bed This may be caused by high yellow dye 

concentrations saturating the adsorbent more quickly, thereby decreasing the breakthrough time 

Banat et al., 2007. The dye concentration play driving force to mass transfer of dye from liquid 

phase ( yellow dye solution) to solid phase (adsorbent GAC) therefore high concentration 

increase rate constant and rapid saturation of adsorbent. 

 

6-4 Mathematical Mode 

Constants of ( Thomas and Yoon-Nilson) model were calculated using Eq.(10) and Eq.(11) at 

different variable  flow rate ,reactive yellow dye initial concentration and  bed depth as shown in 

Table 3 while Texp values (50% Ct/Co) were calculated approximately by breakthrough curves. 

 

Examining results of Table 3 show accepted values of R
2
 (>0.944) at all conditions for both 

mathematical models Thomas and Yoon-Nelson. Adsorption capacity qo were approximately 

equal in both models which explain the harmony application of two models. The actual value 

shows fitting at low flow rate, initial yellow dye initial concentration and high bed depth Tcal 

values for Yoon-nelson model show increasing at decreasing flow rate and initial yellow dye 

concentration and increasing bed depth and this is in match with Texp. This result is in agreement 

with Nwabanne, 2012 and Sotelo et al., 2012. ARE% for calculated and experimental T (50% 

Ct/Co) which show good fitting with most variables. 

The calculated adsorption capacity qo values were increased at increasing flow rate due to the 

larger mass transfer driving force at high flow rates where high velocity reduce resistance of 

molecule transfer of yellow dye from solution phase to solid phase. This is the same as at 

increasing inlet yellow dye concentration leading to the increasing of qo by models due to the 

fact that the mass transfer driving force increases with increasing the feed concentration which is 

in agreement with results by Banat et al., 2007. Calculated and experimental qe show increasing 

value at increasing bed depth (5-15 cm) and this disagrees with result at Nwabanne, 2012 but 

was in agreement with results by Sotelo et al., 2012. This is may be due to more available 

adorable site will be provided at exact bed depth which lead to increasing mass of adsorbent then 

reduce qo value at constant initial dye concentration and flow rate. 

Eq.(16) and Eq.(17) are used for the theoretical breakthrough curves using Thomas and Yoon-

Nelson models Trgo et. al., 2011 and comparing them with experimental one as shown in Figs. 7 

and 8 respectively according to obtained parameters in table 3. 

 Thomas breakthrough curve is shown in Eq. (16) 

 


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Yoon-Nelson breakthrough curve is shown Eq. (17) 

 

  TtKC

C

YNo

t




*exp1

1

       (17)

 

The validity of models is shown in Fig. 7 and 8 and Eq. (16) and Eq. (17) are used to estimate 

ARE% values at different flow rate, initial reactive yellow dye and bed depth. 

Table 4 shows that ARE% value for Thomas model less than Yoon- Nelson model for flow rate 

(>6 ml/min) and initial dye concentration except 20 mg/l while ARE% values are lower by 

Yoon-Nelson model than Thomas model, generally both models are considered acceptable due to 

that  Thomas model is widely used to predict adsorption in column study and Yoon –Nelson less 

complicated than the other models but also requires no detailed data concerning the 

characteristics of adsorbate, the type of adsorbent, and the physical properties of the adsorption 

bed like Thomas model. Mohammad, 2013  

 

7-CONCLUSIONS 

- Adsorption of reactive yellow dye onto granular activated carbon show good fitting with 

Langmuir and Freundlich equilibrium isotherms as chemisorptions process. 

- Kinetic study shows good fitting with first and second order models but the ARE % shows the 

best results for second order model. 

- Increasing breakthrough time with decreasing flow rates and initial yellow dye concentration 

and increasing bed depth of activated carbon in fixed bed experiments due to slowly bed 

saturation and more contact time respectively. 

- Shortcut breakthrough curves models ( Thomas and Yoon-Nilson) show good fitting with all of 

experiment variables according to the ARE% values in fixed bed continuous process. 

- Calculated adsorption capacity by (Thomas and Yoon -Nilson) models show increasing at 

increasing flow rate due to elimination of film thickness effect at high velocity. 

- T cal and T exp by (Yoon –Nilson) model show good fitting at bed depth due to increasing 

contact time at constant velocity. 
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NOMENCLATURES 

C Dye concentration in aqueous solution(mg/l) . 

Ce 

Ct 

Dye concentration in liquid phase at equilibrium (mg/l). 

Dye concentration in liquid phase at time of sampling (mg/l). 

Co Initial dye concentration in aqueous solution(mg/l). 

K1 Pseudo-first-order rate constant (min
−1

). 

K2 Pseudo-second order rate constant(g mg
−1

 min
−1

)  

KF Freundlich constant (mg g
−1

)  

KL Langmuir adsorption constant (l mg
−1

)  

KT  Thomas rate constant (mL/min.mg) 

KY

N 

Yoon-Nelson  rate  constant(1/min) 

m Adsorbent dosage (g)  

n Freundlich parameter 

N Number of tested sampling  

Q Flow rate (m
3
/min) 

q Adsorption capacity  mg/g 

qe Aquilibrium dye concentration in solid phase(mg g
−1

) . 

qo 

(cal 

Adsorption capacity (calculated by model and estimated by experimental results)  

mg/g) 

qt Amount of dye adsorbed per unit mass of adsorbent at time t (mg g
−1

)  

qm Langmuir isotherm parameter, maximum dye adsorbed/unit mass of adsorbent (mg 

g
−1

)  

RL Separation factor( favorability index of Langmuir  isotherm model  curve)  

T Time of (50% Ct/Co removal in fixed bed)  Yoon model parameter. min 

t Time (min)  

V Treated water volume (ml) 
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Figure 1. Fixed bed column diagram. 

 

 

 

Figure 2. Equilibruim isotherm curve. 
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Figure 3. kinetic curve 

 

 

 

 
Figure 4. Effect flow rate in fixed bed column 
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Figure 5. Effect bed depth column 

 

 

 

Figure 6. Effect of concentration dye 
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Figures 7 . Thomas model application of fixed bed column. 
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Figures 8. Yoon-Nelson model application of fixed bed column 

 

Table 1. Equilibrium isotherm models constants. 

Langmuir model Freundlich model 

KL  (l/mg)0.045 

RL0.69 

KF(mg/g)         0.699 

qm( mg/g)16.13 N1.1 

R
2
0.972 R

2
0.977 

ARE %4.7 ARE%2.15 

 

Table 2. kinetic models parameters. 

pseudo first order Pseudo second order  

K1  (1/min)0.012 K2(g/mgmin )0.023 

qe(cal)( mg/g)0.756 qe(cal) (mg/g)       0.97 

R
2
0.978 R

2
0.987 

ARE              %12.2 ARE                 %12.1 
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Table 3. Calculated parameters of mathematical breakthrough models. 

 

Models 

Flow rates  ml/min Yellow dye Conc. mg/l   AC  Bed depth  cm  

21.67  12.5 6 80 40 20 10 20 15 10  5 

Thomas 

KT  

(ml/min/mg) 

 

1.1 

 

1.1 

 

1 

 

0.275 

 

0.325 

 

0.6 

 

1.05 

 

0.9 

 

0.9 

 

1 

 

 

 

1.6 

qocal (mg/g) 4.137 2.03 1.15 6.87 6.7 6.42 4.168 4.168 4.85 4.04  2.07 

R
2
 0.952 0.959 0.989 0.985 0.967 0.972 0.947 0.968 0.962 0.96  0.944 

Yoon- nelson             

KYN  (min
-2

) 0.011 0.011 0.01 0.026 0.012 0.011 0.010

5 

0.009 0.009 0.01  0.016 

qo (mg/g) 3.07 2.02 1.15 5.78 6.36 6.74 4.165 4.66 4.85 4.08  2 

T calmin 

 (%50Ct/Co) 

127.2 145.7 172.7 30.2 66.4 140 165 387 313.4 168  41.5 

R
2
 0.95 0.96 0.988 0.985 0.967 0.972 0.965 0.968 0.96 0.96  0.944 

Texp min 

(%50 Ct/Co) 

100 130 155 25 42 130 150 360 312 145  36 

ARE% 

(Tcal&Texp) 27.2 12. 11.4 20.8 56 7 10 7.5 0.4 15  15.2 

qoexp.(mg/g) 2.85 1.89 1.05 5.99 7.03 5.51 3.48 4.03 4.25 3.44  2.89 

Table 4.  ARE Percentage  

Model Thomas 

 

 

ARE% 

Yoon-

Nelson 

 

ARE% 

variable 

Flow rates ml/min 

21.67  

12.5  

6 

 

2,17 

7.7 

1.9 

   9.8 

7.6 

0.9 

Initial dye Conc.mg/l 

80 

40 

20 

10 

 

0.2 

2.7 

1.9 

11.1 

 

1.7 

4.4 

6.6 

11.6 

Bed depth  cm 

5 

10 

15 

20 

  5.9 

10.1 

21.2 

14.1 

 

5.1 

7.8 

1.2 

4.5 
 

 



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

  

 177 

 

 

Corrosion Study of the Injection Equipments in Water in Al-Ahdeb 

 Wells ‐Iraq 

 
Hassan Abdulkadhim Alwan Alsaadi 

Assistant Lecturer 

 Engineering College-Baghdad University 

E-mail: alwan_hassan@yahoo.com 

 

ABSTRACT 

    Water injection equipments such as pipelines, which are used in the second recovery of oil in 

the Al-Ahdeb wells, suffer from the corrosion in water during maintaining vacuum deoxygenated 

tower that used to decrease concentration of the dissolved oxygen gas in the water from 6.2-9.1 ppm 

to o.5 ppm. This study involved calculation the corrosion rates of the internal surfaces of the 

pipelines either during operation of the vacuum unit or when the tower out of operation.  Finally, 

find the solution by one of the following suggestions. In the first suggestion removal of the 

dissolved O2 from water is achieved by increasing the dosage of the oxygen scavenger (sodium 

sulphite). The second suggestion involves removing the dissolved O2 from water by bubbling the 

oxygenated water with nitrogen gas. The study showed that the corrosion rates of various inside 

diameter pipelines are between 0.13 mm/yr and 1.5 mm/yr during operation of the vacuum tower 

and between 3.2 mm/yr  and 18.5 mm/yr when the tower out of the operation. While the results 

showed that the corrosion rate of the pipelines when the tower out of operation reached to the 

acceptable value of 0.1 mm/y when the dissolved oxygen in the injected water removed by 

increasing the dosage of the sodium sulphite (Na2SO3) to 48-72 ppm. The results also explained that 

corrosion rates of the pipelines reached to 0.5 mm/y when the dissolved oxygen removed by 

bubbling the water with nitrogen gas. 

Key Words: Corrosion, deaerated water, oxygen scavenger, aerated water  

 
 الخلاصة

يعذاخ ٔاَاتٛة زقٍ انًاء انًسرخذيح ففٙ عًهٛح صٚادج اَراج انُفظ فٙ زقٕل الازذب ذعاَٙ يٍ يشكهح انرأكم فٙ انًاء انسأ٘ عهٗ 

الأٔكسدٍٛ ٔٚصم يعذل انرأكم انٗ اعهٗ قًٛح نّ خلال فرشج صٛاَح ٔزذج انرفشٚغ انًسرخذيح نرقهٛم ذشكٛض الأٔكسدٍٛ انزائة فٙ 

خضء تانًهٌٕٛ. ْزِ انذساسح اشرًهد عهٗ زساب يعذلاخ انرأكم نسطر الأَاتٛة انذاخهٛح  0.5تانًهٌٕٛ انٗ خضء  9.1-6.2انًاء يٍ 

فٙ زانح اٌ ذكٌٕ ٔزذج ذفشٚخ الأٔكسدٍٛ فٙ انخذيح أ خلال فرشج صٛاَرٓا. ْزِ انذساسح اشرًهد عهٗ اقرشاذ ذقُٛراٌ يٍ اخم 

فرشج صٛاَح ٔزذج ذفشٚغ الأٔكسدٍٛ. فٙ انًقرشذ الأٔل ذقهٛم ذشكٛض الأٔكسدٍٛ انرخهص أ ذقهٛم ذشكٛض الأٔكسدٍٛ فٙ انًاء خلال 

تٕاسطح صٚادج كًٛح انًٕاد انكًٛٛأٚح )يادج كثشٚرٛذ انصٕدٕٚو( انرٙ ذرفاعم يع الأٔكسدٍٛ ُٔٚرح عُّ يادج غٛش أكهح نهًعادٌ. 

شٚض انًاء انٗ غاص انُرشٔخٍٛ.                              انًقرشذ انثاَٙ اشرًم عهٗ ذقهٛم ذشكٛض الأٔكسدٍٛ فٙ انًاء عٍ طشٚق ذع

 1.5يهى/سُح 0.13ٔانذساسح أضسد عهٗ اٌ يعذلاخ ذأكم انسطٕذ انذاخهٛح الأَاتٛة راخ اقطاس داخهٛح يخرهفح ٚرشأذ تٍٛ  

َاتٛة راخ اقطاس داخهٛح يخرهفح  يهى/سُح فٙ زانح انرٙ ذكٌٕ ٔزذج انرفشٚغ فٙ انخذيح. تًُٛا يعذلاخ ذأكم انسطٕذ انذاخهٛح الأ

يهى/سُح عُذيا ذكٌٕ ٔزذج انرفشٚغ ذسد انصٛاَح. َرائح ْزِ انذساسح اٚضا أضسد تاٌ يعذلاخ  18.5يهى/سُح انٗ  3.2ذشأذ تٍٛ 

تٍٛ  يهى/سُح عُذيا ذى ذقهٛم ذشكٛض الأكسدٍٛ عٍ طشٚق اضافح 0.1ذأكم الاَاتٛة ٔصهد انٗ انسذٔد انًسًٕذ تٓا ْٔٙ اقم يٍ 

يهى/سُح عٍ  0.5خضء تانًهٌٕٛ يٍ يادج كثشٚرٛذ انصٕدٕٚو . اخٛشا تُٛد انُرائح اٚضا تاٌ يعذل ذاكم الاَاتٛة اصثر  72انٗ  48

            طشٚق ذقهٛم ذشكٛض الأكسدٍٛ فٙ انًاء تٕاسطح غاص انُرشٔخٍٛ.                                                                    

                                                     

)انسأ٘ عهٗ  انًٕٖٓ أنرأكم, انًاء انغٛش يٕٖٓ )انخانٙ يٍ الأكسدٍٛ(, قاَص الأكسدٍٛ, انًاء: الكلمات الرئيسية   

(الأكسدٍٛ  
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  INTRODUCTION         

Generally the water injection systems are used in oil industries in order to increase the oil 

production. This occurs when the water is injected into the reservoir at high flow rate or at high 

pressure. As result, the pressure of the oil reservoir rises. Consequently, the quantity of the oil 

recovery from the well increases. The sources of water, which are used in this process, vary from 

seawater, produced water, lake, and river Havard, 2oo6, Stephen et al.,1989. All these types of 

water contain dissolved oxygen approximately 8-9 ppm at 20 C° which causes corrosion of the 

internal surface of the injection system equipments such as pipelines. The cathodic reaction is 

oxygen reduction Eq. (1), while the metal dissolution is the anodic reaction Eq. (2). 
 
                                                                                    

The corrosion rate of the metal is controlled by rate of the mass transport of the dissolved oxygen 

from bulk to the solution/metal interface. Therefore, O2 should be removed from the Injected 

water before pumping into the reservoir. There are many methods that are used in the oil 

production in order to eliminate the concentration of the dissolved oxygen in the water such as 

mechanical deaeration combination with the chemical process. The former process is used before 

the chemical treatment. In the mechanical deaeration removal oxygen can be established by 

either introducing steam into the water that leads to increase the temperature of the water. As a 

result, oxygen will releases from the water to the atmosphere and consequently the concentration 

of oxygen decreases or by using vacuum process such as that  uses in the Al-Ahdeb wells. In this 

process vacuum pumps are utilized in order to reduce the partial pressure of O2 in the gas phase. 

Hence, concentration of the dissolved O2in the feed water will reduce [Havard, 2oo6, Stephen et 

al.,1989].While removal oxygen by chemical process is achieved by adding a small amount of 

chemical substance {either hydrazine (N2H4) or sodium sulfite (Na2SO3)} to the water which 

reacts with oxygen Stephen et al.,1989,Zaki, 2006, Nathan,1981. 

 

Three vacuum deoxygenation packed towers, which have installed recently by Al-Waha 

company one of the Chinese companies, uses to remove the gas of O2 from water that utilized to 

enhance the oil production in the Al-Ahdeb wells in the Al-Kut city. According to the Al-Waha 

document, this process leads to decrease concentration of O2 in the water to 500 ppb (0.5 ppm) 

[Al Ahdeb Wells, 2013]. Although the corrosion rate of the system equipment will decrease, but 

it not within the acceptable value 0.1 mm/yr. In addition to the aggressive environment 

(dissolved O2), the pipe lines, which transport the water from the water tank to the wells, are 

subjected to the high stress (water pressure). The stress values reaches to 17 Mpa at the high 

pressure section and 12 Mpa at sub high pressure section. Hence, the pipelines will susceptible to 

the stress corrosion cracking (SCC), which takes place when a metal/an alloy is subjected to the 

combination of aggressive environment (O2) and stress (water pressure) Zaki,2006, 

Nestor,2004. 

The aim of this research is to study and calculate the corrosion rates of the internal surface of the 

water injection components (pipelines) when the Vacuum deoxygenation tower will be out of 

operation and then find the solution. 

 

1- OPERATION OF THE SYSTEM 

In Al-Ahdeb wells, removing dissolved oxygen from water takes place in two processes, vacuum 

and chemical processes. The vacuum process carries out in three vacuum deoxygenation packed 

towers that are parallel operated. Each tower consists of two stages. In the first stage most of the 

dissolved O2 gas is removed from feed water to the gas phase by vacuum process. In the second 

stage the oxygen scavenger is added to the deaerated water. Hence, further removing of 

dissolved O2 from water takes place by the chemical process Al Ahdeb Wells, 2013.  
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The O2-free water is transported to the deaerated water tank through 18-20 in. inside diameter of 

carbon-steel pipe at flow rate 900-1075 m
3
/h. In addition to the deaerated water, the deaerated 

water tank is also supplied with formation water (produced water) after treatment. Then, the 

deaerated water and produced water (injected water) pumping to the high pressure section and 

sub high section through 28 in. id pipe at flow rate 4200 m
3
/h. At the high pressure section, the 

injected water is transported to the oil gathering main field (OGM) through 8 in. id steel pipes at 

flow rate 150 m
3
/h and pressure 17 Mpa (170 bar). While, at the sub high section the injected 

water is transported to the different (OGM) through pipes, which have the same inside diameter 

(16 in), and at equal flow rate 650 m
3
/h and pressure 12 Mpa. Finally, the injected water  is 

pumping from the (OGM) to the many wells through pipes, which have the same inside diameter 

(6 in), and at equal flow rate 5000 bbl/day and pressure either 17 MPa. or 12 MPa. depending on 

the source of the water injection Al Ahdeb Wells, 2013. 

 

2- OPERATION CONDITION OF THE TOWER  

According to the Al-Waha documents, operation conditions of the unit are represented in the 

Table1. As can be seen from the Table, concentration of the dissolved O2 in the inlet water is not 

recorded. This is because of it depending on the solubility of the gas in the water which is 

function to the temperature of water (i.e operating temperature). As the temperature of water 

increases, the solubility of dissolved O2 in the water decreases. Consequently, concentration of 

dissolved O2 decreases. The concentration of dissolved oxygen in the outlet water is 500 ppb (0.5 

ppm) as recorded in the Table1. In order to treat the microbiological induced corrosion (MIC), 

which forms on the surface of the structure of the system such as sulfate reducing bacteria 

(SRB), the chemical removal oxygen process will be stopped for a certain time and adds biocide 

species.  

 

3- PROBLEM 

In the water injection system there is a problem will appear during either shutdown of the 

deaeration unit or normal maintenance when the concentration of the oxygen in the water will be 

at high value. This leads to  

corrode the internal surfaces of the system equipments as shown in Fig.1 Therefore, it should 

calculate the corrosion rate of internal surface of the system components when the deaeration 

unit will be out of operation and find the solution. 

 
4- EXPERIMENTAL WORKWS 

The experimental works consist of two steps. In the first step, the lowest concentration of the 

dissolved O2 gas in the water, which can be obtained by bubbling water with nitrogen gas, was 

estimated by doing an experimental work. In the second step corrosion rate of the internal 

surfaces of the pipelines, which made of carbon steel, are calculated under aeration and 

deaeration conditions of water. 

First step, The experimental work of dissolved oxygen removal from water by using nitrogen gas 

stream was done in order to estimate the lowest concentration of dissolved gas of oxygen in 

water that can be obtained after the deaeration process. The experiment includes preparation an 

electrochemical cell that consists of a calomel electrode as a reference electrode and two 

platinum wires as working and auxiliary electrodes (note, in this step it is not necessary to use 

iron as working electrode). All electrodes were immersed in electrolyte that prepared by 

dissolving 4.5% of NaCl in one liter of distilled water. Then, the electrochemical cell was 

connected to a potentiostat in order to polarise the cell during deaeration process as shown in 

Fig. 2.a nitrogen gas stream was used to deaerate the system. This was achieved by bubbling a 
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solution with pure nitrogen gas which caused removal of a high proportion of the dissolved 

oxygen gas from the system to the water-containing flask and then to the atmosphere through a 

vent present at the top of the flask. As a result, a decrease in the concentration of the dissolved 

oxygen gas in an electrolyte (water) is obtained according to the Henrys law. Residual dissolved 

oxygen in the system can be controlled by the period of deaeration process and preventing an 

oxygen gas from entering to the system either during or after deaeration process. 

 

Second step, corrosion rates of the pipelines are calculated during aerated condition and 

deaerated condition by using equations that derived experimentally by scientists. Concentration 

of O2, which used in the calculation, are obtained from the references and from the experimental 

work of this study.  

 

5- CALCULATION AND RESULTS 

Calculation and result can be divided into two parts, the first part includes prediction corrosion 

of the injection equipments (i.e. pipelines) in injected water at flow condition and in either 

deaerated or aerated condition. While the second part of calculation involves estimate the lowest 

concentration of dissolved oxygen in the injected water after deoxygenated of water with 

nitrogen gas.  

First part, corrosion of the pipelines in injected water at flow condition and in either deaerated or 

aerated condition can be predicted by studying the effect of flow velocity of the water on the 

mass transfer of the dissolved O2. As result, the corrosion rates of the pipelines increase . 

Flow in pipes is usually turbulent that destroys the concentration gradients in the bulk of the 

fluid, and all the action affecting  then takes place in a very thin boundary layer of fluid adjacent 

to the pipe wall. Consequent, the flux of the dissolved O2 increases Scheers,1992. 

Equations relating mass transport and flow velocity for various geometries have been derived by 

several authors. While several equations describing mass transfer in pipes have been deduced 

theoretically, others have been derived experimentally. These equations, which are classified 

according to the value of Schemidt number ( Sc ) Scheers,1992, Van den Berg et al.,1989. 

 

Chilton-Colburn relation Eq. (3) is used for SC< 1, for 1 <SC< 1000 Deissler equation is used 

see Eq. (4), and Harriott-Hamilton relationship is used for SC>1000  see Eq. 5. 

                                                                                       

Hence, in the first step of the calculation, it is required to select one of the above equations by 

calculation Schemidt number (Sc) for injected water by using Eq. (6). 

                                          

At T = 20°C, v = 1x10
-6

  (m
2
/sec), D = 1.8x10

-9 
(m

2
/sec)       (see Table 3) 

At T = 40°C, v = 6.6x10
-7

 (m
2
/sec), D =3.7x10

-9 
(m

2
/sec)       (see Table 3) 

Sc = 555.55 at 20°C and Sc = 178.38 at 40°C. 

According to the above values of Sc either Eq. (4) or Eq. (7) is used for calculation the mass 

transfer coefficient (K).                                                                              
                                                                                                                      

As it is mentioned before that the corrosion rate of the metal in water is controlled by the rate of 

transport of the oxygen to the surface of the metal and the cathodic current density reaches to the 

limiting value. Therefore, the second step of this calculation includes calculation the limiting 

current density (Ilim) by using equation Eq. (10) Hongwei, 2000. 
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Third step involves converting the limiting current density (Ilim) into a rate of dissolution of the 

internal surfaces of the pipe lines, which made of carbon steel, by using the Faraday's law Eq. 

(11) Zaki,2006:                                                                      

The results are represented in the Table 3, while corrosion rates of the equipments during 

operation of the deaeration unit are represented in the Table 2. 

               The second part of this calculation involves estimate the lowest concentration of 

dissolved oxygen in the injected water after deoxygenated of water with nitrogen gas. Fig. 3 

shows polarization curve of the working electrode (platinum wire) after deaerating the cell for 

certain time. 

As can be seen from Fig. 3, the limiting current density at aerated condition is 8.68 A/m
2
 at 

potential -0.85V SCE, whereas the limiting current density at deaerated condition is 0.462 A/m
2 

at -0.55V SCE .The lowest oxygen concentration achieved by deaerating the water with nitrogen 

gas can be calculated from the cahodic current density. It was limited by the diffusion rate of 

oxygen to the platinum surface according to Fick's firs law see Eq. (12). 

 

The cathodic limiting current density was achieved when the concentration of dissolved species 

at the WE became depleted, i.e. sC = zero see Eq. (13).  

Since thickness of the diffusion layer in the case of deaeration is similar to that in the aerated 

condition, therefore it can be calculated by using Eq.(13) for aerated system according to the 

following data at room temperature:  

bC = 8 ppm (mg/l or g/m
3
). 

bC = 0.25 mole/m
3
 (atomic mass of O2 32 g/mole). 

 DO2 = 2 x10
-9

 m
2
/s (diffusion coefficient of O2 in water). 

Ilim= 8.68 A/m
2
 from Figure3(i.e for aerated curve) 

F  = 96,500 C/mole 

n  = 4 electrons that required for oxygen reduction  

 

8.68 A/m
2 

= 
9 2 32x10 m / s*4*96,500 C / mole*0.25 mole / m

x



 

x  = 2.22x10
-5

 m 

 

Now calculate concentration of dissolved oxygen in solution under deaerated condition. The 

lowest Ilim, which was achieved after aerating process, was 0.462 A/m
2
 at E -0.55 V SCE (see 

Fig. 3). Using Eq.(13) to calculate bC  in deaerated condition: 

 

 0.462 A/m
2 

=  
9 2

5

2x10 m /s*4*96,500 C / mole*

2.22x10 m

bC


 

bC  = 0.013 mole/m
3
 

bC  = 416 ppb    

The corrosion rate of injection pipelines can be calculated by using Eq. (11) 

 CR = 0.5 mm/year 
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6- DISCUSSION AND SOLUTIONS 

Fig. 1 shows the limiting current densities for aerated and deaerated conditions. While Table 2 

and Table3 show the corrosion rates of various pipelines during operation the vacuum 

deoxygenation packed towers and during maintenance respectively. It can be seen from Table 2 

that although most of the dissolved O2 gas is removed from water by the deaeration process, but 

the corrosion rates of the pipe lines are still higher than the acceptable value that is 0.1 mm/yr. 

This because of the concentration of the remaining dissolved oxygen in the water, which leaves 

the vacuum towers after deoxygenation process, is high 0.5 ppm (500 ppb) as shown in the 

Table 1. Whereas Table 3 explains that the O2 related corrosion rates of various diameter 

pipelines are high when the vacuum deoxygenation tower is out of the operation. Table 3 also 

explains that the corrosion rate of a pipeline strongly depends on the water flow rate. As the flow 

rate of injected water increases, thickness of the diffusion layer decreases and hence the flux of 

the oxygen increases Coulson et al.,1999. Therefore, the corrosion rate of a pipe lines increase. 

It can be seen from the same Table that the CR of 8 in. id pipeline is 7 mm/yr at 150 m
3
/hr, 

while the CR of 28 in. id pipeline is 18.5 mm/yr at 4200 m
3
/hr. On the other hand, the corrosion 

rate of a pipeline decreases with increasing the diameter of a pipeline.   

It also can be seen from the Table 3 the effect of the temperature of the injected water on the 

corrosion rate. Although the concentration of dissolved oxygen in water decreases with 

increasing temperature, but the corrosion rate of a pipeline increases. This because of increasing 

temperature leads to increase the diffusivity of the oxygen in the water. Consequently, the 

oxygen flux increases and hence the corrosion rate increases Coulson et al.,1999. The corrosion 

rates of a pipelines during maintenance of the deaeration unit can be calculated by multiplying 

the corrosion rate of a pipe line in mm/month by a period of a maintaining.   

In both cases when either the vacuum towers operate or out of operation, in additional to the 

general corrosion, the pipe lines will susceptible to the stress corrosion cracking (SCC) as it be 

mentioned in the introduction. Therefore, it is necessary to remove or to eliminate quantity of 

dissolved O2 gas in the injected water to acceptable value 0.01 ppm (10 ppb) especially when the 

water injection system operates without the deaeration process (i.e. vacuum towers are out of 

operation). These can be achieved either by increasing the amount of the chemical species that 

acts as oxygen scavenger or by bubbling the water with nitrogen gas. Each option will be 

discussed separately. 

The first recommendation involves increasing the amount of the scavenger added to compensate 

for the loss of the dearation unit. The new amount of the oxygen scavenger, which will be added 

to the system, should be sufficient to reduce the concentration of dissolved oxygen from either 

9.1 ppm at 20°C or 6.2 ppm at 40°C into 0.01 ppm (10 ppb). This will reduce the reduction of O2 

(cathodic reaction) and iron dissolution (oxidation reaction) that take place on the internal 

surfaces of the injection system pipelines and oil production during the repair of the dearation 

unit. There are many chemical species that are used as oxygen scavenger but sulfite and 

hydrazine are the most common oxygen scavengers agent for water system. It prefers to use 

sodium sulfite (Na2SO3) to remove the O2 from water. This is because hydrazine is very toxic 

and dangerous Zaki, 2004, Nathan,1984.  

According to the chemical equilibrium reaction Eq. (14), two mole of Na2SO3 are required for 

remove one mole of dissolved oxygen. 

 

Where the atomic mass of 2Na2SO3 = 252 gm/mole, and atomic mass of O2=32 g/mole. Then, 

the number of parts (grams) of sodium sulfite that required to remove one part of dissolved 

oxygen from water = 8 parts (grams) of Na2SO3 per part (gram) of O2. Therefore, it is required to 

add 48-72 ppm of sodium sulfite for reduce the concentration of dissolved oxygen from 6.2-9.1 
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ppm to 0.01 ppm. As result the corrosion rate of the pipelines and other equipments of the 

injection system decrease to acceptable values as shown in Table 4. 
 
On the other hand, the performance of the sodium sulfite affects by presence of the anearobic 

sulphate reducing bacteria (SRB) in the system which utilise sulphate to produce high aggressive 

substance such as H2S. It forms unprotective sulphide corrosion product. This is can be treated 

by adding Biocide to the injected water in order to prevent formation the SRB on the inner 

surface of the pipelines and other structure. 

 

The second suggestion is deaerated the injected water, which is utilized to enhance the oil 

production, by using nitrogen gas stream and this process should take place in the water injection 

tank before transport through pipelines into the wells Barnhart,1995. This was achieved by 

bubbling a solution with pure  nitrogen gas which caused removal of a high proportion of the 

dissolved oxygen gas from the water to the atmosphere. As a result, a decrease in the 

concentration of the dissolved oxygen gas in an electrolyte (water) is obtained according to the 

Henrys law. The experimental  result showed that the residual dissolved oxygen in the water was 

0.013 mol/m
3
(416 ppb) and the corrosion rate of metal was 0.5 mm/year. Amount of the residual 

dissolved oxygen in the injected water can be controlled by the period of deaeration process and 

preventing an oxygen gas from entering to the system either during or after deaeration process.  

This process can be used combine with chemical species in order to reduce the quantity of 

oxygen scavenger, which used to eliminate the concentration of dissolved O2 in water. Hence, 

the cost of using oxygen scavenger will be reduced and the dangerous of SRB also will be 

eliminated.  

 

7- CONCLUSION   

It can be concluded that presence dissolved oxygen in the water which is injected to the oil wells, 

without treating causes severe damage of its structure. The O2 related corrosion rate is predicted 

to be higher during the repair of the deaeration unit. This influence can be reduced by increasing 

the amount of the oxygen scavenger between 48 to 72  ppm which reacts chemically with the 

dissolved O2. This influence also can be overcome by bubbling the water with oxygen-free 

nitrogen gas which caused removal of a high proportion of the oxygen gas from the system to the 

atmosphere through a vent present at the top of the water injection tank and experimental  result 

showed that the residual dissolved oxygen in the water was 0.013 mol/m
3
(416 ppb) and the 

corrosion rate of metal of the internal surfaces of the pipelines, which is made of carbon steel, 

was 0.5 mm/year.  

The first and second recommendations could be used together in order to decrease the cost of the 

chemical substance, which be used as O2 scavenger, and the dangerous of SRB also will be 

eliminated. 
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EQUATIONS  

Fe→Fe
2+

+2e
-
                                                                                                                         (1)  

 

O2+2H2O+4e
-
→4OH

                                                                                                                                                
(2)

 

  

Sh=0.023Re
0.8

 Sc
0.33

                                                                                                                 (3)   

                                                                                                      

Sh=0.023Re
0.875

 Sc
0.25

                                                                                                              (4) 

                                                                                                 

Sh=0.0096Re
0.91

Sc
0.35

                                                                                                             (5) 

 

Sc=v/D                                                                                                                                     (6) 
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.K d

D
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0.875
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                                                                           (7) 

Q
u

A
                                                                                                                                        (8) 

 

2

4
A d


                                                                                                                                     (9)  

 
Ilim=n.F.K.Cb                                                                                                                           (10)  

 

CR(mm/yr)= lim. .

. .

I t m

n F 
*1000                                                                                                      (11)  

 

Ilim = 
 b sDnF C C

x


                                                                                                               (12) 

 

Ilim = bDnFC

x
                                                                                                                           (13) 

 

2Na2SO3+O2→2Na2SO4                                                                                                           (14) 

 

 

NOMENCLATURE 

 A =  Cross-section area of the pipe     (m
2
) 

Cb = Concentration of the oxygen in the bulk of feed water (mole/m
3
). 

Cs = concentration of dissolved species at surface of the WE  (mole/m
3
). 

CR: corrosion rate in mm/yr. 

D = diffusion coefficient of oxygen in water   (m
2
/s). 

d  = Diameter of the pipe   (m). 

F = Faraday’s constant   (96,500 C/mole). 

K = Mass transport coefficient of the oxygen   (m/sec). 

Ilim=Limiting current density     (A/m
2
). 

m = Atomic mass of iron = 55.845 g/mol. 

 

 n = number of the electrons that are consumed or released.  

Q = Volumetric flow rate      (m
3
/s). 

Re = Reynold number and is related to the fluid flow rate. 

Sc = Schemidt number and is related to the fluid properties. 

Sh = Sherwood number and is related to the     mass transport. 

t = Time   (year)  

u = Velocity of the fluid      (m/s).  

v = Kinematic viscosity  m
2
/sec 

x = thickness of the diffusion layer  m 
 = Density of the iron = 7.874 g/cm

3
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Table 1. The operation conditions of the vacuum deoxygenation tower [5] . 

Parameter unit Range Parameter unit Range 

Operating 

Temperature 

°C 20-40 Inlet Water Flow Rate  

(per tower) 

m
3
/h 300 

Operating Pressure Mpa -0.098 Dissolved Oxygen in Inlet 

Water 

ppm - 

Design Life year 20 Dissolved O2 in outlet Water ppm 0.5 

 

 

 

Figure 1. Internal corrosion of water injection pipeline.  
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Figure 2. Electrochemical cell during deaerated process at -200 mV SCE. 

 

 

Table 2. Corrosion rate of the water injection system during operation of 

the vacuum deoxygenation tower. 

 CR 

At 20 °C At 40 °C 

Inside diameter (in.) Inside diameter (in.) 

Parameter  6 8 16 18 28 6 8 16 18 28 

CO2 (ppm) 9.1 9.1 9.1 9.1 9.1 6.2 6.2 6.2 6.2 6.2 

bC (ppm) 0.5 

 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

CR 

(mm/yr)  

 

0.18 0.13 0.37 0.46 0.67 0.38 0.84 0.84 1 1.5 
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Table 3. Corrosion rate of the water injection system equipments during 

maintenance. 

 

CR 

At 20 °C At 40 °C 

Inside diameter (in.) Inside diameter (in.) 

Parameter 6 8 16 18 28 6 8 16 18 28 

Flow rate 

(m
3
/hr) 

33 150 650 1075 4200 33 150 650 1075 4200 

Area of a 

pipe (m
2
)         

Eq.(9) 

0.018

2 
0.032 0.13 0.164 0.397 

0.018

2 
0.032 0.13 0.164 0.397 

u (m/s)   

Eq.(8) 
0.503 1.3 1.39 1.82 2.94 0.503 1.3 1.39 1.82 2.94 

CO2(ppm) 9.1 9.1 9.1 9.1 9.1 6.2 6.2 6.2 6.2 6.2 

bC
mol/m

3
 

0.284 

 
0.284 0.284 0.284 0.284 

0.193

7 

0.193

7 

0.193

7 
0.1937 0.1937 

D (m
2
/s) 

 

1.8E-

9 

1.8E-

9 

1.8E-

9 

1.8E-

9 
1.8E-9 

3.7E-

9 

3.7E-

9 

3.7E-

9 
3.7E-9 3.7E-9 

v  (m
2
/s) 

1.0E-

6 

1.0E-

6 

1.0E-

6 

1.0E-

6 
1.0E-6 

6.6E-

7 

6.6E-

7 

6.6E-

7 
6.6E-7 6.6E-7 

Re 
76428 

 

26336

9 

56320

6 

82961

5 

208467

4 

11650

0 

40024

2 

85590

3 

126459

6 

316807

2 

K (m/s)               

Eq.(7) 

 

2.5E-

5 

 

5.5E-

5 

5.3E-

5 

6.6E-

5 
9. 6E-5 

5.5E-

5 

1.2E-

4 

1.2E-

4 
1. 5E-4 2. 1E-4 

limI
        

Eq.(10) 
2.74 6.0 5.81 7.24 10.52 4.11 9.0 8.97 11.21 15.95 

CR(mm/yr)

Eq.(11) 
3.2 7 6.7 8.4 12.2 4.8 10.42 10.4 13 18.5 

CR 

(mm/month) 

 

0.265 0.6 0.56 0.7 1.0 0.4 0.87 0.86 1.1 1.54 
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Figure 3. Polarization curve of platinum in solution of sodium chloride. 

 

 
 
 

 

 

 

 

 

 

 

 

 

 



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

  

 190 

Table 4. Corrosion rate of the water injection system equipments after   increasing the 

amount of the O2 scavengers. 

 

CR 

At 20 °C At 40 °C 

Inside diameter (in.) Inside diameter (in.) 

Parameter 6 8 16 18 28 6 8 16 18 28 

Flow rate 

(m
3
/hr) 

 

33 

 

150 

 

650 

 

1075 

 

4200 

 

33 

 

150 

 

650 

 

1075 

 

4200 

Area of a 

pipe (m
2
)         

Eq.(9) 

 

0.018

2 

 

0.032 

 

0.13 

 

0.164 

 

0.397 

 

0.0182 

 

0.032 

 

0.13 

 

0.164 

 

0.397 

u (m/s)   

Eq.(8) 

 

0.503 

 

1.3 

 

1.39 

 

1.82 

 

2.94 

 

0.503 

 

1.3 

 

1.39 

 

1.82 

 

2.94 

CO2(ppm) 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

 

0.01 

bC
mol/m

3
 

 

3.1E-

4 

 

 

3.1E-

4 

 

3.1E-

4 

 

 

3.1E-

4 

 

3.1E-4 

 

 

3.1E-4 

 

3.1E-

4 

 

3.1E-

4 

 

3.1E-4 

 

3.1E-4 

D (m
2
/s) 

 

 

1.8E-

9 

 

1.8E-

9 

 

1.8E-

9 

 

1.8E-

9 

 

1.8E-9 

 

3.7E-9 

 

3.7E-

9 

 

3.7E-

9 

 

3.7E-9 

 

3.7E-9 

v  (m
2
/s) 

 

1.0E-

6 

 

1.0E-

6 

 

1.0E-

6 

 

1.0E-

6 

 

1.0E-6 

 

6.6E-7 

 

6.6E-

7 

 

6.6E-

7 

 

6.6E-7 

 

6.6E-7 

 

Re 

 

76428 

 

 

26336

9 

 

56320

6 

 

8296

15 

 

208467

4 

 

11650

0 

 

4002

42 

 

8559

03 

 

126459

6 

 

316807

2 

K (m/s)               

Eq.(7) 

 

2.5E-

5 

 

5.5E-

5 

 

5.3E-

5 

 

6.6E-

5 

 

9. 6E-5 

 

5.5E-5 

 

1.2E-

4 

 

1.2E-

4 

 

1. 5E-4 

 

2. 1E-4 

limI
        

Eq.(10) 

 

3E-3 

 

6.6E-

3 

 

6.3E-

3 

 

7.9E-

3 

 

1.15E-2 

 

6.6E-3 

 

1.4E-

2 

 

1.4E-

2 

 

1.79E-

2 

 

2.5E-2 

CR(mm/yr)

Eq.(11) 

 

3.4E-

3 

 

7.6E-

3 

 

7.3E-

3 

 

9.1E-

3 

 

1.3E-2 

 

7.6E-3 

 

1.6E-

2 

 

1.6E-

2 

 

2E-2 

 

2.9E-2 

 
Diffusivity coefficient of O2 in the water at 20°C and at 40°C are obtained from  

Coulson et al.,1999, Verhallen et al.,1984]. 

 Kinematic viscosities of water at 20°C and 40°C are obtained from [Josepn et al.1987] 



 المحتويات  قائمة

 
 القسم العربي:

 
 الصفحة      العنوان                                                               

  11 – 1                           ة  تطوير نظام مقترح لمهيكل التنظيمي لإدارة مشاريع إنشائية متعدد
                                                     .م.د. سوسن رشيد محمد                   أ
  هيثم عبد الرزاق بوهان        
 

       63 – 02                                   تأثير البولي ايثيلين ذو الكثافت المرتفعت و المنخفضت على بعض الخواص

تالميكانيكيت للخرسان   

 ة

   د. ندى مهدي الجيلاوي

   هديل ابراهيم احمد   
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 لإدارة مشاريع إنشائية متعددةتطوير نظام مقترح لمهيكل التنظيمي 
 المهندس                                                                                             المشرف    

 هيثم عبد الرزاق بوهان                                                                              أ.م.د. سوسن رشيد محمد 
 قسم الهندسة المدنية                                                                                      قسم الهندسة المدنية

 جامعة بغداد -كمية الهندسة         جامعة بغداد                                                                 –كمية الهندسة 

 الخلاصة
, والذي يفي الملائم لمؤسسات قطاع التشييد العراقية التي تقوم بتنفيذ مشاريع إنشائية متعددة ييدف البحث إلى ضرورة وضع الييكل التنظيمي     

ستنادا إلى المعمومات الأولية ة المحددة وبالجودة المطموبةفي حدود الكمفة والمدبمتطمبات الإدارة والإشراف لمسيطرة عمى تنفيذ ىذه المشاريع  . وا 
جة مؤسسات قطاع التشٌٌد العراقٌة التً تقوم بتنفٌذ اح" التً تم جمعها، فقد تم صٌاغة فرضٌة البحث كما ٌأتً:  والبيانات الإستطلاعية

. وقد تضمن ملائمة للإدارة والسٌطرة على هذه المشارٌع" مشارٌع إنشائٌة متعددة فً آن واحد الى إعادة هٌكلتها التنظٌمٌة لتكون أكثر

شمل استعراض لأهم المصادر المحلٌة والعالمٌة ذات الصلة المباشرة بموضوع البحث والتطرق فٌه لمفهوم التنظٌم البحث جزء نظري 

ً شمل فً قسمه الأول دراسة الهٌكل وأنواع الهٌاكل التنظٌمٌة لإدارة المشارٌع الإنشائٌة المتعددة والسٌطرة علٌها. وجزء مٌدان

د متعددة فً آن واح التنظٌمً والتنظٌم الوظٌفً المتبع فً واحدة من مؤسسات قطاع التشٌٌد العراقٌة التً تقوم بتنفٌذ مشارٌع إنشائٌة

سسات التشٌٌد والشركات د تضمن إستعراض للهٌاكل التنظٌمٌة التً تستخدمها بعض مؤت هذا التنظٌم. أما القسم الثانً فقوإبراز سلبٌا

التنظٌم المتبع فً مؤسسات قطاع التشٌٌد العراقٌة وما ٌسببه من فً وعلٌه فقد تم تحدٌد نقاط الضعف . الأجنبٌة فً تنفٌذ مشارٌع إنشائٌة متعددة

رة والسٌطرة على مشارٌع بتطوٌر نظام مقترح للهٌكل التنظٌمً للإدا ٌهاالتغلب عل وتم. هذه المشارٌعإخفاقات فً السٌطرة على محددات 
لة التنفٌذ لغاٌة مرورا بمرحلة التصمٌم والإحالة ومرحهذه المشارٌع من مرحلة التخطٌط  إنشائٌة متعددة, ٌتم فٌه السٌطرة على تنفٌذ

  .التسلٌم الأولً

                                إدارة, تنظيم, ىيكل تنظيمي, سيطرة, إشراف ميداني, تخصص وظيفي.كممات رئيسية:    

Development  a Proposed System of Organization Structure to Management Multi 

Construction Projects 

Assist. Proff. Dr. Sawsan  Rasheed Mohammed  

Civil Engineering  

    Engineering Collage-Baghdad University      

    Sawsan_2@yahoo.com                 

Haitham Abdulrazzq 

    Civil Engineering 

    Engineering Collage-Baghdad University    

eng_haitham1981@yahoo.com       

 

ABSTRACT 

       The purpose of this study is aimed to lay down an arranged platform suited to Iraqi 

constructional associations which in charge to carry out multi constructional projects, as it fulfilled 

management requirements and supervising, so that low - cost projects will be controlled in due term 

and quality. Based on primary info and observed data collected, the study thesis  has been formulated 

in this way:  Iraqi constructional sector bodies which are in charge to implement simultaneously multi 

constructional projects in need to reformulate its organized structure so that it will be more fitted to 

management  and control  of these projects. This thesis includes a theoretical part  contained presenting  

the most important resources locally and internationally where it has direct relation with this study 

mailto:Sawsan_2@yahoo.com
mailto:eng_haitham1981@yahoo.com
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subject. Also it touches on the arrangement term and the kinds of organized structure of the multi 

constructional projects and control it. And its field part included in its first section studying the 

organized structure and functional arrangement practised in one of the Iraqi constructional projects. in 

charge of implemented simultaneously multi construction and exposing the defection of this 

arrangement. The second section of this study included reviewing the organized structure used by some 

of constructed corporations and foreign companies of implementing multi constructional projects 

.Thus, the deficiency points of the organized structure and the arrangement followed in Iraqi 

conduction sectors recognized and what it causes of control defections in the limitation of these 

projects. The deficiency points have been solved by developing a proposed system of the organized 

structure to administering and controlling of the multi constructional projects. The implementation of 

these projects have been controlled from its draw phase and passing the design phase and reference and 

implementation phase till the first deliver. 

Keywords: Management. organization structure. Control. Superintendence. Specialty functional 

                                                                                    

            المقدمة.1
إن مننن مىننم الخطننوط العريضننة لإدارة المشنناريع الإنشننائية ىننو حسننن اسننتخدام المننوارد البشننرية المتاحننة, التنني تسننتوجب تننوفر الإدارة      

ووضنننع الأشنننخاص المناسنننبين فننني  ,ظيمننني الملائنننم لإدارة المشننناريعالكفنننواة التننني تقنننوم بتنننوفير فريننن  العمنننل المناسنننب ووضنننع الييكنننل التن
الأماكن المناسبة ليم, وتوزيع الصلاحيات والواجبات حسب الاختصاصات الوظيفية, ودراسة المعوقات والمشاكل التي يمكن من يتعنرض 

لنى تمكنؤ وتعطينل وقنت إنجناز المشناريع م نناا ليا المشنروع سنواا المشناكل المالينة مو المشناكل الفنينة مو ميرىنا منن المشناكل التني تنؤدي إ
جننودة التنفيننذ, مننع دراسننة إيجنناد الحمننول العمميننة ليننا التنني تننؤدي إلننى زيننادة احتماليننة تنفيننذ المشنناريع بالكمفننة المقننررة ليننا والمنندة المحننددة وال

        المطموبة.
 مبررات البحث:.1.1

 .العراقية في مؤسسات قطاع التشييد نشائيةالإ الاشراف عمى المشاريع فر ضعف الييكمية التنظيمية ل -1
 عدم الإىتمام بالتخصص الوظيفي. -2
رتباكو.  -3  ك رة ميام ىذه المجان مما يسبب عرقمة العمل وا 
 قمة عددىم محيانا الذي يؤدي الى تحمميم ميمة الإشراف عمى مك ر من مشروع. -4
 المسؤولية القانونية الضخمة المترتبو عمى كاىل ىذه المجان. -5
 ذلك عمى تفشي ظاىرة الفساد الإداري والمالي. تأ ير -6

 

 .أهداف البحث1.1

إن الينندف الننرئيس مننن ىننذا البحننث ىننو: تطننوير نظننام مقتننرح لمييكننل التنظيمنني لإدارة مشنناريع إنشننائية متعننددة, يمكننن مننن خلالننو السننيطرة 
 :مايأتيتحقي  و  تنفيذ ىذه المشاريععمى 

 حدوث تغييرات م ناا التنفيذ مما يسبب زيادة كمفة المشروع ووقتو.في التصاميم تؤدي الى تجنب حدوث تعديلات  -1
 تجنب مشاكل الإحالة عمى المقاولين التي تسبب تردي جودة الأعمال وتأخر إنجاز المشاريع. -2
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 السيطرة عمى كمفة ووقت وجودة المشاريع م ناا التنفيذ. -3
 تخصصيم الوظيفي. تخصص الأفراد العاممين في المشاريع بنوع معين من النشاط يلائم -4
 في المشاريع. تحسين الاتصال والتنسي  بين معضاا فر  العمل -5
 .سيطرة كاممة عمى كل جانب من جوانب المشروع -6
 تخفيف حمل المسؤولية القانونية عن لجان الإشراف والسيطرة عمى قضايا الفساد الإداري والمالي. -7

 

 مية لإدارة المشاريع الإنشائيةالهياكل التنظي.1

التنظيم مفيوم عام يعني وضع كل شي في مكانو وكل شخص في مكانو وربط الأشياا ببعضيا, والأشخاص ببعضيا البعض من  لكممة
عممينة ترتيننب العلاقنات بننين وظننائف المنظمنة وواجبننات كنل منيننا وتحدينند مجنل تكننوين وحندة متكاممننة الفاعمينة. حيننث يعننرف التنظنيم بأنننو  

يو الإطار ف الييكل التنظيميمما  .(Maylor-1990)ت بين الأفراد العاممين في الوحدة التنظيميةالإختصاصات والمسؤوليات والإتصالا
الرسننمي مو اليرمنني الوظننائفي, حيننث يننتم تجميننع الأنشننطة المتشننابية فنني وحنندات وتجميننع الوحنندات فنني اكبننر وىكننذا حتننى يكننون ىننناك 

المناصننب الإداريننة  :لية, فالييكننل التنظيمنني يوضنند بمجننرد النظننرشننخص واحنند فنني قمننة اليننرم الننوظيفي تتركننز فنني يننده السننمطة والمسننؤو 
 .(2008-)محمدرنطا  الإشراف لكل مدي, خطوط الإتصالات, التسمسل الرئاسي, عدد المستويات الإدارية,المختمفة

 . أنواع الهياكل التنظيمية1.1

 :(Albert-2006) اليياكل التنظيمية منواع رئيسية من ىناك  لا ة
  Funactional Organization Structure الوظيفي نظيميالييكل الت -1
   Pure Project Organization structure الييكل التنظيمي النموذجي مو المشروعي -2
                Matrix Organization Structure ىيكل تنظيم المصفوفة -3

 . الهيكل التنظيمي الوظيفي1.1.1

الرئيسنة والوحندات الفرعينة المرتبطنة بينا ضنمن الييكنل التنظيمني عمنى مسناس الوظنائف المطمنوب  ويتم بموجبو تقسيم الوحندات التنظيمينة
فني ظنل ىنذا الننوع ينتم تجمينع الأنشنطة والأعمنال طبقنا لطبيعنة . محمند(-2006ل )القيام بيا إعتماداً عمنى مبندم التخصنص وتقسنيم العمن

ت تنظيمينة رئيسنة لينا  نم تقسنم ىنذه الوحندات إلنى وحندات فرعينو تقنوم كنل العمل في المشنروع ويمنزم تحديند الوظنائف الرئيسنة وبنناا وحندا
 الهيكل التنظيمي الوظيفي. (1) بين الشكل(2008-)محمد. ة منيا بوظيفة فرعية تندرج تحت الوظيفة الرئيس

 .الهيكل التنظيمي النموذجي1.1.1

ستقمة عن المنظمة الأم بحيث يتم إستخدام نفنس المنوارد والمصنادر يتم المجوا إلى ىذا التنظيم عندما يتم معاممة القسم الوظيفي كوحدة م
. يعتمنند ىننذا التنظننيم عمننى إن كننل مشننروع وحننده مسننتقمة بننذاتيا ليننا منندير مشننروع مسننؤول (2010-)صننويص المسننتخدمة فنني المنظمننة

معننو فرينن  عمننل يننتم إختينناره مننن مسننؤولية كاممننة عننن المشننروع مننن حيننث النتننائت والربحيننة وتنتينني مسننؤوليتيو ب نتينناا المشننروع ويعمننل 
 (2)يبييين الشييكل  .(2008-)محمنند الإدارات الوظيفيننة الفنيننة المتخصصننة طبقننا لإحتياجننات المشننروع )مننالي, إداري, كيربننائي ....النن (

 أو المشروعي. الهيكل التنظيمي النموذجي
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 .هيكل تنظيم المصفوفة2.1.1

ىنذا الأسنموب التنظيمني فني مبسنط مشنكالو . إن (2010-)صنويص نظيمني النوظيفيىو مزيت من الييكل التنظيمي النموذجي والييكنل الت
مفصولة عن بعضيا البعض, ويكون تدف  المعمومات رمسيا ومفقيا ويحتاج إلى تعيين مدير المشنروع لكني يكنون محفنزا  يجعل كل الأقسام

حيننث تحتننل المجموعننات . ( James-1996 ) التأكنند مننن تحقينن  مىننداف المشننروع والتنسنني  بننين العدينند مننن المجموعننات رئيسننا فنني
الوظيفية موقعيا تحنت إشنراف المندير العنام مو المندير التنفينذي وبنذلك تكنون المسنؤولية بالإتجناه العمنودي متعمقنة بالاختصناص النوظيفي 

-2006) لتنظننيميعتبننر مننن محنندث مشننكال او  فنني حننين إن المسننؤولية بالاتجنناه الأفقنني تكننون متعمقننة بمجموعننة المشنناريع بصننورة مسننتقمة
 هيكل تنظيم المصفوفة. (3)يبين الشكل  .محمد(

 

 .إختيار الهيكل التنظيمي الملائم لممشاريع2.2
 :(2010-)صويص يمكن تحديد الييكل التنظيمي لممشروع بشكل عام عن طري  إتباع الخطوات التالية

 تعريف مىداف المشروع وتحديدىا. -1
 وتحديدىا. تعريف الميام الأساسية المتعمقة بكل ىدف -2
 تحديد الأقسام الوظيفية المسؤولة عن القيام بميام المشروع وذلك بالرجوع إلى المنظمة الأم ومعرفة الأقسام الموجودة فييا. -3
 تحديد فري  العمل الذي سيعمل في المشروع. -4
 تحديد مي قضايا خاصة تتعم  بالمشروع م ل الحاجة إلى تقنية معينة. -5
ختيار الييكل الذي يلائم المشروع مك ر من ميره اع اليياكل التنظيميةانو تحديد إيجابيات وسمبيات  -6  .وا 

 

 ناء فريق المشروع.ب3
عمنى  الخاصنةٌ ووجينات النظنرٌ لمعمنل معنا نوعنة منن الأفنراد ٌكنلٌ لنو الأىندافىنو عممينة التنأ ير عمنى مجموعنة مت المشنروع  بناا فرين

لعمل في زيادة التماسك وفعالية وحدة العمل الوظيفي داخنل المنظمنة. وتكمنن تكمن مىداف بناا فري  ا .(7)ىنحو فعال لصالد المشروع
سنتخدام  جيود بناا الفري  في إنجاز الميام, حنل المشناكلٌ توضنيد الأىندافٌ تحديند الأولويناتٌ تخطنيط الأنشنطةٌ تخصنيص المينام وا 

كنل منن ل ة وفر  التصميم وفر  الإنشاا وميرىنا رمنم منيتكون فري  المنظمة من فر  متعددة م ل فر  الإدار  (6) الموارد عمى نحو فعال
وتوحيند  متداخمنة في بيئنة التقاربىذه الفر   تمتمك المتنوعة وتنفيذىا لوظيفة مختمفةٌ لكن يجب منخبراتيا الخاصة و  الفر  مىدافيا ىذه

منن الأىمينة الفنر ٌ و عندد و  لنظر عن حجمبغض االعمل الجماعي البناا و  ولا بد من مواصمة .لمجيود المبذولة لتحقي  مىداف المشروع
 .(Garold-2000) مىداف المشروع عمى والتركيز النيائية لإتخاذ القرارات رئيس واحد يرمس ىذه الفر وجود 

 

 الإشراف الميداني.4
و جننزا منننو العقنند مل عننن الإشننراف عمننى تنفيننذ إن جينناز الإشننراف ىننو فرينن  العمننل المعننين رسننمياً مننن قبننل صنناحب العمننلٌ وىننو المسننؤو 

  (2009-دليل إجرااات الإشراف) و ويكون عمى محد الأشكال الآتيةضمن حدود الصلاحيات المخولة ل
 .)تنفيذ مباشر( جياز إشراف مباشر من الإدارة اليندسية لصاحب العمل -1
  جياز إشراف مقيم مكون من ميندسين وفنيين من مختمف التخصصات يتبع صاحب العمل.  -2
  ود ضابط اتصال من الإدارة اليندسية لدى صاحب العمل.مكتب استشاري مع وج -3



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

 

5 
 

 :(1982-مينستا) ومن بين الواجبات الميمة التي يتضمنيا ىذا النشاط ما يمي
 تنسي  نشاطات المقاولين. -1
 مراجعة جداول المقاولين الزمنية والتأكد من تقيدىم بيا.  -2
 . بانجاز العمل إقتراح مساليب التنفيذ بغرض الإسراع -3
 توصيات الخاصة بدفع مبالغ تقدم العمل لممقاولين. وضع ال -4
 حضور وعقد الإجتماعات التنسيقية في موقع العمل.  -5
 إجراا التفتيش الكامل في المواعيد المناسبة. -6
 التأكد من الحصول عمى خرائط الموقع والمراف  كما تم إنشاؤىا.  -7
 مدنية والكيربائية والميكانيكية. التأكد من التنفيذ وف  بنود شروط المقاولة لأعمال اليندسة ال -8
 وضع التوصيات الأولية حول موامر التغيير. -9

 

 السيطرة عمى المشاريع الإنشائية.5
صندار التقنارير التحميمينة الضنرورية لكافنة  تتضمن السيطرة  عمنى المشنروع الإنشنائي عممينات قيناس الأداا والفحنص والمراقبنة والتعنديل وا 

التحكم . حيث إنو عمى مدير المشروع وفريقو متابعة ىذه العمميات بشكل دائم وذلك من مجل مى اتم وجوع نواحي العمل من مجل إنجازه
إذ يمكن مواجية ىذه الإنحرافات عن طري  إتخاذ إجرااات تصحيحيو مناسبة لإعادة العمل إلى ما كنان  ىداف,في مي انحرافات عن الأ

-)احسنان عمى المشاريع الإنشائية بشكل خاص تنتم منن خنلال المحناور التالينة لذا فان معمال السيطرة .(2010-)صويص عميو مساسا
1989): 

: تتم من خلاليا تسجيل كافة المصاريف المالية والمبالغ الفعمية التي تستنفذىا كل فعالية منن Cost Control السيطرة عمى الكمفة -1
 فعاليات المشروع ومقارنتيا مع المبالغ المخمنة ليا. 

: تتم خلاليا متابعنة المندة الفعمينة لكنل فعالينة وتسنجيميا ومقارنتينا إزاا المنيناج الزمنني المعند Time Control الوقت السيطرة عمى -2
 مسبقاً.

: تنتم خلالينا مراقبنة المواصنفات الفنينة لمعمنل المنجنز ومقارنتينا منع المواصنفات المطموبنة Quality Controlالسيطرة عمى الجودة  -3
 نية  لممشروع.والم بتة في الو ائ  الف

 :(2008-)حوا وتوضد طبيعة العلاقة والترابط بين ىذه العوامل كما يأتي
 إن تقميص المدة سيؤدي إلى زيادة الكمفة بالإضافة إلى التأ ير السمبي عمى الجودة. -1
 خفض الكمفة يؤدي إلى التأخير في البرنامت الزمني كما إن لو تأ ير سمبي عمى الجودة. -2
قد لا يؤدي إلى إرجاع المشروع إلى البرنامت الزمني وضمن الميزانية وعادة ما يؤدي إلنى جنودة مينر ملائمنة خفض معايير الجودة  -3

 مو مير مستوفية لممواصفات.
 

 الدراسة الميدانية.6
بدراسنة الييكنل  لأجل مقارنة اليياكل التنظيمية والتنظيم الوظيفي في العرا  وخارجو قام الباحث ب جراا حالتين دراسيتين, الأولى مختصة

. كنان اليندف منن الدراسنة تحمينل واقنع ت مجنبينةالتنظيمي والتنظنيم النوظيفي لواحندة منن مؤسسنات قطناع التشنييد العراقينة والأخنرى لشنركا
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يجنناد نقنناط الضننعف فنني التنظننيم المتبننع فنني مؤسسننات قطنناع التشننييد العراقيننة والعمننل مننن مجننل التغمننب عمييننا ببننناا نظننام مقتننرح  الحننال وا 
 .من وضع ىيكل تنظيمي وتنظيم وظيفي يلائم مؤسسات قطاع التشييد العراقيةيتض
 حالة دراسية لواحدة من مؤسسات التشييد العراقية.1.6

مجريت ىذه الدراسة في قسم الشؤون اليندسية التابع لأحدى الجامعات العراقية الفتية والتي تم ل نموذجا اختير لأجل تسميط الضوا عمى 
: الأوليى, ة عمنى منرحمتينلإدارة تنفيذ المشاريع الانشائية في مؤسسات قطناع التشنييد العراقينة. حينث تنم إجنراا ىنذه الدراسنالطر  المتبعة 

وكيفينة توزينع فنر  الإشنراف عمنى المشناريع ومينام  2011دراسة الييكل التنظيمي والتنظيم الوظيفي المتبع لقسم الشؤون اليندسية لسننة  
: دراسة المشاريع المنجزة لمجامعة خلال المدة التي قامت فييا الجامعة الثانيةلجامعة وبيان سمبيات ىذا التنظيم.القسم في تنفيذ مشاريع ا

 ببناا مدينة جامعية جديدة تشمل عمى عدد من مباني الكميات والأقسام الداخمية والبنى التحتية والمراف  الأخرى لممدينة
 

 ة العقود الحكوميةوشعب هيكمية قسم الشؤون الهندسية.1.1.6
منع  عندة وحندات تتكنون مننيتكون الييكل التنظيمي لقسم الشنؤون اليندسنية منن مندير القسنم ومعاوننو ومكتنب رئنيس القسنم و نلاث شنعب 

ىي: وحندة المتابعنة, وحندة الإسنت مار, وحندة وحدات  تتكون شعبة العقود الحكومية من خمسو  . (4)وكما مبين في الشكل بعض المجان
 .ت, وحدة الإرشيف ووحدة الإستيرادالتعاقدا

 

 فرق الإشراف المكونة لقسم الشؤون الهندسية.2.1.6

من عدد من الميندسين بمختمف الاختصاصات وعدد من مراقبي العمل وعدد من الإداريين 2011في سنة يتكون قسم الشؤون اليندسية 
كيمينناوي, و خمسننة  1معمنناري,  2مننواد,  2كيربنناا,  3يننك, ميكان 4منندني,  8ميننندس منننيم  20. حيننث يتكننون القسننم مننن والمحاسننبيين

 مراقبي عمل, و مربعة إداريين و  لاث محاسبيين.
لبنننى التحتيننة لممدينننة سننام الداخميننة وامشننروع متوسننط الحجننم تشننمل مبنناني الكميننات والأق 16لإشننراف عمننى تنفيننذ حيننث قامننت ىننذه الفننر  با

 يرة منفذة بأسموب التنفيذ ممانة.افة الى الإشراف عمى تنفيذ تسعة مشاريع صغبأسموب المقاول العام, بالإض تنفذالجامعية ,

 سمبيمت التنظيم المتبع في قسم الشؤون الهندسية.2.1.3

فيو توصل الباحث  نالمعايشة الميدانية والمقابلات الشخصية لمميندسيشراف عمى المشاريع في ىذا القسم و دراسة التنظيم المتبع  للإ بعد
 الآتية:ل الملاحظات إلى تسجي

 إن شكل الييكل التنظيمي المتبع في ىذه المؤسسة ىو مزيت من الييكل التنظيمي الوظيفي والييكل التنظيمي النموذجي.  -1
 .مشروعيتولى بعض الميندسين رئاسة الإشراف عمى مك ر من و  .ىناك عدد من المشاريع يوجد فييا عنصر واحد عمى الإشراف -2
 ف عمى المشاريع بشكل لا يتناسب مع الإختصاص الوظيفي بسبب قمة فر  القسم.تم توزيع فري  الإشرا -3
 كتابية.تتحمل المجنة المشرفة اممب الأعمال الإدارية وال -4
  .مممب المشاريع لا يتوفر فييا ميندسي الإختصاص المشرفين عمى الأعمال الجزئية  -5
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ممنا ينؤدي إلنى ضنعف فني  ,اسنة القسنم والسنياقات المعمنول بيناسيتغيير مندير الشنؤون اليندسنية بنين مندة ومخنرى, ينؤدي إلنى تغينر  -6
 الارتباط بين الفر  والمدير.

 .شعور الفري  المشرف بالولاا لإداراتيم  والإىتمام بالأمور الإدارية وليس لممشروع ككل -7
ن المفننتش العننام وميرىننا التنني ولجننا قننوم بيننا الإدارة العمينناعننزوف الميندسننين عننن العمننل بسننبب التشنندد والإجننرااات التدقيقيننة التنني ت -8

 .للإتيام تجعل الميندس عرضة
 الإشراف.لفر   ياالإدارة العممن قبل والمادي قمة وضعف الدعم المعنوي  -9

 دراسة وتحميل المشاريع المنجزة.3.1.3

أسنموب المقنناول . نفنذت ىننذه المشناريع بع ضنمن خطنة بننناا المديننة الجامعينةإ نني عشنر مشننرو  2011منجنزت ىنذه المؤسسنة لنيايننة سننة 
العام, حيث تمت دراسة مبنرز المشناكل التني تنؤدي إلنى الزينادة فني كمفنة المشناريع ومنددىا الزمنينة والعوامنل التني تنؤدي إلنى الإخفنا  فني 

وجنند مننن خننلال دراسننة تنفيننذ ىننذه المشنناريع وبعنند الإطننلاع عمننى ممفننات المشنناريع والمقننابلات  . حيننثلممشننروع تحقينن  الجننودة المطموبننة
وجند  كمنا ية لمعديد من الميندسين إن مسباب  ك يرة تؤدي إلى العديد من المشاكل وعرقمة سير عمل المشاريع بالدرجة المطموبة,الشخص

دارة بيا الإجرااات المتبعنو فني الإالباحث عدة عوامل مشتركو تؤدي إلى مشاكل فنية ومالية ووقتية تسببيا الإدارات والمقاولين وميضا تسب
ؤدي عممية نقص البيانات م ناا مرحمة تخطيط المشروع إلى ظيور العديد من المشاكل التصنميمية التني تنؤدي بالتنالي إلنى حيث ت يا,العم

وجد في اممنب المشناريع العديند منن الأخطناا التصنميمية التني تنؤدي إلنى حصنول العديند منن التغيينرات م نناا و زيادة مدة وكمفة المشروع, 
التني مالبنا منا  فني مرحمنة الإحالنة التنزام الندائرة بالإحالنة إلنى موطنأ العطنااات, و لى زيادة كمفة المشنروع ومدتنوالتنفيذ والتي تؤدي بالتالي ا

 رحمنة التنفينذ بسنبب إنخفناض مسنعارتكون مقل من الكمفة التخمينية لممشنروع بك ينر, ممنا ينؤدي ىنذا إلنى تنأخر المشنروع منده طويمنة فني م
ولزينادة المندة ميضنا مسنباب ك نرة تعنود , كمفة المشروع م ناا التنفيذ ىي التغييرات الحاصنمة بالأعمنال إن سبب زيادة ,المشاريع فقراتتنفيذ 

الإجرااات الروتينية من قبل الإدارة العميا  لأسباب خارجة عن ارادة مطراف العقد ومخرى تعود لممقاول ومخرى بسببليذه التغيرات ومخرى 
ت فني الجنودة فتعنود النى تنوفير المقناول لعمنال مينر مناىرين ومينر كفنوئين  بسنبب إنخفناض ممنا مسنباب وجنود بعنض الإخفاقنا, والوسطى

حينث تصنل , ا منن البناطن إلنى مقناولين  نانويينكما لاحظ الباحث إن من مىم مسباب تمكؤ المشاريع ىو إحالة المقاولة كمي, سعر الفقرات
ىننذا بنندوره يننؤ ر سننمبا عمننى العمننل ويننؤدي إلننى دخننول المشننروع فنني الغرامننات المقاولننة إلننى المقنناول ال ننانوي بمبمننغ اقننل مننن المتعاقنند عميننو و 

 التأخيرية والإخفاقات النوعية. 
 حالات دراسية لبعض الشركات الأجنبية.2.6

ي بعنض الشنركات الأجنبينة والتني تقنوم بالإشنراف عمنى تنفينذ مشناريع إنشنائية متعنددة فن لميياكل التنظيمية التي تسنخدميا تم إجراا دراسة
ممنا بقينة الشنركات فيني مقناول رئيسني يشنرف عمنى   صناحب عمنلالبريطانينة  (نينت ورك رينلشنركة ) آن واحد. واحدة من ىذه الشركات

, تننم التوصننل ليننذه البيانننات عننن طرينن  المقننابلات معمننال المقنناول ال ننانوي, وتننم الإسننتفادة مننن سننموكو فنني الإشننراف عمننى تنفيننذ المشنناريع
 ن الذين يشغمون مناصب رفيعة في ىذه الشركات.الشخصية مع بعض الميندسي
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  البريطانية(Net work Rail).شركة1.1.3

الحدينند يضننم  بتنفيننذ مشننروع ضننخم لسننكك 2009فنني سنننة السننكك الحديديننة لمقطننارات فنني بريطانيننة الخاصننة باعمننال تقننوم ىننذه الشننركة 
 التي تقسم إلى مربعة مشاريع رئيسة ىي:منطقتي ويمز وويسترن و 

   Crossrail Surface Worksمعمال كروسريل  مشروع -1
 Reading Station Area Redevelopment (RSAR)مشروع إعادة تطوير محطات ريدينغ  -2
 Western Integrationمشروع تكامل المنطقة الغربية  -3
 Electric Trainsمشروع القطارات الكيربائية  -4

ختمفنة لتطنوير سننكك الحديند وتحسنين الأداا ورفننع مسنتوى الإنتناج وتسننريع يضنم المشنروع الواحنند عندة مشناريع فرعيننة مكوننة منن معمننال م
, وكان الفري  الفعمي لشركة بكتنل شاريع بطريقة الإدارة الإنشائيةالأمريكية لإدارة الم. قامت ىذه الشركة بالتعاقد مع شركة بكتل القطارات

فرين , قامنت شنركة بكتنل بوضنع  392المكوننة منن   ومينةالشنركة الحكفرين  بمختمنف الإختصاصنات بالإضنافة إلنى فنر   95مكون من 
بطريقنننة ىيكنننل تنظنننيم  الاربعنننة المجنننزاة النننى مشننناريع صنننغيرة والمحالنننة النننى عننندد كبينننر منننن المقننناولين اليياكنننل التنظيمينننة لإدارة المشننناريع

 المصفوفة حيث يخضع كل عضو من فر  الإشراف إلى سمطة المدير الوظيفي وسمطة مدير المشروع.
 شركة تارماش التركية.2.62.

ب سننتحداث مشننروع إنشنناا مائننة وسننت وعشننرون مدرسننة فنني المحافظننات الجنوبيننة وقنند قامننت  2011فنني سنننة  قامننت وزارة التربيننة العراقيننة
ب حالننة ىننذا المشننروع عمننى وزارة الصننناعة والمعننادن والتنني بنندورىا محالننت ىننذا المشننروع عمننى الشننركة التركيننة تارمنناش الإنشننائية كمقنناول 

مشنروع  صنغير الحجنم )مدرسنة( موزعنة فني منناط  متفرقنة ومتباعندة فني محافظنة ذي  126يتكون مشروع مدارس الجننوب منن  انوي. 
قامت شركة تارماش ب حالة بعض ىذه المشاريع عمى عدد من المقناولين ال نانويين والنبعض  قار وعدد قميل في المحافظات المجاورة ليا.

تنفيذ المباشر, وقامت ىذه الشنركة بفنتد مكتنب لينا فني محافظنة ذي قنار, مديننة الناصنرية النذي يعتبنر ىنو الآخر قامت بتنفيذه بأسموب ال
قسنم الإدارة  و القسنم الفنني و قسنم التخطنيط و مقر الشركة لإدارة ىذه المشاريع, وقامت بتنظيم ىيكمية لممكتب مكونة منن: مندير المكتنب

ووضنع . اريعينع المشناريع إلنى قطاعنات حسنب المنطقنة التني تضنم مجموعنة متقاربنة منن المشنقام المكتب بتوز . قسم التنفيذ و والحسابات
يرمس مجموعة من الميندسين الذين يدعون بميندسي المواقع يختمف عددىم حسب القطاعات, يتنولى  المكتب عمى إدارة كل قطاع مدير

ومراقنب عمنل لكنل . شنروع حسنب المسنافات بنين ىنذه المشناريعميندسو المواقع المكونين لمقطاع الواحند ميمنة الإشنراف عمنى مك نر منن م
 .إن نوع الييكل التنظيمي الذي إستخدمتو ىذه الشركة ىو ىيكل تنظيمي وظيفي .لكل قطاعمشروع وميندس كيرباا 

 
 

 شزكح هحادَي الأردًُح2.2.32

سنرير عمنى إحندى الشنركات  400عن مستشنفى قامت وزارة الصحة العراقية ب حالة خمسة مشاريع إنشائية ضخمة كل مشروع ىو عبارة 
وكنننان مسنننموب الإحالنننة بطرينننة   1/7/2009الإنشنننائية التركينننة ) شنننركة يونيفرسنننل مجارسنننن( والتننني باشنننرت بتنفينننذ ىنننذه المشننناريع بتننناري  

 التصميم/التنفيذ. 
قامت الشركة المنفذة بالتعاقد مع شركة محادين الأردنية للإستشارات اليندسية لغرض الإشراف عمنى تنفينذ ىنذه المشناريع ووضنع الحمنول 
الإستشارية لممشاكل المتوقعة م ناا التنفيذ, فقامت شركة محادين بتوزيع فر  الإشراف الخاصة بيا عمى ىذه المشاريع الخمسة مع وضع 

ريين بمختمننف الاختصاصننات لفننر  بالمكتننب الننرئيس لمشننركة فنني  بغننداد الننذي يتكننون مننن مجموعننة مننن الميندسننين الاستشنناارتبنناط ليننذه ا
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إن شكل الييكل التنظيمي المستخدم للإشراف ىو ىيكل تنظيمي نموذجي مو مشروعي حيث تقنوم شنركة محنادين بتنوفير فرين  . اليندسية
المشنناريع  وع لكننل موقننع. يتكننون فرينن  إشننراف شننركة محننادين داخننل الموقننع لأحنندعمننل كامننل مننن مختمننف الإختصاصننات مننع منندير مشننر 

ميندس معماري, ميندس إنشائي, ميندس سيطرة نوعية, مينندس مسناحة, مينندس كيربناا, مينندس ميكانينك,  نلاث مراقبني : الخمسة من
 محاسبيعمل بمختمف الإختصاصات, موظف إداري, موظف 

 

   الهيكل التنظيمي المقترح.7 
متيننا لأنننواع المشنناريع الكبيننرة والمتوسننطة والصننغيرة الحجننم, وبعنند تحميننل النمنناذج ئدراسننة ملابعنند دراسننة منننواع اليياكننل التنظيميننة وبعنند  

يع الإنشنائية المعمول بيا في الحنالات الدراسنية, قنام الباحنث بتطنوير ننوع مقتنرح منن اليياكنل التنظيمينة لإدارة فنر  الإشنراف عمنى المشنار 
 الهيكيييييييل التنظيميييييييي الميييييييرنينننننننتم فينننننننو الإىتمنننننننام بالتخصنننننننص النننننننوظيفي بدرجنننننننة عالينننننننة, ومطمننننننن  عمينننننننو الباحنننننننث اسنننننننم  ,ةالمتعننننننندد

Organizational Structure lexiblef. 
 يجمع بين مزايا الييكل التنظيمي النموذجي وىيكل تنظيم المصفوفة وسمي بالمرن من حيث:وىو  

 ممشناريع الإنشنائية ودرجنة تعقيندىاد الفر  المكونة للإشراف حسب نوع الأعمال المكوننة لمرونتو لعدو  ملائمتو لممشاريع بجميع محجاميا
تفاصيييل الهيكييل التنظيمييي  (5)ويوضييا الشييكل ملائمتنة لعنندد كننل فرقننة مننن فننر  الإشننراف المتننوفرة سننواا كانننت قميمننة مو ك ينرة العنندد. و 

 المرن
 

 شائيةملائمة الهيكل التنظيمي المرن لحجم المشاريع الإن.1.1

حجننم المؤسسننة  :لا توجند معادلننة رياضننية لحسنناب العنندد المطمننوب تنوفره مننن الفننر  المشننرفة عمننى المشنناريع بنل يعتمنند ىننذا التوزيننع عمننى
 ,الموقنع الجعرافني لممشناريع, نوعينة المشناريع ,عندد وحجنم الأنشنطة المكوننة لممشناريع ودرجنة تعقيندىا, عدد المشناريع المتنوفرة, الإنشائية
لننذا فننان المسننتطيلات المبينننة فنني شننكل الييكننل . قنندرة الشننخص المرشنند للإشننرافو  متراكمننة لمشننخص المسننؤول عننن التخطننيطالخبننرة ال

التنظيمي المرن تم ل عدد كنل فرقنة حينث إننو فني المشناريع الكبينرة جندا يوضنع فني  كنل مشنروع عضنو مو مك نر منن كنل فرين  فيصنبد 
مما المشاريع المتوسطة الحجنم فنيمكن من يكنون لكنل مندير مشناريع مشنروعين .شروع كادر الإشراف مكون من عدد كبير يلائم حجم الم

مو مك نر تقننع تحننت إدارتننو حسننب حجننم ىننذه المشنناريع, وكننذلك يكننون لكننل مشننروعين مو مك ننر ميننندس موقننع  ومراقننب عمننل لكننل مشننروع 
لك الحنال منع مينندس الميكانينك ومينندس وميندس مسناحة لكنل عندد منن المشناريع ومينندس كيربناا لكنل عندد منن المشناريع ميضنا وكنذ

سنتلام الأعمنال, وكنذلك منع بقينة الفنر   السيطرة عمى التخطيط والتصميم والتغييرات وميندس السيطرة النوعينة ومينندس المسند الكمني وا 
يتطمبنو المشنروع  الأخرى م ل مسؤول المشتريات, عضو الأعمال الإدارية والكتابية, عضو الأعمال المالية والمحاسبية ومي عضنو آخنر

ممننا فنني المشنناريع الإنشننائية الصننغيرة فيكننون العنندد المطمننوب للإشننراف مقننل بك يننر, حيننث  .م ننل الميننندس المعمنناري مو مسننؤول السننلامة
يمكنن من يكننون لمجموعننة مشناريع صننغيرة منندير مشناريع واحنند وميننندس موقنع لكننل عنندد معنين مننن ىننذه المشناريع بالإضننافة إلننى مراقننب 

وميضا ممكن من يكون لكل المشاريع الصغيرة ميندس مسناحة واحند ومينندس كيربناا واحند وكنذلك الحنال  ,ين مو مك رشروععمل لكل م
سنتلام  مع ميندس الميكانيك وميندس السيطرة عمنى التخطنيط والتصنميم والتغيينرات ومينندس السنيطرة النوعينة ومينندس المسند الكمني وا 

سنؤول المشنتريات, عضنو الأعمنال الإدارينة والكتابينة, عضنو الأعمنال المالينة والمحاسنبية الأعمال وكذلك مع بقينة الفنر  الأخنرى م نل م
ومي عضو آخر يتطمبو المشروع م ل الميندس المعمناري مو مسنؤول السنلامة, يمكنن من يزيند مو يننقص عندد الأشنخاص المكوننة لمفنر  

 حسب حجم المشاريع وطبيعة الأعمال المكونة ليا ودرجة تعقيدىا.
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 الهيكل التنظيمي المرن لمقر المؤسسة الإنشائية.1.1 
إن ىنذا الييكننل التنظيمنني لتنفينذ مشنناريع إنشننائية متعنددة يقننود إلننى رسنم ىيكننل تنظيمنني خناص بالوظننائف داخننل مقنر المؤسسننة الإنشننائية  

الإنشننائية داخميننا والميننام الننذي يمكننن مننن خلالننو الخننروج بييكننل تنظيمنني متكامننل مننن حيننث الوظننائف المركزيننة لمفننر  المكونننة لممؤسسننة 
الخاصنة بننالفر  المشنرفة عمننى المشنناريع الإنشنائية خارجيننا. حيننث سنتتكون المؤسسننة مننن رئنيس المؤسسننة ومكتننب رئنيس المؤسسننة, وعنندة 

ة يتنرمس كنل شنعب شعب ىي: شنعبة التخطنيط والتصنميم, شنعبة العقنود والمتابعنة, شنعبة الادارة والحسنابات, شنعبة التنفينذ وشنعبة السنيطرة.
 .(6) وكما موضا في الشكل .مسؤول الشعبة وتنطوي تحت كل شعبة عدة فر  يترمس كل فري  رئيس الفري 

 

 حول الهيكل التنظيمي المرنت ملاحظا.3.7
 كالآتي: تكون لممشروع الواحد داخل المكتب الحقميمستويات العمل  -1

نينننك, مينننندس السنننيطرة عمنننى التخطنننيط والتصنننميم والتغيينننرات, مينننندس الكيربننناا, مينننندس الميكامينننندس المسننناحة, مولا: مينننندس الموقنننع, 
سننتلام الأعمننال وميننرىم  حسننب حاجننة المشننروع م ننل الميننندس المعمنناري يرتبطننون  ميننندس السننيطرة النوعيننة, ميننندس المسنند الكمنني وا 

 بعلاقات جانبية مع بعضيم مي لا سمطة لأحدىم عمى الآخر بل يكون العمل كفري  واحد مع تعدد الرؤساا.
 تحت إدارتو. مباشرة مع ميندس الموقع مي يعملبعلاقة  ونالعمل يرتبط يمراقبفري   انيا: 

  ال ا: فري  المشتريات, فري  الإدارة والأعمال الكتابية والفري  المالي والمحاسبي يعممون بمسنتوى واحند ويخضنعون لإدارة مندير المشنروع
 ورئيس الفري .

كتنب الحقمني ويقنوم بحفنظ كافنة مبية يقوم بكافة الأعمنال الإدارينة والكتابينة المتعمقنة بكنل الميندسنين فني الرابعا: فري  الإرة والأعمال الكتا
 الاعمال الكتابية المتعمقة بالمشروع والخاصة بعمل مي عضو في المشروع.

سنننتلام الأعمنننال بخصنننوص الأعمنننال المال ينننة والحسنننابية المتعمقنننة خامسنننا: الفريننن  المنننالي والمحاسنننبي يعمنننل منننع فريننن  المسننند الكمننني وا 
 بالمشروع.

مفيننوم واحنند لواحنند )النافننذة الواحنندة(: يعتبننر ىننذا المفيننوم مننن مىننم مبننادئ إدارة المشنناريع الإنشننائية, وىننو يقضنني بحصننر توجيننو  -2
و لو يخ مدير المشروع مو منإلى المقاول, ىذا الشخص ىو  تعميماتالو  وامرالأيحرر ع, المقاول ليكون عبر شخص واحد فقط  في الموق

 .ميندس الموقعمدير المشروع بالنط  نيابة عنو الذي يكون مالبا 
إن علاقة العمل بين معضاا المكتب الحقمي يجب من تكون تعاونية و ينبغي التنسي  بين الميندسين في المكتنب الحقمني  ومن  -3

ن وفنني حننال تحفننظ احنندىم  يحيننل المشننكمة لا يصنندر مننن ىننو مخننول مننن منندير المشننروع مي ممننر لممقنناول إلا بعنند مناقشننة بقيننة الميندسنني
لرئيس الفري  الخاص بو الذي يناقشيا بدوره مع مدير المشروع  م تعود مرة اخرى الى ميندس الموقنع ليصندرىا إلنى مم نل المقناول وفني 

 خير.حال عدم التوصل إلى حل بين معضاا المكتب الحقمي مو بين رؤساا الفر  يكون رمي مدير المشروع ىو الحاسم والأ
الميننندس مننابين التواجنند النندائم والتواجنند الجزئنني فنني الموقننع: قنند يكننون مننن ميننر المجنندي فنني بعننض المشنناريع الإنشننائية تكميننف  -4

الميندسنين بالتواجنند النندائم فنني الموقننع كنأن يكننون المشننروع بسننيطا مننن الناحينة الإنشننائية. وليننذا ك يننرا مننا نجند ميننندس وحينند يشننغل ميمننة 
 روع في الوقت نفسو. الإشراف  لأك ر من مش

قنع فني ك ينر منن الأوقنات % من وقت المينندس تقريبنا وسيشنغمو ذلنك عنن التواجند فني المو 85تأخذ الأعمال الإدارية والمكتبية  -5
يعني إحتمالية وقوع المشاكل التنفيذية دون عممو في الوقت المناسب, ولما كانت الأمنور المكتبينة لا تتطمنب مي خبنرة وب مكنان الحرجة ما
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وليننذا السننبب تننم وضننع  ,(12) ي % منيننا مي موظننف عنناد70موظننف القيننام بيننا عمننى الوجننو الأكمننل, حيننث يمكننن من يضننطمع  ب  مي
 معضاا خاصين بالأعمال الإدارية والمكتبية داخل المشاريع في الييكل التنظيمي المرن.

لم ال يمكن تغيير فرقة السيطرة النوعية كلا مو يمكن في ىذا الييكل التنظيمي تبادل المسؤوليات بين الفر  دوريا: عمى سبيل ا -6
سنتلام  جزاا إلى فري  ميندسي الموقع مو بالعكس مو تغيير فري  السنيطرة عمنى التخطنيط والتصنميم والتغينرات إلنى فرين  المسند الكمني وا 

اكم الخبرات فني كنل الاختصاصنات الأعمال مو بالعكس مو تغيير رؤساا الفر  إلى مدراا لممشاريع مو بالعكس وىكذا, وىذا يؤدي إلى تر 
 لدى الفر  المشرفة.

في حالة تعدد فقرات إنشاا المشروع وزيادة تعقيده يمكن زينادة الإختصاصنات اللازمنة للإشنراف عمنى التنفينذ, حينث يمكنن من لا  -7
ميرىنا حسنب درجنة إدخال فري  ىندسي يختص بالإشراف عمى الأعمنال الصنحية مو فرين  يخنتص بالإشنراف عمنى الأعمنال الكيمياوينة و 

 تعقيد المشروع.
في حال كون الفري  الخاص بالإشراف عمى المشاريع قميل العدد مو مير كافي لأن يمن   الوظنائف المكوننة لمييكنل التنظيمني  -8

ين  المرن يمكن في ىذه الحالة دمت ميام بعض الفر  لتكون من واجبات فري  واحد, م لا دمت ميام فرين  ميندسني المواقنع منع مينام فر 
ستلام الأعمال وىكذا حيث يمكن دمت ميام  ميندسي السيطرة النوعية مو دمت ميام فري  السيطرة النوعية مع ميام فري  المسد الكمي وا 

  لاث فر  حسب ما تراه المؤسسة مناسبا.

 مميزات الهيكل التنظيمي المرن.4.7
 .يصمد لكافة المشاريع الإنشائية الصغيرة والمتوسطة والكبيرة الحجم -1
 ملائمتة لعدد الأعضاا المكونين لفر  الإشراف المتوفرة سواا كانت قميمة مو ك يرة العدد. -2
تتننندف  حينننث  يخضنننع مممنننب المنننوظفين فينننو إلنننى سنننمطة رئيسنننين فننني وقنننت واحننند )سنننمطة المننندير النننوظيفي وسنننمطة مننندير المشنننروع(. -3

 ع.داخل فري  المشرو المعمومات بسيولو وكفااة حيث إنيا تأتي راسيا ومفقيا 
 يتبادل فري  العمل عدة ممور ميمة كالمعرفة والخبرات المتنوعة.  -4
يتيد الفرصة لان يتخصص مجموعو من الأفراد في نوع معين من النشاط لتكون المشاكل التي تواجييم ذات طبيعة واحنده تسنتدعي  -5

 قدر محدد من المعرفة.
 .سيطرة كاممة عمى كل جانب من جوانب المشروع -6
 نسي  بين معضاا فر  العمل. يحسن الاتصال والت -7
 ,الولاا الأساس لممشروع بالإضافة الى الولاا للإدارة -8
 المشروع. يوفر المرونة التي تمكن الإدارة من الاستجابة السريعة لمتغيرات في نطا  -9

 .يوزع الييكل الوظائف بين الفر  بحيث يعمم كل شخص ميامو وصلاحياتو بشكل جيد -10
 يو المسؤولية عن مي خطا يحدث في المشروع. يتم تحديد الفرد الذي تقع عم -11
 .يمكن لأعضاا العمل بأك ر من مشروع وب ختصاص واحد -12
تخفيف العبا والمسؤولية القانونية عن كاىل معضاا الإشراف حينث يخضنع كنل شنخص منن ىنذه الأعضناا إلنى مسنؤولية محنددة  -13

 يمكنو السيطرة عمييا.
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ر  متعنددة ويخصننص ويحندد ميامينا, يمكنن مؤسسنات التشنييد منن السنيطرة عمننى إن العمنل بالييكنل التنظيمني المنرن النذي يضنع فن -14
من خلال النظنام الرقنابي النناتت عنن تعندد الفنر  حينث تكنون  الحاصل في ىذه المؤسسات وحصرىا, ظاىرة الفساد الإداري والمالي
 كل فرقة رقيبة عمى الأخرى.

 السيطرة عمى المشاريع في الهيكل التنظيمي المرن.5.7
 السيطرة عمى المشاريع في مرحمة التخطيط-1

إلنى وصنول  بياننات الدقيقنةإن المعمومات المتكاممة في مرحمة التخطيط لممشاريع تنؤدي إلنى تصناميم خالينة منن الأخطناا  حينث تنؤدي ال
تغيينرات م نناا التنفينذ  المعمومات الدقيقة لممصمم التي تؤدي إلى تصميم ناجد خالي من العيوب والنواقص النذي بندوره لا يحتناج إلنى مي

 تؤدي إلى زيادة في الكمفة والوقت لممشروع.
 لسيطرة عمى المشاريع في مرحمة التصميما-2

عنن طرين  المقناول النذي ينفنذ المشنروع  رين  فرين  التصنميم فني المؤسسنة مويتم تصميم المشناريع عنن طرين  مكتنب إستشناري مو عنن ط
 ى التصاميم من خلال واحدة من النقاط الآتية:بطريقة التصميم/ التنفيذ, وتتم السيطرة عم

 إحالة المشروع بطريقة التصميم/ التنفيذ وبذلك يتخمص صاحب العمل من كافة مطالبات المقاول لمزيادة بالكمفة والوقت. - أ
القضناا إحالة التصناميم عمنى مكتنب استشناري آخنر بعند التصنميم عنند احند المكاتنب الإستشنارية, لغنرض تحمينل التصنميم وتدقيقنو و  - ب

عمى المشاكل فيو التي تؤدي إلى زيادات في الكمفة والمندة, وتكنون نفقنات تحمينل التصناميم عمنى حسناب المكتنب الاستشناري الأول 
 )المصمم(.

ومعرفة مندى تطناب  الكمينات فني  بعضيا قيام فري  التصميم في الدائرة بالتحميل والتدقي  لكافة التصاميم ومعرفة مدى تطابقيا مع - ث
مراجعننة التصنناميم لمعرفننة منندى قابميتيننا ت مننع جنندول الكميننات فنني الكشننف المعنند مننن قبننل المكتننب الإستشنناري وكننذلك المخططننا
 وتلائميا مع متطمبات وظروف التنفيذ. لمتطبي 

 السيطرة عمى المشاريع في مرحمة الإحالة-3
 إعتبار الكمفة والمدة المخمنة حجر الأساس عند الإحالة. - أ
 اقرب لممبمغ التخميني لممشروع. ت المتنافسة تكون مبالغ عطاااتياشركات فقط من مجموع الشركاحصر التنافس بين  لاث  - ب
تجنب إحالة عدد من المشاريع عمى نفس الشركة لأن ىذا يؤدي إلنى عندم قندرة الشنركة الإدارينة والمالينة عمنى التنفينذ وبالتنالي يتنأخر  - ث

 تنفيذ ىذه المشاريع.
 مة التنفيذ:السيطرة عمى المشاريع في مرح-4

تقننع ميمننة السننيطرة عمننى محننددات المشنناريع, الكمفننة والوقننت والجننودة فنني مرحمننة التنفيننذ داخننل ىننذا الييكننل التنظيمنني ضننمن ميننام شننعبة 
السيطرة المكونة من فنر  السنيطرة المختمفنة: فرين  السنيطرة عمنى التخطنيط والتصنميم والتغيينرات, فرين  السنيطرة النوعينة و فرين  المسند 

ستلام الأعمال, حيث تتمخص ميام ىذه الفر  في السيطرة عمى محددات المشاريع الكمي و   (7في الشكل رقم )ا 
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 الإستنتاجات.8

ن إنخفاض السيطرة عمنى تنفينذ المشناريع يعنود مساسنا  -1 ضعف الييكل التنظيمي في مممب مؤسسات قطاع التشييد في العرا , وا 
ريع, إضنننافة إلنننى عنندم تأىينننل وتننندريب العننناممين بمننا يضنننمن منننواكبتيم لمتطنننور العممننني لضننعف الاىتمنننام بعممينننة تنظنننيم فننر  إدارة المشنننا

 المطموب لتنفيذ الفعاليات المختمفة في المشروع الإنشائي

بصورة عامة ٌىناك ضعف في عممية مدارة وتخطيط مشاريع التشييد والسيطرة عميينا )ضنعف دور الأقسنام الإدارينة كنالتخطيط  -.
متابعة  في السنيطرة عمنى المشناريع( تنؤدي إلنى تجناوز كمنف ومندد ىنذه المشناريع وكنذلك تولند إخفاقنات فني تحقين  والتصاميم والعقود وال

 . الجود

خطنوة متقدمنة لأننواع اليياكنل التنظيمينة وىنو  وفني كنل الأوقنات اريعالمش يعتبر الييكل التنظيمي المرن تنظيم مم ل يصمد لكل -3
فيو يجمع قدر الإمكان بين إيجابياتيا ويبتعد عنن سنمبياتيا ويحقن  التنظنيم النوظيفي الملائنم  الأخرى )الوظيفي والنموذجي والمصفوفي( 

لفننر  إدارة المشنناريع الإنشننائية التنني تيننتم ب ختصنناص محنندد وواجبننات معينننة تقمننل مننن الأعبنناا والمسننؤوليات عننن كاىننل الفننر  المشننرفة. 
 تلافي ظاىرة الفساد الإداري والمالي.يييأ الأرضية ل سيطرة كاممة عمى كل جانب من جوانب المشروع وكذلكويوفر 

 .التوصيات9

العراقيننة وذلننك بتبننني ا ع التشننييدعننادة بننناا الييكننل التنظيمنني لفننر  الإشننراف عمننى المشنناريع الإنشننائية فنني مؤسسننات قطننا يوصننى ب -1
  .الييكل التنظيمي المقترح كنظام متكامل لمؤسسات التشييد

عنننداد التشنننريعات القانونينننة لضنننمان التطبيننن  النننناجد لم -2 ييكنننل التنظيمننني المنننرن فننني مؤسسنننات قطننناع التشنننييد يوصنننى بتعنننديل وا 
 الملائمة لقيام صاحب العمل مو الجيات المسؤولة بتعديل ىيكميتيا التنظيمية.

م تحقين  بمنا يخندم مؤسسنات التشنييد لضمان التطبي  النناجد لمييكنل التنظيمني المقتنرح يوصنى ببنناا القندرات البشنرية فني عمنو  -3
 مىدافيا من خلال إعداد دورات تطويرية لرفع المستوى الإداري والفني.

دعم العاممين في المشاريع بكافة المجالات والإمكانيات وخاصة مجال التحفيز المادي من اجل خمن  جنو ملائنم لنجناح إدارتينا  -4
 .لممشاريع 

وذلك من خلال العقود المؤقتنة وتندفع النفقنات منن المبنالغ  فسد المجال ممام العديد من الميندسين لمعمل في مؤسسات التشييد, -5
 .المخصصة للإشراف عمى المشاريع لسد النقص الحاصل في الفر 

التركيز عمى إحالة المشاريع عمنى الشنركات المنفنذة بحندود الكمنف والمندد الم منى المقاربنة لمكمنف والمندد التخمينينة لتجننب زينادة  -6
 ية.مدة المشاريع والإخفاقات النوع

التأكيد عمى تنفيذ التصاميم لدى جيات استشارية ضميعة ب عمال التصميم مع التأكيد عمى تندقي  ىنذه التصناميم قبنل إعتمادىنا  -7
 .لتجنب التغييرات التي تحدث ا ناا التنفيذ والتي تؤدي الى زيادة في كمفة ووقت المشاريع بسبب الأخطاا التصميمية

قبننل الإدارات العميننا لممؤسسننات الإنشننائية فنني إصنندار الأوامننر الإداريننة الخاصننة بتنفيننذ  ينبغنني إعطنناا الصننلاحيات الكاممننة مننن -8
 .خيرات والمطالبات الحاصمة بسببياالمشاريع وخاصة الأوامر المتعمقة بالتغييرات وميرىا من المراسلات تلافيا لمتأ
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 (Dennis-2004)( ىيكل تنظيم المصفوفة3شكل )

 

 

 

 

 

 

 

 

 

 

 

 )الباحث(( الييكل التنظيمي لقسم الشؤون اليندسية4شكل )

مدٌر قسم الشؤون 

 الهندسٌة

 مكتة رئيس القسم

الإداريتذة الوح معاون مذيز القسم  

 شعبة المتابعة شعبت التنفيذ شعبت تخطيط المشاريع

وحذة الخطت ودراست 

الجذوى الفنيت والاقتصاديت 

 للمشاريع

لجان متابعة تنفٌذ 

 المشارٌع
 لجان الذرعات المخفٌة

لجان المدد الإضافٌة  وحدة التصمٌم

 والتسعٌر

 الوحدة الحسابٌة

دوائر المهندس 

 المقٌم

لاستلاملجان ا  
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هعاوى الوذَز 

 للظُطزج الٌىعُح

 هشزوع

n 

 هشزوع

1 

 هشزوع

2 

 هشزوع

3 

 فزَق ههٌذطٍ الوُكاًُك

 فزَق الوشتزَاخ

 

 فزَق ههٌذطٍ الكهزتاء

 فزَق هذَزٌ الوشارَع

كتاتُحعوا  الفزَق الادارَاخ والا  

 

اطثٍحوالٍ والوفزَق الال  

هي الوهٌذطُي   n  فزَق  

 فزَق ههٌذطٍ الوىاقع 

 رئُض الفزَق

والتغيرات طٍ الظُطزج علً التخطُط والتصوُنفزَق ههٌذ  

واطتلام الاعوا وظح الكوٍ فزَق ههٌذطٍ ال  

 n فزَق 

 رئُض الفزَق

 

 رئُض الفزَق

 

 رئُض الفزَق

 

 رئُض الفزَق

 

 رئُض الفزَق

 

 رئُض الفزَق

 

ههٌذطٍ الوظاححفزَق   

 فزَق هزاقثٍ العول

 رئُض الفزَق فزَق ههٌذطٍ الظُطزج الٌىعُح

 

 رئُض الفزَق

 

 رئُض الفزَق

 

[ ( الهيكل التنظيمي المرن للإشراف 5شكل )
 )الباحث( عمى تنفيذ مشاريع إنشائية متعددة
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 )الباحث(لمؤسسة الإنشائيةا مركزل المرن ( الييكل التنظيمي6شكل )

 

 هذَز الوكتة

 

 

رئُض الوؤطظح 

 الإًشائُح

 

 

شعثح التخطُط 

 والتصوُن   

(رئُض الشعثح)  

 

 فزَق التصوُن

فزَق التخطُط 

 ودراطح الجذوي

شعثح العقىد 

والوتاتعح     

(رئُض الشعثح)  

 

 فزَق الوتاتعح

فزَق 

 الوشتزَاخ

 فزَق التعاقذاخ

شعثح الادارج 

والحظاتاخ 

(ئُض الشعثحر)  

 

 

فزَق الوالُح 

الحظاتاخو  

فزَق الادارج 

 والاعوا  الكتاتُح

 شعثح الظُطزج 

(رئُض الشعثح)  

 

الظُطزج  فزَق

التخطُط علً 

 والتصوُن

 والتغييرات

فزَق الوظح 

واطتلام الكوٍ 

 الاعوا 

فزَق الظُطزج 

 الٌىعُح

فزَق هزاقثٍ 

 العول

فزَق  فزَق الكهزتاء

 الوظاحُي

شعثح التٌفُذ 

(رئُض الشعثح)  

 

فزَق ههٌذطٍ 

 الوىاقع

nفزَق   من 

 المهندسين

 فزَق الظلاهح

فزَق هذَزٌ  فزَق الوُكاًُك

 الوشارَع

 nفزَق 
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خطح إدارج 

 الوشزوع

أطاص الكلفح خط 

(الوىاسًح)  

خط أطاص الجذو  

 الشهٌٍ
 خط أطاص الجىدج

وضع الثزاهج  تقارَز الأداء

 الشهٌُح الخطُح
 تقارَز الأداء

 هخطط التثاَي تقارَز الأداء تحلُل التثاَي

خطط الإجزاءاخ  تحلُل التثاَي التٌثؤ

 الىقائُح والتصحُحُح

الإجزاءاخ 

تصحُحُحال  

تطثُق الإجزاءاخ  التٌثؤ

 الىقائُح والتصحُحُح

قائوح التغُُزاخ 

 الوظتحذثح

الإجزاءاخ 

 التصحُحُح

قائوح التغُُزاخ 

 الوظتحذثح

 

تحذَث تقذَزاخ 

 الكلفح

قائوح التغُُزاخ 

 الوظتحذثح

هزاجعح إصلاحاخ 

 العُىب

تحذَث خط أطاص 

(الوىاسًح)الكلفح   

تحذَث خط أطاص 

 الجذو  الشهٌٍ

تحذَث خط أطاص 

 الجىدج

تحذَث خطح إدارج 

 الوشزوع

في  تالانشائي ( خطواث السيطزة علي المشاريع7شكل )

)الباحث(مزحلت التنفيذ  
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 الميكانيكية لمخرسانةخواص الالبولي ايثيمين ذو الكثافة المرتفعة و المنخفضة عمى بعض تأثير 

 
 

 

 الخلاصة
ان تزايد استخدام المدائن البلاستيكية في مختمف جوانب الحياة العصرية اسفر عن توفر كم هائل من مخمفاتها وبما يؤثر        

الانسىان . لى ا كىان لابىد مىن ايجىاد حمىول لمعالجىة هى ت المخمفىات وبمىا يةىمن الاسىتفادة منهىا وك حىد  بشكل سمبي عمى  البيئىة و
 ه ت الحمول محاولة استخدامها الخمطة الخرسانية . 

و روم البىولي ايثيمىين  و الكثافىة المرتفعىة ثىخرسىانة حاويىة عمى  م لإنتىاجتم في ه ا البحث استخدام الفحوصات المختبرية       
( % كنسبة اسىتبدال جزئىي مىن حجىم الرمىل و لىو لمحصىول عمى  خرسىانة اخىف 15،  10،  5وقد استخدم بمقدار )المنخفةة 

وزناً و ات مقاومة انةغاط جيدة فةلًا عن فوائد اخرى مثل تحسين امكانية ةخ الخرسانة وتقميل سرعة فقدان الخرسانة لقابمية 
قابمة لامتصاص الماء والاستفادة ايةاً من هى ت المخمفىات الةىارة بشىكل ايجىابي يحقى  تشغيمها كون ان ه ا البوليمر مادة غير 

  الانسان عم  حد سواء . فوائد لمبيئة و
        ة ىىىىىىىمقاوم ة ,ىىىة , البولي ايثيمين  و الكثافة المنخفةىىىىىىة , البولي ايثيمين  و الكثافة المرتفعىىىىىىىالخرسان: ة ـــــالكممات الرئيسي

 . الكثافة  , نةغاطالا                   
Effect of high and low density polyethylene on some mechanical properties  

of concrete 
 

 

 

 

 

ABSTRACT 

      The increasing use of plastics in various aspects of modern life resulted in the availability of 

enormous amount of wastes, including a negative effect on the environment and humans. So it is 

necessary to find solutions to deal with these wastes and ensure to use them as solutions to use in 

concrete mix .         

       In this research the production of concrete containing high and low density polyethylene has 

been used by (5, 10, 15)% as a replacement of part of the volume of sand, so as to obtain concrete 

good compressive strength as well as other benefits such as improved possibility of pumping 

concrete and reduce the loss of concrete for workability polymer is a material that is non-absorbable 

of water . It is also intended to dispose of these wastes positively to achieve benefits to the 

environment and humans alike . 

 

Keywords : Concrete , High Density Polyethylene , Low Density Polyethylene ,Compressive                        

                   Strength , Density . 
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 المقدمة .1
خمىيط متىدرج مىىن الركىام مثىىل الحصى  والرمىل المترابطىىة حبيباتى  بواسىىطة  مكىون مىىنالخرسىانة  تعبيىر إنشىىائي      

كمىا يمكىن تسىمية الخرسىانة طبقىاً و مادة رابطة وه ت المواد الرابطة يمكن ان تكون مواد غير عةوية مثىل السىمنت 
سىىمنتية التىىي لنىىوع الحصىى  المسىىتخدم مثىىل  الخرسىىانة الخفيفىىة والثقيمىىة وعىىادة يطمىى  اسىىم الخرسىىانة عمىى  الخرسىىانة ال

 يدخل في تركيبها السمنت والركام والماء . 
تعتبىىىر الخرسىىىانة هىىىي المىىىادة الوحيىىىدة التىىىي يمكىىىن ان تفىىىي باحتياجىىىات الانشىىىاءات مىىىن الوحىىىدات السىىىكنية          

 الصغيرة والبسيطة ال  الهياكل الكبيرة والمعقدة ومىن المعىروف ان اسىتعمالات الخرسىانة لا تقتصىر عمى  المبىاني و
الري والصرف والموانئ وغير  لو ممىا  شاريعفي مك لو ما تمتد ال  انشاء السدود والطر  والجسور والمطارات و ان

لا يمكن حصرت وتعتبر صناعة الخرسانة وخاصة في المنشى ت الصىغيرة المحىدودة مىن اهىم العوامىل التىي ادت الى  
ار ىىىىىىىىىىىمىىة يمكىىن ان تسىىىتوعب وتخىىدم هىى ا الانتشانتشىىار الانشىىاء فىىىي مجىىال المبىىاني السىىىكنية حيىىث لا توجىىد مىىىادة بدي

العمراني الكبير ال ي يحدث في جميع انحاء العىالم ، الا ان مىادة الخرسىانة يمكىن ان تصىنع بمهىارات بسىيطة  مىن 
فىان العجينىة تتصىمب وتكتسىب قىوة لتشىكل كتمىة كالصىخرة ولهىا خصىائص  (Hydration)خلال التفاعىل الكيميىائي 

فىىىي  (w\c)تتحىىىدد بجىىىودة العجينىىىة السىىىمنتية المسىىىتخدمة ، وقىىىوة الخرسىىىانة تعتمىىىد عمىىى   نسىىىبة المىىىاء الىىى  السىىىمنت 
هىىام عمىى  مواصىىفاتها ، ولمحصىىول عمىى   تىى ثيرالعجينىىة ولكىىن معظىىم انىىواع الخمطىىات تحىىوي اةىىافات عديىىدة  ات 

واصىىىفات يجىىىب ان تسىىىتعمل الاةىىىافات المناسىىىبة فىىىي المكىىىان المناسىىىب ، ومىىىن المهىىىم معرفىىىة كىىىل الاثىىىار افةىىىل الم
يمكن ان تغير من سموو الخرسانة المطموبة وربما يكون ةرورياً تعديل اسموب الصب ليكون ملائماً  لأنهاالممكنة 

  . (1983( )ليفون ، ساكو ،1982،  و يوسف )الخمف لمصفات المميزة المطموبة
 
        تطور عمم وتكنولوجيا البوليمرات )المدائن(   .2

اشكال مختمفة يصعب  العصرية بصور و الحياةالمدائن في مختمف جوانب يتزايد استعمال منتجات       
خلائط  حصرها وتحديدها سواء بشكل مواد ومنتجات بلاستيكية او مطاطية او الياف تركيبية وصناعية و

واد التقميدية المعروفة ، وبدأت تحل تدريجياً محل ىىىىادن والمىىىىىى  المعىىىىىىص تتفو  كثيراً عمىىىىىىىبوليمرية  ات خصائ
الاثاث ، وفي الكثير من  الكثير من المواد في مجالات مختمفة مثل الممبس والسكن والنقل والتجهيزات المنزلية و

كانت المادة الاشارة الدالة عم  عصور التقدم في الحةارة اجزاء السيارات والطائرات والمعدات المختمفة ، وحيث 
مثل الحجر والقصدير والبرونز والحديد والفولا  ، فان الاعتقاد يسود  ب سمائهاالبشرية وكثيراً ما سميت العصور 

مقبمون عم  عصر المدائن ، وان عالم الغد ستغزو في  البوليمرات ومنتجاتها العديد من جوانب  ب ننافي العالم 
حياتنا وتمبي متطمبات التقدم ، مثل الكثير من العموم ، وكان لمطبيعة الفةل الاول في تطور البوليمرات 

المستعممة من قبل   "Natural Polymer"  )المدائن( ا  ان  من المعموم وجود العديد من البوليمرات الطبيعية
الانسان من  قرون عديدة مثل القطن والحرير والخشب والمطاط مما دفع العمماء قديماً ال  محاكاة الطبيعة 

 ومحاولة تقميد ودراسة ما هو موجود . 
 البولي ايثيمين  .3

  ر ــــالبوليم1.3
تعني  "mer"وتعني متعدد ، ومير  "poly"ان كممة البوليمر لاتينية الاصل وهي مركبة من مقطعين هما       

يعني متعدد الاجزاء ، ولغرض السهولة تستعمل كممة بوليمر بدلًا من متعدد   "polymer"الوحدة ، ل لو ال 
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وبوليمرية والتي تتكون عادة نتيجة لارتباط  الاجزاء . ان عمم البوليمرات يبحث عن المواد التي تكون جزيئاتها كبيرة
، فالوحدة  "Monomer"جزيئات صغيرة ببعةها كيميائياً ، وتدع  واحدة من ه ت الجزيئات الصغيرة بالمونومير 

البنائية الصغيرة لمبوليمر والمسماة بالمونومير يمكن ان تمثل بحمقة واحدة في سمسمة معدنية طويمة . فالجزيئة او 
ن الجزيئات الصغيرة والتي تنتج عن ارتباط كيميائي بين عدد كبير م  "Polymer chain"البوليمرية السمسمة 

عندئ    بالمونومرات مكونة السلاسل البوليمرية الطويمة، ويجوز ان تكون الجزيئة الناتجة متفرعة ويدع تسمي
 Repeating"لوحدات المتكررة ويشار عادة ال  عدد ا "Branched polymer"البوليمر بالبوليمر المتفرع 

units" في سمسمة واحدة ، بالمصطمح  او عدد الوحدات البنائية والتي هي في الواقع عدد المونومرات المتحدة
ولما كانت جزيئات البوليمر الواحد   Xnاو   Dpويرمز لها بى   "Degree of polymerization""درجة البممرة"

 Xn.او   Dpبمعدل درجة البممرة ويرمز بى عم درجة البممرة مرة ل لو يعبر غير متساوية جميعاً في درجة البم
وتكون في بعض الاحيان درجة البممرة واطئة ، وب لو يكون الوزن الجزيئي لمبوليمر واطئاً وتتراوح درجة البممرة ه ت 

 ( . 20 – 10بين )
 

  استعراض البحوث السابقة .4
ان التطور الصناعي والتكنولوجي يعتمد بشىكل كبيىر عمى  تقىدم المىواد ونتيجىة لهى ا التطىور الصىناعي الكبيىر      

البىدائل لممىواد  ات الاسىتخدامات الصىناعية المتعىددة  لإيجىادال ي شهدت العالم في كافىة المجىالات ظهىرت الحاجىة 
بصىىىورة عامىىىة و لىىىو  الىىىوزن والخىىىواصبحيىىىث تكىىىون تمىىىو البىىىدائل  ات مواصىىىفات جيىىىدة مىىىن حيىىىث الكمفىىىة وخفىىىة 

. ومىىن هىى ت البىىدائل هىىي المىىواد البلاسىىتيكية  (2011،  رفيــق،  ســعيد)لاسىىتخدامها فىىي التطبيقىىات الصىىناعية المتعىىددة 
 100ا يقىىىارب ىىىىىىىىىىالىى  ان وصىىل الىىى  م 1950 مميىىون طىىىن فىىي عىىىام 5التىىي زاد اسىىتهلاكها سىىىنوياً الىى  مىىىا يقىىارب 

غيىىر ةىىارة بالبيئىىة حتىى  بعىىد فتىىرة طويمىىة مىىن التعىىرض  واد البلاسىىتيكية تعىىدىىىىىىىىىىىان المو .  2001 ون طىىن فىىيىىىىىىىممي
لمظروف البيئية . فان عممية التحمل البطيئة لهى ت المىواد تتسىبب فىي مشىكمة الىتخمص مىن هى ت المخمفىات مىن جهىة 

وقىىد  اً لهىى ا الخطىىر البيئىىي .اسىىتخدام مخمفىىات هىى ت المىىواد فىىي الخرسىىانة يكىىون حىىلًا جيىىد فىىاننظىىر بيئيىىة . وبالتىىالي 
 . (Batayneh, et al, 2007) دام المخمفات البولميرية المعادة تدويرهاىىىىىىول استخىىىىىىىىىىىديدة حىىىىىىىوث عىىىىاجريت بح

ان اختيار الركام لمخرسانة العاديىة مهىم جىداً و لىو لان خىواص  (Kumar and Praksh,2006)بين الباحثان 
الكثافىة   اتحيث استخدمت المخمفات البلاسىتيكية و هىي البىولي ايثيمىين  تؤثر عم  اداء الخرسانةالركام المتنوعة 

و قىد لاحظىوا ان قىيم مقاومىة الانةىغاط اسىتبدال مىن الرمىل و السىمنت .  % كنسىبة ( 6,4,2) المرتفعة و بنسب 
لانةىىغاط زادت بمقىىدار لخىىواص الخرسىىانة , فىىان مقاومىىة ا ية تىىزداد باةىىافة المةىىافات المعدلىىةلمخمطىىات الخرسىىان

 بخمطات الخرسانة العادية .  % مقارنة20
فىي تمىو الدراسىة ثلاثىىىىىىىىىىىة انىواع مىن مخمفىات المىواد و  ( Batayneh et al., 2007 ) وقد اسىتخدم البىاحثون      

% 20تىم اسىتخدمهما كنسىبة اسىتبدال كحىد اعمى   . فالبلاستو و الزجاج اج , البلاستو و الخرسانة المعادةهي الزج
% مىىىن الركىىىام الخشىىىن . وقىىىد 20 أعمىىى كنسىىىبة اسىىىتبدال كحىىىىىىىىىىىىىىد  لنىىىاعم و اسىىىتخدمت الخرسىىىانة المعىىىادةمىىىن الركىىىام ا

الاسىتبدال الحجمىىي تتىىراوح مىىا  و نسىىب ³كغىىم/م 446الخرسىىانية بمحتىوى السىىمنت البورتلانىىدي فىي الخمطىىات اسىتخدم 
. و قىد بينىىت الدراسىة ان اعىىادة اسىتخدام مثىىل هى ت المىواد تحسىىن و بنجىاح خىىواص الخرسىانة مىىن  (% 20-5) بىين 

 مقاومة الانةغاط و الانثناء و الشد المباشر .

3 
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انىواع مىن المخمفىات البولميريىة مثىل , البىولي اسىتايرين  ( Rahman, et al., 2012) وقد استخدم البىاحثون     
(% كنسىبة اسىتبدال حجمىي مىن الحجىم الكمىي لمنمىو ج و قىد اظهىرت  40-10) و عم  نسب  و مطاط الاطارات

 . لنتائج ان ه ت المواد تقمل من مقاومة الانةغاط و الكثافة و امتصاص الماء و المسامية لمخرسانة

 المواد المستخدمة  .5
 السمنت  1.5
( المصنع من قبل شركة  Type Iاعتيادي )السمنت المستخدم في ه ا البحث هىىىىىىىىىىىىو سمنت بورتلاندي       

في مختبر الشركة العامة لمسمنت  ةل  الفحوصات الفيزيائية والكيمائي أجريتالماس للاستثمار الصناعي . و قد 
الفيزيائية و الكيمائية  ( عم  التوالي و يىىىىىىىلاحىظ ان الخىىىىىواص 2( و ) 1العراقية والنتائج موةحة في الجدولين ) 

 . ( 1984/  5بقة لممواصفة العراقية ) م. .ع /مطا
  

 الركام الناعم  2.5

تىىىىىم استخدام الركام الناعم ) الرمل ( مىن مقىالع منطقىة الاخيةىىىىىىر و تىىىىىىىم فحىص خواصىىىىىىى  الفيزيائيىىىىىىىة فىىىىىىىىي        
( كمىىا  1984/  45العراقيىىة القياسىىية ) م. .ع /تكنولوجيىىا وهىىو مطىىاب  لممواصىىفة المختبىىر الخرسىىانة التىىابع لمعهىىد 

 ( عم  التوالي . 4( و ) 3موةح بالجدول )
 الركام الخشن 3.5
ممم( و قد تم الحصول عمي  من منطقة النباعي. و تم فحص 14) ص  مكسر مقاس  الاسمي تم استخدام ح     

        تكنولوجيا وهو مطاب  لممواصفة العراقيىىىىىىىىة القياسيىىىىىىىىة الخواص  الفيزيائية في مختبر الخرسانة التابع لمعهد 
 ( عم  التوالي.6( و )5)كما موةح بالجدول (  1984/  45) م. .ع /

 المـــــــاء 4.5
 ث .تم استخدام ماء بغداد الصالح لمشرب في جميع الخمطات التجريبية في ه ا البح     
 الممدن المتفوق  5.5

وصمم  Flocrete PC 200 ))  والمعروف تجارياممدن متفو  عالي الاداء استخدم في ه ا البحث        
لجميع الخمطات  ةماء الخرسانة لاداء اكثر فعالية و به ا يعطي مقاومة عالية وانسيابيلتقميل محتوى  خصيصاً 

ان المحتوى الأمثل لمممدن المتفو  المستخدم في ه ا  .الخرسانية وب لو يحق  اعم  ديمومة و اداء لمخرسانة 
كغم من السمنت لجميع الخمطات التجريبية التي سوف يتم  كرها في فقرة خمطات  100لتر لكل  0.9البحث هي 
 .الخصائص التقنية لمممدن المتفو  المستخدم في ه ت الدراسة  (7) يوةح الجدولالخرسانة . 

 
 

 ن البولي ايثيمي 6.5
(% كنسىىىبة اسىىىتبدال  15,  10,  5) و المنخفةىىىة وبنسىىىبةاسىىىتخدم مثىىىروم البىىىولي ايثيمىىىين  و الكثافىىىة المرتفعىىىة      

بعىض  (8)و يوةىح الجىدول النباتيىة .  حجمي من الرمل . تم الحصىول عميى  مىن الشىركة العامىة لصىناعة الزيىوت 
 و المنخفةة. البولي ايثيمين  و الكثافة المرتفعة خواص
 الخمطات الخرسانية  7.5
            كي لمخرسانة ير خمطات تم تصميمها بموجب المعهد الام أربعة إل تم تقسيم التجارب المختبرية      

 (ACI 211 1R/91 )  ( 9) تفاصيل ه ت الخمطات تم عرةها بالجدول و مزجها و صبها و فحصها . و . 
 الخرسانية  طريقة خمط و صب و إنضاج النماذج  8.5
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ب لو يتم الحصول  و ASTM C-192-02)ة)ىىالمزج اليىىدوي بموجب المواصفىىة الأميركيب تمتعممية الخمط      
البولي ايثيمين  و الكثافة حيث تم خمط المواد التالية ) السمنت , الرمل , الحص  و ,كةسعم  خمطة خرسانية متما

المرتفعة ( ثم اةيف جزء من ماء الخمط ومع الاستمرار بالمزج عدة مرات وبعدها اةيف الممدن المتفو  و من 
دقائ  تقريبا حت  اصبحت المزجة الخرسانية  5ثم اةافة الجزء الاخير من الماء و استمرت عممية الخمط لمدة 

( ثانية لغرض رص  30-15بعدة طبقات و استعمال الهزاز لمدة ) لخرسانة امتجانسة تماماً , و بعدها تم وةع 
و لو لمنع  (Grease)القوالب لمتخمص مىىىىىىن الفقاعات الهوائية بعد ان تم  طلاء الجدران الداخمية لها بالدهان 

الصب تغط  القوالب وبعد الانتهاء من عممية  ةىىىىىىىىىىثم تم تعديل سطح الخرسان تصمبهاالتصا  الخرسانة بعد 
ساعة و بعدها يتم إخراج النما ج  24بغطاء من النايمون لمنع تبخر الماء من الخرسانة الطرية مع تركها لمدة 

( يوم . اما عن ابعاد النما ج المستخدمة فقد 60,  28,  7من القوالب و يتم وةعها بالماء لفترة إنةاج قدرها )
وفحص  الانةغاط( ممم لأجراء فحص مقاومة  100 × 100× 100) هانما ج مكعبة الشكل أبعادتم استخدام 

 الصوتية وفحص الكثافة .الموجات فو  
 الفحوصات غير الاتلافية  9.5

 فحص الكثافة  1.9.5
  . (274الدليل الاسترشادي المرجعي  ) متطمباتلمنما ج الخرسانية بموجب الكمية يجاد الكثافة إتم 
 فحص سرعة الذبذبات فوق الصوتية  9.5.

   ةىىىىىىىىىىىىريطانيىىىىىة البىىىىىىىىىىىىىىب المواصفىىىىىىبموجو تكنولوجيىىىىىا المختبر الخرسانة التابع لمعهد في  تم أجراء ه ا الفحص

(BS:1881part 203:1986)   .باستخدام جهاز (PUNDIT لقياس سرعة ال ب بات فو  الصوتية خلال )
د المجسات المستخدمة له ا ( ممم لمخمطات الخرسانية وكان ترد100×100×100) ب بعادمكعبة الشكل  نما ج
( ال ي Tكيموهرتز ( ويعتمد قياس سرعة ال ب بات فو  الصوتية في الخرسانة عم  قياس الزمن ) 55)  الجهاز

جة عالية من الدقة تقاس ( في الخرسانة ولغرض الحصول عم  در L) تستغرق  ال ب بات لعبور مسافة محددة
( وال  حد جزء من المميون من الثانية ويمكن التعبير PUNDITالمسافة بالمميمترات ويقاس الزمن بواسطة جهاز )

  -: ةالآتيعن السرعة بوحدات كيمومتر/ ثانية كما في المعادلة 

                                                                                                                   ( 1 )   
T

L  =   V 

 الفحوصات الاتلافية  10.5
 فحص مقاومة الانضغاط  5-10-1

و باسىىتعمال  ( BS1881:part116:1989اجىىري فحىىص مقاومىىة الانةىىغاط بموجىىب المواصىىفة البريطانيىىة)      
دام نمىا ج مكعبىة الشىكل ىىىىىىىىىىم استخىىىىىىوت.  كيمونيوتن( 2000و بسعة تحميل ) (   ELE Digital Testingجهاز )
( يىىىوم واخىىى  معىىىدل  60,  28,  7و تىىىم الفحىىىص ب عمىىىار)  ( ممىىىم لمخمطىىىات الخرسىىىانية100× 100×100) بابعىىىاد

 .ثلاث مكعبات 
 النتائج و مناقشتها  .6

 فحص مقاومة الانضغاط  1.6
تعد مقاومة الانةغاط من الخواص الرئيسية والمهمة لمخرسانة المتصمبة والتي من خلالها يمكن تقييم اغمب       

ومن النتائج التي تم الحصول عميها ان مقاومة الانةغاط تقل مع  .إنشائيةالخواص لتحديد صلاحيتها كمادة 
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        بالشكل و كما موةح  ( LDPE , HDPE) زيادة نسب الاستبدال الحجمي و لكلا نوعين البولي ايثيمين 
و  وه ا السموو يعود ال  انخفاض مقاومة انةغاط جزئيات البولي ايثيمين مقارنتاً مىىىىىىىع عجينىىىىىىىة السمنت ( 1) 

واخرون . يوةح   (Naik et al. 1996) طبيعة الركام الناعم و الخشن وه ا يشاب  ما توصل الي  الباحث 
و  و نتائج فحص مقاومة الانةغاط لمخرسانة الحاوية عم  البولي ايثيمين  و الكثافة المرتفعة  (10الجدول )

مقاومة الانةغاط لمخرسانة الحاوية عم  البولي ايثيمين  و الكثافة و بينت الدراسة ايةاً ان  .الكثافة المنخفةة
        بمقدار منخفةة ثيمين  و الكثافة المقاومة الانةغاط لمخرسانة الحاوية عم  البولي ايمن  أفةل المرتفعة

يعني ان ل  بمورية عالية نتيجة تجمع  لممنتجكثافة العاليىىىىىىىىىىىىة الو يعزى  لو ال  ( %  16.6,12.5,14.8) 
 . ( 2011) سعيد و رفيق ,  السلاسل البمورية و تراصها بشكل قريب جدا من بعةها  البعض

 لخرسانة فحص كثافة ا 2.6
تعتبر الكثافة من الخواص المهمة لمخرسانة لعلاقتها بالخواص الميكانيكية ومن ةمنها مقاومة الانةغاط      

يوةح نتائج فحص كثافة الخرسانة الحاوية عم  البولي  ( 11ول ) الجدوسرعة ال ب بات فو  الصوتية . 
ض كثافة الخرسانة الحاوية عم  البولي ايثيمين . يلاحظ انخفا و  و الكثافة المنخفةة ايثيمين  و الكثافة المرتفعة

زيادة نسب الاستبدال ل  المنخفةة مع الخرسانة الحاوية عم  البولي ايثيمين  و الكثافة  و و الكثافة المرتفعة 
 و الكثافة المرتفعة فمثلا ( % من حجم الرمل . و لو بسبب خفة وزن البولي ايثيمين 15،  10،  5وبمقدار)

( 3كغم /م 1630وهو اقل من كثافة الركام الناعم )الرمل( والبالغة ) 3( كغم/ م950 – 970) ثافت ال ي تبمغ ك
ومن النتائج وه ا بدورت يؤدي ال  تقميل في الاحمال الميتة لممنش  وبالتالي ادخال  لو في حسابات التصميم . 

تمتمو كثافة اعم  من العينات التي  المرتفعةالكثافة  البولي ايثيمين  وممكن ملاحظة ان العينات التي تحتوي 
و  لو لتاثير الكثافة لمبولي ايثيمين و  ( 2بالشكل ) المنخفةة كما موةح  البولي ايثيمين  و الكثافةتحتوي 

 ايةا لزيادة البمورية لمادة البولي ايثيمين .
 فحص سرعة الذبذبات فوق الصوتية   3.6

الصوتية هو احد الفحوصات غير الاتلافية التي يتم بواسطتها توقع بعض يعد فحص سرعة ال ب بات فو         
الخواص الفيزيائية لمخرسانة وك لو امكانية اعادة اجراء الفحوص لمنما ج نفسها في فترات زمنية متعاقبة . 

يوةح نتائج فحص سرعة ال ب بات فو  الصوتية لمخرسانة الحاوية عم  البولي ايثيمين  و  ( 12) الجدول 
 يلاحظ انخفاض سرعة ال ب بات فو  الصوتية لمخرسانة الحاوية عم  البولي.  و المنخفةة الكثافة المرتفعة

( % من حجم 15،  10،  5) مع زيادة نسب الاستبدال ل  وبمقدارو المنخفةة  و الكثافة المرتفعة  ايثيمين
افةل و  البولي ايثيمين  و الكثافة المرتفعةو ايةاً يمكن ملاحظة تصرف عينات الخرسانة الحاوية  الرمل .
المنخفةة و كما  البولي ايثيمين  و الكثافةا ا ما قورنت مع عينات الخرسانة الحاوية ( %  2.4,2.3,2بمقدار ) 

 حيث كمما زادت الكثافة كمما زادت السرعة . الأساسالمادة و  لو لت ثير كثافة  ( 3) بالشكل مبين 
   

 الاستنتاجات  .7
   -: إل النتائج ان زيادة نسبة ه ا البوليمر في الخمطة الخرسانية يؤدي  أظهرتقد 
مقاومىىة انةىىغاطية جيىىدة لكىىن لىىيس بقىىوة مقاومىىة الانةىىغاط لمخرسىىانة المرجعيىىة حيىىث كانىىت تتىىراوح بىىين  إعطىىاء-1
)           لمخرسانة الحاويىىىة عمىىىى  البولي ايثيمين  و الكثافىىىىة المرتفعىىىىىىة و تتراوح بين ( %   21.7,  20,  10)

 5)        لنسىب الاسىتبدال ( % لمخرسانة الحاوية عم  البولي ايثيمين  و الكثافة المنخفةة  33.3,  30,  25
 .يوم 60 ( % من حجم الرمل وبزمن انةاج15،  10، 

7 

8 



Journal of Engineering    Volume    20    August    -   2014 Number  8 
 

 

26 
 

خمطة خرسانية خفيفة الوزن حيث بمغت النسب المئوية لمكثافة الخرسانية الحاوية عم  البولي ايثيمين  إنتاج -2
لمخرسانة الحاوية عم  البولي ايثيمين  و الكثافة المرتفعة و تتراوح ( %  2.4,  1.4,  0.5 و الكثافة المرتفعة )

   لنسب الاستبدال وية عم  البولي ايثيمين  و الكثافة المنخفةة ( % لمخرسانة الحا 3.2,  2.3,  0.8بين ) 
 يوم . 60( % من حجم الرمل وبزمن انةاج 15،  10،  5)
انخفاض سرعة ال ب بات فو  الصوتية لمخرسانة الحاوية عم  البولي ايثيمين  و الكثافىة المرتفعىة حيىث تتىراوح  -3

( % لمخرسانة الحاويىة عمى  البىولي ايثيمىين  و  13.2,  11.3,  7.5و تتراوح  ) ( % 9.4،  7.5،  5.6بين )
 يوم . 60 إنةاج( % من حجم الرمل وبزمن 15،  10،  5لنسب الاستبدال ) الكثافة المنخفةة

 

 المصادر العربية  .8 
 ( لسنة 5المواصفة القياسية العراقية رقم )والسيطرة ، السمنت البورتلاندي" ، الجهاز المركزي لمتقييس 1984

 النوعية ، بغداد.
 ( لسنة 45المواصفة القياسية العراقية رقم )ركام المصادر الطبيعية المستعمل في الخرسانة والبناء 1984 ، ,

 .الجهاز المركزي لمتقييس والسيطرة النوعية ، بغداد
  مبة  , الجهاز , فحوص الخرسانة و طر  تعيين كثافة الرسانة المتص 274الدليل الاسترشادي المرجعي رقم

 .1992المركزي لمتقييس والسيطرة النوعية , 
 مسحو  الصدف  , مجمة  بدقائ  المدعم اثيمين البولي دراسة الخصائص الميكانيكية لمتراكبات , رفي  ,سعيد

 . 2011,  15, العدد 29الهندسة والتكنولوجيا , المجمد 
  1982التكنولوجية , الخمف , يوسف , تكنولوجيا الخرسانة , الجامعة. 
  1983,  1ليفون, ساكو, انشاء المباني  , مطبعة جامعة بغداد , ط . 
 

 صادر الاجنبية الم .9
 American Concrete Institute Committee 211.1R-91 ,Properties for Normal , 

Heavyweight and Mass Concrete ,Reported by ACI committee 211,   ACI 

Manual of Concrete Practice.  

 American Concrete Institute , Standard Practice for Making and Curing 

Concrete Test Specimens in the Laboratory, Annual Book of ASTM Standards 

C 192/C 192M -07 . 

 British Standards Institution. BS 1881,Part 203, 1983, Recommendations for 

measurements of velocity of ultrasonic pulses in concrete . 

 British Standards Institution. BS 1881,Part 116, 1989, Method for 

determination of compressive strength of concrete cubes" British standards 

institution . 

 Kumar , B.V. Kiran.,  and Prakash,P. ,2006, Use of Waste Plastics in Cement 

Concrete Pavement , PP. 1-6 . 

 Batayneh , Malek., Marie , Iqbal.,and Asi, Ibrahim.,2007, Use of selected 

waste materials in concrete mixes  , Waste Management 27 , PP. 1870–1876 . 

 Rahman , Md. Mostafizur., Islam, Md. Akhtarul., and Ahmed , ,Mainuddin., 

2012 , Recycling of Waste Polymeric Materials as a Partial Replacement for 

Aggregate in Concrete " , International Conference on Chemical, 

Environmental and Biological Sciences (ICCEBS'2012) , PP. 99-102 .  

9 
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 Naik et al., taken from Yadav,Ishwar Singh, 2008 , Laboratory Investigating 

Investigations of   the Properties of Concrete  Containing Recycled Plastic 

Aggregates  , M.Sc. Thesis, Thapar University , India  .  

 

 ( الخواص الفيزيائية لمسمنت1الجدول )

 
 ( الخواص الكيمائية لمسمنت2الجدول )

 ( 1984/  5حدود المواصفة العراقية) م.ق.ع / نتائج الفحص الخواص الفيزيائية
 

 / غم ²سم 2300لا تقل عن  3255 / غم ²( سم Blaineالنعومة ) بطريقة 

 زمن التماسك
 الابتدائي , ) دقيقة:الساعة (
 النهائي , ) دقيقة:الساعة (

 
2:10 
4:45 

 
 دقيقة 45يقل عن  لا

 ساعات 10لا يزيد عن 
 0.8لا تزيد عن  0.03 السلامة ) الثبات ( بطريقة المحمم ) % (

 مقاومة الانضغاط ) ميكا باسكال (
 أيام 3
 أيام 7

 
22.31 
28.61 

 
 ميكا باسكال 15لا يقل عن 
 ميكا باسكال 23لا يقل عن 

 المحتوى % الصيغة الكيميائية الكيمائيةالخواص 
 حدود المواصفة العراقية

 ( 1984/  5) م.ق.ع /
 

 - CaO 62.10 اوكسيد الكالسيوم ) % (
 - SiO2 20,12 اوكسيد السميكون ) % (
 - Al2O3 4,97 اوكسيد الالومنيوم ) % (
 - Fe2O3 3.35 اوكسيد الحديد ) % (
 الاملاح الكبريتية) % (

SO3 2.5 محتوى SO3 عندما تكون نسبة   )  2.8) % ( لا يزيد
C3A  5( اكثر من % 

 % 5لا يزيد عن  MgO 1.86 اوكسيد المغنسيوم ) % (

 % 1.5لا تزيد عن  I.R. 0.32 المواد القابمة لمذوبان ) % (
 % 4لا يزيد عن  L.O.I. 3.74 الفقدان بالحرق ) % (

 L.S.F. 0.94 0.66- 1.02 عامل الاشباع الجيري ) % (

 Bogue الرئيسية % بموجب  معادلات  المركبات

 54.52 ( C3Sسميكات ثلاثي الكالسيوم ) 
 16.64 ( C2Sسميكات ثنائي الكالسيوم ) 
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 ( خواص الركام الناعم 3الجدول )

 
 ( تدرج الركام الناعم 4الجدول )

مقاس فتحات الغربال           
 النسبة المئوية العابرة وزنا )ممم (

حدود المواصفة العراقية                
(  منطقة  1984/  45) م.ق.ع /

 ( 2التدرج رقم ) 
10 100 100 

4.75 92.39 90-100 
2.36 75.21 75-100 
1.18 59.24 55-90 
0.6 46.19 35-50 
0.3 10.16 8-30 
0.15 0.07 0-10 

 

 

 

 

 

 

 

 

 

 7.51 ( C3Aالومينات ثلاثي الكالسيوم ) 

 10.18 ( C4AFحديد الومينات رباعي الكالسيوم  ) 

 الخواص الفيزيائية
 

 نتائج الفحص
 

 حدود المواصفة العراقية
 ( 1984/  45) م.ق.ع /

 
 - 2.5 الوزن النوعي
 - 3.1 معامل النعومة
 - % 1 الامتصاص

 - ³كغم/م 1630 الكثافة الجافة المرصوصة 
 % 0.5لا تزيد عن  % 0.35 محتوى الأملاح الكبريتية
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 ( تدرج الركام الخشن 5الجدول ) 

 

 ( خواص الركام الخشن 6الجدول )

 

. لمممدن المتفوق المستخدم في البحث( الخصائص التقنية 7الجدول )
      

 خواص الممدن المتفوق المستخدم الخاصية الأساسية
 اصفر فاتح المون

 °C 25 @0.02±1.05 الكثافة النسبية

 °C 3- درجة الانجماد

 

 

 

 

 

 

 

 

مقاس فتحات الغربال        
 النسبة المئوية العابرة وزنا ) ممم (

 حدود المواصفة العراقية 
                    ( ممم  5/14) 

 ( 1984/ 45) م.ق.ع /
20 100 100 
14 94.5 90-100 
10 57.34 50-85 
5 0 0-10 

 الفيزيائيةالخواص 
 

 نتائج الفحص
 

 حدود المواصفة العراقية
 ( 1984/  45) م.ق.ع /

 
 - 2.65 الوزن النوعي
 - %0.5 الامتصاص

 - ³كغم/م1700 الكثافة الجافة المرصوصة 
 % 0.1لا تزيد عن  % 0.05 محتوى الأملاح الكبريتية
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 ( خواص البولي ايثيمين ذو الكثافة المرتفعة و المنخفضة. 8الجدول )
 

 HPED LPED لممنتجالخواص العامة 

 مقاومة الشد ) ميكا باسكال (
 مقاومة الانثناء ) ميكا باسكال (
 معامل المرونة ) كيكا باسكال (

 نسبة الاستطالة عند القطع ) % (
 ( ³الكثافة ) غم / سم

 
 

31 
40 

1.86 

100 
 (0.95-0.97 ) 

17 

14 
0.29 
500 

 (0.92- 0.94 )  
 

 

  

 المستخدمة .( تفاصيل الخمطات  9الجدول ) 
 

سيز 

 انخهطة
 انسًُث

 ³كغى/ و
 انحصً
 ³كغى/ و

 انشيم
 ³كغى/ و

انبىنٍ اَثُهٍُ رو انكثافة انًشجفعة    

 ) َسبة اسحبذال حجًٍ يٍ انشيم (

 انًاء

 ³/ ونحش

انًهذٌ 

 انًحفىق

 ³/ ونحش

 

w∕c 

R 485 748 820 0 0 182.4 4.365 0.37 

HDPE1 485 748 779 5% 0.025 182.4 4.365 0.37 

 HDPE 2 485 748 811.8 10% 0.05 182.4 4.365 0.37 

HDPE3 485 748 697 15% 0.075 182.4 4.365 0.37 

LDPE1 485 748 779 5% 0.025 182.4 4.365 0.37 

 LDPE 2 485 748 811.8 10% 0.05 182.4 4.365 0.37 

LDPE3 485 748 697 15% 0.075 182.4 4.365 0.37 
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 نتائج فحص مقاومة الانضغاط لمخرسانة الحاوية عمى البولي ايثيمين (  10الجدول ) 

 ( ²َُىجٍ/يهى)  يقاوية الاَضغاط

انبىنٍ اَثُهٍُ رو 

 انكثافة انًشجفعة
7 28 60 

0% 43.35 47 60 

5% 40 43 54 

10% 38 40 48 

15% 34 38.6 47 

انبىنٍ اَثُهٍُ رو 

 انكثافة انًُخفضة
7 28 60 

5% 28 31 45 

10% 25 28 42 

15% 21 26 40 

 

 فحص كثافة الخرسانة الحاوية عمى البولي ايثيمين ( نتائج 11الجدول )

 ( ³) كغى/و انكثافة

انبىنٍ اَثُهٍُ رو 

 انكثافة انًشجفعة
7 28 60 

0% 2450 2470 2480 

5% 2448 2460 2467 

10% 2430 2440 2445 

15% 2410 2415 2420 

انبىنٍ اَثُهٍُ رو 

 انكثافة انًُخفضة
7 28 60 

5% 2400 2442 2460 

10% 2370 2396 2421 

15% 2330 2380 2400 
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 ايثيمين نتائج فحص سرعة الذبذبات فوق الصوتية لمخرسانة الحاوية عمى البولي( 12الجدول )

 

 

 

 

 

 ( العلاقة بين نسب الاستبدال الحجمي لمبولي ايثيمين مع مقاومة الانضغاط1الشكل )

 

 ) كى/ثا ( سشعة انزبزبات فىق انصىجُة

انبىنٍ اَثُهٍُ رو 

 انًشجفعةانكثافة 
7 28 60 

0% 4.8 5.1 5.3 

5% 4.7 4.9 5 

10% 4.5 4.8 4.9 

15% 4.4 4.7 4.8 

انبىنٍ اَثُهٍُ رو 

 انكثافة انًُخفضة
7 28 60 

5% 4.6 4.7 4.9 

10% 4.4 4.6 4.7 

15% 4.3 4.5 4.6 
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 كثافة الخرسانة( العلاقة بين نسب الاستبدال الحجمي لمبولي ايثيمين مع 2الشكل )
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