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ABSTRACT 
The present research is concerned with experimental and analytical studies of pre-

stressed concrete spliced and non-spliced girder models. The test groups consisted of (16) 
girders of rectangular sections. Eight girders are spliced while the other eight are reference non 
- spliced girders. Each spliced girder is composed of three concrete segments connected by 
splices of ordinary reinforced concrete with hooked dowels different locations. The tested 
girders were of single span or continuous over intermediate supports. For single span girders 
two splices were used and post-tensioning was carried out for the full assembled girder. For 
the continuous girders pre-tensioned segments were connected by splices at quarter spans. 
Concentrated or uniformly distributed loads have been applied to the girders. The deflection 
was measured at mid-spans while the strain was measured at splice zones and at mid-spans. 

Nonlinear analysis of the girders was carried out using a modified computer program. 
A comparison among the experimental and the analytical results for spliced and non-spliced 
girders was carried out to study the effects of splicing for different girders. Results have 
shown that at about 50% of the ultimate load which is approximately corresponds to the 
serviceability limit state, the deflection of the spliced girders is greater than that of the 
reference non-spliced girders in the range of (10%-15%) and the ultimate loads for the non-
spliced girders are greater than those of the spliced girders in the range of (12%-17%).  
The difference in deflection between the Finite Element and the experimental results at 50% of 
the ultimate load was in the range of (8%-12%). Moreover, the difference in the ultimate load 
between the Finite Element and the experimental results was in the range of (5%-11%). 

 الخلاصة
. الختكلرة  خةق ع ةو خلةةلل ( خسةبه  الدةد)إهتم هذا البحث بالدراسة  الختتبرةة  لالريرةة  لارلااةد الترسةارة  الخسةبه  ا   ةاد 

ثخارةةةة  خر ةةةا ذام لةةةةنم لالثخارةةةة  . تضةةةخق البررةةةاخل الدخاةةةم عةةةدت خ ةةةاخةو دةةةخام سةةةت  عدةةةر رخلذ ةةةا  خسةةةت ةا  الخه ةةةو
ع ةةو ترسةةارة  خرتب ةة   الخدةةكا  تلةةةةن تتكةةلق خةةق ثةةنثكةةر رااةةدت خةةق الرلااةةد .  لغةةرا الخهاررةةالختبهةةة  بةةدلق لةةةنم 

. بلةةةنم ذام ترسةةةار  اعتةادةةة   خسةةةاح  بهضةةباق خدكلاةةة  لتتتاةةه اخةةةاكق ل رةهةة  هةةةذى اللةةةنم خةةةق رااةةدت الةةة  اتةةةر 
لترتكةع عاة   اضةا  لاحةد ي  ترتكةع عاة  خسةردةق  ةراةةق لاتةر  خسةتخرت ذام اكثةر خةق اضةا لترهسم هذى الة  رلااةد ذام 

يخةا الرلااةد  بدةد التلةةةر الة  عخاةة  اه  ةاد لتةم تدرةضة اتحتل  عا  لةةاتةق  الفضا  اللاحدالرلااد ذام . خسارد لس ة 
 .اتم تدكةا ا خق ع و خسبه  ال  دالخستخرت 

لهةد تةم .  ةلر الرااةدتال حخر خرتيم عاة   اضا ا حخار الخسا   عا  هذى الرلااد اخا اق تكلق احخار خركعت ام لس  كر 
 .عةاس ال  لر ام خرتةه  لر الراادت لكذلك تم عةاس ا رفدا م ام الخرتةه لام خر ه  اللةنم
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لهد تةم ا ةرا  خهاررة  بةةق الرتةاعل الدخاةة  لالريرةة   .تم تحاةر الرلااد  ت ةا باستتدام برراخل تم ا را  بدا التددةنم عاةه
خةةق الحخةةر ا عةةة  لالةةذ  ةهتةةري خةةق حخةةر حةةةات % 08لعةةد بةرةةم الرتةةاعل تحةةم تةة ثةر لا سةةلر الخلةةةلل  لاةةةر الخلةةةلل  

عخةةا هةةل اةةم ال سةةلر اةةةر الخلةةةلل  اخةةا %( 00-08)الخردةة  ا عتةادةةة  اق ال  ةةلر اةةم ال سةةلر الخلةةةلل  ةعةةةد برسةةب  
 (.%04-%01)الحخر ا عة  اةهر ام ال سلر الخلةلل  عخا هل ام اةر الخلةلل  برسب  

-0)خةق الحخةر ا عةة   اق الفةرن بةر خةا اةم ال  ةلر ةتةرال  برسةب  % 08م الرتةاعل الختتبرةة  لالريرةة  تحةم تة ثر لهد بةر
 %(.00-0)اخا بالرسب  لاحخر ا عة  اهد كاق الفرن برسب  %( 01

 

INTRODUCTION 

The difficulties in the construction of long span bridges under economical aspects of 

time and cost have given inspiration to engineers to use segmental and/or spliced girders. 

Splicing of pre-stressed precast segments can be carried out at inflection points. 

Usually at segment ends; dowels of ordinary rebar reinforcements are overlapped at splice 

zone prior to concrete casting at splice, Fig (1) . 

 

 

 

 

 

 

 

a) Mechanically Spliced Mild Reinforcement             b) Lap Spliced Mild Reinforcement 

 Figure (1) Cast in- Place Splice 

At each splice, a temporary support is usually used, Fig. (2). This construction 

procedure is useful in continuous girders of spans longer than the available lengths of pre-

stressed -precast girders produced in local factories.  

 

 

 

 

Figure (2) Temporary Support at Splice Zone. 
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SPLICING OF GIRDERS 

The splicing of girders is used to increase the span ranges for precast pre-stressed 

concrete girder bridges. A spliced girder is a precast pre-stressed concrete member usually 

obtained by connecting pre-stressed concrete segments to obtain the required length of the 

bridge girder. 

 

Splice Location 

The splice for any bridge is usually located at inflection points or as determined by the 

requirements for bridge span. However, other considerations are also significant in 

determining the splice location. These other considerations include: 

  Splice has lower stress limits since it generally has a lower concrete strength. 

  The only pre-stressing available at the splice may be provided by the post-

tensioning tendons if available. 

 The use of a longer center girder segment may significantly increase the cost of 

transportation and increases the size of crane or cranes required for handling and 

erection. 

 

Splice Width 

The width of the splice depends on the duct splicing method used and on other 

construction requirements. However, the width of the diaphragm at the splice may also be 

changed if the splice width is changed, which could affect the design. 

A typical splice width is 30 to 60 cm. Wider splices facilitate the placement and 

consolidation of concrete in the site, although the use of a diaphragm at the splice also assists 

in these processes. Wider splices, however, also require more field-placed concrete, and if they 

are cast with the deck, the placement of concrete in the larger splice and diaphragm may slow 

the progress of concrete placement in the deck. Wider splices also provide for more tolerance 

in the placement of the girders, which significantly affects the alignment and splicing of the 

ducts. 

 

Splice Reinforcement  

The reinforcement in the splice between girder segments is proportioned to satisfy the 

requirements for; 

 Stress limits for the splice at the service limit state 

 Shear in the splice 

 The reinforcement required to satisfy shear requirements to provide a significant 

portion of the shear resistance. The hooked dowels or the nominal reinforcement is 

provided across the shear interface. 

The reinforcement must be computed as part of the limiting tensile stress for the splice 

location.  An area of reinforcement is required that resists the full tensile force in the concrete 

at the splice at a working stress of 0.5 fy, where fy is taken as 414 MPa, neglecting the 

contribution of the post-tensioning tendons crossing the splice. 

The tensile force in the concrete is computed by determining the depth of tension zone 

at the bottom of the splice, which will be designated as x. This is accomplished using the 

absolute values of the computed stresses at the top and bottom of the splice. Therefore, x may 

be computed as (Castrodale and White 2004): 

  hfffx bottopbot  /
                                                      …(1) 
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Where: 

x is the depth of tension at the bottom of the splice. 

fbot is the absolute value of the computed stress at the bottom of the splice. 

ftop is the absolute value of the computed stress at the top of the splice. 

h is the depth of the girder. 

The tensile force, T, is then computed as the product of the average stress and the 

width of the bottom flange as: 

    xbfatensilearefT botbotaverage 2/
                                 …(2) 

Where: 

T is the tensile force. 

faverage is the average stress. 

bbot is the width of bottom flange of girder. 

The required area of reinforcement is computed by dividing this tensile force by the 

working stress of 0.5 fy to obtain: 

fyTAs 5.0/
                                                                           …(3) 

where As is the area of splice reinforcement. 

This area of reinforcement must be provided within the tension zone. The required 

length to develop a hooked bar must be computed. 

As required by LRPD(Castrodale and White 2004), stirrups shall be provided in the 

splice with a spacing not to exceed the least of the spacing in the adjacent girder segments. 

The same stirrup size and detailing should be used. 

The reinforcement in the splice should be detailed so that access to splicing the post-

tensioning ducts will not be significantly restricted. 

 

Duct Splicing Detail 

The detail for splicing of the duct should be obtained from a supplier. The length of the 

coupler and other duct splice details are important factors in determining the width of the 

splice. 

The ducts should extend approximately 7.5cm into the coupler, so they must project at 

least 15cm from the end of the girder segment, Fig. (3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) Schematic detail of duct splice[3] 

 

15cm 

20cm 

35cm 



Journal of Engineering Volume   15  December  2009       Number  4 
 

 

 7840 

SHEAR KEYS 

Shear keys are provided in some bridges as an added factor of safety at the splice 

location.  

 

 

TEST GIRDERS. 

In this study eight spliced girders have been tested divided into three main groups. The 

first two groups each contains three specimens, and the third group contains two specimens.  

 The first group includes girders B1, B4, and B7, each having 3 pre-tensioned segments 

that results in a 2m length over two spans (i.e. three supports). Each is subjected to a 

concentrated load P at mid-span. The girder cross-sections were rectangular having 

dimensions of 75mm in width and depth of 160mm for B1&B7 and 140mm for B4.  

The second group includes girders B2, B5, and B8 each having 3 reinforced concrete 

segments that results in a 4m length over one span (i.e. two supports) subjected to a uniform 

distributed load W over the entire span. The girder cross-section was rectangular having 

dimensions of (100mm) in width and total depth of (220 mm) for all girders. 

The third group includes girders B3, and B6 each is of 3 pre-tensioned segments 

resulting in a 6m length over three spans (i.e. four supports). Each is subjected to a uniform 

distributed load W over the entire span. The girder cross-section was rectangular having 

dimensions of (100mm) in width and total depth of (220 mm) for all girders. 

Figures (4, 5, and 6) shows the dimensions of the girders and reinforcement details 

with pre-stressing and ordinary steel. The details of cross – sectional dimensions , pre-

stressing reinforcement, and ordinary reinforcement for the test girders are described in Table 

(1).  

Eight  non-spliced girders have been tested and considered as a reference to the spliced 

girders. 

A special pre-stressing bed has been designed and fabricated for the following 

purposes: 

(i)    pre-tensioning of segments for girders B1, B4, B7, B3, and B6. 

(ii) post-tensioning of three assembled ordinary reinforced concrete segments to 

provide girders B2 and B8. 

(iii)  pre or post-tensioning of reference girders. 

The initial wire stress was 1000 MPa for all cases. 
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B1 (pre-stressed) 

 

B4 (pre-stressed) 

 

B7 (pre-stressed) 

 

Fig. (4) Dimensions and reinforcement details of Girders (B1, B4, and B7). 

 

 

 

 

B2 (post-tensioned) 

 

B5 (pre-tensioned) 

 

B8 (post-tensioned) 

 

Fig. (5) Dimensions and reinforcement details of Girders (B2, B5, and B8). 
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B3 (pre-stressed) 

 

 

B6 (ordinary) 

Fig. (6) Dimensions and reinforcement details of Girders (B3 and B6). 

 

Table (1) Dimensions and reinforcement details for the first three groups. 

Group 

No. 

Beam 

section 

(mm) 

Splicing 

method  

Pre-stressing  reinforcement  Ordinary reinforcement Type of 

load 

Stran

d No.  

(wire) 

Area 

(mm
2
) 

fpy 

MPa 
cf   

(MPa) 

Longitudinal reinforcement  Stirrup

s Top bottom 

fy            A 

MPa        mm
2
 

fy           A 

MPa     mm
2
 

fy 

MPa 

Dia 

mm 

G1 

B1 

75x160 

Pre-tensioning 

segments 

spliced by 

 ordinary R.C.  

splices 

1  
13 

1570 40 480 25 480 25 480 4 

Concentrat-

ed load 

B4 

75x140 

1 

13 

1570 40 480 25 480 25 480 4 

B7 

100x160 

2 

27 

1570 40 480 25 480 25 480 4 

G2 

B2 

100x220 

R. C. 

 segments 

spliced by 

 post-

tensioning 

2 
27 1570 40 480 25 480 25 480 4 

Uniform 

distributed 

load 

B5 

100x220 

2 

27 

1570 40 480 25 480 25 480 4 

B8 3 40 1570 40 480 25 480 25 480 4 

W kN/m 
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100x220 

 G3 

B3 

100x220 

Pre-tensioning 

segments 

spliced by 

 ordinary R.C.  

splices 

2 
27 1570 40 480 25 480 25 480 4 

Uniform 

distributed 

load 
B6 

100x220 

3 

27 

- 40 480 25 480 25 480 4 

fpy = proof yield tensile strength of pre-stressed steel 

 

Test Results 

Each spliced girder (Bi) has the same characteristics of the corresponding non-spliced 

girder (BiR).  

The load-deflection curves of spliced girders versus that of the non-spliced girders are 

shown in Figures (7 to 14). Deflection of the girders was measured at mid-span for each girder 

by using a dial gage with travel distance of (30 mm) and accuracy of (0.01mm). Since the 

girder specimens are of short span the camber value of all beams was insignificant 

experimentally.  

It is shown for different cases that the spliced girders have more deflection than that of 

the non-spliced girders. At about 50% of the ultimate load which corresponds to the 

serviceability limit state the deflection of the spliced girders is greater than that of the non-

spliced girders in the range of (10%-15%). The ultimate loads for the non-spliced girders are 

greater than those of the spliced girders in the range of (12%-17%). 
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Fig.(7) Girder B1 –B1R, Load – deflection variation at mid-span considering the splicing 

effect. 
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Fig.(8) Girder B4 –B4R, Load – deflection variation at mid-span considering the splicing 

effect. 
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Fig.(9) Girder B7 –B7R, Load – deflection variation at mid-span considering the splicing 

effect. 
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Fig.(10) Girder B2 –B2R, Load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(11) Girder B5 –B5R, Load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(12) Girder B8 –B8R, Load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(13) Girder B3 –B3R, Load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(14) Girder B6 –B6R, Load – deflection variation at mid-span considering the 

splicing effect. 
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Finite Element Analysis 

The finite element analysis was carried out using a modified computer program 

originally developed by Al-Sharabaaf (AL-Shaarbaf 1990).  

The  first group of girders (B1, B4, and B7) are each of two spans and 1m length for 

each span and have been analyzed using the finite element method for one half of the girder 

discretized into 56 quadratic brick elements. The second group of girders (B2R, B5R, and 

B8R) and the third group (B3 and B6) are analyzed by the finite element method by taking one 

quarter of each specimen with 32 and 48 brick elements respectively. Fine meshes were used 

at mid-span for each specimen. 

The longitudinal reinforcement and stirrups were simulated as embedded one 

dimensional elements into the brick elements and the pre-stressing tendons were idealized 

approximately as a series of pre-stressing steel segments each of which is straight and has 

initial tensioning force and a constant cross-sectional area along its length. 

 The finite element analysis has been carried out using the 27-point integration rule, with 

a force convergence tolerance of 1 %, following the modified Newton-Raphson method. 

The concentrated loads for girders (B1, B4, and B7) were modeled as line loads 

uniformly distributed across the width of the girder and the uniformly distributed load for the 

other girders was modeled as groups of line loads uniformly distributed across the width of the 

girder (lumping procedure). 

Table (2) shows the material properties, the adopted material parameters and the type of 

failure of these girders. The numerical load-deflection curves obtained for all girders are 

shown in Figs.( 15 to 22). The finite element results show good agreement with the 

experimental results. The deflection of these girders was less than that obtained for spliced 

girders. 

 

Table (2) Material properties and material parameters, and type of failure. 

* Concrete  Group 1 

(B1,B4, 

and B7) 

Group 2 

(B2,B5, 

and B8) 

Group 3 

(B3, and 

B6) 

Elastic modulus, Ec (MPa)* 33460 29725 29500 

Compressive strength, cf   

(MPa)* 

40 40 41 

Tensile strength, ft (Mpa)* 3.3 3.9 3.8 

Poisson's ratio, v 0.2 0.2 0.2 

Compressive strain at cf  * 0.0018 0.0018 0.0018 

Ultimate compressive strain* 0.0039 0.004 0.0041 

Cracking tensile strain* 0.002 0.002 0.0021 

          1 6 6 6 

          2 0.5 0.5 0.5 
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* Reinforcing steel     

Elastic modulus Es (MPa)  200000 200000 200000 

Yield stress, fy (MPa)* 480 480 480 

Ultimate strain 0.018 0.018 0.018 

Yield strain 0.0018 0.0018 0.0018 

* Pre-stressing steel    

Elastic modulus Es (MPa)  195000 195000 195000 

Yield point fy* 1570  1570  1570  

Ultimate strain 0.035 0.035 0.035 

Yield strain 0.002 0.002 0.002 

Poisson's ratio  0.3  0.3  0.3  

Type of failure    

 Crushing 

in concrete 

Crushing 

in concrete 

Crushing in 

concrete 

 measured by test 
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Fig.(15) Girder B1 –B1R: F.E.M. load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(16) Girder B2 –B2R: F.E.M. load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(17) Girder B3 –B3R: F.E.M. load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(18) Girder B4 –B4R: F.E.M. load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(19) Girder B5 –B5R: F.E.M. load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(20) Girder B6 –B6R: F.E.M. load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(21) Girder B7 –B7R: F.E.M. load – deflection variation at mid-span considering the 

splicing effect. 
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Fig.(22) Girder B8 –B8R: F.E.M. load – deflection variation at mid-span considering the 

splicing effect. 

 

Discussion of Results 

Table (5.6) summarizes the experimental and the finite element results for the spliced 

and non-spliced test girders. The table shows the deflection at 50% of the ultimate load for 

each girder which approximately corresponds to the serviceability limit state. Also given in the 

table is the ultimate load capacity for each girder. 

All the differences for the above two cases results are normalized with respect to the 

analytical (Finite Element) results for the corresponding non-spliced case. 
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Table (5.6) Summary of Experimental and Analytical Results for the Test Girders 

Girder 

No. 

Mid-span Deflection at 50% of the 

Ultimate Load (Normalized) 

Ultimate Load (Normalized) 

Non-Spliced 

(F.E.M.) 

Spliced* 

(F.E.M.) 

Non-Spliced* 

Experimental 

Spliced* 

Experimental 

B1 1.000 1.211 0.912 0.773 

B2 1.000 1.226 0.937 0.851 

B3 1.000 1.292 1.090 0.832 

B4 1.000 1.191 0.921 0.847 

B5 1.000 1.177 0.930 0.831 

B6 1.000 1.320 0.920 0.822 

B7 1.000 1.223 1.150 0.767 

B8 1.000 1.200 1.087 0.850 

*Normalized with respect to the Finite Element Result for non-spliced corresponding case. 

 

  CONCLUSIONS 

- The nonlinear finite element method presented in this study was shown to be capable of 

reproducing the experimental response of the spliced pre-stressed concrete girders. The 

isoparametric brick elements with embedded steel bars proved to be suitable for predicting 

the state of ultimate load and deflections with good accuracy. Generally, the differences with 

experimental values (in deflection or ultimate load) were in the range (8-12%) for the case of 

spliced and non-spliced girders. 

- The experimental results showed that at about 50% of the ultimate load which corresponds 

to the serviceability limit state the deflection of the spliced girders is greater than that of the 

non-spliced girders in the range of (10%-15%) and the ultimate load for the non-spliced 

girders is greater than that of the spliced girders in the range of (12%-17%). 

- The concept of lumping equivalent nodal forces used in the present study is capable to 

simulate the loads exerted by the pre-stressing tendon upon the girders. The contribution of 

the pre-stressing tendon stiffness to the element stiffness is found to have some effect on the 

analysis. 
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ABSTRACT 

              The present study reports the effect of temperature and liquid hourly space 

velocity (LHSV) on the cumene cracking reaction rate and selectivity by using a laboratory 

continuous flow unit with fixed bed reactor operating at atmospheric pressure. The 

prepared HX zeolite  was  made from Iraqi kaolin with good crystallinity .The activity and 

selectivity of prepared HX-zeolite was compared with standard HY zeolite and HX zeolite 

catalysts in the temperature range of 673-823K and  LHSV of 0.7-2.5 h
-1

. It was found that 

the cumene conversion increases with increasing temperature  and decreasing LHSV at 

823K and  LHSV of 0.7 h
-1

  the conversions 65.32, 42.88 and 59.42 mol% for HY, HX and 

prepared HX catalysts respectively and at LHSV of 2.5 h
-1

 and the same temperature the 

conversions decrease to 29.24, 12.53  and 22.89 mol%, respectively .It also found that the 

benzene yield increases with increasing temperature at  823K and  LHSV of 0.7 h
-1

 the 

benzene yields were  58.79, 38.56 and 54.56 mol% for HY zeolite , HX zeolite and 

prepared HX zeolite, respectively and the  selectivity  to benzene is nearly constant over 

the studied temperatures range. The kinetics of cumene cracking ( the kinetics parameters-

rate constant )and activation energy are used in this study to characterize differences 

between various catalysts. The reaction was found to be first order  with activation energy 

equal to 78.58  , 89.10  and 97.77  kJ/mol  for HY, prepared  HX  and  HX , respectively. 

 

 الخلاصة

تن ر تبحثثا الاسا ثثة الح لتثثة  تثثة تل رسرثثة الحثثلاسل ر الةثثلىة الللافتثثة ىلثثس ر ثثاي تل ىثث   ال  ةثثتل لل تثث ر 

 HX. الان ق ئتة ب   خاام رحال رلي ن رة مل رخ بلية تح  ي ىلس رل ى  ذر حش ل   ب ة ت مث  تحثا الطثال ال ث ي 

zeolite  تم رق سنة الل  لتة ر الان ق ئتة لث  .المحطل صنع رن ال ةرلتن ال لاقي ر يم لك نةبة تبل س رتالHX zeolite 

ك رلةلع  326-376ضمن راى رسر ت حلاسل   HX zeoliteر  HY zeoilteالمحطل  رع ى ار  رة ىال قت  تة 

   2.5- 7.7فلافتة 
-1 

رقا ل حظ زي ره تح ي ال ت رتن رع زي رل رسرة الحلاسل رنقص ن الةثلىة الللافتثة فثي رسرثة .

 ثث  0.7ك ر ثثلع فلافتثثة 326حثثلاسل 
-1

  HY   ,HXرثثن   ل ثث % رثث ي 32.02ر  02.27, 33.62كثث ن ال حثث ي  

 ث  2.3ىلس ال  الي ر بةثلىة فلافتثة   Prepared HXر
-1 

ر  12.36,  22.20كث ن ال حث ي   ر نلث  رسرثة الحثلاسل

ك ر ثلىة فلافتث   823ىلس ال  الي  ر كم  ل حظ ان  ن اتج البنزين تثزرار بزيث ره رسرثة الحثلاسل ىنثا رسرثة  22.32

 ث   0.7
-1 

ىلثس    Prepared HXر  HY   ,HXرثن   ل ث % رث ي  30.33ر 63.33, 33.72نث اتج البنثزين ك نثا 

رقا ل حظ ان ان ق ئت  البنثزين يثي تقليبث    ب ث  ىلثس رثاى رسرث ت الحثلاسل الماسر ثة ل  فث  ال  ارث  الةث ىال  .ال  الي 

ارثث  حلكتثثة ال ل ىثث  ل  ةثثتل ال تثث رتن ر  بثثا  ر ثثاي ال ل ىثث  رخ قثث  ال نشثثتل ا ثث خارا فثثي يثث ه الاسا ثثة . الماسر ثثة

رلقثثا لثث حظ بث ن ال ل ىثث  رثثن الملتبثث  الارلثثس رثثع خ قثث ت تنشثثتل . ارثث  المةثث ىال المخ للثث ل شثخت  الات لافثث ت بثثتن ال 

 .ىلس ال  الي   HXر  HY ,prepared HXر ي ل   رن  /كتل  ر ي 97.77ر  32.17, 78.58
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INTRODUCTION  

The cracking of pure hydrocarbon and in particularly the dealkylation of cumene 

can provide important method for investigation the nature of catalyst [Prater and 

Lago,1956]. The dealkylation of cumene has been recognized as suitable rapid method for 

screening catalysts as compared with the gas oil method because it is possible to analyze 

the reaction products with a gas chromatographic analysis rather than by distillation, 

effecting an appreciable saving in time [Nicholson D. E. ,1955]. 

Donald and Wojciechowski (1977a) studied the catalytic cracking of cumene and 

they observed over 60 reaction products and the selectivity behavior of the major ones has 

been examined. They used a fixed bed reactor charged with LaY zeolite catalyst. A total of 

67 compounds have been isolated in the reaction products. Twenty-eight of these have been 

found to be light hydrocarbons up to a boiling point of 80°C and include most isomers of 

C4, C5, and C6. The remaining fractions contain phenyl compounds, 29 of which have 

higher boiling points than dipropyl benzene and comprise less than 0.1% of the total 

products. 

Cumene dealkylation reaction on fresh catalyst had been reported to be promoted 

by Brö  ِ nsted acid sites [Tanabe K.,1970]. The high selectivity of the reaction over acid 

catalysts is related to the high proton affinity of the benzene ring and to the stability of the 

ejected carbonium ion [Peter A. J.,1977]. 

The catalytic cracking of cumene commences with chemisorption of cumene on a 

single active site. This is followed by splitting the molecules to propylene and benzene. 

The reverse reaction, the alkylation of benzene to cumene requires the adsorption of either 

benzene or propylene on an active site followed by a radical mechanism [Donald and 

Wojciechowski,1977b].  

The knowledge of the kinetics of the reaction at the active sites is of primary 

importance in determining the nature and the difference between catalytic action in 

heterogeneous catalysis [Prater and Lago,1956]. 

Haensel V.(1951) has used cumene as a test for cracking catalyst (silica-alumina) at 

a reaction temperature between 350-550
o
C and LHSV 5 h

-1 
in fixed bed reactor. He found 

that the yields of benzene are ranging from 5- 39 wt%, and found that the reaction is partly 

reversible in the lower temperature range. 

Plank and Nace (1955) studied the cumene cracking and coke formation over silica-

alumina at 800-1000 F
o
 (699.66-810.77 k) and 2-6 h

-1 
LHSV

 
in fixed bed reactor and found 

that when temperature increases the conversion of cumene increases, and decreases as 

LHSV increases. 

 Schwab and Sieb (1964) studied the catalytic activity and the activation energy in 

the cracking of cumene, and they found that the replacement of the Na ion by divalent 

cations Ca or Mg decreased the activation energy of 231 kJ/mole by a factor of 2. 

  Pansing and Malloy (1965) reported, the cracking rates which are inferred from the 

rate of appearance of propylene gas are thus liable to serious error; however rates 

determined from benzene appearance are more reliable. The value of activation energy 

obtained by Pansing and Malloy was 86.52 kJ/mole. 

Donald and Wojciechowski (1977b) used cumene cracking reaction to evaluate the 

activity of 100/140 mesh of LaY zeolite catalyst. And they studied the kinetic of cumene 

dealkylation over LaY at three reaction temperature 360, 430, and 500°C in tubular reactor 

and they assumed that the endothermic chemisorption of cumene must be in order to 
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construct a plausible picture  of the reaction energy surface, and they were also shown that 

the diffusion limitations affects the rate of catalyst decay to a different extent than  the rate 

of reaction ,and they also found the activation energy for the dealkylation of cumene to be 

94.5 kJ /mole . 

Corma and  Wojciechowski (1980) studied the initial selectivities for primary 

products in the catalytic cracking of cumene on HY and LaY zeolite catalysts in an integral 

fixed bed glass tubular reactor . It was observed that the reaction products and their 

characteristics behavior have been found to be the same for both LaY and HY zeolites at 

360, 430 and 500 °C, which is due to the similarity in the nature of the active sites in both 

catalysts. At a temperature range 360-500°C the obtained selectivity for benzene ranged 

from 0.16 to 0.94 and from 0.65 to 0.94 mol% over HY and LaY zeolites, respectively. 

Selim et al. (1992) studied the activities of different Nd-zeolite  prepared from the 

original NaX and NaY zeolites by ion exchange at reaction temperature between 300-

420
o
C  by using microcatalytic technique. Cumene cracking was used as a reaction model 

and found that NdY-zeolite was more active than NdX-zeolite, and the reaction is a first 

order with an activation energy of 67.2 kJ/mol. Also it was observed that the catalytic 

activity at the same temperature was found to be higher for Y-zeolites than that 

corresponding X-zeolite.  

Al-Kattaf and de Lase (2001) used a riser simulator to study the kinetics of cumene 

cracking over two sizes of zeolite crystals (0.4 and 0.9 μm). It was shown that the kinetics 

follows first order reaction and the main reaction pathway of cumene cracking involves the 

cleavage of the isopropyl group to produce benzene and propene.  

 Samar, K. Dh. (2008) prepared HX-zeolite from Iraqi kaolin . The catalytic 

activity of catalyst prepared from local kaolin was studied by using cumene cracking as a 

model for catalytic cracking and compared with standard HY zeolite and HX zeolite 

catalysts. The activity test was carried out in a laboratory continuous flow unit with fixed 
bed reactor at duration time in the range 10-240 minutes, temperature 823 K , and LHSV 1 

h
-1

 .   

This work deal with the study of the effect of temperature and LHSV on the cumene 

cracking reaction rate and selectivity by using prepared and standard catalysts and the 

study of kinetic of dealkylation  process . 

 

MATERIALS AND CATALYSTS PREPARATION   

-Cumene  

      Cumene supplied by BDH with 98% purity was use as a feedstock in this work. It has 

molecular weight 120.20 g/mol, density of 0.860 g/cm
3
 and boiling point of 423K. 

 

-HY-Zeolite                                                

          HY-Zeolite (CBV600) was supplied from Zeolyst International (UWE Ohlrogge 

(VF)) as a powder. This zeolite has 0.2 wt% of Na2O, SiO2/Al2O3 mole ratio of 5, unit cell 
of 24.3 Å, pore volume of 0.92 and surface area of 660 m

2
/g. A 70 g of HY-zeolite as a 

powder was mixed with 30 g montmorillonite clay as binder. The chemical composition of 

montmorillonite is: 51.3%SiO2, 28.73%Al2O3, 1.3%Na2O, 3.4% CaO, and 3.3 % MgO. 

The resulting mixture was mixed with water to form a paste. The paste was placed in a 

cylindrical cavity of 2 cm inside diameter, and 10 cm long. Extrudates shapes were 

obtained when the paste was compressed manually. Very uniform spaghetti shaped paste 

was ejected and put in a porcelain crucible at room temperature overnight. Extrudates were 

dried in a programmable electrical furnace at 120°C for 2 hr. The calcination was done at  
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550°C for 2 hr. Then the calcined extrudates were cut into 4-8 mm long [Samar, K. 

Dh.,2008] .                                                                                                                          

NAX-ZEOLITE                                                                                                                          
Synthetic crystalline zeolite type 13X was delivered by Linde Company as a pellets (3×5) 

mm. This catalyst has 14 wt% of Na, SiO2/Al2O3  mole ratio of 2.2, unit cell of 24.9 Å, 

pore volume of 0.35, and surface area of 340 of m
2
/g. Hydrogen-form  from  standard  Na- 

X zeolite was prepared by ion exchange method of the original  Na-X catalyst with  

ammonium nitrite solution  [Samar, K. Dh.,2008].                                                        

PREPARED HX-ZEOLITE                                                                                                    
The prepared HX-zeolite from Iraqi kaolin was prepared by steps consisting from; a gel 

formation step of metakaolin in alkaline medium in presence of additional silica to 

crystallize the zeolite was achieved at 60 
o
C for 1 hr, and with stirring. In ageing step of 

the reactants at room temperature for 5 days and crystallization step at 87±2 
o
C for 24 hr. 

The next steps were decantation, washing, filtration and drying. A 100 g of catalyst powder 

was prepared by mixing 25 g of the binding material which is kaolin with 75g of catalyst 

powder and the paste was placed in a cylindrical cavity a extrudates shapes were obtained 

when the paste was compressed manually then the extrudates were dried and calcined . The 

hydrogen-form catalyst was prepared by ion exchange method of the original catalyst with 

ammonium nitrite solution .This catalyst has 0.848 % Na2O, SiO2/Al2O3  mole ratio of 

2.8,pore volume 0.318  cm
3 

/gm and surface area 290.19 m
2
/g after ion exchange [Samar, 

K. Dh.,2008] .                                                                                                                 

ACTIVITY TEST                                                                                                                      
The cracking activity tests were performed in a continuous laboratory unit . Figure 1 shows 

the process flow diagram of this unit.  The unit consists of feed tank, flow meter, feed 

pump, evaporator, reactor, separator, collector and cooler with appropriate control system 

for heating. The reactor was a carbon steel tube with an outside diameter of 1.9 cm, 2 mm 

thickness and 80 cm length. A 30 cm
3 

(17 cm height) fresh catalyst was charged to the 

reactor between two layers of inert materials (glass balls). The catalytic cracking reaction 

conditions, employed are temperature 673-823K, liquid hourly space velocity of 0.7-2.5 h
-1  

 

(0.35-1.25 ml/min of cumene )and the pressure kept atmospheric. The charged catalyst 

was replaced of each temperature. Liquid products were trapped by condenser at -5 
o
C , 

collected periodically and analyzed by using gas chromatography.The gas chromatography 

model Packard 438A was used for the analysis .This device equipped with column of 

0.25mm diameter, 50 m length and FID detector.  

CATALYST ACTIVITY                                                                                                       
Cumene cracking was chosen as a model to evaluate the activity of the prepared HX-

zeolite  and to compare the results with the activity of the standard catalysts HY and HX 

Zeolite. Cumene conversions over the prepared and standard catalysts were determined 

after the first 10 minutes of each run. 
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RESULTS AND DISCUSSION 

Effect of LHSV and Temperature  

Figures 2,3 and 4 show the effect of LHSV on conversion at different temperatures using  

HY- zeolite , HX- zeolite and prepared HX-zeolite .   

From these figures the changes of cumene conversion are function of LHSV (which is 

inverse of space time). At LHSV of 0.7 h
-1 

and temperature 823K, the conversions of 

cumene are 65.32, 42.88 and 59.42 mol% for HY, HX and prepared HX catalysts, 

respectively and at LHSV of 2.5 h
-1

 and the same temperature the conversions decrease to 

29.24, 12.53 and 22.89 mol%, respectively.  

As the LHSV increases cumene conversion decreases which means that decreasing in the 

residence time offers a less of contact time for cumene with catalysts.  

The above mentioned figures show that the cracking rates favor low LHSV. These 

observations agree well with the previous investigation reported by Plank and Nace (1955) 

and  Selim et al. (1992).  

 The conversion increases as the temperature increases over the studied catalysts (fig. 2-4 ). 

At 673K and LHSV of 0.7 h
-1

, the conversions are 9.0, 1.4 and 5.9 mol% for HY, HX and 

prepared HX catalysts respectively, while at 823K using the same LHSV the conversions 

reach 65.32, 42.90 and 59.42 mole% respectively. 

This is attributed to the increase of active sites that can be used for the reaction when the 

temperature increases. These observations are well agreed with the results reported by 

Plank and Nace (1955),  Ahmed J. A. (1982 ), Emad F.M. (1985)  , Selim et al.(1992) and  

Al-Khattaf and de Lasa (2001). 

0

10

20

30

40

50

60

70

0 0.5 1 1.5 2 2.5 3

LHSV, h
-1

X
c

u
, 
m

o
le

%

673K

723K

773K

823K

 

Figure 2 Effect of LHSV on Cumene Conversion at Different Temperatures Using 

HY Catalyst. 
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 Figure 3 Effect of LHSV on Cumene Conversion at Different Temperatures Using HX 

Catalyst. 
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Figure 4 Effect of LHSV on Cumene Conversion at Different Temperatures Using 

Prepared HX-zeolite. 
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KINETICS OF CUMENE CRACKING  

The obtained results from the laboratory reaction unit of cumene cracking were analyzed 

by the available kinetic models. 

The results correlated with zero, first and second order kinetic equations (eq. 1,2 and 

3)assuming ideal plug flow models[Prater and Lago,1956 and Levenspiel,1999].    

LHSVCcu

k
X

in

cu
                                                          …(1)    

 
LHSV

k
X

cu
 1ln                                                     …(2)  

LHSV

k

X

X

Ccu
cu

cu

in


1

1
                                                  …(3)    

 

The results show that cumene conversion data have a deviation from the zero and second 

order kinetic models  and well correlated with first order kinetic model as shown in figures 

5-7, and that in agreement with Prater and Lago(1956), Lyandres et al.(1969) , Corma and 

Wojciechowski (1982), Selim et al. (1992), Al-Khattaf and de Lase (2001)  and Jennifer et 

al. (2006) .    

Plots of conversion vs. 1/LHSV shown in figures 5-7 give straight lines with slopes equal 

to rate constants. The results of the rate constant at different temperatures for the three 

catalysts are given in table 1 .These values decreases in the following order: HY>Prepared 

HX  > HX, which is may be due to the effect of pore volume, Si/Al mole ratio and acidity 

difference among the studied catalysts.  

 

Table 1, Values of Rate Constant for 1
st
 Order Reaction Rate. 

Temperature, K 
HY HX         Prepared HX 

k, h
-1

 

673 0.060 0.016  0.040 

723 0.186 0.141  0.217 

773 0.491 0.281  0.477 

823 0.729 0.396  0.634 
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Figure 5  First Order Test of HY Catalyst. 
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Figure 6  First order Test of HX Catalyst. 
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Figure 7 First Order Test of Prepared HX. 

 

THERMODYNAMICS OF CUMENE CRACKING  

The apparent activation energy for the cumene cracking reactions was calculated by using 

the Arrhenius equation(4), which satisfies the relationship between rate constant and the 

reaction temperature. 











 RT

E

o

a

ekk                                                                 …(4) 

The plot of  ln k vs. (1/T) shown in figures 8-10 used for activation energy calculation 

using HY, HX and prepared HX. 

The values of apparent activation energy for HY, HX and prepared HX catalysts are78.58 , 

97.77 and 89.01 kJ/mol, respectively . 

The role of catalyst is the reduction of the energy barrier for the reactants to reach the 

complex state which then decomposes to product. As the apparent activation energy 

decreases the reaction rate increases and catalyst activity increases. 
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Figure 8 Plot of –lnk vs 1/T for HY Catalyst. 
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Figure 9  Plot of –lnk vs 1/T for HX Catalyst. 
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Figure 10 Plot of –lnk vs 1/T for Prepared HX Catalyst. 

YIELD AND SELECTIVITY 

By plotting cumene conversion vs. benzene yield a straight line is obtained with a slope 

equal to benzene selectivity and as shown in figures 11-13. 

 It was found that the benzene yield increases with increasing temperature. At 823K and 

0.7 hr
-1

 the benzene yields were 58.79, 38.56 and 54.56 mol% for HY zeolite , HX zeolite 

and prepared HX zeolite, respectively. And at the same LHSV and at 673K the benzene 

yields were decreased to
 
6.53, 1.00 and 4.40 mol%, respectively. 

 Benzene selectivity is nearly constant over the studied temperature range for HY, HX and 

prepared  HX . This is also observed by   Peter et al. (1974) ,Donald and Wojciechowski 

(1977a)and Corma and Wojciechowski (1980). 
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Figure 11 Benzene Yield as a Function of Cumene Conversion for HY Catalyst at 

Different Temperatures. 
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Figure 12 Benzene Yield as a Function of Cumene Conversion for HX Catalyst at 

Different Temperatures. 



A. H. A.K. Mohammed                                                       The Effect of Operating Condition for Cumene 

S.k. Dhidan                                                                           Cracking on The Performance of Prepared  

M.H. Al.Hassani                                                                   HX - Zeolite Catalyst 

                                                                          

 4120 

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70

Cumene Conversion, mol.%

B
e
n

z
e
n

e
 Y

ie
ld

, 
m

o
l.

%

673 K

723 K

773 K

823 K

 
Figure 13 Benzene Yield as a Function of Cumene Conversion for prepared HX at 

Different Temperatures. 

 
CONCLUSIONS 

 Cumene conversion increases with temperature increasing from 673 to 823K and 

decreases with the LHSV increasing from 0.7 to 2.5 h
-1

.   

 From the kinetic study for cumene cracking over the studied catalysts, it was found 

that the reaction follow first order reaction model. 

 It was observed that the values of activation energy(Eact) for catalytic cracking of 

cumene over the standard and prepared catalysts take the following order:  

 Eact of HX-zeolite> Eact of Prepared HX-zeolite >Eact of HY-zeolite. 

 4. All the standard and prepared catalysts gave high benzene selectivity, and no significant 

change in selectivity was observed. While the yield exhibits a variation between the 

catalysts activity, and increases with the temperature increasing from 673 to 823K.  
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ABSTRACT 

The aim of this paper is to integrate mobile phones into LANs by connecting the two parties and 

providing the mobile with a transparent access to the services and resources hosted by the LAN. 

Quick assessment of the typical related approaches for accessing LAN (like WLAN and Bluetooth 

BNEP) shows that they are inappropriate for mobile phones. The paper further inspects the LAN 

access approach based on Bluetooth PAN Profile and marking up its potential drawbacks. A 

modified approach is proposed and implemented by altering the access nature or model from peer-

to-peer communication to a client/server service providing, and switching from BNEP to 

RFCOMM protocol. 

 

 الخلاصة 

عن طريق ربطهما معا وتمكين الهاتف النقاال مان الولاول  LANيهدف البحث لتكامل الهاتف النقال مع شبكات الحاسوب المحلية 

ان التقييم السريع للطار  المتبعاة فاي الارب  ماع الشابكة المحلياة . بشفافية للخدمات والموارد التي توفرها وتستضيفها الشبكة المحلية

يعماد البحاث الاح تحليال طريقاة الارب  المعتماد  علاح . يظهر عدم ملائمتها للهااتف النقاال( Bluetooth BNEPو  WLANمثل )

Bluetooth PAN Profile يلاي للاط طارع تعاديلات مقترلاة علاح . ومن ثم يؤشر النقاط التي تحول دون ملائمتها للهاتف النقاال

ببروتوذاااول  BNEPعميااال واساااتبدال بروتوذاااول \ماااول  ناااادملناااد بن-الطريقاااة الماااوذور  وللاااط مااان نااالال اساااتبدال  ماااول   اااد

RFCOMM وتصميم وتطبيق  ضام يعتمد هوه التعديلات. 

KEYWORDS 

Mobile Phone, LAN Environment, Bluetooth, PAN, Symbian OS, S60 

INTRODUCTION 

The objective of current telecommunication environment is the availability of all communication 

services anytime, anywhere, to anyone, by a single identity number (address) and a pocket-sized 

communication terminal. Achieving these goals means that the communication system must support 

mobile clients, which requires that the communication terminals (that clients hold) are mobile too. 

[WINCH1998] 

 

Although originally targeted for different scopes of applications, those two environments (of mobile 

phones and computer networks) can be joined together to come out with new horizons, tools and 

approaches for the current classical applications domain. Mobile phones will gain access to 

enormous volume of resources (which they lack) hosted by computer networks. On the other hand, 

computer applications can reach out and extend to the very large market segment of mobile phones 

(according to International Telecommunication Union the number of mobile subscribers is 

2,137,069,400 subscribers, about 32% of the world population have mobile phones). [ITU2006] 
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The connection (integration) of mobile phones with computer networks is not a new aspect. It had 

already been well established in the enterprise (WAN) and micro (PAN) scales. The integration 

trend has not (widely) commercially targeted the in-between local (LAN) scale yet. Due to several 

reasons (discussed later in the paper), the current standards and technologies used successfully to 

connect other types of mobile devices (like PDAs and laptops) to the LAN are usually impractical 

to be used with mobile phones. This problem is addressed by the paper by proposing an approach to 

connect mobile phones to LAN and integrating the two environments by providing the mobile 

phone with a proper and transparent access to the resources and services hosted by the LAN. 

 MOBILE PHONE CONNECTIVITY 

Mobile phone's connectivity to computer networks can be categorized into three models according 

to the scale of the geographic area covered by the connected network. Each model (or category) has 

its unique architecture and applications. [PAN 2003] 

Wide and Metropolitan Area Network (WAN/MAN) Model 

Mobile phones use data carrier services (embedded within the cellular mobile phone network and 

usually provided by the network operator), like GPRS and EDGE, to connect to WAN/MAN 

networks. Since these services are part of the mobile network, and since mobile networks are 

interconnected all over the world with other mobile networks and computer networks (like the 

Internet), then WAN/MAN networks provide virtually a global coverage. 

 

An illustration of this model is shown in Fig. 1. Mobile phone sends/receives data packets over 

GPRS, EDGE or similar data carrier services. All the data is directed to/from data network gateway, 

which links the mobile and data networks together. The gateway translates between data carrier 

service format and the destined data network format. 

 

This model is suitable for such applications as web browsing, emails and other public Internet 

services. It also can be used with private enterprise applications where a connection to a private 

computer network is required. This connection is achieved either through the Internet by using VPN 

approach or by making a direct connection between the private computer network and the data 

network gateway. 
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Fig. 1 – WAN/MAN Connectivity 



Journal of Engineering Volume   15  December  2009       Number  4 
 

 

 4124 

Local Area Network (LAN) Model 

Mobile phones use wireless LAN (WLAN) standards, like IEEE 802.11, to connect to wireless 

computer networks, or to conventional wired computer networks through a wireless access point. 

Such wireless networks cover a typical range of 100m (usually the whole network is located within 

single building). 

 

An illustration of this model is shown in Fig. 2. This model can be used for private custom 

applications where a high end mobile phone with advanced specifications (large memory, fast 

processor, high resolution display and wireless network interface card) is used as a very light hand 

held smart terminal (the same function as PDA). 

 

Personal Area Network (PAN) Model 

Mobile phones use short-range wireless technologies (like infrared or Bluetooth) or short distance 

wired standards (like RS-232 or USB) to form or to join a PAN network. Such networks cover a 

typical range of 10m (usually the networked devices are located in the vicinity of a single person). 

 

An illustration of this model is shown in Fig. 3. Possible applications of this model would be 

connecting the mobile phone to a computer in order to transfer files (ring tones, wallpapers … etc.) 

between the two devices, synchronizing and backing up important data (address book, schedule, 

calendar … etc.) or using the mobile phone as a modem by the computer. All of these applications 

are based on exchanging data between the mobile phone and the computer that it is directly 

connected to; therefore, PAN connectivity is used as a cable replacement by mobile phones (and 

similar mobile devices). 

Private LAN Network

Wireless

Access Point

Fig. 2 – LAN Connectivity 

Fig. 3 – PAN Connectivity 
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 ACCESSING LAN THROUGH PAN 

It is possible to use PAN to access a remote network (LAN or WAN/MAN) through a Network 

Access Point (NAP), Fig. 4 shows this approach. NAP is a device that is connected to both PAN 

and the remote network. The NAP can be a dedicated specialized device or just a conventional 

networked device like desktop computer. The main job of NAP is to act as a link through which 

other devices in the PAN can reach the remote network. NAP may operate at different levels 

(bridge, router, gateway or proxy) depending on the differences between the two networks it is 

connected to. [PAN2003] 

 

LAN-through-PAN can be important for mobile phones (as compared to using PAN to access 

WAN/MAN) for the following reasons: 

 WLAN is hardly ever supported by mobile phones for two main reasons. First, WLAN 

consumes a lot of power, which means the typical mobile phone battery will be drained 

quickly. Second, mobile phones with WLAN are very expensive. Therefore, the number of 

mobile phone models, their prices and their sales volume make the LAN connectivity model 

virtually impractical. 

 WLAN is a new aspect in the mobile phone industry as compared to PAN (infrared, USB 

and Bluetooth) which is a well-known feature that is offered by many models previously 

and most of the models currently. Hence, by using PAN to access LAN there is no need to 

replace the current mobile phone devices with newer ones in order to achieve LAN 

connectivity.  

 Although private LANs can be accessed through WAN/MAN model, but this requires the 

approval of a third party represented usually by the mobile network operator to use the data 

service provided by the network. This scheme also requires either connecting the private 

LAN to the Internet and using VPN, or having a direct access to the mobile network data 

service. All these requirements will increase the cost, security risks and management 

complexity. 

 BLUETOOTH 

As mentioned before, PAN can use different communication technologies, but the most popular and 

suitable is Bluetooth especially regarding mobile phones. Bluetooth is a wireless communication 

standard for cable replacement between digital devices by using simple, low cost and low power 

communication modules with non-directional short range, frequency hopping and ad-hoc radio 

links. Therefore, it meets all the requirements imposed by the nature and purpose of PAN (in 

general) and limitations of mobile phones (in particular). Beside that, several older phone models 

and almost all current models are supplied with Bluetooth. Hence, Bluetooth will be a logical 

choice to implement a LAN-through-PAN solution. 

LAN, MAN

or WAN

Network 

Access Point

Mobile Phone

Fig. 4 – Connecting to Remote Networks via PAN 
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Bluetooth System Architecture 

Bluetooth system architecture is segmented into several layers. These layers, some of which are 

shown in Fig. 5, form the Bluetooth protocol stack that can be logically partitioned into the 

following groups: [GANGULI2002] 

 Transport protocol group: facilitates the identification of other Bluetooth devices. It also 

configures and manages the physical and logical links, allowing the higher protocol layers to 

transmit data through these layers. The layers of the transport protocol group work together 

and form a virtual pipe that is used to transport data from one device to another. This group 

includes radio, baseband, Link Manager Protocol (LMP), Host Controller Interface (HCI) 

and the Logical Link Control and Adaptation Protocol (L2CAP) layers. 

 Middleware protocol group: provides additional protocols that help new and existing 

applications to operate over Bluetooth links. It consists of both third party and industry 

standard (usually Internet related) protocols and the protocols defined by the Bluetooth 

Special Interest Group (SIG) for wireless communication in Bluetooth devices. The third 

party and industry standard protocols include protocols such as Point-to-Point Protocol 

(PPP), Internet Protocol (IP) and Transmission Control Protocol (TCP) while the protocols 

defend by the SIG include protocols such as Radio Frequency Communication (RFCOMM), 

Bluetooth Network Encapsulation Protocol (BNEP) and Service Discovery Protocol (SDP). 

 Application Group. The application group includes the actual applications that use 

Bluetooth links. These applications are not necessarily aware of the Bluetooth wireless 

communication. An example of such applications is a Web browsing client. 

Bluetooth Protocols 

The core Bluetooth protocols defined by the Bluetooth specification, and shown in Fig. 5 are: 

[GANGULI2002] 

 

Bluetooth Radio helps to transmit and receive data over the air. The frequency band used by 

Bluetooth devices is the globally available unlicensed ISM band ranging from 2400 MHz to 2483.5 

Baseband

Bluetooth Radio

LMP

L2CAP

SDPRFCOMM

PPPOBEX

IP

UDP | TCP

Host Controller Interface

BNEP

Fig. 5 – Bluetooth Protocol Stack 



H.M. Ali                                                                                                                                Integration Of Mobile Phones 

M. D. Al-Qassar                                                                                                                      Into LAN Environmen 

 

 4127 

MHz. Within the band, Bluetooth has 79 channels spaced 1 MHz apart. The choice of this band 

takes into consideration the size and power limitations of most mobile devices. 

 

Baseband is responsible for the determination and instantiation of the air interface by defining 

processes to identify other devices and establish connectivity between them. The key functions 

performed by the baseband include connection creation, selection of a frequency hopping sequence, 

timing hops, operations related to power control and security, packet processing and the selection of 

link types. The baseband layer and the radio layer can be functionally correlated to the physical 

layer of the Open Systems Interconnection (OSI) reference model. 

 

LMP performs all the functions related to link management. These functions include for example 

link setup, link security and link configuration. In addition, LMP layer offer other management 

services like time management, mode control management and power management. The LMP uses 

the underlying services of the baseband layer to manage the links; therefore, it does not perform 

operations related to information delivery. 

 

L2CAP is specifically concerned with functions such as protocol multiplexing (sharing of the air 

interface between multiple protocols and applications), segmentation and reassembly of data 

packets and negotiating an acceptable level of service. 

 

RFCOMM provides the protocol stack with the support of serial communication similar to that in 

cable technology. RFCOMM provides a Protocol Data Unit (PDU) structure to emulate the RS-232 

control and data signals over the baseband layer. The upper level services are thereby provided with 

capabilities to transport both control and data signals by using the serial line transmissions. 

 

SDP is a simple protocol that allows devices to locate and gather information about the services of 

other devices. SDP involves communication between an SDP server and an SDP client. The server 

maintains a list of service records that describe the characteristics of services associated with the 

server. Each service record contains information about a single service. A client may retrieve 

information from a service record maintained by the SDP server by issuing an SDP request. SDP 

uses a request/response model where each transaction consists of one request PDU and one 

response PDU. 

 

BNEP is used to transfer both control and data packets over Bluetooth to provide networking 

capabilities for Bluetooth devices. BNEP encapsulates packets from various networking protocols, 

which are transported directly over the Bluetooth L2CAP. [BNEP2003] 

 

Bluetooth Network Topology 

The connection between Bluetooth devices can be either point-to-point (between two Bluetooth 

devices) or point-to-multipoint (several Bluetooth devices connected to each other). Either way, a 

Bluetooth connection creates a network known as a Piconet. Each piconet consists of one master 

controlling unit and up to seven active slave units. All Bluetooth units participating in the piconet 

are time- and hop-synchronized to the same physical channel. The master unit's system clock and 

Bluetooth address determines the hopping phase and sequence of the piconet physical channel. The 

software and hardware specifications of a master and slave unit are the same. However, the unit that 

establishes a piconet becomes the master unit controlling all traffic within the piconet. 

 

The spectrum of connectivity in a piconet is increased by formation of multiple piconets in the same 

area. Overlapping piconets form a Scatternet. As a result, a Bluetooth device can also participate in 
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multiple piconets at the same time (but not as a master in both of them). A piconet and scatternet 

are shown in Fig. 6. [GANGULI2002] 

 

* BLUETOOTH PAN PROFILE 

The Bluetooth PAN Profile describes how two or more Bluetooth enabled devices can form an ad-

hoc network and how the same mechanism can be used to access a remote network through a NAP. 

Bluetooth PAN Profile is based on BNEP, which is used to provide networking capabilities for 

Bluetooth devices. Several device roles are defined by the profile to organize cooperation and 

interaction between PAN devices. [PAN2003] 

BNEP Protocol 

If two applications run on two different devices within the Bluetooth network but each application 

uses a different network layer protocol (for example IP and IPX over Bluetooth), then in order for 

the two applications to interoperate and exchange information, a common packet format needs to be 

defined to encapsulate network layer protocols over the Bluetooth media. 

 

The same thing applies for the scenario when one of the devices is part of a Bluetooth network and 

the other is part of another type of network (like Ethernet). BNEP encapsulates packets from 

various networking protocols, which are transported directly over the Bluetooth L2CAP. 

  

BNEP is implemented using connection oriented L2CAP channels. The Bluetooth is considered as a 

transmission media in the same OSI layer as Ethernet, Token Ring, etc. L2CAP is considered as the 

Bluetooth MAC layer. The Bluetooth device address space is administrated by the IEEE, and is 

assigned from the Ethernet address space. This means that it is possible to build a Bluetooth 

network access point as a bridge between Bluetooth devices and an Ethernet network. 

 

The use of the BNEP for transporting an Ethernet packet is shown in Fig. 7. BNEP removes and 

replaces the Ethernet header with the BNEP header. Finally, both the BNEP header and the 

Ethernet payload is encapsulated by L2CAP and sent over the Bluetooth media. [BNEP2003] 
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PAN Profile Device Roles 

Bluetooth PAN Profile defines three roles or services: 

 Network Access Point (NAP): A Bluetooth device that supports the NAP service is a 

Bluetooth device that provides some of the features of an Ethernet bridge. The device with 

the NAP service is simply referred to as NAP. The NAP and the PAN User exchange data 

using BNEP. NAP has an additional network connection to a different network media in 

which the Ethernet packets are either exchanged via Layer 2 (Data Link) bridging or Layer 3 

(Network) routing mechanism. 

 Group Ad-hoc Network (GN): A Bluetooth device that supports the GN service is able to 

forward Ethernet packets to each of the connected Bluetooth devices (PAN Users) as 

needed. The GN and the PAN User exchange data using BNEP. GN does not provide access 

to any additional networks. Instead, a GN is intended to allow a group of devices to form 

temporary network and exchange information. 

 PAN User (PANU): This is the Bluetooth device that uses either the NAP or the GN service. 

PANU supports the client role for both the NAP and GN role. 

 

The NAP/GN performs Ethernet Bridge functions to forward Ethernet packets from one PANU to 

another PANU or from a PANU to another network.  NAP/GN regards each established Bluetooth 

BNEP connection as a valid Bridge Port. Thereby the NAP/GN shall perform bridging between all 

of the BNEP connections. In addition, NAP regards the optional Ethernet connection as a valid 

Bridge Port too (if the NAP is acting as a bridge and not as a router, otherwise a normal routing is 

performed by the NAP). Fig. 8 shows the protocols used in each of the three roles and their 

interaction with each other. [PAN2003] 

 PROPOSED MODIFICATIONS TO BLUETOOTH'S PAN PROFILE 

Bluetooth SIG engineered the Bluetooth protocol stack from ground up to support PAN. 

Furthermore a specific protocol, BNEP, and device role are designed to enable a Bluetooth device 

act as a NAP allowing other devices in the PAN to reach for LAN or WAN/MAN through it. 

However, using Bluetooth PAN Profile and BNEP to implement a LAN-through-PAN solution for 

integrating mobile phones with computer network services has the following downsides: 
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 The Bluetooth PAN Profile and BNEP were designed from the beginning so that more 

capable computing devices like desktop or laptop computers can benefit from them. That 

doesn't mean that these standards will not work with the less capable devices like mobile 

phones, but it means that no commercial mobile phone product has supported the PAN and 

BNEP yet (i.e. no current mobile phone model has a built-in support for PAN or BNEP). 

Therefore, in order to implement a LAN-through-PAN solution, one needs first to 

implement a BNEP protocol and a PAN profile. 

 BNEP is a Bluetooth based protocol. It will not work with different networks like infrared or 

future short-range wireless standards. That means if a NAP is built based upon BNEP and 

Bluetooth PAN Profile, the only way to connect to this PAN is through Bluetooth. Although 

Bluetooth is very promising and efficient but future upgrades and network standards 

spectrum served by such a NAP would be limited to Bluetooth technology only. 

 In order to make use of the BNEP and Bluetooth PAN Profile network, transport and 

application layers must be available on and supported by the Bluetooth device (PANU). As 

mentioned before, BNEP and Bluetooth PAN Profile were designed with minds set to 

desktops, laptops and similar computing devices as main targeted devices. Such rich 

resourced devices can easily afford the complex structure of multilayered network protocol 

stack, especially for the upper and intermediate layers. On the other hand, mobile phones are 

limited in resources and a simpler networking structure is preferred. 

 

Fig. 9 shows the proposed approach to implement a LAN-through-PAN solution. The following 

modifications are made to the PANU and NAP architecture, shown previously in Fig. 8:  

 

- Bluetooth technology is still used between PANU and NAP; however RFCOMM is used instead 

of BNEP since, unlike BNEP, virtually every Bluetooth device supports RFCOMM. 

-    The NAP does not forward packets from PANU to PANU (i.e. does not perform GN role). It is 

unlikely that networking is required between the PANUs (mobile phones) and if it is, then they can 

connect to each others using separate one-to-one Bluetooth connections. 

-  The network bridge/router is replaced by a network services proxy at the application layer level. 

The proxy is loosely coupled with the lower networking layers so that the networking technologies 

and standards used can be upgraded and/or changed with no or minimum alteration to the proxy 

implementation itself. This makes the NAP more flexible and network type independent. In 

addition to that, the proxy acts on behalf the mobile phone to access the required network services 

and obtaining the results, relieving the mobile phone from carrying out network housekeeping 

tasks. 

It is much more practical and appropriate to design mobile phones network solutions as a thin client 

with the minimum basic functionalities and relocate all the complex tasks to a more capable device 

that will act as a fat server (which in our case can be the NAP, a dedicated server or both of them). 
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* PROPOSED SYSTEM DESIGN 

This section briefly demonstrates the design of a system that implements LAN-through-PAN model 

based on the modified Bluetooth PAN profile that is proposed by this paper. 

System Components 

Fig. 10 shows the (high level) components of the system. The mobile phone is hooked to the 

computer network by a modified network node (NAP). NAP acts like a gateway that connects to 

Bluetooth network at one side, and to a wired or wireless computer network at the other side. The 

mobile phone, then, can select a Service Access Point (SAP) to talk to. The SAP is another 

modified network node whose job is to act as a window for the mobile phone from which it can 

view the available resources and services in the network. The mobile phone issues the request for a 

resource or a service to the SAP and the later relays this request as if it was issued by the SAP itself. 

The SAP then relays the received response back to the mobile phone. Notice that the resources and 

services can be hosted by any node in the network including the NAP and the SAP. The functions 

of the NAP and SAP can be joined as a single function and hosted by a single node, but splitting 

them into two different identities (so that they can be hosted by two or more nodes) enhances the 

mobility and reduces the redundancy. 

System Architecture 

Fig. 11 shows the system architecture. The interaction between system components must follow a 

certain protocol. The proposed protocol is divided logically into three layers, the lower three layers 

in Fig. 11, each has a well defined function and each is independent from the others' 
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implementation. Each layer relies on and uses the service provided by the lower one. 

 

Communication Layer: is responsible for providing the networking services for the upper layers 

in a high-level abstracted mode. It does that by using the more specific and detailed low level 

networking services offered by the OS to provide streamed network communication that appears to 

the upper layer as memory buffer. This layer can be thought of as an abstraction to the transport, 

network, data link and physical layers. According to the underlying network type, this layer can be 

either a Bluetooth communication layer or LAN communication layer. 

 

Generic Service Access Layer (GSA): provides service-independent or service-neutral functions. 

Such functions are not limited to a certain type of services or resources; instead, it is more generic 

and may be needed regardless of the service or resource being accessed. For example, it maintains 

Access Parameters Registry (APR) at NAP. It also provides multiplexing capability so that several 

Service Provider layer instances can run on the same SAP. 

 

Service Provider/Consumer layer: is responsible for providing services and consuming them. 

Being service dependent, there might be several versions of this layer running simultaneously above 

the GSA layer at both of the mobile phone (as a consumer) and the SAP (as a provider). 

 

The remaining upper layers are not related to the interaction protocol between the system 

components. Instead, they perform functions local to the component on which they reside. For 

example, the UI and UI Logic layers on the mobile phone are responsible for managing and 

rendering the graphical presentation of application data, while the Monitoring and Control Interface 

(MCI) and MCI UI layers on the SAP are responsible for monitoring and configuring the operation 

of the SAP. These layers are not part of the core system but can be considered as add-ons. 

PDU Formats 

Exchanging of information between peer layers takes the form of PDUs, for example two separate 

GSA layers communicate by exchanging (virtually) GSA PDUs. Typically, a layer will take the 

upper layer's PDU and use it as payload, add layer's specific header to it then pass it down to the 

lower layer and so on till it reaches the physical layer where the actual data transmission takes 

place. 

 

Fig. 12 shows the different PDU formats used by the system layers. The service request can be of 

any format since it is service dependent. For the system implemented as an example, where it 

provides a file access service similar to File Transfer Protocol (FTP), the request takes the format of 

a command field followed by a parameters/data field. The command field is of a fixed length (3 

Bytes) and text based (although it can be used as a binary field too). The parameters / data field is 

of a variable length and extends to the end of the packet. This format is simple but yet very flexible 

and can be used for a very wide range of services. 

 

The service provider/consumer layer uses the Request_PDU format to transfer requests from the 

mobile phone to the SAP. The 1 Byte m field specifies the length (maximum of 255 Bytes) of the 

Service Provider Address field. The Payload field contains the service request to be transferred to 

the addressed service provider. 

 

The GSA layer uses the GSA_PDU format to carry requests. It is identical to the Request_PDU 

format, but it has GSA Address field instead. The Payload field represents a Request_PDU to be 

relayed to the addressed GSA layer. A special case of the GSA_PDU is when the r field has the 

value of 0 (zero). This format is used only for certain PDUs sent to the NAP GSA layer by the GSA 

layer of a mobile phone or SAP. In this case, the GSA_PDU does not carry a request or response; 
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instead, it represents a GSA command (GSA request) that is to be served by the NAP GSA layer. 

The GSA Address is removed and the rest of the PDU consists of a text based Command field (3 

Bytes) followed by a parameters/data field. 

 

When a response is transferred between any two layers, it is transferred as raw data. That means no 

headers are needed. Each node the request is relayed to, keeps the connection on which the request 

arrived open. Therefore, by the time the request reaches its final destination, the complete path is 

kept alive (session-oriented or connection-oriented communication). Hence, only request carrying 

PDUs need to have address fields. 

Fig. 13 shows the usage of different PDU formats by system layers. 

System Dynamic Behavior Model 

The system activity diagram, Fig. 14, is a general simplified layout for the system behavior. The 

diagram is divided into four vertical lanes following the location the activity took place at. Again, 

the diagram is simplified and general; therefore not all layers and their activities are present. 

Instead, only the key role playing layers and abstract activities are shown by the diagram. 

 

Fig. 14 summarizes the system layers and components into four abstract items: First is the mobile 

phone, which includes all the layers on the mobile terminal. Second is the NAP/GSA, which 

includes all the layers on the NAP with emphasizing on the GSA layer. Third is the SAP/GSA, 

which represents the SAP's GSA layer. Fourth is the SAP/SP, which represents the SAP's service 

provider layer. Notice that the vertical axis, which represents general time progress, does not flow 

linearly and equally in each component (lane). 

 

Fig. 12 – PDU Formats 
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The activity flow in NAP/GSA, SAP/GSA and SAP/SP is started by the administrator when he/she 

starts up the software on both the SAP and the NAP. After initialization, the activity flow waits for 

incoming requests: NAP/GSA waits for requests from mobile phones on a Bluetooth connection, 

SAP/GSA waits for requests relayed from a remote NAP/GSA on a LAN (pipe) connection, 

SAP/SP waits for requests relayed from a local SAP/GSA on Inter Process Communication (IPC) 

(pipe) connection. 

Upon the detection of such request, the activity flow forks into two parallel paths: the first path 

returns to the request wait state in order to accept other requests, the second path performs further 

activities to serve the accepted request and provide the proper response. 

In NAP/GSA, the request is examined to decide if it can be served by the NAP/GSA (labeled as 

GSA request in the activity diagram) or it needs to be relayed to a SAP (labeled as SP request). An 

example of GSA request is when a mobile phone queries the NAP for available SAPs. In both 

cases, when the response is valid it is relayed to the mobile terminal. 

 

In SAP/GSA, the request is examined to determine which service provider layer instance it should 

be relayed to (de-multiplexing), when the response is valid it is relayed to the NAP/GSA. In 

SAP/SP, the request is served and the proper response is compiled and relayed to the SAP/GSA. 

On the other end of the diagram, the activity flow in mobile phone is started by the user (mobile 
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owner) when he/she launches the application (component) at his/her mobile. A scan process for 

available NAP nodes in the neighborhood is initiated. The result is presented to the user as a list of 

NAPs and the user can select the NAP he/she wants to connect to. A Bluetooth connection to the 

selected NAP is established and a request is issued to that NAP to query for available SAPs 

(registered with this NAP's APR). The result is presented to the user as a list of SAPs and the user 

can select the SAP that provides the service he/she wants to use. A request (addressed to the user 

selected SAP) is issued and relayed to the NAP which the mobile phone is currently connected to. 

The result, which is the response relayed by the NAP, is interpreted by the mobile application to 

produce the expected output (in our case it is a file copied to the mobile phone file system). 

System Static Structure Model 

Fig. 15 is a class diagram representation of the overall system components. This diagram is not a 

complete one, but it focuses on the major classes that define the core system components and 

behaviors. It also shows the relations between these classes and how they interact together. 

*  MOBILE PHONE SOFTWARE ENVIRONMENT 

Mobile phone software environment is composed of two main elements, the Symbian OS and the 

Series 60 platform. 

Symbian OS 

Symbian OS is a 32-bit multitasking operating system, where events often happen asynchronously 

and applications are designed to interact with one another. For example, a phone call may interrupt 

a user composing an email message; a user may switch from email to a calendar application in the 

middle of a telephone conversation. 

 

From the start, Symbian OS was designed for small, resource-constrained devices with wireless 

communications. Key design features are: 

 Performance – Symbian OS is designed to make minimal demands on batteries and to have 

low memory footprint. 

 Multitasking – All applications are designed to work seamlessly in parallel. 

 Standards – The use of technologies based on agreed-upon standards is a basic principle of 

Symbian OS, ensuring that applications are robust, portable and interoperable. 

 Object oriented software architecture. 

 Memory management optimized for embedded software environment. 

 Runtime memory requirements are minimized – very small executable sizes and ROM-

based code that executes in place. 

 Security mechanisms for enabling secure communications and safe data storage. 

 Application support for international environment with built-in Unicode character sets. 

 A rich and varied Application Programming Interface (API) allowing access to reusable 

components in developer applications. [NOKIA2004] 
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Fig. 15 – System Structure 
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Fig. 16 shows a representation of the Symbian OS components. The system kernel, file server and 

memory management are located in the Base operating system layer. The kernel manages system 

resources such as memory and is responsible for time slicing the applications and system tasks. 

Device drivers provide the control and interface to specific items of hardware – the keyboard, 

display, infrared port and so on. The upper layers of the system provide communication and 

extensive computing services such as data management, graphics, multimedia and security. 

 

Client/Server architecture is a key design feature of Symbian OS. User applications and system 

processes are clients that use the resources of a wide variety of system servers. Servers can be 

accessed only by their clients via well-defined interfaces. Virtually all servers run with a high 

priority, but without system privileges, to ensure a timely response to all of their clients while 

controlling access to the resources of the system. Some core application engines, written as servers, 

enable software developers to create their own user interfaces to the application data. Examples 

include contacts, calendar, multimedia services (decoding and rendering of image formats) and 

messaging. [LEIGH2004] 

 

The kernel runs in privileged mode, it has access to the entire memory space. The process is a unit 

of protection in Symbian OS. Each process has its own virtual address space. The kernel assumes 

the existence of a Memory Management Unit (MMU), which is responsible for translating virtual 

addresses. The thread is a unit of execution in Symbian OS. A process has one or more threads. 

[NOKIA2003] 

 

Memory intensive operations such as context switching are minimized. Symbian OS is primarily 

event-driven rather than multithreaded. Multithreading is possible but is avoided because it 

potentially creates several kilobytes of overhead per thread. Conversely, a primarily event-driven 

approach does not need any context switching and can have an overhead as low as a few tens of 

bytes. [NOKIA2004] 

 

Event-driven (cooperative) multitasking approach is achieved via the use of Active Objects. Each 

active object is given a task to complete. Each thread has an Active Scheduler, which is responsible 

for running a waiting active object. A thread may contain one running active object and many active 

objects waiting to be run. Unlike multitasking with threads, once an active object has started to run, 

it cannot be preempted by another active object instead it is up to the running active object to give 

up use of the processor and join the waiting queue. The control is returned to the active scheduler to 

decide which waiting active object to run next. [NOKIA2003] 
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Fig. 16 – Symbian OS Architecture 
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Series 60 Platform 

The Series 60 (S60) platform, developed by Nokia, is a complete smart phone reference design that 

includes a host of wireless applications. The platform builds on the Symbian OS, complementing it 

with a configurable graphical user interface library. 

 

The success of smart phone category devices is highly dependent on the availability of innovative 

applications and content from third parties – that is, the growth of the mobile services and 

applications businesses. Diversification between handset designs and capabilities has greatly 

increased. This has resulted in minimal similarity amongst competitive devices in terms of screen 

size, keypad, browser and other elements of the user interface. Applications, services and other 

content have to be adapted to these different devices. 

 

Nokia has made the S60 platform available for licensing by other handset manufacturers enabling 

them to bring phones to market with equivalent and compatible functionality. Standardizing the 

application environment helps service creation and application interoperability. Common input 

methods, APIs and supported technologies allow services and applications to interoperate 

seamlessly, but still give licensees the freedom to innovate and design excellent smart phones. 

[NOKIA2004] 

 

The core of S60 platform is Symbian OS. S60 platform adds the extensive Avkon UI layer, a full 

suit of applications based on the Avkon and Uikon libraries plus a number of key application 

engines. S60 platform contains the majority of the UI and framework APIs used by third party 

Graphical UI (GUI) applications. Fig. 17 shows the components of S60 platform. 

 

 The Avkon library defines many UI components and application framework components. Avkon 

builds on and extends the framework and controls provided in the generic Symbian Uikon library. 

Each GUI application is then based on framework classes provided as part of the Avkon library and 

on the UI layers below that – for example in Uikon. The S60 GUI library determines the rendering 

of all GUI elements, so the individual applications share a common look and feel. [LEIGH2004] 

Fig. 17 – S60 Platform Architecture 
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* RESULTS 

Fig. 18 shows screen shots for mobile phone component GUI during different user interactivities 

with the component. The initial screen (1) is shown when the user starts up the component 

application, the status pane displays the application title (BlueNetClient2) and icon, the main pane 

is empty (indicated by the no data string) and the control pane displays the two commands 

Options and Back that corresponds to the mobile terminal soft keys. Back is used to step back to 

the previous screen (and to exit the application when is used at the initial screen). Options 

command is used to display the options menu (2) at any point during the application execution. 

 

((11))  ((22))  ((33))  

((44))  ((55))  ((66))  

((77))  ((88))  ((99))  

Fig. 18 – Mobile Terminal Component GUI 
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In order to show the available NAPs in the neighborhood, the user selects Refresh List menu 

command. This triggers a scan operation (3) to search and find those NAPs, which are then 

displayed to the user (4). After selecting the desired NAP, the user selects the Open menu 

command from the options menu in order to list the available SAPs (5) that can be reached through 

the selected NAP (i.e. the SAPs that are registered with the selected NAP APR). 

 

In order to access the service of a certain SAP, the user highlights the desired SAP and selects 

Open menu command again. The mobile phone component acts as a client to the service provided 

by the SAP. A different client is needed for each service type. In this implementation, the service 

that is developed as a demonstration is computer network shared files access; therefore, the client 

(BlueNetClient2) is used to browse and fetch the public contents shared by network computers. 

Once the user selects Open (as mentioned earlier), the available computers connected to the 

network (as seen by the selected SAP) are displayed (6). The same method is used for browsing the 

shared folders and files of a selected computer (7), by highlighting a folder and selecting the Open 

menu command. The user can go back to the parent folder by either using the Back soft key 

command or opening the "∙∙" folder. 

 

Finally, when the user finds the required file she/he can copy it to the mobile phone by highlighting 

the file and selecting Copy menu command. A progress bar will show up indicating the file is being 

transferred (8). The file will be stored in the mobile phone file system and can be found by 

launching the File Manager application (9) that is built into the mobile terminal as a part of the 

software package provided by the mobile phone manufacturer. In this example, the file transferred 

is the Readme.txt file shown at the end of the list (9). 

*  CONCLUSIONS 

- Mobile phones are resources limited compared to computers, but they are more available 

and accessible considering their cost, size and usage. An important feature in mobiles is that 

they combine mobility and connectivity. Summing all of this, a mobile phone can act as a 

lightweight personal terminal used to access remote services provided by more capable and 

resource rich devices like database servers, file servers … etc. 

- Mobile phones support connectivity to WAN/MAN (through mobile data services like 

GPRS) and PAN (through infrared or Bluetooth) data networks but not to LAN because 

wireless LAN hardware and software standards are impractical for implementation in 

mobile phones. Bluetooth has built-in support to bridge a PAN and a LAN using BNEP 

protocol and by defining the role of NAP, although this approach's hardware (Bluetooth 

transmitter) can be implemented in mobile phones but the software (BNEP) is not suitable 

since it's designed originally for more capable devices (like PCs) communicating with each 

others using complex peer-to-peer model. 

- By modifying the Bluetooth LAN-through-PAN scheme, its implementation becomes 

practical for many mobile phones. The modification, proposed by the paper, is to replace the 

BNEP with the RFCOMM (already supported by Bluetooth enabled mobile phones), 

promoting the NAP to act at the application layer and switching to client/server model 

instead of peer-to-peer. This simplifies and reduces resources needed for implementation by 

moving most of the burden from the mobile phone (the client) to the NAP (the gateway 

which can be considered as the "/" symbol) and the SAP (the server). 
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ABSTRACT 
In this paper, a proposed method based on real-coded genetic algorithm is presented and applied to 

solve multiple load flow solution problem. Genetic algorithm is a kind of stochastic search algorithm 

based on the mechanics of natural selection and natural genetics. They combine the concepts of 

survival of the fittest with genetic operators such as selection, crossover and mutation abstracted 

from nature to form a surprisingly robust mechanism that has been successfully applied to solve a 

variety of search and optimization problems. Elitist method is also used in this research, and 

blending models are implemented for crossover operator. In the proposed work, five busbars typical 

test system and 362-bus Iraqi National Grid are used to demonstrate the efficiency and performance 

of the proposed method. The results show that, genetic algorithm is on-line load flow solution 

problem for small-scale power systems, but for large-scale power systems, it is recommended that 

the load flow solution using genetic algorithm is for planning studies. The main important feature of 

the purposed method is to give high accurate solution with respect to the conventional methods. 

                                                                                                         
  الخلاصة

مسألة سريان الحمل متعددة  ، تقدم طريقة مقترحة مبنية على اساس خوارزمية جينية مشفرة بالاعداد الحقيقية لحلالبحثفي هذه  
الطبيعي و الجينات ( الانتقاء)تعتبر الخوارزمية الجينية احدى طرق البحث العشوائية القائمة على تقنيات الانتخاب . الحلول

ي ، العبور و التغيار الاحيائ(الانتقاء)مع عوامل جينية كالانتخاب ( بقاء الاصلح)تجمع الخوارزمية الجينية مبادئ . الطبيعية
تم في هذا . المستخلصة من الطبيعة لتكوين تقنية متينة استخدمت بنجاح في حل مختلف مسائل البحث و ايجاد القيم المثلى( الطفرة)

لتبيان كفاءة و مدى فعالية الخوارزمية  .البحث استخدام طريقة انتخاب الامثل بالاضافة الى استخدام نماذج الخلط في عملية العبور
تبين النتائج . قدرة كهربائية قياسية منظومةمقترحة على مسائل سريان الحمل متعددة الحلول، تم تطبيق الطريقة الالجينية في حل 

كون الطريقة المقترحة ملائمة للحل اللحظي لمسائل سريان الحمل و بالتالي التطبيق العملي اثناء التشغيل لمنظومات القدرة صغيرة 
اهم . درة كبيرة الحجم، فيوصي الباحث باستخدام الطريقة المقترحة لاغراض التصميم و التخطيطأما بالنسبة لمنظومات الق. الحجم

 .خواص الطريقة المقترحة هي الحصول على نتائج و حلول لمسألة سريان الحمل بقيم عالية الدقة
 

KEYWORDS 

 Continuous Genetic Algorithm, Chromosome Crossover, Load Flow Analysis, Newton-

Raphson Method, Mutation, Multi-Objective Minimization.  
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INTRODUCTION 

With increasing computer speeds, researchers are increasingly applying artificial and computational 

intelligence techniques, especially in power system problems. These methods offer several 

advantages over traditional numerical methods. Among these techniques is that of genetic algorithm. 

Genetic algorithms (GAs) are efficient stochastic search algorithms that emulate natural phenomena. 

They have been used successfully to solve wide range of optimization problems. Because of 

existence of local optima, these algorithms offer promise in solving large-scale problems. A genetic 

algorithm mimics Darwin’s evolution process by implementing “survival of the fittest” strategy. 

Genetic algorithm solves linear and nonlinear problems by exploring all regions of the search space 

and exponentially exploiting promising areas through selection, crossover, and mutation operations. 

They have been proven to be an effective and flexible optimization tool that can find optimal or near-

optimal solutions [Talib 2007]. In this study, an improved genetic algorithm solution of the load flow 

problem is presented in order to minimize the total active and reactive power mismatches of the 

given systems, a real-coded genetic algorithm has been implemented.  

 

THE CONCEPTS OF LOAD FLOW ANALYSIS 
The load flow studies are the backbone of the design of a power system. They are the means by 

which the future operation of the system is known ahead of time. The load flow problem is one of the 

basic problems in the power system engineering, and can be expressed as a set of non-linear 

simultaneous algebraic equations, and thus it is to have multiple solutions [Woon 2004]. A load flow 

study is the determination of voltage, current, power, and power factor or reactive power at various 

points in an electrical network under existing or contemplated conditions of normal operation, so 

power flow calculations provide power flows and voltages for a specified power system subject to 

the regulating capability of generators, condensers, and tap changing under load transformers as well 

as specified net interchange between individual operating systems. This information is essential for 

the continuous evaluation of the current performance of a power system and for analyzing the 

effectiveness of alternative plans for system expansion to meet increased load demand. The continual 

expansion of the demand for electrical energy due to the growth of industries, commercial centers, 

and residential sections requires never-ending additions to existing power systems. The systems 

engineer must decide what components must be added to the system many years before they are put 

into operation and he does this by means of power flow studies. The load flow solution usually 

provides additional information, e.g. losses [Kubba 1987]. The load flow is the most frequently 

carried out study by power utilities and is required to be performed at almost all the stages of power 

system planning, optimization, operation, control, and contingency analysis. 

 

ITERATIVE NUMERICAL (LF) SOLUTION METHODS 

 

* NEWTON-RAPHSON METHOD 
At each iteration of the Newton-Raphson method, the nonlinear problem is approximated by a linear 

matrix equation (Jacobian matrix). The linearzing approximation can best be visualized in the case of 

a single-variable problem as shown in figure (1). 
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Fig. 1   Single-Variable Linear Approximation [Taylor 1967] 

 

The Newton-Raphson load flow equation are 
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The Jacobian matrix equation can be written as: 
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Using Newton-Raphson method to solve the mismatch powers equations either in polar coordinates 

with (∆V) and (∆δ) as variables or in rectangular coordinates with (∆e) and (∆f) as variables [Al-

Shakarchi 1973]. 

 

* FAST DECOUPLED LOAD FLOW METHOD 
Fast decoupled load flow method, possibly the most popular method used by utilities, is well known 

for its speed of solution, reduced memory, and reliable convergence (Nanda  1987). The algorithm is 

simpler, faster and more reliable than Newton’s method and has lower storage requirements. The fast 

decoupled load flow method is based on Newton’s load flow method with the modifications of 

neglecting the J2 and J3 Jacobian submatrices due to the weak coupling between  “P-V” and “Q-δ” 

quantities in power transmission system. Together with other approximations, the fast decoupled 

load flow equations become: 
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GENETIC ALGORITHM 

Genetic algorithms (GAs) are adaptive methods which may be used to solve search and optimization 

problems. Over many generations, natural populations evolve according to the principles of natural 

selection and “survival of the fittest”. By mimicking this process, genetic algorithms are able to 

“evolve” solutions to real world problems, if they have been suitably encoded [Holland 1975]. 

Genetic algorithms work with a “population of individuals”, each representing a possible solution to 

a given problem. Each individual is assigned a “fitness score” according to how good a solution to 

the problem it is. The highly-fit individuals are given opportunities to “reproduce”, by “cross 

breeding” with other individuals in the population. This produces new individuals as “offspring”, 

which share some features taken from each “parent”. The least fit members of the population are less 

likely to get selected for reproduction, and so “die out”.  A whole new population of possible 

solutions is thus produced by selecting the best individuals from the current “generation”, and mating 

them to produce a new set of individuals. This new generation contains a higher proportion of the 

characteristics possessed by the good members of the previous generation. In this way, over many 

generations, good characteristics are spread throughout the population. By favouring the mating of 

the more fit individuals, the most promising areas of the search space are explored. If the genetic 

algorithm has been designed well, the population will converge to an optimal solution to the 

problem. There are some differences between genetic algorithms and traditional searching algorithms 

(such as numerical techniques). They could be summarized as follows [Younes 2006]: 
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 The algorithms work with a population of strings, searching many peaks in parallel, as 

opposed to a single point. 

 Genetic algorithms work directly with strings of characters representing the parameters set, 

not the parameters themselves. 

 Genetic algorithms use probabilistic transition rules instead of deterministic rules. 

 Genetic algorithms use objective function information instead of derivatives or other 

auxiliary knowledge (convexity, modality, continuity, differentiability). 

 Genetic algorithms have the potential to find solutions in many different areas of the search 

space simultaneously.  

 

GENETIC ALGORITHM IMPLEMENTATION 
A simple genetic algorithm is an iterative procedure, which maintains a constant size population of 

candidate solutions. During each iteration step (generation), three genetic operators (reproduction, 

crossover, and mutation) are performing to generate new populations (offspring), and the 

chromosomes of the new populations are evaluated via the value of the fitness which is related to 

cost function. Based on these genetic operators and the evaluations, the better new populations of 

candidate solutions are performed [Younes 2006]. With the above description, the three steps in 

executing the genetic algorithm operating on fixed-length character strings are as follows: 

1. Randomly create an initial population of individual fixed-length character strings. 

2. Iteratively perform the following sub steps on the population of strings until the termination 

criterion has been satisfied: 

A. Assign a fitness value to each individual in the population using the fitness measure. 

B. Create a new population of strings by applying the following three genetic operations. The 

genetic operations are applied to individual string(s) in the population chosen with a probability 

based on fitness. 

i. Reproduce an existing individual string by copying it into the new population. 

ii. Create two new strings from two existing strings by genetically recombining substrings using 

the crossover operation at a randomly chosen crossover point. 

iii. Create a new string from an existing string by randomly mutating the character at one randomly 

chosen position in the string. 

3. The string that is identified by the method of result designation (e.g. the best-so-far individual) 

is designated as the result of the genetic algorithm for the run. This result may represent a solution 

(or an approximate solution) to the problem. 

 

Now, we'll discuss briefly each step of the implementation of the genetic algorithm: 

 

- CHROMOSOME REPRESENTATION 
Genetic algorithms operate on representations of solutions to problems. Since they work with 

encoded parameters of the optimization problem, the choice of a representation form has a large 

impact on the performance. There are different ways of encoding solutions, and probably no single 

best way for all problems. The performance of genetic algorithms depends on the choice of a 

suitable representation technique. Most genetic algorithms applications use Holland’s fixed-length 

simple binary coding. This is historically the most widely used representation. Each chromosome 

is comprised of zeroes and ones, with each bit representing a gene [Abdul-Haleem 2005]. A 

conceptually simpler technique would be the real-coded representation, in which each 

chromosome vector is coded as a vector of floating point numbers of the same length as the 

solution vector. Each element was forced to be within the desired range, and the genetic operators 

were carefully designed to preserve this requirement [Michalewicz 1996]. 
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- POPULATION INITIALIZATION 
In the genetic algorithm, populations of chromosomes are created randomly by generating the 

required number of individuals using a random number generator that uniformly distributes numbers 

in the desired range. The extended random initialization is a variation whereby a number of random 

initializations are tried for each individual and the one with the best performance is chosen for the 

initial population. Other users of genetic algorithms have seeded the initial population with some 

individuals that are known to be in the vicinity of the global optimum. This approach is only 

applicable if the nature of the problem is well understood beforehand or if the genetic algorithm is 

used in conjunction with knowledge based system [Abdul-Haleem 2005]. 
  

- OBJECTIVE FUNCTION OR FITNESS FUNCTION 
The objective function is used to provide a measure of how individuals have performed in the 

problem domain. In the case of a minimization problem, the mostly fit individuals will have the 

lowest numerical value of the associated objective function. This raw measure of fitness is usually 

only used as an intermediate stage in determining the relative performance of individuals in a genetic 

algorithm. Another function is the fitness function, is normally used to transform the objective 

function value into a measure of relative fitness [Ibrahim 2005]. 

 

- REPRODUCTION 
The selection, or competition, is a stochastic process in which the chance of an individual surviving 

is proportional to its adaptation level. The adaptation is measured by the phenotype (search point, 

solution) evolution, that is, the characteristics presented by an individual in the problem environment 

(search space). The genetic algorithm, through selection, determines which individuals will go to the 

reproduction phase. There are several selection methods, where the fittest individuals from each 

generation are preferentially chosen for reproduction [Zamanan 2006]. Some of these methods are: 
a. ROULETTE WHEEL SELECTION METHOD.  

b. TOURNAMENT SELECTION METHOD. 

 

- RECOMBINATION 
Recombination produces new individuals in combining the information contained in two or more 

parents (parents-mating population). This is done by combining the variable values of the parents. 

Depending on the representation of the variables, different methods must be used. For the 

recombination of binary valued variables, the name “crossover” is established. This has mainly 

historical reasons. During the recombination of binary variables, only parts of the individuals are 

exchanged between the individuals. Depending on the number of parts, the individuals are divided 

before the exchange of variables (the number of cross points). The number of cross points 

distinguishes the methods. 

In single-point crossover, one crossover position a € [ 1, 2 , ……… , Nvar-1 ], where (Nvar) is the 

number of variables of an individual, is selected uniformly at random and the variables exchanged 

between the individuals about this point, then two new offspring are produced. 

In double-point crossover, two crossover positions are selected uniformly at random and the 

variables exchanged between the individuals between these points. Then two new offspring are 

produced. For multi-point crossover, (c) crossover positions ai € [ 1 , 2 , ……… , Nvar-1 ]; i = 1: m, 

where (Nvar) is the number of variables of an individual, are chosen at random with no duplicates and 

sorted into ascending order. Then, the variables between successive crossover points are exchanged 

between the two points to produce two new offspring. The section between the first variable and the 

first crossover point is not changed between individuals. Uniform crossover generalizes this scheme 
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to make every locus a potential crossover point. A crossover mask, the same length as the individual 

structure is created at random and the parity of the bits in the mask indicate which parent will supply 

the offspring with which bits [Pohlheim 2005]. 

 

- MUTATION 
By mutation, individuals are randomly altered. These variations (mutation steps) are mostly small. 

They will be applied to the variables of the individuals with a low probability (mutation probability 

or mutation rate). Normally, offspring are mutated after being created by recombination [Pohlheim 

2005]. In this process, randomly selected bits of randomly selected strings are changed from (0) to 

(1) and vice versa. This process occurs according to pre-specified probability. Usually, less than 5% 

of bits are changed in this process. Mutation process is used to escape from probable local optimum 

[Zamanan 2006]. 

 

- TERMINATION OF THE GENETIC ALGORITHM 
Termination criteria or convergence criteria for genetic process may be triggered by finding an 

acceptable approximate solution and bring the search to halt. The termination criteria can be one or 

more of the following criteria [Abdul-Haleem 2005]: 

a. Using diversity measure. 

b. After a specified number of generations. 

c. Finding an acceptable approximate solution. 

d. Repetition until no change in the solution. 

 

LOAD FLOW SOLUTION USING GENETIC ALGORITHM 

The binary genetic algorithm is conceived to solve many optimization problems that stump 

traditional techniques. But, what if we are attempting to solve a problem where the values of the 

variables are continuous and we want to define them to the full machine precision? In such a 

problem, each variable requires many bits to represent it. If the number of variables is large, the size 

of the chromosome is also large. Of course, ones and zeros are not the only way to represent a 

variable. One could, in principle, use any representation conceivable for encoding the variables. 

When the variables are naturally quantized, the binary genetic algorithm fits nicely. However, when 

the variables are continuous, it is more logical to represent them by floating-point numbers. In 

addition, since the binary genetic algorithm has its precision limited by the binary representation of 

variables, using floating-point numbers instead easily allows representation to the machine precision. 

This continuous genetic algorithm also has the advantage of requiring less storage than the binary 

genetic algorithm because a single floating-point number represents the variable instead of (Nbits) 

integers. The continuous genetic algorithm is inherently faster than the binary genetic algorithm, 

because the chromosomes do not have to be decoded prior to the evaluation of the cost function 

(objective function) [Haupt 2004]. 

 

COMPONENTS OF A CONTINUOUS GENETIC ALGORITHM 
 

- THE VARIABLES AND COST FUNCTION 
A cost function generates an output from a set of input variables (a chromosome). The cost function 

may be a mathematical function or an experiment. The objective is to modify the output in some 

desirable fashion by finding the appropriate values for the input variables. The goal is to solve some 

optimization problem where we search for an optimum (minimum) solution in terms of the variables 

of the problem. If the chromosome has (Nvar) variables (an N-dimensional optimization problem) 

given by (b1, b2, ………, bNvar), then the chromosome is written as an array with (1×Nvar) elements 

so that: 



  H.A. Kubba                                                                                                                Genetic Algorithm Based Load Flow Solution 

 S.S. Mahmood                                                                                                           Problem In Electrical Power Systems 

 

 1414 

 

chromosome = [b1, b2, b3, ………, bNvar]                                                                                         
 

In this case, the variable values are represented as floating-point numbers. Each chromosome has a 

cost found by evaluating the cost function (f) at the variables (b1, b2, ………, bNvar). 
 

cost = f (chromosome) = f (b1, b2, ………, bNvar)                                                                            
 

Equations (10) and (11) along with applicable constraints constitute the problem to be solved [Haupt 

2004]. 

Our primary problem in this research is the continuous functions introduced below. The two cost 

functions are [Kubba 1987]: 

   
                           n 

ΔPk = Pk
sp

 – Vk ∑ Vm (Gkm cosδkm + Bkm sinδkm)                                                                            
                          m=1  

for “PV” and “PQ” busses 

                                             
                            n 

ΔQk = Qk
sp

 – Vk ∑ Vm (Gkm sinδkm – Bkm cosδkm)                                                                         
                           m=1  

for “PQ” busses only 

 

Where     δkm = δk – δm, and 

(ΔPk) is the mismatch active power at bus (k) and (ΔQk) is the mismatch reactive power at bus (k). 

(Vk, Vm, δk, δm) are the voltage magnitude and angle at busses (k) and (m) respectively, which are 

the variables of the two cost functions. 

 

* VARIABLE ENCODIND, PRECISION, AND BOUNDS 
Here, the difference between binary and continuous genetic algorithms is shown. It is no longer 

needed to consider how many bits are necessary to represent accurately a value. Instead, (V) and (δ) 

have continuous values that are limited between appropriate bounds (which are in our problem, 0.95 

≤ V ≤ 1.05 and -5˚ ≤ δ ≤ 5˚ for “5 busbars” typical test system and 0.9≤V≤1.1, -20
o 

≤δ≤20
o 

for Iraqi 

National Grid). Although the values are continuous, a digital computer represents numbers by a finite 

number of bits. When we refer to the continuous genetic algorithm, it means that the computer uses 

its internal precision and roundoff to define the precision of the value. Now, the algorithm is limited 

in precision to the roundoff error of the computer [Haupt 2004]. 

 

* INITIAL POPULATION 
The genetic algorithm starts with a group of chromosomes known as the population. We define an 

initial population of (Nind) chromosomes. A matrix represents the population with each row in the 

matrix being a (1×Nvar) array (chromosome) of continuous values. Given an initial population of 

(Nind) chromosomes, the full matrix of (Nind×Nvar) random values is generated. 

All variables are normalized to have values between (0) and (1), the range of a uniform random 

number generator. The values of a variable are “unnormalized” in the cost function. If the range of 

values is between (blo) and (bhi), then the unnormalized values are given by: 
 

b = (bhi – blo) bnorm + blo                                                                                                                    
 

where: 
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bhi : highest number in the variable range. 

blo : lowest number in the variable range. 

bnorm : normalized value of variable.   

This society of chromosomes is not a democracy: the individual chromosomes are not all created 

equal. Each one’s worth is assessed by the cost function. So at this point, the chromosomes are 

passed to the cost function for evaluation [Haupt 2004]. 

 

- NATURAL SELECTION 
Survival of the fittest translates into discarding the chromosomes with the highest cost. First, the 

(Nind) costs and associated chromosomes are ranked from lowest cost to highest cost. Then, only the 

best are selected to continue, while the rest are deleted. The selection rate, (Xrate), is the fraction of 

(Nind) that survives for the next step of mating. The number of chromosomes that are kept each 

generation is: 
 

Nkeep = Xrate . Nind                                                                                                                             

 

Natural selection occurs each generation or iteration of the algorithm. Of the (Nind) chromosomes, 

only the top (Nkeep) survive for mating, and the bottom (Nind – Nkeep) are discarded to make room for 

the new offspring. Deciding how many chromosomes to keep is somewhat arbitrary. Letting only a 

few chromosomes survive to the next generation limits the available genes in the offspring. Keeping 

too many chromosomes allows bad performers a chance to contribute their traits to the next 

generation. We often keep 50% (Xrate=0.5) in the natural selection process [Haupt 2004]. 
 

- SELECTION FOR MATING 
In this process, two chromosomes are selected from the mating pool of (Nkeep) chromosomes to 

produce two new offspring. Pairing takes place in the mating population until (Nind – Nkeep) offspring 

are born to replace the discarded chromosomes. Pairing chromosomes in a genetic algorithm can be 

as interesting and varied as pairing in an animal species. We’ll look at a variety of selection methods.  
a. Weighted random pairing (roulette-wheel): which is divided into: 

i. Rank weighting. 

ii. Cost weighting. 

b. Tournament selection. 

Each of the parent selection schemes results in a different set of parents. As such, the composition of 

the next generation is different for each selection scheme. Roulette-wheel and tournament selection 

are standard for most genetic algorithms. It is very difficult to give advice on which selection scheme 

works best. In our problem, we follow the rank-weighting roulette-wheel and tournament parent 

selection procedures [Haupt 2004]. 
 

- RECOMBINATION 
As for the binary algorithm, two parents are chosen, and the offspring are some combination of these 

parents. Many different approaches have been tried for crossing over in continuous genetic 

algorithm. The simplest methods choose one or more points in the chromosome to mark as the 

crossover points. Then the variables between these points are merely swapped between the two 

parents. The problem with real-valued crossover methods is that no new information is introduced: 

each continuous value that was randomly initiated in the initial population is propagated to the next 

generation, only in different combinations. Although this strategy works fine for binary 

representations, there is now a continuum of values, and in this continuum we are merely 

interchanging two data points. These approaches totally rely on mutation to introduce new genetic 
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material. The blending models remedy this problem by finding ways to combine variable values 

from the two parents into new variable values in the offspring.  

In our problem, we want to find a way to closely mimic the advantages of the binary genetic 

algorithm scheme. It begins by randomly selecting a variable in the first pair of parents to be the 

crossover point: 
 

c = roundup {random*Nvar}                                                                                                             

 

We’ll let 
 

parent  1 = [bm1, bm2, ……, bmc, ……, bmNvar] 

parent  2 = [bd1, bd2, ……, bdc, ……, bdNvar] 
 

Where (m) and (d) subscripts discriminate between the mom and dad parent. Then, the selected 

variables are combined to form new variables that will appear in the children: 
 

bnew1 = bmc – β (bmc – bdc) 

bnew2 = bdc + β (bmc – bdc) 
 

Where β is a random value between 0 and 1. The final step is to complete the crossover with the rest 

of the chromosome as in binary genetic algorithm: 
 

offspring  1 = [bm1, bm2, ……, bnew1, ……, bdNvar] 

offspring  2 = [bd1, bd2, ……, bnew2, ……, bmNvar]   

              

If the first variable of the chromosomes is selected, then only the variables to the right of the selected 

variable are swapped. If the last variable of the chromosomes is selected, then only the variables to 

the left of the selected variable are swapped. This method does not allow offspring variables outside 

the bounds set by the parent unless β > 1 [Haupt 2004]. 

 

*  MUTATION 
Random mutations alter a certain percentage of the genes in the list of chromosomes. We can 

sometimes find our method working too well. If care is not taken, the genetic algorithm can converge 

too quickly into one region of the cost surface. If this area is in the region of the global minimum, 

that is good. However, some functions, such as the one we are modeling, have many local minima. If 

nothing is done to solve this tendency to converge quickly, it may end up in a local rather than a 

global minimum. To avoid this problem of overly fast convergence (premature convergence), the 

routine is forced to explore other areas of the cost surface by randomly introducing changes, or 

mutations, in some of the variables. The basic method of mutation is not much more complicated for 

the continuous genetic algorithm. Do we also allow mutations on the best solutions? Generally not. 

They are designated as elite solutions destined to propagate unchanged. Such elitism is very common 

in genetic algorithms. Why throw away a perfectly good answer? The equation of mutation used here 

is [Haupt 2004]: 
 

bmut = (bhi – blo) bnorm + blo       ; bmut: variable under mutation.   
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MULTIPLE OBJECTIVE OPTIMIZATION (MOO) 

In many applications, the cost function has multiple, often times, conflicting objectives. The most 

important approach to (MOO) are: weighted cost functions [Haupt 2004].  
               N 

cost = ∑ wi fi                                                                                                                                        
              i=1  

 

Where: 
 

fi is the cost function (i). 
                                                N 

wi is the weighting factor and  ∑ wi = 1. 
                                                               i=1  

The problem with this method is determining appropriate values of (wi). Different weights produce different 

costs for the same (fi). This approach requires assumptions on the relative worth of the cost functions prior to 

running the genetic algorithm. Implementing this multiple objective optimization approach in a genetic 

algorithm only requires modifying the cost function to fit the form of eq. (17) and does not require any 

modification to the genetic algorithm [Haupt 2004]. Thus, 

 

cost = w f1 + (1-w) f2                                                                                                                           

 

This approach is adopted in this research for its simplicity, easy of programming and gives us the required 

accuracy. Here, (w) is chosen to be (0.5). 
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Fig. (2) Flowchart of a Continuous Genetic Algorithm 

IMPLEMENTATION AND RESULTS 
 

The proposed continuous (real-coded) genetic algorithm is demonstrated on two test systems namely, 

5-buses test system [Stagg 1968] which lines data and buses data are present in appendix. The 

Generate initial population 

Find cost for each chromosome 

Select mates 

Mating and crossover 

Mutation 

Find cost for each chromosome 

End  
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second system is the 362-bus Iraqi National Grid (ING) with 599 branches. The software is 

implemented by using MATLAB version 7 with Pentium 4, 2 GHz CPU, and 2 Gbyte RAM. The 

input data are the nodal admittance matrix, buses data (specified values), and the slack voltage                                                        

1. Five Buses Typical Test System Results 

Table (1) shows the results of the application of the genetic algorithm to “5 bus-bars” typical test 

system to find the active and reactive power mismatches described in eqs. (12) and (13) for  accuracy 

of 0.001 p.u (0.1 MW/MVAR) and the voltage magnitude and phase angle associated with each 

busbar. Because of the stochastic nature of the genetic algorithm process, each independent run will 

probably produce a different number of generations and consequently the computation time and the 

best amongst these should be chosen. The best of the (10) implementation runs are shown in this 

table. The base quantities are 132 KV and 100 MVA. 

 

Table (2) Load Flow Solution for “5 busbars” Typical Test System with an Accuracy of (0.001) 

           

Bus Active power Reactive power Voltage Voltage No. of 

No. mismatch(p.u) mismatch(p.u) magnitude(p.u) angle(deg.) generations 

1 slack slack 1.06 0.00 ـــــ 

2 0.00018139 0.00076184 1.0333 -0.2856 37 

3 0.00094649 0.00028622 1.0349 -2.5267 27 

4 0.00096724 0.0004207 1.0014 -1.4736 26 

5 0.00091083 0.00096267 0.9786 -1.5042 35 

Total Computational Time:   0.516 sec. 

    

Figures below, the dotted curves show the evolution process of the active and reactive power 

mismatches (cost function) versus the number of generations and the solid curves show the mean 

cost of the individuals versus the number of generations at each busbar of the “5 busbars” typical 

test system with an accuracy of (0.001). In the figures and due to the stochastic nature of the genetic 

algorithm, we note that each busbar requires different number of generations to reach the required 

accuracy (0.001 p.u.). 
 

              
                               Evolution Process at Busbar 2                         Evolution Process at Busbar 3 
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                              Evolution Process at Busbar 4                     Evolution Process at Busbar 5                                                                                                                    

 

In the table (2) shown, the active and reactive line flows (power flows) for the “5 busbars” typical 

test system which consists of (7) lines are calculated, the calculation is done for an accuracy of the 

active and reactive power mismatches of (0.001). 

 

Table (2) Active and Reactive Power Flows for the “5 busbars” Typical Test System with an 

Accuracy of (0.001) 

 

Line Line Active power Reactive power 

No. Term flow (MW) flow (MVAR) 

1 1─2 22.3473 -39.7436 

2 1─3 21.5944 -4.3321 

3 2─3 20.7693 7.3872 

4 2─4 16.2575 -13.0168 

5 2─5 17.1768 -63.7962 

6 3─4 -22.2970 -123.5797 

7 4─5 -3.0479 -21.5199 

 

* Iraqi National Grid Load Flow Solution Results:                                                                                     
The 362-bus (ING) consists of 30-generator bus and 332-load bus with 599 branches [Al-Bakri 

1994]. Table (3) illustrates the load flow solution for Iraqi National Grid using the proposed 

continuous (real-coded) Genetic Algorithm with a power tolerance (minimum active and reactive 

power mismatches) of 0.001 p.u. with base quantities of 132 KV and 100 MVA. Also, the number of 

iterations (generations) for each bus are tabulated. Due to the huge table, only the load flow solution 

results of 96 bus are tabulated in this paper. 
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Table (3) Load Flow Solution for “IRAQI NATIONAL GRID” with an Accuracy of (0.001) 

Bus Active power 
 Reactive 

power 
Voltage Voltage No. of 

 No. mismatch (p.u) 
mismatch 

(p.u) 
magnitude (p.u) angle (p.u) generations 

1 slack slack 1.04 0 ـــــ 

2 0.0005 PV 1 18.3805 262 

3 0.00021334 PV 1 2.8233 57 

4 0.0008081 PV 1 -9.5400 3191 

5 0.00011245 PV 1 13.6445 521 

6 0.00043106 PV 1 -11.8520 34 

7 0.0018487 PV 1 4.1875 5000 

8 0.00066843 PV 1 7.5529 244 

9 0.00023882 PV 1 12.3150 30 

10 0.00016648 PV 1 4.0006 134 

11 0.0003391 PV 1 -19.7704 884 

12 0.00045458 PV 1 -6.3530 266 

13 0.00013682 PV 1 4.5221 424 

14 0.00058912 PV 1 -6.9794 76 

15 0.00054176 PV 1 -8.1968 353 

16 0.00021063 PV 1 13.5898 42 

17 0.00078201 PV 1 4.5766 39 

18 2.4477*10
-6

 PV 1 11.1094 415 

19 0.00090163 PV 1 7.0672 47 

20 0.00089409 PV 1 -7.0275 9 

21 0.00037127 PV 1 -3.2876 159 

22 0.00014522 PV 1 -10.7986 24 

23 0.00093387 PV 1 2.0421 216 

24 0.00084462 PV 1 9.0268 472 

25 0.00038532 PV 1 2.9669 17 

26 0.00023586 PV 1 3.8338 527 

27 7.2047*10
-6

 PV 1 -6.8666 88 

28 0.00011686 PV 1 0.0252 50 

29 0.00026843 PV  1 7.3612 333 

30 0.0005791 PV 1 9.1833 1342 
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Bus Active power 
 Reactive 

power 
Voltage Voltage No. of 

 No. mismatch (p.u) 
mismatch 

(p.u) 
magnitude (p.u) angle (p.u) generations 

31 0.0003 0.0002 1.02247 12.3782 36 

32 0.00031048 0.00013264 1.03356 -12.5347 57 

33 0.00076127 0.00088425 0.915482 -18.8922 747 

34 0.00048097 7*10
-5

 0.981021 -3.14901 60 

35 0.00082233 0.00019414 0.909731 -7.5778 927 

36 0.0007 0.0004 0.999866 0.40992 54 

37 0.0009483 0.00059979 0.99142 -0.108361 3 

38 0.00072258 2.708*10
-5

 1.02766 2.41241 393 

39 0.00010822 3.1427*10
-5

 0.911085 8.90456 21 

40 7.3767*10
-5

 8.2306*10
-5

 0.978972 7.68687 21 

41 3.9217*10
-5

 0.00014068 0.914069 -2.09315 30 

42 0.00056231 0.00034232 0.931974 10.2677 117 

43 0.00015186 0.00084486 0.916778 9.06423 69 

44 0.00093275 0.00060546 0.935108 -13.2829 18 

45 0.00085845 3.9338*10
-5

 1.00216 -8.97243 12 

46 2.0578*10
-5

 0.00022034 0.935224 -7.08481 54 

47 0.0005849 0.00025364 0.96548 -8.2154 120 

48 0.0006 0.0009 0.96959 0.0359168 9 

49 0.00046407 0.00068482 1.01733 8.11071 36 

50 0.00064014 0.00040881 0.906882 16.9887 3 

51 0.00081139 0.00073374 1.01725 12.1607 15 

52 0.00063582 0.00036833 0.999238 0.015595 12 

53 0.00064585 0.00073222 0.924709 7.0377 54 

54 0.00039461 0.00031144 1.02049 4.97693 54 

55 0.00050197 0.00051873 0.912678 18.5084 312 

56 0.0006757 0.00066047 1.02961 13.4216 57 

57 0.00048624 0.00046999 1.01989 13.0202 165 

58 0.00026657 0.00078447 1.03154 -4.56727 54 

59 0.00020212 0.00087574 0.998382 -0.133244 135 

60 0.00099704 0.00040061 0.969316 -9.13924 336 

61 0.0002 0.0005 1.09633 -3.3891 60 
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62 0.00062866 0.00048481 1.01166 3.0274 69 

63 3.4536*10
-6

 0.00050729 1.00118 11.0695 144 

 

Bus Active power 
 Reactive 

power 
Voltage Voltage No. of 

 No. mismatch (p.u) 
mismatch 

(p.u) 
magnitude (p.u) angle (p.u) generations 

64 0.00052304 6.1774*10
-5

 0.926323 0.126932 30 

65 0.00039148 0.00027503 0.959269 -3.93418 234 

66 0.0003338 0.00048038 0.939048 5.45821 24 

67 0.00045369 0.00074015 1.03691 8.05995 12 

68 0.00077681 0.00053799 0.962027 -0.556099 186 

69 0.00027057 0.00061177 1.0712 5.11859 144 

70 0.00040663 0.00054506 0.909477 -13.4194 18 

71 0.00015602 0.00084029 1.0151 4.6136 60 

72 0.00085314 4.4098*10
-5

 0.9505 -9.4481 54 

73 0.00082757 0.00056498 0.9587 14.8084 132 

74 6.6466*10
-5

 0.00028761 1.0205 -0.5232 24 

75 0.00045213 0.00089712 0.9106 16.254 450 

76 0.00026312 0.00099152 1.0235 -0.4562 60 

77 0.0003 0.0002 0.9989 -15.9269 1137 

78 0.00060173 0.00081968 0.9069 9.3835 102 

79 0.00097288 0.00093161 0.9115 -9.6373 399 

80 0.00030775 0.00026214 1.0172 -11.3539 567 

81 0.00028197 0.0003666 0.9567 10.958 72 

82 0.0001 0.0007 0.9009 -9.6128 1215 

83 0.00017501 0.00031678 0.9538 0.5662 36 

84 0.00060463 0.00055344 0.9389 12.4227 51 

85 0.00049479 0.00025939 0.9917 -17.9393 69 

86 0.00074739 6.1917*10
-5

 0.9976 11.2733 54 

87 0.00073692 0.00062359 1.0459 3.6541 90 

88 0.0002 0 0.9265 7.1323 69 

89 8.0049*10
-5

 0.00089968 1.0154 -0.9266 33 

90 0.00051316 0.00093613 1.0007 -15.3443 189 

91 3.1397*10
-5

 0.00072166 1.0017 18.7953 138 

92 0.00062835 0.00047428 0.9977 12.0889 27 
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93 4.7755*10
-5

 0.00047299 1.0034 11.0409 60 

94 0.00031952 0.00085516 0.9855 1.9537 135 

95 0.00028333 0.00050642 1.0368 18.9362 60 

96 0.0008504 0.00096063 1.0821 -15.1242 96 

 

- CONCLUSION 
                  The proposed method (Real-Coded Genetic Algorithm) presented in this paper can be 

implemented on-line for small and medium-scale power systems load flow solution and it can be 

used for planning study for large-scale systems. The proposed method has reliable convergence and 

high accuracy of solution. Whereas the traditional numerical techniques (Gauss-Seidel, Newton-

Raphson, Fast decoupled,…etc.) use the characteristics of the problem to determine the next 

sampling point (e.g. gradient, linearity and continuity), genetic algorithm makes no such 

assumptions. Instead, the next sampled point is determined based on stochastic sampling or decision 

rules rather than on a set of deterministic decision rules. Also, whereas the traditional numerical 

techniques mentioned above use a single point at a time to search the problem space, genetic 

algorithm uses a population of candidate solutions for solving the problem. Thus, reducing the 

possibility of ending at a local minima.                                                                          Although 

binary-coded genetic algorithm has been successfully applied to a wide range of optimization 

problems, they suffer from disadvantage when applied to the real-world problems involving a large 

number of variables. Thus, we use in our problem the real-coded genetic algorithm, where all 

decision variables (unknowns) are expressed as real numbers. Explicit conversion to binary does not 

take place. A reduction of computational effort is an obvious advantage of a real-coded genetic 

algorithm. Another advantage is that, an absolute precision is now attainable by making it possible to 

overcome the crucial decision of how many bits are needed to represent potential solutions. Blending 

models are used in the crossover operator to remedy the problem of the crossover in the real-coded 

genetic algorithm which is, no new information is introduced: each continuous value that was 

randomly initiated in the initial population is propagated to the next generation, only in different 

combinations. Thus, the blending methods combine variable values from the two parents into new 

variable values in the offspring. At the same time, these methods do not allow offspring variables 

outside the bounds set by the parent unless β > 1, where β is a random number on the interval [0,1]. 

Finally, solving the load flow problems by genetic algorithm gives high accurate results with respect 

to the conventional methods, since load flow study is multiple solutions. 
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LIST OF SYMBOLS AND ABBREVIATIONS 

 

b : Any variable in the chromosome. 

B : Imaginary part of admittance. 

c : Crossover point. 

e :  Real part of bus voltage.  

E : Complex bus voltage. 

f : Imaginary part of bus voltage. 

G : Real part of admittance. 

GA : Genetic Algorithm. 

LF : Load Flow. 

n : Number of busses in the power system.   

N : Number of objective functions. 

Nvar : Number of variables in an individual. 

Nkeep : Number of chromosomes that are kept each generation. 

Nind : Number of individuals in the population. 

p : Iteration index. 

p.u : Per unit. 

PQ : Load busbars. 

PV : Generator busbars. 

sp : Specified value. 

V : Bus voltage magnitude.  

w : Weighting factor. 

Xrate : Selection rate. 

Ykk : Self admittance of bus (k). 

Ykm : Branch admittance between busses (k) and (m). 

ΔP : Active power mismatch. 

ΔQ : Reactive power mismatch. 

δ : Bus voltage phase angle.  

β : Random number on the interval [0,1]. 

http://www.sps.utm/
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APPENDIX I 

Nodal admittance matrix elements for “5 busbars” typical test system, per-unit quantity = 100 

MVA, and 132 KV. The following data are all in (p.u), and buses data. 

From Bus To Bus G (p.u) B (p.u) 

1 1 6.25 -18.695 

1 2 -5 15 

1 3 -1.25 3.75 

1 4 0 0 

1 5 0 0 

2 2 10.83334 -23.415 

2 3 -1.66667 5 

2 4 -1.66667 5 

2 5 -2.5 7.5 

3 3 12.91667 -38.695 

3 4 -10 30 

3 5 0 0 

4 4 12.91667 -38.695 

4 5 -1.25 3.75 

5 5 3.75 -11.21 

 

Bus Specified active Specified reactive Voltage 

No. power (p.u) power (p.u) (p.u) 

1 slack slack 1.06+j0 

 ـــــ 0.2 0.2 2

 ـــــ 0.15- 0.45- 3

 ـــــ 0.05- 0.4- 4

 ـــــ 0.1- 0.6- 5
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ACTIVE NETWORK SECURITY BASED RSA ALGORITHM 

 

ABSTRACT 

     The difficulty of building a secure network is due to the changing nature of the enterprise 

coupled with the increasing sophistication of the hacker threat, both from inside and outside of the 

network. Active networks enable individual user or groups of users to inject customized programs 

into the nodes of the network. 

     The proposed system depends on the basic concepts (authentication and authorization) and uses 

RSA algorithm to add additional level of security. The proposed system also depends on active 

packet architecture, the packet will represented in the active node as input, and when the packet is 

retransmitted to another active node it carries information about each node it visits. The result of 

execution the packet will display in the first node where the packet started.  

  

 الخلاصة
إن الصعوبة في بناء شبكة آمنة للحاسبات ترجع إلى الطبيعةة التغييةرل لترةا اع الرةبكة إ ةافة إلةى التلةا ل التغقااةنل ل را ةنة      

تسةت  لتسةغمنو وا ةن او معتومةة مةن   (Active Network)الرةبكات الععالةة. خا جلةا مةن وأمن داخل الربكة سواء التعلومات 

 .الربكة  اسباتلى انل  سب الطلب ع  م  مج التسغمنمين لينخل برا

 .لقاادل امن النظاو (RSA) الغرعير و اسغمنو خوا زمية( الغموال, الغوثيق)ان النظاو الت غرح اعغتن ملى التعاهيم الرئيسية      

الععالة الحاسبة ثل في سغغت  (Packet)ان الحقمة  ,(Active  packet)النريطة  حقمةمعتا اة ال لىم ا  ضالت غرح اا النظاو اعغتن
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 .لافي بنأتمة حقكانت ال اسبة  سوف اعرض في اول 
KEY WORDS 

 Active network, Security, Authentication, Authorization, RSA . 

 

INTRODUCTION 

     Computer networks are becoming fundamental to the functioning of modern organizations. As 

the dependency on networks increases, the need to control networked resources becomes 

increasingly critical. At the same time, networks are becoming ever more valuable in terms of their 

function, the resources they offer, and the information they contain. In this way, they become not 

only more valuable to an organization itself but they also become an attractive target for hostile 

parties (both in and outside of an organization) (Gert D. L. 2005). 

     In the past decade, a wide variety of security mechanisms have been developed, aimed at 

safeguarding the logical assets of an organization: firewall technologies, encryption and 
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cryptographic authentication, biometrics and the like. These measures have one common factor in 

that they attempt to prevent unauthorized access to resources they could be likened to the locks and 

secure doors used in physical security (Gert D. L. 2005). 

     When performing security tasks, security professionals tray to protect their environments as 

effectively as possible. These actions can also be described as protecting confidentiality, integrity, 

and availability (CIA). 

     CIA stands for:- 

 Confidentiality:- ensure that no data is disclosed intentionally or unintentionally. 

 Integrity:- make sure that no data is modified by unauthorized person, that no unauthorized 

changes are made by unauthorized person. 

 Availability:- provide reliable and timely access to data and resources. 

There is an idea (active network) that gives the user the ability to program the network (Psounis K. 

1999).   
 

ACTIVE NETWORK 

      The concept of active networking emerged from discussions within Defence Advanced 

Research Projects Agency (DARPA) research community in 1995 on the future direction of 

networking systems (Tennenhouse D. L. 1997). 

     Active Networks break with tradition by allowing the network to perform customized 

computations on the user data. For example, a user of an active network could send a customized 

compression program to a node within the network (e.g., a router) and request that the node execute 

that program when processing their packets. These networks are "active" in two ways:  

 Routers and switches within the network actively process, i.e., perform computations on, the 

user data flowing through them.  

 Individual authorized users and/or administrators can inject customized programs into the 

network, thereby tailoring the node processing to be user and/or application specific 

(Tennenhouse D. L. 2002). 

     There are three principal advantages to basing the network architecture (on the exchange of 

active programs, rather than static packets):  

 Exchanging code provides a basis for dynamically adaptive protocols, enabling richer 

interactions than the exchange of fixed data formats.  

 Active packet provides a means of implementing fine grained application-specific functions 

at strategic points within the network. 

 The programming abstraction provides a powerful platform for user-driven customization of 

the infrastructure, allowing new services to be deployed at a faster pace than can be 

sustained by vendor driven standardization processes (Tennenhouse D. L. 2002). 

     So, active network would enable a range of applications that leveraged computation within the 

network, and it would accelerate the pace of innovation by decoupling services from the underlying 

infrastructure (Whetherall D. 1999). 
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ACTIVE NETWORK ARCHITECTURES 

                  

Fig. (1): Active Network Architecture 

 

     The architectures are classified based on their approach toward the realization of active 

networking. Figure 1 shows the high level AN node (Active Network Node) architecture. Each AN 

node runs an operating system (Node OS) and one or more execution environments (EE). When a 

packet arrives at a node, it will be first handled by the Node OS. Node OS verifies and identifies the 

content of that packet. If the packet does not require further process, it is then simply forwarded to 

the next node. If further process is needed, the packet is passed to the EE. The further process in the 

EE may include running an active application or simply store the data brought by the packet. 

There are currently three architectures in implementing active network: 

Active packets, active nodes and hybrid approaches. Most of the early active networks architectures 

follow “the active packet” approach. This scheme is fundamentally characterized by the fact that the 

code is carried inside the packet. The nodes are also active in a sense that they allow computation 

up to the application layer (Clavert K. L. 1999).   
 

 Active Packet Approach 

     In active packet the code is carried by the packets. The code is either to be executed on the data 

of the same packet that carries the code or to be executed in order to change the state or the 

behavior of the node (Bhattacharjee S. 1999). 

 

Service  CODE DATA 

 

Fig. (2): Active Packet Approach Representation 
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 Active Node Approach 

In this approach, the packets do not carry the actual code or program. Instead, the packet carries 

some identifiers or references to functions reside in the active nodes. The packet, nevertheless, is 

considered active in a sense that they decide which functions are going to be executed on their data, 

and they provide the parameters for these functions (Jean-Patrick G. 2003). 

 

Service ID. DATA 

 

Fig. (3): Active Node Approach Representation 

 

 Hybrid Approach 

     Active packets can carry code efficiently only when the code is relatively simple and restricted. 

On the other hand, active nodes can efficiently provide any code given that the code is predefined. 

In the hybrid architecture, active packets carry actual code and other more complex code resides in 

active nodes. Hybrid architecture makes possible to use more complex programs and be flexible 

enough to program command or parameters in data packets (Eva H. 2001). 

 

SECURITY ISSUES IN ACTIVE NETWORKS 

     To provide security in the active network, we need two basic services: authentication and 

authorization. 

     Authentication is the core of many current security mechanisms, it encompasses the technologies 

used to identify and verify the authenticity of users, network components and processes. This 

ranges from simple password based schemes through to biometric and cryptographic mechanisms. 

The ultimate goal is to uniquely associate an entity external to a system with an identity stored 

inside the system. In most systems, this is done by requesting some identifying information from a 

client, for example a password, biometric reading or response to some challenge. This information 

is then verified against information held inside the system. When the identifier and stored 

information are match, the user is authenticated; otherwise the user is denied (Ravi S. 1996). Figure 

4 provides a graphical overview of the authentication method. 

 

 

 

 

 

 

 

 

 
 

Fig. (4): Authentication diagram 
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for user if [user, pass.] match in step3. 
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     In an active network, authorization to perform some requested access or action would be the 

overwhelming security concern. The authorization may take the form of control of access to objects 

or functionality, control of exposure of data, or control of resource usage. Authentication and 

authorization are somewhat tightly-coupled mechanisms; authorization systems depend on secure 

authentication systems to ensure that users are who they claim to be and thus prevent unauthorized 

users from gaining access to secured resources (Laat 2000).  

The proposed system depends on (authentication and authorization) and used RSA (encryption-

decryption) algorithm to add additional level of security. 

 

PROPOSAL SYSTEM 

     The proposed system was built using the hardware architectures that show in Fig. 5. 

 

 

 

 

 

 

 

 

 

 

Fig. (5): Hardware Architecture 

 

THE DESIGN PROCESS 

     The proposed system contains two parts, the first part is security and the second part is active 

network part, installed in active PC for the purpose of security by examining the received packet 

from inside and outside. 

     The proposed program installed on PCs waiting to be active (in the work the number of active 

PCs is 6), the active node is the PC that 

 Have a program permits to make the packet passing inside it. 

 The ability to make secure execution on packet. 

 The authentication and authorization role are defined inside it. 

Not active 

Not active  

Not active Not active 
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 The encryption and decryption algorithm done inside it. 

 When active node is busy it will search for another active node which is Idle to 

continue processing. 

     Note that all IP (Internet Protocol) addresses of active nodes are defined in packet and the active 

node will be busy when there is fault in PC or normal termination. The proposed system was 

written in Microsoft Visual Basic version 6 and uses window manner in its work. As well as it uses 

the database to store the information like username, password, job, and the information about 

authorization. And it has API (Application Program Interface) tools (An API is simply a set of 

functions that can be used to work with a component, application, or operating system), these 

functions that can be called from any application running in Windows. At run time, a function is 

dynamically linked into the application that calls it. 

 Security Part 

     This part is used for securing the active node. It will exam the received packet from inside and 

from outside. This part is relay on the concepts authentication, authorization and encryption.  

     Now the first case depends on authentication and authorization rule, the authentication rule is as 

follows: 

o Username 

o Password  

o Job 

o E-mail 

     If the username and password is entered three times incorrect then the Program terminates. 

     The authorization rule is as follows: 

o Permit the user to use the active PC 

o Permit the user to present the result 

o Permit the user to use the active PC and present the result 

     The information about authentication and authorization is verified against information reside 

inside the system, the packet is authenticated if the identifier and stored information is match, 

otherwise the packet is denied. Incase of authenticated packet, active node will make a secure 

execution on it. When packet move from one active node to another, during processing, it carry's 

information about each node it visit. 

Second case, this part also depends on encryption by using RSA algorithm to increase the security. 

The RSA algorithm is explained as follows: 

  

1. Generate two random prime numbers p and q. 

2. Multiply p and q together to generate N. 

3. Choose another number e which must be relatively prime to (p-1) (q-1). 

4. Calculate the value of ciphertext as C=M
e 
(mod N). 

5. Find d such that: e*d=1 (mod (p-1) (q-1)). 

6. Calculate the value of plaintext message as M= C
d
 (mod N). 

Where  
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M: plaintext message. 

C: ciphertext message. 

Public key: (e, N). 

Private key: (d, N). 

Now if we choose p=11, q=3 then 

N=33. 

(p-1) (q-1) =20. 

Let Z= (p-1) (q-1). 

Suitable value for e =3, since 3 and 20 have no common factors. 

With these choices, d can be found by solving the equation: 

3d=1 (mod 20). 

Which yield d = 7. 

The ciphertext, C, for a plaintext message, M, is given by  

C=M
3 

(mod 33). 

The ciphertext is decrypted by the receiver by making use of rule: 

M=C
7
 (mod 33). 

 Active Network Part 

     This part is divided into two subparts, client part and server part. After the active node receives 

the packet, the server part will begin working on it, in case of transmitting the packet to another 

active node to continue the processing, the server should changed to the client part and the server 

part of the new active node will receive the packet and work on it. 

 

 

 

 

 

 

 

           

         

 

Fig. (6) :The lifecycle of Packet in active node 
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Fig. (7) :  

The operation on Packet 

When enter active node 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* THE SOFTWARE PROCESS 

The Program is performed as follows:- 

Step 1:- initially install the program in computer 1. 

Step 2:- the program ask about username and password. 

Step 3:- input IP address for all active nodes. 

Step 4:- input information and suitability for users that use active nodes. 

Step 5:- then install the program on all PC's we want them to be active. 

Step 6:- input the job, for our example (Loop count) as shown in Fig. 8. 
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Fig. (8) Input of the job 

 

Step 7:- run the job by entering the number we want the loop counts. 

Step 8:- after 125 second, making active node 1 busy (by entering a CD in to the CD Drive which 

has the priority), the packet size become 15.360 and the packet travel to active node 2 and so 

on till the job is finish. An example is shown in Table 2. The active packet travels between 

the active nodes arbitrary by making the other nodes busy. 

THE FINAL RESULT  

     It is clearly shown that each active node continue doing the Job as shown in Table 1 until we 

make it busy ( by entering a CD in to the CD Drive ) and then other active node will take the Job 

and continue it and so on. The size of the packet increased each time the active node changed until 

the Job finished as shown in Table 1. The relationship between the time and the packet size are 

shown in Fig. 9.  
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Table 1: Time and size of packet lifecycle for all active nodes 

Computer Name 
Time lifecycle 

Packet in seconds 

Size of Packet in 

KB 

Computer 1 125 15.360 

Computer 2 134 15.872 

Computer 3 90 16.384 

Computer 6 153 16.896 

Computer 3 112 17.408 

Computer 2 234 17.920 

Computer 5 120 18.432 

Computer 1 32 18.944 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9): The relationship between time and packet size 
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     CONCLUSIONS  

 From the results obtained from the test of the proposed system we can conclude:- 

 Systems flexibility is very high, since the system can perform a variety of tasks and remain 

efficient. 

  The security power of proposed system comes from different security tools (Authentication, 

Authorization and RSA algorithm), which reduce the possibility of hacking the information 

since the attacker has to defeat all those tools. 

 The performance of proposed system is good because the throughput is displayed in the first 

active PC when packet started, and carries information of each node it visits. 

 Cost in  

o Time (because more time spend on the cryptographic operation). 

o Packet overhead. 

 The weakness of using password, which can be stolen, accidentally revealed or forgotten. 

 

    REFERENCES 

 Bhattacharjee S., “Active Networks: Architectures, Composition and Applications”, a PhD 

Thesis, Georgia Institute of Technology, 1999. 

 Calvert K. L., “Architecture Framework for Active Networks”, a PhD Thesis, Georgia 

Institute of Technology, 1999. 

 Eva H., and Ludek K.,”Active networks and high speed content delivery”, Proceedings of 

the The 7th International Conference of European University Information Systems on The 

Changing Universities - The Role of Technology, Vol. 13, PP. 448-456, 2001.  

 Gert D. L., and Gert S., "Network Security Fundamentals",  Cisco System, Inc. published 

by: Cisco press, 2005. 

 http:// www.ciscopress.com/bookstore/product.asp?isbn=1587051672 

 Jean-Patrick G., "Towards the design of an active network architecture supporting 

throughputs of gigabit networks", a PhD Thesis, University of Tennessee, December 2003. 

 Laat C. de, Gross G., Gommans L., Vollbrecht J., and Spence D., "Generic AAA 

Architecture", IETF Network Working Group, Internet experimental RFC 2903, August 

2000. 

 

 http://tools.ietf.org/html/rfc2903 

 

 Ravi S. and Pierangela S., "Authentication, Access Control, and Audit", ACM Computing 

Surveys, Vol. 28, No. 1, March 1996. 

 Psounis K., "Active Networks: Applications, Security, Safety and Architectures", IEEE 

Communications Surveys and Tutorials, Vol. 2, No. 1, PP. 2-16, First Quarter 1999. 



Journal of Engineering Volume   15  December  2009       Number  4 
 

 

 4175 

 Tennenhouse D. L., Sincoskie W. D., and Wetherall D. J., “A Survey of Active Network 

Research", IEEE Communication Magazine, Vol. 35, No. 1, PP. 80-86, January 1997. 

 Tennenhouse D. L., and Wetherall D. J., “Towards an Active Network Architecture”, 

DARPA Active Networks Conference and Exposition, San Francisco, CA, USA. IEEE 

Computer Society 2002, PP. 29-31 , May 2002. 

 Wetherall D. J., "Active network vision and reality: lessons from a capsule-based system", 

17th ACM Symposium on Operating Systems Principles (SOSP ’99) Published as Operating 

Systems Review Vol. 34, No. 5, PP. 64–79, Dec. 1999 . 

http://www.tns.lcs.mit.edu/~dlt/bio.html
http://www.tns.lcs.mit.edu/~djw/bio.html


Journal of Engineering Volume   15  December  2009       Number  4 
 

 

 4176 

 

 

 

 

DETECTION OF STATIC AIR-GAP ECCENTRICITY IN THREE PHASE 

INDUCTION MOTOR BY USING ARTIFICIAL NEURAL NETWORK 

(ANN) 

                    Prof. Dr. Qais S. Al-Sabbagh               Hayder E. Alwan                                             

                             Elect. Departement   

                           University of Baghdad                                                    University of Baghdad                                                                                                                 

       

                  

  

 الخلاصة

ة  في الفجوة الهوائية على أداء  محرك حثي  ثلاثي الاطوار ساكنتاثير اللامركزية ال هذا البحث يوضح  تم استخدام  تقنية        

في هذا .  ة والموجبة للتردداتالتوافقيات  السالب سعةان هذه التقنية تعتمد على ,الشبكة العصبية الاصطناعية لكشف هذا العطل 

لتحقيق العطل بصورة حقيقية وللحصول على البيانات المطلوبة ( كيلو واط 2.2)البحث تم استخدام محركين اثنين وبقدرة 

 وجودلغرض التحليل والكشف عن ساكن تيار الالتم اعتماد بصمة (. نصف الحمل والحمل الكامل, اللاحمل)ولثلاث اختبارات 

التوافقيات سعة  أن, تم اعتمادالشبكة العصبية ذات التغذية الامامية وتصحيح الاخطاء بطريقة الارجاع العكسي .  اللامركزية

يز بين المحرك يالسالبة والموجبة للتردادت تم اعتمادها لتكون بيانات ادخال لتدريب الشبكة الاصطناعية  لغرض الكشف  والتم

                                                                                     .    العاطل والمحرك الخالي من العطل 

ABSTRACT       

         This paper presents the effect of the static air-gap eccentricity on the performance of a 

three phase induction motor .The Artificial Neural Network (ANN) approach has been used to 

detect this fault .This technique depends upon the amplitude of the positive and negative 

harmonics of the frequency. Two motors of (2.2 kW) have been used to achieve the actual fault 

and desirable data at no-load, half-load and full-load conditions. Motor Current Signature 

analysis (MCSA) based on stator current has been used to detect eccentricity fault. Feed forward 

neural network and error back propagation training algorithms are used to perform the motor 

fault detection. The inputs of artificial neural network are the amplitudes of the positive and 

negative harmonics and the speed, and the output is the type of fault. The training of neural 

network is achieved by data through the experiments test on healthy and faulty motor and the 

diagnostic system can discriminate between “healthy” and “faulty” machine. 

  Index Terms:  Static Eccentricity, Three Phase Induction Motor, Artificial Neural Network 
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INTRODUCTION 

        Rotating electrical machines play a very important role in the world’s industrial life. In 

petrochemical and power utilities, the failure of electrical motors and generators causes a high 

cost. This is due to the loss of production, high emergency maintenance costs and lost revenues. 

Industry’s response towards this problem of unexpected interruptions of work is by using “catch 

it before it fails” approach. The oldest technique for preventive maintenance was tearing the 

electrical machine down and then looking at it closely. However, taking the motor out of service 

is costly and time consuming. This is why today’s modern industry management is more 

interested than ever before in adopting new condition monitoring techniques, on-line or off-line, 

to assess and evaluate the rotating electrical machine’s performance condition[1]. 

      The major faults of electrical machines can broadly be classified by the following [1]: 

a) Stator faults resulting in the opening or shorting of one coil or more of a stator phase 

winding. 

b) Abnormal connection of the stator windings. 

c) Broken rotor bar or cracked rotor end-rings. 

d) Static and /or dynamic air-gap irregularities. 

e) Bent shaft (akin to dynamic eccentricity) which can result in a rub between the 

rotor and stator, causing serious damage to stator core and windings. 

f) Bearing and gearbox failures. 

      The eccentricity fault and it’s diagnostic techniques will be discussed briefly in 

this paper.  

      The diagnostic methods to identify the above faults may involve several types 

of fields of science and technology. They were described in references [1, 2] as 

listed below: 

a) Electromagnetic field monitoring, search coils, coils wound a round  

  motor shafts (axial flux related detection). 

b) Temperature measurements. 

c) Infrared recognition. 

d) Radio Frequency (RF) emissions monitoring. 

e) Noise and vibration monitoring. 

f) Acoustic noise measurements. 

g) Motor current signature analysis (MCSA). 

h) Model, artificial intelligence and neural network based techniques. 

         There are different research works in the field of induction machine fault diagnosis 

include electrical, mechanical, and magnetic techniques. These techniques can be regarded as 

basis for developing on-line and/or off-line rotating electrical machine condition monitoring 

systems. Electrical and magnetic techniques include magnetic flux measurement, stator 

current analysis, rotor current analysis, partial discharges for evaluating stator insulation 

strength for high voltage motors, shaft-induced voltages, etc. Mechanical techniques include 

the machine bearing vibration-monitoring systems, speed fluctuation analysis of induction 
machines and bearing temperature measurement. MCSA for incipient fault detection has 
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received much attention in recent years. For most purposes current monitoring can be 

implemented inexpensively on any size machine [2]. 

        R.R. Schoen et al. [3] have proposed new method for induction motor fault detection by 

built on line system utilizes artificial neural networks to learn the spectral characteristics of a 

good motor operating on line.  

          M. S. Arefeen et al. [4] presented a similar paper on the analysis of air-gap flux, current 

and vibration signals as a function of both static and dynamic air-gap eccentricity in 3-phase 

induction motors. They used the same approach, the air-gap permeance approach, as in [2] for 

calculating the flux density and unbalanced magnetic forces caused by eccentricity; except that 

they suggested that the dynamic and static eccentricity should both be considered simultaneously 

and a new theoretical analysis was presented. Also, it was suggested that in addition to 

monitoring the line current signature, the vibration analysis should be put forward to identify 

which particular form of eccentricity is dominant. 

        X. Huang et al. [5] propose a scheme to monitor voltage and current space vectors 

simultaneously in order to monitor the level of air-gap eccentricity in an induction motor. An 

artificial neural network is used to learn the complicated relationship and estimate corresponding 

signature amplitudes over a wide range of operation conditions. 

        F. Filippetti et al.[6] presented an induction machine rotor fault diagnosis based on a neural 

network approach,  after the neural network was trained using data achieved through 

experimental tests on healthy machines and through simulation in case of faulted machines, the 

diagnostic system was found able to distinguish between "healthy “and "faulty “machines.       

        H. A. Toliyat et al. [7] have also proposed the detection of air-gap eccentricity in induction 

machines by measuring the harmonic content in the machine line currents. However, they 

proposed a new way for modeling the machine under eccentricity. The winding function 

approach accounting for all the space harmonics in the machine was used to calculate all the 

mutual and magnetizing inductance’s for the induction machine with eccentric rotors between 

"healthy" and "faulty" machines. 

- Eccentricity Related Faults 

        Machine eccentricity is the condition of unequal air-gap that exists between the stator and 

rotor [1,7]. When eccentricity becomes large, the resulting unbalanced radial forces also known 

as Unbalanced Magnetic Pull (UMP) can cause stator to rotor rub, and this can result in the 

damage of the stator and rotor. There are two types of air-gap eccentricity: the static air-gap 

eccentricity and the dynamic air gap eccentricity as shown in Fig. (1). In the case of the static air-

gap eccentricity, the position of the minimal radial air-gap length is fixed in space. Static 

eccentricity may be caused by the ovality of the stator core or by the incorrect positioning of the 

rotor or stator at the commissioning stage. If the rotor-shaft assembly is sufficiently stiff, the 

level of static eccentricity does not change.           In case of dynamic eccentricity, the center of 

the rotor is not at the center of the rotation and the position of minimum air-gap rotates with the 

rotor. This misalignment may be caused due to several factors such as a bent rotor shaft, bearing 

wear or misalignment, mechanical resonance at critical speed, etc. 
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Fig. (1) Eccentricity types 

      In reality both static and dynamic eccentricities tend to co-exist. An inherent level of static 

eccentricity exists even in newly manufactured machines due to manufacturing and assembly 

method, as has been reported by Dorrell [8]. This causes a steady unbalanced magnetic pull 

(UMP) in one direction. With usage, this may lead to bent rotor shaft, bearing wear and tear etc. 

This might result in some degree of dynamic eccentricity. Unless detected early, these effects 

may snowball into stator to rotor hub causing a major breakdown of the machine [9]. The 

presence of static and dynamic eccentricity can be detected using MCSA.           The equation 

describing the frequency components of interest [1] 

     ƒecc= ƒ[(k1R  nd)(1-s)/p  v]                                                            (1) 

       where nd=0 in case of static eccentricity, and nd=1,2,3,… in case of dynamic eccentricity 

(nd is known as eccentricity order), ƒ is the fundamental supply frequency, R is the number of 

rotor slots, s is the slip, p is the number of pole pairs, k1 is any integer, and v is the order of the 

stator time harmonics that are present in the power supply driving the motor. (v=±1,±3,±5…).  In 

case one of these harmonics is a multiple of three, it may not exist theoretically in the line 

current of a balanced three phase machine. However it has been shown by Nandi [10] that only a 

particular combination of machine poles and rotor slot number will give rise to significant only 

static or only dynamic eccentricity related components. However, if both static and dynamic 

eccentricities exist together, low frequency components near the fundamental is [11],   

    ƒ1=|ƒ  k1 ƒr |, where k1 =1, 2, 3   …                                                           (2) 

     can also be detected. Mixed eccentricity also gives rise to high frequency components as 

described by equation (1). Modeling based approaches to detect eccentricity related components 

in line current have been described in [11]. The simulation results obtained through the models 

are also well supported by permeance analysis and experimental results. Vibration signals can 

also be monitored to detect eccentricity-related faults. The high frequency vibration components 

for static or dynamic eccentricity are given by [7] using an equation similar to (1) (only the 

values of dn and v are different).   
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THE EXPERIMENTAL SET-UP  

The block diagram of the experimental set-up is shown in Fig. (2), motor specifications 

are shown in the Appendix, a dc generator of (3kW) rating has been used as a load for the 

induction motor. 

        The inputs to the data acquisition are from one of the motor lines as a current and from  

 

the tachometer as a speed; these two inputs signals are converted to voltage signals before using 

A/D converter.  The data of the current and the speed given to the data acquisition circuit the line 

current measured by using current transformer ratio (10/4) A passing through a resistance of 1Ω 

which given 4 volt to the data acquisition circuit, then the line current will convert to the 

frequency domain by using the Fast Fourier in Matlab program package to abtain the sampling 

frequency and sampling time of the waveform.  The speed of the motor measured by using the 

tachometer will be converted to the voltage value, it’s found that the tachometer used in the 

laboratory give 0.06 volt for each rotation, then by using Equ. 1 to calculate the positive and the 

negative harmonics frequencies and their amplitudes will be illustrated in the tables, these 

amplitudes will used to train the neural network to give the incipient detection of the fault. 

 
-EXPERIMENTAL RESULTS  

        The experiments included three tests (no-load, half load and full load) on both the healthy 

motor and the motor with eccentricity fault.  
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Healthy Motor Tests 

         The line current waveform and the Fast Fourier Transform (FFT) for no-load, half-load and 

full-load of healthy motor are studied in three different tests these are: 

A-  No-Load Test  

         This test  involves operating  the system  at no-load , the values of current , speed and slip 

were 3.5A, 2950 rpm and 0.0166 respectively. The current waveform and it’s FFT are shown in 

Fig. (3). 

 

a )       Amp.  

 

 
                                                                                                        Sec. 

b)      

    Amplitude 

 

 
 

                                                     Freq. 

Fig. (3) Current waveform in healthy motor at no-load 

a) Line  current waveform              b) Corresponding FFT 
 

B- Half -Load Test 

         This test involves operating the system at half-load, the values of current, speed, and slip 

are 5A, 2900 rpm and 0.033 respectively. The current waveform and it’s FFT are shown in Fig. 

(4).  
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a) 

 

 

 

b) 

  

 

 

Fig. (4) Current waveform in healthy motor at half-load 

a) Line current waveform             b) Corresponding FFT 

 

C- Full -Load Test 

     This test  involves operating  the system  at full-load ,  the value of current , speed and slip 

were 8.5A, 2850 and  0.05  respectively . The current waveform and it’s FFT are shown in Fig. 

(5). 

 

a)  

 

 

 

 

b)   

 

Fig. (5) Current waveform in healthy motor at half-load 

a) Line current waveform             b) Corresponding FFT 
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Eccentricity Related Faults Test 

       The second experiment was eccentricity fault as mentioned before. There are two types of 

eccentricity dynamic and static. In this experiment the static eccentricity was tested on motor at 

which the centre of rotor was not at the centre of stator as shown in Fig.(6).The stator line current 

and it’s Harmonic analyses were performed on the acquired data for three cases .Equ.1 is used to 

calculate side bands frequencies for three cases. All cases for nd =0 and R=20. 

  

 
 

 

Fig. (6) Side view of rotor eccentricity motor 
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A- No-Load Test 

       This test  involves operating  the system  at no-load ,the values of current , speed and the slip 

are  3.5A , 2810 rpm and 0.063 respectively. The current waveform and it’s FFT are shown in 

Fig. (7). 

 

 

a) 

 

 

 

b) 

 

 

 

Fig. (7) Current waveform of eccentricity fault at no-load 

a) Line current                                                 b) FFT 

 

       Table 1 Illustrates the positive, negative harmonics and their amplitudes for different values 

of harmonics (v) at no-load, the data of the motor is: 

Input Frequency      Motor Speed        Slip (s)                                                                    50Hz                         

2810 rpm              0.063              

 Equation (1) is used to calculate the positive and the negative harmonics and their amplitudes 

which are given in Table (1). 
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Table 1 Positive, negative harmonics at no-load (Eccentricity Fault) 

v Pos. Harmonic(Hz) Amplitude(A) Neg. Harmonic(Hz) Amplitude(A) 

1 987 0.03 887 0.0168 

3 1087 0.0063 787 0.0129 

5 1187 0.022 687 0.05 

7 1287 0.02 587 0.029 

9 1387 0.0177 487 0.019 

11 1487 0.0387 387 0.0124 

13 1587 0.024 287 0.018 

15 1687 0.0234 187 0.04 

17 1787 0.0167 87 0.115 

19 1887 0.0166 0 0 
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B-Half-Load Test 

         This test involves operating the system at half-load, the values of current, speed and the slip 

are 5A, 2790 rpm and 0.07 respectively. The current waveform and it’s FFT is shown in Fig. (8) 

 

 

 

a) 

 

 

 

b) 

  

 

 

 

Fig(8) Current waveform of stator eccentricity fault at half-load 

a) Line  current waveform               b) Corresponding FFT 

      

 

     Table 2 illustrates the positive, negative harmonics sequence and their amplitudes for 

different values of v at half-load, the data of the motor is:              

    Input Frequency     Motor Speed      Slip (s)            

       50Hz                        2790 rpm         0.07                                             
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Table 2 Positive, negative harmonics at half –load (Eccentricity Fault) 

                                  

v Pos. Harmonic(Hz) Amplitude(A) Neg. Harmonic(Hz) Amplitude(A) 

1 980 0.023 880 0.063 

3 1080 0.0597 780 0.06 

5 1180 0.047 680 0.0513 

7 1280 0.0156 580 0.043 

9 1380 0.01 480 0.034 

11 1480 0.026  380 0.0332 

13 1580 0.01 280 0.051 

15 1680 0.045 180 0.089 

17 1780 0.0568 80 0.364 

19 1880 0.026 0 0 

 

 

C-Full-Load Test 

        This test involves operating the system at full-load, the values of current, speed and the slip 

are 8.5A, 2720 rpm and 0.093 respectively. The current waveform and it’s FFT is shown in Fig. 

(9). 
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a) 

 

 

 

b) 

 

Fig. (9) Current waveform of eccentricity fault at full-load 

a) Line  current waveform               b) FFT 

Table 3 Illustrates the positive, negative harmonics sequence and their amplitudes for different 

values of v at full-load, the data of the motor is:              

Input Frequency     Motor Speed      Slip (s)                                                        50Hz                        

2720 rpm           0.093              

Table 3 Positive, negative harmonics full-load (Eccentricity Fault) 

v Pos. Harmonic(Hz) Amplitude(A) Neg. Harmonic(Hz) Amplitude(A) 

1 957 0.0438 857 0.0323 

3 1057 0.0445 757 0.027 

5 1157 0.046 657 0.0334 

7 1257 0.0319 557 0.082 

9 1357 0.0466 457 0.0208 

11 1457 0.022 357 0.066 

13 1557 0.0115 257 0.157 

15 1657 0.0155 157 0.086 

17 1757 0.0131 57 0.673 

19 1857 0.0212 0 0 
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* Training of ANN for Faults Identification 

         The current and speed signals acquire from a three-phase 2.2kW squirrel-cage induction 

motor. A software program was written using Matlab program package this program involve the 

fast Fourier Transform of the acquired data and the positive and negative harmonic frequency 

and their amplitudes. In order to make neural networks perform well, the data must be well-

processed and properly-scaled before inputting them to ANN. Therefore there are two outputs 

corresponding to one fault and healthy condition. The number of neurons of hidden layer given 

to the program during the training process was two to give suitable error. The neural network 

being trained based on the amplitude of the side bands, a total of 120 data sets (20 data sets for 

the eccentricity fault condition) are used in the training. The type of network belong to 

supervised learning, it needs a teacher to lead it in order to achieve the determined goal. Fig. (10) 
illustrates the inputs and outputs of the ANN. In this research a feed-forward network is used, 

and it is trained with the back propagation algorithm using tan sigmoid function, pure line. 

 

Fig. (10) Inputs and outputs of ANN 
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 After  

successful training the network, it will then used to detect the eccentricity fault. It is depicted 

training sum squared error related to the number of iterations in Fig. (11), the error of training 

parameter goal given to the program was (1e-25), but the result of the training was less than the 

error given to the program, as it is shown in Fig. (11). 

Fig. (11) The performance of ANN Training 

 

* CONCLUSION 

     The work reported in this paper has involved designing and building a motor 

monitoring system using an Aritificial neural network for fault detction of three phase 

induction motor .To accomplish this, a hardware system was designed and built to 

acquire three-phase stator current and speed from a  (2.2kW) squirrel-cage induction 

motor. The ability of the phase current to detect specific fault was tested, since 

monitoring this parameter is the most convenient and cheapest way to sense a fault. it was 

clear that The sideband frequencies are function of the slip, so they are changing with the 

speed (that change with the load) . From the sideband frequencies calculated  in the 

tables(1,2 and 3)  it’s found that the distance of the positive and negative from the 

fundamental increased with increasing of the load, and the same for different values of  

k/p and for all types of faults. From the reported work,the disadvantage of most ANN’s 

are their   inability to respond to previously unseen conditions. Therefore , if  there is an 
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occurance  of a new fault  that the network doesn’t been trained to recognize ,and the 

fault may be misdiagnosed which produce weak output results. 
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APPENDIX 

 

(Motor Parameters):   

2.2 KW (3HP), 2Pole, 50Hz, 380V     

Rated Current ………. …………...........8.5A 

Stator resistance (Rs)…………….…..2.302 Ω 

Rotor resistance(R)……………….… 3.164 Ω 

Rotor reactance (Xr)…………………..3.587 Ω 

Stator reactance (Xs)…………………..4.265 Ω 

Magnetizing reactance (Xm)……........90.919 Ω    

Number of slots……………………………...24 

Number of rotor bars…………………...……20 
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ABSTRACT 

Thermal pollution occurs when heated wastewater is discharged into rivers, lakes, oceans, or 

other water bodies. This will raise the temperature of the water body above its normal level and, 

consequently, will harm the aquatic live.  

Thermal Pollution problems will intensify as electricity usage increases unless substantial 

changes are made in the mode of discharge of the heated water. 

This paper is aimed to study the effects of heated water released from South-Baghdad Power 

Station on the water quality of Tigris River. Many parameters are test such as: Temperature (T), Total 

suspended solids (TSS), Total Dissolved Solids (TDS), Electrical Conductivity (EC), Hydrogen Ion 

(pH) and the dissolved oxygen (DO). Other parameters are tested to describe the heated water 

components such as Biochemical Oxygen Demand (BOD), Oil+Grease, and PO4.These parameters are 

compared with the allowable limits of rivers according to the Iraqi standards NO.25/1967 and found 

that some parameters exceed the allowable limits.    

 خلاصةال

حيث ان هذه . الى الانهار، البحيرات، المحيطات او اي جسم مائيحارة يحدث التلوث الحراري عندما يتم طرح مخلفات سائلة  
 .في البيئة المائيةادة درجة حرارة الجسم المائي فوق المستوى الطبيعي مما يؤدي الى اضرار المخلفات تؤدي الى زي

 .لم تتخذ تغييرات جوهرية في طريقة طرح المياه الحارة اإن التلوث الحراري تزداد حدته نتيجة لزيادة الحاجة للطاقة الكهربائية م
هر دجلة من محطة جنوب بغداد لتوليد الطاقة الكهربائية وبيان تاثيرها على يهدف البحث إلى دراسة المياه الحارة المطروحة إلى ن

الرقم ،المواد الكلية الذائبة،التوصيلية الكهربائية،العالقة ةالمواد الكلي،درجة الحرارة: عدة متغيرات مثلقياس تم . نوعية مياه النهر
الزيوت  ،لى المياه المطروحة مثل المتطلب الحيوي للأوكسجينوكذلك تم أجراء عدة فحوصات ع .الهيدروجيني و الأوكسجين الذائب

حيث تبين ان بعض    7691لسنة  52رقم  لصيانة الانهار و قد تم مناقشة الفحوصات مع المحددات العراقية.و الشحوم والفوسفات

 .تزيد عن الحدود المسموحة خلال فترة القياسالمتغيرات 
INTRODUCTION 

The major industries produce the heated wastewater are: Steam Electric Generating Plants, 

petroleum refineries, steel Mills, chemical plants, etc. 

Water bodies of water lose and gain heat much more slowly than do land or masses, and under 

most circumstance, water temperature is fairly constant and changes gradually with the season. 
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Thermal pollution problems will intensify as electricity usage increases unless substantial 

changes are made in the mode of discharge of the heated condenser cooling water. Steam generation of 

electrical power plant requires rejection of tremendous quantities of waste heat typically 58% - 67% of 

the energy input to the plant from the generation units to the surrounding (Paily et al., 1974). This heat 

is transferred in the condensers from the low-pressure steam to the cooling water, and then directly to 

the atmosphere by the means of a cooling tower, or directly discharge to the water body(Fig.1). 

The directly discharge of heated water to the river can be more dangerous to the health of the 

receiving water than organic pollution. Higher temperature reduces solubility of oxygen and chemical 

reactions proceed at a faster pace (Masters,1998).  

Al-Jalaby (1994) developed a two-dimensional numerical model for the simulation of the 

spread and mixing of thermally polluted water disposed into the river flow. This model considers the 

effect of density difference between the pollutant density and the river water density. Finite difference 

up winding scheme is used to solve partial differential equations, which include the momentum 

conservation, energy conservation and (K- ) turbulence model. The results of this model are verified 

by integral heat balance analysis. This model is found to be sensitive to the variation in the river 

velocity and density. It is also insensitive to the variations in wind speed. 

 Li-Ren and Righetto (1998) presented unsteady state two-dimensional model to simulate the 

velocity and temperature fields in the estuary of the Yangtza River in Brazil. The computation is based 

on the advanced turbulence depth averaged two equations (k- ) model. Variations of bottom 

topography and water surface elevation are included. The distribution of velocity and temperature 

computed by turbulence model (k- ) is compared with experimental results and field data. It is found 

that the simulation by using (k- ) model can provide more details of flow fields and temperature 

distribution than once by using phenomenological algebraic for models of eddy viscosity and 

diffusivity.  

Bormans and Webster (1998) investigated the thermal stratification dynamics of the slow-

flowing rivers of the Marray-Darling Basin. The net surface heat flux and the river discharge are the 

two most important parameters that determine the stratification status of the rivers with little effect 

from direct wind mixing. Excellent agreement between measured and simulated temperature profiles 

under a wide range of river discharge and meteorological forcing is obtained.  

Cakiroglu and Yurteri (1998) presented the mathematical model to predict the long-term 

effects of once through cooling systems on local fish population. The fish life cycle model simulates 

different life stages of fish by using appropriate expressions represented by growth and mortality rates. 

The heart of the developed modeling approach is the prediction of plant caused reduction in total fish 

population by estimating recruitment to adult population with and without entertainment of 

ichthyoplakton and impingement of small fish. The model is applied to a local fish species, gilthead 

(Sparus aurata), for the cause of a proposed power plant in the Aegean region of Turkey. The 

simulation indicates that entertainment and impingement may lead to a population reduction of about 

2% to 8% in the long run. 

Joody (2001) developed one and two dimensional numerical models for the simulation of the 

spread and mixing of thermally polluted water disposed into the river released from the AL-Doura 

Power Station starting from the outfall up to 1000m downstream. The momentum and thermal –energy 

equations were used to describe the distribution of velocity and temperature in river. The two 

dimensional model also incorporates with the (k- ) model to calculate the distribution of turbulent 

viscosity. The two dimensional model also discusses two cases; the first case neglects the effect of 
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vertical velocity distribution, while the second case include it. Comparison of observed data on Feb, 

3,2001 and July, 27,2001 with data computed by two-dimensional model shows good agreement with 

error of 0.57% and 1.95% respectively. 

Al-Suhaili and Jasim (2006) applied two dimensional numerical model for estimating 

temperature distribution in a river. This model was found to be sensitive to the wind speed. A 

laboratory physical model was built to find experimental data. The comparison of the observed results 

from Al-Doura Power Station and laboratory physical model with those computed by the numerical 

model showed a good agreement and the maximum absolute difference percentage were 16.2 %, 8.6 % 

respectively. 

Measurements and Field Work 

A river reach of 500 m Long was involved in the present work. It is started from the outfall 

structure of South-Baghdad station and extended to 500 m downstream.  Samples were collected to 

predict the essential variation of the water quality after the heated water discharge.  

The cooling system applied in South-Baghdad power station is once through cooling system in 

which the cooling water is withdrawn from the river via two pipes (1.4 m diameter), and then it is 

conveyed to underground rectangular channels that convey the cooling water to the six condensers with 

water temperature increase to about 10- 15 °C. The heated water returns to the river via an underground 

discharge channel and an outfall structure located in the shoreline downstream on the intake structure. 

Different field measurements were performed and different data were gathered, which can be 

mainly classified as stream, wastewater and raw water sampling.  

Stream sampling is considered to represent and give reliable measurements of water quality 

constituents along the stream reach. Seven parameters are involved in the present work. These 

parameters are temperature (T), dissolved oxygen (DO), Electrical conductivity (EC), total suspended 

solids (TSS), total dissolved solids (TDS) and hydrogen ion (pH). 

The temperature and dissolved oxygen were measured by using portable device. While, the 

remaining measurements were collected every week using plastic bottle of 0.5 liter capacity and sent to 

laboratory of the Power Station to be tested. Collection of samples was usually conducted using a boat. 

Tables from 1 to 6 show the values of TSS, TDS, EC, pH, T, BOD, Oil & grease and PO4. While, 

figure from 2 to 7 show the variation of dissolved oxygen concentrations along the study reach 

 

Table (1): The concentration of TSS, TDS, EC and pH at the upstream with time 

Date 
TSS 

(mg/l) 

TDS 

(mg/l) 

EC 

(micromhos/cm) 
pH 

T 
◦
C 

14/3/2002 71 510 819 7.98 20 

21/3/2002 29 595 988 7.9 21 

28/3/2002 42 499 810 7.87 24 

4/4/2002 45 502 816 7.9 21 

11/4/2002 51 765 1015 7.88 22 

20/4/2002 56 437 776 7.92 25 

27/4/2002 56 437 728 7.8 27 

1/5/2002 45 744 1068 7.99 26 

8/5/2002 40 713 995 7.89 24.5 

16/5/2002 59 752 1046 8.1 26 
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20/5/2002 78 723 1012 8.1 29 

4/6/2002 38 345 738 8.08 27 

11/6/2002 41 422 902 8.07 28 

18/6/2002 25 560 949 8.19 28 

25/6/2002 21 588 915 8.19 28.8 

2/7/2002 33 498 822 8.1 28 

9/7/2002 30 522 884 7.98 29 

15/7/2002 14 494 821 7.9 31 
 

 

Table (2): The concentration of TSS, TDS, EC and pH at the outfall with time. 

Date 
TSS 

(mg/l) 

TDS 

(mg/l) 

EC 

(micromhos/cm) 
pH 

T 

◦C 

14/3/2002 51 535 883 7.99 28.8 

21/3/2002 20 677 989 7.98 37 

28/3/2002 19 554 990 7.88 33.5 

4/4/2002 19 655 1002 7.89 36 

11/4/2002 22 778 1055 7.9 34 

20/4/2002 41 756 1050 7.9 31 

27/4/2002 40 510 913 7.88 33 

1/5/2002 38 810 1226 7.91 35 

8/5/2002 30 832 1150 7.83 35.5 

16/5/2002 49 827 1280 8.09 37 

20/5/2002 66 770 1077 8.1 35.5 

4/6/2002 21 391 791 8.05 36.3 

11/6/2002 12 610 975 7.88 37.5 

18/6/2002 8 615 979 7.9 39 

25/6/2002 10 519 988 7.91 42.3 

2/7/2002 13 575 885 8.1 43.2 

9/7/2002 15 603 938 7.87 44.5 

15/7/2002 8 588 975 7.09 46 
 

Table (3): The concentration of TSS, TDS, EC and pH at the downstream (50 m far from outfall) 

with time. 

Date 
TSS 

(mg/l) 

TDS 

(mg/l) 

EC 

(micromhos/cm) 
pH 

T 

◦C 

14/3/2002 62 530 950 7.98 26 

21/3/2002 25 610 969 7.99 26 

28/3/2002 22 522 950 7.89 31 

4/4/2002 22 651 971 7.9 33 

11/4/2002 31 772 1075 8.1 31 

20/4/2002 42 580 958 8.0 29.5 
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27/4/2002 42 502 888 7.9 31 

1/5/2002 39 785 1123 7.97 29 

8/5/2002 33 809 1166 8.00 32.9 

16/5/2002 55 775 1100 8.1 35 

20/5/2002 68 705 1063 8.09 34 

4/6/2002 25 372 690 8.1 31 

11/6/2002 15 534 790 7.9 36 

18/6/2002 10 512 752 7.91 36.7 

25/6/2002 15 533 760 7.91 39 

2/7/2002 14 511 693 8.15 41.5 

9/7/2002 18 552 771 7.91 41.7 

15/7/2002 12 510 753 7.14 43.5 

 

 

Table (4): The concentration of TSS, TDS, EC and pH at the downstream (100 m far from 

outfall) with time. 

Date 
TSS 

(mg/l) 

TDS 

(mg/l) 

EC 

(micromhos/cm) 
pH 

T 

◦C 
14/3/2002 66 551 952 7.98 24 

21/3/2002 25 608 961 7.89 30 

28/3/2002 25 510 912 7.88 28.8 

4/4/2002 29 648 966 7.9 30 

11/4/2002 35 770 1027 8.1 28.5 

20/4/2002 46 575 913 8.0 28 

27/4/2002 47 420 835 7.9 30 

1/5/2002 40 783 1100 7.97 26.7 

8/5/2002 35 591 983 8.09 31 

16/5/2002 56 725 1019 8.11 32.9 

20/5/2002 70 751 1060 8.1 32 

4/6/2002 29 341 558 8.1 28.5 

11/6/2002 22 478 710 7.95 33.7 

18/6/2002 16 440 703 8.01 34.5 

25/6/2002 16 391 681 8.00 36 

2/7/2002 19 377 605 8.16 37.4 

9/7/2002 19 463 710 8.00 39.6 

15/7/2002 20 400 675 8.00 41 

Four parameters are involved in the present work, which are biochemical oxygen demand five 

day (BOD5), Oil+grease, TSS, and  (PO4), These samples were collected once in a month (started from 

April and ended in July) 
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Table (5): The concentration of B.O.D5, Oil+Grease, TSS and PO4 in heated water. 

 April May June July 

BOD5 (ppm) 17 40 60 52 

Oil+Grease (ppm) 112 24 45 29 

TSS (ppm) 44 41 34 19 

PO4 (ppm) 0.75 0.7 0.44 0.38 

 

Table (6): The concentration of BOD5, Oil+Grease, TSS and PO4 in raw water. 

 April May June July 

BOD 5 (ppm) 10 22 48 46 

Oil+Grease (ppm) 105 16 19 25 

TSS (ppm) 75 76 55 70 

PO4 (ppm) 0.4 0.5 0.3 0.3 

 

Results and Discussion 

 The TSS concentration decreases at the outfall location in which the temperature increases. The 

increase of temperature will have effect on density of water (density decreases with temperature 

increase), therefore the suspended solids will move downward the river bottom. But in the case of 

washing of condensers, the concentration of TSS increases at the outfall because the washing water 

will be released to the river directly. 

 The maximum TSS concentration measured at outfall location on 3/1/2002 and its equal 188-ppm, 

this high value may be attributed to the high concentration of TSS released from the condensers of 

power plant at that time, while the minimum TSS concentration measured at outfall location on 

18/6/2002 and 15/7/2002 which is equal 8 ppm.  

 TDS and EC concentrations increase at the outfall location due to increase in the dynamic energy of 

molecules, this leads to an increase in the dissolution salts in turn in (TDS) and (EC), For example 

the concentrations of TDS and EC on 21/3/2002 are 677 ppm and 989 micromhos/cm at outfall 

location, while they equal 610 ppm and 969 micromhos/cm at 50 m far from outfall location in which 

the temperature of water river decreases. 

 Maximum concentration of TDS measured at outfall location on 3/1/2002, which is equal 895 ppm 

while the minimum concentration of TDS measured upstream on 4/6/2002,which is equal 345 ppm. 

On the other hand, the maximum concentration of EC measured at outfall location on 16/1/2002, 

which is equal 1220 micromhos/cm.while the minimum concentration measured at 100 m far from 

outfall location on 2/7/2002, which is 605 micromhos/cm. Moreover the concentration of EC some 

times exceeds the allowable limits (1000 micromhos/cm). 

  The test of stream water at the study reach shows there is no effective change in pH concentration 

mainly at the outfall location; this can be attributed to the logarithmic equation of pH. Field 

observation shows, those concentration levels of pH are acceptable along the study reach and still 

with allowable limits of Iraqi Standards (from 7 to 8.5). 

 The concentration of Dissolved Oxygen (DO) is often used as index for water quality. At least 4 

(mg/l) are required to maintain a balance of desirable species in the water. On the other hand, field 

observation shows that the concentration of dissolved oxygen is acceptable along the study reach, 
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i.e greater than allowable limit of Iraqi Standards (more than 5 mg/l), but there is sudden dropping 

at the outfall location because of temperature increasing. 

 The test of heated water released to the Tigris River shows that there are illegal concentrations 

of BOD5 and Oil. The high concentration of Oil (above 10 mg/l according to the Iraqi standards, 

see tables 5 and 6 ) comes from the State Company for Vegetable Oils which disposes high 

concentration of oil upstream the South-Baghdad Power Station. Also the power plant itself 

disposes oil to the pipe of heated water. BOD5 test shows there is illegal concentration in June and 

July (above 40 mg/l according to the Iraqi standards) because the difference in inlet and outlet 

water temperature. Also the State Company for Vegetable Oils disposes high concentrations of 

BOD5 and TSS up stream Power Station at that time. PO4 concentrations are within the permission 

value of Iraqi standard which is (3 ppm). 

 

CONCLUSIONS 

 The dissolved oxygen of water river does not drop under the allowable limits (5 mg/l according 

to the Iraqi standards) so that there is no sever effect on the organisms lived in the river. 

 The concentrations of total dissolved solids are within the allowable limits (1000 mg/l 

according to the Iraqi Standards) along the study reach. 

 The Electrical Conductivity exceeds the allowable limits (1000 micromhos/cm) along the study 

reach in some tests during the study period. 

 The pH concentration is not affected by increase in temperature in study reach.  

 The heated water samples showed that the concentration of BOD5 are slightly rising comaired 

with the samples taken from the raw water. 
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ABSTRACT 

A mathematical model for integrated air pollution modelling around refineries is built and 

named as Computerized System for Integrated Air Pollution Modelling Around Oil Refineries 

(CSIAPMAOR).The model based on Gaussian equation to estimate concentration of pollutants (SO2, 

NO2, CO, Particulates) that are emitted from a continuous air pollution elevated source. The model 

is designed by using Visual Basic as a main core of the system and linked with auxiliary models 

such as ArcMap (GIS), Surfer software, Ms-Excel and Ms-Access. The model has flexibility to 

select either rural, urban or stability (Smith equation) wind speed profile. It also has the option of 

using three types of dispersion coefficients equations for rural condition (PGT-Briggs-Martin 

equation) and one equation for urban condition (Briggs equation).The model has many options to 

display results as concentrations versus center line-downwind distance or as Three-Dimensional 

(3D) map. The model can compute maximum concentration with the contribution of each stack to 

the overall maximum concentration. Moreover the model has the ability to perform a sensitivity 

analysis for the effect of the most important parameters according to the Gaussian equation. AL-

Doura Oil Refinery was taken as a case study using the available observed data of two sites1 and 2 

for periods 15
th

 -21
st
  and 23

rd
 -29

th
 August 1997 in order to check the performance potential of the 

model. Results showed that Briggs equation for dispersion coefficients with rural wind speed profile 

has the best degree of agreement with the observed values of 0.86, 0.90 for SO2; 0.69, 0.80 for NO2; 

0.73, 0.79 for CO; 0.63, 0.60 for particulates at site 1 and 2 respectively. It is found, that for AL-

Doura Oil Refinery stacks number 6, 2, 7, and 3 have a large contribution on the overall maximum 

concentration. The model demonstrates the influence of atmospheric stability, wind speed, emission 

rate, exit velocity, physical height, exit temperature and rural-urban area in reducing the 

concentrations of pollutants. Sensitivity analysis shows that the concentrations are sensitive to 

stability class in comparison with other input parameters.  

  
 :ةالخلاص

.ذCSIAPMAORذوليي هذتذفييهذاييلاذالتميينذءييظذم ييرمذ فييرلذاتيي انذفييهذالمرلييلتذل  للييةذاحورااييةذلحاييل ذال ييلامذ ييل ذال  ييرفه

اوكسييدذال حي ولينذواو ذاوكسييدذذث يرئهاوكسيدذالوت يتذوذث رئهاوسذلحخ ينذاالثرتذال لامذاثلذگعاىذاعردلهذ″ال  لذجذات هذالرلر

كاغيةذVisual Basic ال  يلذجذءيظذءييلي اذمرليحخدالذم  يرانذ.ذذثةذانذا ردرذءال ذال لامذال سح   تعالوررملنذوالدقرئقذالعرلقهذال 

ءظذالحخدااهذلاعيرمذا داثيرتذ قيقييةذArcMap(GIS) م  رانذذ″اولا:ذم اجيهذالرليهذلا فرلذاعذرمطذال فرلذمت اانذاسرعداذواه

وذلي ذل ليظذاي ائطذك حلرييةذلحماييلذذSurferم  يرانذ"ذثر يير.ذTINsدذلاخررطةذالالرليةذذاعذرلظذطتقيرتذك حلرييةذذاتذثلاثيةذامعير

ال  يلذجذذوذقرماييةذ.ذ.ذايدالاتذوذ حيرئنذالت  يرانوذلي ذلخي نذكيلذذ Ms Accessوم  يرانذ Ms Excelم  يران"ذثرلثير.ذالمسرلييةذ

اعردليهذ)لاعح ردذعاىذالالحق اريةذلااحيرروا داذانذثلا ذ رلاتذلمسرتذءغري ذل عةذال يرحذفهذال  رطقذالمض يةذاوذال يفيةذاوذمر

–ذBriggs ذ–ذPGT) وال عيردلاتذايهذذ.ليهذالقرماييةذلااحييررذوا يداذاينذثيلا ذاعيردلاتذلا  يرطقذال يفيية"ذال  يلذجذايضير(.ذلي ن
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(Martin equation وذاعردلهذوا داذلا  رطقذالمضي يةذ(Briggs)  مرلاضيرفةذاليىذااور ييةذال  يلذجذ.ذ لمسيرتذاعيرالاتذالحتيحتذ

مرلاضيرفةذاليىذااور ييةذال  يلذجذفيهذ.ذضذ حرئنذءغي ذالح اكي ذاعذايطذا ح ياذاليدارنذال  تعينذشوذمتيولذاررطيةذثلاثييةذالامعيردلع 

 سرتذالح كي ذالاق ىذلا الثرتذاعذءمديدذاسرا ةذذكلذا درذانذا ردرذالحال ذفهذقي ةذالاذالح كي ذك رذشنذلهذااور يهذاليحخدالذ

الت  رانذيح رو ذا فىذالدوراذك لضيل ذدراليةذمرليحخدالذذ.اوسگذغي ذال عرالاتذال   ةذعاىذاعردلةءمايلذالمسرليهذلحتيرنذءأثي ذء

ذ.ذ5221اينذاتذلاعيرلذ(ذ02ذ-02)و(ذ05-54)التير رتذال حلف اذالحهذء يتذالا فح يرذل يلقعينذع يدذل يلتذلي فذال  يفىذلافحي ءينذ

ل عيرالاتذالحتتيتذايعذذBriggsنذال سحم ياةذاينذاليحخدالذاعردليةذ حيرئال.شلحخداتذالاذالتير يرتذلاحمقيقذاينذكفيرماذادامذالت  يرانذ

لث يرئهذذ2.22وذذ2.68وقيظذاعرالذالحلافقذالترلغيةذ.ذاؤل اتذل عةذال يرحذفهذال  رطقذال يفيةذشعيتذءلافقيةذعرليةذاعذالقيظذال قرلة

لايدقرئقذالعرلقيةذذ2.82,ذذ2.82ذو ميلنذولأو ذاوكسييدذالذ2.12,ذذ2.12رئهذاوكسييدذال حي لينذولث يذ2.62,ذذ2.82وذذاوكسيدذالوت ييت

وليدذاينذايلا ذءماييلذال سيرا ةذميأنذث يرئهذاوكسييدذالوت ييتذليهذالح كيي ذالاق يىذذفيهذ"ذوايضير.ذعاىذالحلالهذذ0وذذ5فهذال لقعينذ

ذذ2وذ1وذ0وذ8ايداانذا يفىذاليدوراذرقيظذ.ذقعينالسرعةذلافح اتذآ فةذاللك ذوذملل ذيفلفذال عريي ذال س لحذم رذفهذالع افذلويلاذال يل

وذءيظذاليحع ضذءيأثي ذكيلذاينذاليحق اريةذالجيلذوذلي عةذال ييرحذوذاعيد ذوذ.ذذكر تذل رذاسرا ةذكتي اذفهذءويلينذالح اكيي ذالق يل 

 .ل عةذالا تعر ذوذارءفر ذال داانذوذ  اراذالا تعر ذوذءأثي ذال  رطقذالمض يةذوذال يفيةذفهذءخفيضذء اكي ذال الثرتذال  تعثه

KEYWORDS 

Air Pollution, Gaussian Model, GIS and Environmental Modeling, Designed Model 
 

INTRODUCTIONذ
           Urban air pollution due to activities of the process petroleum refinery industries is one of the 

main problems faced by the industrial area worldwide. Many experimental analyses were carried 

out to determine the extent of air pollution due to the petroleum refinery industry, focusing on the 

concentrations of NO2, CO, SO2
   

[Abdulkareem, 2005].  

The development of an air pollution model for multi-sources is no doubt useful. Integrated 

models using available nowadays softwares will be useful in many ways. These models can be used 

to predict different pollutants levels spread over the nearby area, due to different properties of 

multipoint sources. The integrated model can allow the variation of sources properties, such as 

emission rate, exit velocity, etc. Integrated models are those models that use different softwares 

linked in a proper way to transfer data between these softwares to achieve certain tasks. Integrated 

models are rather rare or expensive, while each of the softwares contributing in the developed 

model is available and free. For example, Visual Basic, Ms Excel, Ms Access, ArcMap (GIS), are 

available softwares nowadays, whereas a specialized integrated model for air pollution modelling is 

not freely available. Hence the development of such model is essential. The main challenge in 

building an integrated model for a special purpose is the proper linkage between the available 

softwares, i.e. the way to transfer data between these softwares. 

 

GAUSSIAN MODEL 

The Gaussian model is perhaps the oldest (Circa 1936) [Bosanquet, 1936 as cited in 

Wikipedia, 2008] and is the most commonly used dispersion model to estimate the concentration of 

a pollutant because of its simplicity [Awasthi et al., 2006]. It assumes that the air pollutant 

dispersion has a Gaussian distribution, meaning that the pollutant distribution has a normal 

probability distribution. The primary algorithm used in Gaussian model is the Generalized 

Dispersion Equation for a Continuous Point-Source Plume [Beychok, Milton, 2005 as cited in 

Wikipedia, 2008]. 

 

GIS AND ENVIRONMENTAL MODELING 

        Geographical Information System (GIS) is a computer based information system that enables 

capturing, modelling, manipulation, retrieval, analysis, and presentation of geographically 

referenced data [Aronoff, 1991 as cited by Rahmatizadeha et al., 2002]. The basic advantage of this 

science and technology is its ability to manage and integrate with the present database and for 

spatial analysis such as (overlay, buffering and zoning) which provides an environmental alarming 

system [Rahmatizadeha et al., 2002]. By doing air quality modelling in a GIS environment, the 

output of the pollutant records can be obtained as spatial records in the form of map layers, which 
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can visualize real objects by vector and raster data formats together with graphs and multimedia 

presentations [Matejicek et al., 2002]. 

 

THE COMPUTERIZED SYSTEM FOR INTEGRATED AIR POLLUTION MODELLING 

AROUND OIL REFINERIES (CSIAPMAOR): 

 

 The designed model provides options to model point source emissions from stacks present 

at industrial areas. The basic equation governing the phenomena is the straight-line, steady-state 

Gaussian plume equation for a continuous air pollution elevated source [Kiely, 1997]: 

 

  

                                        

  

                                                                                                                                                           (1) 

      

 

 

 

Where: C (x, y, z) is the concentration of pollutant (g/
3m ) at a receptor located at (x, y, z), x is 

downwind distance from the source point (m), y is crosswind distance from the plume centreline 

(m), z is height above ground level (m), Q is pollutant emission rate (g/s), U is mean wind speed at 

release height (m/s), eH  is the effective height of release of the point source (m), σy and σz are 

horizontal and vertical standard deviations of the emission distribution (m). 

 
Softwares Used in the CSIAPMAOR Model 

The CSIAPMAOR program was designed using Visual Basic (version 6.0) as the basic 

programming language and as a control tool for integrating the system with auxiliary models. These 

auxiliary softwares are Ms Access, Ms Excel for storing output results, ArcMap (GIS) (version 8.1) 

for Georeference of the base map, in addition for drawing TINs layers to show the spatial variation 

in the contaminant levels over the area under study, Surfer (version 7.0) for drawing contour maps 

of the sensitivity analysis. 

 

Features and Capabilities of the Designed Model  

 The model can be used to predict short-term concentrations (for periods of 24 hours or less) 

for pollutants SO2, NO2, CO and Particulates resulted from a point source or from 

multisources, instantaneously. 

 The model offers three options for computing wind speed profile: rural, urban, and stability 

(Smith equation) wind speed profile. 

 The model offers flexibility to select either rural or urban dispersion parameters, depending 

on the characteristics of the source location. Three options for rural dispersion coefficients: 

PGT, Briggs, and Martin equation, and just one option for urban condition (Briggs 

equation), are available. 

 The model can estimate maximum hourly concentration, in addition to the location of the 

receptor and the hour at which it happens. 

  The model can perform contribution analysis for each point source to the overall maximum 

concentration. 

 The model has an option of drawing hourly concentration for continuous emitting from 

multisources as 3D TINs layer or as a contour map to show the influence of the different 

concentration levels extended over a base map of the area around these sources. 
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  The model has option for displaying hourly concentration emitting from each stack with 

center-line downwind distance by a bar chart. 

 The model can determine the required calibration factor between the model results and a set 

of measured values. 

 The model provides tabular printed outputs with many options  

 The model has option to test sensitivity of the Gaussian model to the variation in its 

parameters by four options for stability class, wind speed, stack properties (exit velocity, 

exit temperature, physical height, emission rate) and rural versus urban area. 

 

The model built here, has the following limitations: 

 Estimate pollutants emitted from elevated point source. 

 Valued for non-reactive pollutant only. 

 The effect of momentum force in plume rise is neglected and only buoyancy force is 

considered. 

 Particulates are limited for spherical shape only. 

 All pollutants are totally reflected.          

 

 
APPLICATION OF THE DESIGNED MODEL: CASE STUDY AL-DOURA OIL 

REFINERY 

           

The model has been used first for a Cartesian receptor grid with 25 meters for a small area of 

(1700m × 1700m) with origin point (0 E, 0 N) in the lower left corner of the area. The (UTM) 

coordinates of this point are (446100.73 E, 3680688.62 N) as shown in Figure (1). This area covers 

all stacks of AL-Doura Oil Refinery in addition to the two sites (receptors) where measured data are 

available for the designed model validation; dense grid is used because these receptors are very 

close to AL-Doura Oil Refinery. The model is then used for a Cartesian receptor grid with 100 

meters for a large area of (14000m × 11000m) as shown in Figure (1) to cover all the area 

surrounding the refinery in the eastern south direction. The origin point (0 E, 0 N) of this area with 

corresponding UTM coordinates are (443382.21 E, 3672874.80 N). The second application of the 

model to such an area is used to show the impact of the refinery on the large adjacent areas using 

contour maps which clarify the maximum concentrations and the contribution of each stack on this 

maximum concentration.  

The model is applied using two cases, the first case with stability wind speed profile (Smith 

equation) using three equations for calculating the dispersion coefficients of the rural area (PGT 

equation, Briggs equation and Martin equation), the second case with rural wind speed profile using 

the same equations for the dispersion coefficients to select which case will be suitable to represent 

the case study. 
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Fig (1) Boundaries of the Small and Large Area for Which the Model was Applied 

 

 

 

 

 

 

 

 

 

 

 

Comparison of the Model Results with the Measured Concentrations 
The results obtained from the model application have been compared to the observations of 

the hourly concentrations measured at sites 1, and 2 for periods from (15
th

  to 21
st
  August 1997 at 

site 1) and (23
rd

  to 29
th

 August 1997 at site 2) as measured by AL-Rubai (1998). 

 

Index of Agreement (IOA) 

 

 

                                                                                                                    

                                                                                                                                                           (2) 

 

 

 

Boundary of small area 

Stacks of AL-Doura refinery  

Site 1  

Site 2  

Boundary of large area 

Origin point  
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IOA is a measure of the degree to which the observed values have been accurately estimated by the 

model. IOA is sensitive towards differences between observed and predicted values as well as to 

certain changes in proportionality, and represent more consistent measure of the performance. IOA 

= 0 indicates no agreement, IOA = 1 indicates perfect agreement [Willmott, 1981 as cited in 

Awasthi et al., 2006 and Luhar et al., 2004]. 

 

Table (1) Index of Agreement (IOA) for Sites 1, and 2, Near AL – Doura Oil Refinery 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source Contribution Analysis 

Contribution analysis represents the contribution of a particular source to the overall 

concentration in a certain location (receptor point). Recognizing the source contribution information 

is important to many short term modelling analyses. For the designed model, contribution of each 

point source (stack) of the AL-Doura oil refinery to the overall maximum concentration for each 

pollutant are found by applying the model for the large area (14000 m × 11000 m). The designed 

model uses Briggs equation for dispersion coefficients in the rural area with rural wind speed 

profile and meteorological data reported at (15
th

-21
st
 August 1997) and (23

rd
-29

th
 August 1997) 

from AL-Rubai, 1998, with a receptor height 1.5 m. The model finds the maximum concentration 

within the specified period by the user.  

 

Table (2) Maximum Hourly Concentration of the Pollutants Emitted from Multisources of 

AL-Doura Oil Refinery in August, 1997 

day 

Max. hourly 

concentration 

for SO2 (ppm) 

Max. hourly 

concentration for 

NO2 (ppm) 

Max. hourly 

concentration for 

CO (ppm) 

Max. hourly 

concentration for 

Particulate (µg/ 3m ) 

with background con. 

15 0.454 0.076 1.379 45.617 

16 0.474 0.089 1.751 47.682 

17 0.446 0.073 1.243 45.603 

18 0.474 0.079 1.391 46.319 

Wind 

speed 

profile 

Dispersion 

coefficients 

No. of  

Site 

Index Of Agreement (IOA) 

SO2 NO2 CO Particulates 

Stability 

profile 

(Simth 

equation) 

PGT equation 
Site 1 0.84 0.66 0.68 0.61 

Site 2 0.88 0.75 0.74 0.56 

Briggs 

equation 

Site 1 0.87 0.69 0.72 0.64 

Site 2 0.89 0.78 0.75 0.58 

Martin 

equation 

Site 1 0.84 0.66 0.68 0.61 

Site 2 0.88 0.75 0.74 0.56 

Rural 

profile 

P-G-T 

equation 

Site 1 0.84 0.66 0.69 0.55 

Site 2 0.88 0.76 0.76 0.57 

Briggs 

equation 

Site 1 0.86 0.69 0.73 0.63 

Site 2 0.90 0.80 0.79 0.60 

Martin 

equation 

Site 1 0.85 0.69 0.69 0.57 

Site 2 0.88 0.76 0.77 0.57 
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19 0.489 0.088 1.842 47.944 

20 0.473 0.076 1.589 46.312 

21 0.449 0.082 1.495 46.129 

23 0.482 0.083 1.586 47.479 

24 0.404 0.071 1.397 44.058 

25 0.433 0.073 1.375 45.084 

26 0.462 0.077 1.365 46.540 

27 0.474 0.085 1.556 46.953 

28 0.459 0.086 1.672 46.897 

29 0.481 0.085 1.627 47.924 

 

Table (2) indicates that the maximum hourly concentration of the most pollutants had 

occurred in 19
th

 August 1997. Maximum hourly concentration for SO2 has occurred at the hour 

15:00 pm, and for NO2 has occurred at the hour 19:00 pm, and for CO has occurred at the hour 

18:00 pm, and for Particulates has occurred at the hour 15:00 pm. These maximum values have 

resulted for the following case: meteorological data, stability class (C), north-west wind direction, 

and wind speed vary from (2-4) m/s. 

 

 

 

 

  

 

 

 

   

 

 

 

 

 

Figure (2) Contribution Analysis for SO2 in the 19
th

 August 1997 at                                                   

a Site with Coordinates (4300, 8500) from the Origin Point 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) Contribution Analysis for NO2 in the 19
th

 August 1997 at a                                           

Site with Coordinates (4700, 8500) from the Origin Point 
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Figure (4) Contribution Analysis for CO in the 19
th

 August 1997 at a Site                                      

with Coordinates (4700, 8300) from the Origin Point 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5) Contribution Analysis for Particulates with Background Concentration                              

 

in the 19
th

 August 1997 at a Site with Coordinates (4300, 8500) from the Origin Point 

TINs layer of the hourly concentrations resulted from the multisources in 19
th

 August 1997 

illustrating resulted different concentrations levels extended through the eastern south area (mostly 

agricultures) surrounding AL-Doura oil refinery. 
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Figure (6) Contour Map for SO2 Concentration Levels, Resulting from Stacks of AL-Doura 

Refinery in 19
th

 August 1997 at 15:00 pm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (7) Contour Map for NO2 Concentration Levels, Resulting from Stacks of AL-Doura 

Refinery in 19
th

August 1997at 19:00 pm 
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Figure (8) Contour Map for CO Concentration Levels, Resulting from Stacks of AL-Doura Oil 

Refinery in 19
th

 August 1997 at 18:00 pm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (9) Contour Map for Particulates Concentration Levels with Background Concentration, 

Resulting from Stacks of AL-Doura Refinery in 19/8/1997at 15:00 pm 
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*  SENSITIVITY ANALYSIS 
A sensitivity analysis is the process of establishing the effect of changing the value of an input 

variable on the model output [Carbon, 2004]. This analysis is performed using the designed model 

in order to find the effect of different parameters on the dispersion of the pollutants. 

 

The Base Case 

The input data of the options of Sensitivity Analysis are selected depending on the results of 

the contribution analysis. This analysis indicates that, stack number 6 of the AL-Doura oil refinery 

is responsible for the largest contribution to the maximum hourly concentrations for SO2, NO2, CO 

and Particulates. Meteorological data which cause the maximum hourly concentration for SO2 

(higher concentration than allowable) at 19
th

 August 1997 at hour 15:00 pm is selected for 

sensitivity analysis. 

Sensitivity Analysis for Stability Classes 

The effect of atmospheric stability on the hourly concentrations with low wind speed is shown in 

Figure (10). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (10) Sensitivity Analysis of SO2 with Stability Classes Variation 

 

This figure indicate that, the worst weather case condition for dispersion of pollutants with 

low wind speed is a winter day or an overcast night that is characterized by a slightly stable 

atmosphere (class E) with distance far away from the source. The other critical weather condition is 

sunny day (class A) with distance near from the source. Class E with wind speed equal to 0.89 m/s 

is considered as a critical weather case and will be named such hereafter.  

 

Sensitivity Analysis for Wind Speed 

Different values of wind speed are selected to show the influence of the wind speed with 

low turbulence in reducing the maximum concentration for critical weather (class E, 0.89 m/s) 

which represents the base case. 
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Figure (11) Sensitivity Analysis of SO2 with Wind Speed Variation 

 

The effects of wind speed work in two opposite directions are:  

- Increasing wind speed will decrease plume rise, thus increases ground level concentrations; which 

are observed near from the source.  

- increasing wind speed will increase mixing, thus decreasing ground level concentration ,this case 

is observed far away from the source. 

Sensitivity Analysis for Stack Properties 

The important parameters for the stacks represent (exit velocity (Vs), exit temperature (Ts), 

physical height (Hs), and emission rate (Qs)) are selected. The sensitivity analysis is done by 

varying one of these properties at each run in order to examine its influence of each one in reducing 

the concentrations of pollutants. Three cases are selected for each parameter:  

- Case 1 (influence of exit velocity on the hourly concentration) 

Three cases are selected, Vs1=7.4 m/s which represents the base case (stack 6), Vs2= 11.1 m/s (1.5 

Vs1) and Vs3 =14.8 m/s (2 Vs1). 

- Case 2 (influence of exit temperature on the hourly concentration) 

Three cases are selected, Ts1 =603 k which represents the base case (stack 6), Ts1= 904.5 k (1.5 

Ts1) and Ts3 =1206 k (2 Ts1). 

- Case 3 (influence of physical height on the hourly concentration) 

Three cases are selected, Hs1 =30 m which represents the base case (stack 6), Hs2 = 45 m (1.5 Hs1) 

and Hs3 =60 m (2 Hs1). 

- Case 4 (influence of emission rate on the hourly concentration) 

Three cases are selected for emission rate of the SO2, Qs1=198.01 g/s which represents the base 

case (stack 6), Qs2= 132.007 g/s (Qs1/1.5) and Qs3 =99.005 g/s (Qs1/2). 
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Figure (12) Sensitivity Analysis of 1.5 the Base Case for Vs1, Ts1, and Hs1 and 1/1.5 for Qs1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (13) Sensitivity Analysis of 2 the Base Case for Vs1, Ts1, and Hs1 and 1/2 for Qs1 
 

These Figures indicate the followings: 

- Near the point source, physical height and exit velocity have higher effect on reducing hourly 

concentrations for the two cases of increasing these parameters by 50% and 100%. 

- Far away from the source, reduction in the emission rate by a factor of 1.5 of the base case (Q/1.5) 

has decreased the hourly concentrations. While, if an increase in the physical height to twice of its 

value results in higher effect than the emission rate. 

 

Sensitivity Analysis for Urban Area versus Rural Area 

This analysis is done by taking the critical weather case (class E and wind speed is equal to 

0.89 m/s) as a base case. Sensitivity analysis applies for two cases, case 1 (rural wind speed profile 

and Briggs dispersion coefficient for rural area) and case 2 (urban wind speed profile and Briggs 

dispersion coefficient for urban area).  
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Figure (14) Sensitivity Analysis of SO2 with Rural Versus Urban 

 

The urban area has a large effect in increasing pollution near from source; this may be due 

to that, these types of area have more available sensible heat from solar surface heating and 

combustion sources that destabilize the surface layer of air causing mixing of the plume gases to the 

ground close to the source. 

 

CONCLUSIONS 

 

 Briggs equation for dispersion coefficients with rural wind speed profile has been found to be 

most suitable prediction combination for the particular sites chosen for the study; this case has 

yielded a large index of agreement (error- free predictions). 

 The maximum hourly concentrations at the day time during period 15
th

 -21
st
 and 23

rd
 -29

th
 

August 1997 for all pollutants indicate that: first maximum hourly concentrations for all 

pollutants happen under meteorological conditions including slightly unstable (class C) with wind 

speed varying from (2-10) m/s and with effects of stacks 6 and 2 of AL-Doura oil refinery. These 

two stacks have maximum contribution on the overall maximum concentration for the pollutant in 

addition to the effects of stacks 7 and 3.  

 The most important observations that can be deduced from sensitivity analysis are: 

 The effect of turbulence on the reduction of concentrations of pollutants indicated that the worst 

case weather condition for dispersion of pollutants is characterized by a slightly stable atmosphere 

(class E).  

 The effect of point source properties with low wind speed and turbulence indicates that the 

physical height and emission rate has higher effect to reduce maximum hourly concentration of 

critical weather case (class E, 0.89 m/s) when increasing these parameters by 50% and 100% base 

case (stack 6).  
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AN EXPERIMENTAL STUDY OF BURR FORMATION 

IN DRILLING AND SLOT-END MILLING OPERATIONS 
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لخلاصةا  
ناشئة وانواعها في عمليات التثقيب والتفريز النهائي للمجاري يشمل هذا البحث دراسة عملية لتأثير عوامل القطع الرئيسة على تكوين البروزات ال   

وتم التركيز على علاقة نوع . عند تشغيل الصلب الواطئ والصلب المقاوم للصدأ بأستخدام عدد القطع من الصلب عالي السرعات وسائل التبريد
رع القطع ومعدلات التغذية وأعماق قطع لغرض الحصول على ولهذا فقد تم تطبيق مديات واسعة من س. البروز الناشء ومقاسه مع عوامل القطع

وتم قياس أرتفاع البروزات الناشئة وتحليلها عند مختلف ظروف التشغيل لأيجاد تأثير سرعة القطع، معدل التغذية، وعمق القطع . أمثل ظروف قطع
وأستخدمت . طئ الكاربوني مع تلك الخاصة بالصلب المقاوم للصدأعلى تكوين البروزات الناشئة ومقارنة النتائج التي تم الحصول عليها للصلب الوا

بروز أقطار مختلفة من المثاقب من نوع الصلب عالي السرعات لملاحظة تأثيرها على تكوين البروزات الناشئة وأعطت القياسات الكمية لأرتفاع ال
.                يا تحت هذه الظروفالناشئ معلومات مفيدة بسبب تكوين بروزات ناشئة صغيرة وكبيرة منتظمة نسب  

ABSTRACT 
 

This paper presents the results of  an experimental  study  on  the  influence  of the main 

cutting parameters on burr formation and its types in drilling and slot-end milling 

operations to machine low carbon and stain -less steels using HSS cutting tools and cutting 

fluid. Particular attention was focused on the relation between the burr type and size and 

cutting parameters. Therefore, a wide range of cutting speeds, feed rates, and dept  of cuts 

were  investigated to  explore the  optimum cutting  conditions. Burr heights were 

measured and anal- lyzed at different machining conditions to determine the effect of the 

cutting speed, feed rate, and depth of cut on burr formation. The data obtained for low 

carbon steel were compared with those for stainless steel. Different diameters of HSS twist 

drills were used to observe their effects on drilling burr formation. The  quantitative 

measurements of  burrs height yield  much useful  information  because relatively uniform 

small and large burrs were formed under these conditions. 
 

KEYWORDS 

 Burr Formation, Drilling and Slot-End Milling operations, Low Carbon and 

Stainless steels 
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 INTRODUCTION 
 

   Burr can be produced with different machining processes like drilling and milling. It has 

been defined as an undesirable projection of material beyond the edge of the workpiece due 

to plastic deformation during machining. In machining, burrs cause several problems for 

product quality and functionality as they interfere with the assembly of parts, jamming of 

parts, misalignment, and short circuits in electrical components. It may also reduce the 

fatigue life and cause safety hazards.  

 

     The drilling process produces burrs on entrance and exit surfaces of the workpiece.The 

entrance burr forms on the entrance surface as material near the drill undergoes plastic 

deformation. The exit burr is apart of the material extending off the exit surface of the 

workpiece. Because the exit burr is larger than the entrance burr, this study has only 

focused on the exit burr. A drilling burr has several different shapes depending on 

parameters such as workpiece material property [1,2], drill geometry [2,3,4], exit surface 

angle [5], and process conditions [1,6]. Milling burrs are likely to form along the edges 

where the tool leaves the work part, namely exit burrs that must be removed by deburring 

processes to allow the work part to meet specified tolerances. Exit burrs formation in 

milling process are determined by several parameters including cutter geometry, work part 

geometry, and material properties, cutting conditions [7], and selected tool feed direction 

[8]. 

 

     During metal cutting, the existence of burr not only reduces the dimension and accuracy 

of  the workpiece., but also increases the manufacturing cost. Presently, the burr has been 

the most troublesome obstruction to high productivity and automation of machining 

process. Accordingly, for manufacturing advanced precise components, deburring 

operations are required to remove the burrs. However, in the machining operations the cost 

of deburring can reach 30% of the total machining cost. Therefore, much work has been 

carried out aiming to reduce the cost and time consuming of deburring. Research is still 

going on to improve and automate the deburring processes since fitting a deburring process 

into FMS with high efficiency and full automation is a difficult problem [9]. Also, 

understanding of burr formation and mechanism is essential in order to reduce deburring 

cost by reducing burr formation. In contrast, a few studies have been performed to 

determine the influence of cutting parameters to assist in the reduction of burrs and the 

production of free burr components. Thus, to avoid or minimize the burr formation during 

machining, it is necessary to understand and to have a deeper knowledge on the 

relationship between the burr formation and the parameters involved in the important 

machining operations like drilling and milling which are most widely used material 

removal processes. 

 

     Much research has been focused on macro-scale burr formation in drilling and face 

milling [7,10] but a few researchers have worked on burr formation in slot-end milling 

processes. Many studies have been conducted on the machinability of carbon steels but few 

of them concentrates on the problem of burr formation. This paper presents the results of an 

experimental study on the influence of the main cutting parameters on burr formation and 

its types in drilling and milling operations to machine low carbon and stainless steels using 

HSS cutting tools and cutting fluid. Particular attention was focused on the relation 
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between the burr type and size and cutting parameters. Therefore, a wide range of cutting 

speeds, feed rates, and depth of cuts were investigated to explore the optimum cutting 

conditions. 

      

     Burrs height were measured and analyzed at different machining conditions to 

determine the effect of the cutting speed, feed rate, and depth of cut on burr formation. The 

data obtained for low carbon steel were compared with those for stainless steel. Different 

diameters of HSS twist drills were used to observe their effects on drilling burr formation. 

The quantitative measurements of burrs height yield much useful information because 

relatively uniform small and large burrs were formed under these conditions.  

 

EXPERIMENTAL PROCEDURE 
 

Nomenclature of burrs studied in drilling and end milling operations 

 

   This study concentrates on the formation of burrs in drilling and milling operations. 

Regarding drilling operation, the entrance(minor) and exit (major) burrs positions are on 

the entrance and exit surfaces, respectively, as shown in Fig,(1)[11]. The entrance burrs are 

generally very small in sizes in comparison with exit burrs at different cutting conditions. 

While end milling operations produced burrs as shown in Fig.(2): burr on the top edge 

(burr1), exit burrs in the feed direction (burr3 and burr5) as classified and defined by 

Gillespie [ 10 ], and identified experimentally by Olevera and Barrow [7]. The sizes of 

Burr3 and burr5 were found too small to measure as compared to that size for Burr1. 

However, this investigation focused only on exit burr in drilling operations and on Burr1 in 

milling operations because these burrs are larger in sizes and quantity than others and for 

deburring purposes, they are considered the most important. Burr9 ( a rollover burr )does 

not exit since it is normally formed by the side and end of the face milling cutter, as the 

tool exits the workpiece over the edge. This burr is actually a series of similar burrs, where 

each tooth produces a complete burr. 

 

Work materials 
 

     The work materials investigated in this work are hot rolled low carbon steel (LCS), St37, 

and cold rolled stainless steel (SS), AISI316 and both materials are in the annealed 

condition. These materials were selected because they are widely used in industry for 

production purposes by drilling and milling operations.  They are supplied with the 

chemical compositions and mechanical properties given in Table (1) and Table (2), 

respectively. Rectangular blocks 200 mm in length, 140 mm in width, and 15 mm thickness 

from these materials were used for studying the burr formation in drilling and milling 

operations. 

 
Cutting Tools 
 

     Firstly, drilling tests were carried out using different high-speed steel (HSS) 

conventional twist drill diameters ( 5, 7, 9, 11, and 12.5 mm ) in drilling  the LCS  block at 

constant medium spindle speed (500 rpm) and  lower feed (0.03 mm/rev) to indicate the 

influence of the drill diameter on the burr formation and its size. 
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     Secondly, other drilling tests were made using only a HSS twist drill of 12.5 mm in 

diameter in order to obtain burrs with larger sizes for measuring purpose at different cutting 

speeds and feeds. 

 

     Finally, slot-end milling tests were carried out using a HSS end mill of 10 mm in 

diameter in milling LCS, and SS blocks for burr formation and measuring purposes.  Each 

test consisted of machining of a slot of 50 mm length for different cutting speeds, feeds, 

and depth of cuts. 

 

Machine Tools 
 

    All drilling tests were performed on a CNC drilling machine while end milling tests were 

performed on a CNC vertical milling machine. A water-soluble coolant ( a soluble oil, 

which is an oily emulsion freely miscible in water ), was used as the cutting fluid during 

drilling and milling low carbon and stainless steels. This cutting fluid is commenly used as 

a coolant for lubricating and cooling purposes by reducing the harmful effects of friction 

and high temperatures during drilling and milling operations [12]. 

 

Cutting conditions 
      

    The cutting conditions considered in drilling and end milling tests were cutting speed, 

feed rate, and depth of cut. The cutting parameters ranges used in this work are listed in 

Table (3) and Table (4) for drilling and slot-end milling stainless steel and low carbon 

steel, respectively. These parameters were selected according to the prast experience of 

using high-speed steel (HSS) cutting tools and also to the general recommended  working 

ranges given for speeds, feeds, and depth of cuts used for these tools in drilling and milling 

operations of low carbon and stainless steels[13]. During each test, only one parameter was 

varied at a time the one under study its effect on burr formation and its size, while the other 

parameters were kept unchanged. 
 

Burr Measurements 
    

    There are several quantities for burr measurement: burr height, burr thickness, burr 

volume, and hardness [12]. Burr height and thickness are the most frequently and easily 

measured burr quantities. There are several methods [15] to measure burr height and 

thickness, such as contact method, optical microscope method and optical coordinate 

measurement machine (CMM) method. A surface profilometer, which is usually used for 

measuring macro-scale surface finish is normally used to measure burr height. Recently, 

the laser is also used to measure burr height. 

  

    For a given set of cutting conditions, the burr size obtained in drilling and end milling 

tests was highly variable. Then, the average heights of the exit burrs produced in drilling 

and milling were measured. A large number of measurements were made for each single 

test in order to obtain reliable results. The burr height was used as a burr size indicator in 

the present study to take easily a large number of measurements. The height was measured 

with a dial gage indicator with accuracy of +/- 0.005 mm. The results reported were the 
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average of 8 to 9 measurements for the height of the exit burrs formed at different positions 

for each hole and slot in both drilling and slot-end milling tests. 
 

RESULTS AND DISCUSSION 
 

Burr formation and observation in drilling tests 
 

   The exit drilling burr has different shapes and sizes depending on the cutting conditions 

used. From deburring cost point of view, it is important to consider both burr shape and 

size. Figures (3) and (4) show burr shapes observed in drilling stainless and low carbon 

steels, respectively. Three types of burrs formed in drilling both materials. These are 

uniform burr with a drill cap, uniform burr without a drill cap (transient burr), and crown 

(petal) burr. These types of burrs are uniform for both materials and they have a relatively 

small and uniform burr height and thickness around the hole periphery. Furness [16] 

previously proposed burr formation mechanisms for drill cap and crown burr types 

matched with corresponding pictures from high-speed video during  drilling low carbon 

steel AISI 1018. 
 

Uniform burr with a drill cap formation 
 

   The whole work of the current paper is focused on the formation of the drilling exit burrs 

since the entrance burrs are generally very small in sizes and difficult to measure when 

compared with exit burrs at different cutting conditions used for drilling low carbon and 

stainless steels. 

 

   A uniform burr with a drill cap is formed in the final step of drilling and can either 

remain attached to the workpiece [Fig.(3)] or be separated at drill exit [Fig.(4)]. The 

formation of the drill cap at the final step depends on the material ductility and process 

conditions. The most common burr type for ductile material is the uniform burr with a drill 

cap. In most cases, with reasonable combination of cutting conditions, initial fracture 

occurs at the outer cutting edge region, not near the drill center, creating a drill cap [1]. 

 

   Kim et al [2] stated that the drill cap is first formed by plastic deformation of the work 

material under the chisel edge depending on the drilling thrust force. With drill 

advancement, the plastic deformation zone expands from the center to the edge of the drill. 

Finally, the drill cap is created by initial fracture occurs at the end of the cutting edges. The 

remaining material is then bent and pushed out ahead of the drill to form this type of burr. 

 

   Kim and Dornfeld [1] has proposed an analytical model for drilling burr formation 

mechanism in ductile materials to predict the final burr size of the uniform burr with a drill 

cap. However, this type of work is beyond the scope of this paper which only focuses on 

the influencing cutting parameters (cutting speed, feed, and depth of cut) in drilling and 

milling operations as well as effect of using different drill diameters. 

 

    Kim [6] in his preliminary experiment to investigate drilling burr formation on titanium 

Ti-6Al-4V has also observed a uniform burr with a drill cap during all conditions used. 

Typical burr shapes identified formed in most cutting conditions were rolled-back burr and 

leaned-burr. The level of rolling back seemed to be proportional to feed rate and spindle 
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speed. Crown burr that are formed in high feed rate in steel were never formed. Thermal 

effect caused by the friction heat is believed to have influenced the types of burrs because 

of low thermal conductivity of the material and no usage of coolant. 

 

    In drilling 304 stainless steel, Guo and Dornfeld [17], have proposed and divided burr 

formation mechanism into four stages: initiation, development, pivoting point, and 

deformation stages with cap formation. 
 

Uniform burr without a drill cap (transient) burr formation 
  

   As shown in Fig.(3), this type of burr formed in the transient stage between uniform burr 

with a drill cap to a crown burr type, by early fracture, near the end of the cutting edges 

later than in uniform burr formation (when the material does not have moderate ductility, 

plastic deformation is limited), creating a larger uniform section. With further drill 

advancement, the strain at the chisel edge exceeds the fracture strain of the material. 

Continuous cutting occurs up to the final stage of drilling, creating a uniform burr without a 

drill cap [Fig.(4)]. 

 
Crown (petal) burr formation 
 

   The crown burr has a large and non uniform burr height. Generally, this type of burr in 

both materials 

has a large and irregular height distribution around the hole. A larger thrust force induces 

plastic deformation earlier in the process. The thicker material layer beneath the drill 

undergoes plastic deformation, and a larger maximum strain was induced at the center 

region of the exit surface leading more likely to an initial fracture, at the chisel edge, 

resulting in a crown burr. Also, because of inefficient cutting due to drill wear at the outer 

cutting edges, there is a higher possibility of initial fracture to occur at the center region 

and thus creating a crown burr. 

 

Effect of drill diameter on drilling burr height 
 

   The first attempt was carried out to investigate the influence of using different 

conventional HSS drill diameters on drilling burr size in terms of height only since burr 

thickness was difficult to measure due to some technical problems. The reason for that is to 

ensure evidently that burr can be formed during drilling operations and to select the proper 

drill diameter that provides a reasonable size for suitably measuring purpose. 

 

     Figure (5) shows burr height variation with drill size in drilling low carbon steel at 

cutting speed of 19.6 m/min and feed of 0.03 mm/rev. It is seen that increasing the drill 

diameter does greatly affect the burr size. This burr size increase is believed due using 

higher cutting speed and lower feed and thus causing more material deformation owing to 

thermal effect in cutting moderate ductile material such as low carbon steel [see Table (1)]. 

 

   Therefore it was decided to choose a 12.5 mm drill diameter to use in the whole drilling 

tests of this paper. Also, the selection of this drill size is to form enough burr size and to be 

easily measured in conducting the following drilling and milling tests for low carbon and 
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stainless steels. However, Kim and Dornfeld [ 6 ] in their analytical model noted that 

increasing the drill diameter has no great influence on burr size ( in terms of burr height 

and thickness ) since they have used a smaller drill size (~ 4 mm in diameter) and lower 

feed (0.08 mm/rev) in cutting stainless steel AISI 304L. 

 

   Regarding the burr shape during drilling tests for low carbon steel used in this work with 

different drill diameters, a uniform burr with a drill cap was only observed and its size 

increases with increasing the drill diameter at the higher speed ( 19.6 m/min ) and lower 

feed rate of 0.03 mm/min. 

 

Effect of cutting speed on drilling burr height 
 

    Drilling test were carried out for the stainless (SS) material over a cutting speed range 

4.9-13.9 m/min and at a constant feed of 0.32 mm/rev using a HSS twist drill of 12.5 mm 

in diameter and all results are then depicted in Fig.(6) which generally indicates that the 

increase of exit burr (major burr) height with increasing cutting speed. It can be seen that 

the corresponding burr heights over this speed range are higher and showed a sharp 

increase in comparison with those obtained for low carbon steel. The lower speed range 

was used for drilling stainless steel is to prevent the hardness effect of this material  on the 

twist drill and thus avoiding the tool wear during the drilling operations. The behavior of 

burr height increase during cutting both materials, is attributed to the effect of cutting 

temperature rise with increasing cutting speed. This will result in more deformation in the 

workpiece near the exit surface and then more material extension, creating higher burr size.  

 

    It must be pointed that in drilling stainless steel, the steep increase in burr height with 

cutting speed, is related to drilling burr formation mechanism that resulted in the possibility 

of forming mainly two shapes of burr, namely: a uniform burr with a drill cap and a 

uniform burr without a drill cap (transient burr), as shown in Fig.(3). A crown burr was not 

seen during drilling this material at different cutting speeds. Burr shape is important 

because the burr size, as a result, the deburring cost is greatly dependent on it. These shapes 

of burrs are found similar to those observed previously [1,2] in drilling stainless steel AISI 

304L at low and high cutting speeds. Kim [1] stated that when feed and the cutting speed 

are low, the drilling burr tends to have a uniform shape along the hole periphery for most 

materials. The material property of workpiece makes a big difference when the feed and 

cutting speed increase. When the material has moderate ductility, the material tends to 

elongate to some extent during burr formation, resulting in a large burr height and burr 

volume. However, if the material is quite brittle, catastrophic fracture occurs as the feed 

and speed increase, resulting in irregular burrs having several large chunks, lobes, or petals 

as shown in drilling the aluminum alloy Al 6061 [1]. 

 

   Thus, according to Fig.(6), in drilling stainless steel at lower cutting speeds and in this 

case at higher feed (0.32 m/rev), uniform, small heights of burrs with separated drill cap 

first produced due to the initial fracture occurred by plastic deformation at the end of the 

cutting edges. These burrs have irregular shapes because some of the burr material left with 

the drill cap by a later fracture took place near the workpiece surface because of the drill 

cap bending when the drill exiting the surface. Also, another uniform burr with attached 

drill cap formed at medium speed and high feed owing to plastic deformation at the end of 
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the drill edge. Eventually, a uniform, large, thick, and sharp burr produced at high feed and 

cutting speed. So, the combined effect of both higher speed and higher feed (higher thrust 

force) caused the increase of burr height steeply and this behavior is different from that for 

drilling low carbon steel at various speeds since lower feed  of 0.11 mm/rev ( lower thrust 

force) was used, thus creating lower burr height. 

 

   It was proposed [14] that burr formation mechanisms for several burr shapes, matched 

with corresponding pictures observed by a high-speed video while drilling low alloy steel, 

AISI1018,. The uniform burr has a relatively small, uniform height and thickness around 

the hole periphery. A drill cap may or may not be formed in the final step of drilling 

depending on the material ductility, drill geometry, and process condition. The crown burr 

has large and nonuniform burr height (with irregular height distribution around the hole). 

Also, the transient burr is a type of burr that forms in the transient stage between the 

uniform burr with a drill cap and the crown burr and it has a larger burr height than uniform 

burr but with no cap. Kim [1] has explained the burr formation mechanisms of both 

uniform burrs with and without a drill cap. As the drill approaches the work exit surface, 

the material under the chisel edge begins to deform. The distance from the exit surface to 

the point at which the deformation starts depends mainly on the thrust force during drilling. 

As the drill advances, the plastic deformation zone expands from the center to the edge of 

the drill. At the final step, the remaining material is bent and pushed out ahead of the drill 

to form the uniform burr with a drill cap. If the material does not have moderate ductility, 

plastic deformation is limited, and fracture occurs early at the center region of the drill. 

Continuous cutting occurs up to the final stage of drilling, creating a uniform burr but with 

no cap. 

 

     Other tests were also performed for drilling the low carbon steel (LCS) material over a 

cutting speed range 3.5-27.9 m/min and at a constant feed of 0.11 mm/rev using a new HSS 

twist drill with 12.5 mm in diameter and all data determined are illustrated in Fig.(6) which 

also shows that the exit burr height increased with cutting speed increase. Burr heights are 

seen to be lower in comparison to those found for stainless steel. Also, two types of burr 

shapes as shown in Fig.(4) were mainly observed during cutting over this speed range. At 

lower cutting speeds, a uniform burr with separated drill cap formed while a transient burr 

(a uniform burr without a drill cap) produced at higher speeds. But, the uniform burr with a 

drill cap as shown in Fig.(3) during cutting stainless steel, was not observed over this speed 

range. The burr formation mechanisms of these shapes are the same as those described 

earlier [1,2] in this section and they formed at different cutting speeds except that lower 

feed (0.11 mm/rev) was used. And, the reason for lower burr sizes obtained in drilling low 

carbon steel is more likely owing to the less ductility of this material when compared with 

stainless steel material. 
 

Effect of feed on drilling burr height 
  

    Regarding the feed influence on burr height in drilling tests of stainless steel (SS) over a 

feed range of 0.08-0.22 mm/rev and at a chosen moderate cutting speed 9.8 m/min, the 

results found are depicted in Fig.(7) which indicates clearly that burr height first increased 

at a feed of 0.11 mm/rev, then decreased to a minimum value at a feed of 0.16 mm/rev, and 

later increased sharply with increasing feed up to 0.22 mm/rev. The explanation for this 
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variation in burr height is thought to be due to burr shape change since at a feed range of 

0.08-0.11 mm/rev, the burr formed is seen to be large and has a uniform shape with no drill 

cap (transient burr) as shown in and described by Kim [1]. While cutting at moderate feed 

of 0.18 mm/rev, a uniform burr with separated drill cap produced and it is thin with a very 

small height since the increase in feed as mentioned earlier [1,2], resulted in expanding the 

plastic deformation zone from center to the tool edge and thus initial fracture occurs at the 

end of the cutting edges, creating the drill cap that separated from the workpiece. In 

addition to that, when the drill approached the workpiece exit surface, this fracture is most 

probably occurred too near this surface and that is why less material left as a burr adhered 

to the exit surface and around the hole periphery. In order to ensure that the behavior of 

height to be very small at this cutting condition, the drilling test using same speed and 0.16 

mm/rev, was repeated and a similar result was obtained (burr is very small and has a 

uniform shape with separated drill cap). 

 

    By further increase in feed up to 0.22 mm/rev, burr height raised sharply because of the 

formation of a large thin transient burr or uniform burr with no drill cap. This trend is 

attributed to higher thrust force effect induced and thus more material being removed by 

plastic deformation, causing a fracture in the center region of the drill and thus producing a 

large burr height. Also, the burr formation mechanisms of these two types of burr shapes 

are same as for those stated in the last section.  

 

   Other drilling tests were achieved for low carbon steel at a cutting speed of 19.6 m/min 

and over a feed range 0.16-0.45 mm/rev using a new HSS drill with 12.5 mm in diameter. 

Fig.(7) illustrates that burr height is lower at lower feed since the tool is fresh and new with 

no wear on its cutting edges but then its height increased with feed increase. This trend is 

believed that at a feed over 0.22 mm/rev, burr height increased owing to more plastic 

deformation caused by higher thrust force. During the feed range of 0.16-0.22 mm/rev, a 

small uniform burr with separated drill cap formed whereas a transient burr or a large 

uniform burr without a drill cap produced during cutting over this feed range as shown in 

Fig.(4). And, the reason for lower burr size obtained in drilling low carbon steel is more 

likely due to the effect lower ductility of this material when compared with the stainless 

steel material.  

     
    Concerning the work of this paper, the rolled-back and leaned-back burr types observed 

by Kim [6], were not seen during drilling low carbon and stainless steels. This is more 

likely due to the effect of application of coolant which has reduced the thermal effect 

caused by the friction heat generation when there is no cutting but deformation as in the 

final stage of burr formation. Also, the higher heat conductivity of steels than titanium 

alloy enhances slow heat conductive dissipation to the workpiece. Therefore, the 

temperature rise will be lower in the region near the inner wall of the burr. This will reduce 

the material expansion and contribute to form a uniform burr with a drill cap instead of 

rolling or leaning back burr type. 
 

Burr formation and observation in slot-end milling tests 

 

   The typical slot-end milling process is depicted in Fig.(8)[18]. The surface along the 

bottom of the slot will be scalloped. As the tool passes through the workpiece, each tooth 
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creates a semi-circular scratch along the bottom of the slot. Thus, the bottom surface will 

be scalloped. The length of each slot was 50 mm for each milling test. 

 

   All slot-end milling tests exhibited clearly formation of burr1 on the top edge of the 

workpiece surface. It was relatively small, uniform along the test length and their shape 

looks like protrusion with variable height while, burr3 and burr5 produced when the tool 

exits the workpiece (in the feed direction). However, burr3 and burr5 were not considered 

in the present work because of their measuring limitations and since they were too small in 

sizes when compared to burr1. Therefore, this study concentrated on burr1 formation which 

is considered the most important for deburring purposes since it is larger in size and 

presents in large quantities. In each test, a new tool was used to avoid the effect of the tool 

wear. 

 

   Gillespi [10] investigated the effect of cutting parameters on the size of burrs produced in 

end milling and explained the formation mechanisms for these burrs. He concluded that 

burr1 (poisson burr) is the result of lateral deformation caused when the tool enters the 

workpiece. The material tends to bulge at the sides when it is compressed until permanent 

plastic deformation occurs. Burr3 and burr5 are rollover burrs formed, however their sizes 

vary noticeably due to the variation of exit angle as the tool leaves the workpiece. 

  

   Wright et al [19] reported formation of three different burrs in slot-end milling : exit burr 

(burr5), side burr (burr3), and top burr (burr1), which occur along (1) the edge between the 

machined surface and the exit surface, (2) the edge between the transition surface and the 

exit surface, and (3) the edge between the top surface and the transition surface. 

 

   Landers et al [20] stated that, in milling, three major burr types (poisson, rollover, and 

tear) form due to workpicec plastic deformation. When the cutting tool edge extends over a 

workpiece edge, material is compressed and may flow laterally forming a poisson burr. 

Rollover burrs form when the cutting tool exits the workpicec and the chip tends over the 

edge instead of being cut. If the chip is torn from the workpiece, instead of being sheared 

off, some material from the chip will be left on the workpice. The material is known as a 

tear burr. A combination of the poisson and tear burr can end up as a so-called top burr or 

entrance burr along the edge of top workpiece when a tool cuts a slot or along the periphery 

of a hole when a tool enters a workpiece [12]. In conventional cutting process, these top or 

entrance type burrs are substantially smaller than exit burrs so that usually no deburring 

process is necessary. 

 

   In the present work, the slot-end milling test produces the following burr1 (top burr) 

morphologies at the machined surface: (1) knife burr type or uniform (primary burr), (2) 

wave-type (primary burr), and (3) secondary burrs as shown in Fig.(9). Knife edge burrs 

are the largest burrs encountered in this type of milling. They are characterized by uniform 

height and thickness that is small relative to their height, gives them a laminar appearance. 

Wave-type burrs are believed to have the same formation mechanism as knife burrs, but are 

slightly smaller and do not have uniform height [Fig.(9)]. Secondary burrs are generally not 

periodic with respect to the feed marks on machined surface, and their size is often one 

order of magnitude smaller than knife or wave-type burrs (primary burrs)[21]. 
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   Hashimura and Dornfeld [22] noted, in face milling process, that uniform burrs are 

formed due to cumulative leaning of the transition material that is pushed by the tool flank 

during each successive pass. The cumulative burr (knife burr) formation mechanism under 

tool exit condition was presented. The exit burr forms as plastically deformed transition 

material is leaned down towards the machined surface as opposed to rollover of the chip. 

The ability of the back-up material to carry the cutting forces controls the burr and chip 

formation processes which are two separate processes. The cumulative deformation of the 

transition material explains the uniform height of the knife burr, which is approximately 

equal to the depth of cut. 

 
Effect of cutting speed on slot-end milling burr height 

   

   In slot-end milling at cutting speed range of 5.1-12.2 m/min for low carbon steel (LCS) 

and 3.8-9.3 m/min for stainless steel (SS) at constant feed rate and depth of cut, Fig.(10), 

shows that burr1 (top burr or poisson burr) is formed in all cases, small in size, and uniform 

along each test length. The burr1 height increased from 0.09 to 0.15 mm for low carbon 

steel and from 0.08 to 0.10 mm for stainless steel with increasing speed. The burr 

formation for both materials is more likely a result of lateral plastic deformation due to the 

thermal effect that increased with increasing cutting speed. This indicates that more 

generated heat is dissipated and transferred by conductivity to sides of the slot at low feed 

rate of 14 mm/min, higher cutting speed and depth of cut of 2 mm. Also, the difference in 

burr1 size between these materials is owing to the difference in their mechanical properties 

and structures. This means that stainless steel exhibited more resistance to the cutting 

temperature influence than low carbon steel with speed increase. 

 

    Regarding burr1 types, similar observations to those mentioned by Avila and Dornfeld 

[21], are indicated in the present study. It is noted in that, at any cutting speed for each 

material, burr1 shape and type depend on its height. A knife edge burr (primary burr) type 

that only formed at the top of the round edge of the slot, is sharp look like a straight 

protrusion, thick, and large in size. Whereas a wave burr (primary burr) type that formed 

along the top edge of both sides of the slot, is curled, thin, and small in size (see Fig. (9)). 

In addition, secondary burr due feed marks at the bottom of the slot surface, is also seen 

with very small size but this type together with burr3 and burr5 are out of focus of the this 

work due to the practical difficult problems in measuring their sizes.  

 

Effect of feed rate on slot-end milling burr height 

 

    Fig. (11) reveals that at lower feed rates, burr1 sizes are high for both materials. These 

burrs are only formed by lateral plastic deformation owing to the dominant thermal effect 

at high cutting speed. At higher feed rate, burr1 height remains unchanged for low carbon 

steel (LCS) but for stainless steel (SS), it is steadily decreased from 0.13 to .0.05 mm. The 

stability of burr1 for low carbon steel at higher feed is attributed to more cutting 

temperature rise at higher speeds and an accompanying increase in thrust force that pushing 

high amount of material being removed at high feed and depth of cut. Whereas, for 

stainless steel, the reduction of burr1 is more possibly due to the higher resistance of this 

material to shearing action than low carbon steel. Therefore, smaller chip is removed and 

thus creating less burr1 in size. 
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    So, the behavior of burr1 for low carbon steel with varying feed rates is not similar to 

that observed in Olevra and Barrow work [7] in face milling of medium carbon steel but for 

stainless steel, it is found identical because they concluded that burr1 height decreased as 

the tool feed rate increased. This burr is formed by lateral deformation of the material when 

the cutting tool edge enters the workpiece. They demonstrated this trend in terms of the 

ploughing effect since at the beginning of the cut, the milling cutter starts with zero cut 

thickness and therefore no actual shearing of the material occurs. Instead, the material is 

plastically deformed and pushed underneath the tool. This plastic deformation facilitates 

the formation of burr1. Thus, at low feed rate, the tool takes longer to start cutting properly 

due to the small cut thickness and therefore the ploughing effect is increased. While, at 

high feed rate, the proper cutting action starts earlier (the cut thickness rises more rapidly) 

and as a consequence the ploughing effect is reduced, hence burr1 is smaller at high feed 

rate. 

 

    In addition, Gillespie [10] in his investigation the influence of machining variables on 

the size of burrs in end milling,found that feed rate and tool sharpness are the most 

significant variables affecting the size of burrs produced in this operation. Low feed rates 

and dull tools resulting in higher and thicker burrs. He also concluded that burr1 is the 

result of lateral deformation caused by the tool enters the workpiece (poisson burr). 

 

    As mentioned in section 3.6, similar shapes of burr1 ( knife edge and wave burrs that are 

noted in previous work [19] at the top of the round edge and sides of the slot, respectively)  

are also formed over the feed range used in this work for slot-end milling each material. 
 

Effect of depth of cut on slot-end milling burr height 

 

   Regarding the influence of depth of cut on slot-end milling burr1 height, slot-end milling 

tests were also conducted for both materials over a depth of cut range 0.5-2.5 mm at a 

constant cutting speed of 6.6 m/min and a cutting feed rate of 22 mm/min. Fig. (12) 

illustrates that for low carbon steel (LCS) and stainless steels (SS), burr1 heights are 

slightly increased almost with increasing the cutting depth. However, at lower cutting 

speed and feed rate, the depth of cut has little influence on burr1 height because of the 

temperature and thrust force effects on the plastic deformation of both materials. 

 

    These results are identical to ones reported previously by Olevra and Brrow [7] who 

determined that an increase in the axial depth of cut led to an increase in burr1 height. They 

interpreted these results according to the observation of Gellespie [10] for the effect of 

depth of cut on burr1 ( poisson burr ), Burr1 that forms by lateral deformation of the 

workpiece material under pressure of the cutting edge, will only form when the cut 

thickness is sufficiently large so that there is more resistance for the material ahead of the 

cutting edge to flow in the chip direction ( parallel to the cutting edge ), i.e. burr1 forms 

because of the material being displaced by the cutting edge is restricted to the flow mainly 

in the lateral direction. The foregoing helps to explain the trend shown in Fig. (12) for both 

materials in this work. When the depth of cut increases, the total amount of material being 

displaced by the cutting edge rises proportionally. Being restricted to flow mostly in a 

direction parallel to the cutting edge, this will result in larger burr1 size.  
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    Concerning the burr1 shapes, it is found that knife edge and wave burrs, similar to those 

stated previously [21], are formed at the top of the round edge and sides of the slot with 

increasing cutting depth for both steels utilized in this experimental study.  

 

    Thus, drilling and end-slot milling operations conducted in this work revealed that the 

burr formation can  

cnot be avoided or eliminated but it can be minimized by applying certain cutting 

conditions at lower and higher levels of cutting speeds, feed rates, and depth of cuts. This is 

attributed to the additional infuences of cutting forces and temperature during its formation 

causing material plastic deformation. However, the variations in burr heights obtained in 

this work are strongly related to its type observed at each cutting conditions. Accordingly, 

in order to eliminate burr formation during cutting, different strategies have been recently 

applied [3-5] and focused on the effect of other cutting parameters such as: tool design and 

angles, work part material property and geometry, tool path and feed direction. Also, much 

attention has been paid for complete understanding of burr mechanisms [21,22], optimizing 

and controlling [2,15], and modeling [17] burr formation. 
 

CONCLUSIONS  

 

   The following conclusions were gained when conducting this experimental study on burr 

formation in 

 drilling and slot-end milling operations: 

 

 It found that a HSS twist drill with a larger diameter provides a higher exit burr height 

and this is normally due to more material to be removed by plastic deformation owing 

to higher thermal and cutting forces effects during the drilling operation. 

 

 Drilling tests for low carbon and stainless steels revealed formation of two types of 

exit burrs changing in shape (uniform burr with a drill cap and transient or uniform 

burr without a drill cap). Crown or petal burr was not during cutting over different 

levels of cutting speeds and feeds. 

 

 In drilling tests, it was found that the exit burr height for both materials influenced 

greatly by the cutting speeds and feeds because relatively uniform small and large 

burrs with various shapes were formed. 

 

 In slot-end milling tests, burr1 (top burr), burr3, and burr5 are formed during slot-end 

milling tests for low carbon and stainless steels over cutting at various  levels of 

cutting speeds, feed rates, and depth of cuts. 

 

 It is appeared that the shapes of burr1 were same during cutting at different speeds, 

feed rates, and depth of cuts and it consisted of: a knife burr type or uniform (primary 

burr) with a largest size over the round edge of the slot, a wave burr type (primary 

burr) with smaller and different heights over the whole top straight edges of the slot. 

 



S. A. ALRABII                                                                                An Experimental Study Of Burr Formation 

                                                                                                         In Drilling And Slot-End Milling Operations 

 

 4232 

 Slot-end milling tests exhibited that the height of burr1 was generally found to be less 

than 0.15 mm for low carbon steel and less than 0.10 mm for stainless steel.  
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Table (1): Chemical compositions of the work materials (produced by the material  

manufacturers in wt% for each element). 

 

Work material 

type 

 

%C 

 

%P 

 

%S 

 

%Mn 

 

%Si 

 

%Cr 

 

%Ni 

 

%N 

Low carbon 

steel (ST37) 

 

Max 

0.17 

 

Max 

0.045 

Max 

0.045 

 

Max     

1.25 

 

Max 

0.045 
~ ~ 

Max 

0.01 

Stainless steel 

(AISI316) Max 

0.08 

Max 

0.045 

Max 

0.030 

Max 

2.00 

Max 

0.75 

 

18.00 – 

20.00 

 

8.00 –              

12.00 

Max 

0.10 

 

 

Table (2): Mechanical properties of work materials. 

Property 

 

Material 

Yield 

strength 

(MPa) min 

Tensile 

strength 

(02%proof) 

(MPa) min 

Elongation 

(% in 50 

mm) min 

Brinell (HB) 

Hardness 

max 

Stainless Steel (AISI316) 205 515 40 217 

Low Carbon Steel (ST37) 210 380 25 108 

 

Table (3): Cutting conditions used for drilling operation. 

Material 
Cutting speed 

(m/min) 

Feed 

(mm/rev) 

Stainless Steel (AISI316) 4.9-13.9 0.08-0.32 

Low carbon steel (ST37) 3.5-27.9 0.11-0.45 
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Table (4): Cutting conditions used for slot-end milling operation. 

Material 
Cutting speed 

(m/min) 

Feed 

(mm/rev) 

Depth of cut  

(mm) 

Stainless Steel (AISI316) 3.8-9.3 14-56 0.5-2.5 

Low carbon steel (ST37) 5.1-12.2 14-90 0.5-2.5 

Figure 1 Minor (entrance) and major (exit) burrs 

              positions in a drilling operation [11]. 

 

Figure 2 Types of burrs formed in a milling operation 

[10] 

burr1 : top burr,  burr3 and burr5 : exit burr 

burr9 : rollover burr 
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Figure 4 Photograph of drilling low carbon steel plate after machining. 

Uniform burr with 

separated drill cup 

 

Uniform burr without 

a drill cup (transient 

burr) 

 

Figure 3 Photograph of the drilling stainless steel plate after 

machining. 

Uniform burr with  

a drill cap 

Uniform burr 

without a drill cup 

(transient burr)  

 

Uniform burr with 

separated drill cap  
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 

LCS 

SS 

Fig.(6) Effect of cutting speed on burr height in drilling low carbon steel ( at a 

cutting feed of 0.1 mm/rev ) and steels (at a cutting feed 0.32mm/rev) with 12.5 

mm drill dia. 
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Figure 8 Photograph of milling stainless steel plate after machining. 

SS 

LCS 

 

 
 

 
 

 

 

 
* 
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3

Knife edge burr 

Secondary burr  

Wave type burr 

Figure 9 Photograph of milling low carbon steel plate after machining. 

Figure 10 Effect of cutting speed on burr height in slot-end milling of low carbon 

steel (at a feed rate of 22 mm/min) and stainless steel (at a feed rate of 

14 mm/min) with 2 mm cutting depth. 

LCS 

SS 
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Figure 11 Effect of feed rate on burr height in slot-end milling of low carbon steel 

(at a cutting speed of 12.2 m/min) and stainless steel (at a cutting speed 

of 9.3 m/min) with 2 mm cutting depth. 

LCS 

SS 

LCS 

SS 

Figure 12 Effect of depth of cut on burr height in slot-end milling low carbon steel and 

stainless steel at a cutting speed of 6.6 m/min and a feed rate of 22 mm/min. 
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ABSTRACT 

 

    The lost-foam casting process using expanded polystyrene foam pattern allows more complex 

and detailed passages to be cast directly into the part. The advantages of the lost-foam casting 

process involve, forms complex internal and external shapes without cores, reduces part mass with 

near net-shape capability, eliminates parting lines, and reduces machining operation and costs, 

Complex shapes with various sizes castings were produced in this technique in the foundry of the 

State Company for Electrical Industrials to evaluate the process. Successful complete castings were 

made. Many experimental works were done to further complements about fluidity parameter 

dealing with lost-foam casting process. Empirical linear and non-linear formulas were obtained 

from those experimental works to find the minimum temperature for pouring molten metal. 

Aluminum alloys were the material of choice for this work, due to the best combination of 

mechanical properties and castability, but the performance requirements and manufacturability 

issues will drive the choice of a specific aluminum that was aluminum-silicon alloy, which were 

used in this work. 

     The macroscopic properties of the alloy depend strongly on the microstructure. Therefore, 

photomicrographs of microstructures of various castings with different foam pattern densities were 

done and made comparisons with common sand castings. Mechanical tests were conducted on the 

castings which produced by the common sand casting and the lost-foam casting processes. These 

tests include tensile, hardness, and impact. Because of using the expandable polystyrene as a pattern 

that gave, more gasses in the cavity of the mold during casting, so the mechanical tests show some 

differences between the two processes.  
 :الخلاصه

اكثر بانتاج مسبوكات ذات تفاصيل  تسمحالسباكه بطريقة الرغوه المفقوده باستخدام نماذج رغوة البولستيرين المتبخر 
يه تكوين أشكال بسطوح خارجيه و داخل: ميزات طريقة السباكه بالرغوه المفقوده هي. وقنوات واشكال معقده مبنيه في نفس المسبوكه

معقده دون الحاجه الى استخدام القلوب، تقليل عدد القطع وامكانية انتاج الشكل المطلوب المقارب للشكل النهائي، عدم الحاجه 
تم سباكة نماذج ناجحه معقده . خطوط فاصله، تقليل عمليات التشغيل الاضافيه بعد انتاج المسبوكات وبالتالي تقليل الكلفل

تجارب عمليه عديده في مسبك الشركة العامه للصناعات الكهربائيه لغرض اضافة المعلومات المهمه تم اجراء . وباحجام مختلفه
تم استنتاج صيغ عمليه بعلاقه خطيه وغير خطيه استنتجت من . لمتغير السيوبه ذات العلاقه بطريقة السباكه بالرغوه المفقوده
 .المعدن التجارب العمليه  لايجاد أقل درجة حراره ممكنه لصب منصهر
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 تم اختيار سبيكة كثيرة الاستخدام في مجالات مختلفه من سبائك الالمنيوم كونها تمتلك افضل جمع بين الخواص 
التي ( Al-Si (ولكن متطلبات الاداء وقابلية التصنيع ادت الى اختيار سبيكه معينه . المرغوبه وقابلية السباكه الجيده الميكانيكية

 .استخدمت في هذا العمل
لقد تم أخذ صور ميلوغرافيه للتراكيب الداخليه للمسبوكات . الخواص العامه تعتمد بقوه على التركيب المجهري للسبيكه ان

تم اخذ صورمكبره للتراكيب الداخليه لمختلف . التي تم انتاجها في هذا العمل لنماذج مقطوعه من قطع البولستيرين المختلف الكثافة
تم اجراء  فحوصات ميكانيكيه . غوه للنماذج وعمل مقارنه مع مسبوكات تم انتاجها بالطريقه التقليديهالمسبوكات باختلاف كثافة الر 

تشمل ، مختلفه للمسبوكات المنتجه بطريقة الرغوه المفقوده ولكثافات مختلفه وكذلك بالطريقه التقليديه لغرض المقارنه فيما بينهم 
بسبب استخدام نماذج مصنوعه من مادة البولستيرين التي تنتج غازات اكثر في  .الصلاده والمتانه، هذه الفحوصات فحص الشّد 

 . بين الطريقتين تجويف القالب بسبب تحللها اثناء عملية السباكه، لهذا الفحوصات الميكانيكيه اعطت بعض الفروقات
 

KEY WARDS 

 

Lost-Foam Casting, Expanded Polystyrene, Fluidity, Aluminum-Silicon Alloy, 

Microstructure, Mechanical Tests. 

  

 

INTRODUCTION 

 

     Casting processes are among the oldest methods of manufacturing date back to around 6000 

B.C. (Groover 2002) when copper arrowheads and other tools were made. Shape casting involves 

the production of more complex geometries and almost all materials can be cast in, or nearly in the 

final shape. Varieties of shape-casting methods are available, thus making it one of the most 

versatile of all manufacturing processes. The production of a desired shape by a sand casting 

process first involves molding foundry sand around a suitable pattern which is made of wood or 

other materials in such a way that the pattern can be with- drawn to leave a cavity of the required 

shape in the sand. To facilitate this procedure the sand mold is split into two or more parts.  

     This procedure may cause some defects in the products such as fins, misalignment of mold parts 

and cores in spite of mold distortion. Thus, the lost-foam casting (LFC) is a method of sand casting 

to eliminate the above defects; moreover, it simplifies and expedites the mold making. The process 

uses a mold of sand packed around a polystyrene foam pattern complete with necessary system, and 

it may contain internal cores Fig. 1 (Higgins 1978). 
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Fig. 1 Lost-foam casting process using EPS pattern (Higgins 1978). 

                           

Polystyrene is a polymer material with the formula: (C8 H8) n                   

                                                                                                                               

                                                 
      Where (n) is "between 1000 to 2000". Polystyrene is a material derived from benzene and 

ethylene and, in its expanded form, contains only 2% of actual solid polystyrene, which extremely 

low relative density. Table 1 indicates the properties of the polystyrene material. Various methods 

for making the pattern can be used depending on the quantities of casting to be produced. For one 

of kind castings, the foam is manually cut with a sharp knives and heated stainless-steel wire from 

large strip. For large production runs, an automated molding operation can be set up to mold the 

patterns (Groover 2002). 

      Complex internal features are produced by assembling and gluing multiple foam sections 

together to form a single complex foam pattern, Fig. 2 The pattern is normally coated with a 

refractory compound to provide a smoother surface on the pattern and to improve its high 

temperature resistance (Genske 2004).  
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Table 1 Polystyrene properties and other data. 

 

Polymer Polystyrene (C8H8)n 

Symbol PS 

Polymerization Method Addition 

Degree of Crystallization None (amorphous) 

Modulus of Elasticity 3200 MPa 

Tensile Strength 50 MPa 

Elongation 1% 

Specific Gravity 1.05 

Glass Transition Temp. 100ºC 

Melting Temp. 240ºC 

Approximate Market share  About 10% 

 

 

  

 

 

 
                       

Fig. 2 Assembling and gluing multiple foam sections together to form single complex foam 

pattern (Genske 2004).   
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FLUIDITY 

 

     Fluidity can be defined as the capability of the molten metal to flow into the cavities of the mold 

and to fill all internal details of the mold before freezing in the casting process. Fluidity is a 

commonly used term that combines fluid flow and heat flow characteristics (Serope 1989).                                       

Fluidity is related to viscosity, but it is not a single property as viscosity or density but a complex 

characteristics. So, empirical tests have been devised to measure the overall characteristics. Factors 

affecting fluidity include pouring temperature, metal composition, viscosity of molten metal, casting 

geometry, and heat transfer to the surroundings, moreover in LFC process another factors affects 

fluidity such as foam material, glue lines and coating. The unit of fluidity is expressed as a distance 

in the length unit such as (cm, mm). Fluidity is a function of producing successful complete castings.  

 

EXPERIMENTAL WORK 

 

     Many experiments were done to measure the fluidity of aluminum-silicon alloys using the LFC 

process. The tests of the fluidity measurement were done by forming standardized strip fluidity test. 

They were done with different variables. Three commercial expanded polystyrene foam densities – 

12, 15, and 20 kg/m³ were examined in these experiments along with four average thickness fingers 

– 4, 6, 8, and 12 mm – and six pouring temperature. The final strip fluidity pattern and finished 

casting are shown in Fig. 3  

 

                             
 

(a) (b) 

(b)  

Fig. 3 Strip fluidity model   (a) EPS pattern   (b) finished casting. 

 

 

     It was designed as a general factorial with two replicates per condition. The factors and their 

associated values are given in Table 2.  
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Table 2 Factors and levels for Al-Si alloy fluidity test. 

 

Factor Levels 

Foam Density 

(kg/m³) 
12 15 20 

Thickness Pattern 

(mm) 
4 6 8 12 

Pouring temperature 

(°C ) 
690 700 720 740 750 800 

 

 

 

     The results of the fluidity measurement castings, which were done in the foundry of the State 

Company for Electrical Industries, were summarized in the Table 3. 

 

Table 3 Experimental values of fluidity measurement tests. 

 

Pouring 

Temperature 

°C 

Thickness Channel Pattern (mm) 

ρ=12 kg/m³ ρ=15 kg/m³ ρ=20 kg/m³ 

4 6 8 12 4 6 8 12 4 6 8 12 

690 28 37 45 72 25 30 41 51 21 30 33 48 

700 33 40 46 85 32 38 44 81 30 34 42 78 

720 36 56 71 101 33 49 70 98 32 35 44 88 

740 37 62 76 125 37 60 71 109 32 52 61 94 

750 63 87 124 137 53 76 113 132 47 73 105 124 

800 128 138 143 159 125 135 140 155 122 134 139 148 

 

     The relationship between pouring temperature, thickness of channels, and the fluidity amount for 

each relative foam density are shown in Figures 4, 5, 6 as a 3-D bar chart. Fig. 7 shows the effect 

of foam density on the fluidity measurement. 
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Fig. 4 Bar chart for fluidity measurement test using EPS (Density 12 kg/m³) 
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Fig. 5 Bar chart for fluidity measurement test using EPS (Density 15 kg/m³) 
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Fig. 6 Bar chart for fluidity measurement test using EPS (Density 20 kg/m³) 

 

 

 

 

 

 

 
 

Fig. 7 Effects of foam density on fluidity measurement. 
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EMPIRICAL EQUATIONS 
 

     It was suggested to construct an empirical equations from the data obtained of the fluidity test. 

They demonstrate the relationship between the associated variables that affecting the LFC process, 

which examined in this work. There are two group equations, one for linear relation, and the other 

for non-linear relation. The pouring temperature is the depended variable that required to be 

calculated for pre-design samples (minimum channel thickness and the related length). The 

minimum pouring temperature is the desired parameter in the foundries to minimize the consumption 

of the power required to melt the metal and oxidation of the molten metal. 

     Therefore, that, multiple linear regressions for some variables associated with fluidity parameter 

of experimental test: 

 

f (T, t, L,  ) = 0                 eq. (1) 

 

Where: 

T: minimum pouring temperature (ºC) 

t: the smallest thickness in the sample section (mm) 

L: the length of the smallest section (mm) 

 : The foam density (Kg/m
3
)  

 

T = f (t, L,  )                eq. (2) 

 

Linear relation with the effect of foam density 

 

The last equation (2) modified for linear relationship between the related variables. Therefore: 

 

T = a0 + a1 t + a2 L + a3 ρ           eq. (3) 

Alternatively, as a matrix form: 

 

T = a0 +∑ai xi                 eq. (4) 

 

Where, “i” is the repeated of the experimental tests.  

The best values of (a0, a1, a2, a3) are determined by setting up the sum of squares of residual error 

(Sr). 

 

Sr = ∑ (Ti - a0 - a1 ti - a2 Li - a3  i) ² = min.                 eq. (5) 

                        

 Sr/  a0 = - 2 ∑ (Ti - a0 - a1 ti - a2 Li - a3  i) = 0                  eq. (6) 

 

 Sr/  a1 = - 2 ∑ ((Ti - a0 - a1 ti - a2 Li - a3  i)  ti) = 0                                                      eq. (7) 

 

 Sr/  a2 = - 2 ∑ ((Ti - a0 - a1 ti - a2 Li - a3  i)  Li) = 0               eq. (8) 

 

 Sr/  a3 = - 2 ∑ ((Ti - a0 - a1 ti - a2 Li - a3  i)   i) = 0               eq. (9) 
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Alternatively: 

 

n a0 + ∑ a1 ti + ∑ a2Li + ∑ a3  i = ∑ Ti                           eq. (10) 

 

∑ a0 ti+∑ a1 t
2
i + ∑ a2 Li ti + ∑ a3  i ti = ∑ Ti ti               eq. (11) 

 

∑ a0 Li +∑ a1 ti Li + ∑ a2L
2

i + ∑ a3  i Li = ∑ Ti Li                         eq. (12) 

 

∑ a0  i +∑ a1 ti  i + ∑ a2Li  i + ∑a3 
2

i = ∑ Ti  i             eq. (13) 

 

In matrix form: 

 

[A] a = b                eq. (14) 

 

Where: 

 

                                         n             ∑ti              ∑Li                    ∑ i 

                    [A] =          ∑ti            ∑ t²i            ∑ ti Li                ∑ ti  i 

                                      ∑Li           ∑ Liti          ∑ L²i                  ∑ Li  i 

                                  ∑ i          ∑  i ti       ∑ i Li              ∑ ²i 

 

                                                                                            

 

 

 

                                             a0                                                                ∑ Ti 

 a =        a1                                              b =            ∑ Ti ti 

                                             a2                                                                ∑Ti Li                       

                                             a3                                                                ∑ Ti i 

 

And n is the number of repeated tests. 

To solve the matrix to find (a's) values …………multiple [A]
1
  

 

[A] 
1
[A] a = [A]

1
b               eq. (15) 

 

 

Therefore: 

 

a = [A]
1
b                                        eq. (16) 
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From Table 3, substitute the data in the matrix; 

The matrix [A] and b will be: 

 

 

     72            540          5409        1128                          52800  

                             540            4680        44680      8460                         396000 

        [A] = 5409          44680      522247    83470        ,     b =    4053330     

 1128          8460        83470     18456                         827200 

 

 

By using eq. (16) the constant will be: 

 

a0 = 682, a1 = -6.51, a2 = 1.0, a3 = 1.62 

 

Substitute (a's) values in eq. (3) therefore the linear relationship of the related variables will be; 

                                         

T=628 -6.51 t +F + 1.62 ρ                                                                                                 eq. (17) 

 

Linear relation without the effect of foam density 

 

In this case the foam density will be fixed, therefore the eq. (3) modified to: 

 

T = a0 + a1 t + a2 L          eq. (18) 

 

Moreover, this equation will be repeated for three-foam density. 

1. while the foam density is (12 Kg/m
3
), by the same procedure the matrix [A] and b will be; 

 

                   24        180       1965                                        17600          

       [A] =      180      1560      16152              ,           b =      132000 

                     1965    16152    198481                                    1469750 

 

 

a0 = 701                 a1 = -6.9                   a2 = 1.0 

 

Therefore eq. (18) will be; 

 

T=701 -6.9 t + F                 eq. (19) 

 

2. The foam density equal to (15 Kg/m
3
) and (20 Kg/m

3 
); by the same procedure respectively 

eq. (18) will be; 

 

T=709 -6.7 t + F                 eq. (20) 

 

T=712 -6 t + F                                                                                                                     eq. (21) 
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Non-linear relation with the effect of foam density 

 

     It was suggested the relation between the variables associated with LFC process as shown 

below; 

 

T = a0 + a1F³ + a2 F² + a3 F + a4 t² +a5 t + a6 ρ          eq. (22) 
 

By the same procedure, the dimension of the matrix is (77).  

              

             72           5.910
7
      5.210

5
       5409          4680           540            1128  

          5.910
7
    1.210

14
     9.510

11
     7.310

9
     5.310

9
     5.310

8
     910

8
 

          5.210
5
    9.510

11
     7.310

9
      5.910

7
     4.410

7
     4.510

6
      810

6
 

          5409          7.310
9
      5.910

7
      5.210

5
     4.210

5
     44680         83470 

[A]=   4680         5.310
9
      4.410

7
      4.210

5
     4.710

5
     45360         73320 

          540           5.310
8
       4.510

6
      44680        45360         4680           8460 

          1128         910
8
          810

6
         83470        73320         8460          18456 

 

 

                                                                       52800 

 4.510
10

 

                                                                      410
8
 

                                                          b =       410
6
 

                                                                      3.410
6
 

                                                                      396000 

                                                                      827200 

 

 

     It was used Gauss-Seidle Method to solve the matrix for finding a’s. 

Therefore the constant a’s are: 

 

a0 = 776,    a1 = 1.2  10
-4

,   a2 = - 0.002,   a3 = - 0.25,  a4 = 1.87a5 = - 85.6,   a6 = 25.3 

 

The empirical equation for this case is: 

 

T = 776 + 1.210
-4 F3

 – 0.002 F
2
 – 0.25 F + 1.87 t

2
 – 85.6 t + 25.3 ρ                                eq. (23) 

 

 

CHEMICAL COMPOSITION 

 

     Many samples were taken from the castings that produced with LFC process to analyze the 

chemical composition. These samples were cut from the castings that were produced at the foundry 

of the State Company for Electrical Industries during the fluidity measurement tests. The chemical 

composition analysis was done in the Central Quality Control Office at Nasser State Company for 

Mechanical Industries. The average results of tests are shown in Table 4. 
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Table 4 Chemical composition of the alloy is used in this work. 

 

Chemical Composition of the Alloy in wt % 

Elements 

 

Si Fe Cu Mn Mg Zn Ti Ni Sn Al Others 

8.59 1.29 1.59 0.12 .066 .737 .026 .07 .01 87.48 0.02 

 

 

MECHANICAL PROPERTIES TESTS 

 

Tensile tests 

 

     The tension specimens cast with pouring temperature (720°C) to size in sand casting without 

chills, the dimensions of specimens used in this test prepared according to the ASTM B 26/B 26M – 

88. There were four groups of samples used in this test, one of them cast in common sand casting, 

and the others in LFC process the difference between them were in the foam density. Each group 

had two sets the difference between them was in thickness only; these thicknesses were (4.1, 2.2 

mm), although of the same material and process there are variation in the results between two 

thicknesses for each group because of the residual stresses due to the machining of cutting the 

samples. The velocity test was (0.5 mm/min.). 

     From this test, ultimate tensile stress, yield stress (proof stress), and elongation were obtained. 

The results are shown in the Table 5.  

 

 

Table 5 Mechanical properties obtained from tensile tests. 

 

process 

UTS (MPa) Y.P (MPa) Elongation % 

Thickness (mm) Thickness (mm) Thickness (mm) 

2.2 4.1 2.2 4.1 2.2 4.1 

Common 

Casting 
145 152 92 97 1.2 1.4 

LFC 

12kg/m³ 
125 142 86 93 1.5 1.7 

LFC 

15kg/m³ 
118 139 80 91 1.6 1.9 

LFC 

20kg/m³ 
112 137 74 86 1.6 1.9 

STM 

(328 alloy) 
170 95 1.0 
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Hardness tests 
     Hardness is being a macroscopic property and a measure of the resistance to indentation. This 

test was done by using (Vickers Hardness). 

The magnitude of the load was exerted to the specimen (0.5 kg); the results were calculated by this 

equation:  VHN = 1.854 P / L
2 

Where; P= applied load,   L =the average diagonals of the diamond indentation.   

Two reading in each specimen were taken one (2020 mm) and the second (1010 mm) apart 

from the edge. The comparison results are recorded in Table 6 

 

 

Table 6 Hardness tests 
 

Process 
Common Sand 

Casting 

LFC Process 

with 12kg/m³ 

LFC Process 

with 15kg/m³ 

LFC Process 

with 20kg/m³ 

ASTM 

 (328 alloy) 

HV 

No. 

M 

E 

74 63 53 51 
60 

75 64 54 52 

HB 

No. 

M 

E 

67 58 49 48 
55 

68 59 50 48 

 

Where (HB) is equivalent to Brinell number, (10mm) ball and 500 kg load.  

(M) 2020 mm apart from the edge, and (E) 1010 mm apart from the edge of specimen. 

 

 

Impact tests 

 

     The Charpy V-notch test (simply supported beam test) was used to measure the impact strength 

test. The samples were prepared as the standardization of (ASTM-E 23). The results of the test are 

shown in Table 7.  

 

 

 

Table 7 Charpy impact test  

 

process Energy (kg.m) 

Common Sand Casting 4.2 

LFC Process with 12kg/m³ Foam density 3.7 

LFC Process with 15kg/m³ Foam density 3.6 

LFC Process with 20kg/m³ Foam density 3.5 
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MICROSTRUCTURES 
 

     The structure of a casting is in the first instance a function of alloy composition and casting 

geometry. It is also sensitive to measure of variation in cooling rate within the mold. This test had 

done using available equipments in Production and Metallurgy Engineering Department at the 

University of Technology. The samples were cut from the strip. The strip dimension is (2, 5, 20 cm) 

that cast with three different foam density as a pattern in LFC process and one another cast by 

common sand casting. The samples had prepared by grinded, polished, and etched with (HF) 2% 

and (H2O) 98% before the photomicrographs were taken. The photomicrographs of microstructure 

are shown in Fiq. 8 

 

                            
(a) (b) 

 

                              
 ©       (d) 

 

                               
(e) (f) 

 

Fig. 8 Photomicrographs showing the microstructures of Al-Si alloy 

(a), (b) common sand casting. (c), (d), (e), (f) LFC process x500 



Q. M. Doos                                                                                                     Investigation of parameters affecting 

 I.K. A. Al-Naimi                                                                           Lost foam casting 

 

 4256 

 

     In figures (8-a, and 8- b) are showing the specimen for common sand casting. It shows regular 

structure of Al-Si alloy.  

     In figure (8-a) shows clear observation of the segregation of the eutectic silicon in the portion 

near the edge due to the high cooling rate. 

     Figures (8- c, d, e, f) show the microstructures of the castings that produced by LFC process. 

The darker area of the micrograph of these figures contains more silicon particles, indicating the 

high silicon content.  

     Figures (8 – c and d) show the microstructures of the casting used LFC process with foam 

density of (12 kg/m³); the figure (8- c) is for the edge portion and figure (8- d) of the middle 

portion specimen of LFC process. These two figures show less segregation and less microporosity 

as was expected than figures (8- e and f) which were used foam densities (15, 20 kg/m³) 

respectively because of more Pyrolysis products.      

 

CONCLUSIONS 

 

     Based on the experimental investigation of the mechanism of the LFC process, the following 

conclusions can be drawn from this work: 

 

 Fluidity is affected by foam density, increasing foam density decreasing fluidity because of 

the combined result of molten metal front energy loss and an increase in backpressure from 

decomposition products. 

 Empirical formulas were obtained to calculate minimum pouring temperature for a specific 

thickness section and its length with using specified pattern foam density. The first formula 

based on linearity relation between variables and the second as a power relation. The first 

formula gives good results while checking some data obtained from this experimental 

works.  

 

T=682-6.51t+F+1.62ρ 

 

T = 776 + 1.210
-4  

F
3
 –  0.002 F

2
 –  0.25 F + 1.87 t

2
 –  85.6 t + 25.3 ρ 

 

 In this work, examination was done on the feasibility of using Al-Si alloys in the LFC 

process, and the experimental tests indicated that this alloys have similar castability with 

traditional sand casting. 

 The microstructures of the final castings were examined, and the photomicrographs show 

little different between the castings produced by the traditional sand casting and LFC 

process. 

 The grain size particles of microstructures are fluctuated between large and small size 

related with the location of it, if it is near the edge or in the middle of the casting. Fine grain 

sizes locate near the mold wall due to the high cooling rate.  

  The mechanical properties tests were done on the castings produced with LFC process and 

that with the common sand casting. The tests gave good results and agreements with 

standardization of the nearest alloy. The effect of the foam density is relatively little in some 

cases on the mechanical properties, increasing foam density decreasing the mechanical 

properties. The percentage differences between the two processes range from (4% to 31%).  
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SYMBOLS 

 

EPS: Expanded Polystyrene 

HB:  Brinell number 

L:  The length of the smallest section (mm) 

LFC:  Lost-Foam Casting 

T:  Minimum pouring temperature (°C) 

t:  The smallest thickness in the sample(mm) 

UTS:  Ultimate Tensile Stress 

VHN:  Vickers Hardness number 

Y.P:  Yield Point 

 :  The foam density (Kg/m
3
)  
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ABSTRACT 

      The importance of the beam in the service of our life and how the damaged beam costly influence the 

economy and even endanger the human life itself, draws our attention to study the specific methods to 
detect crack and damage by using free vibration analysis of mechanical beam structures. In the present 
research, three kinds of beam structures have been investigated namely (simply supported beam, portal 

frame and crane frame) by using finite element method.  Six cases of damage are modeled for simply 
supported beam and portal frame and with seven cases for crane frame. The damage is simulated by 

reducing the stiffness of assumed elements with ratios (25% and 50 %) in mid- span of the simply 
supported beam and by introducing cracked elements at different locations with ratio of depth of crack to 
the height of the beam (a/h) 0.1, 0.25 for simply supported beam and 0.1 and 0.2 for portal and crane 

frames. A program coded in Matlab 6.5 was used to model the numerical simulation of the damage 
scenarios. The results showed a decreasing in the five natural frequencies with shifting in the damaged 

mode shape associated with their frequencies from undamaged beam which means the indication of 
presence of the damage. The direct comparison gives an indication of the damage but the location of the 
damage, is not detected. Four structural damage identification methods based on changes in the dynamics 

characteristics of the beam structures are examined and evaluated for damage scenarios for the three 
structures considered. The results of the analysis indicate that the curvature energy damage index method 

performs well in detecting, locating and quantifying damage in single and multiple damage scenarios for 
the three structures.  
 

 الخلاصة

 

ان نفسها ثرسلبا عاى  الاقتصاد بل  وتهدد حةاة الانسفان العتب  اليتضررة تو   , في خدم  حةاتنا  beam العتب   همية نظرا لأ            
في . اليتضرره ةكانةكة ب  اليباستخدام الاهمتزاز الحر لتراكةب العت طرق معةن   لتحديد الشق و الضرر ذب اهمتيامنا نحو دراس ميا ج

والهةكل  beam simple supported  العتب  البسةط  اليدعي )  عتبه واليسياةتراكةب المن   انواع ثلاث دراس    تم   ثحبال ا همذ

  هةكل البابيوالتم تيثةل الضرر بست  حالات في العتب  البسةط   اليدعي    crane frame ) . الهةكل الرافع و  portal frame البابي
وسط  في%  25و%  52العناصر اليفترض  بنسب   متانهبتخفةض  يتيثل ( Damage)رإنّ الضر .الهةكل الرافع   وسبع  حالات في

 العتبه اليفترض  في اليواقع اليختلف  بنسب  عيق الشقّ إلى إرتفاع العناصر كذلك يتيثل عن طريق شق عيودي في و هالبسةط لعتب ا
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(a/h) 5.0 ,5.52  تم استخدام برنامج   .الهةكل الرافع و  في الهةكل البابي 5.0,5.5و هالبسةط للعتبMatlab   لتيثةل اليحاكاة العددي

 damage modeفي شكل النيط اليتضرّر بوجود زحفالنتائج نقص في الترددات الطبةعة  الخيس  و اظهرت .لسةنةوهمات الضرر
shape  الضرر لكن موقع الضرر  الى وجود تعطي اليقارن  اليباشرة إشارة. الضررلوجود إشارة  هموالذي   ه والسلةي نسبه للعتبه

تراكةب   مستندة على التغةةرات في خصائص دينامةك طرق اربعه همي التي تم استخدامها ضررال اليحدده لايجاد طرق ال. محدد غةر
 طريق  دلةل ضرر طاق  التقوس ان نتائج التحلةل تشةر إلى.  حالات الضرر للتراكةب الثلاثت وقةيّ تفحص اليحددهطرق لعتب  و الا

curvature- energy damage index في إكتشاف وتحديد مكان الضرر في سةناريوهمات الضرر  همي الافضلdamage 

scenarios ثلاث ال تراكةبلل اليواقع واليتعدّد اليوقع الوحةدة. 
 

KEYWORDS 
 Damage, Crack, Damage location, Curvature, Frame, Frequencies. 

 

INTRODUCTION 

 

               The ability to monitor a structure and detect damage at the earliest possible stage is of 
outmost importance in mechanical, civil and aerospace engineering communities. Structural damage is 
considered as a weakening of the structure that negatively affects its performance. Damage may be also 

defined as any deviation in the structural original geometric or material properties that may cause 
undesirable stresses, displacements, or vibrations on the structure. These weakenings and deviation 

may be due to cracks, loose bolts, broken welds, corrosion, fatigue, etc. (Ren, 2002). Many structural 
components are now decaying because of age, deterioration, and lack of maintenance or repair.  
              Current nondestructive damage detection (NDD) technique are either visual or are based on 

experimental methods. Visual inspection has always been the most common method used in detecting 
damage in a structure, but the size and degree of complexity of today’s structures being built provide 

less scope for visual inspections. The experimental methods such as acoustic or ultrasonic techniques, 
magnetic field procedure, radiography, eddy current, etc. All of these experimental methods require 
that the damaged region be identified a priori, and that the segment of the structure being examined 

must be easily accessible, subjected to these limitations, these methods can detect on or near the 
surface of the structure. The methods are obviously “local” inspection approaches (Dewen, 2004). 

             One way to overcome the previously mentioned limitations is by using global damage 
detection methods. Structural damage identification based on changes in dynamic characteristics 
provides a global way to evaluate the structural condition. These methods are based on the idea that 

modal parameters (i.e., natural frequencies, mode shapes and modal damping ratio) are a function of 
the physical properties of the structure stiffness, damping, mass and boundary conditions (Herrera, 

2005). Therefore, changes in the physical properties will cause detectable changes for the changes in 
the modal parameters. 
 

MODELING THE STIFFNESS MATRIX OF THE CRACKED ELEMENT 

 

           It is assumed that the damage in the beam structure will affect only the stiffness matrix and not 
to the mass matrix. This assumption is consistent with those used by (Yuen 1985, Qian 1990 and Kisa 

2000). 

         The beam is divided into elements and the behavior of the elements located to the right of the 
cracked element regarded as external forces applied to the cracked element, while the behavior of 

elements situated to its left as constraints, see Fig.1. Thus the flexibility matrix of a cracked element 
with constraints can be calculated. The strain energy of undamaged element in case of bending 
(Singor, 1951), is: 
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
L

EI

dxM
W

0

2

1)0(

2
                                                                                           (1) 

As shown in Fig. 1,   

)(1 MpxM                                                                                              (2) 

Substitute Eq. (2) in (1) to get 

dx
EI

Mpx
W

L





0

2
)0(

2

)(
                                                                                 (3) 









 LMpML

Lp

EI
W 22

32
)0(

32

1                                                            (4)                                                

Where: 

:)0(W   The strain energy of undamaged element.  

:E        Elastic modulus.  

:I       Moment of inertia of undamaged element. 

:L       Length of the finite element.  

:p       Internal shear force at the right end of beam. 

:M     Internal bending moment at the right end of beam.  
And by using the relation below, (Thomson 1988).  

                 

    PCu                                                                                             (5)    

 

 C  , ,u   P     are the influence coefficient flexibility matrix, displacement and force vectors, 

respectively.  

The component of flexibility matrix  C  can be written as, (Thomson 1988).   

                                                                      

j

i
ij

P

u
c




                                                                                                        (6)                    

 

And the displacement iu  computed by using Castigliano's theorem (Singor, 1951). As  

                        

i
i P

Wu



)0(

                                                                                               (7)     

 

Substitute Eq. (7) into (6), the flexibility coefficient of undamaged element evaluated as  
 

ji

ij
pp

W
C






)0(2
)0(

                                                                                                 (8) 

 
where:                                                                         

Mppp  21 ,     2,1, ji    

And using Eq. (4) in Eq. (8) gives: 
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
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
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The flexibility matrix of the uncracked element can be expressed as  

 




















L
L

LL

EI
C

2

231
2

23

)0(
                                                                              (9) 

 
From the equilibrium conditions shown in Fig (2), the following relationships hold: 

  0Fy                                                                                                          (10) 

 

11 0   iiii PPorPP                                                                        (11)   

  

0 AM                                                                                                        (12)   

 

011   iii MLPM                                                                                         (13) 

 

11   iii MLPM                                                                                             (14) 

 
From Eq. (11) and (14) we get in matrix form 
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    T

ii

T

iiii MPTMPMP 1111                                                          (15) 

 
Where 

 
T

L
T 














1010

011
                                                                                     (16) 

 
The element stiffness matrix in base system is obtained by the inversion of the flexibility matrix as  
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    1
 CK                                                                                                           (17) 

 

The stiffness matrix of undamaged element can be written as 
 

        T

u TCTK
1)0( 

                                                                                     (18) 
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L

IE
K





                                       (19) 

            

          The stiffness matrix of undamaged element  uK   is the same that developed by (Merovitch 1975), 

for undamaged beam element with rectangular cross-section given by Bernoulli-Eular theory have two nodes 

with two degree of freedoms (2 d. o.f.s),  ,u  at each node, as seen in Fig. 2, the mass matrix for an 

element without crack is  

 
  

 
                                             (20) 
 

 
 

 

Where 
_

m  is the mass per unit length. 
          According to the principle of Saint-Venant, the stress field is affected only in the region adjacent 

to crack. However, the calculation of the additional stress energy of a crack has been studied in fracture 
mechanics and the flexibility coefficient expressed by a stress intensity factor can be derived by 
applying the Castigliano's theorem in linear-elastic range. 

           From the condition of equilibrium, the stiffness matrix of the cracked element in the free-free 

state can be derived. For a rectangular beam having width b and height h  the additional strain energy 
)1(W due to the crack, (Dewen 2004) can be written as 

 

 





Ac Ac

dAJdA
A

W
W

0 0

)1(
)1(

                                                                             (21) 

 

Where  Ac  is the area of the crack surface.  The idea of relating J , strain energy release rate to the 
stress intensity factor K  was proposed by (Hellan 1984) for the three modes, who gave the general 

formula of J as a function of stress intensity factor K  as: 
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


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
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K

E
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E
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E
J IIIIII 2

222

1

1
,

1






     (22)                                               

 

Where IIIIII KKK ,,   is the stresses intensity factors for fracture mode of III ,  , III  which are 

opening, sliding and tearing types respectively, and   is the Poisson's ratio. The stress intensity factor 

iK  from (Hellan 1984) is:  

 

)/( haFaK ii                                                                                          (23) 

 

Where   i    is the stress for the corresponding fracture mode, a  is the depth of the crack, )/( haF  is 

the correction factor for the finite specimen.  

Substituting Eq. (22) into Eq. (21) gives the additional strain energy due to the crack )1(W  
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bW III

a

p
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2
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22
)1( )1()( 




            where   dabdA                 (24)                                             

 

EEp    For plane stress, )1/( 2vEEp    for plane strain and b is the width of the beam. 

The case of plane stress or plane strain, it depends on the dimensions of the beam, and this study take 
into account the plane stress since the beam is thin (slender) when the length is more than (10) times its 

least lateral dimensions (Singor 1951). 
Taking into account only bending including the opening ( I ) and sliding ( II ) modes, the Eq. (24) 

becomes; 
 
 

     (25) 

                                                        
           

 

Where IIPIPIM KKK ,,  are stress intensity factors for opening- type and sliding mode cracks due 

to M and P , respectively and by using Eq. (23) 
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Where )(sFI
 and )(sFII

 are the correction factors for crack mode I and mode II  , )/( has   is 

defined as the ratio between the crack depth a  and the height of the element h , the correction factor 
from (Kisa 2000) as 

 
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)2/sin(1199.0923.0
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                             (29) 
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2                                         (30) 

And the additional flexibility coefficients due to the presence of the crack 
)1(

ijC are 

ji

ij
PP

W
C






)1(2
)1(                                                                                                       (31) 

2,1,,, 21  jiMPPP  

Substituting Eq. (33) into Eq. (39) and integrate over the crack height, we get the coefficients 
)1(

ijC  

which can be expressed in matrix form as 
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Where   2

11 /)( bhsF     and   bhsFII /)(2   

The total flexibility coefficients ijC  for the element with an open crack are 

 
)1()0(

ijijij CCC                                                                                                   (33) 

 

The total flexibility matrix  C  for the element with an open crack can be expressed as 

 

     )1()0( CCC                                                                                               (34) 

 

The stiffness matrix of the cracked element  cK  can be written as  

 

       T

c TCTK
1

                                                                                           (35 )               

 

With program coded in Maple 7, the coefficients of the stiffness matrix  cK  are 

calculated as :                                                                              
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Fig.1: Diagram of a generic element                         Fig. 2: Equilibrium condition of a generic element 
 

 

FREE VIBRATION ANALYSIS AND DAMAGE DETECTION METHODS   

     

EIGENVALUES AND EIGENVECTORS  
       For free vibration with undamped system, the equation of motion expressed by matrix form is 

 

      0
..










xKxM                                                                                      (38)       

 

Where: 
  K :  Stiffness matrix of the system. 

 M :  Mass matrix of the system. 

  x  : Mode shape vector. 

0
..

 KXXM                                                                                                     (39)   
By using Eigen Value Problem algorithm EVP , the natural frequencies and mode shapes are obtained. 
 

 

DAMAGE EFFECT ON MODAL PARAMETERS      

 

         Three structures of beam (simply supported and two plane frames: portal and crane frames) had been 
used to study the damage effect on modal parameters (frequencies and mode shapes).  

 

- Simply Supported Beam 

         The free vibration of a simply supported beam with and without damage is performed. Modal 
responses of the beam are generated using finite element models before and after damaging episode 
cases. The dimensions and material properties of the simply supported steel beam are listed in Table 1 

and Fig .3 illustrates the model of the simply supported beam. 
           For Finite Element Analysis purposes, the beam is divided into 40 elements. Here, six damage 

scenarios are investigated, as summarized in Table 2. In the first two cases (1, 2), the damage is 
simulated by reducing the stiffness of assumed elements. In cases (3 to 6), damage is simulated in the 
form of cracks. The finite element model of the beam uses the stiffness matrix of the cracked element 

described Eq. (37).                                                   
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                                                                      Table 1: Dimensions and material properties for beam 

 
Fig.3: Simply supported beam  
 

           
 Table 2:  Damage scenario for simply supported beam 

 
 
 

 
 

 
 
 

 
 

 

-  Portal Frame 

        

        The free vibration analysis of a portal frame with and without damage was performed. The modal 
quantities of the portal frame were numerically generated using finite element without and with 

damage episodes. The dimensions of the portal frame are listed in Table 3; Fig 4 illustrates the model 
of the frame. For modal analysis purpose, the beam and the columns were divided into 40 elements. As 
in the case of the simply supported beam, the dynamic characteristic (frequencies and mode shapes) 

before and after the damage were calculated for each damage scenario in Table 4. 
 

 

Table 3: Dimensions and material properties for portal frame          

                 
 

                                                                                                                Fig.4: Portal frame 
                         

Length of the beam .254 cmL   

Height of the cross section     .16.10 cmh   

Mass density     3/7808 mkg  

Width of the cross section    .08.5 cmb   

Elastic modulus   
 

.95.199 GPaE   

Damage 
scenario 

Damaged 
Position 

Stiffness 
Reduction (%) 

Crack depth ratio   
a/h 

D1 21~ (0.5L) 25  

D2 21~ (0.5L) 50  

C1 21~ (0.5L)  0.1 

C2 21~ (0.5L)  0.25 

C3 9~ (0.2 L), 21~ (0.5L)  0.1 

C4 9~ (0.2 L), 21~ (0.5L)  0.25 

Length of the beam in the frame  L = 243.84   cm 

Column height    Hc = 243.84  cm 

Cross section width  b = 5.08   cm 

Cross section Height    h = 12.7  cm 

Mass density    = 7808 kg / m3 

Elastic modulus   E = 199.95 GPa 

Hc  

L          

Beam  

Column 

L 

h 

b 
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  Table 4: Damage scenarios for portal frame. 
 

Damage scenario Damage member Damaged position a/h 

PC1 Right column 4 (from col. base) ~ (0.1 L) 0.1 

PC2 Right column 4 (from col. base) ~ (0.1 L)  0.2 

PC3 Beam 21~ (0.5L) 0.1 

PC4 Beam 21~ (0.5L) 0.2 

PC5 Beam 21‚ 36 ~ (0.5L, 0.9L) 0.1 

PC6 Beam 21, 36 ~  (0.5L, 0.9L) 0.2 

 

- Crane Frame 

        The modal quantities of the crane frame were numerically generated using finite element without 

and with damage episodes. The dimensions and material properties of the crane frame are listed in 
Table 5, Fig. 5 illustrates the model of the crane frame. For modal analysis purpose, the vertical 

column was divided into 40 elements while the horizontal column divided into 20 elements. Seven 
damage scenarios were investigated and are summarized in Table 6.  
 

 
                                                          Table 5: Dimensions and material properties for crane frame 

                         
Fig.5: Crane frame model  
                                  
                             Table 6: Damage scenarios for crane frame 

Damage 
scenarios 

Damaged element Damaged element 

Damage 

severity 
a/h 

C1 Vertical column 8 (from col.base)~ 0.2L 0.1 

C2 Vertical column 8 (from col.base)~ 0.2L 0.2 

C3 Vertical column 8,30~ (0.2L,0.75L) 0.1 

C4 Vertical column 8,30~ (0.2L,0.75L) 0.2 

C5 Horizontal column 10 ~ (0.5L) 0.1 

C6 Horizontal column 10 ~ (0.5L) 0.2 

C7 Horizontal column 10 ~ (0.5L) 0.5 

 

 

Vertical column   Lv = 254 cm 

Horizontal column   Lh =127 cm 

Cross section width   b = 5.08 cm 

Cross section Height   h = 12.7 cm 

Elastic modulus    E = 199.95 GPa 

Mass density   = 7808  kg / m3 

 h 

b 
Lv 

Lh  
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DAMAGE DETECTION METHODS FOR BEAM STRUCTURES 

       
       In this research a different methods have been monitored here to detect damage in the beam 

structures which can be classified into two categories: 
 

 Methods based on changes in mode shapes and frequencies.  

o Eigenparameter method.  
o Mode shape relative difference method.  

 Methods based on the mode shape curvature.  
     A.  Absolute difference curvature mode shape method.  

B.  Curvature-energy damage index method. 

 

1.   Methods Based on Changes in Mode Shapes and Frequencies  

 

A.    Eigenparameter Method  

     The eigenparameter method was proposed by (Yuen 1985) and (Salawe  1993) to detect the 
presence and location of damage in a cantilever beam. It is based on the premise that the mode 
displacements associated with each of the dynamic degrees of freedom would be affected differently by 

presence of damage and the changes in the mode shapes should reflect the location and extent of the 
damage. 

 

 

      0)(  

ii MK                                                                                  (41) 

 
A parameter that accounts for the changes in the frequencies and mode shapes of the structure is 

proposed to be used for damage detection. For the thi   mode shape, the eigenparameter is defined by  
 

 
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                                                                                          (42)    

     

i    :  The eigenvalue,
2

ii   . 

 
i

U : Eigenparameter vector. 

 i   :  Undamaged mode shape vector.  

 i

  :  Damaged mode shape vector.  
2

i   :   Undamaged eigenvalue. 
2

i  :   Damaged eigenvalue. 

 
B. Mode Shape Relative Difference Method. 

         In this formulation, a comparison of the displacement mode shapes is used as an indicator of the 
damage location. The parameter used is the relative difference (RD) between the mode shapes for the 

        0)(  ii MK                                                                                  (40) 
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undamaged and damaged structure. For the i- th  mode shape the parameter is a vector defined as (Fox 

1992): 
 

 
   

 i

ii

iRD


 
                                                                                                              (43)                           

 
Where: 

 i   :  Normalized undamaged mode shape vector.  

 i

  :  Normalized damaged mode shape vector.  

           In theory a plot of the vector  RD  as a function of the measurement locations should show a 

definite trend with distinct discontinuity at the damage locations.  

  
- Methods based on the mode shape curvature 

 

A. Absolute Difference Curvature Mode Shape.  

       It has been evaluated by (Pandy 1991) and (Shakkar 2006). Curvature mode shape is related to 

the flexural stiffness of the beam cross-sections. By definition, (Black 1966), the curvature at a point of 
an element with bending deformation, is given by: 

 

EI

M
"                                                                                                                 (44) 

 

In which "  is the curvature at a section, M  is the bending moment at a section, E  is the modulus of 
elasticity and I  is the second moment of the cross-sectional area. 

      If crack or other damage is introduced in a structure, it reduces the flexural stiffness EI of the 
structure at the cracked section in the damaged region. This in turn increases the magnitude of 
curvature at that section of the structure. The change in the curvature increases with the reduction in the 

value of the flexural stiffness EI . 
      Starting with the displacement mode shapes obtained from the finite element analysis, the curvature 

mode shapes for the undamaged structure can be obtained numerically  using a central difference 
approximation as  
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11" 2
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
                                                                                               (45)    

 

Where: 
H : Distance between the measurement points )(i  and )1( i . 

i : Mass normalized mode shape of the undamaged structure associated with a given frequency.  

 Similarly, the curvature mode shape for the damaged structure can be obtained as  
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Where, 
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

i : Mass normalized mode shape of the damaged structure corresponding to specific natural 

frequency. 
For mode j  the absolute difference between the curvatures of the damaged and undamaged structure is 

calculated as 
 

     jjj

"""   
                                                                                             (47) 

 
B. Curvature-Energy Damage Index Method 
      The presence of the damage in a beam structure increases the magnitude of the curvature at that 

section of the structure. In this section a damage index based on the modal curvature is proposed by 
(Herrera 2005). It is based on the concept of the pseudo flexibility matrix. The proposed modal 

curvature-energy based matrix can be defined by 
 

        T

nmmmmnnnX 



  "1"
                                                                        (48) 

 
Where n the number of points for mode is shape measurement and m  is the number of measured 

modes.  "  Is the modal curvature matrix formed by the curvature mode shapes  "i : 

 

        ""

2

"

1

"

m                                                                                          (49) 

 

   : Matrix contains diagonal Eigenvalues. 

For the damaged structure, the proposed curvature-energy matrix can be expressed as 

 

       T

nmmmmnnnX 





  "1"
                                                                          (50) 

 
For the undamaged structure, the corresponding curvature-energy matrix is given by Eq. (48). In terms 

of these curvature-energy matrices, the relationship between damaged and undamaged states, is defined 
by 

 

     uxxx /.                                                                                                               (51) 

 

Where the symbol /  is used to indicate that the division of the vectors is done by element.  

 :ux  Diagonal of matrix  X . 

 x : Diagonal of matrix  X . 

It is proposed to define the damage index for the j th  location as 
 

1 jj xk                                                                                                                    (52) 
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RESULTS AND DISCUSSION 

 
The Results and Discussion for Simply Supported Beam 

      The results for the first five frequencies are listed in Table 7 for the damage scenarios considered 
in Table 2 for simply supported beam. 
 

Table 7: Natural frequencies of the simply supported beam 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Results and Discussion for Portal Frame and Crane Frame  

         The results for the first five natural frequencies are listed in Table 8 for the damage scenarios 

considered in Table 4 for portal frame. It can be noted that the highest variation for the first modal 
frequency caused by simulated damage (crack) scenario was 0.46% and the highest decreasing for 
mode 2, 3, 4 and 5 were 0.99, 0.26, 1.1 and 0.18 %, respectively. It can be noted that the highest 

variation for the damage scenarios from C1 to C6 for the first modal frequency cased by simulated 
damage scenario was 2 % and the highest decreasing for mode 2, 3, 4 and 5 were 1.44, 0.33, 6.3 and 

9.4 %, respectively for crane frame as in Table 9. 
 

Table 8: Natural frequencies for portal frame 
Damage Natural Frequency  (rad/sec) 

Scenario Mode 1 Mode 2 Mode 3 Mode 4 Mode5 
Undamaged 101.9480 394.4309 653.5440 699.6075 1.334110

3
 

PC1 101.8173 393.7627 653.4660 698.1770 1.326910
3
 

PC2 101.4750 392.7021 653.4069 695.7772 1.321810
3
 

PC3 101.9471 393.4324 653.3958 698.2410 1.333910
3
 

PC4 101.9456 390.5907 653.0997 696.3602 1.333810
3
 

PC5 101.8433 393.3805 653.0262 696.3385 1.333410
3
 

PC6 101.5538 390.4968 651.8200 691.6682 1.331710
3
 

 
 
 

 
 

Damage Natural Frequency (rad/sec) 

Scenario Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 

Exact 
undamaged  

227.0616 908.7063 2.0452*103 3.6329*103 5.6764*103 

Present 

undamaged  
227.0525 908.2102 2.0435*103 3.6329*103 5.6764*103 

D1 225.1870 908.1489 2.0272*103 3.6319*103 5.6331*103 

D2 221.5876 908.0297 1.9969*103 3.6301*103 5.5558*103 

C1 226.3955 908.198 2.0377*103 3.6328*103 5.6609*103 

C2 222.2865 894.2703 2.0027*103 3.6177*103 5.5702*103 

C3 225.9728 905.0045 2.0286*103 3.6300*103 5.6540*103 

C4 211.5363 875.7897 1.9674*103 3.5918*103  5.5540*103 
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Table 9: Natural frequencies for Crane frame 

 
 

 

 

 

 

 

 

 

 

 

 

The Results and Discussion of Damage Detection Method     

                                        

The Results and Discussion of Eigenparameter  

 

        The eignparameter was calculated for the first two mode shapes. The parameter for the first mode 
shows the largest change at this location of the damage, i.e. the peak value occurs in the damaged 

region. Also at the location the slope changes sign. The damage scenarios D1, D2, C1 and C2 
correspond to a single crack at the mid-span for simple beam. It can be observed that the absolute value 

of the parameter increases with an increase in the severity of the damage.  The peak observed in Fig .6 
for single damage as in (a) and (b). For multiple damage, the peak is clear for one location of damage 
for portal frame and crane frame in Fig .6, for (c) and (d) for cases PC5, PC6 for portal frame and C3, 

C4 for crane frame respectively. 
 

 
                          (a)                                                                     (b) 

Damage 
Scenarios 

Natural Frequency   (rad/sec) 

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 

Undamaged 54.6114 221.3366 644.4290 1.5358*103 1.7672*103 

C1 54.3582 221.0727 644.0045 1.4969*103 1.6594*103 

C2 53.6443 220.6903 643.6281 1.4762*103 1.6363*103 

C3 54.2939 220.3281 643.4483 1.4710*103 1.6362*103 

C4 53.5103 218.1355 642.2623 1.4376*103 1.6010*103 

C5 54.5648 221.1289 643.7407 1.5301*103 1.7644*103 

C6 54.5630 220.7885 642.3609 1.5150*103 1.7596*103 

C7 54.5612 215.3734 621.4992 1.3088*103 1.7232*103 
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                         (c)                                                           (d) 

Fig. 6: Eigenparameter for 1st and 2nd modes of the simply supported beam (a, b), portal (c) and crane 
frames (d). 

 

The Results and Discussion of Relative Difference Method 

  

                    The peaks occur at damage location in Fig. 7 for simply supported in (a) for single damage and (b) 
for multiple damage. The peak observed for one location for portal frame as in (c) and it’s observed in 
(d). In Figures illustrated the mode difference was normalized with respect to the maximum absolute 

value of the mode shape of the undamaged system as in previous sect ions in simply supported, portal 
frame and crane frame. As expected, the differences are larger for case damage C2, since this 

correspond to a larger crack depth for the same cross section.  
 

 

      
                            (a)                                                             (b) 
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                                  (C)                                                                         (d) 

   
Fig. 7: Relative difference for first and second modes of the simply supported beam (a, b), portal (c) 

and crane frames (d). 
 

The Results and Discussion for Absolute Difference Curvature Mode Shape  

 

       Fig. 8 Shows the results for damage scenarios D1, D2, C1, C2 for simple beam, PC5, PC6 for 
portal frame and C5, C6 for crane frame. As it can be seen in Fig. 8, the maximum difference for each 
curvature mode shape occurs in the damaged region, which is at location 0.5L for these damage 

scenarios. In the multiple damage scenarios (C3 and C4), the presence of two cracks at the vertical 
column is simulated. The defects are at position (0.2L=50.8cm and 0.75L=190.5cm) measured from the 

fixed end of the column. It is evident from the graphs displayed that the peak observed in the damage 
location as in (a), (b), (c) and (d). 

 

 
                                   (a)                                                                                (b) 
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                                (c)                                                                                 (d) 

Fig. 8: Absolute difference curvatures for the three modes of the simply supported beam (a, b), portal 
frame (c) and crane frame (d). 

 
  

The Results and Discussion of Curvature-Energy Damage Index Method 

 

      The results of the proposed damage index for the damage scenarios D1 to C4 are shown in Fig. 9 is 

calculated using only two curvature mode shapes. When two cracks are induced in the beam (damage 
scenarios C3 and C4), the proposed method is capable of detecting the location of the two cracks, as 

evidenced by the peaks in the index  jk  in Fig 9. 

                 
                              (a)                                                                                      (b) 
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                                (c)                                                                                 (d) 
Fig. 9: Curvature-Energy damage index method for the three modes of the simply supported beam (a, 

b), portal frame (c) and crane frame (d). 
 

CONCLUSION  
 
         The main conclusions from the present work according to the adopted data may be stated as 

follows: 

 Based on assumption that the damage will change the stiffness reduction only and the mass of 

the beam be consistent, the increased severity of the damage will decrease the frequencies of 
the damaged beam. 

 

 It’s observed that, the damage representation as stiffness reduction 25% is not equal to the 
damage represented by crack ratio 25%, accordingly it’s obvious that the crack is more 

sensitive than stiffness reduction in representing the damage.  
 

 Changes on mode shape are much more sensitive to local damage when compared with changes 
in natural frequencies. However, using mode shapes also has some limitations, as the damage is 

a local phenomenon, it may not significantly influence the mode shapes of the lower modes, 
that are usually those measured from vibration tests, and it’s obvious in large structures, as in 
portal frame. 

 

 The structural damage identification technique based on changes in the displacement mode 

shapes, referred to eigenparameter was able to indicate the location of damage with only one 
crack in the three structures. For multiple damage scenarios, the eigenparameter was not 
locating the damage zones.  

 

 The methodologies based on the modal curvatures energy exhibited superior performa nce in 

detecting and locating the damage. The curvature- energy damage index method is the best 
method used since; it does detect and locate the single or multiple damage in the three 

structures which considered in this study.  
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BOUNDING SURFACE COUPLED FINITE ELEMENT 

CONSOLIDATION ANALYSIS OF NORMALLY AND 

OVERCONSOLIDATED CLAYS  
By 

Omar Al-Farouk S. Al-Damluji  and Ayad N. Al-Ebady 

 

ABSTRACT 
The radial mapping version of the bounding surface plasticity model is implemented in a computer 

program to predict the response of cohesive soils. The eight-noded isoparametric element and 

Biot’s theory are used in this study for analyzing soil consolidation problems. The model has been 

used in the analysis for two classes of problems. The first involves the comparison of model 

predictions with the results of laboratory tests in compression and extension for normally and 

overconsolidated clays. The second class involves using the model to predict the results of one- and 

two-dimensional finite element problems of soil consolidation. The comparisons with experiments 

demonstrate that the model, through its simplicity, can describe realistically the soil response under 

different monotonic loading conditions at any overconsolidation ratio. The comparison between the 

bounding surface plasticity model with the classical modified Cam clay model shows considerably 

different rates and magnitudes of settlement, and different pore pressure behavior during the 

consolidation process. 

 

 الخلاصة

لقددت ترددالتة  . بيددن خةددلم تلم  ةدد  تلعدد نمو م ددو خمددسطح لتمخددم تلةدد م تلمسددي  تددو ا خددنة  لنرددساو لاسكدد  ترددا نام تلادد   تلمامنردد ملقددت  دد    
لقددت  دد  ترددالتت  تلنمددسطح لاس يدد  صددن ي  ةدد   .طتت ثمنخيددم مقددت ةدد  خي  ددم ايددس تددو لددلي تلتاترددم لاس يدد  ةةددن   ت خ ددمن  تددو تلا اددم ةسددت   مننصدد 
تلصنف ت مل تلو ةقناخم  سك دنت تلنمدسطح ةد  خادن   تسدسب ةلاب  دم  سد  ت خ دسنط م ت ردا نلم  ةيدنت ةن دمم تماين  دن  م ت د    ا  ق . تلمةن  

 يهد  تلمقناخددنت ةدد  . ب ددت  متلدت م ا ب ددتمننصد  ام يددم  بسد  تلصددنف تليدنخو انرددالتت  تلنمدسطح لاسكدد  خادن   ةةددن   تخ ددمن  تلا ادم ا. ةن دمم اي ددن  
 يه  ةقناخدم ادي  . ا  تلنمسطح تلبةي  م و  سك  ترا نام تلا ام تلسقيقيم  س  ظ مف  سمي  ا يبم ةلا  م م ان م خةبم ة  ت خ من  تليت تتلا نا  كت

تلدو ت دا ف تدو  صد ف تل دس  تلمةدنةو  تلم تل تلاق يتي ة دت ت م كدي  ةلا  دم ةد  ت خ دمن  ت دنتم خمسطح تلة م تلمسي  ة  خمسطح ةي  كن 
 .مم يم ت خ من  تثننء

 

KEYWORDS 
Clays, consolidation, bounding surface, constitutive relations, numerical modeling and 

analysis. 

 

INTRODUCTION 

Consolidation plays an important role in many soil mechanics problems. This is evident by the vast 

amount of literature devoted to the solution of this problem since the pioneering work of Terzaghi. 

Probably the most difficult problems that a soil engineer is asked to solve, is the accurate prediction 

of the settlement of a finite loaded foundation on a thick compressible stratum. 

A major problem in applying any solution procedure to geotechnical engineering problems is to 

provide a realistic representation of the stress- strain characteristics for the porous medium. The 
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choice of appropriate constitutive or stress-strain laws or models may have a significant influence 

on the numerical results obtained. Their importance has been enhanced significantly with the great 

increase in development and application of many modern computer-based techniques such as the 

finite element, finite difference, and boundary integral equation methods. It has been realized that 

the advances and sophistication in the solution techniques have far exceeded our knowledge of the 

behavior of materials defined by constitutive laws. As a consequence, very often, results from a 

numerical procedure that may have used less appropriate constitutive laws can be of limited or 

doubtful validity. 

The objective of this study is to implement one of the several relatively new and very promising 

plasticity models for soils (the bounding surface plasticity model) in a general nonlinear analysis 

program to establish the accuracy and limitations of the model formulation. The model has been 

used in the analysis of two classes of problems. The first involves the comparison of model 

predictions to the results of laboratory tests. The second class involves using the model to predict 

the results of one- and two-dimensional finite element problems of soil consolidation. 

 

THE GOVERNING EQUATIONS FOR SINGLE FLOW IN A DEFORMING POROUS 

MEDIUM 

In this section, the governing equations for single flow in a deforming porous medium are 

developed. The governing equations are developed in line of Biot’s self consistent theory (Biot, 

1941; Biot, 1955; Biot, 1956). The solid phase is assumed to be comprised of a porous skeleton of 

particles surrounded by one fluid. The small strain theory is considered to be applicable, and so 

Darcy’s law is assumed valid in terms of absolute fluid velocity. 

It is assumed that a pure fluid pressure p causes only a uniform, volumetric strain by 

compressing the grains and that the major deformation of the porous skeleton is governed by the 

effective stress  . This is defined as follows, with the sign convention that tension is positive: 

 
mp                                                                                                         (1) 

 

where is the total stress and m is equal to unity for the normal stress components and zero for the 

shear stress components. 

The constitutive equation relating effective stress   to the strains of the skeleton is now 

independent of the pore pressure p, and for a general non-linear material can be written in a 

tangential form, thus allowing plasticity to be incorporated. If creep strain is present, the expression 

is written in a general form as (Lewis and Schrefler, 1987): 

 
)dddε(dDσd opcT                                                                                 (2a) 

 

where d  represents the total strain of the skeleton, 

 
dt.cd c                                                                                                           (2b) 

 
is the creep strain, 

 
)K3/dp(md sp                                                                                               (2c) 

 

represents the overall volumetric strains caused by uniform compression of the particles by the 

pressure of the pore fluid, with sK  being the bulk modulus of the solid phase. 
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Finally, o  represents all other strains not directly associated with stress changes (swelling, 

thermal, chemical, etc.). These types of strains are defined as “autogeneous” strains (Zienkiewicz et. 

al., 1977). 

The matrix TD  and the creep function c are dependent on the level of effective stress   and 

also, if strain effects are considered, on the total strain of the skeleton   (Lewis and Schrefler, 

1987). 

The equilibrium equation relating the total stress   to the body forces b and the boundary 

traction t̂  specified at the boundary   of the domain   is formulated in terms of the unknown 

displacement vector u. Using the principle of virtual work (Zienkiewicz, 1977), the general 

equilibrium statement can be written as: 

 

  
  

 0dt̂udbudσε TTT                                                                       (3) 

 

for virtual displacement u  such that on the boundary part u , where displacements are prescribed, 

these are not varied. Equation 3 is already a weak statement of the equilibrium relationship which 

also incorporates the boundary conditions. 

The equilibrium statement (Eq. 3) is also valid in incremental form: 

 

0dt̂dudbdudd TTT

  
  

                                                                      (4) 

 

The effective stress relationship given by the equation 1 is now incorporated into this equation 

and the following expression is obtained: 

 

 
 

 0f̂dmdpdddd TT                                                                            (5) 

 

where 

 

 
 

 dt̂dudbduf̂d TT                                                                                     

(6) 

 

f̂d  represents the change in external force due to boundary and body force loadings. 

Further, on taking into account the constitutive relationship given by equation 2 and dividing by 

dt, the following equation is obtained: 

 

  
  















 d

K3

1

t

p
mDd

t

p
md

t
D

s

T

TT

T

T  

 
 










 0

t

f̂
d

t
DcdD o

T

T

T

T                                                                    (7) 

 

The geometrical complexity of a porous medium renders impossible a strict analytical treatment 

of the fluid velocity within the porous space. To overcome this obstacle, the fictitious seepage 
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velocity (also known as bulk or Darcy’s velocity) is defined as (Bear, 1972): 

 

)ghp(k
1

q 


                                                                                               (8) 

 

where k is the absolute permeability matrix of the medium,   the dynamic viscosity of the fluid, p 

the fluid pressure,   the density, g the gravity, and h is the head above some arbitrary datum. 

The continuity of flow requires that the following expression is valid (Crichlow, 1977): 

 

(rate of fluid accumulation) 0)q.(                                                                                             (9) 

 

which, on combining with Darcy’s law given by the equation 8, results in: 

 

(rate of fluid accumulation) 0)ghp(
k

. 












                                                                   (10) 

 

There are many factors which contribute to the rate of fluid accumulation and these are 

enumerated as follows (Lewis et. al., 1976): 

a. Rate of change of total strain 

 

t
m

t

Tv









                                                                                                                                 (11a) 

b. Rate of change of the grain volume due to pressure changes 

 

t

p

K

n1

s 


                                                                                                                                         (11b) 

where n is the porosity. 

c. Rate of change of saturation 

 

t

s
n




                                                                                                                                              (11c) 

where s is the degree of saturation. 

d. Rate of change of fluid density 

 

t
ns




                                                                                                                                             (11d) 

e. Finally, the change of grain size due to effective stress changes t  

 

t
m

K3

1 T

s 


                                                                                                                                (11e) 

Substituting for t  from equation 2a into 11e yields the following expression: 

 





















 c

t

p

K3

m

t
Dm

K3

1

s

T

T

s

                                                                                                   (11f) 

 

The continuity equation for water (with no source term) therefore becomes: 
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Equation 12 can be simplified by assuming water flowing at saturated conditions and dividing by   

results in equation 11d for water being written as: 
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t
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where wK  is the bulk modulus of water. 

Equation 12 then becomes: 

 
































s

T

T

s

T

T

TT

K3

cDm

tK3

Dm
m)ghp(

k
.  

0
t

p
mDm

)K3(

1

K

n

K

n1
T

T

2

sws
















                                                                                         (14) 

 

FINITE ELEMENT APPLICATION IN SOIL CONSOLIDATION 

The fully coupled solution of the one-phase flow equation in an elastoplastic porous medium will 

now be discussed in this section. The particular form of the continuity equation 14, together with 

the equilibrium equation 7, form the governing equations for soil mechanics problems within the 

line of Biot’s self consistent theory. 

The consolidation problem is a boundary value problem, and this type of problems requires that 

the governing equations are satisfied within all points of a continuum (domain  and that the 

boundary conditions are satisfied on the boundary of the domain. 

The equilibrium equation 7 has the boundary condition already incorporated. Attention is 

therefore focused on the continuity equation. In this case the boundary conditions satisfy: 

a. The continuity of flow across the boundary, 

 

  0qghp
k

nB T 


                                                                                                          (15) 

 

where n is the unit normal vector and q is the outflow rate per unit area of the boundary surface. 

b. Prescribed pore pressure. 

The condition that the continuity equation 14 applies throughout the continuum and that equation 

15 applies on the boundary requires that: 

 

 
 

 0dBbdAa TT                                                                                                                   (16) 

 

where a and b are a set of arbitrary functions since A  and B  are identically satisfied throughout 

their respective domains. 



O.Al-Farouk                                                                            Bounding surface coupled finite element consolidation 

A. N. Al-Ebady                                                                       Analysis of normally and overconsolidated clays  

 

 1826 

Conversely, if equation 16 is valid for any arbitrary values a and b, then the differential 

equations 14 and 15 must be satisfied at all points within and on the boundary of the continuum. 

The finite element method will be applied to equations 7 and 16 in terms of displacements and 

pore pressures. In equation 14 the appearance of second derivatives for )ghp(   necessitates a 

smooth distribution in space due to the integration of these variables. In order to overcome this 

limitation, a weak form of equation 14 is obtained by means of Green’s theorem. 

Upon substitution of equation 14 and equation 15, equation 16 becomes: 
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Since the values of a and b are arbitrary, it can be made: 

ab   

and thus eliminate some of the terms of the boundary integrals. Equation 17 therefore reduces to: 
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                                                             (18) 

The finite element approximation is now applied to equations 7 and 18. The displacements and 

pore pressures are expressed in terms of their values u  and p  at a finite number of points in space. 

The expressions for u, p, and   take the form: 

 

uNu                                                                                                                                            (19a) 

 

pNp                                                                                                                                            (19b) 

 

uB                                                                                                                                            (19c) 

in which N, N  are the shape functions of displacement and pore pressure, respectively and B is the 

strain-displacement transformation matrix. Substituting equations 19 into equations 7 and 18, the 

finite element discretization gives the result: 
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Equation 20 is valid for any value of the virtual displacement u  and can hence be written as: 
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where 
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in which K= the tangential spatial stiffness matrix; L = the coupling matrix representing the 

influence of pore pressure in force equilibrium; C = the creep matrix and df = load vector 

equivalent to the body force, surface traction and autogeneous strain, respectively. 

The form of the function a in equation 21 is still quite arbitrary and must be specified before 

equation 21 can be solved. It is desirable to choose a form which will increase the accuracy of the 

approximation used. For this purpose, the method of weighted residuals procedure has been applied, 

using the Galerkin method (Zienkiewicz, 1977). 

The function a is replaced by a finite number of functions within each element, which is in the 

Galerkin method are identical to the shape functions N . Equation 21 now becomes: 
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in which H = is the spatial flow (or seepage) matrix; S = the compressibility matrix and f = the load 

vector equivalent to fluid flow of source elements, creep function and gravity load, respectively. 

It can be easily verified that the complete set of equations is symmetric if the matrix TD  is 

symmetric. 

The integration of these equations usually requires the use of numerical techniques, and a 

standard method is that of Gaussian quadrature (Zienkiewicz, 1977), where the integrands are 

evaluated at specific points of the element and boundary surface and then weighted and assumed. 

The procedure is carried out in terms of a set of local coordinates   and   having values of 1  on 

the element boundaries. 

Since the discretization in space has been carried out, equations 22 and 24 now represent a set of 

ordinary differential equations in time. For convenience, the equations are written in the following 

form: 
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The values of u  and p  at different values in time may now be obtained by means of appropriate 

time-stepping algorithms. 

The method used for the time discretization may be regarded as a one- dimensional finite 

element scheme as distinct from the spatial discretization, Kantorovich type approach, (Zienkiewicz, 

1977). 

The time domain is divided into a number of elements or steps and integration is carried out for 

each step to obtain the change of the parameters u  and p . The step-by-step integrations may then 

be summed to determine the total change of the parameters. The integration takes the same form as 

used for the spatial integration, i.e., 

if   F = 0   then     0Fdtg  

where g  is an arbitrary function of time. 

When applying this method to equation 26, yields the following equations: 
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where kt  is the length of the k-th time step. 

The first order-time derivatives of u  and p  may be approximated by assuming a linear variation 

of u  and p  within each step. 



Journal of Engineering Volume   15  December  2009       Number  4  
 

 1824 

 

 

    









 tttt

tt

t

2

t

1
pu

pu
NNpu                                                                                                    (28) 

where 1N1 , 2N  and kk t/)tt(  . 

The derivatives with respect to time of 1N  and 2N  are given as: 
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By substituting equations 28 and 29, equations 27 take the form: 
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Equation 30 may now be integrated, using the point collocation method, then divided by g , and 

finally rearranged in the form: 

kkk t,kk

T

tt,kk

T
p

u

tH)1(SL

LK

p

u

tHSL

LK









































 

k

,k

t

f

C
dt

df





















                                                                                                                            (31) 

 

Equations 31 are formed for all internal nodes of the domain and those boundary nodes where 

pore pressure value and/or displacement are not prescribed. The number of equations is thus equal 

to the number of unknown variables. 

The complete set of equations may be used in the time-stepping procedure outlined above to 

determine the values of u  and p  at any point in time relative to their initial values. 

The eight-noded isoparametric element is used in this study. The nodes in the elements used 

represent both displacements and pore fluid pressures, which vary quadratically over the element, as 

field variables on the same mesh. In other words, the nodes represent displacements and pore 

pressures at the same time as if there are two concurrent meshes. 

 

NUMERICAL IMPLEMENTATION OF THE BOUNDING SURFACE PLASTICITY 

MODEL 

Soil plasticity problems are nonlinear and history-dependent and thus require more elaborate 

solution schemes for boundary value problems than simple linear elasticity problems. All the 

techniques for nonlinear analysis can, with certain qualifications, be applied irrespective of the 

constitutive law, although some techniques are better suited to particular laws than others (Naylor 

and Pande, 1981). 
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The bounding surface plasticity model can be used to supply properties for most numerical 

solution schemes applicable to soil stress analysis problems. In general, the use of a history 

dependent constitutive model (such as the bounding surface plasticity) in a stress analysis program 

requires some form of an incremental solution procedure. In addition, in order to be able to employ 

reasonably sized solution steps (for implicit implementation), iteration within each step is also 

usually necessary. 

The constitutive relation in inverse form is given by the following equation: 

 

klijklij D                                                                                                                                        (32) 

The determination of the explicit form of the ijklD  tensor, equation 6 of reference (Dafalias, 

1986) involves the use of equations 1, 7-10, 22, 28, 29, 35a, and 35b of reference. (Dafalias and 

Herrmann, 1986). Because the associated flow rule has been adopted, the ijR  is equal to ijL  and 

the 
I'

U  is equal to 
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F , etc. Combining these expressions gives: 

 

  klijlikjljkiijkl G
3

2
KGD 








  

 
  


























 



 

3

2

J2

sS3

J

ss

bJ

F

3cos

G3
sF

J

G
KF3

B

Lh ij

4

ij

3

2

njin'

ijJ'ijI'
 

  























 



 

3

2

J2

sS3

J

ss

bJ

F

3cos

G3
sF

J

G
KF3 kl

4

kl

3

2

nlkn'

klJ'klI'
                                                          (33) 

in which 
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In the above expressions, the elastic bulk modulus K is given by equation 29 of reference (Dafalias 

and Herrmann, 1986). The elastic shear modulus G is either defined independently or is computed 

from K and a specified value of Poisson’s ratio. The plastic modulus pK  is obtained from equation 

30 of reference (Dafalias, 1986) in which the hardening function Ĥ  and the bounding plastic 

modulus are defined by equations 30 of reference (Dafalias, 1986) and 28 of reference (Dafalis and 

Herrmann, 1986), respectively. )(h  is the heavy-side step function. The quantities related to the 

bounding surface such as b, 
I'

F , etc., are given in Appendix I of reference (Dafalias and Herrmann, 

1986). The stress invariants are defined in equation 2 of reference (Dafalias and Herrmann, 1986). 

The size of the bounding surface is controlled by the measure of the preconsolidation history oI . 

The evolutionary law for oI  is given by the second equation of 27b in reference (Dafalias and 

Herrmann, 1986), i.e.: 
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The parameters and lI  are described in reference (Dafalias and Herrmann, 1986). Using 

equation 26 of reference (Dafalias and Herrmann, 1986) and expressing the elastic volume change 

in terms of the bulk modulus K and the change in I gives: 
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Two cases must be considered in integrating equation 37. 

If lo II  , equation 37 becomes: 
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Dividing by oI  and integrating over substep m gives: 
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The first two integrals may be evaluated exactly, while the third is approximated by the trapezoidal 

rule (K is given by equation 29 of reference (Dafalias and Herrmann, 1986)). Integrating and 

solving for 
moI  yields: 
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If lo II  , equation 37 becomes: 
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Integrating this expression yields: 
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EXAMPLES 

In this section, in order to check the validity of the numerical implementation of the bounding 

surface plasticity model, a comparison is made with the experimental results of soft clay response 

under undrained monotonic deviatoric loading in compression and extension for normally and 

overconsolidated clays published by Banerjee and Stipho (1978; 1979). 

The solutions for one- and two-dimensional plane strain consolidation problems are shown in 

this section. In this case, a comparison has been made between the settlement predictions obtained 
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by Siriwardane and Desai (1981) and those obtained by using the bounding surface plasticity 

model that is used in this study. The conventional modified Cam clay model was used by 

Siriwardane and Desai for the elastoplastic analysis. 

 

Model Response and Comparison with Experiments 

The predictions of the bounding surface plasticity model at the constitutive matrix level (Eq. 33) 

and comparisons with experimental data for different overconsolidation ratios in compression and 

extension tests are now presented. 

A series of comparisons between the experimental observations of the stress-strain in addition to 

pore water pressure and those predicted by the theoretical model are presented in Figs. 1, 2, 3, 4, 

and 5. These figures show by discrete symbols the experimental data for a triaxial undrained 

loading at overconsolidation ratios OCR = 2, 5, and 12 in compression tests and at OCR = 2 and 10 

in extension tests and by continuous lines for the model simulation. All the theoretical results have 

been obtained by using the values of the input material parameters listed in Table 1. 

The experimental data are taken as reported by Banerjee and Stipho (1978; 1979) where samples 

of kaolin (LL = 52, PL = 26) were tested under undrained conditions. The method of preparation of 

these samples and details of the testing procedure are given by Banerjee and Stipho (1978). 

Comparison with experiments demonstrates that the predicted response by using the bounding 

surface plasticity model is in good agreement with experimental data and that the model can 

describe realistically the soil response under different loading conditions at any overconsolidation 

ratio. 
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Table 1: The Input Parameters Used to Predict the Response of the Bounding Surface Plasticity 

Model 

 

Parameter Value 

 0.14 

 0.05 

 0.20 

cM  1.05 

eM  0.85 

cR  2.68 

eR  2.25 

cA  0.06 

eA  0.05 

T -0.10 

C 0 

s 1.0 

ch  2.0 

eh  1.5 

oh  1.75 

 ll P3I   101.4 kN/m
2
 

m 0.02 

 

One-Dimensional Consolidation 

In this section, the solution for a one-dimensional plane strain consolidation problem is shown. The 

results obtained from the bounding surface plasticity model are compared with those of 

Siriwardane and Desai (1981). Isoparametric eight-noded elements have been used instead of 

triangular elements that were used by Siriwardane and Desai. 

The finite element mesh is shown in Fig. 6. The width of loading B is assumed to be equal to 

0.102 m. An external surface load (po = 47.9 kN/m
2
) is applied at the top surface of the model. The 

input material parameters used in this problem are shown in Table 2. Some of these parameters are 

the classical material parameters within the critical-state soil mechanics context. So these material 

parameters are taken as reported by Siriwardane and Desai (1981). The others are the new material 

parameters related to the bounding surface plasticity model. The typical values of these parameters 

in the more limited ranges for practical applications are used in the analysis of this problem. 
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Fig. 1: Predictions of the Bounding Surface Plasticity Model for Lightly Overconsolidated Clay 

(OCR = 2) in Compression Test 

a. Undrained Stress Path 

b. Stress-Strain Behavior 

c. Pore Water Pressure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Predictions of the Bounding Surface Plasticity Model for Heavily Overconsolidated Clay 

(OCR = 5) in Compression Test 

a. Stress-Strain Behavior 

b. Pore Water Pressure 
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Fig. 3: Predictions of the Bounding Surface Plasticity Model for Heavily Overconsolidated Clay 

(OCR = 12) in Compression Test 

a. Stress-Strain Behavior 

b. Pore Water Pressure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Predictions of the Bounding Surface Plasticity Model for Lightly Overconsolidated Clay 

(OCR = 2) in Extension Test 

a. Undrained Stress Path 

b. Stress-Strain Behavior 

c.  
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Fig. 5: Predictions of the Bounding Surface Plasticity Model for Heavily Overconsolidated Clay 

(OCR = 10) in Extension Test 

a. Stress-Strain Behavior 

b. Pore Water Pressure 

 

 

Fig. 7 shows the comparison between the calculated settlement at a typical node (107) using the 

bounding surface plasticity model with that from the problem that was solved by Siriwardane and 

Desai. The settlements are non-dimensionalized with respect to ultimate settlement predicted by 

Terzaghi’s theory of consolidation. The non-dimensionalized time factor ( 2

vv HtcT  ) is used as 

an abscissa and Eo is used to calculate cv. 

The dissipation of pore water pressure at a typical node (31) and the vertical section (A-A) as 

shown in Fig. 6, are shown in Figs. 8 and 9, respectively. Here, the pore water pressures are non-

dimensionalized with respect to po, which is the externally applied surface loading. 

Comparison between the results from the bounding surface plasticity model with those of 

conventional modified Cam clay model by Siriwardane and Desai (1981) shows that the use of the 

first leads to higher settlements at initial time levels and smaller final settlements. Also, it can be 

seen that the use of the bounding surface plasticity model increases the magnitude of dissipation of 

pore water pressure especially in the final consolidation zone. Therefore, the predicted pore 

pressures are less than those from the conventional modified Cam clay model. 

 

Two-Dimensional Consolidation 

The solution for a two-dimensional plane strain consolidation problem is shown in this section. The 

same problem was solved by Siriwardane and Desai (1981). In this case, a comparison is made 

between the settlement predictions obtained by the bounding surface plasticity model and the 

results obtained by them. The critical state model was used by Siriwardane and Desai as the 

constitutive relationship. Triangular elements were also used to solve this problem while 
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The problem to be solved and the finite element mesh are shown in Fig. 10. The width of the 

loaded area B is assumed to be equal to 3.05 m. An external surface load (po = 47.9 kN/m
2
) is 

applied at the top surface as shown in the Figure. The problem is solved using the input material 

parameters shown in Table 3. 
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Again, it is worthy to notice that the classical material parameters, which have been used by 

Siriwardane and Desai, are taken as the same as reported by them. The other parameters are taken 

as typical values in the more limited ranges for practical applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Finite Element Mesh for the One-Dimensional Consolidation Problem 
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Table 2: Input Material Parameters for the One-Dimensional Consolidation Problem 

 

Parameter Value 

 0.14 

 0.05 

 0.4 

cM  1.05 

eM  0.89 

cR  2.72 

eR  2.18 

cA  0.1 

eA  0.08 

T -0.10 

C 0.4 

s 1.0 

ch  4.0 

eh  4.0 

oh  4.0 

 ll P3I   101.4 kN/m
2
 

m 0.02 

hK  1.22 x 10
-6

 m/day 

vK  1.22 x 10
-6

 m/day 

ein 0.9 

Eo 287.3 kN/m
2 

 

The predicted pore pressures are non-dimensionalized with respect to po, where po is the 

externally applied surface loading. The initial modulus Eo is used to compute the coefficient of 

consolidation cv value for use in the non-dimensional time factor Tv. The predicted settlements are 

non-dimensionalized with respect to width of loading B. 

Fig. 11 shows a comparison of timewise variation of surface settlement from the bounding 

surface plasticity model with those from a problem that was solved by Siriwardane and Desai 

(1981) using the conventional modified Cam clay model. It can be seen that the settlements from 

the two models do not differ significantly at initial time levels. However, at higher times the 

bounding surface plasticity model shows higher settlements but a smaller final settlement. 
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Dissipations of pore water pressure at section (B-B) in Fig. 10 are compared in Fig. 12. The 

bounding surface plasticity model shows higher dissipation of pore water pressures at earlier times, 

while, at higher time levels, the two results tend to be similar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Surface Settlement versus Time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Pore Pressure versus Time at a Typical Node (Node 31) 
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Fig. 9: Pore Pressure versus Depth along Section A-A at Three Different Time Values Using the 

Bounding Surface Plasticity Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Finite Element Mesh for the Two-Dimensional Consolidation Problem 
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CONCLUSIONS 

The main conclusions that can be drawn from the present study are: 

 The bounding surface plasticity model shows very good agreement with experimental 

results (published by Banerjee and Stipho) of soft clay response in compression and 

extension for any overconsolidation ratio. 

 The study shows that if the medium follows the bounding surface plasticity model as a 

constitutive law, the soil response would show considerably different rates and magnitude of 

settlement, and different pore pressure behavior during the consolidation process. This 

appears to be an important useful result; perhaps the comparison with the actual reliable 

observations can provide further verification of its validity. 

 The ranges of overconsolidation ratio used in this study show the capability of the model to 

describe realistically the soil response under monotonic loading conditions at different 

overconsolidation ratios which cannot be properly predicted by classical isotropic yield 

surface models. This aspect distinguishes this model from other isotropic yield surface 

formulations. 

 

Table 3: Input Material Parameters for the Two-Dimensional Consolidation Problem 

 

Parameter 
Value 

 0.14 

 0.05 

 0.4 

cM  1.05 

eM  0.89 

cR  2.72 

eR  2.18 

cA  0.1 

eA  0.08 

T -0.10 

C 0.4 

S 1.0 

ch  4.0 

eh  4.0 

oh  4.0 

 ll P3I   101.4 kN/m
2
 

M 0.02 

hK  1.22 x 10
-5

 m/day 
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vK  1.22 x 10
-5

 m/day 

ein 0.9 

Eo 622.7 kN/m
2 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Surface Settlements versus Horizontal Distance at Three Different Time Values 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Pore Water Pressures versus Depth along Section B-B at Three Different Time Values 
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LIST OF SYMBOLS: 
B  is the strain-displacement transformation matrix. 

b  body forces 

C the creep matrix 

TD  the creep function 

df load vector equivalent to the body force, surface traction and autogeneous strain, 

respectively. 

f̂d   represents the change in external force due to boundary and body force loadings. 

d   represents the total strain of the skeleton, 

dt.cd c   is the creep strain 

)K3/dp(md sp   the overall volumetric strains caused by uniform compression of the particles by 

the pressure of the pore fluid  
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f  the load vector equivalent to fluid flow of source elements, creep function and 

gravity load 

g the gravity 

g   is an arbitrary function of time 

H  is the spatial flow (or seepage) matrix 

h is the head above some arbitrary datum. 

)(h   is the heavy-side step function 

K  bulk modulus of the solid phase. 

k is the absolute permeability matrix of the medium 

wK   is the bulk modulus of water 

K  the tangential spatial stiffness matrix 

L the coupling matrix representing the influence of pore pressure in force 

equilibrium; 

N, N   are the shape functions of displacement and pore pressure, respectively 

n  is the porosity 

n  is the unit normal vector 

p Pressure 

p the fluid pressure 

q is the outflow rate per unit area of the boundary surface 

S the compressibility matrix 

s  is the degree of saturation 

t̂  and the boundary traction 

u the unknown displacement vector 

kt   is the length of the k-th time step 

o  all other strains not directly associated with stress changes 

  the dynamic viscosity of the fluid 
  the density 

  effective stress 

  domain  
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ABSTRACT 

This paper presents a theoretical investigation of the axisymmetric free vibrations of 

an isotropic thin oblate spheroid shell. The analysis depends on the Rayliegh – Ritz's method. 

The non – shallow shell theory is used for the analysis. The analysis based on considering the 

oblate spheroid as a continuous system constructed from two spherical shell elements matched 

at the continuous boundaries.   

Throughout the results, it is shown that when the eccentricity reaches zero, an exact 

thin sphere solution is emerged and when the eccentricity equals one an exact thin circular 

plate solution is emerged. Therefore, the eccentricity of an oblate shell at medium value lies 

between these two values.    

 It was found that the Rayleigh – Ritz's method is suitable for all eccentricities, while 

the literature showed that the Rayleigh's method is suitable for eccentricities less than 0.6.  

 

 
 الخلاصة

اليةل  التتنةاةرل التحة ر     للاهتةاااا  الحةرل لشريةريا  نح اة  النةشرا  لةبض الب  ة ينظريةدراسة   بحثالهذا  يتناول 

نظرية  ) وقةش تةا اسةتخشا  ( Rayliegh – Ritz ) التحش    النظري  يعتتش عشى  طريرة  . والتتيابه  الخ اص في جت ع الاتناها 

هذه الترن ض مبن   عشى أساس الريةري  اليةبض ب ظ يةض ظتنظ مة  مةةتترل مرظبةض مةي قيةريت ي ن ة  . في التحش  ( الريريا  العت ر  

 .      ظرويت ي متناةرت ي عشى ط ل حشودها التةتترل

ل ةار يلة   ةةاهر لشع ةا  بال ةبل حة  لريةري  نح اة  ظروية  تب ي بأنض عنةشما ت ة  اللامرظاية   لةى ا, مي خلال النتائج 

عش ةض فةا   وبنةا   , اليل  وعنشما تل   اللامرظاي  مةاوي   لى ال احش يل   ةاهر لشع ا  بال بل ح  ل ا ح  نح اة  دائرية  اليةل 

 . اللامرظاي  لشيل  لبض الب   ي يرع عنش ق ت  مت سط  ما ب ي تشك الر تت ي

ب نتةةا أةهةةر   البحةة ب الةةةابر     طريرةة  ,  ملائتةة  للةة  قةة ا اللامرظايةة    Rayliegh – Ritz ))وجةةش   ط طريرةة  

Rayliegh)    ) (.6.3) تل   ملائت  لر ا مي اللامرظاي  اق  مي 
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LIST OF SYMBOLS  

 a                Major  semi – axis  of  an  oblate  spheroid  shell. 

 b                Minor  semi – axis  of  an  oblate  spheroid  shell. 

 E               Young's  modulus  of  elasticity ( GN / m
 2

  ).   

 e                Eccentricity  ratio.  

 h                Shell  thickness  ( mm ). 

 Pn(x)          Legendre  function  of  the  first  kind. 

 P'n(x)          First  derivative  of  the  Legendre  function  of  the  first  kind.     

 P''n(x)         Second  derivative  of  the  Legendre  function  of  the  first  kind.   

 R r               Effective  radius. 

 RΦ , Rθ       Principal  radii  of  curvatures  of  an  oblate  spheroid.   

UФ            Tangential  displacement  mode.   

uФ             Tangential  displacement  of  points  on  shell  middle surface. 

W             Transverse  displacement  mode.     

w              Transverse  displacement of  points  on  shell  middle surface.  

ЄΦ,Єθ,Єr    Strains 

Φ'              Inclination  angle  of  an  oblate  spheroid.  

Φ               Inclination  angle  of   a spherical  shell  model. 

Φo              Opening  angle  of  the  approximate  spherical  shell. 

λ                Non – dimensional  frequency  parameter (( ρ / E )
1/2 

ω.a ). 

                                   (used  for  oblate  spheroid  shells ) 

θ                Angle  of  rotation  in  the  meridian  direction. 

ρ                Density  ( kg / m
 3

 ).               
  
    

Ώ               Non – dimensional   frequency   parameter (( ρ / E )
 1/2

 ω.R ).  

                               ( used   for   spherical   shells ) 

ω                Circular  frequency ( rad / sec). 

 W         Transverse  or  radial  displacement  ( m ). 

 

 

  

 

INTRODUCTION 

 Oblate spheroid shell is defined as the locus surface resulting by rotating an ellipse 

around its minor axis. This type of shells has many practical applications such as; the tanks of 

liquid oxygen used in space vehicles, the housing of the early – warning scanner of the 

airborne warning and control system aircraft ( AWACS) and others. These applications may 

cause dynamic problems to these shells. One of the very important dynamic problems is the 

resonance. Therefore the free vibration of such shells may be studied to present the resonant 

problem. 

  

The dynamics of oblate spheroid shells, like other types of shells and s tructures, has 

received a considerable attention in the literature, partly because of the necessity during the 
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design stage of such shells, and partly because it is an interesting fundamental problem in 

applied mechanics.      

 

Baker, 1969 presented a detailed study of the theory of free, axisymmetric vibration of 

thin elastic spherical shell and demonstrate by experiments that the normal modes of vibration 

predicted do exist. The theory predicts the existence of two infinite sets of normal modes, one 

of which is bounded in frequency and the other unbounded. The first four modes in each set 

are identified by experiments on a small steel shell.  

 

As for the oblate spheroid shells, Penzes and Burgin, 1965 were the first to solve the 

problem of the free vibrations of thin isotropic oblate spheroid shells by Galerkin's method 

using membrane theory and harmonic axisymmetric motion. It was shown that Galerkin's 

method of solution for the oblate spheroid shell yields the exact solution for the closed 

spherical shell as the eccentricity of the oblate spheroid shell approaches zero.   

 

Penzes, 1969 extended the solution of the above reference to include thin orthotropic 

oblate spheroid shells. He used the same assumptions and equations of motion in the above 

reference except that the principal direction of the elastic compliances was assumed to be 

along parallel of latitude and along meridian. Both of the spheroid and spherical shells were 

investigated with various orthotropic constants. The discussion was restricted to  the axially 

symmetric torsionless motion of shells.  

Tavakoli and Singh, 1989 used a substructure synthesis method based on state space 

mathematics for the eigen – solution of axisymmetric joined / hermitic thin shell structures. 

The authors applied the state space method to the cylindrical, conical, spherical, and toroidal 

shells. They compared their results with results obtained previously for the same shells by 

applying the theoretical analysis and the finite element method. The state space method has 

strengths lies primarily in its ability to join substructures and match the boundary variables 

comprehensively. 

 

Fawaz, 1990 in his M.Sc. thesis the Rayliegh variation method was used to obtain 

natural frequencies and mode shapes of axisymmetric vibrations of thin elastic oblate 

spheroidal shells and presents the results theoretically and experimentally. He showed that the 

Rayliegh's method was found to be suitable only for oblate shells with eccentricities less than 

0.6. 

Chang and Demkowicz, 1998 studied the stability analysis of multilayered vibrating 

viscoelastic spheres, both in vacuo and in an acoustical fluid. The analysis was done by 

investigating the effect of viscoelastic damping on the (continuous) Ladyzenskaya – Babuska – 

Brezzi  (LBB) constants for the related boundary – value  problems. The sphere is modeled using 

both 3–D viscoelasticity and the Kirchho – Love  shell theory. 

 

In the paper presented by Antoine Chaign et. al. 2002, linear and nonlinear vibrations of 

shallow spherical shells with free edge are investigated experimentally and numerically and 

compared to previous studies on percussion instruments such as gongs. The preliminary bases of a 

suitable analytical model are given. Identification of excited modes is achieved through systematic 

comparisons between spatial numerical results obtained from a finite element modeling, and 

spectral information's derived from experiments. 
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In this paper the free vibration characteristics of a thin elastic oblate spheroid shell will 

be  examined using Raylrigh – Ritz's method to examine its validity for this type of shells.  

 

THEORETICAL ANALYSIS 

The review of literature reveals that even though the differential equations of motion 

for general shell of revolution are well spelt out, nevertheless, the formulation of these 

equations for oblate spheroidal shells are not available. Hence, an approximate energy 

approach will be presented in section ( 2.1 ) of this paper.  

 

The Rayleigh – Ritz's Energy Method 

The Rayliegh – Ritz's method is an extension of Rayliegh's quotient which can be used 

for more complex elastic bodies and helps to determine the natural frequencies and their 

associated mode shapes with general boundary conditions in an approximate form. This 

method is essentially statements on the ratio of potential energy to the kinetic energy. 

Physically, it makes sense that this ratio is related to the frequency of oscillation [Hayam]. At 

the natural frequency (ω), and assuming separation of variables, the shell displacements may 

be written in the following forms [ Penzes, 1969 ] :-                    

w(Φ', t) = W(Φ') . e
 iωt

   

and                                                                                                                   . . . (  1 )       

uΦ(Φ', t) = UΦ (Φ') . e 
iωt   

 

Substituting these in the strain energy expression gives :  

U = 


2/

2/

h

h


2

0


2

0
2

1 [бФ'  Є'Ф'  + б θ Є 'θ ] RФ  Rθ sin Ф' dФ dθ dz                                 . . . ( 2 ) 

 where, 

бФ' = 
)1( 2v

E


[ Є'Ф'  +  υ Є'θ ]  ,   бθ = 

)1( 2v

E


 [ Є'θ  +  υ Є'Ф' ]                     

and                                                                                                                   . . . (  3 )  

Є'Ф' = Є 
°
Ф + Z KФ                            ,   Є'θ   = Є

°
 θ + Z K θ                                                                                                                 
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An expression for the maximum potential energy [ Umax ] may be obtained upon taking e
iωt 

to 

be unity and applying the appropriate expressions for бФ, бθ, Є'θ and Є'θ, gives; 





) 4 ( . . .''sin

.)'sin'cos(.
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The kinetic energy expression is : 

dzddRR
t

W

t

U
K

h

h

 



''sin

22

2

1

2

0

2

0

2/
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




































 





                   . . . ( 5 )                                                                

After integrating with respect to ( z ) and substituting for the appropriate   expressions, the 

maximum kinetic energy will take the form: 

Kmax =  



2

0

2

0

2

2

h
( UФ

2
   +  W

 2
  )  RФ  R θ sinФ' dФ' dθ                                       . . . ( 6 )                         

The kinetic energy for  ω=1 rad/sec is customarily define as K*max and therefore,  

Kmax = ω K*max 

For a system with no dissipation losses, as those due to friction or damping, the maximum 

potential energy equals the maximum kinetic energy, i. e.  

Umax = ω K*max 

   Equating the maximum kinetic energy to the maximum potential energy, an expression for 

the natural frequency may be written as  :  

maxU = maxK  

or; 



A. A. Al – Rajihy                                                                                                     Axisymmetric Dynamic Behaviour  

A. M. H.Al – Jessany                                                                                               Of Thin Oblate Shells 

 

 5033 

D

N

K

U
r 

max

max2                    r = 1, 2, 3, ....., n                                           . . . ( 7 )                  

where N and D represent the equations in the numerator and denominator, respectively. 

Following the procedure of Rayleigh – Ritz's method, the radial (or transverse) and tangential 

displacements can be written in power series form as :  

w(Ф') =  '.
1




ii

n

i

Wa        ,       uФ(Ф') =  '.
1





 ii

n

i

Ub                                   . . . ( 8 )                      

where ai and bi are coefficients to be determined. The functions w(Ф') , uФ(Ф') satisfy all the 

geometry boundary conditions of the system, i.e. along the matching region between the 

halves of the spheroid shells. Equation ( 7 ) is an exact expression for the frequency according 

to Rayleigh quotient. In order to use the procedure of Rayleigh – Ritz's method, equation ( 8 ) 

is substituted into equation (4 ) and ( 6 ), then the results is used in equation ( 7 ).  

Now substituting equation  ( 8 ) into equations ( 4 ) and ( 6 ), and after some 

mathematical manipulations, the following equation will result;  

D

N
r 





 2                                 r = 1, 2, 3, ....., n                                                . . . ( 9)  

where, 
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An n – term finite sum leads to the estimation of the first frequencies.  Equations 

( 9a ) and ( 9b ) give the physical properties of the shell from the stiffness and mass 

distribution point of view. The stiffness and mass of the shell are given by the following two 

equations respectively: 

  
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where primes denote differentiation  with respect to Ф'.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

and       

  ''sin

2
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  dRRWWUUhm jijiji 
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                                            . . . ( 11 )  
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In order to minimize the approximate value, which is given by equation ( 12 ), it should be 

differentiation with respect to ci and equating the resulting expression to zero, that is :    

0
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
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        i = 1, 2, 3, . . . ., n                        . . . ( 13 )  
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The conversional way in which this equation can equal zero is if the numerator equals zero, 

since D is never equal to zero. The numerator can be written in a more useful form as : 

0









i
c

D

D

N

i
c

N
,                        i = 1, 2, . . . , n                                . . . ( 14 )                     

It is as given by equation ( 7 ) ω r
2
 =  N / D, and n is the number of terms in the approximate 

solution. The infinite degrees of freedom system has been replaced by an n degrees of 

freedom system. Therefore,  Equation ( 14 ) can be written in general matrix notation as :    

       02  cMK                                                                          .            . . ( 15 ) 

Since i can be taken as 1, 2,3,…  the evaluation of this determinant provides the estimation of 

the first two natural frequencies ω1
2
 and ω2

2
. Since we have used a two–term approximate 

solution, it results in a two degrees of freedom approximated system.  

In the present work, and adopting the same argument of  [Penzes and Burgin,1965] 

that the mode shapes of a spherical shell satisfies the boundary conditions of an oblate 

spheroid shell, the assumed mode shapes were chosen to represent the first two modes of a 

closed spherical shell. 

 

Engineering   Model   By   Non – Shallow   Shell   Theory : 

The problem of vibration of oblate spheroid shells will be treated by an engineering 

modeling approach where the oblate spheroid shell is modeled as a structure composed of two 

spherical shells joined rigidly at their ends. Centers of curvature of the two spherical shell 

elements fall along the minor axis of the proposed oblate spheroid [ see Fig. ( 1 ) for details ].  

Such approximation is not far from reality, as the oblate spheroidal tanks are produced 

by joining, either by welding or riveting, two spherical shell elements through a toroidal shell 

element. 

The effective radius ( Rr ) of the spherical shell model represents the radius of 

curvature at the apex of the shell. This radius can be obtained from the geometrical relation 

[Penzes, 1965]. 

2/322

2

)'cos1(

)1(




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e

ea
R                                                                          . . . ( 16 ) 

 

Setting ( Ф' ) to zero results the radius of the shell at the apex as:  

 

2/12 )1( e

a
r

R
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                                                                                           . . . ( 17 ) 

where, 
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b
e  , a and b represent the major axis and minor axis respectively.   
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 e = 0  for sphere    ,     e = 1  for plate.    

 

An approximate opening angle ( Ф0) may be obtained by using the following formula: 

r

r
o

R

bR 
 1cos                                                                                              . . . ( 18 ) 

Figures ( 2 ) and ( 3 ) show the values of the effective radius and opening angle versus 

the eccentricity respectively. 
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                                                                                                                                                opening angle Фo                                                                                                                                                                     

                                                                                                        

                  
 a 

                                                       
                             
                                                                                  

  

                                
RESULTS  AND  DISCUSSION: 

 

The theoretical results and the available experiments are compared and thoroughly 

discussed. The lack of numerical results in the literature and the complexity of obtaining a 

closed form solution for the free vibrational characteristics of an oblate spheroid oblige us to 

seek alternative approaches for justifying the feasibility of the theoretical methods used in 

this paper. Eventually, these methods are general and may be used for any physical and 

geometrical parameters of the oblate spheroid. Therefore, the natural frequency for a thin 

sphere which is considered as an ultimate shape of the oblate spheroid may be determined by 

using these methods and the results are compared with the literature.                                                                                                                                                                                

 Table (1) shows the natural frequency of the three first axisymmetric modes of a full 

thin sphere. These frequencies were obtained from applying the direct analytical solution 

(DAS ) [Tavakoli, 1989], the state space method ( SSM ) [Tavakoli, 1989], the finite element 

method (FEM ) [Tavakoli, 1989] where a forty elements axisymmetrical model was used, 

Rayliegh method ( RM ) [Fawaz, 1990], and the method derived in this paper, namely the 

Rayleigh – Ritz method (RRM ). The results of the latter method was obtained by setting the 

     

 

minor  axis 

Two  spherical  shell  

elements  to  be  joined  

at  the  edge  to  

approximate  the  

oblate  spheroid 

         Oblate  spheroid 

  Ф' 

Fig.  ( 1 ): An  oblate  spheroid  and  its  approximate  of  two 

spherical  shell  elements  joined  at  the  edge. 
 

Фo 
Ф 
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eccentricity ratio to zero in equation ( 7 ). Also it can be seen that the Rayleigh–Ritz's method 

predicts frequencies higher than the other methods given in the table. This fact is inherited to 

this method for its higher bounds prediction. However, it may be stated from this table that 

the two methods of solution presented in this work are dependable and may be used for other 

shell geometrical and physical parameter. 

The experimental and theoretical frequencies for oblate shell are presented in table (2), 

this table indicates that the theoretical results by the Rayliegh and Rayleigh – Ritz's method 

predict frequencies higher than of the experimental. This is inherited to this particular 

method.  

Figures ( 4 ) and ( 5 ) show the non–dimensional natural frequencies 

 aE .   of the first two modes of vibration as functions of the eccentricity  ratio 

(which is one of the main indices of an oblate spheroid) obtained by the Rayleigh Ritz's 

method and the Rayleigh's method using the non – shallow shell theory. These figures show 

clearly the tendency of the natural frequencies towards lower values as the eccentricity 

increases. Also it is indicated that the curve obtained by the Rayleigh's method, adjoin to that 

obtained by the Rayleigh's – Ritz's method, although with slightly higher value, until the 

eccentricity reaches (0.6) where the Rayleigh's method curve start to diverge. Larger 

divergence occure at eccentricities higher than (0.9).    

 This behavior could be explained by the fact that the mode shapes of a closed spherical 

shell would resemble those of an oblate spheroid up to certain eccentricity. As the eccentricity 

increases, the oblate spheroid tends to flatten up. Such "flattening" causes the uncoupling of 

the radial (or transverse motion) and the tangential motion where the latter is minimized and 

the radial or transverse motion mode shape approaches that of a circular plate. Another reason 

is that the spherical shape is stiffer than the oblate spheroid due to the flattening in the 

geometry. 

However, the sudden deviation in the curve predicted by ( RM ) for eccentricity larger 

than ( 0.6 ) may be considered due to additional constraints resulting f rom the deviation from 

the true mode shape. This causes higher values for the potential energy in Eq. ( 7 ) and thus 

the values of the natural frequencies diverge abruptly at higher values of eccentricity. This 

mean that the value predicted by the ( RM ) for eccentricities larger than ( 0.6 ) are in 

tremendous error and cannot be used.                         
 Figure ( 6 ) gives the first few natural frequencies as function of the thickness ratio for 

an oblate spheroid with ( e = 0 ) obtained by RRM.  However, Fig. ( 7 ) shows the same 

results as given by [Kraus], for complete sphere. The two figures are in good agreement and 

justify very well the validity of the method used in this paper.  

Figure ( 8 ) show the first few frequencies as functions  of  thickness  ratio  with (e = 

0.6). All these figures are for ( υ = 0.3 ) and they show the bending as well as the membrane 

modes using the non – shallow shell theory.  It can be noted that the variation of the natural 

frequency of the bending modes increases with thickness and with the mode number.  This 

phenomenon can be elaborated due to the fact that the strain energy increased with increasing 

the thickness ratio. Also, for larger eccentricity ratio, the variations are more pronounced than 

for smaller eccentricity.       

For further illustration of the effect of thickness on the bending modes, Figure ( 9 ) 

shows the first two bending modes of an oblate spheroid with an eccentricity of ( 0.3 ) for 

several thickness ratios, obtained by applying the RM and RRM. It i s well indicated that the 

figures obey the previous observation of the effect of thickness on bending modes.  

Figures ( 10 ) and ( 11 ) illustrate the boundaries of the first three bending modes and 

the first membrane mode respectively with increasing the eccentricity ( e ). It may be 

observed from figure ( 10 ) that as the eccentricity increased, the  natural frequency  slowly  

decrease  until  reaching close to ( 0.5 ) where steeper variation occurs and the three curves 
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converge to very close values. On the other hand, Fig. ( 11) shows other features concerning 

the behavior of the first membrane mode with increasing eccentricity ratios.  

From Fig. ( 12 ) it is concluded that the main features of the mode shapes associated 

with the first three natural frequencies rest in the number of the nodal lines in the upper and 

the lower shell parts.  The number of these nodal lines is related to the order of the associated 

natural frequency. 

 
CONCLUSIONS: 

 

            From the results obtained, the following conclusions may be drawn; 

 The Rayliegh – Ritz  method predict fairly well the natural frequencies of an oblate 

spheroidal shell for all values of eccentricities.  

 Bending modes natural frequencies tend to decrease with increasing eccentricity 

ratio. 

 Membrane modes natural frequencies tend to increase with increasing eccentricity 

ratio. 
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  Table ( 1 ) :  Natural  frequencies  of  the  first  three  axisymmetric  modes  of 

                                thin  sphere,  Hz. 

           r = 0.1143 m ,   h = 0.0057 m ,  E = 207 Gpa ,  ρ = 7800 Kg/m
3 

,  υ = 0.3 

 
 

   

        

Differences with respect to                                                                                                                        

DAS.   ٪ 

 

 

n 

 

 

m 

 

DAS.1 
 

SSM.2 
 

FEM.3 
 

R.M.4 

 

 

RRM.5 

 

 

δ1٪ 

 

δ2٪ 

 

δ3٪ 

 

δ4٪ 

 

 

0 

 

 

2 

 

5281 

 

5291 

 

5383 

 

5335 

 

5315 

 

- 0.2 

 

≈ 0.0 

 

-1.0 

 

-0.6 

 

0 

 

 

3 

 

6321 

 

6330 

 

6319 

 

6510 

 

6513 

 

- 0.1 

 

≈ 0.0 

 

-3.0 

 

-3.0 

 

0 

 

 

4 

 

6883 

 

6894 

 

6875 

 

 

-------- 

 

6950 

 

- 0.1 

 

0.1 

 

----- 

 

-1.0 

 

 

(1)  Direct   Analytical   Solution  [4]                                               δ1 ٪ = ( DAS – SSM ) / DAS * 100  

(2)  State   Space   Method  [4]                                                         δ2 ٪ = ( DAS – FEM ) / DAS * 100  

(3)  Finite   Element   Method  [4]                                                     δ3 ٪ = ( DAS – R  M ) / DAS * 100  

(4)  Rayleigh   Method  [5]                                                                δ4 ٪ = ( DAS – RRM ) / DAS * 100  

(5)  Rayleigh – Ritz   Method [ present  work ] 
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Table  (  2 ) :  Theoretical  and  experimental  natural  frequencies 

of thin oblate shell ( e=0.683) 

Hz. 

a=0.185m , b=0.135m  ,  h= 0.0015m ,  ,  E = 68 Gpa ,  ρ = 2720Kg/m
3 

,  υ = 0.3 

 
 

 

                           

 

 

Theoretical 

 

Differences with respect  

to  Expt.   ٪ 

 

 

RRM 

 

RM[ 5 ] 

Expt. 

[ 5 ] 

 

δ1٪ 

 

δ2٪ 

 

ω1 

ω2 

ω3 

ω4 

 

2517 

2973 

3086 

3180 

 

3110 

3378 

........ 

........ 

 

2400 

2600 

2900 

3100 

 

-4.87 

-14.34 

-6.41 

-2.58 

 

 

-29.58 

-29.92 

....... 

....... 

 

 
δ1٪= (Expt. – RRM ) /  Expt. * 100 

δ2٪= (Expt. – R M )  /  Expt. * 100 
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Fig.  ( 2  ) The  effective  radius  /  major  semi                                                      Fig.  ( 3 ) :  The  opening  angle  ( 

Фo )  of the – axis  vs.  eccentricity vs.                                                                                    approximate spherical   shells 
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Fig. ( 4 ):   A comparison between RM and RRM results                            Fig. ( 5 ) :A comparison   between  RM  and  RRM   results 

                  showing the effect of  eccentricity on the first                                           showing  the effect  of eccentricity on  the second 

                   bending mode of vibration                                                                           bending mode of vibration  
 

       

 

0.01 0.02 0.03 0.04 0.05
Thickness   ratio   h / a

0.4

0.8

1.2

1.6

2.0

2.4

2.8

N
o

n
 -

 d
im

e
n

s
io

n
a

l 
  

fr
e

q
u

e
n

c
y

Bending  Theory

Membrane  Theory

 
 

Fig.  ( 6 ): Effect   of  the  thickness   ratio  on   the   natural 

frequencies   of   a   full   sphere   or   an   oblate 
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Fig. ( 7 ):  Effect  of  the  thickness  ratio  on  the  natural                 Fig.  ( 8 ):  Effect   of   the   thickness  ratio  on   the   natural                 

                  frequency   of   an   oblate   spheroidal    shell                                   frequencies   of   a   full   sphere   extracted   from                                                                                                                                                                   

                  ( e = 0.6 )  obtained   by   RRM                                                                  [ 11 ]           
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                                                                                  Fig.  ( 11):  Effect   of   eccentricity   on   the   
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                               Fig. ( 12  ): Normalized  mode  shape  associated  with   the 

                                                                     first three  natural  frequency  of  non – shallow  

                                                                     spheroidal shell ( e = 0.683 ) obtained by RRM 
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ABSTRACT 

 This research deals with a modeling of the heating process of an induction furnace 

with a conducting ferromagnetic core. This is done by performing a sequential coupling 

between two types of analysis; the harmonic electromagnetic analysis and the transient 

thermal analysis in order to furnish a complete numerical simulation of this device. The 

time elapsed to apply this procedure will be too long and unreasonable because of the 

consideration of the nonlinearity of the magnetic circuit. This problem is solved by the 

idea of the "Effective Relative Permeability", which is a constant relative permeability 

equivalent to the nonlinear one in calculating the eddy current losses.  

 The Finite Element Method (FEM) is considered in order to solve this problem 

using the "ANSYS "computer package. An efficient coupling program deals with heat 

treatment procedure for any axi-symmetrical non-linear work piece has been built. The 

obtained results show a good agreement with the published practical measurements. This 

algorithm is a computer aided design for a nonlinear induction furnace with rotational 

symmetry, hence it can be used to design such devices instead of the traditional trial and 

error, experience dependant, design methods which lead to a costly and time wasting 

design. 

 

 خلاصة
لقي  ميذ ولي  . يعنى هذا البحث بنمذجة عملية التسخين في فرن حثيي و  لليم ونيمن وين وييرو فير وسني يسيية 

التحليي  النرر وسني يسيي التيميفقي   التحليي  الحيراعا العييبر بسيية : بتنفيذ معشيق وتعيلم لنمعين ون التحليلات هميي

ت المسيتسر  لتنفييذ هيذل الختيمات نيينمن  ميي  جي ا   يير أن الملي. الحصمل على ممثي  علمي وتنيو  لرذا الجريز

السيميحية "عليه فق  مذ ح  هيذل المعليلة بتعتميير فنيرو . ونتقي بسبم أخذ لاختية ال ائرو المسني يسية بنظر الأعتبيع

ئر التييعات  التي هي عبيعو عن نميحية نسبية ثيبتة القيمة  ونيفئة لتل  اللاختية عن  أحتسيب خسي, "النسبية المنيفتو

 .ال  اوة

لسييرح حيي  هييذل المشيينلة بتنييتخ ا  براوجييييت الحينييبة  (FEM)لقيي  أعتميي ت  ريقيية العنصيير المحيي ر  

(ANSYS) , حيييث مييذ بنيييم برنيييول عفييمم للتعشيييق يعنييى بسييييليت ألمعيييولات الحراعييية المختلفيية للعينيييت اللاختيييه

ليذا فيتن هيذا النظيي  . جيي ا ويا القيينييت العمليية المنشيمعو أن النتيئل المستحصلة أظررت أنسجيوي. المتنيضرو وحمعيي

ليذا يمنين انيتخ اوه عبي ي  عين , يعتبر بمثيبة مصيميذ بمسييع و الحينيبة للافيران الحثيية اللاختيية المتنيضيرو ر عانييي

ر   لتيي التر  التقلي ية التي مستخ   الخبيرو   أعتميير أنيلمب ألتجربية   ألختيت وميييىرا اليى مصييويذ ونلفية  مسيتس

 . ميلا
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INTRODUCTION 

 It is already known that the induced eddy currents inside the induction furnace 

core (the work piece or the specimen) is not uniform, and it depends on many factors like, 

the frequency of the excitation current, the shapes of the furnace and the specimen to be 

heated, and on the electrical conductivity and the permeability of the core material due to 

the equation  1  

 

………………………..… (1) 

 

 The mathematical simulation of a non-linear induction furnace is a complicated 

problem due to the following factors: 

1. The induced eddy currents will heat the specimen gradually, and since the 

physical properties of the core material vary with temperature, then each part 

inside the core will have its different properties due to its temperature which will 

lead to change its behavior during the heating period, so the electromagnetic 

analysis should be followed by a transient thermal analysis to calculate the 

temperature inside the core for small period of time. This procedure abbreviated 

in the flow chart shown in Fig. 1   

2. The non uniform distribution of the induced eddy currents inside the core 

leading to a non uniform heat distribution inside it, this fact leads to divide the 

core into small parts and evaluate the parameters of each part due to its 

temperature.  

3. The permeability is a function of three variables, the flux density B, the 

magnetic intensity H, and the temperature T simultaneously in a non-linear way. 

This factor affects the analysis as follows: 

 

  

   

  

 

 

 

 

 

 

 

 

  

 

 

Fig. 1 General block diagram 

of the algorithm 
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a. Considering the (B-H) nonlinearity as it is manifested in the relationship will make the 

electromagnetic solution very slow. Because it is necessary to march through time with a 

time step much smaller than the period of the driving magnetic field. 

b. The numerical analysis deals with sinusoidal functions only, but due to the nonlinear 

(B-H) relation of the ferromagnetic materials, if B is considered sinusoidal, then H will be 

non-sinusoidal and if H considered sinusoidal B will be not. So this conflict should be 

arranged for. 

c. The measurement of the (B-H) relation of the ferromagnetic material in high 

temperatures is a difficult task, so the researches often use an approximated formula to 

overcome this problem. Such calculations should be done separately in order to prepare 

the (B-H) relations of other temperatures 

d. To solve the problems in (a) and (b) above, the idea of the "Relative Effective 

Permeability" effr ,  , which is a constant relative permeability effectively provides the 

same energy deposition that is produced when the true permeability is used. The quantity 

effr ,  will be a function of H and T simultaneously, as will be shown later on. So, this 

will lead to make the electromagnetic analysis itself an iterative process in order to 

update the value of the relative permeability with each temperature reached and for the 

right value of H consequently. 

 

Then the real behavior of the core can be achieved during the heating period by 

dividing the core into a very small parts and a harmonic electromagnetic analysis is done 

taking into consideration the material parameters for each part alone to determine its 

induced eddy current losses, then these values considered as input data to a transient 

thermal analysis step to study the heat transfer for the core for a short period of time and 

determine the temperature distribution inside the core at the end of that period. Hence to 

calculate the temperature distribution for the next short period of time the above 

procedure must be repeated after updating the properties due to the new temperature of 

each part and so on until the heating period is finished by reaching the required 

temperature distribution inside the core. 

 This problem solved numerically by digital computer using the Finite Element 

Method (FEM). A macro program is written in (APDL) (ANSYS Programming Design 

Language) to satisfy all the non-linear electromagnetic and thermal analysis. This 

algorithm is done to model this process for any furnace with rotational symmetry. The 

algorithm can tell the following information about this process for a certain specimen in 

shape and type of material to be treated thermally in a certain way for certain purpose: 

(1) The excitation current required. 

(2) The frequency of that current. 

(3) The thermal distribution inside the specimen. 

(4) The thermal response of any point during the heating period.  

 

 

Theoretical Background: 

i. Electromagnetic Analysis 

 It is already known that the complex electromagnetic equations can be greatly 

simplified based on magnetic vector potential A . All quantities related to the induction 

Joule heat can be achieved, based on the ac current, I, input to the induction coil. A can be 

expressed with Biot-Savart’s law  1   
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               ……………………..… (2) 

 

The magnetic flux density B is defined as 

    

   AB   ……………………………………. (3) 

 

From Faraday’s law, the electric field intensity E and magnetic field intensity H are 

related by the following equations: 

 

   
t

B
E




  ………    ……………………… (4) 

 

   /BH   …………………………………….. (5) 

 

Based on Ampere’s circuital law, the current density, J, induced in work piece is 

 

   
t

E
HJ






)(
………………………….. (6) 

 

After a mathematical manipulations of above formulas, the relationship between the 

magnetic vector potential, A , and the induced current density, J , becomes 

   

   
t

A
AJ e




 


)

1
(  ………………….... (7) 

 

Finally, Joule heat generated from eddy currents is  

   
e

induction
J

Q


2

 ……………………………..…... (8) 

Where, ,,,  are the magnetic permeability, permitivity, and electrical conductivity of 

the medium respectively. These properties are all temperature dependent, and this 

classifies the electromagnetic analysis as a highly non-linear problem. 

 

ii. Effective Relative Permeability 

The calculation of ),(, THeffr , must be started from the standard B-H Curve at 

the ambient temperature. To do so, a function used by Vasiliev  2  for determination of 

the incremental relative permeability as a function of both T and H used as follows: 

 

   2

0 )/(1)1)((1, curieTriri TTHTH       when    CT o750  

….. (9) 
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1),( THri                                                          when    CT o750  

                                                              

Where:  THri ,   : Is  the  incremental  relative  permeability  for each H as a function of   

          temperature T and field intensity H.  

             0)( Tri H : Is the incremental relative  permeability for each H as a function of H  

        when CT o0 . 

Razzaq  3 , provides the B-H curve at room temperature for Steel C45 (SAE 1045) 

as a curve for B (in Tesla) Versus H (in Oeresteds). A transformation in units of H is 

done to be in MKS system (Where 1 Oe= 79.577 A/m) then the magnetization curve 

drawn to be as shown in Fig. (2). Curie temperature for steel C45 is 750
o
C. 
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Fig. (2) The magnetization Characteristics of steel C45 at room temperature 

 

The incremental relative permeability ri  calculated from the given B-H data at 

T=25
o
C for certain value of H as      oTri HBH  /0   and substituted in (9) for 

the required value of T the result will be  HTri ,  for that value of H for the required 

temperature. Then B for the required value of T can be determined since, 

  HTHB rioT  *,* . Then, by dividing the main B-H curve to many steps and the 

incremental relative permeability calculated for each step as shown in Fig. (3), then a new 

B-H curve for any value of T can be achieved sequentially. Fig. (4) shows group of 

curves for different temperatures for the carbon steel C45. 
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         Fig.  (3). Incremental relative permeability for steel C45 

 

Fadhil  4  presents the idea of average permeability to achieve the effective 

relative permeability because neither B nor H is sinusoidal. Hence, for the case of 

considering B is sinusoidal only, while H will have a distorted shape due to B-H non 

linearity the average permeability will be 

 

                    
 

dt
tH

tSinB

T

T

Bc

ef 
0

max

1

1 
  ……………………………. (10) 

 

Where  tH B : represents the distorted time variation of the field intensity.  

   cT    : represents the time period of one cycle. 
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 Fig. (4) The Magnetic Characteristics (B-H curves) for Steel C45 at different 

temperatures 

 

For the case of considering H is sinusoidal only, while B will have a distorted shape due 

to B-H non linearity the average permeability will be 

 

  
 



T

H

c

eff dt
tH

tB

T
0 max

2
sin

1


 ………………………….. (11) 

 

Where  tBH : Is the distorted time variation of the flux density. 

 

 Since, in the real case B and H are non sinusoidal, therefore averaging both 

permeability would be a reasonable approximation to the effective permeability, then 

 

    2/21 effeffeff    …………………………..…. (12) 

 

 Using equation (12) the effective relative permeability as a function of H and T 

can be determined as shown in Fig. (5). It is clear that Fadhil’s method deals carefully 

with low intensity region. 
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Relative Effective Permeability of C45
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Fig. 5    The relative effective permeability of  steel C45 

 

iii. Thermal Analysis 

 Thermal analysis includes conduction, convection and radiation. The heating 

process is coupled with the electromagnetic conversion process. In the heating process, 

the heat conduction effect is the main issue to be considered because the heating cycle is 

generally very short as several seconds. The conduction equation is  2 , 

 inductionpm QTk
t

T
C 




 2   ………………………  ……… (13) 

 On surfaces of work piece, the heat conduction, radiation and free convection 

effects are all needed. The governing equation is, 

)()( 442

airairsinductionpm TTTTQTk
t

T
C 




  …  … (14) 

  

Where:  Tair     Is the ambient temperature 

 

The Model: 

 Jorg Cstroeski  5 , published a practical  measurements on a ferromagnetic 

material. These measurements considered as a verification of this modeling. Hence the 

exact furnace used by Jorg is studied in this analysis.  

 The furnace under study in this case is no more than a "cylindrical shape core 

surrounded by an inductor with the shape of torus"  5 , as shown in Fig. (6). "The 

cylinder was made of steel C45, it had a radius of 2cm, and it was 10cm long. The torus 
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was made of copper, it had an interior radius of 2.5cm, an exterior radius of 3.5cm, and 

its height was 1cm. Three currents were used for the excitation: 10500A, 7875A, and 

5250A. The frequency was 10 kHz. In the first 0.2 seconds of the heating phase, only 

50% of the exciting current is used, due to the heating regulation of the heating machine. 

The maximum surface temperature of the cylinder during the heating phase was 

measured with the aid of a thermo graphical camera. Of course, the maximum surface 

temperature is located at the center of the cylinder, close to the inductor."  5  

 
Fig. (6) Setting experiment 

 The electrical resistivity  T  5  of steel C45 is shown in Fig. 7, The 

thermal properties, like the thermal conductivity and the enthalpy 5  are shown in 

Fig.(8) and Fig.(9). 
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   Fig. (7)  The electrical resistivity of steel C45 as a function of temperature 
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Enthalpy of Steel C45
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                                    Fig. (8) Thermal Conductivity of Steel C45  

 

                                 

      

 

 

 

 

 

 

 

 

 

 

 

Fig. (9) Enthalpy of Steel C45 as a function of temperature 

 

The Furnace Simulation using FEM 
To simulate this furnace, A procedure of many steps should be followed. The first 

step is the determination of the system geometry and the boundary region, then meshing 

the different areas of the model and external surfaces of the billet in order to consider the 

dissipation of heat due to radiation. The model of furnace is an axi-symmetric one, so a 

quarter of its section is considered as shown in Fig.(10), which represent the areas of the 

Finite Element Model. The mesh used for this model is shown in Fig.(11), in which the 

surface element mesh used in the thermal analysis is cleared also. This part of the 

procedure is represented as step 1 in Fig. 12 which shows the detailed flow chart of the 

algorithm 

In step 2 the program scans the main four tables of data  Te , ),(, THeffr , 

   TEnthT ,  for the core material. The initial temperature for the whole elements in the 

core is the ambient temperature. Step 3 is very important in using the ),(, THeffr  three 

dimensional table of data in that the value of H is zero at any point at time zero before 
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applying the current, hence the determination of the effr , in this step will gives a wrong 

results of H distribution 

                       
Fig. (10) The areas forming a quarter of the FE Model of the furnace 

                    
Fig. (11) The mesh of the whole system. 

. Then this step is repeated assuming H for each element to be that determined in the 

previous step, then the resulted values of H is compared with that of the previous step and 

so on. If the difference is negligible then the updating step is finished. Step 4 is the 

determination of the values of heat generation at each element as results of applying the 

harmonic analysis, and feed them as input to the transient thermal analysis step. Steps 

5&6 are the thermal steps in which the temperature of each node and element are 

determined after a specified period of time.  

 If the required temperature for the specified point is not reached, the steps (from 3 

up to 6) are repeated for the new H and T of each element. This iteration continuous until 

the required temperature achieved, 
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Fig. (12) Flow chart of the heating process 

Scan  Te , ),(, THeffr ,    TEnthT ,   tables and 

assume Tinitial= 25
o
C and Hinitial=0.0 

Build the solid and FE models, thermal 

and electromagnetic, and mesh them 

Update,  T , and ),(, THeffr  for each element due to its 

temperature Te and its intensity He Solve the electromagnetic 

model assuming  He  as initial value to find new He . Update 

),(, THeffr and do the required iterations until convergence for 

H to determine HGEN and H for each element and store them 

Start transient thermal analysis using the thermal 

FE model. Determine    ee TEnthT ,  and HGEN 

for each element, and using nodal temperature Tn 

as an initial condition 

Solve the model and determine the element 

temperature Te for each element for defined time 

step t  seconds and store nodal temperatures Tn 

and element temperatures Te 

 Te= T req. 

No 
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The obtained results 
 Results in Fig. (13) show the temperature response versus time for the central 

node at the surface close to the inductor for the three different excitation currents 

(10500A, 7875A, and 5250A). The curves for each case will be drawn separately. 
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Fig. (13) The temperature response of the central node for three values of excitation 

current (10500A, 7875A, 5250A) as compared with practical measurements. 

 

For 10500A case Fig.(14) shows the comparison between the practical measurements and 

the numerical calculation results.  
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Fig. (14) The 10500A case results 
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 The heat distribution inside the billet is shown in Fig. (15), the heat is 

concentrated in the central region near the inductor while that at the billet center is 

approximately not affected because the heating time is very short. Fig. (16) represents the 

case of 7875A.    

                   
Fig. (15) A contour plot of the nodal temperature for 10500A case 
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Fig (16) The 7875A case results 
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The heat distribution inside the billet in this case is shown in Fig. (17). The heat 

distribution shows more heat can reach the central region compared with the case of 

10500A case, that is because the heating time of this case is 4.8 seconds, leads the heat to 

reach these regions by conduction.  

 
Fig. (17) A contour plot for the nodal temperature for the case of 7875A. 

 

The third case is that of 5250A. It is the longest process among the three cases. 

The results in this case show a good agreement with the practical one. Fig.(18) shows the 

temperature-time response  of the highest temperature node as compared with the 

practical measurements. 
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Fig. (18) The 5250A case results 
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The contour plot represents the heat distribution of this case. In spite of using half 

the current used in the first case, the heat reaches largest area inside the billet section, 

which happens due to the conduction inside the material along the heating time that 

elapses about six seconds. Fig. (19) shows the heat distribution inside the billet section 

for this case of exciting current. 

 
Fig. (19) A contour plot of the nodal temperature for 5250A case 

 

           Discussion and future work  

 The results obtained in this part of the research show many facts as follows: 

a. The penetration of power inside the billet is not a function of material properties 

and the supply frequency and current only, but it is a function of the heating 

period also. 

b. The algorithm used in this analysis gives an acceptable results for the three cases, 

which affirm the reliability of this type of numerical analysis, and assist the 

confidence to use it in future in industrial applications. 

c. The prediction of induction furnace performance is not an easy problem 

especially in the case when its core (the work piece) is an alloy of a ferromagnetic 

material because the following information are needed : 

 A precise description of the furnace geometry in details. 

 The behavior of the physical properties (of the different materials used in 

furnace itself and for that of its work piece) with temperature, which is a 
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difficult task especially when the alloys are used. These properties are 

precisely (Electrical Conductivity, The Effective Relative Permeability, 

The Thermal Conductivity, and The Enthalpy of the core material). 

 The constants considered in the heat transfer analysis like the Stefan-

Boltzman constant, Form Factor, and the Emissivity Coefficient, for the 

purpose of determination of the energy losses from the external surfaces of 

the billet by Radiation, and the Film Coefficient used in determining the 

effect of energy losses due to Convection. The determination of these 

coefficients is very difficult task because they depend on the surface 

softness and the geometry of the work piece and the furnace, and they are 

function of temperature also, and cannot be determined accurately and 

they are often determined empirically. So they are sources of error in this 

type of analysis. 

d. This algorithm proposed to be as a computer aided design method for the axi-

symmetrical induction furnace. It can determine the required furnace geometrical 

shape and the excitation current and the frequency required to be supplied to its 

coil in order to do certain heat treatment for a work piece of a certain shape and 

manufactured from a certain material in the required period of time. 

 

This study can be extended in future to determine the equivalent values of the 

inductance, resistance, and capacitance of the furnace and their variation with 

temperature during operation. If this analysis coupled to the circuit of the power 

supply will aid to study the whole system. 

 

List of Symbols: 

 A      Magnetic vector potential                                                  Wb.m
-1 

B              Magnetic flux density                                         Tesla 

pC            Specific heat                                                        kJ/kg.
o
C 

 E      Induced electromotive force                               Volt 

Enth          Enthalpy       J/kg 

H             Magnetic field intensity                                       Amp.m
-1

 

HGEN      Heat generation in each element                                       J.m
-1

 

I              Current                                                                 Amp 

J              Current density                                                    Amp.m
-2

 

k       Thermal conductivity                                           W/m.
o
C 

inductionQ     The Joule heat from the electromagnetic process              J.m
-3 

T              Temperature                                                         
o
C 

t               Time                                                                                    Seconds 

              Permeability                                                         Henry.m
-1

 

              Film coefficient                                                                  W.
o
C

-1 

               Permitivity                                                                         F.m
-1 

       Emissivity of the surface 

e             Electrical Resistivity                                            Ω.m 

m       Density                                                                 kg.m
-3 

e             Electrical conductivity                                         (Ω.m)
-1
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s       Stefan-Boltzmann constant                                                W.m
-2

.K
-4 

              The Skin depth                                                                   m 

             The angular Frequency                                                       Rad. Sec
-1 
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      ABSTRACT 

Water coning in oil wells is one of the most serious problem because when the water 

reach to perforated zone, it will be produced with oil. Water with oil will form other 

problems in refinery, such as corrosion, and it will affect the purity of different 

petroleum products. 

 

The present work deals with fauqi field Asmari reservoir which is an active water 

drive reservoir. 

   

An empirical equation has been proposed to calculate the critical production rate. This 

equation is obtained by regression of the data which are collected from Missan oil 

field. The proposed equation gives better results than Schools and Myer equations 

when compared with the actual production rate.  

: الخلاصة   

الد  ننةقدة التيق دن يندت  ندع المداء عندانا يلدل  لأند واحداا  ندا المكداال الخة در   في آبار النفط يعتبر تقمع الماء

هداا . تآادل ويدر ر ع د  نقداو  المكدتقاف النفة دة الفدي الملدافي نيدل  أخدر الماء نع النفط يككل نكداال . النفط 

لقدا تدا الحلدعل ع د  نعا لدة . لداي يخعدع الد   فدع ندايي نكد ط البحث يتعانل نع حقل الفك  نكما الاسمري وا

التدي ممعدم ندا حقدل  ب اندافهاه المعا لة تا الحلعل ع  هدا ندا تح  دل ال. الانتاج الحرج  نعاللحساب  يب ةرتج

عندانا تقدارن   وغدار نر المعا لة المقترحة تعةي نتاي  افعدل ندا يريقدة  دعل ونداير. نكما الاسمري  ,ن سان

 .لانتاج الحرج الحق قيا معالب

 

    

INTRODUCTION                                                                                                      

Water and gas coning is considered as one of the serious problems that is faced in 

large number of oil fields.  

Water coning depends on the properties of the porous medium, oil-water viscosity 

ratio, distance from the oil-water interface to the well, production rate, densities of the 

fluids and capillary effects. In oil recovery, water coning is highly unwanted. At high 

production rates, the water propagates upwards until the oil-water interface reaches 

the well. At this stage, the well begins to produce water and oil simultaneously, 

leading to lower oil production. At low production rates, the oil-water interface 
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assumes a stable shape, and the well performance is not impaired. The estimate of the 

optimal production rate is thus crucial and the subject of most work on water coning.  

In general, in water drive reservoirs, vertical wells, are usually completed in 

the upper section of the pay zone in order to reduce water coning. In addition ,vertical 

wells in reservoirs which have gas cap, are usually perforated as low as possible to be 

as far as possible from the oil-gas contact. 

 

If there are two states of drive, the vertical well is normally perforated near the 

center of the oil zone or nearer to the oil- water contact. This is because the tendencies 

of coning are inversely proportional with the  density difference and are directly 

proportional with viscosity. 

 

The density difference between gas and oil is normally higher than the 

difference between water and oil. Therefore, gas tendency is less in water. However 

,since viscosity of the gas is less than viscosity of water, then for the same pressure 

draw down, the flow rate of the gas is higher than the flow rate of water. The 

difference of the density and viscosity between water and gas tend to balance  one  

another. 

 

Therefore in order to decrease the gas and water coning perforations should be 

made near the center of the oil zone. From practical experience most of the wells are 

perforated nearer to the oil water contact rather than oil gas contact.  

 

The naturally fractured reservoirs, especially those with vertical fractures 

could have severe coning in spite of high reservoir permeability. This is because water 

and gas move rapidly through high permeability (vertical) fractures. This is especially 

true in fractured reservoirs with low matrix permeability, and large matrix blockes 

where water imbibition in the matrix is very slow. In several fractured limestone and 

reef reservoirs coning problems are severe due to vertical fracturing. 

 

Coning can be minimized by reducing pressure draw down , this can be 

attained by reducing oil producing rate , and in many instances , it is operationally    

impractical.  

 

When flowing pressure gradient near the well bore causes gas or water 

flowing in the vertical direction across bedding planes, coning phenomena will  occur 

and it will be steady when producing rate & flowing pressure gradient are constant. 

   

If flowing pressure gradient is higher than that enough to overcome the gravity 

forces, then, water and gas coning will be unsteady. 

 

Coning problem had been studied by many authors. Farely (1959), Morris 

(1964), Szilos (1975) presented empirical equations for calculating critical flow rate 

above which coning may occur. Quinet (1992), Guinard (1993) used electrical models 

to simulate coning problem, Phillip and Hasson (1994) proposed laboratory Model to 

s 

 

 

simulate this problem. 
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CRITICAL RATE  

Since the early days, several experiments and mathematical analyses were 

conducted to solve coning problems. One of the basic analyses was if oil is produced 

at a sufficiently low rate or if pressure drawdown in a vertical well is reduced, coning 

of water and gas can be avoided, and only oil is produced. This low rate is called the 

critical rate. Thus, the critical rate is defined as the maximum rate at which oil is 

produced without production of gas or water. 

Vertical Well Critical Rate Correlations 

Several vertical well critical rate correlations are available in the literatures, 

some of which are summarized in equations 1 to 9. It is important to note that these 

correlations are valid for a continuous oil pay zone with oil water contact or gas-oil 

contact or both. These correlations show that the critical rate depends upon effective 

oil permeability, oil viscosity, density difference between oil and water or oil and gas, 

well penetration ratio hp/h, and vertical permeability kv . 

    Craft and Hawkins(1959) Method  

                                                                                                                                    (1)                                  

                                                                             

 (2) 

 

Meyer and Gardner (1963) Method: 

Gas Coning:  

                                                                                                                              (3)                                                                                                                             

 

Water Coning:                                   

                                                                                    (4)  

 

Simultaneous Gas and Water Coning : 

 
                                                      (5)                
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 Chapron(1986) Method: 

                                                                                                         

( 6) 

                                                                              

In the U.S. oil field units, Equation (6) can be rewritten as: 

                                                                                                                               (7) 

 

            The value of qc
*
 is given in the following table as a function of α: 

α qc
* 

4 

13 

40 

1.2133 

0.8962 

0.7676 

A correlation of tabulation is given in Equation (8):- 

qC
* 
= 0.7311+(1.9434/α)                                                                             (8) 

Where: 

α= (re/h) √ kv/kh 

Schols(1972) Method: 

 

                                                                                                                       (9)                 

  

 

PROPOSED  CORRELATION 

Data collected were for ten oil wells from missan oil field. The published 

correlations have been applied for these wells, but non of them have concide with 

actual critical production rate. The wells which have been exceeded these rates, water 

coning have occurred after a period of time shown in tables below. Therefore a trail 

was done to find an empirical equation satisfying these values. By the method of trial 

and error, the following equation was suggested which gave a very good degree of 

accuracy. In this equation two parameters were introduced these are; the capillary  
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pressure and degree of heterogeneity of the reservoir which were not included 

in any other equation  

    

 

 

Where  

q0 max = critical production rate                       STB/D 

ρW= water density                                          gm/cc 

ρo= oil density                                                gm/cc 

 re= drainage radius                                         ft 

rw = well radius                                              ft 

Ko = oil permeability                                      md 

μo = oil viscosity                                            cp 

Bo= oil formation volume factor                      bbl/STB 

H= formation thickness in                               ft 

D= distance                                                   ft 

H.D= heterogeneity degree of reservoir          - 

PC = capillary pressure                                  psia 

 

The parameters involved in eq. (10) are measured in the laboratories of south oil 

company. 

 
 

 

FQ-1 FQ-2 FQ-7 FQ-8T FQ-16 

year h`(ft) qomaxSTB/D h`(ft) qomaxSTB/D h`(ft) qomaxSTB/D h`(ft) qomaxSTB/D h`(ft) qomaxSTB/D 

1999 141.5 412.94 89.09 717 127.8 730.49 134.37 1648.9 101.5 396.26 

2000 141.4 412.76 88.99 715.8 127.7 729.83 134.27 1646.69 101.4 396 

2001 141.1 412.23 88.69 712.17 127.4 727.86 133.97 1640 101.1 395.31 

2002 140.9 411.91 88.51 710 127.2 725.82 133.79 1636.14 100.9 394.88 

2003 140.9 411.82 88.46 709.4 127.2 723.76 133.74 1635 100.9 394.76 

(10) 

Table (1) qomax by proposed  correlation 
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FQ-10 FQ-11 FQ-23 FQ-21A FQ-22A 

year h`(ft) qomaxSTB/D h`(ft) qomaxSTB/D h`(ft) qomaxSTB/D h`(ft) qomaxSTB/D h`(ft) qomaxSTB/D 

 ـــ ـــ ـــ ـــ 7048.3 170.5 706.2 183.6 554.5 177 1999

 ـــ ـــ 940.6 139.3 7048 170.4 706 183.5 554.1 176.9 2000

 ـــ ـــ 940 139 7047.5 170.1 705.95 183.2 553.8 176.6 2001

2002 176.5 553.4 183 705.83 169.9 7046 138.8 939.6 114.6 1569.7 

2003 176.4 552.9 182.9 704.9 169.9 7045.5 138.7 938.9 114.6 1569.1 

year 
FQ-1 FQ-2 FQ-7 FQ-8 FQ-16 

qomaxSTB/D qomaxSTB/D qomaxSTB/D qomaxSTB/D qomaxSTB/D 

1999 413 717.1 730.5 1649 396.3 

2000 412.8 715.78 729.82 1646.7 396.1 

2001 412.25 712.17 727.87 1640 395.31 

2002 411.92 710 725.82 1636.15 394.88 

2003 411.83 709.38 723.77 1635 394.78 

year 
FQ-10 FQ-11 FQ-23 FQ-21A FQ-22A 

qomaxSTB/D qomaxSTB/D qomaxSTB/D qomaxSTB/D qomaxSTB/D 

 ـــ ـــ 7048.3 706.19 554.6 1999

 ـــ 940.5 7048.1 706 554.12 2000

 ـــ 940 7047.49 705.96 553.8 2001

2002 553.39 705.83 7046 939.6 1569 

2003 552.91 704.9 7045.51 938.95 1569.2 

Now  this  equation  gives  results  very  close  to  the  actual rates  which are given  

below in table (3).  

 

Table (2) the critical production rate by Schols,  myer and Gardener  

Table (3) the actual production rate by South  Oil Company  
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CONCLUSIONS 

 An Empirical equation was developed to calculate critical rate of (FAUQI 

field) and it gave accurate results compared with other methods. 

 Trial and error method was used to find the empirical equation. 

 

 

NOMENCLATURE 

 

qo max = oil flow rate without water STB/D 

h' = elevation of water cone   ft 

  = porosity  

qL = liquid flow rate      STB/D 

qw = water flow rate   STB/D 

pc= capillary pressure   Psi 

qo = critical oil rate,    m
3
/hr 

kh = horizontal permeability   md 

kv = vertical permeability   md 

h= oil column thickness   m 

µo= viscosity,     cp 

∆ρ= ρw – ρo density difference  gm/cc 

ρw = water density    gm/cc 

ρo = oil density    gm/cc 

Bo = formation volume factor  Res m
3
/St m

3
 

re  = radius of drainage area  in 

rw = radius of well   in 

Ko= oil permeability   md 
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NEW CORRELATION FOR OIL FORMATION 

VOLUME FACTOR AT AND BELOW BUBBLE POINT 

PRESSURE 

Omar F. Hassn and Dhefaf J. Sadiq 

 Department of Petroleum Engineering, College of Engineering, University of Baghdad 

ABSTRACT 

 The best source of oil properties data is the laboratory PVT analysis of a 

reservoir fluid sample. However, in the absence of experimentally measured 

properties of reservoir fluids, these physical properties must be estimated from 

correlations. 

This paper employs more than thirty PVT reports that have been taken from 

different Iraqi fields. These reports contain about four hundred experimental points.    

The paper suggests new correlation to calculate oil formation volume factor at 

and below bubble point pressure. All of the previous correlations did not take the 

pressure as a factor or independent variable because they calculate the oil formation 

volume factor at bubble point pressure only. The new correlation introduce the 

pressure while omit the solution gas-oil ratio which has been employed in all previous 

correlations. 

The accuracy of the proposed correlation of the experimental data is assessed 

through various statistical tests and comparing them with those achieved for some 

published correlations. These tests show that the new correlation has the best fitting 

with the experimental data for Iraqi oils. Cross plot technique is also applied to check 

the performance of the correlation and it gave the same index of the statistical criteria 

method.         

The new correlation reported absolute average error of 1.876%, sum of 

squared residuals of 0.395327, variance of 0.0093 and standard deviation error of 

0.096337288. 
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INTRODUCTION  

The oil formation volume factor, Bo, is defined as the ratio of the volume of 

oil (plus the gas in solution) at the prevailing reservoir temperature and pressure to the 

volume of oil at standard conditions. Evidently, Bo always is greater than or equal to 

unity. (Ahmad 2007) 

Many correlations for estimating oil formation volume factor have been 

published in the past seven decades. Most of these correlations yield reasonably 

accurate results when applied at the bubble-point pressure. But, for pressures below 

the bubble point, the calculated oil formation volume factor may yield considerable 

error.     

Most of the published empirical Bo correlations employ the following 

generalized relationship: 

 

 

Some of the empirical correlations for predicting oil volume factor are 

presented in this paper: 

Standing (1947) constructed correlation for calculating oil formation volume 

factor of oils using field data of reservoir temperature, solution gas oil ratio at bubble 

point and oil and gas gravities. Standing used more than one hundred experimental 

data points.  

Vasquez and Beggs (1976) developed empirical correlation by using 

approximately six thousand data points- measured over wide ranges of pressure, 

temperature, specific gravity of oil and specific gravity of gas. They found that the 

specific gravity of gas was a strong correlating factor and, unfortunately, this is often 

one of the variables measured with the least degree of consistency. The specific 

gravity of gas depends on the pressure and temperature of the separators, which may 

not be available.  

Glaso (1980) suggested a new approach that based on the concept that the 

paraffinicity of the oil influences the gas / liquid equilibrium of black oil mixtures 

containing methane. Glaso used the regression analysis to develop his correlation. 

 Al-Marhoun (1985) developed correlation for calculating oil formation 

volume factor for Middle East crude oils at the bubble point pressure. This correlation 

was developed from database of more than seventy bottom hole fluid samples and 

expressed as functions of reservoir temperature, gas gravity, solution gas – oil ratio at 

bubble point and stock tank oil gravity. Al-Marhoun employed nonlinear regression 

method to build the correlation.  

 Petrosky (1990) developed empirical correlation for Gulf of Mexico crude 

oils. His relationship correlated the oil formation volume factor  versus solution gas-

oil ratio at bubble point, specific gravity of gas, specific gravity of oil and reservoir 

temperature.  
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 Omar and Todd (1993) suggested a correlation for calculating oil formation 

volume factor at bubble point using data from Malaysian offshore oil fields at South 

China Sea. They used linear and nonlinear regressions.  

  

NEW OIL FORMATION VOLUME FACTOR CORRELATION 

 The correlation is developed through some sequential steps which can be 

summarized as follows: 

 Detection of the objective of the study which is suggestion of new 

correlation to calculate oil formation volume factor at and below bubble 

point pressure. 

 Identification  of the important factors that affect the value of oil formation 

volume factor. The paper proposed that these factors are pressure, 

reservoir temperature, stock tank oil gravity and specific gravity of gas. 

 Presentation of a statistical model to correlate the objective function (oil 

formation volume factor) versus the factors that illustrated in Step.2. 

 Collecting the required experimental data for Iraqi oils to employ them in 

the correlating process. 

 Refining the collected experimental data. 

 Suggestion of many mathematical forms of the correlation to choose the 

best.  

These steps lead to the suitable correlation. Nonlinear multiple regression has been 

done to form the new correlation.  

The following form is selected to represent the new oil formation volume factor 

                                                    (1) 

Table (1) lists the values of the coefficients of equation (1) 

Table (1) 

Coefficient The Value 

a1 0.000005 

a2 0.639887 

a3 0.604183 

a4 0.961566 

a5 1.041364 

a6 1.079483 

 

This form has been chosen according to its statistical indices and the 

difference between its results and the measured data.  
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CHECKING THE VALIDITY OF THE NEW CORRELATION   

 Two checking methods were attained to evaluate the performance of the new 

correlation which are statistical criteria and cross plot: 

- DATA BASE 

In this section, all of experimental data that were employed to develop the new 

correlation was used for checking  the validity of the correlation   

A-STATISTICAL CRITERIA 

 Table (2) shows comparison between the statistical criteria for the new 

correlation and the published ones. 

The indices explain that the new correlation is the best among them to 

correlate Iraqi oils. 

Table (2) The Statistical Criteria 

The Correlation 

Average 

Absolute 

Error % 

Sum of 

Squared 

Residuals 

Variance 
Standard 

Deviation Error 

New 1.876 0.395 0.0093 0.096 

Standing 2.881 0.788 0.0104 0.102 

Vasquez and 

Beggs 
8.179 4.833 0.0158 0.126 

Glaso 5.125 2.011 0.0125 0.112 

Al-Marhoun 4.439 1.688 0.0096 0.098 

Petrosky 4.134 1.292 0.0115 0.107 

 

B- CROSS PLOT METHOD 

 In this technique, the estimated oil formation volume factors are plotted versus 

the experimental values to create the cross plots . A 45
o
 straight line is drawn on the 

cross plot which passes through the points of coincidence  of experimental and 

calculated values. The closer the plotted data points are to this line, the better the 

correlation. 

Figures (1) through (6) show that the current correlation is the best among the 

others used. Vasquez and Beggs correlation is the worst fitting correlation to the 

experimental data. 
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 Therefore the new correlation gives improvement in the estimation of oil 

formation volume factor at and below bubble point pressure for Iraqi oils. 

- EXTERNAL IRAQI OIL SAMPLE 

In this section, external oil sample (sample which was not used to generate the 

correlation) used to evaluate the new correlation.  

Table (3) includes the statistical criteria of the correlations with this sample. 

These criteria show the superiority of the new correlation for Iraqi oils and the others . 

Table (3) The Statistical Criteria 

The Correlation 

Average 

Absolute 

Error % 

Sum of 

Squared 

Residuals 

Variance 
Standard 

Deviation Error  

New 2.116 0.013 0.016 0.128 

Standing 3.545 0.029 0.019 0.138 

Vasquez and 

Beggs 
10.574 0.234 0.025 0.157 

Glaso 6.123 0.081 0.019 0.137 

Al-Marhoun 5.236 0.064 0.018 0.135 

Petrosky 4.355 0.038 0.017 0.132 

 

CONCLUSIONS 

 A new correlation presented in this work for oil formation volume factor at 

and below bubble point is proper for application in petroleum engineering, specially 

for Iraqi oils. 

 It is new approach that the pressure is introduced in development of the 

correlation for calculating oil formation volume factor at and below bubble point. 

The new correlation has been done by nonlinear regression technique to 

correlate oil formation volume factor with four input variables which are pressure, 

reservoir temperature, oil gravity, and specific gravity of gas. 

 

NOMENCLATURE 

API : API gravity 

Bo : Oil formation volume factor, bbl/STB 

P : Pressure, psig 

Rs : Solution gas-oil ratio, scf/STB 

T : Reservoir Temperature, 
o
F 

γg : Specific gravity of gas 

γo : Specific gravity of oil 
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Figure (1) Cross Plot of the oil formation volume factor (Experimental data versus 

the values from new correlation) 

 
Figure (2) Cross Plot of the oil formation volume factor (Experimental data versus 

the values from Standing correlation) 
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Figure (3) Cross Plot of the oil formation volume factor (Experimental data versus 

the values from Vasquez and Beggs correlation) 

 

Figure (4) Cross Plot of the oil formation volume factor (Experimental data versus 

the values from Glaso correlation) 
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Figure (5) Cross Plot of the oil formation volume factor (Experimental data versus 

the values from Al-Marhoun correlation) 

 

Figure (6) Cross Plot of the oil formation volume factor (Experimental data versus 

the values from Petrosky correlation) 
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TREATMENT OF INDUSTRIAL WASTE WATER USING  

REVERSE OSMOSIS TECHNIQUE 
  

Nada S.Ahmedzeki, Sama M. Abdullah, Rasha H. Salman. 

University of Baghdad, College of Engineering, Chem.Eng.Dep. 
 

ABSTRACT 

Reverse osmosis technique was used for the treatment of industrial waste water. Ions like 

calcium, magnesium, sodium, sulfate, and nitrate were found in the waste water of the General 

Company of Vegetable Oil with high concentrations which must be treated for reuse. Feed water 

containing the above mentioned ions was fed to the RO unit at feed flow rates (0.4 and 0.8 lit/min) 

and different operating pressure (2-4bar) .It is concluded that increasing operating pressure and 

feed flow rate improved the separation by a decrease in the concentration of ions in the product. 

High rejection was obtained for all ions present in feed water, ranging from (63.8-97.6%). 

Rejection of TDS was 87% when the concentration of TDS was reduced from 1192 to 154.94 ppm. 

 

                                                                                                                                          الخلاصة

 و   الصوديوم و  المغنيسيوم و   الكالسيوم  أيونات.  الصناعية  المياة  لمعاملة  أستخدمت  العكسي   التنافذ   تقنية

 وبتراكيز عالية يجب أن تعالج الشركة العامة للزيوت النباتيةتوجد في المياه الصناعية المطروحة من  النترات و  الكبريتاتا

 4.0و 4.0)بمعدل جريان تدخل الى وحدة المعالجة بالتناضح العكسي  المياه الحاوية على الأيونات أعلاه .لغرض اعادة استعمالها

لقد استنتج ان زيادة الضغط ومعدل الجريان ادى الى تحسين عملية الفصل بتقليل .(بار 0-2)غيلي ضغط تش وتحت( دقيقة/لتر

ومعدل %(.  8..6-0..8)وجودة في المياه الداخلة تمت بمعدل أزالة عالية لكل الأيونات الم .  تركيز الايونات في الماء الناتج

.              جزء بالمليون990.60الى  9962ا أنخفضت هذه الكمية من عندم%( .0)ية الذائبة كان أزالة لكمية المواد الصلبة الكل

                                                                      

 
 

INTRODUCTION  
The use of reverse osmosis (RO) to remove salts and impurities from water had been a 

recognized technology to improve water quality therefore it had a valuable application in the reuse 

of waste water streams. The benefit includes; reduced discharge, reduced purchases and the 

conservation of water resources.   In the reverse osmosis process, water passes through a semi-

permeable membrane which removes inorganic minerals like radium, sulfate, calcium, magnesium, 

potassium, sodium, nitrate, fluoride and phosphorous. It also helps to remove some organic 

compounds including some pesticides (Zibrida et al., 2000). RO can be used for the removal of 

arsenic which occurs naturally and can contaminate drinking water through the erosion of rocks and 

minerals or through human activities such as fossil fuel burning, paper production, cement 

manufacturing, and mining. Natural contamination of groundwater by arsenic has become a crucial 

water quality problem in many parts of the world (Pawlak, 2006). Often, reverse osmosis units are 

used in combination with a mechanical filter and an activated carbon filter. The water passes 

through the mechanical filter first, where sand and large particles are removed, then through the 

reverse osmosis unit, and lastly through the activated carbon filter which removes organic 

compounds (Daniels, and Mesner, 2005).  



N. S.Ahmedzeki                                                                                         Treatment of Industrial Waste Water Using  

S.M. Abdullah                                                                                             Reverse Osmosis Technique 

R.H. Salman 
 

 4357 

Applications of membrane technologies for water and wastewater treatment is growing due 

to decreasing price of membranes and more stringent regulations for water quality. Membrane 

separation processes have following advantages in industrial applications:  

- appreciable energy savings , - clean and easy to apply technology, -replaces several 

conventional processes like filtration, distillation, ion-exchange and chemical treatment with 

smaller and more efficient equipment - produces high quality products - allows greater flexibility in 

designing systems. During the last two decades significant advances have been made in the 

development and application of microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and 

reverse osmosis (RO) processes. MF membranes reject suspended particles only, UF membranes 

reject suspended particles and high molecular weight compounds, NF membranes also reject low 

molecular weight compounds, and RO membranes also reject ions (Kochany, 2007, and Amjad and 

Zibrida, 1998).  

Over 100 different materials are used to make RO membranes, however the two most 

commonly used membranes are made from cellulose acetate (CA) and polyamide thin film 

composite (TFC). These may come in spiral, tubular hollow fiber, and plate and frame. Hollow 

fiber (HF) and flat sheet are the most commonly used RO membrane configurations. Although HF 

RO elements provide more surface area, they are more prone to fouling..
 

Most studies on industrial waste water using RO were limited on either feed containing 

NaCl salt (Ahmed, 2000, and Mohammed, 2008) or feed containing dye (Mahmood, 2001). In the 

present study, investigation of five different monovalent and divalent ions (Ca
++

,  Mg
++

, Na
+
, SO4

--
, 

NO3
-
) was the point of view in the treatment of industrial waste water. The important parameter to 

be compared is the rejection percentage. 

 

 

EXPEREMENTAL WORK: 

 

(i) Experimental apparatus: 

           The Experimental apparatus consists of the following parts: 

1) QVF feed tank with capacity of 20 liter. 

2) Centrifugal pump is used to pump the feed at a pressure of 4-6 bar. 

3) Rotameter of (0.2-2 lit/ min.).  

4) 5-stage reverse osmosis system supplied by So-Safe Water Technologies. 

1. Wound Polypropylene Yarn (WPP) or Spun Polypropylene (SPP) is used for pre-filtration to 

remove the sediments. 

2&3. Activated carbon (GAC) and dual purpose carbon (DPC) used for the purification for taste 

and odor. 

4. Desalination and purification using reverse osmosis membrane. Thin film composites membrane 

(The spiral – wound module type TFC – 8822HR) is installed for best permeate water 

quality.  

5. Water polishing and purification unit using In-line granular activated post carbon cartridge 

(ILGAC-10). 

The schematic diagram of the experimental apparatus is shown in Fig. 1. 
 

(ii) Experimental Procedure: 

            Industrial water from the factories of The General Company of Vegetable Oil was analyzed 

for the specified ions; Ca
++

 ,  Mg
++

 , Na
+
 , SO4

--
 , NO3

-
 . Feed solution to the RO unit, containing 

the aforementioned was prepared. Table 1 shows the analysis of the prepared feed water. Salts of 

analytical grades from Merck Company were used. 

              Feed solution containing the specified ions, with the appropriate concentrations, was 

added to the 20 liter feed tank. The outlet valve was opened to fill the pipes with water. The pump 
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was switched on and the feed rate of 0.4 and 0.8 lit/min was set. Operating pressure range was (2-4 

bar) for each flow rate. Concentrations of the product solution were analyzed using Atomic 

absorption technique.  
 

RESULTS AND DISCUSSIONS 

Operating pressure affects the performance of RO units. Concentrations of the specified 

ions as a function of the operating pressure were drawn for both feed flow rates. The results are 

shown in Figs. (2-6).The effect of operating pressure and feed flow rate on the total TDS is shown 

in Fig 7. It is obvious that increasing the operating pressure or feed flow rate improves the degree 

of separation for each ion. However, the operating pressure has a pronounced effect compared with 

feed flow rate. Increasing operating pressure offers a pressure gradient across the membrane and 

the driving force will be higher, therefore water is forced to pass through the membrane and 

%rejection is increased. Considerably high pressures are necessary to overcome osmotic pressure 

which is mainly a function of concentration and molecular weight ( Amjad and Zibrida, 1998 

;Singh and Heldman,1993).  

 When the feed rate was increased, concentration of ions in product solution and hence, 

TDS, were decreased and %Rejection was increased. This means that the degree of separation is 

increased by an increase of the throughput rate and increase of mass transfer coefficient between 

the membrane and feed flow. 

% Rejection for 0.8 lit/min flow rate is also calculated in order to investigate the degree of 

separation for each ion as shown in Fig.8. 87% of TDS are rejected which is  an acceptable value,  

and for individual ions, it can be seen from Fig.9, that  SO4
-- 

and NO3
- 

ions have the lower 

%Rejection while, NO3
-
 has the lowest. Nitrate is so soluble and non-reactive; therefore it is very 

difficult to be removed from water. These results are in agreement with those obtained by Ellen, 

2007.  Therefore, it is possible to say that the best operating conditions are feed flow rate 0.8 lit/min 

and operating pressure 4 bars. 
    

CONCLUSIONS: 

1. The concentration of ions in the product solution decreases with increasing operating 

pressure. Increasing operating pressure are necessary to overcome the osmotic pressure and 

the driving force will be higher, therefore, TDS decreased. 

2. The concentration of ions in the product solution decreases with increasing feed flow rate.  

3.  The percent of rejection for each ion differ from each other. Sulfate and nitrate were lower 

than other ions. Nitrate ions had the lowest % Rejection.  

4. It is demonstrated that the RO process could effectively applied for the removal of calcium, 

magnesium, sodium, sulfate, and nitrate ions. The best operating conditions are feed flow 

rate of 0.8 lit /min and 4 bar operating pressure. 

 

NOMENCLATURE 

MF    Microfiltration 

NF     Nanofiltration 

ppm   Part per million 

RO     Reverse osmosis 

TDS Total dissolved solids 

UF     Ultrafiltration 
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Fig. 1 Schematic diagram of reverse osmosis unit. 
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Fig. 2Concentration of Ca
++ 

 vs operating pressure. 
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Fig. 3  Concentration of Mg 
++ 

 vs operating pressure. 
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Fig. 4  Concentration of Na
+ 

 vs operating pressure. 
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Fig. 5 Concentration of SO4
-- 

 vs operating pressure. 
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Fig. 6 Concentration of NO3
- 
 vs operating pressure. 
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Fig. 7 Total dissolved solids
 
 vs operating pressure. 
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Fig. 8  % TDS Rejection vs operating pressure. 
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Fig. 9  % Rejection for different ions vs operating pressure. 

 

 

 

 

Table 1. The initial concentrations of feed solution. 

 

Feed water ion Concentration (ppm) 

Ca
++ 

100 

Mg
++ 

100 

Na
+ 

90 

SO4
-- 

717 

NO3
-
 185 

TDS 1192 
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DEVELOPMENT OF A LAN SIMULATION TOOL  

BASED ON WINDOWS ENVIRONMENT 
  

Hamid M. Ali, Nidhal Ezzat and Wisam F. Kadhim 
University of Baghdad 

 

ABSTRACT 

The Internet’s rapid growth has spurred the development of new protocols and algorithms to meet 

changing operational requirements such as security, multicast transport, mobile networking, policy 

management, and quality of service support. Development and evaluation of these operational tools 

requires answering many design questions. This work proposes a computer network simulation 

program, devoted for wired LAN systems. The simulator would be able to work under Microsoft 

Windows NT platforms, also it has the potential to provide an emulation environment which should 

be suitable for testing protocols above the TCP layer under the Windows NT platform supported 

network layers, and offering scalability by running the simulator under distributed network system. 

 

KEYWORDS  

Network Simulators, Modeling. 
 

 الخلاصة
أدى التنامي السريع للإنترنيت إلى تشابك عملية التطوير لبروتوكولات وخوارزميات جديدة لتحقق المتطلبات العملية المتغيرة، مثل 

، (Policy Management)، إدارة اسلوب العمل (Mobile Networks)شبكات الأجهزة المتنقلة ، (Security)أمن المعلومات 
 .تطوير وتقييم هذه الأدوات التشغيلية تتطلب الإجابة عن العديد من التساؤلات التصميمية(. Quality of Service)جودة الخدمة 

نظام المحاكاة المقترح يكون قادر . السلكية( LAN)قترح نظام محاكاة لشبكات الحاسبات، مخصص لمنظومات الـلبحث ياهذا 
كذلك له القابلية على توفير محيط  والذي يكون مناسباً لفحص ، (Microsoft Windows NT)على العمل ضمن نظام التشغيل 

 Windows)التي توفرها أنظمة التشغيل ( network layers)باستخدام طبقات الشبكات ( TCP layer)البروتوكولات ما فوق 

NT platform) نظام المحاكاة المقترح المقياسية ، و يوفر(Scalability) أنظمة شبكات موزعة  عن طريق تشغيل المحاكاة في
(Distributed Network System.) 

 

INTRODUCTION 

The network simulators exist in many forms and work on different criterion of computer networks, 

some of these simulators can combine the simulation of more than one network system, and others 

can be specifically created to simulate a particular network protocol. This fact has brought into the 

surface some drawbacks in the simulation level of the current simulators, in reference to the concept 

of the common simulator [BEF00] that can work on most of the network systems and protocols. 
  

The upside of this divergence in functionality is realistic marketing; some vendors’ simulators are 

optimized for managing LANs (Local Area Networks) and others for WANs (Wide Area 

Networks), some merely provide network diagramming and limited simulation while others 

perform more sophisticated global network modeling. The downside is that no one simulator can 

perform all the required functionality, where if a particular network is needed to be modeled, 
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analyzed, and simulated, then multiple simulators are required, besides the notable differences 

between them that imply the same job [Jim98]. 
 

Most of the simulators can simulate all of the network elements, but some of the packages fall short. 

Where some can’t simulate disks, chips or controllers, some can’t mirror frame queuing 

performance or media speed, and others can’t simulate device-level details such as hardware 

architectures. With the exception of some simulators, most of the simulators are not considered to 

be system-level simulation devices. That means they are limited in their ability to determine how 

the performance of the end stations will impact the performance of the network [Jim98]. 
 

Another important issue to consider is that most of the network simulators do not support the 

emulation feature; that is linking the simulated network to an actual real network, thus extending 

the study criterion on the performance and behavior. 
 

- OBJECTIVE OF THE WORK 

In this work, the modeling of the basic network components used (clients, servers, hubs, and 

routers) was accomplished using Windows NT resources and the proposed network simulator had a 

simulation engine capable of: adding and removing of network components during runtime, 

configuring network components’ parameters, and performance results calculation. The proposed 

network simulator also has a timed events management to perform the required simulation 

scenarios, like: server crash, router failure, or link sudden disconnection, where these events are 

user generated according to specified time during the simulation run. 
 

The work included a validation test to the proposed network simulator by running a file transfer 

application (as an example) on a simulated network from one hand and a similar real network on the 

other hand all under the same timed events, then comparing the simulation results. 
 

- MODELING OF NETWORK ELEMENTS 

The network resources of Windows NT Platform were used to model each network element, where 

they were based on some of the network architecture functionality of Windows. The network 

protocols of Windows (like TCP/IP) were used as the protocol layers in the simulation engine, 

instead of programming prototypes of these protocols (like other simulators do, especially those 

programmed under UNIX), this would make the protocol modeling approaches much more to 

reality, since the actual protocol would be used in the simulation process. 
 

The modeling of end-systems, like clients and servers, were based on creating a network resource 

by adding virtual network adapters, so that Windows network architecture would assign a set of 

protocol layers on top of each virtual network adapter, which would lead to an accessible network 

resource representing either a client or a server. 
 

The modeling of the intermediate-systems, like hubs and routers, were based on assigning 

connections’ lists and routing tables that would be used in packet filters within the protocol layers 

in the Windows network architecture, so that each connection’s list would represent a hub, and each 

routing table would represent a router. 
 

- WINDOWS NT NETWORK ARCHITECTURE 

Microsoft
®
 Windows

®
 2000 and later operating systems use a network architecture based on the 

seven-layer networking model developed by the ISO (International Standards Organization). 

Introduced in 1978, the ISO OSI (Open Systems Interconnection) Reference model describes 

networking as: "a series of protocol layers with a specific set of functions allocated to each layer. 

Each layer offers specific services to higher layers while shielding these layers from the details of 

how the services are implemented. A well-defined interface between each pair of adjacent layers 
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defines the services offered by the lower layer to the higher one and how those services are 

accessed" [Mic01a] 
 

Figure 1 represents a model of Windows 2000 network architecture. In the figure, components that 

are on the same horizontal level provide similar functionality. The top layer of the diagram is where 

user applications reside. In order to communicate with other networked computers, additional 

software and hardware support is needed. Each layer below the applications and services layer 

provides services that are necessary to create packets of data, arrange for their delivery, and send 

them across the physical media to another computer. 

 

TCP/IP IPX/SPX NetBEUI AppleTalk IrDA
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Native

ATM IP over
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Winsock API Telephony API Redirectors Servers NetBIOS API
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Connection-Oreinted
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FDDI Adapter

 
Figure 1: Windows 2000 Network Architecture Layers [Mic01a]. 

 

 

The Windows Network Architecture provides packet filtering techniques that can be used to filter 

and process inbound and outbound TCP/IP transport protocol data. There are two types of these 

techniques: user mode techniques and kernel mode techniques. Figure 2 shows some of these 

techniques. 
 

User mode is the processor mode in which applications run. User mode processes have access only 

to their own address space and must use established interfaces to obtain other system services. This 

protects the operating system and improves its performance [Mic01b]. 
 

Kernel mode is the processor mode, in which operating system code (such as system services and 

device drivers) runs. It is a highly privileged mode of operation where the code has direct access to 

all memory, including the address spaces of all user-mode processes and applications, and to 

hardware. Processes running in kernel mode have access to advanced CPU features for I/O and 

memory management [Mic01b]. 
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Figure 2: Some TCP/IP Traffic Processing Techniques[Mic01b]. 

 

- PROPOSED NETWORK SIMULATOR 

In order to meet some of the intended simulation requirement of the network research [BHH99], 

this work focused on the design of a network simulator based on the following specification: 
 

 Simulation criterion that focuses on the impact of changes in network behavior on the 

application layer and user mode applications. 

 Use of Microsoft
®
 Windows

®
 NT Platform to model the network elements, where 

Windows network resources are used to model the targeted network elements, like clients, 

servers, hubs, and routers. 

 The network simulator models and functions would be included as DLLs (Dynamic Linked 

Libraries), so it can be used under any supported platform and with wide variety of network 

applications, thus leading to increase in level of abstraction. 

 Use of flexible graphical user interface that would improve the interaction with the network 

simulator, and make easy access to its functions. 

 Applying a simulation scenario based on network components’ failures and recovers on 

specified times by the user to simulated real world events on networks, like router failure or 

server crash. 

 Provide the potential for supporting full emulation capabilities, where the simulated model 

can be accessed directly form an outside real network and vice versa, so that all the traffic 

can be monitored and data analyzed. 

 Capability of simulating large scale networks depending on the full emulation potential 

support, using parallel operation of multiple simulators running on different machines 

connected via a real network, thus reducing both time and resources. 
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Simulator Design 

A. Clients & Servers Models 

In order to model the clients and servers, it should be pointed out that each client and each 

server represents a system of applications running on a networking protocols stack that are on 

top of one NIC at minimum. Therefore, to create a model of a client (or a server), an NIC 

should be added to the system, so that the Windows device management would add the 

appropriate protocol layers and drivers to make this NIC functional and the applications to 

work on it. 
 

Since it’s not convenient to add physical NICs to the system to represent the clients and 

servers, another method can be applied instead, which is through the use of virtual NICs. 

These virtual NICs are merely driver entries at the miniport diver layer or intermediate 

miniport driver layer, where there is no actual NIC bound to it. Windows network architecture 

provides two types of these virtual NIC drivers: Microsoft Loopback Adapter, and NDIS 

MUX Intermediate driver. 
 

There is no documentation about the Microsoft loopback adapter, except the installation 

method and the general use of it. Microsoft provided this loopback adapter as a dummy NIC 

that can be used for troubleshooting the network configurations and settings, another 

advantage of Microsoft loopback adapter is achieved through installing Active Directory on a 

Domain Controller that doesn't have a network adapter. Normally, this is not a possibility as 

active directory requires that a network adapter be installed first. If it is needed to install 

active directory on a computer without a network card, such as a test or a lab environment, 

Microsoft loopback adapter can be installed instead of physically installing a network adapter. 
 

The MUX intermediate miniport driver is an NDIS 5 driver that demonstrates the operation of 

an N:1 or 1:N MUX driver, i.e. one which creates multiple virtual network devices on top of a 

single lower adapter. Protocols bind to these virtual adapters as if they are real adapters 

[Mic01a]. The number of virtual miniports exposed by a MUX intermediate driver can be 

different than the number of lower physical adapters that are bound to the driver. A MUX 

intermediate driver exposes virtual miniports in a 1:N, N:1, or even an M:N relationship with 

underlying adapters. This results in complicated internal bindings and data paths [Mic01a]. 
 

In an N:1 configuration, a MUX intermediate driver can expose many virtual miniports for a 

single physical adapter below. Overlying protocols bind to these virtual miniports of the MUX 

intermediate driver in the same way that they bind to non-virtual miniports. The MUX 

intermediate driver handles requests and sends that are submitted to the driver for specific 

connections at each virtual miniport. The driver repackages and transfers these requests and 

sends down to the NDIS miniport driver for the bound physical adapter. Figure 3 illustrates an 

N:1 MUX intermediate driver configuration [Mic01a]. 
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Figure 3: NDIS N:1 MUX intermediate driver configuration[Mic01a]. 

 

B. Hubs & Routers Models 

Since there are no real NICs, there exist no actual physical connection between the simulated 

clients and servers; also it would mean there is no physical routing operation can be applied. 

So in order to model the physical connections, hubs and routing operation, it would be useful 

to use the packet filtering techniques provided by Windows network architecture. 
 

The most useful technique to use for modeling the physical connections, hubs, and routers is 

the Firewall-Hook driver. This fact comes from the following aspects (refer to figure 2 for 

details): 

 The Windows network architecture TCP/IP routes all the internal traffic at the protocol 

driver layer (TCP/IP driver), which means there no traffic is going down to the NDIS layers 

below. 

 All the configured network adapters that exist in the system, whether they were actual or 

virtual, are treated as being all connected together, even if they have different IP addresses. 

 The firewall-hook driver is located within the TCP/IP driver on top of the IP routing 

functions. 

 It’s a kernel mode packet filter that performs its operation on all the packets traffic of every 

application running on the system. Yet, it supports the interaction of the user on its 

operation, which makes it user mode configurable. 
 

Therefore, the modeling of the physical connections, hubs, and routers can be made through 

modeling only the lists of connections and routing tables. And theses lists and tables are 

passed to the firewall-hook driver to perform the connections and routing operation, provided 

that the routing is only static. 
 

The filter hook driver only allows one filter function installed in the system. If one application 

already uses this functionality, the targeted application doesn’t work. With firewall-hook 

driver, this problem has no existence, all filter functions can be installed as required. Each 

filter function has a priority assigned, so the system will call one function after another (in 

priority order) until a function returns “DROP PACKET”. If all functions return “ALLOW 

PACKET”, the packet will be allowed. This can be thought as a chain of functions, this chain 

is broken when one of them returns “DROP PACKET”, and the order of each function in the 

chain is given by its priority value [Jes04]. 
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Figure 4 represents an example of the firewall-hook driver operation, with the following 

processes: 

 A packet is received at the host, IP driver has the list of filter functions ordered by priority 

(the function with more priority is Filter Function 1). 

 First, the IP driver passes the packet to the highest priority filter function and waits for the 

return value. 

 Filter Function 1 returns “ALLOW PACKET”. 

 Because Filter Function 1 allows the packet, IP driver passes the packets to the next filter 

function: Filter Function 2. 

 In this case, Filter Function 2 returns “DROP PACKET”. So, IP driver drops the packet and 

does not continue calling next filter function. 

  

Network Packet Network PacketIP Driver

Filter Function 1 Filter Function 2 Filter Function 3

(1)

(2)
(5)

(3)
(4)

(6) IP Driver drop

the packet

 
Figure 4: An Example of Firewall-hook Driver Operation[Jes04]. 

 
 

Another problem that can be found with filter hook drivers is that for sent packets, the user 

can’t access packet content data. However, all data can be accessed with a firewall-hook 

driver. The structure of data received in a firewall-hook filter function is more complex that 

the one received in filter hook driver. It’s more similar to the structure of packets that can be 

found in an NDIS driver, where the total packet is composed by a chain of buffers. As filter 

hook driver, firewall-hook driver is only a kernel mode driver used to install a callback 

function (but firewall-hook driver installs a callback in IP driver). In fact, the process to install 

a firewall-hook driver is similar to the one used to install a filter hook driver [Jes04]. 

 

C. Simulation Engine 

The simulator engine consists of three major functions: adding the modeled network 

components (Clients, Servers, Hubs, and Routers) to the system during runtime, configuration 

of network parameters of each installed component, and calculating the performance results of 

the simulated network. The design of the simulator engine would also consider the support for 

full emulation, such that the simulator would be beneficial at all levels of usage. 
 

After the modeled network components are added in the system as designed to form the 

simulated network, it’s required to configure the network parameters of each added 

component, like IP address, subnet mask, default gateway, and DNS (Domain Name Service) 

server. Microsoft Windows provides a set of classes and functions that can be used for this 

purpose, these classes and functions are found in WMI (Windows Management 

Instrumentation). 
 

WMI is a component of the Microsoft Windows operating system and is the Microsoft 

implementation if the WBEM (Web-Based Enterprise Management), which is an industry 

initiative to develop a standard technology for accessing management information in an 

enterprise environment. WMI uses the CIM (Common Information Model) industry standard 
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to represent systems, applications, networks, devices, and other managed components. WMI 

can be used to automate administrative tasks in an enterprise environment [Mic01a]. 
 

When activating the designed network in simulation mode, it’s important to calculate the 

performance of the network, like bandwidth, percentage of sent and received packets, and 

each protocol status. The mechanism by which Windows collects performance data on various 

system resources is the performance counter. Windows contains a pre-defined set of 

performance counters with which the user can interact; some of these are found on all 

Windows 2000 systems and some are custom to specific applications and are found only on 

certain systems [Mic01a]. 

 

D. Events & Time Management 

The events and time management in the proposed network simulator would include user 

generated scenarios that would run in a timed-event sequence. The user would specify the 

type of action to be taken and the corresponding time for the action to occur. These actions 

can take the form of servers’ crashes, routers failures, and links sudden disconnections, so that 

the user can measure the degree of interaction between the network nodes and explore the 

vulnerable points in order to avoid them. 
 

This type of management can be achieved through the use of a time ordered list or table that 

would be referenced on a time bases in respect to a simulation timer, where at every time tick 

the table would be referenced to check whether the current simulation time matches one of the 

events time. At that point, if a match found, the events and time manager would execute the 

event using WMI functions to disable a certain virtual adapter that models a client or a server, 

or remove a set of filtering rules that represent a hub or a router. 
 

Each events table entry would contain the following information to represent an action: 

 Time of the event, which is referenced to the simulator timer. 

 Network node to be disabled, that indicates whether a client, server, hub, or a router to be 

crashed. 

 Duration of the action, where it sets the time for which the action would take from failure to 

recovery. 

 

System Architecture 

The simulator system architecture is divided into two main sections (or layers): Simulation 

Platform (VNetSimPlatform), and Application Layer (VNetSimApplication). The reasons 

behind such architecture are: 

 Provide transparency of the kernel mode used resources from the application layer that is 

used by the user. 

 Make the simulation platform as stand alone set of resources, which makes it easier for 

future development to upgrade the functions within the platform or the application layer 

without affecting the other. 

Figure 5, shows the general system architecture of the network simulator.  
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VNetSimApplication

VNetSimPlatform

Windows Kernal

Application 

Layer

Simulation 

Platform

 
Figure 5: Simulator General System Architecture. 

 

E. Simulation Platform (VNetSimPlatform) 

This layer is considered as the kernel mode layer of the simulator, it provides the functions 

that use windows resources to perform the modeling of each network component (such as 

Clients, Servers, Routers, and Hubs) and manage these resources to appear as objects to the 

upper application layer. The simulation platform consists of a layered set of DLLs (Dynamic 

Linked Libraries); each one handles certain functions or models a set of network components. 

Figure 6 shows the components of the simulation platform. 
 

VNetSimConfig.DLL

VNetSimAdapter.DLLVNetSimFWHook.DLL

VNetSimHost.DLLVNetSimNetwork.DLL

VAdapterNetConfigFWHookControl

FWHookDrv.SYS

Windows Kernel 

Functions and 

Resources

HostArrayList HostNetElementArrayList NetElement

 
Figure 6: Components of Simulation Platform. 

 

The simulation platform uses a collection of programming languages to perform its functions, 

where at the lower layers conventional C language was used with drivers (such as 

FWHookDrv.SYS), also the C++ language was used with the DLLs that operate with 

Windows system calls and functions (such as those used in VNetSimAdapter.DLL and 

VNetSimFWHook.DLL). At the upper layers, C# language was used with the DLLs that work 

as objects of the modeled network components (such as VNetSimHost.DLL and 

VNetSimNetwork.DLL), as well as the DLLs working as interfaces between the object DLLs 

and the kernel mode DLLs (such as VNetSimConfig.DLL). 
 

The reason for such variety in programming languages is that at every level of the simulation 

platform there are certain needs that each programming language can provide better than the 

others. In the case of drives, commonly conventional C language can be used in order to 

compile and build the driver. As for the DLLs that operate on Windows resources and kernel 

functions, the C++ language is known to be a very efficient and strong tool to work with 

Windows resources and supports their requirements from pointers, complex data structures, 
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etc. Whereas C# language support for pointers and complex data structures is considered to be 

unsafe code by the complier. 
 

The C# language is easier to deal with than C++ in regard to the reduce in complexity and the 

compilation features provided by the Dot Net environment, also in aspects of developing the 

graphical user interface, which makes the C# more convenient to use at upper layers that is 

used by the application layer as well as to hide the complexity of the underlying functions and 

resources [TWA02]. 

 

F. Application Layer (VNetSimApplication) 

The application layer performs most of the management functions and operations performed 

by the network simulator, where it can be considered as the simulator kernel. The application 

layer consists of four main blocks of functions, as shown in figure 7, each block is responsible 

for certain set of functions. 

Network Components Management
Simulation Events & 

Time Control

Application Graphical User Interface

Simulation Statistics 

Generator

Main Form Design Form

Client Server Router Hub

 
Figure 7: Block Diagram of the Application Layer. 

 

 Application Graphical User Interface 

This block represents the graphical user interface forms that would appear to the user. It 

handles the operations and calling functions associated with each graphical object, such as 

menus and toolbars, and pass the control to the corresponding block to perform the required 

functions. The application graphical user interface contains two classes: main form class, and 

design form class. 
 

The main form class is a windows form class that represents the main window of the graphical 

user interface. It holds the main menu, the main toolbar and it works as a container for the 

design form. The design from class is also a windows form class that works as the document 

where the users draw the design of the network to be simulated by using network components 

icons found in the main form toolbar. 
 

 Network Components Management 

This block holds the graphical and functional classes that represent the network components, 

such as Clients, Servers, Hubs, and Routers. The main function of the network components 

management block is to provide a transformation between the application layer space objects 

into the simulation platform space objects so as to keep control over the array lists of objects 

at the two spaces.  
 

For example, if the user adds a client to the design form, a client object is added to the 

application layer space; hence, it is added to the clients’ array list along with its configuration 

parameters. On the other hand, the network components management block would make a 

transformation of the client object from the application layer space into the simulation 

platform space by adding a host object to it, so it is added also to the hosts’ array list along 

with the client’s configuration parameters. This step would add a loopback adapter to the 
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system to represent that client object and the adapter’s configuration is set according to the 

network parameters of the client object. 
 

 Simulation Events & Time Control 

This block contains a single class which is called Simulation class. It contains a timer object 

to provide the necessary timing for the simulation runtime process. The class also contains an 

array list that works as a timed-events table, so it can hold the type of events to be activated 

during the simulation run in a timely manner. 
 

 Simulation Statistics Generator 

This block is responsible for generating the statistics report of the simulation run, where it 

contains instances of the performance counters built in the firewall hook driver, which would 

provide the data required by the user to analyze the performance of the simulated network 

under specific events. 

 

 

 

* IMPLEMENTATION AND PERFORMANCE 

The network simulator was implemented mostly in Microsoft .Net C# language, except for some 

parts of the simulation platform, where it can operate on Windows NT platforms (Windows 2000 

Server, Windows 2000 Professional, Windows XP Home Edition, Windows XP Professional 

Edition, and Windows 2003 Server). 
 

The network simulator was deployed under Pentium 4 with Windows XP SP2 and a validation test 

was implemented on the proposed network simulator by running a file transfer application (as an 

example) on a simulated network (shown in Figure 8) from one hand and a similar real network on 

the other hand all under the same timed events listed below: 

 Client 1 performs a download operation from the file server at early start of the simulation 

process, during that operation the file server crashes for 2 seconds then recovers. 

 After several seconds, Client 3 performs another download operation from the file server, 

during that operation the network hub experience a power failure for 5 seconds then 

recovers. 

 Client 2 performs an upload operation to the file server to update some data, during that 

operation client 2 experiences a system halt for 5 seconds then recovers. 

 Finally, client 3 performs a download operation from the file server, but this time client 3 

experiences a system halt for 5 seconds then recovers. 
 

By comparing the simulation results, the validation test results (Figure 9) showed an acceptable 

tolerance with slight difference that comes form the several factors like: the variable processing 

conditions of the operating systems where the application was running on, the tolerance of 

simulation and modeling of the proposed network, and accuracy of timed events when applied at 

both simulated and real networks. 
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Figure 8: Network Topology that the Sample Application would be tested on. 

 

From To 
Simulated 

Bytes/sec 
Real Bytes/Sec 

Device IP Address Device IP Address Sent Received Sent Received 

Client 1 

Client 1 

Client 1 

Client 1 

192.168.10.1 

192.168.10.1 

192.168.10.1 

192.168.10.1 

Server 

Server 

Server 

Server 

192.168.10.10 

192.168.10.10 

192.168.10.10 

192.168.10.10 
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213 

1512 

1345 

0 

342 

300 

250 

150 

225 

1550 
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3 

350 

Client 3 

Client 3 

Client 3 

Client 3 

192.168.10.3 

192.168.10.3 

192.168.10.3 

192.168.10.3 

Server 

Server 

Server 

Server 

192.168.10.10 

192.168.10.10 

192.168.10.10 

192.168.10.10 

312 

462 

12 

21 

383 

1234 

0 

23 

315 

460 

15 

30 

300 

1300 

7 

30 

Client 2 

Client 2 

Client 2 

Client 2 

192.168.10.2 

192.168.10.2 

192.168.10.2 

192.168.10.2 

Server 

Server 

Server 

Server 

192.168.10.10 

192.168.10.10 

192.168.10.10 

192.168.10.10 

123 

1351 

0 

12 

462 

235 

125 

152 

130 

1400 

5 

15 

475 

235 

130 

155 

Client 3 

Client 3 

Client 3 

Client 3 

192.168.10.3 

192.168.10.3 

192.168.10.3 

192.168.10.3 

Server 

Server 

Server 

Server 

192.168.10.10 

192.168.10.10 

192.168.10.10 

192.168.10.10 

342 

43 

9 

12 

351 

1523 

231 

521 

350 

50 

10 

15 

350 

1550 

235 

525 

Figure 9: Network Statistics resulted from running the Sample Application. 

 

* CONCLUSION AND FUTURE WORK 

The network resources of Windows NT platform can be used to model each network element, 

where they can be based on some of the network architecture functionality of Windows. 
 

The modeling of end-systems, like clients and servers, can be based on creating a network resource 

by adding virtual network adapters, so that Windows network architecture would assign a set of 

protocol layers on top of each virtual network adapter, which would lead to an accessible network 

resource representing either a client or a server. 
 

The modeling of intermediate-systems, like hubs and routers, can be based on assigning 

connections’ lists and routing tables that would be used in packet filters within the protocol layers 
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in the Windows network architecture, so that each connection’s list would represent a hub, and each 

routing table would represent a router. 
 

It was found that using timed events table for events management is the best way to make user 

defined simulation events, where the user is free to set any type of events to occur at a specific time 

during simulation run, these types of events can take the form of: server crash, router failure, or link 

sudden disconnection. Those user-generated events would help in measuring the degree of 

interaction between network nodes, and explore the vulnerable points in network application 

development in order to avoid them. 
 

The proposed network simulator has the potential to continue the research in the following topics of 

network simulation: 

 Use of Mux intermediate driver to model the end-system network components instead of 

Microsoft loopback adapter, and modify the driver source code to support more user 

interaction in its operation, like embedding the routing and hub connections within the Mux 

driver. 

 Develop new virtual drivers that would model wireless LANs, and ATM NICs, that could be 

used to expand the criterion of protocols the network simulator would support and simulate. 

 Develop the application layer of the simulator to support more functionality regarding the 

scenario generation of events and time management functions, also to provide sniffing and 

more advanced performance counters and measures to be useful in the analysis of the 

simulated network. 

 

 

 

 

REFERENCES 

 [BEF00] Lee Breslau, Deborah Estrin, Kevin Fall, and Sally Floyed, “Advances in 

Network Simulation”, IEEE Computer, Vol. 33, No. 5, p. 5967, 

http://citeseer.ist.psu.edu/bresl au00advances.htm, 2000. 

 

 [BHH99] Sandeep Bajaj, Padma Haldar, Mark Handley, and Ahmed Helmy, 

“Improving Simulation for Network Research”, Technical Report 99-702, University of 

Southern California, Los Angeles, http://citeseer.ist.psu.edu/bajaj99improving.html, March 

1999. 

 

 [Jes04] Jesús O.,“An Adventure: How to Implement a Firewall-Hook Driver”, Code Project, 

Article available at: http://www.codeproject.com/internet/FwHookDrv.asp?df=100& 

forumid=121826&exp=0&select= 960283, 2004. 

 

 [Jim98] Duffy Jim, “Simulation Tools are as Varied as LANS They Model”, Article 

available at: 

http://www.findarticles.com/p/articles/mi_qa3649/is_199802/ai_n8790436.html, 1998. 

 

 [Mic01a] Microsoft Corporation, Microsoft Windows XP Driver Development Kit, 

"Network Drivers", 2001. 

 

 [Mic01b] Microsoft Corporation, Microsoft Development Network, Windows NT 

Workstation 4.0 Resource Kit, "Kernel Mode and User Mode", April 2001. 

 

http://citeseer.ist.psu.edu/bresl%20au00advances.htm
http://citeseer.ist.psu.edu/bajaj99improving.html
http://www.codeproject.com/internet/
http://www.findarticles.com/p/articles/mi_qa3649/


H. M. Ali                                                                                                         Development Of A Lan Simulation Tool  

N.Ezzat                                                                                                             Based On Windows Environment 

W.F. Kadhim 

 

 4377 

 [TWA02] Adrian Turtschi, Jason Werry, Joseph Albahari, and Greg Hack, “C#.Net 

Web Developer’s Guide”, Syngress Publishing, Inc., 2002. 

 

ABBREVIATIONS 

ATM  Asynchronous Transfer Mode 

CIM  Common Information Model 

DLL  Dynamic Linked Library 

DNS  Domain Name Service 

ISO  International Standards Organization 

LAN  Local Area Networks 

NDIS  Network Driver Interface Specification 

NIC  Network Interface Card 

OSI  Open Systems Interconnection 

TCP/IP Transmission Control Protocol/Internetwork Protocol 

WAN  Wide Area Networks 

WBEM Web-Based Enterprise Management 

WMI  Windows Management Instrumentation 



Journal of Engineering Volume   15  December  2009       Number  4 
 

 

 4378 

 

 

 

 

 

 

 

EFFECT OF ZRO2 , WO3 ADDITIVES ON CATALYTIC 
PERFORMANCE OF PT/HY ZEOLITE COMPARED WITH PT/Γ-

AL2O3 FOR IRAQI NAPHTHA TRANSFORMATION 
 

Maha Al-Hassany 

Asst. lecturer/ Chemical Engineering Department/  
College of Engineering/ University of Baghdad 

 

ABSTRACT 

Light naphtha treatment was achieved over 0.3wt%Pt loaded-alumina, HY-zeolite 

and Zr/W/HY-zeolite catalysts at temperature rang of 240-370°C, hydrogen to 
hydrocarbon mole ratio of 1-4 0.75-3 wt/wt/hr,  liquid hourly space velocity (LHSV) and at 

atmospheric pressure. 

 The hydroconversion of light naphtha over Pt loaded catalyst shows two main 
reactions; hydrocracking and hydroisomerization reactions. The catalytic conversion of a 

light naphtha is greatly influenced by reaction temperature, LHSV, and catalyst function. 
Naphtha transformation (hyroisomerization, cracking and aromatization) increases with 
decreasing LHSV and increasing temperature except hydroisomerization activity increases 

with increasing of temperature till 300°C then began to decrease due to the formation of 
hydrocracking reaction. The investigation of Pt containing catalysts under study shows a 

very high hydrogenlysis activity , due to presence of metal component (i.e. Zr, W) which 
enhances the rate of paraffin isomerization and cracking.The hyroisomerization and the 
hydrocraking activities can be arranged as follows,. 

Pt/Zr/W/HY > Pt/HY > Pt/γ-Al2O3 

The results showed that, Pt/γ-Al2O3 has higher activity for the direct 
dehydrogenation of C6 and C7 paraffin's present in naphtha to aromatics than Pt/HY and 
Pt/Zr/W/HY. This was due to pore volume catalyst ,the aromatics compounds increased as 

the pore volume increased. 

 

 الخلاصة 

ن المحمل بالزيولايت و مقارنته في هذا البحث تم دراسة تأثير إضافة الزركونيوم و التانكستن على حفاز البلاتي
تانكستن محملة على زيولايت و بلاتين ,زركونيوم ,درس تحول النفثا على حفازات محتوية على بلاتين  بالالومينا للنفثا

و نسبة   0-2770درجة مؤية و معدلات سرع فراغية  072-042محمل على الالومينا بين درجات حرارة من 
وجد ان هناك تفاعلين أساسيين لتحولات النفثا و هي التكسير و الأزمرة و  7نسبة مولية  4-1الهيدروجين الى النفثا من 

اظهرت النتائج ان تحول النفثا يزداد بقلة السرع    7 التي بدورها تتاثر بدورها بدرجة الحرارة و السرع الفراغية
الهكسان العادييان الى المتشابهات الاكثر تشبعا الفراغية و زيادة درجة الحرارة وجد إن تحولات المركبات مثل البنتان  

درجة مؤية ثم تبدا هذه التحولات بالنقصان بسبب تاثير تحولات التكسير و قد  022تزداد بزيادة درجة الحرارة لحد 

زركونيوم ,وجدت برافينات الهكسان و الهبتان صعوبة في التحول الى مركبات عطرية بواسطة حفاز البلاتين 
المحمل على زيولايت اذا ما قورن بالحفاز بلاتين محمل على الومينا و ذلك بسبب حجم المسام حيث ان تانكستن ,

 المركبات 

7الارماتية تزداد بزيادة حجم المسام  
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INTRODUCTION 

Octane number in gasoline is conventionally boosted by addition of aromatics and 

oxygenated compounds. However, as a result of increasingly stringent environmental 
legislation the content of these compounds in gasoline is to be reduced and thus industry 
has been forced to investigate alternative processes to reach the required octane levels 

(Rafael et al., 2008). 
The gasoline pool composition affect it research octane number (RON). To 

increase the octane number of the light straight run naphtha, it must be isomerized and as a 
result RON increases. This increase is achieved by isomerizing n-pentane and n-hexane 
(the main component of (LSR) naphtha) to the corresponding isomers. (Srikant, 2003).  

Isomerization reaction are commercially performed using bifunctional catalyst 
consisting of a metal support like alumina or HY zeolite. (Gauw et al., 2002). Bifunctional 

metal/acid zeolite catalysts are used in a various industrial process, viz., 
hydroisomerization of C5-C6 alkanes, hyrocracking, dewaxing etc. On these catalysts the 
alkanes transformation involves hydrogenation and dehydrogenation steps on the metallic 

sites, isomerization or cracking step on the acid sites and diffusion steps of the oleffinic 
intermediates from the acid to metallic sites and vice versa. That is why their activity, 

stability and selectivity depend on the characteristics of the acid and o f the metallic sites, 
in particular on the balance between the acid and the hydrogenation functions, and on the 
characteristics of the zeolite pores (Alvarez, et al., 1996; Ward, 1999).  

Many authours such as (Jeong et al., 1997 and Lawlor et al., 1998) show that, the 
maximum isomer yield is reached when the metal and acidic functions of the catalysts 
were balanced. Also show that Pt/HY has good activity and selectivity for naphtha 

isomerization at high reaction temperature. Therefore, tha main aim of the present work is 
to study the enhancement of catalytic performance by co- impregnation with Zr and W 

using 0.3wt%Pt/HY zeolite catalyst in order to obtain a maximum isomerization yield.  

 
EXPERIMENTAL  

 Catalyst preparation  In this study three types of catalysts were used, and these 
catalysts are as follows: 

 HY-zeolite (CBV 600) catalyst powder was supplied from zeolyst International 

Company and used as support for catalyst preparation.  

 100 gm of HY-zeolite powder was mixed with 30% montmorillonite clay as a 

binder. The resulting mixture was mixed with water to form a paste. An extrudates 

with 0.3cm×0.5cm were formulated and dried overnight at 100°C, then 

0.3wt%Pt/HY zeolite was prepared by impregnation method with proper solution 

of hexachloropatinic acid containing of 0.1590 gm of hexachloropatinic acid and 8 

ml deionized water for 20 gm catalyst . The impregnated extrudates were then dried 

at 110°C overnight then calcinated at 300°C for 3 hours in a furnace with dry air.  

 WO3/ZrO2/Pt/HY catalyst was prepared by co- impregnation with proper solution of 

ammonium meta tungsten (Sigma Aldrich) and zirconium tetra chloride (BDH) and 

deionized water containing of 0.3880 gm zirconium tetra chloride and 0.8615 gm 

ammonium meta tungsten and deionized water till the volum of solution equal to 

pore volume of 40 gm (i.e.32 ml) of Pt/HY zeolite. The impregnated extrudates 

were then dried at 110°C overnight and calcinated at 700°C for 2 hours in a furnace 

with air. 
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 Pt/-Al2O3: commercial Pt/-Al2O3 supplied form Al- Dura refinery with surface 

area of 204 m2/g, pore volume of 0.45 ml/g and density of 0.62 g/cm3 was used as a 

support. 

FEEDSTOCK 

The feedstock used in hydroisomerization runs was light straight run (LSR) 

naphtha supplied from Dura rifinery and its properties listed in Table (1).  

 
Table (1) Properties of LSR naphtha.  

Composition Wt% 

i-C4 1.5 
n-C4 3.8 

i-C5 4.9 

n-C5 4.7 

i-C6 8.5 

n-C6 41.6 

Cyclo-C6 5.7 
i-C7 4.9 

n-C7 5.8 

Cyclo-C7 8.7 

n-C8 3.2 

Benzene 2.9 

Toluene 3.8 
  

API Sp. Gr. @ 

60°/60°F 
74.8 

 
   Some properties of prepared catalyst, and support are tabulated in Table (2).  

 

Table (2): Properties of prepared catalysts . 

Catalyst 0.3wt%Pt/-Al2O3 
0.3wt%Pt/HY 

zeolite 

0.3wt%Pt/Zr/W/HY 

zeolite 

Surface are, m2 /g 207 435.6 415.8 

Bulk density, 
g/cm3 

0.62 0.466 0.488 

Pore volume, 

cm3/g 
0.45 0.374 0.308 

 

CATALYTIC ACTIVITY TEST 

The catalytic activity test was achieved in a continuous down flow fixed-bed 
reactor. The reactor was carbon steel tube with an outside diameter of 1.9 cm, 2mm thick 

and 80 cm long.Fig.1 shows the process flow diagram. The platinum containing catalysts 
were reduced with H2 at 350°C for 3 hr (Masologites and George, 1987 and Jan-Ku, et al., 

1988).   
The catalytic reaction were carried out with LHSV of 1-4 h-1, at temperature range 

of (240-370°C), hydrogen to feed mole ratio of 1-4 and at atmospheric pressure. Liquid 
products were trapped by condenser at -10°C. Sample were collected periodically and 

analyzed by gas chromatography. The gas chromatography model 438 Aa-VSA, supplied 
by Agilent Technologies Company. This devised equipped with capillary column of 

0.25mm diameter, 100m length and packed with CP-SIL-SCB and FID detector. 
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RESULTS AND DISCUSSION 

 In the present work ,the hydroconversion of light naphtha feedstock on the catalyst 
shows two essential reactions; hydrocracking and hydroisomerization. Other reactions, 
such as cyclization and aromatization were significantly different with all three cata lysts. 

Cracking activity  

The results shown in Figs 2-5 that a certain amount of cracking products with the 
amount formation of C1-C4 were obtained between 240-350°C reaction temperature and 

LHSV of 0.75-3 h-1. It can be clearly show that the amount formation of C1-C4 products are 

the lowest for Pt/-Al2O3 and highest for Zr/W/Pt/HY zeolite, throughout all experiments. 

The cracking yields are increased by increasing temperature and decreasing LHSV for all 

catalysts but are still the lower for Pt/-Al2O3 therefore; the cracking activity sequence can 

be arranged as follows:  

Zr/W/Pt/HY > Pt/HY > Pt/γ-Al2O3 

         The increasing of transformation of naphtha on Zr/W/Pt/HY may be due to slightly 

enhancement of acid sites. According to Table 2, the pore volume of Zr/W/Pt/HY is lower 
than other catalysts. A decreases in a pore volume leads to increasing in ∆Hads. An increase 
in ∆Hads indicates of increasing of surface coverage, resulting in an increase in the number 

of molecules available for reation. Such explication are agree with Eder et al., 1997.   

       The results indicate that the low LHSV is favored for high conversion of nap htha, this 

means that increasing the residence time, which offer a plenty of contact time of feedstock 
to react on the catalyst (Jolly et al., 1999).  

        The change in the number and the strength of acid sites on Zr/W/Pt/HY is directly 

affects the state of the metal sites (Yan Liu et al., 2006). The combination of these two 
parameters influences the cracking activity due to the presence of metal component which 
enhance the rate of paraffin isomerization and cracking; paraffin can be dehydrogenated on 

a metal site and the resultant alkenes are much easier crack or isomerized depending on the 
acid strength of the catalysts.  

 

 
           

Fig.2, The effect of temperature on hydrocracking product  at LHSV=0.75 h-1. 
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Fig.3, The effect of temperature on hydrocracking product  at LHSV=1 h-1. 

 

 

 
              

Fig.4, The effect of temperature on hydrocracking product  at LHSV=2 h-1. 
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Fig.5, The effect of temperature on hydrocracking product at LHSV=3 h-1. 

 
HYDROISOMERIZATION ACTIVITY  

 The hydroisomerization of light naphtha over Pt loaded catalyst types is influenced 

by the LHSV, reaction temperature and the support base, as shown in Figs.6-9. All results 
indicate that, the low LHSV is favored for hydroisomerization of naphtha as discussed 
previously. Also the results show a remarkable rise in an isomerization activity, for all the 

tested catalyst and as the temperature raises till 300°C, and then isomerization activity 
began to decrease due to the cracking activity.  

 Since isomerization reaction is slightly exothermic, a low temperature favors the 
production of light naphtha isomers with high octane level. The data illustrated in a Table 2 
and Figs. 6-9 indicate that Pt/ Zr/W/ HY zeolite produced the highest light naphtha 

isoparaffins through the temperature range 240-370°C as a compared to the other catalysts.  

 It is will known that HY zeolite has much stronger acidity than amorphous alumina, 

by the fact that the production of carbenium ion is energetically favored over that of 
carbonium ions. At higher temperature, i.e. above 300°C, the formation of carbonium is 
much faster than the carbenium ion and lead to the formation cracked product at the 

dehydrogenated site. That due to the fact of cracking reaction are endothermic, so a high 
temperature favors the production of cracked hydrocarbon (Gluseppe et al.,1986).  

 At a high temperature operation (>300°C) and from analogy to liquid phase, super 
acid chemistry, the monomolecular or protolytic cracking mechanism was originally 
proposed to proceed through a non-classical, penta-coordinated carbonium ion resulting 

from the proton attack of C-C or C-H bonds. Recent compulational and experimental of 
studies have suggested a distorted, strongly surface-coordinated transition state as opposed 

to a stable, carbonium ion intermediate. This perhaps explains why carbonium ions have 
not been directly observed in a zeolite. Monomolecular cracking become important under 
the limiting conditions of very low alkene coverage which implies high temperature, low 

partial pressure and low conversion of naphtha.   (Hello et al., 2002) and (Willimas et al., 
2000). 
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Fig.6, Isomers yield versus reaction temperature at LHSV=0.75 h-1. 

 

 
                   

 

Fig.7, Isomers yield versus reaction temperature at LHSV=1 h-1. 
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Fig.8, Isomers yield versus reaction temperature at LHSV=2 h-1. 

 

 
                  

Fig.9, Isomers yield versus reaction temperature at LHSV=3 h-1. 

 

HYDROCYCLIZATION AND AROMATIZATION ACTIVITIES  

 It is well known that Pt/γ-Al2O3 has higher activity for the direct dehydrogenation 

of naphthenes to benzene than Pt/HY catalyst as shown in the figs 10-17. The production 
of benzene by the enlargement of C5 cyclic ring to a C6 cyclic ring.  

 The kinetic diameter of hexane is 4.8 Å, with an increase of about 0.7 Å for every 
additional increase in branch length, the kinetic diameters of benzene and cyclohexane are 
6.75 and 6.9 Å respectively (Jan Ku et al., 1988). The fact that the hydrocarbons have a 

kinetic diameter greater than half the effective pore diameter of Zr/W/Pt/HY and Pt/HY as 
shown in Table 2 implies that any strongly adsorbed C6  would create a barrier to diffusion 

of other C6 .Thus strongly adsorbed C6 cyclic can induce resistance to the mass transfer of 
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a n-hexane to the pore interior, resulting in an induced pore blockage. With the 
Zr/W/Pt/HY and Pt/HY zeolite catalysts, an initial increase in a catalyst activity can be 

observed after 3 hours reaction, the activity is very stable (are practically identical before 
and after the various changes in operating conditions). While the Pt/γ-Al2O3 bed appears 
white at the inlet and increasingly dark colored, indicating coke formations, toward the 

reactor exit. 

        It was found that Zr/W/Pt/HY and Pt/HY stimulate to a much higher extent than Pt/γ-

Al2O3, the skeletal isomerization reaction of C5/C6 and in a lower extent the production of 
benzene by enlargement of C5 cyclic ring to a C6 cyclic ring. In contrast, Pt/γ-Al2O3 
enhances to a greater extent the direct dehydrogenation of C6 to benzene than the other 

catalysts (Mohamed and Ahmed, 2004),  

 
 

Fig.10, Percent of hydrocyclization products versus reaction temperature at  

LHSV=0.75 h-1. 

 
 

Fig.11, Percent of hydrocyclization products versus reaction temperature at LHSV=1 h-1. 
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Fig.12, Percent of hydrocyclization products versus reaction temperature at LHSV=2 h-1. 

 

 

 

 
 

 

Fig.13, Percent of hydrocyclization products versus reaction temperature at LHSV=3 h-1. 
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Fig.14, Percent of aromatics versus reaction temperature at LHSV=0.75 h-1. 

 

 

 

 
 

 

Fig.15, Percent of aromatics products versus reaction temperature at LHSV=1 h-1. 
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Fig.16, Percent of aromatics products versus reaction temperature at LHSV=2 h-1. 

 

 
 

Fig.17, Percent of aromatics products versus reaction temperature at LHSV=3 h-1. 

 
CONCLUSION  

        It is found that Pt/Zr/W/HY is the best catalyst for producing isoparffines due to its 
higher acidity compared with Pt/HY and Pt/ γ-Al2O3 .The Pt/Zr/W/HY catalyst showed 

lower activity for aromatization of naphtha to cyclopareffins and benzene selectivity than 
Pt/HY and Pt/ γ-Al2O3 due to their pore volume.  

       A smaller pore volume leads to lower aromatization activity and higher isomerization 

and cracking activity. 

       The maximum isoparaffins extent was achieved and reached 78% at 300°C and  LHSV 

of 0.75 hr-1 on Pt/Zr/HY and aromatics extent was reached 10% at  370°C and LHSV of 
0.75 hr-1  on Pt/ γ-Al2O3. 
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ABSTRACT 

     In this paper an investigation has been made into the effect of residual stresses on the vibration 

characteristics of a thin rectangular stainless steel plate with multi- line spot welded stiffeners. A new general 
frequency equation with and without the effect of residual stresses due to multi- line spot welding along the 

length and width of the plate for different boundary conditions were obtained. The results give that the free 
ends tries to increase the natural frequencies while the clamped edges try to decrease the natural frequencies; 
also the central position weld line has the great influence on the natural frequenc ies.  

 
 الخلاصة

ائص الاهتزازات بالنسبة الى الصفائح دراسة تأثير الاجهادات المتبقية نتيجة اللحام النقطي لعدة خطوط عموديه وافقية على خص تم في هذا البحث
بوجود وعدم وجود تأثير الاجهادات المتبقية لعدد من خطوط اللحام  ةالطبيعي اتلترددل جديدة تم اشتقاق معادلات. الرقيقة المقواة والمقاومة للصدأ

ان النهايات الحرة ديث أظهرت النتائج . المختلفةتجا  الطولي والعريي للصفائح الرقيقة المقواة لبع  الحالات اات ددود التببي  الأالنقطي ب

ان قيمة الاجهادات " أيافة, تعمل على زيادة الترددات الطبيعيةعلى العكس من النهايات المقيدة والتي تعمل على التقليل من الترددات الطبيعية
 .له التأثير الكبير على الترددات الطبيعية للحاماالمتبقية وموقع خط 

 
KEYWORDS 
 Spot welding, Residual stresses, Vibration, Stiffened plate, Rectangular plate 

 
INTRODUCTION. 

The wide use of stiffened structural element in engineering began mainly with the application of steel 
plates for hulls of ships, steel bridges and aircraft structures. The stiffening usually has a small part of the total 
weight of the structure, substantially influence their strength and performance under different load conditions. 

Recently, Guo 2002, Jung 2002, and Nacy, 2002, studied the free vibration analysis of stiffened plates and 
shells, it was found that the stiffeners shape its distributions have a great effect on the natural frequencies and 

mode shapes of the plate. 
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On the other hand, residual stresses are induced at each stage of the life cycle in most engineering 
component, from original material production to final disposal. Residual stresses are created by welding, 
forging, casting, rolling, machining, surface treatment, heat treatment etc. 

Resistance spot welding is a process used for joining faying surfaces. Major advantages of resistance spot 
welding are high speed and suitability for automation. Many researches have been published regarding joining 

strength and residual stresses of spot welds, Berglund 2002, Bae 2003, and Xin 2005. Faiz 2006, studied the 
effect of spot distributions and residual stresses induced from spot welding, on the vibration characteristics of 
plates with one array of spot welded stiffeners on the longitudinal centerline of thin rectangular plate. 

Theoretical method based on the theory of bending of thin plate was used to obtain the governing differential 
equation; expressions of the exact frequency equation were derived. Finite element modeling was adopted to 

predict the tendom force produced due spot welding, finding the natura l frequencies and mode shapes. 
 
 

- VIBRATION ANALYSIS OF THE ORTHOTROPIC PLATES.  

Due to the existence of stiffeners, the fundamental equation for small deflection theory of bending of thin 

plates is used to give the details of the theoretical analysis of residual stresses that result from welding and its 
effect on the natural frequencies and mode shapes. The governing differential equation of deflection for an 

orthotropic plates, subjected to a force ( xN  per unite length) acting on the edges of the orthotropic plate, 

Timoshenko 1961, can be written as 
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Where xyxy GDH 2  and xyxyyx GDDD ,,,  represents the flexural and torsional rigidities of an orthotropic 

plate respectively.  
The strain energy stored in a plate element, Golf 1976, Fig. 1. is the sum of the work done by the bending 

moments, dyM x  and dxM y  and by the twisting moment dyM xy and dxM xy , neglecting the work done by the 

shearing forces and by any stretching of the middle plane of the plate.  
 

The work done by the bending moments is 
  

½ * moment * angle between the sides of the element after bending.  
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The negative singe occurs because a sagging downwards curvature (positive) has a decreasing slope as x  

increases. The energy stored due to bending )( bdU  is therefore given by: 
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The relative rotation of the element faces due to twist are dx
yx

w



 2

 and dy
yx

w



 2

  

 

since dyM xy  and   dxM yx  are the twisting moments, and yxxy MM   the same amount of energy is stored by 

both couples. Then, total energy due to twisting )( tdU  is given by: 

 

dxdy
yx

w
MdU xyt
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


2

                                                                                             (3) 

 

Substituting the expressions for the moments and adding )( bdU and )( tdU  to produce the total energy stored 

in an element )(dU , we get: 
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This function is composed of the following elements: 
 

½*(x-direction bending moments*rotation); 
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The strain energy stored in a complete plate is obtained by integration eq. (4) over the surface. 
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The maximum kinetic energy of the element, Len 1989, is: 
 

     yxwhT  2

2

1                                                                                                 (6) 

 
 of the plate my be deduced from the energy balance. Than the angular frequency, Golf 1976: 

 

       dTdU                                                                                                              (7) 
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   - RESIDUAL STRESS ANALYSIS. 

        
It is assumed in the following analysis that any cross-section (x and y = constant), the plate is under 

longitudinal compression distribution uniformly a cross the breadth of the plate, with the equilibrating tension 

concentrated on the line of spot welding at )( yiry  , for each line of welding across the length of the plate. 

Also, the plate under longitudinal compression distributed uniformly a cross the width of the plate, with the 

equilibrating tension concentrated on the line of welding at and deflection )( xirx   , for each line of spot 

welding across the width of the plate Fig. 2. 
The component of maximum strain energy of the element due to the mid-plane forces, Timoshenko 1961,  Fig. 

1, is: 
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The strain energy due to the mid-plane forces may therefore be written, by eq. (8) as 
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In this case xiN  and yiN  is a negative constant, Golf, 1976. In the case of the mechanical system shown in 

Fig. 3. The total strain energy and kinetic energy are: 

 
 

       
 


































a

a

b

b

yxyxyx dxdy
y

w
D

yx

w
G

y

w

x

w
D

x

w
DU 2

2

2
2

2

2

2

2

2
2

2

2

)()(4)(2)(
2

1
 

 





























   
   



n

i

a

a

b

b

a

a

ryxi dx
x

w
bdxdy

x

w
N

yi

1

22 )()(
2

1
   
   






























n

i

a

a

b

b

b

b

rxyi dy
y

w
adxdy

y

w
N

xi

1

22 )()(
2

1
        (10)                                                   

 

 
 



a

a

b

b

dxdywhT 2

2

1                                                                                             (11) 

 
Then eq. (7) can be written as: 
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 In general the form of w   is not know. However, if assumed form, normally chosen to satisfy the 

boundary conditions, is substituted in eq. (10). The displacement function ),,( tyxw  is approximated by means 

of the expansion, Kaldas 1981: 

 


ij

jiij yYxXCttyxwtyxw )()(sinsin),(),,(                                                 (13) 

Let the plate be placed in a coordinate system with the origin at its center and the edge (a) is parallel to X-axis 
and the edge (b) is parallel to Y-axis. 
       Table. 1. shows expressions of the displacement functions for different boundary conditions having one 

free edge. Substituting each expression separately in eq. (12), integrating over the given domains, applying 
boundary conditions and rearranging terms to obtain the final form of the frequency equation as listed below,  
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                                                                                                                                       (14) 
 

where 987654321987654321321 ,,,,,,,,,,,,,,,,,,,, BBBBBBBBBAAAAAAAAACCC  and K  are constants 

depending on the boundary conditions as tabulated in Table. 2. 
       

For the stress free condition (no residual stresses 0 yixi NN ), then eq. (14) reduced to: 
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      If 0,1  yixi rri , this meaning the lines of welding along the length and width of the plate are at the 

center, and all constant in Table. 2, will be zero excepts ,,,,, 11321 BACCC and k .  

 

-  RESULTS AND DISCUSSIONS. 

        An easy procedure was used in this paper to predict the effect of residual stresses due to multi- line of 
welding along the length and width of a spot welded stiffened plate on the natural frequency. A stainless steel 

plate of dimensions (120*100*0.6 mm) and a stiffener of (120*20*0.6 mm) were connected by spot welding. 
The plate and stiffener were assumed of the material with (E=207*103 N/mm^2 , G=80*103 N/mm^2 and 

3.0 ) . In this study three different boundary conditions with one edge is free were discussed (C.C.C.F., 
C.C.S.F. and S.C.S.F.). 

        Fig. 4,5 and 6. shows the variation of the fundamental frequencies with welds self-equilibrating stresses 
on the longitudinal and perpendicular center lines in a thin stiffened rectangular plate with edge s C.C.C.F. . As 

shown in Fig. 3, the mid-plane forces NX exist at any position along the width of the stiffener will decrease the 
natural frequency by a percent of ( 21.5% max.) beyond that of free-stress. The frequency change may be 
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understood in terms of energy. For given amplitude of vibration the variation of strain energy in a cycle, 
largely due to the basic flexural and torsional stiffness of the plate is modified through the work done by the in-
plane stresses under mid-plane extension. In the present case the in-plane stresses reduce the total exchange 

between potential and kinetic energy, and a reduction in frequency therefore follows. On the other, hand the 
mid-plane forces Ny exist along the length of the plate will increase the natural frequency by a percent of 

(33.3% max) beyond that of free stress except at the edges in which the natural frequency will decrease beyond 
that of free stress case. This discussion may be valid also to other cases of boundaries (i.e C.C.S.F. and 
S.C.S.F. ) as shown in Fig. 7,8,9,10,,11 and 12, these results gives a good agreement with the analytical results 

obtained by Dickinson, 1978, without including the residual stress and Golf, 1976, Al-Ammir, 2004, with 
including the residual stresses.  

         Fig. 5,8 and 11, shows that the position of spot weld line have a great influence on the natural 
frequencies when it lays parallel to the clamped edge and it have a little influence a long the free edge parallel 
to the length of the plate. The changing of residual stress have a significant effect on the magnitude of natural 

frequency, It is clear that the natural frequency decreased with increasing the magnitude of residual stress 
spatially near the clamped edge and less pronounced near the free edge as shown in Fig. 13,15 and 17. On the 

other hand Fig. 6,9 and 12, indicate that the central position spot weld line increased the natural frequency 
while the natural frequency decreased when it lays near the edges along the width of the plate.  
         Fig. 14,16 and 18, gives the effect of magnitude of residual stresses on the natural frequency along the 

width of the plate, it clear that the natural frequency increased with increasing the magnitude of residual 
stresses when the spot weld line lays at the middle of plate and decreased with increasing of residual stresses at 

the two edges of the plate with a little different for case 2 as shown in Fig. 16, which have an identical edges 
along the width of the plate.         
 

CONCLUSIONS 

         An important conclusion is that the boundary condition and amount of residual stresses have important 

factors and significant influence on the natural frequency, the free ends tries to increase the natural frequency 
while the clamped edges try to decrease the natural frequency, this is so clear in Fig. 5,8 and 11, therefore in 
case of C.C.C.F. spot welded plate the free end increased the natural frequency by a percent of 48.39% max., 

while in case of C.C.S.F. spot welded  plate by a percent of 29.05%max., and in case of S.C.S.F. spot welded  
plate by a percent of 24.28%max.. Also the results give an indication that the central position weld line has the 

great influence on the natural frequency and this is shown well in Fig. 6,9 and 12, so, in case of C.C.C.F. spot 
welded plate the increase was 48.91% max., while in case of C.C.S.F. spot welded  plate by a percent of 
35.94%max., and in case of S.C.S.F. spot welded  plate by a percent of 26.37%max .  
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SYMBOLS: 

a, b              Plate side length (mm)  
D                 Flexural rigidity of an isotropic plate (N.mm) 

Dx,Dy         Flexural rigidity of an orthotropic plate in x and y directions  
Dxy             Torsional rigidity of an isotropic plate   

G                 Shear modulus of isotropic material (N/mm^2) 
Gxy             Shear modulus of orthotrpic material 
H                 Enthalpy of material (W.S.C/mm^3) 

h                  Plate thickness (mm) 
Mx,My       Bending moment in x,y direction (N.mm) 

Mxy            Twisting moment (N.mm)  
Nx, Ny        Edge forces per unit distance (N/mm)  

yixi rr ,           Welding position along the x and y-axis (mm) 

T                  Kinetic energy of the element (W)         
 t                  Time (sec) 

U                 Strain energy stored in complete plate (W) 
Ub               Strain energy stored due to bending (W) 
Ut                Strain energy stored due to twisting (W) 

Ur               Strain energy stored due to concentrated force (W) 
u, v, w         Displacement components in x,y,z directions 

x, y, z          Cartesian coordinates 
C-C-C-F     Clamped-Clamped-Clamped- Free 
C-C-S-F      Clamped-Clamped-Simply- Free 

S-C-S-F       Simply-Clamped-Simply-Free 

             Mass density (Kg/mm^3) 

            Angular frequency (rad/S) 

 
 

Fig. (1) Thin plate in Bending 
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Fig.(2) Plane Loading of a Stiffened Plate.  
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Table 1 Displacement functions 
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Table 2 Values of the constants C1 , C2 , ……,K 

 
Constant C-C-C-F C-C-S-F S-C-S-F 

C1 1 1 1 

C2 69.312/504 64.77/238.73 56.24/97.54 

C3 32.358/504 32.358/238.73 32.358/97.54 

A1 163428/10253 2941704/194807 4167414/317843 

A2 -1028160/10253 -18506880/194807 -26218080/317843 

A3 -2134080/10253 -2021760/10253 -54419040/317843 

A4 -864000/10253 -15552000/194807 -22032000/317843 

A5 1330560/10253 23950080/194807 33929280/317843 

A6 -138240/10253 -2488320/194807 -3525120/317843 

A7 -967680/10253 -17418240/194807 -24675840/317843 

A8 552960/10253 9953280/194807 14100480/317843 

A9 -138240/10253 -2488320/194807 -3525120/317843 

B1 -1211760/71771 -16899840/1363649 -25317360/2224901 

B2 0 -9331200/194807 0 

B3 4665600/10253 51321600/194807 69984000/317843 

B4 0 9331200/194807 0 

B5 -27993600/10253 -205286400/194807 -214617600/317843 

B6 0 -298598400/194807 0 

B7 74649600/10253 373248000/194807 223948800/317843 

B8 0 298598400/194807 0 

B9 -74649600/10253 -298598400/194807 -74649600/317843 

K 1/504 1/238.73 1/97.54 
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Case one: C.C.C.F. 
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Fig.(4) Fundamental Frequency due to the Self-Equilibrating Stresses at the Longitudinal and Perpendicular 

Centerlines of a C.C.C.F.  
Stiffened Plate 
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Fig.(5) Fundamental Frequencies of C.C.C.F. Stiffened                                        Fig.(6) Fundamental Frequencies of C.C.C.F. Stiffened                  

plate due to the Longitudinal Self-Equilibrating Stresses                                     plate due to the Perpendicular Self-Equilibrating Stresses 
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Case two: C.C.S.F. 
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Fig.(7) Fundamental Frequency due to the Self-Equilibrating Stresses at the Longitudinal and Perpendicular 

Centerlines of a C.C.S.F. 
Stiffened Plate 
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Fig.(8) Fundamental Frequencies of C.C.S.F. Stiffened                                        Fig.(9) Fundamental Frequencies of C.C.S.F. Stiffened                  

plate due to the Longitudinal Self-Equilibrating Stresses                                     plate due to the Perpendicular Self-Equilibrating Stresses 
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Case three: S.C.S.F. 
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Fig.(10) Fundamental Frequency due to the Self-Equilibrating Stresses at the Longitudinal and Perpendicular 

Centerlines of a S.C.S.F. 
Stiffened Plate 
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Fig.(11) Fundamental Frequencies of S.C.S.F. Stiffened                                        Fig.(12) Fundamental Frequencies of S.C.S.F. Stiffened                  

plate due to the Longitudinal Self-Equilibrating Stresses                                     plate due to the Perpendicular Self-Equilibrating Stresses 
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-10 -5 5 10

300

320

340

360

380

400

              
-60 -40 -20 20 40 60

350

375

400

425

450

475

 
                                             ry(mm)                                                                                                                    rx(mm) 
Fig.(15) Fundamental Frequencies of C.C.S.F. Stiffened                                      Fig.(16) Fundamental Frequencies of C.C.S.F. Stiffened   
plate due to the Longitudinal Self-Equilibrating Stresses                                    plate due to the Longitudinal Self-Equilibrating Stresses  

Frequency (Hz) 
Frequency (Hz) 

NX=0 
NX=1000 
NX=2000 
NX=5000 

NX=10000 
 

NY=0 
NY=1000 

NY=2000 
NY=5000 
NY=10000 
 

Frequency (Hz) NX=0 

NX=1000 
NX=2000 
NX=5000 
NX=10000 

 

NY=0 
NY=1000 

NY=2000 
NY=5000 
NY=10000 
 

Frequency (Hz) 



F. F. Mustafa                                                                                                              The Effect of Self-Equilibrating Stresses Due to  

K. N. Salloomi                                                                                                            Mult i-Line Spot Welded Stiffeners on the 

S.M. Saliman                                                                                                              Natural Frequencies of Plate 

 

 4408 

 

-10 -5 5 10

320

340

360

380

              -60 -40 -20 20 40 60

360

380

400

420

440

 
                                             ry(mm)                                                                                                                    rx(mm) 
Fig.(17) Fundamental Frequencies of S.C.S.F. Stiffened                                      Fig.(18) Fundamental Frequencies of S.C.S.F. Stiffened   
plate due to the Longitudinal Self-Equilibrating Stresses                                    plate due to the Longitudinal Self-Equilibrating Stresses  
 



Journal of Engineering Volume   15  December  2009       Number  4 
 

 

 0044 

 

 

 

 

 

 

SOME PROPERTIES OF HIGH PERFORMANCE 

CARBON FIBRES CEMENT COMPOSITES 
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ABSTRACT 

The paper presents properties of high performance concrete reinforced with relatively 
high percentage of choped carbon fibers vol. fraction  ranging from (1 to 5) %. The 

great advantage of such composites is their relatively high flexural strength. A low 
water to cement ratio of 0.3 with super plasticizer was used in order to keep the 
cement mix easily workable. To improve the properties, a locally existing pozzolan 

based on reactive meta- kaolin was used in the mixture together with silica sand. A 
high modulus carbon fibers (450 KN/mm2) were also used. In addition to the flexural 

strength, dynamic modulus of elastisity were found using dynamic methods.  
The results showed that the specimen failed in flexureal by a single crack although the 
ultimate tensile strength and the stiffness of the composite were increased as the fibers 

content was increased. 
 

Keywords: carbon fibers, reactive meta- kaolin, silica sand, super plasticizer, 

flexural strength, dynamic modulus of elastisity 

 

 لخرسانة عالية الأداء المسلحة بألياف الكاربوناخواص بعض 
 

 الخلاصة 
 – 1)تتةراح  نة   جميةة االيةة نسةبيا  لخرسانة العالية الأداء المسلحة بألياف الكاربون بنسب حايقدم البحث خواص 

تة  اسةتخدام نسةبة حا  ةة .إن الفائدة الكبيرة لهذا النوع ن  الخرسانة هي نقاحنتها العاليةة للدةد  ةي اننحنةاء( % . 5
نة  اسةةتخدام نلةدن نتفةةوو للحىةوا الةةت غابليةة تدةةمي  نقبولةة ممةةا تة  اسةةتخدام ( 4.0)تسةةاح  السةمن  /نة  المةةاء

حاستخدام رن  ذح أساس سيليكي حمان  أليةاف الكةاربون نة  نةوع  الندطكاؤحلي  دغيق ال  بوزنن نحلي نتكون ن
 قةةد تةةة  بحةةث الخةةةواص بلإضةةةا ة إلةةت الخةةةواص اننحنائيةةة , (2نلةة /نةة ميلو 054)عاليةةةة الالمرحنةةة نعانةة  ذات 

 (single crack) بدةق ننفةرد مانة حبينة  النتةائب بةأن نةوع  دة  النمةاذ  , الدينانيكيةة باسةتخدام  ةرو دينانيكيةة

 .حأن ملا  ن  نقاحنة اننثناء القىوى حنعان  المرحنة تزداد بزيادة نسبة الألياف
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INTRODUCTION 

During the last few decades, fiber reinforced cement composites have attracted much 
interest, because of their high strength enhanced ductility and toughness (Hannant 

1977,R.N.Swamy1989). This paper is concerned with a new type of fiber cement 
composite with comparatively a high volume fraction of high modulus carbon fibers 
(Raouf 1976) ranging from 1 to 5 % by volume. In order to reduce porosity a low w/c 

ratio (0.3) has been used together with a super plasticizer to provide a suitable 
workability. 

 In order to improve the strength and durability fine and sintered Kaolin at 750 oC has 
been used as an active pozolan having an activity index of 115 (Mohammad 2005) 
using 20 % Kaolin/cement ratio. 

Very few is published on properties of carbon fiber cement composite, it was 
therefore decided to carry out further work for obtaining further information.The great 

advantages of carbon fibers are their high tensile strength and high stiffness, it was 
therefore thought necessary to find out how these properties affect that of composite. 
The main features of this work as compared with others can be summarized as 

follows : 
a – A relatively high carbon fiber volume fractions have been used ranging from 1 to 

5 %. 
b – A fine sintered local pozolan have been used as partial replacement of cement in 
order to obtain a high performance cement matrix (Edward 2001). 

c – Electro dynamic and ultrasonic tests in addition to flexural test have been used to 
find dynamic and flexural properties 

 
MATERIALS AND METHODS 

- The cement 

The cement used in casting all specimens was ordinary portland cement supplied by 
Kubaisa factory the chemical analysis and physical properties are shows in table (1) 

and table (2) which conforms to IQS-5. 
 

Pozalan 

The pozalan used consisted of meta kaolin sintered at 750oc and crushed into fine 
powder in a ball mill into a very fine powder (7213 cm2/gm) all passing seive 325  as 

shown in tables 3 and 4. 

 

carbon fibers 
These fibers have much higher specific strength and stiffness than steel fibers, and for 
this reason their use for stregthening and stiffening building materials such as wood, 

plastics, and concrete, is attractive. 
Carbon fibers are manufactured by heat treatment of certain types of acrylic fibers 

which are stretched whilst at high temperatures(Walter 1972). This operation 
increases the tensile strength and stiffness of the graphite, and provides a certain 
desired molecular orientation. 

At present the fibers are commercially produced by several firms. Those used in this 
work were supplied by sika.The fibers were cut from carbon fiber woven cloth into 

short lengths.The fiber properties are shown in table (5)  
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The cement matrix 

An ordinary Portland cement paste with water to cement ratio of 0.3. The low water – 

cement ratio was selected on the basis of experience, and in order to minimize the 
tendency of the fibers to segregate during compaction. 

 
Moulds 

Moulds of formica-lined wood, each holding three specimens. Each specimen 

measured 250×50×50 mm.  

 
Testing 

The specimen were first tested nondestructively to find modulus of elasticity 

according to BS 1881 then they were tested in flexure (4-point loading method) 

 
           Table (1) Chemical analysis and compound composition of cement 

 
Iraqi specification limitation 

IQS 5/1984 

Content % Oxides 

 62.2 CaO 

 21.8 SiO2 

 5.1 Al2O3 

5% max. 3.4 MgO 

 3.3 Fe2O3 

2.8%max. 2.33 SO3 

4% max 0.9 L.O.I 

1.5% max. 0.7 I.Res. 

0.66-1.02 0.87 L.S.F. 

Compound Composition (Bogue ,s equations) 

 41.84 C3S 

 31.02 C2S 

 7.92 C3A 

 10.03 C4AF 

 
Table (2) Physical properties of cement 

 
Iraqi specification limitation 

IQS 5/1984 

Result   Property 

Not Less than 2300 cm2/gm 3780 cm2/gm Fineness by air 
permeability method 

(Blaine) 

Not Less than 45 min 97 min Initial Setting time 

Not more than 10 hrs. 4 hrs. Final Setting time 

Not more than 0.8% 0.4% Soundness 
(Autoclave method) 

 

 
Not Less than 15 Mpa 

Not Less than 23 MPa 

 

 
20.6 Mpa 

27.8 MPa 

Compressive strength 

3-day 
7-day 
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Table (3) Physical properties of Metakoalin  

 
Result Property No. 

7213 cm2/gm(all passing seive 325) Fineness 1 

2.6 gm/cm3 Specific weight 2 

6 PH 3 

Redish-White Colour 4 

                          
 

Table (4) Chemical properties of koalin clay 

 
specification limitation 

ASTM C-618 
Content % Oxides No. 

Not Less than 70% 47.35 SiO2 1 

35.13 Al2O3 2 

1.4 Fe2O3 3 

Not more than 1.5% 0.6 CaO 4 

0.4 MgO 5 

0.2 SO3 6 

0.2 K2O 7 

Not more than 3% 0.34 H2O 8 

Not more than 10% 8 L.O.I 9 

 

 
 

Table (5) Properties of Carbon Fiber(Hannant 1977) 

 

Properties Value 

Diameter(um) 9 um 

Density (kg/m3 103) 1.9 (kg/m3) 103 

Young modulus (GN/m2) 400 GN/m2 

Tensile strength(MN/m2) 2600 MN/m2 
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Fig (3) Variation of Ec/Em with (m-1)Vf for randomly 

distributed fiber, cement composite
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Fig (4) The relationship between flexural strength 
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DISCUSION OF THE RESULTS 

Only 28 days test results are analysed. Each result is an average of 3 tests, all 
specimens were dried cured inside plastic bags to avoid the adverse effects of unclean 

water curing on the fibers. 
 

1-Fig (1) shows that the dynamic modulus (Ed) of unidirectionaly aligned carbon 

fibers cement composite increases linearly with volume fraction (Vf). The full line (1) 
indicates the least square fit given by 

Ec = 28.34 + 436 Vf ..................(1) 
Correlation coefficient = 0.98 
Where : 

Ec is the composite dynamic modulus (KN/mm2). 
Vf is the volume fraction. 

The broken line shows the predicted line given by the theory of two phases on the 
assumption that Ef of carbon fibers equals 455 KN/mm2. 
It can be seen that the therotical values of Ec under estimate those obtained 

experimentally, this may be for several reasons not included in the theoritical equation 
for example refect in shrinkage namely the precense of the fibers offers restraint to the 
shrinkage. 

 
2-Fig (2) shows the relationship of pulse velocity with Vf. It can be seen that the 

varation is similar to that of Ed because of the close relationship between pulse 
velocity and Ed. 

 

3-Fig (3) shows the variation of dynamic (E) in case of randamly oriented carbon 
fibers. It can be seen that it varies linearly. In order to find a therotical equation the 

ratio of Ec and Em where plotted aganist (m-1)Vf as in equation (2) 
Ec/Em = 0.2(m-1)Vf +1  ...........(2) 
Where m denotes modular ratio between carbon fiber and the cement matrix. 

 
4-Reference to fig (4) shows relationship between flexural strength and Vf. 

It can be seen that increase in flexural strength is high and exponantial Vf. The failure 
mode of all specimen was by single cracking.  

 

 
      CONCLUSIONS 

 The following conclusions can be drawn from the experimental results of this 
work. The main findings may be summarised as follows: 

 

 The effect of carbon fibers on dynamic modulus of unidirectionally aligned 

carbon fiber varies linearly with Vf it was shown that the rule of mixture under 
estimate the dynamic modulus because of the reduction in matrix shrinkage 
also the pulse velocity vary in smpathy of E- modulus. 

 

 In case of randamly distributed carbon fibers the relationship between Ec and 

Em vary according to the equation (2) . 
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 The relationship of the flexural strength and Vf was found to be exponatial 
with a good correlation factor as shown in fig (4) 
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BEARING CAPACITY OF SHALLOW FOOTING ON SOFT CLAY 

IMPROVED BY COMPACTED CEMENT DUST 
 
 

 
 

 
 

ABSTRACT 

Low bearing capacity of weak soil under shallow footings represents one of construction problems. 
Kaolin with water content converges to liquid limit used to represent the weak soil under shallow 

footing prototype. On the other hand, cement dust, which can be defined as undesirable industrial waste 
material come from cement industry, was used to improve the bearing capacity of the soft soil 
considered in this research. The soft soil was prepared in steel box (36×36×25) cm and shallow square 

footing prototype (6×6) cm were used .Group of physical and chemical tests were conducted on kaolin 
and cement dust. The improvement were performed by making trench under the footing filled with 

compacted cement dust (at its optimum moisture content) at three depths (D=B, D=2B, D=3B), the 
trench had the same footing Dimensions, note that (B) represent the footing width. Pressure-settlement 
curves were used to predict the ultimate bearing capacity. The improvement ratio in bearing capacity 

was calculated by comparing the ultimate bearing capacity value when testing the kaolin alone with its 
value of kaolin improved with compacted cement dust at the same value of eccentricity. It is important 

to note that eccentricity values were chosen according to the rule of middle third of footing 
base(i.e.,e≤B/6). The improvement ratio was about (197%) in average value, that represent a good ratio 
of improvement. 

 
 صةالخلا

  تربة الكاؤولين بمحتوى رطوبةاستخدمت  .مشاكل الانشاء أهم الاسس الضحلة من قابلية التحمل الواطئة للترب الضعيفة اسفلتمثل 
محن محواد المخلفحات  وهح محاد  ببحار السحمنت  تحم اسحتعمال كمحا تمثيل التربة الضعيفة اسفل نموذج الاساس الضححلل حد السيولةيقترب من 
الممثلححة بمححاد   الضححعيفة ةالتربحح قابليححة تحمححل فحح  تحسحين هااسححتعمال تححم بيححر ككميححات وب تنححتم مححن يمليححة صححناية الاسحمنت التحح  الصحنايية

 مربححححو لاسحححاسمححححو نمحححوذج  سحححم(52×63×63) التربححححة داخحححل صحححندود مححححن الحديحححد ب بعحححاد تحححم تح يحححر.الكحححائولين التيحححارذ فححح  هححححذا البحححح 
وتمححت يمليحة التحسححين مححن أيريحت ميمويححة مححن الفححوز الفي يائيححة والكيميائيححة لمحاد  الكححائولين ومححاد  ببحار السححمنت .  سححم(3×3)ضححل

محتحوى الرطوبححة ينحد )ببححار السحمنت فيح  ححدل محاد  خحلل يمحل شحد اسحفل انمححوذج ألسحاس الضححل وبحنفس طحول ويححر  ألسحاس وتحم 
يريحححت ميمويحححة محححن فححححوز التحميحححل  أ.يححر  ألسحححاستمثحححل  Bيلمحححا ان ، (D=B,D=2B,D=3B)مختلفحححة  ايمحححادولثلثحححة ( ألمثححل

Azhar S. Yaseen 

B.Sc.,Civil Eng. Department. 

University of    Baghdad 
E-Mail: azharealhilo@yahoo.com 
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فح  ((e≤B/6يلى التربة قبل وبعد التحسين وبتحميل مركح ذ ولامركح ذ محو الخحذ بن حر اليتبحار قايحد  منتصحع ثلح  قايحد  السحاس اذ 
  .حميل اللمرك ذالت

سحححاس اييححاد مقاومححة التحمححل القصححوى للتربححة تححححت فحح  ال لالحاصحح  الهبححوطلسححاس مححو االعلقححة بححين الضححسط المسححلط يلحححى أسححتخدمت 
 مقاومححححة التحمححححل تحححم احتسححححاب نسححححية التحسحححين فحححح  مقاومحححة التحمححححل محححن خححححلل مقارنحححة .تححح ثير الاحمححححال المسحححلطة ولكححححل انحححوا  الفحححححوز

لين بمفردهححا مححو مقاومححة التحمححل القصححوى لتربححة الكححاؤولين مححو مححاد  ببححار السححمنت ولححنفس مسححافة التحميححل اللمركححح ذ لتربة الكححاؤو القصححو 
وهيو ميا يعتبير %( 791)اعتمد البحث على عدة معادلات خطية تقريبية لتفسير النتائج العملية للفحوص، وصل معدل نسبة التحسيي  اليى .

 .التحملنسبة تحسي  جيدة بالنسبة الى مقاومة 
KEYWARDS: bearing capacity, improvement of soft clay, cement dust, shallow footing, 

eccentric loading 

 

INTRODUCTION 
Many researchers studied the improvement and stabilization of soft soil using different methods and 

procedures. 
 Khdhair (1997) used one type of stabilization which was carried out on Nasriyia sand dunes by cement 

dust, he made an experimental set up consisting of a wind tunnel that was designed and manufactured, 
and tests were performed to check the suitability of this material. Three different suspensions were 
prepared at a constant concentration with different mix ratios of cement dust and Portland cement. 

The satisfactory results were obtained from using cement in a ratio of (90% cement dust + 10% 
portland cement) suspended in water in concentration of 0.33kg of this material for each liter of water 

applied to sand at 10ℓ/ 2m  rate 
Chakrabrti and Bhandri (2004) worked on improvement of settlement behavior and vertical stress 

dispersion of soft clay using compacted pulverized fuel Ash. They showed in most of cases the ground 
improvement becomes expensive, increasing the total project cost. Pulverized fuel Ash (PFA) is waste 

material from thermal power plants and creates problems during its disposal. The research was 
conducted using normally consolidated commercial kaolin (soft clay) in a test tank and the transfer of 
load to the soft clay was arranged through a model footing. It was revealed from the results that the 

improvement of load carrying capacity could be remarkably increased, using compacted PFA layer on 
soft clay. The percentage of improvement of bearing capacity has been revealed in two ways. The first 

by  increase of diameter wells with the depth of compacted PFA, though the improvement is more in 
case of increment of depth (Z) of PFA bed, rather than increment of diameter ( D ). The percentage of 
improvement of bearing capacity, for different depths and diameter of compacted PFA varies from 12 

to 390. The stress dispersion was also improved for different depths and diameters of compacted PFA 
bed. 
Deschamps (1998) used FBC and stoker Ashes as roadway fill. It was noticed that approximately 

100,000 3m of atmospheric fluidized bed combustion (FBC) ash and stoker ash were used as structural 
fill in the construction of a large roadway embankment. The embankment is ~ 200 m long and 10m 
high, and it supports an extension of a street across a gravel quarry in waste Lafayette, Ind. An over 
view of the project and construction operation is described, and the results of geotechnical laboratory 

tests and field monitoring presented. Instruments used in the monitoring of fill behavior include 
settlement plates, vertical and horizontal inclinometers, seismic cross-hole tests, and preconstruction 

standard penetration tests. 
Consequently, the cement dust material was used in stabilization but not used in improvement of soft 
clay, therefore; an idea was started to use this material in improving the bearing capacity of shallow 

footing on soft clay. 



Journal of Engineering  Volume   15  December  2009       Number  4  
 

 

 

 

4419 

MATERIAL PROPERTIES 

 

Kaolin 

The kaolin clay used in this research was of commercial grade. It was from North of Hussainiat, AL-

Anbar Governorate, Iraq. 
Physical properties of kaolin, shear strength and compressibility parameters could be shown in Table 1  
 

Table 1 Physical properties, shear strength and compressibility parameters of kaolin 
 

Property Value Type of test Standard 

LL% 44% 
Atterberge limits ASTM 4318 

PI 25% 

Gs 2.77 
Specific gravity 

of solids 
ASTM D854 

eo 0.819 

Standard 
Consolidation test 

         ASTM D2435 n 0.45 

Cc 0.34 

u  
0 Unconfined  

compression  test 
 

ASTM 2166 

Cu 13 kPa 

vC
 

5.608*10-8 m2/s Standard 

Consolidation test 
ASTM D2435 

 
 

It was obvious from results shown in Table 1 that the clay was classified as low plasticity clay (CL) 
according to the Unified soil classification system.  
Chemical tests were carried out on kaolin with assistance of the state of geologic surveying and mining 

and the chemical composition of kaolin can be shown in Table 2 

 

 
Table 2 Chemical composition of kaolin 

 

Chemical  composition 

L.O.I.* TiO2 Fe2O3 SiO3 Al2O3 

13.4-15.1% 1.4-2.96% 0.5-1.96% 38-45% 35.5-41.4% 

*L.O.I: Loss of Ignition 
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White kaolin which selected was provided by (The state of geologic surveying and mining) from 

Dewielca lies in the west of Iraq.  

 

Cement Dust  

The cement dust provided from cement factory of Al-Kuffa, Najaf Governorate, Iraq. Specific gravity 

test, standard Proctor and direct shear test were conducted on cement dust. The results are shown in 

Table 3  

 

Table 3 Results of physical, standard Proctor and direct shear test for cement dust  

 

Material Properties Value Type of test standard 

LL 28% 

Atterberge limits ASTM 4318 
PL NP 

Gs 2.66 Specific gravity ASTM D854 

γd max 18.5 kN/m3  

Standard Procter test ASTM D698  

.opt  25% 

uC  at ..opt  50kPa 
Direct shear test ASTM D3080 

u  at ..opt  29o 

 
Chemical tests were conducted for cement dust with the assistance of NCCLR. The results could be 

shown in Table 4 

 
Table 4 Results of chemical tests for cement dust 

 

SO3%
  4.11 

Organic matter % 0.22 

CaCo3
  % 49 

Cl   %  0.04 

pH 7.22 

 

 

 

EXPERIMENTAL WORK 

In order to simulate the behavior of shallow footing on weak soil, special techniques were used to 
achieve this purpose. These techniques include the manufacturing of steel box having the dimensions 
(36×36×25) cm.This box was filled with kaolin prepared at water content near its liquid limit. Also,a 

steel plate of (6×6 × 0.5)cm was used to simulate the shallow footing.  A trench was made under the 
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A 

B 

B 

Section at A-A 

 
Compacted 

Soft clay soil 

W=B 

H 

(C.C.D.) 

fluidized 

compacted 

cement 

dust 
A 

P 

 

footing that resting on soft kaolin. The trench had the same dimensions of footing and excavated at 
different depths (D=B, D=2B, D=3B), where B represents footing width. Then, the trench filled with 

compacted cement dust (at its optimum moisture content) to the desired depth. Fig. 1 shows a simple 
section in model loading test and the detail of footing and cement dust column which support it.  

 

  
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
Fig.1 Rectangular footing on C.C.D., note that: width of compacted cement column C.C.D. =W, 

width of footing   = B, W=B 

 
Then, the footing is loaded at the beginning of the test until failure is reached. The settlement at centre 

and edge of the footing is recorded with the use of video camera.  

 

Compacted cement dust (C.C.D.) 

 The cement dust was prepared at optimum moisture content (ωopt..=25%) three depths of C.C.D. 

(H=6,H=12,H=18cm) were used. The sample of soft soil was prepared by putting the first layer of 
kaolin .Then; scaled steel mold was put and centered in length and width of steel box at the desirable 

depth which worked on. Then the trench under the footing was filled with compacted cement dust at its 
maximum dry density and optimum water content. It is compacted to the desired depth.  

 

Results of load –settlement tests 

 Typical load (kN) vs. foundation settlements at edge and centre of foundation diagrams were obtained 

from loading tests as shown in Fig.2 to Fig.4. The ultimate bearing capacity is defined as the point 

where a maximum value of uq is clearly arrived, or where slope Δs/Δq becomes maximum and the load 

vs. settlement not remains practically linear thereafter Vesic (1973). 
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Fig.4 Pressure-settlement ratio curve for kaolin with cement dust (H/B=3), concentric loading 
 

Fig.2 Pressure-settlement ratio curve for kaolin 

with cement dust (H/B=1), concentric loading 

 

  

Fig.3 Pressure-settlement ratio curve for kaolin with 

cement dust (H/B=2), concentric loading 
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Effect of (H/B) ratio on Bearing Capacity 
In general, the ultimate bearing capacity incrased as H/B ratio increased. This behavoir was expected 

due to the increase in strength of soil under the footing as the (H/B) ratio, of the cement dust used for 
improvement, increased . In addtion, the ratio of improvement increased as the (H/B) ratio increased . 

The largset ratio of improvement  getten for soil improved by cemnent dust at H/B=3,see Fig.5 and 

Table 4 . This behavoir may be explained  accoring to  the shear strength prameters, where the 
cohesion and angle of internal friction of cement dust were (50 kPa, 290) respectively. 

 
 

  
 
 

 

 

 

 

 

 

 

 

H/B  

Fig.5 Ultimate bearing capacity – H/B ratio relation 
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Table 4 Type of the tests and the ultimate bearing capacity values  

Effect of Eccentricity on Bearing Capacity 

 The eccentricity has large effect on ultimate bearing capacity. Generaly the ultimate bearing capacity 

decreased as the  eccenricity increased as shown in figure Fig.5 .This behavior may be attributed to the 
reduction in effictive area as eccentrisity increased. 
 

Improvement ratio in the ultimate bearing capacity 

Foundation was reaching to failure if the settlement would be greater than (10%) from footing width, 

ASTM (D1194-94) so the bearing capacity at this ratio was equal to the ultimate bearing capacity. 
Fig.6 shows the variation of improvement ratio with eccentricity at different (H/B) ratios. It is 
important to know that the improvement ratio is defined as:- 

 

 

 

 
Ratio of improvement (r) %= *100 %      

 

 

 

Type of material used Qu(kPa) H/B e(cm) 
percent of 

improvement 
ratio% 

 
Test 
No. 

kaolin  82 0 0 0 1 

kaolin +cement dust 99 1 0 21 2 

kaolin +cement dust 107 2 0 30 3 

kaolin +cement dust 142 3 0 73 4 

kaolin 84 0 0.3 0 5 

kaolin +cement dust 100 1 0.3 19 6 

kaolin +cement dust 108 2 0.3 29 7 

kaolin +cement dust 149 3 0.3 77 8 

kaolin 57 0 0.5 0 9 

kaolin +cement dust 50 1 0.5 -12 10 

kaolin +cement dust 80 2 0.5 40 11 

kaolin +cement dust 131 3 0.5 130 12 

kaolin  24 0 1 0 13 

kaolin +cement dust 46 1 1 92 14 

kaolin +cement dust 98 2 1 308 15 

kaolin +cement dust 111 3 1 363 16 

Qimproved – Qwithout improvement 

 

Qwithout improvement 
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Fig.6 Ratio of improvement and eccentricity relationship at different values of H/B, “kaolin-cement 
dust” 

Fig.7 gave the clear effect of (C.C.D.) depth on the ultimate bearing capacity. The maximum 

improvement ratios were appeared at (H/B) ratio equal to (3). 

 

 

 

 

 

  

 

 

 

 

 

 

 
 
 

 
 

Fig.7 Ratio of improvement and eccentricity relationship at different values of H/B ratio, “kaolin 
improved by cement dust” 
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Equations obtained from experimental results 

Ratio of improvement in bearing capacity for cement dust used in improvement at different values of 
eccentricity were varied with the change in H/B ratio ,see Fig.8. In general, acceptable equations were 

obtained that simulate the incrase in r % with incrase of the  H/B ratio for different values of 
eccentricity. 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
                                                                       H/B 

Fig.8 Ratio of improvement and H/B relationship at different values of eccentricity, “kaolin improved 
by cement dust 

Table 5 shows the all equations can be use to predict the improvement ratio for any (H/B) ratio given, 

all equations was linear and have acceptable values of (R2) (difference between the experimental 

results and the fitting equation results).  

 

Table 5 Predicted equations for estimating improvement ratio from depth ratio  

 

Type of material and test Equations R2 

Kaolin+ cement dust , e=0 r %= 24(H/B) -5 0.895 

Kaolin+ cement dust, e=0.05B r %= 24(H/B) -5 0.895 

Kaolin+ cement dust, e=0.85B r %= 44(H/B) -27 0.788 

Kaolin+ cement dust, e=0.167B r %= 130(H/B) -5 0.954 

 
 
CONCLUSIONS 

 Number of laboratory loading tests of shallow square footing supported by (C.C.D.) columns made in 

soft clay have been presented, based on the these results the following conclusions can be drawn:- 
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 There are acceptable improvement ratios for square footing prototype can be obtained (370%) in 

maximum value and (119%) in minimum value of improvement ratio(r %).  

 Bearing capacity of soft soils under the shallow footing can be increased by making square 

trench under the footing with the same dimensions of it and for different depths. This trench is 

filled with compacted cement dust at optimum water content. 

 The maximum improvement ratios in ultimate bearing capacity was appeared at maximum 

values of the (H/B) ratio which equal to (3). 

 More acceptable ratios can be used for (H/B) ratios less than (3). 

 Many fitting equations were obtained to estimate the improvement ratio from H/B ratio,all 

equation are linear and have acceptable values of (R2).  
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NOTATIONS 
Symbol Meaning 

C.C.D. Compacted cement dust 

uC  Undrained shear strength 

H/B Ratio between the depth of cement dust column to the 
footing width 

L.O.I Loss Of Ignition 

NCCLR National Centre of Construction Laboratories   
PFA Pulverized fuel Ash 

Qu  Ultimate bearing capacity 
R2 difference between the experimental data and fitting 

equation 

r % Improvement ratio in ultimate bearing capacity 
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ABSTRACT: 

   One of the major problems facing the industrial utilities especially cooling towers is 
biofouling. Many techniques and measures have been taken and still continuing researches are 

under way. Biocides and water qualities were the main area of research for evaluation. Friendly 
biocides are preferable for controlling viable count and fungi, but many harmful still in use. 

 
   The main objective of this research work is to predict a relationship covering the 
concentration of Cl and Br – containing compounds as biocide and the performance. 

 
   It was concluded that the chlorophenol is the major effective biocide used (reduce it for 

about 80%, while bromophenol to about 65%) and that material although they are highly 
approved, but suffer pitting corrosion. 

 

:الخلاصه  
فبالرغم من استخدام و        . يعتبر الفشل البايلوجي أحد أهم المشاكل الرئيسيه التي تواجهها ابراج التبريد في المرافق الصناعية         .

.توظيف عدة تقنيات و اساليب سيطرة و تحكم إلا أن المشاكل مازالت تستثير أهتمام الابحاث و استمراريتها في هذا المجال           
خاصة تلك ( بايوسايد)في الوقت ذاته تلعب المياه و نوعيتها و مصادرها دوراً رئيسياً في تحديد استخدام المضادات الحيوية   

لكن التفتيش عن عن مضادات , التي تعتبر من اعداء البيئة و منها مشتقات الفينول التي لازالت تستخدم الى وقتنا الحاضر 

.د الاهتمام و التفتيشحيوية صديقة للبيئة لازالت قي  
البحث يهدف الى ايجاد علاقه بين استخدام مشتقات الفينول الحاوية على الكلورين و البرومين و تحديد كفائتها كقاتل    

حيث اظهر الاول )النتائج المستحصلة من البحث تظهر تفوق الكلوروفينول كقاتل احيائي على البروموفينول,احيائي 
مع الاخذ بنظر الاعتبار كمية المواد العضوية المترسبة و ,% ( 56ي العدد الحي بينما الثاني بنسبة ف% 08انخفاضاً بنسبه 

   .التي تسببت بأحداث بعض التنقر لبعض السبائك الفائقة

 

 

KEY WORD: Biocide, chlorohenol, cooling tower, pitting corrosion. 
 

INTRODUCTION: 

   From a water cycle shown in Fig. (1) For a factory, it can be concluded that a cooling tower 
system is the main part in single train process.  

   Such waters scheme although subjected to a pretreatment before using, but still dangerous to 
materials being used in the process such as heat exchangers and main piping systems. Some 

containing floating materials being mainly organic carbon widely differed in their content 
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depending on operating parameters and the quality of the make-up water but will always 
support microbial growth [Cloete TE, Brozel VS, and Van Holy A, 1992]. 

 
   As heat exchanger experienced a large surface area already, they provide favorable 

conditions for bacterial attachment [Characklis WG (1990)]. Leading to form a tangled mass of 
fiber termed a biofilm [Characklis WG and Cooksey KE (1983)]. Formatting of a biofilm 
begins with attachment of free floating microorganisms to a surface, these are first colonists. 

Although biofilm are beneficial for removing undesirable substance from rivers and waste –
water treatment systems they are responsible for biofouling. The industrial problems associated 

with biofouling are essentially those that accrue to all fouling mechanisms – namely, increased 
back pressure, for a given flow rate and, in heat exchangers reduced heat transfer for a given 
temperature difference [Fletcher M. (1992)].the major economic impact caused by biofilm in 

cooling water system is because of energy losses due to an increase in the fluid fractional 
resistance and increase in heat transfer resistance [Michael L., 2003]. 
 

 
 

Fig. 1: The water cycle in a factory. 

 
   Also the presence of microorganisms that adhere to different surface can damage the metal 

surface by bio-corrosion [Michael L.2004]. 
 
   One of the most effective tools to minimize their biofilm in industrial water system is by 

chemical treatment using biocides, to reduce the vial content or synthetic dispersant or 
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enzymes for removal of such biofilm formed. It is of great desire that the biocide should meet 

the following criteria [Favstritsky et al (1992)]: 
1- Wide kill spectrum – the agent should be effective against a wide variety of 

microorganisms, such as, for example, algae, bacteria, fungi, mold, and other aquatic 

organisms. 
2- Fast rate of kill. 

3- Low cost. 
4- Useful in wide range of PH. 
5- Non- corrosive to metal. 

6- Compatible with commonly used cooling tower treatment chemicals such as scale 
inhibitor and corrosion inhibitor. 

7- Unaffected by organic contaminants or nitrogen compound in the water recirculation 
system. 

8- Ease of handling and application. 

   Biocide can be grouped into two general categories, oxidizing and non –oxidizing depending 
on the mechanism used to kill target organisms [John A.Viel, et al, (1997)]. 

 
   In general the non-oxidizing biocides function primarily by altering the permeability of the 
cell walls of the microorganisms and interfering with their biological process. Numerous non-

oxidizing chemicals have been used as their primary biocide or as supplement to oxidizing 
biocide application. One product that is widely used in electrical power industry is quaternary 
ammonium salts (quits). Some other non-oxidizing biocide used includes organo-sulfer 

compound, chlorinated phenolics, and glutaraldehyde, isothiozoline, triazine, di- 
bromonitriloproionamide (DBNPA), and heavy metals compounds [Tanji Y., et al, (2002)]. 

 
   Oxidizing biocide cause irreversible oxidation /hydrolysis of protein group in the 
microorganisms and of the surface to the cooling tower equipment. The result of this process is 

loss of normal enzymes activity and cell death. Most oxidizing biocide are chlorine or bromine 
compounds. Chlorine is generally an excellent algaecide and bactericide although some strains 

of bacteria can develop chemicals resistance to chlorine. Liquid bromine has also been used in 
the treatment of biofouled cooling towers. Chlorine and bromine when they added to water, 
they form hypochlorous acid (HOCl) and hypobromous acid (HOBr), which acts as the active 

ingredient. Historically chlorine gas was widely used because of it is low cost. However in 
recent years many users have switched to other form of chlorine because of the health and 

safety risk associated with handling chlorine gas. Bleach (sodium hypochlorite) is now widely 
used as source of HOCl. Sources of HOBr are becoming increasingly popular in place or in 
addition to sources of HOCl. Sodium bromide is often added along with bleach. The sodium 

bromide reacts with the HOCl to form HOBr, which is an effective micro biocide over a wider 
PH range than is HOCl. Another biocide, 1-bromo, 3-chloro, 5, 5-dimethylhydanation 

(BCDMH) serve as chlorine and bromine donor and can generate HOBr. 
 
   Several phenols are used for disinfectant or preservation purposes [McDonnel,G. and 

Russell, D.1999].Phenol induces progressive loss of intracellular constituents from treated 
bacteria and produces generalized membrane damage with intracellular coagulation occurring 

at higher concentration [Hugo,W.B.1999,Russell,A.D.2003]. The plasma membrane of fungi is 
also damaged [Russell, A.D. and Furr, J.R. 1996]. Although A.niger and C.albcans are less 
susceptible than bacteria [Goddard, P.A. and McCue, K.A. 2001]. Low concentrations are 

claimed to lyes growing culture of E.Coli, staphylococci and streptococci, but this effect has 
not been examined in detail. Fentichlore, a chlorinated phenol, acts as an uncoupling agent 

against susceptible bacteria. 
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   Bacterial spores are very resistant even to high concentration of phenol, but germination is 

inhibited by low phenol concentrations [Russell A.D. 1990]. Mycobacteria may be inactivated 
by phenolics, the damage being presumably membrane-orientated. 

 
   This paper describe the result of laboratory studies comparing the efficiency of two non-
oxidizing biocide , chlorophenol and bromophenol and a mixture of them , for control of 

biofilm development in laboratory cooling tower and the effect of these biocide on the 904L 
and 316 SS was noticed. 

 
EXPERIMENTAL SETUP: 

   An assimilation of cooling tower has been designed and fabricated by the research group 

advised and approved by the scientific group of the department. The main constituent of such 
is shown in figure (2). 

   The system consists of pyrexpex tower (30*30*60 cm) contained within (50*50*40 cm) 
basin. The basin contains an over flow port positioned to provide a constant 40L working 
volume in the system , the tower contained water flow distribution box at the top and a series 

of slates (covered by sponge ) which were positioned to provide a uniform cascade of 
recirculation water. The system has a recirculation water flow regulator and a make-up water 

supply. A portion of the recirculation water flow was diverted at the bottom of the basin to 
supply mixing within the system, the remainder where returned to the distribution box. An air 
draft fan has been positioned in the top of the tower to pull air out side the tower from the top 

with a temperature of about 43˚C (the air in to the tower from holes in the bottom with a 
temperature of 35˚C). The tower received a daily supplement of sodium nitrate (23mg/l) and 

sodium phosphate (20 mg/l) and once per week (50 mg/l) of kaolin to support microbial growth 
these condition has showed the maximum growth of microbial [Melo L.F., Bott T.R. 1997]. 
The cooling tower received a daily inoculation of (10 ml) of mixed population of algae and 

bacteria which was obtained from surface scraping from industrial cooling tower. The pH of 

the recirculated water was maintained at 8.5 using NaOH and H 2 So 4 . The slats which served 

as the sampling sits were pre-fouled prior to each experiment to provide an initial biofilm. At 
the start of each experiment, the slats where brushed to remove the majority of the adherent 

biofilm and placed in the tower directly beneath the distribution box. 
 

   In the first run the tower served as the no treatment control, the other runs received two per 

week sludge doses of biocide to the water in the basin which where as follow; (25 ppm 
chlorophenol, 12.5/12.5 ppm mixture of chlorophenol and bromophenol, 25 ppm 

bromophenol) after two weeks of operation to each of the biocide the biofilm developed where 
assayed. 
 

   The total solid content was determined by drying (5 ml) of samples at 103˚C over night, the 
samples then weighed and then ignited at 550˚C for one hour in furnace to calculate the 

volatile solid content. Total viable hyperopic bacteria were determined by preparing special 
media for bacteria and fungi, the media for bacteria was a nutrient agar antisepticises by the 
auto clave, and the media for fungi was saboured agar or potato dextrose agar (PDA). A serial 

of dilution were prepared and 1 ml of the medias were raised in dishes, the bacteria were 
incubate at 37˚C for 1 to 2 days and the fungi at 20-30˚C for 5 to 7 days. Then we count the 

cells according to the following low: CFU (cell/ml) =colony number * dilution inverse 
(Department of Biology, college of Science, Baghdad University). 
 



Journal of Engineering Volume   15  December  2009       Number  4 
 

 

 - 2244 - 

For the investigation of the corrosion of 904 and 316 SS, coupons of 10*30*1 of them were 

prepared, they were wet polished with polishing paper and then cleaned with acetone and dried 
and weighed. 

 

 

   
M    make up water                             P   Pump      

R     rotameter                                     H  Heater    

F     Fluorescents                               A.D air draft fan 

 

Fig. 2: Experimental set-up cooling water system. 
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 RESULTS AND DISSCUTION: 

   For more than a century, phenol, and phenol derivatives are known to be the most available 

antiseptic agents, and also as antibacterial of microbial organisms. One of their major 
drawbacks that these are hazardous and not as friendly as naturally occurring chemicals to the 

environment. Their action as a biocide is located within the intucellur penetration of the 
cytoplasm of the living cells. Such a penetration will act to precipitate the proteins. Further 
more phenol derivatives are membrane dissolving action agents. They penetrate into the liquid 

phase of the cytoplasm membrane causing a leakage of its constituents. It is advisable to recall 
some important problems encountered in cooling water systems before discussing the results 

obtained. Such problems are interrelated as corrosion proceeds , an electrochemical reaction 
will take place which involve the dissolution of metal ions into circulated water , as water is 
slightly alkaline, the recirculation water in this study was of pH = 8.5 , scaling of sparingly 

soluble carbonate films will develop on surfaces of the pipes and heat exchangers components. 
  

   In meantime fouling due to attachment of inert debris of organic and inorganic, organic 
usually very loosely bounds to the metal surfaces affecting heat transfer and fluid flow. At the 
end microbiological growth were cells of bacteria , fungi and algae multiply to such 

proportions that they forms deposit easily visible to the eye which cause fouling. The principle 
area of this study was the performance of two non-oxidizing biocides (chlorophenol and 
bromophenol) against the growth and development of microorganisms in biofilm. Such results 

shown in the histogram chart(fig. 3) reveal clearly that under these circumstances of using one 
biocide i.e. chlorophenol at 25 ppm concentration, for 2 weeks time, greatly reduced the vial 

count(about 80%) but the fungi did not show the same decrease(65%) , while total solids 
(fig.4) mainly related to algae growth , still much higher than expected, the volatile solids 
parameters is a reflection to the total biomass present and is an important consideration in 

maintaining optimum performance of heat exchangers. The use of bromophenol with 
chlorophenol as a ratio of 1:1 and bromophenol alone at 25 ppm  also show a decrease in vial 

count but it was not like the use of chlorophenol alone( about 65% for the vial count and 50% 
for the fungi). The same behavior for total solid, while the volatile solid show more decreases 
than the total solid. 

 
   The reasons for the variations in non-susceptibility arising between types of microorganisms 

can then be ascribed to: (I) the considerable difference in adsorption by and the uptake into 
cells resulting from the dissimilarities in composition and architecture of the outer cell 
layers;(ii) possible slight marked difference in actual target sites so that the affinity of sites for 

biocide is modified ;(iii) possible differences in the amount of available target sites; (iv) the 
presence within some type of cells of protective chemicals such as the spore-specific that 

protect against DNA damage ;(v) stress responses , i.e. the manner in which cells respond to 
harmful agent; and (vi) the presence of biofilm . 
 

   One can conclude that unless a multi-systems inhibiting formulation is used, still some other 
constituent will grow faster on the expenses of other parameters. So biocides, together with 

anti-scaling , anti-fouling with continues dosing is the only way of treating heat exchanger 
cooling systems to be trouble –free in service. 
 

   Biocide of chlorophenol as stated earlier are intercellular penetrate , causing a destruction of 
living cells of microorganisms and note algae controlling systems , as already seem from the 

green deposit formulating on metal surfaces of the two alloys 316 and 904L , which are 

superior in microbiological corrosion situation(they did not show a notified weight loss). 
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Fig. 3: Microbial Populations of cooling tower biofilms treated with biocides . 
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Fig. 4: Dry Weight content of cooling tower biofilms treated with biocides  
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   Theoretically speaking, as water flow through the system, corrosion products sometimes are 
protective as oxides try to expel, and spill away revealing new surfaces to corrode, unless a 

corrosion inhibiter to stifle the process should be added. While biocides are more effective in 
killing suspended cells and preventing any growth of the microorganisms and scaling agents 

were performed into the system, hence no crystal growth modification observed. On the other 
hand, algae growth was at appreciable amount as already obvious from the histogram chart.  

 
Conclusion: 

1. In order to get a trouble-free cooling water system in service, the design criteria, water 

quality, size of equipment, temperature, make-up water and evaporation rate should be 
taken into consideration when a treatment procedure is suggested. 

2. Chlorophenols and derivatives are cell killer but algae growth promoters. 

3. An integrated system of complete formulation of corrosion inhibitors, biocides, anti-

scaling, and anti-fouling agents are preferable. 
 
REFRENCES: 

 
 Characklis WG (1990) "Microbial biofouling control". In: characklis WG and Marshall 

KC (Eds) Biofilms (pp 585-633). John Wiley and Sons, New York. 
 

 Characklis WG and Cooksey KE (1983) "Biofilm and microbial fouling". Adv.Appl. 
Microbial. 

 

 Cloete TE, Brozel VS, and Van Holy A (1992) "Practical aspects of biofouling control 

in industrial water system". Int. Biodeterioration and Biodegradation 29:299-341. 
 

 Favstritsky et al (1992). "Method for the control of biofouling in recirculation water 

system". United state patent, patent number 4,935,153.   
 

 Fletcher M. (1992), "Bacterial Metabolism in biofilm, Science and technology" (pp 
113-124). 

 

 Goddard, P.A. and McCue, K.A. (2001), "Phenolic compound. In Disinfection, 
Sterilization and Preservation" , 5th edn, (Block, S.S, Ed) pp255-281. Lippincott 

Williams and Wilkins, Philadelphia, PA, USA. 

 

 Hugo, W.B. (1999), "Disinfection mechanisms. In principle and practice of 
disinfection, Preservation and Sterilization", 3rd edn (pp258-283), Blackwell science, 

Oxford, UK. 

 

 John Aviles , James K. Rice, Mary E.S.Raivel (1997), "Biocides usage in cooling tower 

in the electric power plant and petroleum refining industries", US department of energy. 
 



Journal of Engineering Volume   15  December  2009       Number  4 
 

 

 - 2244 - 

 McDonnell, G. and Russell, A.D. (1999), "Antiseptics and disinfectants: activity, action 

and resistance ", Clinical Microbiology Reviews. 12, 147-79. 

 

 Melo, L.F. and Bott, T.R., (1997), "biofouling in water system", Experimental Thermal 
and fluid science; 14:375-381. 

 

 Michael, L., (2003), "control and monitoring of biofilm in industrial application", Int. 

Biodeterioration and Biodegradation 51:255-363. 
 

 Michael, L. (2004), "Biocorrosion towards understanding interaction between biofilms 
and metal". Curr. Opin. Biotechn. 15,181-186. 

 

 Russell, A.D. (1990),"The bacterial spore and chemical sporicidal agents", Clinical 
Microbiology Reviews, 3, 99-119. 

 

 Russell, A.D. and Furr, J.R. (1996), "Biocides: mechanisms of antifungal action and 
fungal resistance ", Science progress, 79, 27-48. 

 

 Russell, A.D, (2003), "Similarities and differences in the response of microorganisms 

to biocides", Journal of Antimicrobial Chemotherapy, 6:750-763. 

 

 Tanji Y., Nakano T., Hori K., Miganaga K., Unno H., (2002) ,"anti bacterial activity of 
biocide on biofilm". Corrosion Eng.51:777-785. 

 



Journal of Engineering Volume   15  December  2009       Number  4 
 

 
 

 4438 

 

 

 

STUDY ON ABSORPTION OF OZONE IN WATER 

USING PERFORATED SIEVE TRAY COLUMN  

Sarmad Foad Jaber 

sarmadfoad@yahoo.com 

Chemical Engineering Department-Collage of Engineering-Baghdad University  

ABSTRACT 

The aim of this work is concerned with detailed study of transfer of ozone into water.. Since 

ozone cannot be stored or conveniently purchased by the gram, pound, gallon or ton, it must 

be produced on site as needed, (where needed and when needed). The process will carried out 

with two important assumptions; first that ozone is the only active species that physically 

dissolves in water. And second that there is no chemical reaction .the process carried out in a 

perforated sieve tray column with 1 m long and 33 cm diameter. The effects of process 

variables such as (Water flow rate, pH and air flow rate which is refer to the concentration of 

free ozone in the gas phase in the absorption column). The result show that the absorption rate 

increases with increasing the water flow rate and decreasing the air flow rate in a pH range  

(7-8). 

 دراسة امتصاص الاوزون بالماء في برج امتصاص ذو صواني مثقبة

 الخلاصة

 

وحيث ان الاوزون . الهدف من هذا البحث كان اجراء دراسة تفصيلية لعملية امتصاص الاوزون من قبل الماء

الاوزون ينتج )لب انتاجه موقعيا بشكل مباشر مصاحب لعملية الامتصاص لايمكن خزنه او نقله فان البحث تط

الاولى هي ان الاوزون هو , والبحث اجري بشكل كامل على اساس فرضيتين(. اينما وحيثما يتم استخدامه

عدة  وتم دراسة. الجزيئة الفعالة الوحيدة التي تذوب في الماء خلال الدراسة والثانية هو عدم وجود تفاعل كمياوي

ء الداخل الى برج , متغيرات هي الدالة الحامضية معدل جريان ماء الامتصاص ومعدل الجريان للهوا

وقد استخدم برج امتصاص . الامتصاص والذي يحدد نسبة الاوزون في الطور الغازي داخل برج الامتصاص

 33ول متر واحد وعرض ذو صينية مثقبة وصينية منخل لتوفير وسط التماس بين الاوزون والطور السائل بط

 .سم

وقد دلت النتائج المستحصلة على ان معدل الامتصاص يزداد بزيادة معدل جريان الماء وخفض معدل جريان 

 (.8-7)الهواء في مدى للدالة الحامضية يتراوح بين 
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INTRODUCTION 

Today it is possible to produce ozone in high concentration from the feed gas oxygen 
under economical conditions and introduce it to water. Producing ozone from air you 

will have a solution of ozone, oxygen and nitrogen in to water. Producing ozone from 
oxygen you will only have solution of ozone and oxygen in to water. [1]  

Ozone has greater disinfection effectiveness against bacteria and viruses compared to 
chlorination.  In addition, the oxidizing properties can also reduce the concentration of 

iron, manganese, sulfur and reduce or eliminate taste and odor problems. Ozone is a 
colorless gas that has an odor similar to smell of the air after a major thunderstorm.  
Solubility in Water by weight at 20ºC: 0.003 g/l (3 ppm) [2] 

 In 1785, Van Marum noticed that air near his electrostatic machine acquired a 

characteristic odor when electric sparks were passed. In 1801, Cruickshank observed 
the same odor at the anode during the electrolysis of water. In 1840 Shonbein named 
the substance, which gave off this odor, "ozone", from the Greek word "ozein" - to 

smell. In 1857 Siemens designed an ozone generator that has since evolved into the 
present day, cylindrical dielectric type that makes up most of the commercially 
available ozone generators in use, and which has sometimes been called the "Siemens 

Type" ozone generator. The first drinking water plant to use ozone was built at 
Oudshoom, Holland in 1893. Another, drinking water plant began operations at Nice, 

France, in 1906. Since Nice has been using ozone since that time, it is generally 
referred to as the "birthplace of ozonation for drinking water treatment."[3] 

Abbas H. Sulaymon carried out an absorption process for ozone with water in a 
packed bed column and give a good results for the rate of absorption and show that 

the optimum absorption rate for ozone with water could be obtained in the pH (7-8) 
and also show that the temperature of the ozone generator will increase and that will 
accelerate the decomposition of ozone after approximately 20 minutes. [4]  

Some application of ozone to potable – water treatment is sterilization of all forms of 

bacteria and viruses; increased settling; removal of tastes, odors, and colors; oxidation 
of sulfides, cyanides, and algae; removal of trihalomethan precursors; and oxidation 
of organic materials. Excessive dose of ozone will lead to the formation of per 

manganate, which gives water a pinkish color. This soluble form of manganese (Mn) 
correspond to a theoretical stoichiometry 2.20 mgO3/mg Mn. Stoichiometry is the 

determination of the proportions in which chemical elements combineor are produced 
and the weight relation in a chemical reaction.[5]  

Ozone exists as a gas at room temperature. The gas has a pungent odor readily 
detectable at concentration as low as 0.02 to 0.05 ppm (by volume), which is below 
concentration of health toxic concern. Ozone gas is highly corrosive and toxic [6] 

Perforated sieve trays are cheapest and satisfactory for most applications. This kind of 
trays has been used for many years for liquid gas contacting in commercial absorption 
columns. The perforated sieve tray have lower coast in comparison with bubble cup 
trays. The relative cost will depend on the material of construction used. [10]     
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This kind of trays may be divided according to their operating principles in to two 

categories, first one are trays with downcomer, in which the gas rises through holes in 
the tray floor, bubbles through the liquid in fairly uniform manner and liquid flows 
across the tray floor over an outlet wire through a downcomer to the tray below. 

These tray are also classified according to the number o f liquid passes on the tray: a 
single pass tray for normal liquid flow rates (11 – 110 m3/hr); reverses flow tray(inlet 

and outlet downcomers are on the same side of the tray) for low liquid rates (up to 
11m3/hr); multiple pass tray(the liquid stream is sub-divided by using several 
downcomers) for high liquid rates( exceeding 110m3/hr) and large diameter columns 

[11.14]. 

 The other kind of this trays are that trays without downcomer, in which gas rises 
through holes in the tray floor and at the same time liquid counter currently through 
these holes onto the tray below. Liquid flow forms random patterens in draining and 

does not form continuous streamlets from each hole. These trays have a narrower 
range of efficient operable loadings, but they are used when a low pressure drop is 
required. [12, 13]  

The aim of this study was to discover the suitability of the perforated sieve tray as a 
contact media between water and ozone and finding the optimum hydrodynamics for 
the absorption process of ozone in water   

Experimental work 

Experimental Apparatus 

 

The experimental laboratory apparatus used consist of the following:  
Glass column, Liquid storage tank, Blower, Centrifugal pump, Connecting pipes, 

Measuring instruments and Ozone generator as shown in figure 1. 
The column employed was a cylindrical glass pipe, 1m long, 0.3m diameter. The 
inside of the column was fitted with one perforated tray and one chimney tray. The 

perforated tray made of aluminum. 5 mm thick and 0.3 m diameter. The chimney tray 
(some times called weepage collection tray) was made of aluminum, 5mm thick and 

0.3m diameter. This tray is located below the perforated tray, in order to collect liquid 
weeping from the perforated tray, on the one hand, as well as ensuring uniform gas 
flow distribution at the region beneath the perforated tray, on the other hand, in order 

to prevent possible localized preferential weeping from the test tray caused by gas 
flow misdistribution. 

A spherical glass tank was used with 50 liters volume was used to collect liquid 
overflowing the outlet serrated weir on the one hand as well as acting as reservoir for 
all the liquid employed in the rig on the other hand. This tank connected to the supply 

recirculation pump which fed the liquid to the rig.  
A suitable centrifugal blower was used to introduce air at ambient conditions to the 

rig below the chimney tray via suitable piping arrangements.  
A locally fabricated orifice plate was employed as air flow measuring device, 
following insertion in a suitably located position to ensure absence of flow 

disturbance. Also a suitable proprietary area flow meter was used to measure the 
liquid flow rate. Although the meter was originally calibrated for water flow.  
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The pH value of water before and after treating was measured by means of digital pH-
held with range from 0-14. 
The duration time for all experiment will be 20 minutes. Because after that time its 

known from previous work that the temperature of the ozone generator will increase 
and that will accelerate the decomposition of ozone and in the final results mean 

decreasing the amount of ozone that being absorbed.  

          
 

Fig. 1 Schematic flow diagram of the absorption unit 

 

Experimental procedure  

 

The raw water was bringing up from Tigris River at Aljaderiah town in the middle of 

Baghdad to the laboratory and left for ten days to settling.  

 Initially, a sufficient quantity of the water to be used was prepared and introduce 

to the liquid tank. This liquid quantity amount to be about 50 liters.  

 The air blower was operated and the air flow was adjusted to a value of 200 m3 /hr 

by a manual gate value utilizing the installed calibrated orifice meter for this 
purpose. This value of air flow corresponded to the minimum required to avoid 
dumping of the liquid from the perforated test tray at its minimum adopted inlet 

flow rate of 250 lit/hr. 

 The supply recirculation liquid pump was then operated and the liquid flow was 

adjusted at 250 lit/hr by the globe valve upstream of the area flow meter which is 
utilized for this purpose. This value of liquid flow was practically the minimum 
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stable rate of flow achievable in the rig due to the variation in the reservoir tank 

liquid level over the duration of an experimental run.  

 The glass column was then observed to ensure that some liquid overflowed the 
outlet serrated weir. If that was not the case, the air flow rate was very gradually 

increased to achieve this overflow and subsequently fixed and recorded at this 
over flow occurrence. This procedure was necessary to keep away from the dump 

point. 

 Ozonized oxygen gas produced from the ozone generator passes in countercurrent 

to water at the bottom of the column, at the end of the duration time for the 
experiment, the ozone concentration in water was determined using pH meter.  

 The next step was to increase the air flow by increments to value corresponding 

approximately to 215, 277, 310, 340,  393 and 412 m3/hr while maintaining the 
liquid flow rate at 250 lit/hr; and again after the end of the operation duration time 

was determined the concentration of the ozone in water. 

 The procedure pointed out in points (2) to (6) above was repeated for increments 

in the liquid flow rate to the perforated tray; namely 300, 350, 400, 450 and 500 
lit/hr. 

 

RESULTS AND DISCUSSION 

At the time that ozone species and water molecules come in to contact, the absorption 
process will take place. Where the gases come in to contact with water, and all the 
theories of mass transfer between liquid and gas can explain this process with two 
important assumptions, first is that ozone is the only species that physically dissolved 

in water, and second that there is no chemical reactions.[4]     

Figure 2 shows the relations between ozone concentrations (which are referring to the 
amount of ozone being absorbed) with the air flow rate at different water flow rates. 
It's clear that the amount of ozone absorbed with water decreases with increasing air 

flow rate at low water flow rates. But at high water flow rate such as 450 and 500 
lit./hr the absorption rate will increase especially in the air flow rate range between 

275 and 350 m3 /hr. decreasing the flow rate of air that which carry the ozone gas 
species in the perforated sieve tray column will increase the contact time of ozone 
species with water molecules and give this species more chance to meet with water 

molecules. Also at high water flow rate the amount of ozone being absorbed increase 
even with increasing air flow rate because the huge amount of water that will be 

available at that high rates will increase the chance even for high velocity ozo ne 
species to come in to contact with water molecules but not for air flow more that 350 
m3/hr because this will again decrease the chance for the ozone species to come in to 

contact with water molecules even at high water flow rates and that is relates to the 
increasing the velocity of air which carry the ozone gas and as a result decreasing the 

contact time for the ozone and water. it’s clear from the figure that the for high liquid 
flow rates (400 lit/hr) and above, the optimum air flow rate will be between (300 to 
350) m3/hr.       
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Fig.2 Ozone concentration vs. air flow rate at different water flow rate 

Figure 3 shows the relation between ozone concentration and air flow rate at different 

Hydrogen number (pH) and similarly to figure 2 the ozone concentration decrease 

with increasing air flow rate for all range of pH being studies and of course for the 

same reasons of the above figure.  

 

Fig. 3 Ozone concentration vs. air flow rate at different pH 

Also figure 3 shows that the maximum absorption rate obtained in the pH range from 

(7-8) and this clearly observed in the figure 4.   
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Fig 4 Ozone concentration vs. pH 

It's clear that increasing pH will increase the concentration of ozone in water until pH 

reaches the range between approximately (7-8) then the concentration will decrease 

again. The hydrogen number of water is an important factor affecting the absorption 

of ozone in water and this is related to the hydroxide ions initiate ozone 

decomposition, which involves the following reactions  

                O3    +    OH                         HO2   +   O2 

            O3     +    2HO2                        H2O     +   3O2 

 

Fig. 5 Ozone concentration vs. air flow rate 
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Figure 5 shows that the absorption rate of ozone decreasing with increasing air flow 

rate and this related to the decreasing of contact time between ozone species and 

water molecules. 

 

 

Fig.6 Ozone concentration vs. water flow rate at different pH 

Figure 6 shows that the absorption rate of ozone increases with increasing water flow 

rate for all hydrogen numbers range tested in this work, and this related to the 

increasing of water molecules that might come in to contact with ozone. also this 

figure shows that at high water flow rate range between 400 – 500 lit/hr the 

absorption rate does not increase as much that happened in the lower range because 

most of ozone species already be recovered for the same limited amount of ozone 

supplied to the absorption unit.    

 

CONCLUSIONS 

o The amount of ozone absorbed in the sieve perforated tray column increase 

with increasing water flow rate and decreasing air flow rate and keeping the pH 

range between (7-8). 

o Increasing the air flow rate in this kind of absorbers is an important factor for 

increasing the performance of absorption, but that will effect negatively on the 

ability for ozone to dissolve in water , and that lead to think twice before choosing 

this kind of absorber as a contact medium between ozone and water.  
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ABSTRACT 

The main object of this work is to study the effect of coarse aggregate/cement ratio 

(A/C) on the property of no fine concrete. In this work, three ratio of A/C were used (6, 
9 and 12 by weight).The cement content is maintained constant (125kg/m3) while the 

w/c ratio ranges from (0.39 to 0.55 by weight). Tests are carried out on hardened 
concrete to investigate the effect of coarse aggregate/cement ratio on the compressive 
strength, absorption%, density, porosity%, ultrasonic pulse velocity, acoustic 

impedance of mixes. 
The results showed that increasing the percentage of A/C ratio by weight from 6 to 

12 for the used mixes reduces the compressive strength, ultrasonic pulse velocity and 
acoustic impedance, on the other hand the porosity and the absorption percentage, 
increase with increasing ratio of A/C for all studied mixes. 

At 28 days the compressive strength ,  ultrasonic pulse velocity and acoustic  
impedance tests with A/C ratio of (12) are (2.8.MPa), (2km/sec) and (3×106 

Kg/(sec.m2)) respectively while decreasing the ratio to (6) improves these properties to  
(9.3MPa), (3km/sec) and ( 5.7 ×106 Kg/(sec.m2)) respectively On the other hand the 
porosity and the absorption % decrease with decreasing the ratio of A/C  for all studied 

mixes . At 28 days the porosity and the absorption % with A/C ratio of (12) are (40%) 
and (2.7%) respectively with decreasing the ratio to 6 decrease these properties to 

(19%) and (1%) respectively.  
The densities of the mixes were tested. At 28 days the density with A/C ratio of (12) 

are (1512 kg/m3 )with decreasing the ratio to 6 increase the density to(1907 kg/m3 )  

 Based on the analysis of experimental results, several graphs and tables have been 
prepared to study the properties of no fine concrete. 
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 تا ثير نسبة الركام الخشن على خواص الخرسانة

 الخالية من الركام الناعم

 

 الخلاصة

 

على خواص (  A/C)  السمنت  /لهذا العمل هو دراسة تاثيرنسبة الركام الخشن الهدف الأساسي 

محتوى .  (21و   6  ،9)، (  A/C) من  وزنية  تم استخدام ثلاثة نسب.  من الركام الناعم الخرسانة الخالية
 اختير اجراءالفحوصات( 0.11الى  0.39)    السمنت تتراوح بين /بينما نسبة الماء ( 3م/كغم 211) السمنت ثابتا  

 ،نسبة الامتصاص  ،مقاومة الانضغاط السمنت على  /على الخرسانة المتصلبة لدراسة تاثيرنسبة الركام الخشن

 .فحص الموجات الصوتية  و فحص المعاوقة الصوتية  ، المسامية ، الكثافة
، مقاومة الانضغاط ادى الى نقصان في  "وزنيا21الى  6من (  A/C)  النتائج اظهرت ان زيادة نسبة  

المسامية و نسبة الامتصاص قد من الناحية الاخرى  فحص الموجات الصوتية  و فحص المعاوقة الصوتية
 .للخلطات الخرسانية(  A/C)  ازدادت عند زيادة نسبة 

     فحص الموجات الصوتية  و فحص المعاوقة الصوتية  عند نسبة، مقاومة الانضغاط يوم  14في عمر         

  (A/C ( )21 )ا\كم2)،(ميكاباسكال   (2.8كانت نقصان  بينما على التوالي(  ( 2م. ثا )\كغم( 106× 3 و  )ث
ا\كم3 )  ،(ميكاباسكال    (9.3سابقةادى الى تحسين الخواص ال( 6) النسبة الى  ( 2م. ثا )\كغم( 106× 5.7 و  )ث

للخلطات (  A/C)  قلت مع تقليل نسبة و نسبة الامتصاص المسامية  على التوالي و من الجانب الاخر( 
 .الخرسانية
على ) (%2.7 و   (%40)كانت( A/C ( )21)  عند نسبة  المسامية و نسبة الامتصاص يوم 14في عمر 

 .( (%1و (%19)        الى  الخواص تقليل تلكادى الى ( 6) لتوالي بينما نقصان النسبة الىا
بينما ( 3م\كغم (1512كانت و( A/C ( )21)  عند نسبة يوم  14ر تم فحص الكثافة للخلطات الخرسانية في عم

   ،(3م\كغم2904) الكثافة الىفي ادى الى زيادة ( 6) نقصان النسبة الى

النتائج مختبريا ، بضع رسومات و جداول اعدت لدراسة خواص الخرسانة الخالية من الركام لى تحليل اعتمادا ع
 .الناعم

 
KEYWORDS 
 No fine concrete , coarse aggregate/cement ratio (A/C), compressive strength,  

absorption% ,density, porosity % ,  ultrasonic pulse velocity and acoustic  impedance. 
 

INTRODUCTION 
No-Fines concrete is a mixture of cement, water and a single sized coarse aggregate 
combined to produce a porous structural material. It has a high volume of voids, 

which is the factor responsible for the lower strength and its lightweight nature . No-
fines concrete has many different names including zero-fines concrete , pervious 

concrete and porous concrete[1].   
 Neville[2] defined  No-fine concrete as a form of lightweight concrete obtained 
when fine aggregate is omitted i.e. consisting of cement, water and coarse aggregate 

only.  No- fines concrete is thus an agglomeration of coarse aggregate particles , each 
surrounded by a coating of cement paste up to about 1.3 mm thick. 

  The ACI 213R - 87  [3] uses densities to categorize concrete according to its 
application :- 

 Low density concrete has a density between 300 and 800 kg/m3  

  Structural concrete has a density  between 1350 and 1900 kg/m3 and has a 

minimum strength of 17 MPa .  

 Moderate strength concrete its compressive strength is between 7and17 MPa   

 Meininger [4] reported that , in no fine concrete the water – cement ratio in the 
range of 0.35 to 0.45 does a better  job of coating the coarse aggregate without 
causing too much balling in the mixer or , at the opposite extreme, being so wet that 

paste tends to run off the aggregate . He also reported that the properties of no – 
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fines concrete depend not only on its proportion but also on its compaction ,  too 
much compaction can reduce the air voids and plug the flow channels , too little 

compaction will leave the structure with very high air voids resulting in low strength 
and a raveling surface. 

 Abadjieva et al [5] determined that the compressive strength of on – fine 
concrete increases with age at a similar rate to conventional concrete. The no –fines 
concrete specimens tested had aggregate-cement ratios varying from 6:1 to 10:1. 

The 28 day compressive strength obtained by these mixes ranged from 1.1 and 8.2 
MPa , with the aggregate-cement ratio of 6:1 being the strongest . He concluded that 

the most plausible explanation for the reduced strength was caused by the increased 
porosity of the concrete. 
 Harber[1]   reported that , the density of no-fine concrete is dependent upon the 

void content in the concrete. Due to the high air content it is a lightweight concrete 
with a density of about two third of conventional concrete. The density of no-fine 

concrete normally ranges between 1600 and 1900 kg/m3. This is dependent upon the 
shape, size and density of aggregate, the aggregate-cement-water ratio and the 
compaction exerted on the concrete. 

 AL-Rubayie [6]  reported that , the aggregate-cement ratios effect the property 
of No-fines concrete , he concluded that decreasing the ratio from 1:10 to1:6 lead to 

increasing the density and the compressive strength and decrease the absorption 
percentage.  
    

Research Significance 

In this study, an experimental work has been carried out to achieve the following:- 

 Producing No Fine concrete according to the requirement for the mechanical   

properties of no fine light weight concrete with density ranges between 1600 
and 1900 kg/m3 by using different coarse aggregate-cement ratio (6:1, 9:1 

and 12:1) . 

 Evaluating the effect of aggregate-cement ratio on the mechanical properties 

of the concrete in its hardened state properties.   
 

Materials 

- Cement 
Ordinary Portland cement (type I) is used in this study. The cement is (Al-

Qassim) from Saudi Arabia origin was used in all mixes throughout this study. Its 
chemical and physical properties are given in Tables (1 and 2). Test results indicated 

that the adopted cement conformed to the Iraqi specification No.5 /1984 [7]. 

 

Table 1: Chemical composition properties of cement * 

 

Oxides % 
IOS 5:1984 

requirements  

CaO 62.20 - 

SiO2 22.10 - 

Al2O3 4.55 - 

Fe2O3 3.34 - 

MgO 2.32 ≤5.0% 

SO3 1.85 ≤2.8% 

Na2O 0.31 - 
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K2O 0.43 - 

L. O. I. 1.54 ≤4.0% 

Main compounds (Bogue's equation) 

C3S 44.64 - 

C2S 29.68 - 

C3A 6.41 - 

C4AF 10.16 - 

 

Table 2: Physical composition and properties of cement * 

 

Properties Cement  
IOS 5:1984 

requirements  

Fineness 
Blaine method (m2

 /kg) 
310 ≥ 225 

Vicat set 
times(hr:min) 

Initial 
Final 

 
 

2:10 
3:40 

 
 

≥45 min 
≤10 hours 

Compressive Strength ( N/mm2) 

at 
3 days 
7 days 

 

 
18.6 
27.5 

 

 
>15 
>23 

Soundness: 
autoclave % 

0.24 <0.8 

 

* Chemical and Physical tests were made by the National Center Laboratories for 
Construction and Research (NCCLR) 

 
- Coarse Aggregate  

 The aggregate generally used in no-fines concrete application usually ranges 
from 10 mm to 20mm.Five percent oversized and ten percent undersized materials are 
acceptable for use but there should be no particles smaller than 5 mm (Neville) [2]. If 

there are too many small particles it will tend to fill the voids , affecting the porosity 
of the concrete and associated properties. 

 Crushed gravel obtained from AL-Nebai area was used. The maximum coarse 
aggregate size was chosen to be 10mm. Table (3) shows the grading of coarse 
aggregate which conforms to the Iraqi specification No. 45/1984[8]. Table (4) 

illustrates the specific gravity, sulfate content and absorption of coarse aggregate. 

Table 3: Grading of coarse aggregate of maximum size 10 mm 

Sieve Size 

(mm) 
Passing% 

Limits of Iraqi  

specification No.45/1984 

14 100 100 

10 93.3 85-100 

5 12.5 0-25 

2.36 0 0-5 
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Table 4: properties of coarse aggregate* 

 

Physical Properties Test Results 

Limit of the Iraqi 

Specification 

No.45/1984 

Specific gravity 2.61 - 

Sulfate content % 0.06 ≤ 0.1 % 

Absorption% 0.59 - 

S.S.D 1650 - 

 
* Physical tests were made by the National Center Laboratories for Construction and 

Research (NCCLR) 
 
-Mixing Water 

Ordinary tap water was used for mixing and curing for all concrete mixes of this study  
 

Mix Proportions 

 The mix proportions for no – fines concrete depends predominantly on the 
final application. In building applications, the aggregate-cement ratio used is leaner, 

usually ranging from 6:1 to 10:1. This leaner mix ensures that the void ratio is high 
and prevents capillary transport of water. However, in pavement applications the 

concrete strength is more critical and aggregate-cement mixes as low as 4:1 is used. 
This lower ratio ensures an adequate amount of bonding between the aggregate and 
cement to withstand the higher loads. [1].In this search three aggregate –cement ratio 

by weight are used (6, 9 and 12) to study the effect of coarse aggregate ratio on the 
properties of no fine concrete. 

 

Concrete Mixes  

 The weight method  were carried out in design the concrete mixes . Three 

concrete mixes are used . These concrete mixes differed by water/cement ratio and the 
amount of coarse aggregate. After many trials, the details of the mixes used 

throughout this investigation are given in Table (5). 
 

 Table 5: Concrete mixes 

Mix 
Cement 

Kg/m3  

Water 

Kg/m3  

Aggregate 

Kg/m3  

w/c 

by weight 

Aggregate-cement 

Ratio by weight 

M1 211 48.8 410 0.39 6 

M2 211 56.3 2211 0.41 9 

M3 211 68.8 2100 0.11 12 
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OPERATIONAL PROCEDURE  

The following operating procedure was undertaken when using the pan mixer: [1] [2] 

 The inside surface of the mixer was moistened. 

 The aggregate should be dampened before mixing in order to facilitate 

uniform coating by the cement paste.  

 The aggregate and the half of the required water was added. 

 The mixing was started and the cement and remaining water was added 

slowly. 

 The mixing continued until the aggregate was sufficiently covered with 
cement paste. 

 The mix was discharged into the wheelbarrow by fully opening the trap. 

 The motor was turned off. 

 The power at wall was isolated. 

 The inside of the pan mixer was cleaned with water. 

 
No- fines concrete must be placed very rapidly because the thin layer of cement paste 

can dry out ; this would result in a reduced strength.  
 

HARDENED CONCRETE PROPERTIES 

 Five tests were carried out on no fine concrete  mixes compressive strength, 
density, absorption , porosity , ultrasonic pulse velocity, and acoustic  impedance tests 

.    
 

RESULTS AND DISCUSSION 
- Compressive strength  of hardened concrete  

 The compressive strength test was determined according to BS1881: part 

116:1989 [9]. This test was measured on 150 mm cubes using an electrical testing 
machine with a capacity of 2000 kN, at loading rate of 15 MPa per minute.  

 According to BS 1881 :part 113 :1983 [10] the specimens for the compression 
test have been compacted . The average of three cubes was adopted for each test. The 
test was conducted at ages of  7, 28, and 90 days { tests made in Laboratories of 

Baghdad  University}.The compressive strength results of the different studied 
concrete mixes are shown in Table ( 6 ) . These results indicate that: the compressive 

strength decreases with increases percentage of coarse aggregate/cement ratio .The 
recorded compressive strength results range from (9.3 - 2.8) MPa for all mixes at 28 
days age.  

 Table 6: Compressive strength results of concrete mixes 

Mix 
Aggregate-cement 

ratio 
w/c 

Compressive Strength test MPa 

for ages 

7 day 28 day 90 day 

M1 6 0.39 5.0 9.3 11.4 

M2 9 0.41 4.4 7.3 9 

M3 12 0.11 1.8 2.8 3.4 

 

Fig. (1) shows the increase in compressive strength with time, with decrease in the 

ratio of coarse aggregate, this can be related to the development of the interface bonds 
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between the bulk hydrated cement paste and the aggregate, this agrees with many 
study [5] [6] . 

Effect of water-cement ratio on compressive strength  

 The w/c ratio as such is not the main controlling factor and , in fact , there is a 

narrow optimum w/c ratio for any given aggregate.   A w/c ratio higher than the 
optimum would make the cement paste drain away from the aggregate particles   
whereas , with too low w/c ratio , the cement could not be achieved[2]  

 Fig. (2) shows the increase in compressive strength with decrease in w/c ratio, 
this agrees with many study [5] [6] . 
 

Fig. 1: Relation between compressive strength              Fig. 2 : Relation between compressive and  

             and age                                                                               w/c ratio 

- Density and Absorption of Hardened Concrete  

 The absorption test was performed according to ASTM C642-82 [11] . This 
test was carried out on (150) mm cube specimens. At each test age the specimens 

weighted and dried in oven at temperature of (100-110) oC for 24 hours { tests made 
in Laboratories of Baghdad University, civil eng. Department}. After removing each 
specimen from the oven, it allowed to cool in dry air to temperature of 20-25 oC, then 

weighted. The specimens returned to oven for additional 20 hours drying period, and 
the procedure repeated until the difference between any respectively two successive 

weights is less than 0.5%, then the last weight considered to be the oven dry weight. 
After this, the specimens immersed in water at approximately 21 oC for not less than 
48 hours and until two successive weights of the surface dried sample at intervals of 

24 hours showed an increase in weight of less than 0.5% of the heavier weight. The 
specimen surface dried by removing surface moisture with a towel, and then weight. 

The heavier weight is considered saturated surface dry weight. The density and 
absorption results of the different studied concrete mixes are shown in Table ( 7 ) .The 
test conducted at age 28days. The average of three specimens adopted at each test. 
According to the ACI 213R - 87  [1]  test result indicate that the concrete mixes with 
A/C ratio (9 and 12 )  were conform to  moderate concrete . 
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Table 7: Density and Absorption results of the different studied concrete mixes 

 

Mix 
Aggregate-cement 

Ratio by weight 
w/c 

Density  

kg/m3 

 

Absorption % 

 

28 day 28 day 

M1 6 0.39 1907 1 

M2 9 0.41 2155 1.5 

M3 12 0.11 2121 2.7 

                                                     

 Figs. (3) and (4) show the effect of coarse aggregate ratio on both absorption and 
densities of all mixes respectively, decreasing the ratio of aggregate and the w/c ratio 
leads to decrease the absorption percentage and increase the densities of the mixes. 

This behavior may be ascribed to significant w/c reduction which improves the 
uniformity of the microstructure and reduces the capillary porosity leading to better 

packing and increase in the density and reduces the absorption percentage. This agree 
with study [6] [12]  . Fig. (5) shows relationship  between density and absorption 
percentage , 

 
 

 
Fig. (3) Relation between absorption %                             Fig. (4)  Relationship between densities            

with A/C ratio                                                                                           with A/C ratio 
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Fig.(5) Relation between absorption % and  densities 
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- Porosity of concrete mixes 

 Neville[2]  defined porosity as the total volume of the overall volume of pores 
larger than gel pores , expressed as a percentage of the overall volume of the hydrated 

cement paste , is a primary factor influencing the strength of the cement paste .  
 The porosity test was carried out at 28 days by using standard cubes 

measuring (150 ×150 × 150) mm .The average value of three cubes was calculated by 
the following equation [12] 
 

Porosity= Density ×Absorption 
 

Table (8) showed the average result of this test 
 

 

 

Table 8: Porosity results of concrete mixes 

 

Mix 

Aggregate-

cement 

Ratio by weight 

w/c 

Density  

kg/m3 

 

Absorption 

% 

 

Porosity %   

28 day 28 day 28 day 

M1 6 0.39 1907 1 19 

M2 9 0.41 2155 1.5 23 

M3 12 0.11 2121 2.7 40 

 

 Fig. (6)  Shows the effect of coarse aggregate ratio on porosity of all mixes 
respectively, decreasing the ratio of aggregate and the w/c ratio leads to decrease the 
porosity, percentage. Figs. (7) And (8) show relationship between porosity with both 
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of compressive strength and density respectively. It was clear that increasing              

% porosity lead to an decreasing in both of compressive strength and density This 
behavior may be ascribed to significant increasing the porosity lead to increase the 
voids witch lead to decreasing compressive strength and density this agrees with study 

done by AL - Zangy [12]  . 
 

Fig. (6) Relation between porosity percent  

With A/C ratio 
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 * Ultrasonic Pulse Velocity Test (UPV) 
 The ultrasonic test is a useful tool for assessing the uniformity of concrete and 

detecting cracks and voids. It gives useful information about size of micro-cracks 
zone, crack growth and the interior structure of the concrete element. [13] 

 According to ASTM C597-02 [14], the Portable Ultrasonic Non – Destructive 
Digital Indicating Tester (PUNDIT) is used. Standard cubes measuring (100 ×100) 
mm were demoulded one day after casting. { tests were made in Laboratories of 

Baghdad}  
  The time of travel between initial onset and the reception of  the pulse  was 

measured electronically . The path length between transducers, divided by the time of 
travel, gives the velocity of wave propagation:  

 

V = L / T ……………………………………… (2) 
where 

V = Ultrasonic Pulse Velocity, km/sec 
L = path length, mm 
T = transit time, µ sec  

 Results of the ultrasonic pulse velocity test for all mixes, cured in tap water at 
28, day, are listed in Table (9) . 

 
 

Table 9: Ultrasonic Pulse Velocity results of concrete mixes 

 

Mix 
Aggregate-cement 

Ratio by wieght 
w/c 

Ultra-pulse velocity 

Km/sec 

28 day 

M1 6 0.39 3 

M2 9 0.41 2.9 

M3 12 0.11 1 

 
Fig.(9) shows the effect of coarse aggregate/cement ratio on ultrasonic pulse 

velocity of all mixes, decrease in this ratio and the w/c ratio leads to increase the 
ultrasonic pulse velocity .Figs. (10) and (11) show relationship between ultrasonic 

pulse velocity test with both of compressive strength and density respectively  
 It appears from these figures that as the compressive strength and density 
increase the ultrasonic pulse velocity increase at a different rate. This behavior may be 

ascribed to significant  increasing the density lead to decrease the voids witch lead to 
decrease the spend time of velocity of the waves  throw concrete, This agrees with 

many studies [13] [15]. 
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Fig. (9) Relation between Ultrasonic Pulse Velocity   
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The acoustic impedance is a characteristic which use to make comparison 
between Loudness in different environment such like Loudness in air and concrete.[16] 

Table ( 10 ) showed  The acoustic impedance for various materials  
 

 
Table ( 10 )  The acoustic impedance for various materials[16]   

   

Name of material Density (kg/m
3
) 

Ultrasonic Pulse 

Velocity 

m/sec 

Acoustic Impedance  

Rayls × 10
6
 

Kg/(sec.m
2
) 

Normal concrete 2300 ― 2500 4000 ― 4500 9.2 ― 11.3 

Light weight concrete 

with Light weight 

aggregate 

1200 ―1600   3000 ― 3500 

3.6 ― 5.6 

Iron 7700 ― 7800 5900 ―  6000 45 ― 47 

Aluminum 2700 6300 17 

Copper 8900 4760 42 

Water 1000 1480 1.48 

Air 1.21 343 415 × 10 
-6

 

  
 The acoustic impedance was determined in this study using the pulse velocity 

method, in compliance with ASTM C 597-02[14] . In the present work, standard cube 
measuring (150 ×150) mm were demoulded one day after casting testing were cured 

in water and tested at 28 days .The Acoustic  Impedance is calculated, as follows [16]   

Acoustic Impedance = ρ V 
V = ultrasonic Pulse Velocity, km/sec 

ρ = concrete density (kg/m3) 
 

Table (11) showed the average result of this test 
 

Table 11: Acoustic Impedance results of concrete mixes 

 

Mix 
Aggregate-cement 

Ratio by weight  
w/c 

ultrasonic Pulse 

Velocity 

km/sec 

concrete 

density 

(kg/m
3
) 

Acoustic Impedance  

Rayls × 10
6
 

Kg/(sec.m
2
) 

28 day 

M1 6 0.39 3 1907 5.7 

M2 9 0.41 2.7 
2155 4.1 

M3 12 0.11 1 2121 3 

 
 

 Fig. (12) shows the effect of coarse aggregate/cement ratio on the acoustic 
impedance of all mixes, increasing the ratio of coarse aggregate/cement ratio and the 
w/c ratio leads to decrease acoustic  impedance. This agrees with studies done by AL- 

Jeelawi[6]  
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Figs. (13) (14) and (15) show relationship between acoustic  impedance test 

with compressive strength ,  porosity %  and density respectively  
 

 
 

Fig. (12)  Relationship between Acoustic                            Fig. (13)  Relationship between Acoustic   

Impedance and coarse aggregate/cement                                Impedance and Compressive strength                                                                                                      
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 It appears from these figures that as the porosity increases, the acoustic 
impedance is decreases On the other hand the acoustic impedance increase with 

increasing the compressive strength and density at a different rate. This behavior may 
be ascribed to significant  increasing the compressive strength lead to decrease the 

voids witch lead to increase in density and Acoustic Impedance and decrease in 
porosity This agrees with many studies [12] [16].    
 

       CONCLUSIONS 
 

 These results indicate that, the compressive strength increases  with time 
.The recorded compressive strength results range from about (9.3 to 2.9) MPa 
for all mixes at 28 days age. 

 The aggregate-cement ratios effect the property of No-fines concrete ,  
decreasing the ratio from 12 to 6 lead to increasing the density , ultrasonic 

pulse velocity , compressive strength and the acoustic  impedance tests and 
decrease the absorption percentage and the porosity %.  

 The analysis of results detected that there is an inverse relation between 
compressive strength, density ultrasonic pulse velocity and acoustic 

impedance with the A/C ratio. On the other hand the absorption % and 
porosity % is related directly with A/C ratio.  

 It was clear that the compressive strength and density increases by decreasing 

the porosity %.  

 The UPV increases directly with compressive strength and density. 

 The tests clarified that the acoustic impedance increases directly with 
compressive strength and density on the other hand there is an inverse 

relation between Acoustic  Impedance and the porosity %. 
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 التحولات العمرانية في مراكز المدن المقدسة
 ) مدينة النجف الاشرف إنموذجاً ( 

 
 

 المستخمص 
العمرانية مف القضايا الميمة التي شغمت العامميف في حقؿ العمارة وتصميـ المدف . واف مراكز  تعد التحولات

لناتجة عف ازدياد الحاجات الانسانية والتقدـ المدف المقدسة الاسلامية قد تأثرت وبشكؿ واضح وكبير بالتحولات ا
 ) الغير مدروس ( .الحضاري والتكنولوجي 

ة صعبة مرحموتظير مشكمة البحث بصورة جمية  في عممية التطور والتوسع لممدف المقدسة التي تمر في 
عيداً عف نمط بالنسبة لنسيجيا التقميدي مف جراء ما اصابيا مف تمزؽ في نسيجيا وتحوليا الى نسيج مفكؾ ب

غير مف الطرز والتفاصيؿ المعمارية  العمارة العربية الاسلامية التقميدية وذلؾ مف خلاؿ ادخاؿ عناصر غريبة
 لائمة مع النسيج العمراني التقميدي .مال

ان عدم وجود وعي عام لممحافظة عمى الابنية والمدن التاريخية المقدسة سواء عند الافراد او المجتمع او 
، وتوصؿ البحث الى اف الحؿ يأتي مف خلاؿ مواجية ىذا التيار الجارؼ  لدولة هو أساس المشكمةدوائر ا

لعممية التحضر المفرط والتحوؿ السريع الذي رافقو نبذ للاشكاؿ والصيغ العمرانية التقميدية والتوجو نحو اقتباس 
المقدسة وامكانية ترابط ىذه المفاىيـ المفاىيـ الغربية دوف تحسس لطبيعة الموروث الحضاري والمعماري لممدف 

 مع الواقع القائـ .
وانطلاقاً مف ذلؾ جاءت اىمية القياـ بدراسة المركز التاريخي لمدينة النجؼ الأشرؼ حتى نتمكف مف المحافظة 
عمى ىويتيا وشخصيتيا التاريخية ذات الطابع الديني المميز للاجياؿ القادمة كنموذج لممدف المقدسة ذات طابع 

 العمارة الأسلامية التقميدية .
والمحور الثاني يدرس  عموماً  التحولات مفيوـ وقد قسـ البحث الى محوريف رئيسييف المحور الاوؿ يدرس

 القديمة . الاشرؼ التحولات في المركز التاريخي لمدينة النجؼ
 

 

Architectural Transformations in Holy Cities Center 
“ The holy city of Najaf as model ” 

 
 ABSTRACT  
The Architectural transformations is one of important issues that have held thought the workers in 

the field of architecture and design of cities, The Center of Holy Islamic Cities are affected clearly 

& changes caused by Increased humanitarian needs and the progress of civilization and from 

technology inputs. 
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The research shows the problem very clearly in the process of development and expansion of the 

holy cities undergoing a difficult period for the traditional fabric as a result of the hit torn fabric and 

turn them into the fabric of disassembled away from the pattern of the traditional Arab-Islamic 

architecture, through the introduction of Extraneous elements of style and architectural details 

compatible with third-traditional urban fabric. 

The absence of a public awareness to preserve the historic buildings and the holy cities both at the 

individual or society or government departments are the basis of the problem, 

The search find a solution that comes through the face of this overwhelming power over the process 

of urbanization and the rapid transformation of non-accompanied versions of the forms of 

traditional physical and the trend towards western concepts without quotation sensitivity to the 

nature of cultural and architectural heritage of the holy cities and the possibility of the 

interdependence of these concepts with reality. 

Based on this study was the importance of the historical center of the city of Najaf so that we can 

preserve the historical identity and personality of a religious nature as a unique model for future 

generations holy cities of a traditional Islamic architecture. 

 The research is divided into two main parts , the first part studied the transformations  , the second 

part studied the transformations  in the historical center of the old city of Holy Najaf. 

 

 

 رئيسية :الكممات ال
 التحولات العمرانية ، المدف المقدسة ، النسيج التقميدي ، مرحمة صعبة ، نموذج الاجياؿ القادمة .

 المحور الاول :
 التحولات في المدينة          

 ( Transformation)  : كمفهوم التحولات * 
الكاتػػ  يصػػؼ مجػػاؿ العمػػارة حيػػث تعتبػػر التحػػولات مػػف القضػػايا الميمػػة التػػي شػػغمت اغمػػ  العػػامميف فػػي 

(Anthony فػػػػي كتابػػػػو بػػػػاف التحػػػػولات ىػػػػي عمميػػػػة تغييػػػػر فػػػػي العمػػػػارة )نتيجػػػػة ديناميكيػػػػة داخميػػػػة وخارجيػػػػة . ك
 . فػػالتحولات تعبػػػر عػػػف عمميػػػة تغييػػػر بشػػػكؿ تجعمػػػو يصػػػؿ الػػػى اعمػػػى حػػػالات الاسػػػتجابة لتػػػأثير تمػػػؾ الديناميكيػػػة

(Anthony , 1996 , P.66  ) 
كمونة ( التحوؿ عمى انو التغير الى حالة مختمفة نتيجة فعؿ ما يقتضي تغيير عنصػر  ويعرؼ ) د. حيدر

)او اكثػػػر( موجػػػود ضػػػمف تكػػػويف مػػػا او ازالتػػػو ، او اضػػػافة عنصػػػر جديػػػد او اكثػػػر اليػػػو . ممػػػا يػػػ دي الػػػى خمػػػؽ 
  التحػوؿ علاقات جديدة بػيف العناصػر الموجػودة اصػلًا مػف جيػة ، وبينيػا وبػيف العنصػر او العناصػر التػي تسػب

مف جية اخرى ، سواء اكانػت ىػذه العناصػر ذات طبيعػة ماديػة اـ معنويػة ... الحالػة الجديػدة شػأنيا شػأف الحالػة 
القديمػػػة قػػػد تتصػػػؼ بالاسػػػتقرار وقػػػد لا تتصػػػؼ . ويمكػػػف ليػػػذا التحػػػوؿ اف يكػػػوف تػػػدريجياً بحيػػػث يمثػػػؿ جػػػزءاً مػػػف 

طػػابع المواجيػػة العنيفػػة التػػي قػػد يصػػع  تقبميػػا ... فػػي  التطػػور الطبيعػػي لمحالػػة القائمػػة ، او يكػػوف مفاجئػػاً فيتخػػذ
 ( 421-421، ص 7002حيدر ، )  . البداية عمى الاقؿ

وعميه يمكن تعريف التحول بعامة عمى أنه التغير الى حالة مختمفة نتيجة فعل ما يقضي تغيرراً او ازالرة 
 يؤدي الى خمق علاقات عنصر او اكثر ضمن تكوين ما او اضافة عنصر جديد او اكثر اليه ، مما 
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 جديدة بين العناصر الموجودة اصلًا من جهة والعناصر التي تسبب التحول من جهة اخرى .
 
 :التحولات في المدن التقميدية  *

ثلاثة او اربعة عقػود مضػت كػاف مقيػاس سػرعة التحػوؿ العمرانػي فػي معظػـ المػدف العربيػة مػذىلًا ،  خلاؿ
مػ ثراً بػذلؾ فػي معظػـ الخصػائص  لممػدف لػوجي المتقػدـ بعمػؽ فػي المشػيد العمرانػيفمقد اثر الرفػاه المػادي والتكنو 

 ري لممدف العربية الاسلامية .ية والقيـ الاجتماعية والتوسع الحضالماد
اف معظػـ التحػولات الحاليػة لمعديػػد مػف المػدف التقميديػة ومدينػػة النجػؼ واحػد منيػا كػػاف يتركػز عمػى المػػرور 

تػػدمر فػػي اغمػػ  الاحيػػاف نسػػيج المدينػػة التقميديػػة فضػػلًا عػػف فػػتح سػػاحات عامػػة كبيػػرة  والشػػوارع المسػػتقيمة التػػي
وىندسية في النسيج التقميدي نقلًا لفكرة الساحات الغربية التي تتلاءـ مع متطمباتيـ الوظيفية والاجتماعية والبيئيػة 

 وغير الملائمة لممدينة التقميدية .
التصػميـ الحاليػة فػي المػدف التقميديػة قػد حػدثت عمػى اسػاس  نتيجة اف الكثير مػف عمميػات حصوؿ ذلؾ اف

المنفعػػة والافػػادة قصػػيرة الامػػد بػػدلًا مػػف نظريػػة الفائػػدة طويمػػة الامػػد ، وبػػذلؾ فقػػدت المدينػػة التواصػػؿ مػػع ىويتيػػا 
جزائيػا ا وشخصيتيا المميزة التي كانت تتميز بيا ، وفقدت المدينة التقميدية الحاليػة التوافػؽ والتػرابط العضػوي بػيف

انعكس عمى الحياة الاجتماعية في المدينة واصبحت المدينة اليػوـ جميمػة بمبانييػا المنفػردة  المختمفة ، وىذا ايضاً 
عمػػى امتػػداد نسػػيجيا التقميػػدي الػػذي اسػػيـ فػػي تأكيػػد تمزيػػؽ النسػػيج التقميػػدي فػػي حػػيف اف جمػػاؿ المدينػػة  الذاتيػػة

نييا والكثافة البصػرية العاليػة والتماسػؾ العػالي بػيف مكوناتيػا عمػى التقميدي يأتي مف تفاعميا مع الناس وترابط مبا
مستوى المخطط وعمى مستوى الكتؿ البنائية بعضيا مع البعض ، ويمع  المبنى الواحد في خمؽ شخصية الجػزء 

لواحػػد والكػػؿ فػػي اف واحػػد ، وىكػػذا غػػا  عػػف المػػدف العربيػػة التقميديػػة اليػػوـ الانسػػجاـ والتكامػػؿ بػػيف ذاتيػػة المبنػػى ا
  ( 14، ص 4891) خالد ،  وتشكيؿ المدينة العمراني كمو .

مررن هررذا كمرره فرران تحررولات المدينررة العربيررة التقميديررة اليرروم اتجهررت مررن التحررول العضرروي المنسررجم مررع 
طبيعتها وجوهرها التخطيطي الى التخطيط الشبكي عن طريق تكوينها الفضائي وشوارعها وتوزيع المباني فيها 

 ار المناطق الى التدرج في خصوصية فضاءاتها وضعف القدرة عمى ايجاد فضاءات مميزة .مما سبب افتق
 :الاسباب التي دعت الى التحولات  *

نمػوذج التقميػدي الػى المعاصػر وىػي ظيػور المدينػة المعاصػرة والتحػوؿ مػف الا ىة عوامؿ ادت إلثىناؾ ثلا
  -: عمى وفؽ الآتي

 
 -:كار لدى المعمار فاهيم والأفالم -

 فالذي موقؼ التقميدييف(اوليما ) الجديدة ة العمرانيةالبيئتكويف اعادة  افي يقودبف في العالـ العر اىناؾ موقف
الػػذي يمكػػف الأخػػذ بػػو لتشػػكيؿ الحاضػػر وموقػػؼ كيػػذا لا يمكػػف اف  يػػدشػػرعية الماضػػي وبأنػػو الػػدليؿ الوحبيقػػروف 

 محاكػاة ( لػو يػد )مالموقؼ العاـ مف الماضي تق يصبح لؾوبذ ، واقعو المعاصر فتمع عالمجزلة عي دي إلا إلى 
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ضػػرورة لممجتمػػع  ؾفػػذل (  المسػػتوردة التقنيػػة الحديثػػة ) تجػػاه وانصػػاره اسػػتعماؿض دعػػاة ىػػذا الافولا يػػر  ، لػيس إلا
 التي نشأت فييا . كافة التقنية مف مضامينيا الثقافية ؾشريطة إفراغ وتجريد تم
ـ لا يػػبػػؿ ان حسػػ ( فػػلا يقفػػوف عنػػد إنكػػارىـ شػػرعية التقاليػػد ف فرافضػػيموقػػؼ ال ي فيػػو )ناثػػامػػا الموقػػؼ ال

عنصػر يعيػؽ التقػدـ عمػى انيػا فيـ ينظروف إلػى التقاليػد  ، لمحاضر اً مصدر بوصفيا يقروف بأصالتيا ومصداقيتيا 
اىمػو والبػدء مػف جمحو كؿ شػيء تقميػدي وت عف طريؽة المجتمع وتقدمو ىو و د لصحيفيـ يعتقدوف اف النيج الوح

مػػػف لتقنيػػػات اسػػػتيراد مػػػا امكػػػف مػػػف الأفكػػػار واالػػػى المجػػػوء الػػػى يضػػػطر المجتمػػػع  ؾالصػػػفر وبنػػػاء عمػػػى ذلػػػ نقطػػػة
 ( 714، ص 4881 ،) صالح  .ى خر لاالثقافات ا

وكلاىمػا  ـ يتمعػاتمجالتقنيػة الحديثػة فػي  عماؿتسػوىي رغبتيما في االا فالموقفاف يتفقاف عمى نقطة واحدة 
 . متطرؼ في طرحو ومرفوض في فكرتو

 يػؿ واسػتمياـ مػف الماضػي بػدلاً معمى اف يكوف التقميػد بشػكؿ تح صحاف محاولة الدمج بيف الموقفيف ىو الا
اي اتخػػػاذ صػػػفة  إلػػػى المػػػوروث ) ئيسػػػ التقنيػػػة الحديثػػػة بشػػػكؿ لا عمؿاخ والمحاكػػػاة المباشػػػرة وتسػػػتتنسػػػمػػػف الاس
 .(  صانةالعقلانية والر  الوسطية

 -التقنية والتكنولوجيا : -
ر البيئػػػة التقميديػػػة فػػػي جػػػيػػػة المعاصػػػرة وىانالػػػذي سػػػيؿ الانسػػػياؽ وراء البيئػػػة العمر  يالعامػػػؿ الثػػػانويتمثػػػؿ 

وفػػػرت اامكانػػػات و اف التقنيػػػة الحديثػػػة  إذ.  يػػػةانالتغيػػػرات التػػػي طػػػرات عمػػػى طبيعػػػة التقنيػػػة وحجػػػـ التنميػػػة العمر 
قػة التعامػؿ مػع ىػذه اامكانػات ىػي الخيارات المختمفة لتصبح تحت إمكانية الميندس المعمػاري وتصػرفو واف طري

 الحديثػةالتي حددت مقدار اافادة منيا ، او مقدار الآثار السمبية التي خمفتيا ، فاستعماؿ تقنيػات البنػاء و المػواد 
قد فتح افاقػاً جديػدة فػي البنػاء فظيػرت المبػاني ذات الارتفاعػات العاليػة ولكػف مػف دوف مراعػاة المقيػاس اانسػاني 

) لميػاء ،  .يػذا النػوع مػف المبػاني ، ودراسػة علاقتيػا مػع الفضػاءات المحيطػةلسيج المدينػة العمرانػي ومقدار تقبؿ ن
  ( 14، ص 7000

ة عػػف بػػريغاسػػتيراد قػػيـ ومبػػادة جديػػدة بة لمحميػػلػػى اخػػتلاؿ فػػي تػػوازف البيئػػة التقميديػػة لممدينػػة افػػادى ذلػػؾ ا
تعمالات الأرض وتعػػدد فػػي الحػػرؼ وطػػرؽ فػػي اسػػ ؼتلاخػػؼ جديػػدة وائظيػػور وظػػا فضػػلًا عػػفالمجتمػػع العربػػي 

والمصػمـ العقلانػي ىػو الػذي يعمػؿ عمػى ادخػاؿ التقنيػة الجديػدة ضػػمف  اانشػاء ومػواد اانشػاء القديمػة والجديػدة .
 نفس اصوؿ القيـ الراىنة لمنسيج القديـ .

 -قضايا العمارة والتحضر : -
ر وتوطػد نمػو البيئػة العمرانيػة المعاصػرة خر عمػى تعزيػز اسػتمرابػ ع وعمػؿ بشػكؿ او جش قدالعامؿ  اف ىذا

تطػػور  ةجػػيمسػػتوييف الفكػػري والتطبيقػػي فمجػػاؿ الدراسػػات العمرانيػػة جػػاء نتالتعمػػؽ بالعمػػارة والتحضػػر عمػػى التػػي ت
دراسػة لممػدف  ةنػرى اف فػي ايػ إذست ونمت عمػى مبػادة التحضػر فػي الغػر  سي تأتالعموـ اانسانية المعاصرة ال

ليػا إلا  منطمقػاً  وتطورىػا نموذج نشػوء المدينػة الغربيػةامف مدف العالـ الثالث لا تزاؿ تأخذ  مدينة ةااسلامية او اي
 ما ندر .
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اه جػػالات ؾيػػة ااسػػلامية سػػاعد عمػػى توطيػػد ذلػػبة العر نػػلدراسػػات التحميميػػة لممديا الػػى كمػػا اف الانتقػػاؿ التػػاـ
  ( 711-714،  4881،  ) صالح التقنية الحديثة والأفكار والتوجيات السياسية . فضلًا عف

يلائػػـ ، وكررذلك التجررارب العربيررة السررابقة بمررا التخطرريط و  العمررارة فادة مررن التجررارب الغربيررة فرريسررالاان 
لمخػروج بعمػارة ذات روح متواصػمة  والبيئػة الطبيعيػة المفاىيـ الاسلامية ) اعتماد الديف الاسػلامي مصػدراً لمفكػر (

 مع الماضي والحاضر .
لتحػولات ىػي تغيػرات ضػمف تكػويف معػيف يخمػؽ علاقػات جديػدة بػيف عناصػر التكػويف ومف ذلػؾ كمػو فػاف ا

)الموجود اصلًا( ، ويعد التحوؿ التقميدي او التحوؿ بالاستعارة مف الاستراتيجيات الميمة التي يمكف اتباعيا عنػد 
كػػػويف الفضػػػائي  التحػػػوؿ . واف التحػػػولات التػػػي حصػػػمت فػػػي المدينػػػة العربيػػػة ادت الػػػى فقػػػداف وضػػػوح التوجيػػػو لمت

 وفقداف خصائص المدينة التقميدية .
 

 خلاصة المحور الاول
تركػػت اثػػراً واضػػحاً فػػي  لممػػدف المقدسػػةالمتغيػػرة فػػي المراحػػؿ التعاقبيػػة القػػوى المشػػكمة لمخصػػائص  اف

،  لػدائمي الػذي يتقػدـ بالبنيػة وينقميػا مػف مرحمػة إلػى اخػرىا، وىي كمثػؿ )المحػرؾ(  تشكيمة البنية العمرانية
يػر ، وفي كؿ الحػالات لابػد مػف وجػود تحػوؿ وتغ عو تداعياً وانحلالًا فييابفكؿ تكامؿ في البنية العمرانية يت

 :ىي المتغيرات ىذهو  متغيرات الية ىذا التحوؿمثؿ ىذه التفي تركيبة البنية مع )الزمف( 
 وىي: : القوى الخارجية - ا

في تشكيؿ   حساساً فنلاحظ اف ىذه القوى قد شكمت عاملاً  : القوى السياسية * 
 فػػػػي المراحػػػػؿ التػػػػي مػػػػرت بيػػػػا المػػػػدف ، وكانػػػػت العامػػػػؿ الميػػػػيمف بنيػػػػة المدينػػػػة

، فتػػػػػوالي السػػػػػػمطات والقػػػػػوى السياسػػػػػية المتنوعػػػػػة الأجنػػػػػػاس  العراقيػػػػػة التقميديػػػػػة
 ، والأصوؿ عمى حكػـ المدينػة ولكػؿ مػف ىػذه القػوى تأثيرىػا فػي تركيبيػا وبنيتيػا

 . يا ما ىو سمبي ساىـ في تخريبيامنيا ايجابي ساىـ في اعمارىا ومن

: لقد كاف لدخوؿ التقنيات الحديثة في المدينة اثرىا الواضح في  القوى التقنية *
غيػػر  ( داخػؿ المدينػةالمركبػةتغيرىػا وفػي كافػة المراحػؿ التػي مػػرت بيػا فػدخوؿ )

، كمػػػا اف دخػػػوؿ مػػػواد البنػػػاء  كثيػػػر مػػػف المعػػػالـ العمرانيػػػة والعلاقػػػات الشػػػكميةال
التػي انعكسػت  ة قد ساىـ في تغير تقنيات البنػاء وبالتػالي البنيػة العمرانيػةالجديد

 ، فضلًا عف متطمبات العيش المعاصر . عمى المدينة عموماً 

المجتمػع المشػكؿ  افو  تواقتصادية(: فكؿ مجتمع لػو خصوصػي-: وىي قوى )اجتماعية الداخمية قوىال -  
تغيػػرات كثيػػرة فػػي  تمػػة المعاصػػرة حيػػث شػػيدفػػي المرحمػػة الأولػػى لػػيس ىػػو فػػي المرح النجػػؼلمدينػػة 
 .( وقيمو وتقاليده  الديف ااسلامي مع ثبات ) ، التقاليد

 
 المحور الثاني :
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 المركز التاريخي لمدينة النجف الاشرف          
 : الموقع النشأة الاولى *

( الػى الغػر  مػف  ـكػ40تقع مدينة النجؼ عمى الحدود الجنوبية لمصحراء الغربية فػي العػراؽ وعمػى بعػد ) 
 .كـ ( شرؽ مدينة كربلاء29داد و ) كـ ( الى الجنو  الغربي مف مدينة بغ460تبتعد ) نير الفرات ، و 

يا الجغرافػػػي يتمثػػػؿ بربػػػوة ( وموضػػػع 11-11( وخطػػػي طػػػوؿ )  47-44فيػػػي تقػػػع بػػػيف خطػػػي عػػػرض ) 
لشػرقي عمػى فضػاء فسػيح تطؿ مف الجنو  الغربي عمى منخفض بحر النجؼ وتطؿ مف جيتػي الشػماؿ امرتفعة 

تشػػغمو مقبػػرة وادي السػػلاـ امػػا مػػف جيػػة الغػػر  فالصػػحراء الغربيػػة فػػي حػػيف تمتػػد الػػى الشػػرؽ مػػف المدينػػة اراض  
  ( 761، ص 4811) احمد سوسة ،  زراعية باتجاه الكوفة .

يط المدينػة ىػذا الموقػع الجغرافػي اكسػ  المدينػة مناخػاً قاريػاً صػحراوياً قاسػياً انعكػس لاحقػاً عمػى نمػط تخطػ
وعمارتيػا فضػػلًا عػػف اف موقعيػػا ىػػذا جعميػػا مفتوحػػة عمػػى الصػػحراء بعيػػدة عػػف الحػػواجز ومعرضػػة لميجمػػات ممػػا 

  ( 4) الشكل  . عبر مراحميا المختمفة اضطر سكانيا الى تسويرىا
 
 

 
 
 
 
 
 
 
 
 

 اثر عوامل البيئة في تكوين النسيج الحضري لمدينة النجف : *
لنسيج وصياغة اشكاؿ المباني والفضاءات الحضرية باختلاؼ البيئػة الحضػرية تختمؼ طبيعة تشكيؿ ىذا ا

 التي تنمو فييا المدينة ، وتنقسـ ىذه البيئة قسميف : 
  المعاصر لممدينة البيئة الطبيعية : وىي ثابتة عمى مر الزمف. 

 : البيئة الثقافية : وىي متغيرة عمى مر العصور بسب  عوامؿ ىي 

 ف الاسلامي .تأثير العقيدة الدي -
 تأثير الجوان  الاجتماعية . -

 العادات والتقاليد . -

 العامؿ الاقتصادي . -

 العامؿ السياسي . -

( 4شكم ) ان  

 مُلغ مىطمح اندزاسح تانىسثح نهؼساق

انثادج  صُز مه تجمٍغ انمصدز :  
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 التكنولوجيا ومواد البناء . -
فالتكوف الشكمي والفضائي لمنسيج الحضري لمدينة النجؼ لـ يكف نتيجة تخطيط مسبؽ ولا عفوية بؿ جػاء 

افيػػة والطبيعيػػة ، وىػػذه النتيجػػة ىػػي عصػػارة تجػػار  وممارسػػات كػػاف نتيجػػة طبيعيػػة لتفاعػػؿ الانسػػاف مػػع بيئتػػو الثق
لمزمػػاف والمكػػاف اثػػر اساسػػي فػػي بمورتيػػا ، ممػػا اعطػػى لمنسػػيج الحضػػري خصوصػػياتو ومميزاتػػو ، ويمثػػؿ الػػديف 
الاسػػلامي العامػػؿ ) مػػف بػػيف العوامػػؿ البيئػػة الثقافيػػة ( فػػي التػػأثير والتفاعػػؿ مػػع العوامػػؿ البيئػػة الطبيعيػػة لتشػػكيؿ 
النسػػػيج الحضػػػري والتكػػػويف الفضػػػائي لمدينػػػة النجػػػؼ ، بينمػػػا بقيػػػة العوامػػػؿ ت ثربػػػدرجات متفاوتػػػة لتعزيػػػز العامػػػؿ 

 الاساسي . 
اف الييكؿ الحضػري فػي مدينػة النجػؼ القديمػة يتحػدد اساسػاً بتػأثير القػيـ الدينيػة والمبػادة والقػيـ الاخلاقيػة 

، ويمكف ملاحظة ذلؾ عف طريؽ اقامػة الم سسػات والمػدارس  والروحية التي انبثقت مباشرة مف الايماف بالاسلاـ
الدينية التي يحتاجيا الديف الاسلامي التي تعُد محػور الحيػاة اليوميػة وفعاليتيػا الروحيػة والاجتماعيػة والاقتصػادية 
بشػكؿ انعكػس عمػى اسػػمو  تخطػيط مدينػة النجػػؼ الاشػرؼ وتوزيػع اسػتعمالات الارض ونظػػاـ الحركػة فييػا وىػػي 

 ( 7001) حيدر ، د عمى اىمية موقع ىذه الم سسات . تنظـ بنمط ي كالتي 
فعمػى مسػػتوى النسػػيج الحضػػري لمدينػػة النجػؼ القديمػػة يػػنعكس اثػػر عوامػػؿ البيئػة الطبيعيػػة عمػػى شػػكؿ ىػػذا 
النسػػػيج الػػػذي يظيػػػر عمػػػى شػػػكؿ نسػػػيج متػػػداخؿ كثيػػػؼ مػػػتلاحـ وذلػػػؾ بتكػػػاثؼ وتجميػػػع الابنيػػػة وتراصػػػيا بحيػػػث 

شػػمس المباشػػرة الا اقػػؿ مسػػاحة ممكنػػة مػػف الواجيػػات والسػػطوح . وىكػػذا نجػػد اف نسػػيج مدينػػة لايتعػػرض لاشػػعة ال
 ة ذات السطوح المستوية والفتحات القميمة والصغيرة الى الخارج .القديمة يتميز بتداخؿ الكتؿ الصمبالنجؼ 

يات دوف مسػتوى ومف المعالجات المناخية التي ميزت مدينة النجؼ ىو المجوء الى الانخفاض الػى المسػتو 
الارض ببنػػاء السػػرادي  التػػي تقمػػؿ مػػف اكتسػػا  الحػػرارة وزيػػادة نسػػبة الرطوبػػة ، ممػػا ادى الػػى تغييػػر فػػي التنظػػيـ 
الشػػػكمي والتػػػداخؿ الفضػػػائي للابنيػػػة المكونػػػة لنسػػػيج المدينػػػة . كمػػػا اف اسػػػتعماؿ المعالجػػػات المعماريػػػة الاخػػػرى 

لًا جمالية وايقاعية وبكتؿ ىندسية بارزة ، ميزت خط سماء مدينة رات ( التي اتخذت اشكايكملاقؼ اليواء ) البادك
وفػي  النجؼ وساعدت في تمطيؼ المناخ داخؿ المسكف عف طريؽ جمػ  اليػواء وتمطيفػو وادخالػو الػى السػردا  .

  ( 4819) الحاج ،  -: وىي كالآتي  يداانواع مف السر النجؼ توجد 
 معدؿ عمقيا ستة امتار تقريباً . السرادي  الارضية الموجودة في اغم  الدور ، -4

 سرادي  السف ) اليصياص ( ومعدؿ عمقيا عشرة امتار . -7

 سرادي  سف ) القرض ( ومعدؿ عمقيا خمسة عشر متراً . -4

 .ف متراً ، وىذا النوع قميؿ جداً وبارد جداً و سرادي  راس الطار ومعدؿ عمقيا خمسة وعشر  -1
سيج عضوي مترابط ترابطاً دقيقػاً إذ ينتقػؿ الانسػاف ضػمف ىػذا لقد امتاز النسيج العمراني المحيط بالمرقد بن

النسيج في الازقة الضػيقة التػي تعطػي المقيػاس الانسػاني المطمػو  ، فػاف ىػذا الانتقػاؿ يحقػؽ مبػدا الشػد والجػذ  
و يػدخؿ بيف الزائر والمرقد ، إذ يشاىد القبا  والمنائر بيف تارة واخرى داخؿ الزقاؽ ، وعندما يصؿ الى المرقد فان
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الفضاء الواسع ) الصحف ( لممرقػد ليتفػاجئ بيػذا الفضػاء الواسػع ، وىنػا يشػعر الانسػاف بالخشػوع والتقػوى اللازمػة 
 والضرورية للاماكف المقدسة .

 -ومف ذلؾ كمو نستخمص الآتي :
o  لقد تعرضت الفضاءات المحيطة بالمرقد المقدس الى ممارسات تصػميمية وتخطيطيػة احػدثت تغييػرات

ة في تكوينيا الحضري تمثمت في ازالة المناطؽ المحيطػة بالمرقػد ) التػي تمثػؿ مركػز التكػويف ( جوىري
وعزليػػا عػػف محيطيػػا الحضػػري بمػػا يتنػػاقض والمبػػدا الػػذي صػػممت عمػػى اساسػػو . فضػػلًا عػػف ماسػػببتو 
 ىذه الممارسات مػف خسػارة فادحػة لمنسػيج التراثػي وخصائصػو الحضػرية والعديػد مػف الابنيػة ذات القػيـ
التاريخية ، فانيا خمقت مشاكؿ جديدة تمثمت في توليد جذ  المزيد مف حركػة السػيارات حػوؿ المرقػد ، 
فاحدثت تموثاً بصرياً وبيئياً يتنػافى مػع المكانػة الدينيػة والروحيػة ليػذا المرقػد . كمػا اف قػرار الازالػة ىػذا 

العاـ وغيػا  عنصػر المفاجػأة ادى الى التقميؿ مف ىيمنة فضاء الصحف عمى تكويف المدينة الفضائي 
مف الصحف . ولـ يقتصر الضرر عمى ذلؾ فحس  ، اذ اف واجيات اسوار المرقد كشفت الػى الخػارج 
ممػػا دعػػا التعامػػؿ معيػػا بوصػػفيا ابنيػػة نصػػبية وىػػو اقتبػػاس لممفيػػوـ الغربػػي ، ممػػا اسػػتدعى المزيػػد مػػف 

ضػػػح . اف ازالػػػة ىػػػذه المنػػػاطؽ اليػػػدـ وخمػػػؽ فضػػػاءات واسػػػعة لاسػػػتيعا  الواجيػػػات الجديػػػدة بشػػػكؿ او 
المحيطة بالمرقد تعدّ خسارة كبيرة لممدينة القديمة كما اف عزؿ ىذا المرقد عف اطػاره الحضػري المتميػز 
وجعمػػو شاخصػػاً منفػػرداً فػػي الفضػػاء يمكػػف ر يتػػو مػػف الجيػػات جميعيػػا ممػػا افقػػده خصائصػػو التقميديػػة 

 والمبادة الاساسية التي صمـ ليا اصلًا .

o اكؿ بيئػة المدينػة تنبػع مػف الحالػة الرديئػة للابنيػة المحيطػة بالمرقػد ذات الطػرز المعماريػة اف احدى مش
الغريبػة التػػي لا تتعػاطؼ مػػع خصػائص المنطقػػة وىويتيػا المحميػػة ولا تأخػذ بالحسػػباف القيمػة المعماريػػة 

) ضػائي . المتفردة لمروضة الحيدريػة الشػريفة ، ممػا اضػعؼ مػف ىيمنػة المرقػد عمػى تكػويف المدينػة الف
 ( 7الشكل 

 
 
 

 
 
 
 
 

                                                           
  ، 4824لغرض الاستزادة بالمعلومات في هذا المجال راجع المصدر حيدر .  

 ذ

( 7شكم) ان  

اخ انطسش انمؼمازٌح انٍجٍىح ػه ٌٌُح انمدٌىحَتانفىادق ذصُز تُضخ الاتىٍح انمذٍطح تانمسلد انشسٌف انمتمخهح   

انثادج  انمصدز :  
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 مشاريع التطوير والدراسات التي طرأت عمى مدينة النجف القديمة : *

منػػذ اف بػػدات المدينػػة تتعػػرض لضػػغوط التغيػػر لػػـ تجػػر ايػػو محاولػػة جديػػة ومتكاممػػة لتطػػوير المدينػػة . فقػػد 
ـ  4849طات البمدية عاـ  ) ـ ( وقبمو ىدـ السور مف قبؿ السم 4811ادى شؽ الشوارع في جسـ المدينة عاـ ) 

( ادى كػػػؿ ذلػػػؾ الػػػى حػػػدوث اضػػػرار فػػػي التكػػػويف الفضػػػائي الحضػػػري لممدينػػػة واعطػػػى فرصػػػة لتغييػػػر المنػػػاطؽ 
 التاريخية عمى جانبي ىذه الطرؽ الى استعمالات تجارية اكثر ربحاً .

د رجيػة كواجيػة ، وبعػوكذلؾ ازالة النسيج المحيط بالمرقد ومعاممتو كبناء منفصؿ والتعاطي مع جدرانو الخا
التػي تػـ تخصػيص لزائػريف ومركػز الخػدمات السػياحية المتمثمػة بمشػاريع مدينػة اذلؾ جاءت المقترحػات التطويريػة 

موقعاً ليا ضمف النسيج التقميدي لممدينة ، مما استدعى ازالة مسػاحات واسػعة مػف ىػذا النسػيج لتػوفير المتطمبػات 
 ارة ومحمة الحويش .المكانية لممشروعيف في كؿ مف محمة العم

وكذلؾ الانتياء مف المراحػؿ التمييديػة لمتصػميـ المعمػاري المقتػرح فػي مركػز مدينػة النجػؼ التقميديػة والػذي 
يقترح تحويػؿ منطقػة مدينػة الزائػريف الػى صػحوف تابعػة الػى المرقػد الشػريؼ وكػذلؾ ايجػاد صػحف يحػيط بالروضػة 

ؾ ازالة المنطقة الواقعة بيف ساحة الامػاـ عمػي )ع( ) سػاحة ـ ( مف كؿ جياتو ، وكذل60الحيدرية عمى مسافة ) 
الميػػداف ( والروضػػة الحيدريػػة ) المتمثمػػة بمنطقػػة السػػوؽ الكبيػػر ( والمقتػػرح انشػػاء صػػحف واسػػع مفتػػوح مػػف جيػػة 

 ساحة الاماـ عمي )ع( يحده سوقاف كبيراف موازياف لمصحف الجديد .
شػاممة لعمػوـ المركػز التػأريخي لمدينػة النجػؼ فمػـ  ويلاحظ مػف كػؿ ذلػؾ عػدـ وجػود سياسػة حفػاظ وتطػوير

 تجري اي محاولة جدية ومتكاممة لتطوير المدينة .
 اما اىـ المحاولات في ىذا الاتجاه ىي :

 
 : النجف مدينةالتي جرت عمى  العمرانية والتخطيطية الدراسات -

 جرت لممدينة عدة دراسات تطويرية وىذه الدراسات ىي :
o 6591يادس دراسة مؤسسة دوكس : 

اف التقريػػػر الػػػذي خرجػػػت بػػػو ىػػػذه الدراسػػػة لايػػػنـ عػػػف ادراؾ لطبيعػػػة التخطػػػيط التقميػػػدي ولأىميػػػة التأريخيػػػة 
والتراثية لمركز مدينة النجؼ التأريخي او لطبيعة النسيج الحضري المتضاـ . اذ يػذكر اف الاحػواؿ البيئيػة السػيئة 

نقػػػص الخػػػدمات والفعاليػػػات الاجتماعيػػػة لايمكػػػف تحسػػػينيا الا الناتجػػػة عػػػف الكثافػػػات العاليػػػة لمسػػػكاف والازدحػػػاـ و 
)  . % ( مػػػف مسػػػاكنيا وتحسػػػيف البػػػاقي10 ( ويتضػػػمف ذلػػػؾ ازالػػػة مالايقػػػؿ عػػػف ) Radicalبػػػاجراءات جذريػػػة ) 

IRAQ , 1958 , P.76-83 )   
والتأريخية  خلا التقرير مف اي اشارة الى ضرورة وضع سياسة حفاظ عمى الابنية ذات القيمة المعماريةلقد 

الكبيػػػرة او الحفػػػاظ عمػػػى الشخصػػػية الحضػػػرية لممدينػػػة وىويتيػػػا المحميػػػة كمػػػا اقتػػػرح شػػػؽ المزيػػػد مػػػف الطػػػرؽ لحػػػؿ 
 مشاكؿ المرور وتدفؽ الزوار .
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 : 6595دراسة هيئة التخطيط العمراني عام 
التخطػػيط  ـ ( تػػـ اعػػداد التصػػميـ الاساسػػي الثػػاني لمدينػػة النجػػؼ الكبػػرى مػػف قبػػؿ ىيئػػة 4828فػػي عػػاـ ) 

( . وقد وقع ىذا التقرير  Doxiadisالعمراني حيث جرى تحويؿ مقترحات التصميـ الاوؿ المعد مف قبؿ شركة ) 
في نفس اخطاء التقرير السابؽ إذ لـ يتعرض التصميـ الى حؿ مشاكؿ نسيج المدينة الحضري التقميدي ولـ ي كد 

قتػػػرح عػػػدة مشػػػاريع لاعػػػادة التطػػػوير لقطاعػػػات مػػػف عمػػػى الحفػػػاظ عمػػػى خصائصػػػيا الحضػػػرية المميػػػزة . الا انػػػو ا
وع ر المدينػػػة القديمػػػة وىػػػذه المشػػػاريع ىػػػي : المركػػػز التجػػػاري ومدينػػػة الزائػػػريف ، ومركػػػز الخػػػدمات السػػػياحية ، مشػػػ

) جميوريػة  السػياحية فػي مػنخفض بحػر النجػؼ .ـ ( والمدينة 60توسعة دورة الصحف باربعة اتجاىات وبمسافة ) 
 ( 44-47، ص 4892العراؽ ، 

م ( وكررذلك الدراسررة التكميميررة لهررا مررن قبررل هيئررة  6591ان دراسررة مؤسسررة دوكسرريادس فرري عررام ) 
م ( ترردل عمررى عرردم امررتلاك هررذو الجهررات روح الفهررم لمقرريم الراهنررة الترري حممتهررا هررذو  6595التخطرريط لعررام ) 

ك الزائررين وزيرادة اعردادهم المدينة العريقة....واستناداً الى ذلك اتجهت نحو ابسط الطرق في حل مشكمة تحر 
ومشاكل تردي الحالة الانشائية لممعالم الآثارية ، فاعطت الحق لنفسها بهدم المعالم الآثارية وتوسيع الشوارع 

ريي العظرريم اوشرق الشروارع الجديرردة واسرتخدام كرل مفررردة تعمرل عمرى ازالررة تراريي امتنرا الاسررلامية عمومراً والتر
 . لعمارتنا العراقية خصوصاً 

 
o 6591راسة المديرية العامة لمتخطيط العمراني عام د : 

الاولػى )الجديػدة  تػوحيث قامت المديرية باعداد دراسة لتطوير مدينة النجؼ يشمؿ المركػز التػأريخي ومحلا
والمقبرة الكبرى . وقػد تضػمنت ىػذه الدراسػة عػدة جوانػ  حيػث تطرقػت الػى الخصػائص  (الثممة والشوافعو  والثانية

نػػة وعناصػػرىا الحضػػرية الواجػػ  الحفػػاظ عمييػػا وابرازىػػا ىيمنػػة المرقػػد الشػػريؼ عمػػى تكػػويف المدينػػة المميػػزة لممدي
والػنقص  ، الفضائي ، والحفاظ عمى الابنية ذات القيمة المعمارية والتأريخية واىمية الحركة والوصػوؿ فػي المدينػة

ات سػابمة ومنػع مػرور المركبػات في اعداد مواقػؼ المركبػات فضػلًا عػف مقترحػات لتحويػؿ بعػض الطػرؽ الػى ممػر 
فييػػا كمػػا تطرقػػت الدراسػػة الػػى ضػػرورة تعػػديؿ التصػػميـ الاساسػػي لممدينػػة ليػػتلائـ مػػع مشػػاريع التطػػوير المقترحػػة 

 . لممدينة والتي ينبغي اف تكوف مترابطة مع بعضيا البعض ومع ىيكمية المدينة بصورة عامة
خطػاء والتناقضػات كػاف اىميػا توسػيع دورة الصػحف غير اف ذلؾ لـ يمنع الدراسة مف الوقػوع فػي بعػض الا

ـ ( تقريبػػاً مػػف طػػوؿ محػػور السػػوؽ الكبيػػر فضػػلًا عػػف المزيػػد مػػف 10ـ ( والػػذي يػػ دي الػػى ازالػػة ) 60لمسػػافة ) 
عمميػات الازالػة والتيػديـ لمنسػيج التقميػدي ، وخمػؽ فضػاءات حضػرية تنػافس فضػاء الصػحف وتػ دي الػى اضػػعاؼ 

  ( 41، ص 4892ة العراؽ ، ) جميوي تأثيره وىيمنتو .
وبػػذلؾ تكػػوف الدراسػػة قػػد ناقضػػت توجييػػا الاوؿ الػػذي كػػاف ينصػػ  عمػػى التأكيػػد عمػػى خصػػائص المدينػػة 

 التقميدية المميزة والحرص عمى المحافظة عمى ىوية المدينة العربية الاسلامية .
 

المنفرررذة والمطروحرررة  مشررراريع التطررروير - : عمى المدينةوآثارها السمبية  حالياً 
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مػػرت المدينػػة بعػػدة تحػػولات تطويريػػة فػػي الآونػػة الاخيػػرة بعضػػيا منفػػذ والػػبعض الآخػػر قيػػد الدراسػػة والبحػػث 
 وىذه المشاريع ىي :

 
 نبذة عن مشاريع التطوير : - أ
 مشروع مدينة الزائرين  .6-أ

التصػػاميـ التػػي اقػػرت فػػي ىػػذه المرحمػػة عمػػى خمػػؽ فضػػاء وسػػطي واسػػع ) عمػػى امتػػداد المسػػاحة اعتمػػدت 
صصة لانشاء مدينة الزائريف ( خالقة بذلؾ محور بصري يربط المرقػد الشػريؼ بمػنخفض بحػر النجػؼ حيػث المخ

 الموقع المخصص لمشروع المدينة السياحية .
واف المشروع عبػارة عػف شػريطيف مػف الابنيػة عمػى شػكؿ صػناديؽ مثقبػة تتوسػطيا مسػقفات تعمػؿ كػاواويف 

قد الشريؼ ، وىي اشكاؿ مجػردة لػيس ليػا اي انتمائيػة الػى التػراث موحدة باعمدة وبشكؿ محوري متوجو نحو المر 
وقيـ مدينة النجؼ القديمة . اما ما ذكر عػف الجيػة المصػممة حػوؿ تقسػيـ القواعػد المربعػة لمسػقيفة الوسػطية الػى 

 ( 4) الشكل        ثلاثة  اقساـ ترتفع مكونة اشكاؿ تحمؿ ايحاء لاشكاؿ الخيـ تجسيداً لمماضي ... .
لاعلاقػػة لاشػػكاؿ الخػيـ بمقومػػات واصػػوؿ العمػائر فػػي مدينػػة النجػؼ التاريخيػػة والحضػػرة الحيدريػػة  افكػد ن  
 الشريفة .

اف التنػػػاقض الكبيػػػر مػػػع طبيعػػػة النسػػػيج التقميػػػدي لممدينػػػة يعطػػػي لممرقػػػد مسػػػحة تصػػػميمية غريبػػػة مشػػػابية 
 لاسمو  التعامؿ مع النص  والكنائس في اوربا .

لفضػػاء الواسػػع سػػوؼ يعمػػد الػػى تقميػػؿ واضػػعاؼ ىيمنػػة فضػػاء الصػػحف عمػػى فضػػلًا عػػف ذلػػؾ فػػاف ىػػذا ا
 الييكمية الفضائية لممدينة .

كمػػػا اف الفنػػػادؽ غريبػػػة فػػػي تصػػػميميا مقحمػػػة فػػػي اشػػػكاليا ومفرداتيػػػا ، كمػػػا اف ارتفاعػػػات الكتػػػؿ البنائيػػػة 
لممشروع عالية الارتفاع سوؼ تشوه خط سماء المدينة التقميدية وتسيـ في اضعاؼ ىيمنة قبة وم ذف المرقد عمى 

جػؼ القديمػة الػى سػاحة للاكتسػا  خط السػماء ، فضػلًا عػف ىػدفيا الاقتصػادي الصػرؼ والػذي سػيحوؿ مدينػة الن
المادي والصػراع التجػاري .. ) وتحػذر المجنػة التخصصػية ( مػف اسػتكماؿ ىػذه المشػاريع التػي سػت دي الػى مػوت 

  ( 44، ص 7001) تقرير  مدينة النجؼ القديمة وانياء صمتيا بالماضي .
وت واماكف التراثية فضلًا عػف جاء ىذا المشروع عمى حسا  ازاحة جزء مف النسيج التقميدي وعدد مف البي

عدـ وجود ربط بيف النسيج التقميدي لممدينة وبيف التصميـ اذ يظير المشروع وكأنو كتؿ بنائية فرضت فػي داخػؿ 
 المدينة القديمة .

اف قرارات الازالة سابقة الذكر ) ىدـ المنطقة المحاذية لممرقد مف جية محمة العمارة والجية المقابمة لمحمػة 
ترت  عمييا الطعنة القاتمة ليذه المدينة التاريخية لاغراض التطوير ، وفتح متنفس كبيػر داخػؿ المدينػة  الحويش (

                                                           
  قدمت تقريراً حول الوضع الراهن لمدينة عة التكنولوجية وجامعة النهرين لجنة متخصصة من اساتذة معماريين ومخططين من جامعة بغداد والجام ،

 . 7001النجف ) غير منشور ( 
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القديمػة الػذي بػدا ينػافس صػحف المرقػد الشػريؼ الػذي كػاف يمثػؿ مركػز التكػويف العمرانػي لممدينػة القديمػة . وىكػذا 
يدي وفقد قيمتو التاريخية والاثارية والانسانية عزؿ المرقد الشريؼ عف محيطو العمراني . وفصمو عف النسيج التقم

، فضػػلًا عػػف ىػػذا وذاؾ اف ازالػػة محمػػة العمػػارة لوحػػدىا لغػػرض بنػػاء مدينػػة الزائػػريف قػػد ىػػدمت مػػا يقػػار  خمسػػيف 
مدرسة ومسجد وحسينية ومقبرة ومعمـ تراثي ) نػذكر منيػا دار المػلا ، ودار الموسػوي ، ومدرسػة الخميمػي ... الػ  

 . لآثارية (مف المعالـ ا
 

 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

تطررروير مركرررز مدينرررة النجرررف الاشررررف وتوسرررعة  ( 2009) رؤوف الانصررراري ،  مقتررررح مشرررروع .2-أ
 الروضة الحيدرية :

يػػا المينػػدس الاستشػػاري بػػاف فيالمقدمػػة عػػف المشػػروع نبػػذة عػػف واقػػع المدينػػة التػػي يوضػػح  الدراسػػة رحطػػت
مدينة النجؼ معمارياً وتخطيطياً ) مف خلاؿ تيديمو لمساحات واسعة في  النظاـ البائد قد الحؽ ضرراً كبيراً ببنية

يوميػػاً )  الػػذيف ي مونيػػامركػػز المدينػػة ، ثػػـ تطػػرؽ الػػى اىميػػة المرقػػد بالنسػػبة الػػى المدينػػة وكػػذلؾ الػػى عػػدد الػػزوار 
الػػػذي اصػػػا   تيػػػديـال( ملايػػػيف زائػػػر فػػػي المناسػػػبات الدينيػػػة ( ، وكػػػذلؾ انتقػػػدت الدراسػػػة  1-4المقػػػدر حػػػوالي ) 

المدينػػة مػػف جيػػة منطقػػة العمػػارة والحػػويش بحجػػة توسػػيع ىػػذه المنطقػػة وتطويرىػػا مػػف دوف وضػػع دراسػػة عمميػػة 
 لاعادة تصميميا .

وكػػذلؾ اكػػدت الدراسػػة عمػػى النسػػيج العمرانػػي لممدينػػة والتشػػويو الػػذي الحػػؽ بالمنػػاطؽ المحيطػػة بالروضػػة 
دى الػػػى فقػػػداف ىػػػذه المدينػػػة المقدسػػػة لمعديػػػد مػػػف معالميػػػا الحيدريػػػة واف غيػػػا  الحمػػػوؿ والمعالجػػػات الصػػػحيحة ا

الاستشػػاري ضػػد مسػػألة تيػػديـ مسػػاحات حػػوؿ مرقػػد الامػػاـ بسػػب   . ويبػػيف مػػف ىػػذا الطػػرح اف الاسػػلامية المميػػزة
 قو لمنسيج الحضري .يتمز 

( 4 شكم) ان  

انممتسح انتصمٍمً نمدٌىح انصائسٌه فً مذافظح 

 انىجف الاشسف

  صُز مه تجمٍغ انثادج انمصدز :
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المعماريػة عمػى اىميػة الحفػاظ عمػى ىػذه المعػالـ  الدراسػة كػد توفي نياية المقدمة ) المعطػاة فػي الدراسػة ( 
في حديثػو عػف المدينػة  ىويتيا المحافظة . وي كد الاستشاري والنسيج العمراني لممدينة بسب  كونو يعطي لممدينة

باىميػػة السػػوؽ القػػديـ ) السػػوؽ الكبيػػر ( مػػف الناحيػػة الاقتصػػادية بالمدينػػة واعتبػػاره محػػوراً لحركػػة المشػػاة الرئيسػػية 
 .علامة مميزة لمدينة النجؼ الاشرؼعتبره الم دية الى الروضة الحيدرية المطيرة وي

بعػػد اف بػػدات الدراسػػة بػػايراد نبػػذة بسػػيطة عػػف الاعمػػػاؿ التػػي حصػػمت فػػي المدينػػة خػػلاؿ مراحػػؿ تاريخيػػػة 
مختمفػػة منوىػػة بػػذلؾ ضػػمناً عػػف امكانيػػة لتغييػػر ملامػػح المدينػػة كممػػا دعػػت الحاجػػة لػػذلؾ ، مػػا دامػػت وراءه نوايػػا 

 ستشػاريستيعابية لممدينة مف الزوار ) التي تمثؿ المشكمة الاساس فػي نظػر الاحسنة مف شأنيا تطوير الطاقة الا
( ... ومػػف ىنػػا جػػاء تأكيػػد المشػػرؼ عمػػى المشػػروع باعػػادة تخطػػيط مركػػز مدينػػة النجػػؼ الاشػػرؼ لاعػػادة احيػػاء 

 ية :ة التراثي مف خلاؿ الاىداؼ الآتالشخصية العمرانية التاريخية لمركز المدين
 اف عمى المعالـ التاريخية والدينية لممدينة القديمة .الحفاظ قدر الامك 
 . التأكيد عمى تكامؿ وترابط الابنية الجديدة المقترحة مع الروضة الحيدرية 

 . ضماف استمرارية حركة المشاة باتجاه الروضة بكؿ سيولة ويسر 

 . التأكيد عمى اليوية الثقافية والدينية لممدينة واحياء رصيدىا التراثي الاصيؿ 
وبعػػدىا تنتقػػؿ الدراسػػة الػػى الخطػػوط المقترحػػة لمتطػػوير العمرانػػي لمركػػز المدينػػة والتػػي تقسػػـ حسػػ  الدراسػػة 

 ( 1) الشكل الى : 
 المنطقة المحيطة بالروضة الحيدرية الشريفة . ( أ)
المنطقػػة المحصػػورة بػػيف شػػارعي الامػػاـ الصػػادؽ والامػػاـ زيػػف العابػػديف )ع( والممتػػدة مػػف سػػاحة  ( ب)

 . و ) ساحة الميداف ( الى الروضة الحيدرية والتي تشمؿ ايضاً السوؽ الكبيرالاماـ عمي )ع( ا

)جػ( المنطقة الممتدة مف الروضة الحيدرية الى الجية المطمة عمى بحر النجؼ والتي تسمى حالياً بمدينػة 
 الزائريف او منطقة العمارة سابقاً .

المدينػػة ترتئػػي الدراسػػة ايجػػاد سػػوقيف كبيػػريف عمػػى  ونظػػراً لمكػػـ اليائػػؿ مػػف الػػزوار المتوافػػديف يوميػػاً الػػى ىػػذه
جػػانبي الصػػػحف المقتػػػرح الممتػػػد مػػػف سػػػاحة الامػػػاـ عمػػي )ع( الػػػى الروضػػػة الحيدريػػػة ويكػػػوف السػػػوقيف ملاصػػػقيف 

ىػػو احيػػاء وتكػريـ السػػوؽ الكبيػػر الػػذي  ) حسػػ  قػوؿ الاستشػػاري ( لمصػحف . اف اليػػدؼ مػػف بنػاء ىػػذيف السػػوقيف
لعمرانػي الػذي اصػابو فػي نيايػات القػرف العشػريف بػالبموؾ الاسػمنتي وصػفائح الجينكػو سيتـ ىدمو بسب  التشويو ا

والذي يغمؽ المشيد البصري عف مرقد الاماـ عمي )ع( الػذي يجػ  اف يكػوف العنصػر الميػيمف والاىػـ فػي مدينػة 
 النجؼ الاشرؼ .
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سػػوقيف جديػػديف تكريمػػاً لػػذلؾ السػػوؽ الػػذي  وتعػػد دراسػػة التطػػوير ىػػذه انيػػا قػػد احيػػت السػػوؽ الكبيػػر بانشػػاء
 سيتـ ىدمو والاشارة اليو عف طريؽ ىذيف السوقيف الجديديف !!!

 
 : التي ظهرت من خلال مشاريع التطوير المقترحة المشاكل التصميمية والتخطيطية *

لعػراؽ الا الموروث الحضري لمدينة النجؼ والى حد قري  اكبر واغنى تراث فػي المػدف التقميديػة فػي ا كاف
انو تعرض وبشكؿ مستمر الى الفقداف بشكؿ سريع ولازاؿ الخطر قائماً مف فقػداف اكبػر . ومػف اىػـ العوامػؿ التػي 

 ادت الى تمزؽ النسيج الحضري في المدينة ىي :
شػػؽ الشػػػوارع المسػػػتقيمة وبشػػػكؿ متعسػػػؼ ودوف دراسػػة لمخصػػػائص الفضػػػائية التركيبيػػػة لنظػػػاـ الحركػػػة  -

طػػويره دوف ىػػذه العمميػػات وقػػد ادى ذلػػؾ الػػى تيشػػيـ الكيػػاف وتجزئتػػو الػػى اجػػزاء السػػابؽ والػػذي يمكػػف ت
 متفرقة تفتقر الى الوحدة والترابط الاجتماعي والعمراني .

) . ى جػدار الصػحف مػف جياتػو الاربػع ازالة المناطؽ المحيطة بالصحف الشريؼ والتي كانت تمتػد حتػ -
 ( 1الشكل 

وخاصػة فػي محمػة العمػارة ذات التػراث الغنػي لاغػراض مشػروع  ازالة اجزاء كبيرة مػف النسػيج الحضػري -
 مدينة الزائريف ومف محمة الحويش لاغراض مشروع مركز الخدمات السياحية .

استكماؿ المراحؿ التمييدية لمشروع التصميـ الاساسي الجديد لمدينة النجؼ القديمة الذي سيزبؿ واحػد  -
فضػػلًا لكبيػػر المسػقؼ الػذي يتجػاوز عمػػره المئتػي عػاـ ، مػف اىػـ معالميػا الاثريػػة القائمػة وىػو السػوؽ ا

الدور والمنازؿ القريبػة مػف الصػحف والتػي تمتػاز بعمػارة نجفيػة خاصػة لايعرفيػا الا مػف عػاش بػيف  عف
 ( 7002) رؤوف ،  جدرانيا .

 .داخؿ ازقة المدينة ومبانييا كما ساىمت عوامؿ اخرى في ىذا التمزؽ مف بينيا انعداـ الصيانة  -
بػػر تمػػػزؽ النسػػػيج الحضػػػري مػػف اخطػػػر المشػػػاكؿ التػػػي تعػػػاني منيػػا المدينػػػة واكثرىػػػا تيديػػػداً لشخصػػػية ويعت

 -المدينة الحضرية لانو ادى :

 ( 1 شكم) ان

انممتسح انتصمٍمً نمدٌىح 

 انري أػدي  انىجف انمدٌمح 

 ازياندكتُز زؤَف الاوص

د. زؤَف مذمد  : انمصدز 

،  7002ػهً الاوصازي ، 

  70ص

 

 )جـ( )أ( )ب(
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 ( . Urban contextفصؿ المرقد عف اطاره الحضري )  (4)
 فقداف خصائص التنظيـ الفضائي الشمولي والموضعي المميز لممدينة . (7)

 يج العمراني .تمزؽ النسيج الاجتماعي المرادؼ لمنس (4)

 فقداف العديد مف الابنية ذات القيمة المعمارية والتاريخية . (1)

 .اؽ واسع الى قم  المركز التاريخيالتموث البيئي والبصري الناتج عف دخوؿ المركبات وعمى نط (1)
ولػػذلؾ ينبغػػػي تػػػرميـ النسػػػيج الكمػػي ومعالجػػػة التمزقػػػات وممػػػئ الفجػػػوات وصػػولًا الػػػى اسػػػتعادة كيػػػاف المدينػػػة 

 مي .الاص

 
 
 
 
 
 
 

 
 

 

 : 2009المقدم عام الموقف من مقترح مشروع تطوير مركز مدينة النجف الاشرف  *
اف الغاية الكبرى مف مناقشة ىذا المشروع ىو كيفية الحفاظ عمى ما تبقى مف الموروث وعدـ التفريط بو ، 

واعطاء الايجابيات والسمبيات نحف ليس بيدنا القرار ، ولكف باستطاعتنا اف نوجو المشروع نحو المسمؾ الصحيح 
 قبؿ اف يتحوؿ مف الورؽ الى الواقع .

ضػعيفة جػداً مقابػؿ جسػامة العمػؿ المقتػرؼ بحػؽ ىػذا قػدمتيا الجيػات المعنيػة بالمشػروع اف المبررات التػي 
الصػػػرح التػػػاريخي . حيػػػث اف اسػػػتيعا  عػػػدد الزائػػػريف المتزايػػػد وكػػػوف المنطقػػػة تعػػػاني مػػػف اىمػػػاؿ بسػػػب  ضػػػعؼ 

لمقدمػػة الييػا ....، واف الغايػػة مػػف تػوفير اسػػواؽ حديثػة ومكػػاف لمزائػػريف غايػة نبيمػػة ولكػف لاتكػػوف عمػػى الخػدمات ا
 حسا  ىذا التراث الحضاري .

يتطمػػ  الحػػذر والانتبػػاه الػػى نقػػاط عديػػدة ي تػػاريخي لػػو مػػف التميػػز والقدسػػية اف العمػػؿ ضػػمف نسػػيج حضػػر 
اظ عمػػى اليويػػة المتميػػزة لمدينػػة النجػػؼ الاشػػرؼ ، فضػػلًا اىميػػا ىيمنػػة الشػػواخص التاريخيػػة فػػي المنطقػػة ، والحفػػ

 عف ابراز البعد الزماني والمكاني لممبنى الجديد الذي بصدد الانشاء بدوف المساس بتمؾ اليوية .
واف دراسػػة مشػػروع المقتػػرح التطػػويري تثيػػػر عػػدة نقػػاط تسػػتوج  الوقػػػوؼ عنػػدىا ومناقشػػتيا . والتػػي سػػػيتـ 

 دىا في الدراسة التي نحف بصددىا :ايرادىا ىنا حس  تسمسؿ ورو 

( 1شكم ) ان  

شكم ٌُضخ احس شك انشُازع 

دُل مسلد الاماو الامس انري 

اددث تذُلاخ فً تىٍح انمدٌىح 

 انتمهٍدٌح

انثادج  انمصدز :  

 

مرقد الأمام علي )عليه السلام( قبل شق الشوارع 

النسيج و احتضانه للمرقد الشريف و  يلاحظ تضام

الروحية و المادية  هيئتهيلاحظ بوضوح هيمنة المرقد ب

 على المدينة

مرقد الأمام علي )عليه السلام( بعد شق الشوارع يلاحظ 

تفكك النسيج مبتعدا عن المرقد الشريف بشكل غير 

 متعارف عليه في المدن الإسلامية
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 -اولًا : فيما يخص الروضة الحيدرية :
ـ ( مف كؿ 60اف مقترح ايجاد صحف واسع يحيط بالروضة الحيدرية مف جياتيا الاربعة ) وعمى مسافة ) 

جية ( قد عولج باسمو  حج  ملامح الصحف الاساسي بالكامؿ مما يحتاج الى اعػادة نظػر فػي الػربط بػيف ىػذا 
 ( 6) الشكل لصحف الاساسي دوف اف يحج  ر ية الاخير مف محاور الحركة الرئيسية الم دية اليو . ا

ة مػػف توسػػعة اف عمميػػة استنسػػاخ الواجيػػات الرئيسػػة لمصػػحف وتعميميػػا عمػػى كافػػة الابنيػػة الجديػػدة المقامػػ
ىػا المعمػاري المتفػرد قػد تػ ثر بشػكؿ سػمبي عمػى ىيمنػة الروضػة الحيدريػة مػف خػلاؿ طراز الصحف الى الاسواؽ ، 

فػػي المنطقػػة فضػػلًا اف ىػػذا الاستنسػػاخ المباشػػر يعػػد تزويػػراً سػػاذجاً لمقػػيـ التراثيػػة فيػػو لايحتػػرـ الفػػرؽ الزمػػاني بػػيف 
 ( 2) الشكل الاصؿ والتحديث ، وبيذا يفقد المبنى شيئاً كبيراً مف اصالتو ومصداقيتو التاريخية . 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

 
 

رح الممتد مف ساحة الاماـ عمي )ع( الى الروضػة المطيػرة واقتػراح تسػقيؼ جػزء منػو كما اف الصحف المقت
بػػرواؽ عػػريض يحمػػي الػػػزوار فػػي الشػػتاء والصػػػيؼ ويػػوفر الخػػدمات لمػػػزوار حسػػ  مػػا جػػػاءت بػػو الدراسػػة ، فػػػي 

يجػ  ملايػيف زائػر فػي المسػتقبؿ ( مػف الخػدمات والمتطمبػات التػي  1-4الحقيقة اف ىذه المسػاحة لاتفػي حاجػة ) 
غيػػر مجديػػة  المحػػددةاف تػػوفر الػػييـ واف عمميػػة حمايػػة الزائػػريف مػػف الشػػمس بيػػذه الطريقػػة بالنسػػبة ليػػذه المسػػاحة 

وىػػي لاتػػرتبط بيويػػة مدينػػة النجػػؼ ) اي عمػػارة دخيمػػة عمػػى المدينػػة ( . واف خمػػؽ ىػػذا الصػػحف الكبيػػر فػػي وسػػط 
الزائػريف ( . كمػا اف الانفتػاح الكبيػر جػداً المقتػرح المدينة القديمة ) وىو نفس الخطأ الػذي وقػع فيػو مشػروع مدينػة 

عممو في منطقة السوؽ ومجاوراتو ، مزؽ ما تبقػى مػف النسػيج الحضػري لممدينػة وىػو اسػمو  غريػ  عمػى المػدف 
العربية التقميدية ، ممػا جعػؿ اسػمو  التعامػؿ مػع المرقػد مشػابو لاسػمو  التعامػؿ مػع مرقػد ) الامػاـ الرضػا )ع( ( 

 ( 9) الشكل فياف في ايراف ، مما افقد المدينة ىويتيا كمدينة عربية عراقية نجفية .في مدينة اص
نو قسـ المدينة القديمة الى نصفيف ، وعمى الػرغـ مػف أالفصؿ الواضح في النسيج وك ( 1)  الشكؿ يوضح

عزلتيػػػا عػػػف  محاولػػػة المشػػػروع الجديػػػد فػػػي ربػػػط الابنيػػػة الجديػػػدة مػػػع الروضػػػة الحيدريػػػة ولكػػػف بالمقابػػػؿ زادت مػػػف

 توسعة الصحن

 الصحن الأصلً

 ( 6شكم ) ان

 ٌُضخ دجة انصذه انممتسح نملامخ انصذه انذٍدزي انشسٌف تانكامم 

،  7002انثادج استىاداً انى ... د. زؤَف مذمد ػهً الاوصازي ،  انمصدز :

  70ص

 

( 2 شكم) ان  

 صذه انذٍدزي انشسٌف َتؼمٍمٍا ػهىاستىسار َاجٍاخ ان      

 اتىٍح انمشسَع انجدٌد كافح 

 انثادج  صُز مه تجمٍغ انثادج :انمصدز  

 

تفاصٌل الاواوٌن فً الحرم 

  الحٌدري الشرٌف

تفاصٌل الاواوٌن فً جمٌع فضاءات 

 المشروع الجدٌد 
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 المناطؽ المحيطة بيا ) التقميدية ( ، وكأنو اقاـ جدار عازؿ بيف الضريح والمدينة القديمة .
 
 
 
 
 
 
 
 
 

 
 
 
 

( في المدينػة بعػد  Land markاف ىذا الاسمو  سي دي الى طمس ىوية المدينة وىو بازالة اكبر معمـ ) 
 المرقد الشريؼ المتمثؿ بالسوؽ الكبير .

 

ًً : فيم  -ا يخص الاسواؽ الجديدة المقترحة في مركز المدينة :ثانياً
المقتػرح ازالتػو ! مػف خػلاؿ ايجػاد الػى تكػريـ واحيػاء السػوؽ الكبيػر  كمػا اشػرنا سػابقاً  تشير الجية المصػممة

سوقيف كبيريف عمى جػانبي الصػحف المقتػرح ، فػاذا كػاف المصػمـ يعتقػد باىميػة ىػذا السػوؽ وبانػو يسػتحؽ التكػريـ 
مػػاذا يتخػػذ قػػراراً بيدمػػو   ، واذا لػػـ يكػػف ىػػذا السػػوؽ بتمػػؾ الاىميػػة فمػػا الحاجػػة الػػى تكريمػػو عمػػى نحػػو والاحيػػاء فم

يُفرض عمى التصميـ الجديد   فيو ىنا ييدـ ويبني نصباً تذكارياً لمعنصر الميدـ ، ما العبرة مف التيديـ والتكػريـ 
 بعدىا  ! 

زالة السوؽ الكبير ىو التشويو الذي اصػابو فػي العقػديف اشارة الدراسة المقدمة اف احدى الاسبا  الميمة لا
الاخيػػرة مػػف القػػرف الماضػػي . اف السػػب  الػػذي طرحتػػو الدراسػػة لتيػػديـ السػػوؽ الكبيػػر والمنطقػػة المحيطػػة بػػو لػػيس 
سػبباً مقنعػػاً ازالػػة ىػػذا المعمػػـ النجفػػي . لاف التشػػويو الػػذي اصػػابو فػػي مرحمػػة معينػػة يعبػػر عػػف مرحمػػة مػػا مػػر بيػػا 

ولكف اثره ومعالمو وتاريخو باقي  الى حد الآف . واف وجود السوؽ فػي ىػذا المكػاف لػيس وليػد مرحمػة قريبػة  السوؽ
بحػػؽ المدينػػة  تخريػػ تي سػػنة . واف ازالتػػو بيػػذا الشػػكؿ يعتبػػر ائوانمػػا وجػػد مػػع وجػػود المدينػػة ونشػػ ىا اي قبػػؿ مػػ

النجفيػة ولعمارتيػا المتميػزة . الػيس مػف الافضػؿ المقدسة . واف تكريمو بيذاف السوقاف يعتبر تشويو ليوية المدينة 
 اف يتـ اعادة بناء السوؽ الكبير كما كاف في سابؽ عيده ، مف اف يتـ ىدمو نيائياً .

تستيدؼ ازالة المنطقة باكمميا التي مف شأنيا تغييػر الطبيعػة العمرانيػة لممدينػة  المذكورة اف عممية التطوير
. وىػػذا تجػػاوز سػػافر عمػػى المدينػػة القديمػػة تضػػاؼ الػػى التجػػاوزات التػػي  فضػػلًا عػػف تغييػػر نمػػط الحركػػة داخميػػا

 حصمت لممدينة منذ تيديـ سور المدينة وشؽ الشوارع الاسفمتية داخميا .

الانفتاح الكبٌر لمٌدان مرقد الامام 

 الرضا )ع(

الانفتاح الكبٌر المقترح عمله فً 

 منطقة السوق الكبٌر ومجاوراته

 ( 9 شكمان) 

َانجُامغ فً مسلد انسهُب انمتثغ مغ انتؼامم مغ انمسلد ٌَُ مشاتً لاتاسهُب الاوفتاح انكثٍس نهمشسَع انجدٌد 

 ٌَُ اسهُب ٌجٍه فً انتؼامم مغ انسمُش فً انمدٌىح اصفٍان ،

  48، ص 7002انثادج استىاداً انى ... د. زؤَف مذمد ػهً الاوصازي ،  :انمصدز 
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اف الاسػػواؽ الحديثػػة المقتػػرح انشػػا ىا تػػ ثر عمػػى ىيمنػػة الروضػػة الحيدريػػة والبعػػد التػػاريخي ليػػا فضػػلًا عػػف 
 ي :وىويتيا المحمية وذلؾ مف عدة نواح

غيػػر المػػدروس لمنطقػػة السػػوؽ الكبيػػر والػػذي مػػزؽ النسػػيج الحضػػري وغيػػر قػػوى الانفتػػاح الكبيػػر  -
 التوازف لمنسيج .

 ارتفاع نس  الكتؿ المستعممة وخاصة المداخؿ . -

استنساخ بوابػة الصػحف واسػتعماليا بشػكؿ مبػالغ فيػو ) فػي المبػاني المخصصػة لتوسػعة الصػحف  -
 والاسواؽ ( مما افقدىا تميزىا .

اف الاسػػتخداـ المبػػالغ لمثػػؿ ىػػذه التفاصػػيؿ يفقػػدىا قيمتيػػا الجماليػػة وقػػدرتيا عمػػى جػػذ  انتبػػاه الزائػػر ويكػػوف 
 مبعثاً لمممؿ .

رايػػو عػػف السػػوؽ الكبيػػر بانػػو يغمػػؽ المشػػيد البصػػري عػػف مرقػػد الامػػاـ  الاستشػػاريوفػػي ىػػذه المرحمػػة يطػػرح 
 لف يحج  الر يا  )ع( وىو بطابقيف ، فيو يعود ويبني سوقاً يثلاث طوابؽ و 

ومػػف خػػلاؿ ملاحظػػػة المنظػػور الخػػاص بمػػػداخؿ الاسػػوؽ الحديثػػػة نجػػد اف ارتفاعيػػا مقػػػار  لارتفػػاع القبػػػة 
الحيدرية المطيرة وبارتفاع سور الصحف الحيدري الحالي ، وبيذا يظير لنا انو فقط مػف منطقػة  المحػور الطػولي 

اف فػػي جػػانبي المحػػور الطػػولي فانػػو لػػف يسػػتطيع ر يػػة اي يسػػتطيع الزائػػر اف يػػرى قبػػة الامػػاـ ومنارتػػو ، امػػا اذا كػػ
 ( 8) الشكل  شي.

بعػػػد ازالػػػة المعػػػالـ العمرانيػػػة لممنطقػػػة ) المتمثمػػػة بالسػػػوؽ الكبيػػػر ( والػػػذي تعتػػػرؼ الدراسػػػة ذاتيػػػا باىميتػػػو 
ؿ التاريخيػػة ، ىػػؿ يكفػػي ىػػذاف السػػوقاف لمتعريػػؼ بتػػاري  السػػوؽ الكبيػػر وىػػؿ سػػيفي ىػػذا الحػػؿ بمتطمبػػات الاجيػػا

 اللاحقة التي ليا الحؽ في التعرؼ وامتلاؾ ىذا الموروث الحضاري والتاريخي  !!
 
 
 
 
 

 

 

 
 

 
 
 

ًً : فيما يخص تطوير الجية الغربية مف المرقد ) مدينة الزائريف ( :  -ثالثاً
 تقترح الجية المصممة ايجاد صحنيف واسعيف يكوناف امتداداً طبيعياً لصحف الروضة الحيدرية .

ىػػذا المقتػػرح ضػػمف مشػػروع التطػػوير اف ادخػػاؿ  

 ( 8 شكم) ان

شكم ٌُضخ ازتفاع الاتىٍح 

انممتسدح تانىسثح انى 

انمسلد َسُز انمسلد 

 انشسٌف

انثادج استىاداً  : انمصدز

انى ... د. زؤَف مذمد 

 7002ػهً الاوصازي ، 

  48، ص

 

بوابة توسعة الصحن والتً حجبت 

 بوابته الأصلٌة
ابة السوقبو  

ارتفاع السوق الجدٌد سٌؤدي الى حجب 

 رؤٌة قبة المرقد الشرٌف
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صفة ايجابية لاستعادة جزءاً مف لمحة 
يتفكؾ بسب   االنسيج التقميدي الذي بد

مشػػػػػػاريع التطػػػػػػوير التػػػػػػي مػػػػػػرت عمػػػػػػى 
المدينػػػػة وكػػػػذلؾ التأكيػػػػد عمػػػػى روحيػػػػة 

 المدينة الديني الانساني . 
ولكػػػػػػف جػػػػػػاء تصػػػػػػميـ ىػػػػػػذيف 
الصػػػػحنيف واسػػػػعيف اشػػػػبو مػػػػا يكػػػػوف 

النسػػػػػػػيج  بالكتػػػػػػػؿ المزروعػػػػػػػة وسػػػػػػػط
العضوي والتي صممت عمى اسػاس 
انيػػػػػػػػػا امتػػػػػػػػػداد لمصػػػػػػػػػحف الحيػػػػػػػػػدري 
الشػريؼ ، فيػػي مبػالغ فػػي حجميػػا ، 
وشػػػػػػكميا وبالتػػػػػػالي ستضػػػػػػيع ىيمنػػػػػػة 
الصػػػػػػػحف الحيػػػػػػػدري عمػػػػػػػى مسػػػػػػػتوى 

 ( 40) الشكل  المدينة القديمة .
 

 خلاصة المحور الثاني
لػى تيديػد الرصػيد اليائػؿ مػف المػوروث اف حالة التدىور والتػداعي الػذي بمغتػو مدينػة النجػؼ القديمػة ادت ا

الحضػػاري والخصػػائص المتفػػردة بالأنػػدثار والػػزواؿ والػػذي يعػػود جانػػ  منػػو فػػي العديػػد مػػف الحػػالات الػػى اقتبػػاس 
المفػػاىيـ الأساسػػية الغربيػػة )احذ اصػػبحت الغربيػػة مرادفػػة لمتطػػور( واقحاميػػا بشػػكؿ قسػػري ومتعسػػؼ دوف تحسػػس 

ائص التكػػويف الفضػػائي لتمػػؾ المدينػػة والتػػي تبمػػورت عبػػر قػػروف عػػدة مػػف وادراؾ لطبيعػػة النسػػيج الحضػػري وخصػػ
الزمف ، كما كاف لمممارسات الخاطئة مػف قبػؿ الجيػات والييئػات التصػميمية و التخطيطيػة دور كبيػر فػي التػأثير 
السمبي عمى النسيج الحضػري وتمزيػؽ وحدتػو واضػمحلاؿ خصائصػو ولقػد ادت عمميػة ازالػة مسػاحات واسػعة مػف 

يج الحضػػري لمدينػػة النجػػؼ القديمػػة تحػػت ذرائػػع وتبريػػرات مختمفػػة الػػى فقػػداف العديػػد مػػف الشػػواخص والرمػػوز النسػػ
المعماريػػة ذات القػػيـ التاريخيػػة والمعػػالـ التراثيػػة او عزليػػا عػػف محيطيػػا وفقػػداف ترابطيػػا بأطارىػػا الحضػػري الػػذي 

ا وجعمتيػا فػي وضػع لػـ تكػف مصػممو لػو ارتبطت بػو عبػر حقػ  طويمػة ففقػدت بػذلؾ الكثيػر مػف دلالاتيػا ومعانييػ
وحمػػت محميػػا خػػلاؿ زمػػف قصػػير انماطػػاً غربيػػة لا تنسػػجـ مػػع الواقػػع شػػكلًا ومضػػموناً ) ، اساسػػاً عمػػى الأطػػلاؽ 

الا انػو  يمكف اف تناس  اي مدينة في العالـ ( وتيدد بتحوؿ المدينة القديمة الى نس  مشوىة مف المدف الغربية .
ـ تفػػت بعػػد لمحفػػاظ عمػػى اصػػالة تكوينيػػا وخصائصػػيا المميػػزة واسػػتمرارىا فػػي الحيػػاة يمكػػف القػػوؿ بػػأف الفرصػػة لػػ

احف و .  ، وذلػػػؾ لأنيػػػا تعػػػد تراثػػػاً وكنػػػزاً حضػػػارياً لكونيػػػا جػػػزءاً مػػػف الماضػػػي الػػػذي نعتػػػز بػػػو والتواصػػػؿ الحضػػػاري
تظػافر كػؿ الجيػود  الأعتزاز بالأصالة والرغبة بالحفاظ عمى الأرث الحضاري العريؽ ليس كافياً بؿ يتطم  الأمػر

كمػػا يتطمػػ  اتخػػاذ ااجػػراءات الفعالػػة مػػف خػػلاؿ وضػػع ضػػوابط و محػػددات عمرانيػػة وتخطيطيػػة قانونيػػة لمسػػيطرة 

( 40 شكم) ان  

جدٌد انُالؼح فً مىطمح انؼمازج تدل مشسَع انصذُن انممتسدح فً انمشسَع ان

 مدٌىح انصائسٌه

  48، ص 7002انثادج استىاداً انى ... د. زؤَف مذمد ػهً الاوصازي ،  :انمصدز 
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عمػػى مػػا يحػػدث فػػي المدينػػة القديمػػة مػػف تحػػوؿ ، إف السػػيطرة المطموبػػة فػػي ىػػذه المدينػػة لا يعنػػي بػػأي حػػاؿ مػػف 
خماد التطوير خلائيػا حتػى نػة عمػى واقػع حاليػا سػي دي إلػى اضػ، إذ إف ابقاء ىذه المدي الأحواؿ منع وا  محلاليا وا 

 مف سكانيا .
 
 الاستنتاجات *
يج  اف لاتكوف التحولات العمرانية في سياساتيا المختمفة استنساخاً لمماضي لاف ىذا ىو الجمػود الحضػاري  -

ما يكوف توظيفاً لمتكنولوجيا ، وان والطابع المحمي ، واف لايكوف تقميداً لمغر  ينقصو الشخصية العربية الاسلامية
 . لاجياؿ القادمةذا الجيؿ ولالحديثة والاستفادة مف التراث لتكويف شخصية جديدة تحكي قصة ى

لقػد ادت التحػولات الكبيػرة فػي التكػويف العمرانػي لمدينػة النجػؼ القديمػة الػى تقميػؿ التفاعػؿ بػيف السػكاف والبيئػة  - 
ث لاتوجػػػد فػػػػي المدينػػػة فضػػػاءات مميئػػػػة بالحيػػػاة العامػػػػة ، فقػػػد فقػػػػدت العمرانيػػػة وبالتػػػالي تشػػػػتت المجتمػػػع ، حيػػػػ

فضػػػاءاتيا كػػػؿ معانييػػػا ودلالاتيػػػا ومقياسػػػيا الانسػػػاني ، واصػػػبحت الطػػػرؽ المخصصػػػة لحركػػػة المركبػػػات ىػػػي 
المظيػر الطػػاغي عمػى تكػػويف المدينػة فافقػػدتيا شخصػػيتيا واصػالتيا لمقػػيـ الماديػة عمػػى القػيـ الانسػػانية والمعنويػػة 

المدينة. بط الاجتماعية ، وشممت ىذه التحولات الانساف المعاصر الذي بدت نظرتو سطحية باىتة لمنظر والروا
ولكنيػا بعيػدة عػف تكامػؿ التكػويف  جميمػةو مجموعػة مبػاني متفػردة  مػف ة في نظره تتكػوفيمواصبحت المدينة الجم
 . العمراني لعموـ المدينة

كابنية نصبية ىو اقتباس لممفيوـ الغربي في التعامػؿ مػع النصػ  اف التعامؿ مع الشواخص الدينية الموجودة  -
، مما سيفقدىا وظيفتيا الروحية ويفكؾ النسيج المتضاـ ويبعدىا عف اعطاء مشاعر روح السماء وتجسػيد افكػار 

مبػادة الاسلاـ فييا . خصوصاً واف الييكؿ العمراني لمدينػة النجػؼ القديمػة يتحػدد اساسػاً بتػأثير القػيـ الدينيػة وال
وعممائيا التػي تػذكر  الاشرؼ النجؼ ءايجقت مباشرة مف الايماف بالاسلاـ وو والقيـ الاخلاقية والروحية التي انبث

 الازقة الموجودة لحد الآف تحركاتيـ ووقع خطواتيـ .

اف الخصػػػائص المتفػػػردة مػػػف النسػػػيج التقميػػػدي لمدينػػػة النجػػػؼ القديمػػػة وعناصػػػر التكػػػويف الاساسػػػية لييكميػػػا  -
مرانػػي ىػػي اسػػتجابة لتفاعػػؿ عوامػػؿ عديػػدة ) عوامػػؿ البيئػػة الثقافيػػة ، وعوامػػؿ البيئػػة الطبيعيػػة ( التػػي لازالػػت الع

معظميا قائمة وم ثرة لحػد الآف ، ولػيس ىنػاؾ مبػرر لاقحػاـ انظمػة عمرانيػة غريبػة تػ دي الػى الاخػلاؿ بػالتوازف 
 القائـ بيف محتوى البيئة العمرانية ومكوناتيا المتفردة .

يما واف الأنمػػػاط العمرانيػػػة التقميديػػػة ليسػػػت عػػػاجزة عػػػف اسػػػتيعا  التطػػػور المعاصػػػر اذا تييػػػأت ليػػػا اسػػػبا  لاسػػػ
 التخطيط العممي الدقيؽ لكي تحافظ المدينة عمى رونقيا وىويتيا النجفية .

يزور  عمى المشاريع التطويرية اف تعمؿ عمى زيادة المحمة في نسيج المدينة المتمزؽ واف يكوف ىدفيا ىو اف -
 الزائر الحياة التقميدية ثـ المدارس الدينية وصولًا الى المرقد حيث يعمؿ عمى تحويؿ زيارة
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وعمػػى اف  النسػػيج الػػى جػػزء مػػف الزيػػارة الاساسػػية لممرقػػد ممػػا يعمػػؽ مػػف تقػػدير التػػراث وارتباطػػو بالاصػػالة .  -
 لالاتيا التراثية .ينظر لممدينة عمى انيا محمية عالمية لايحؽ لأحد اف يتلاع  بقيميا ود
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 أداسح ورخطُظ انكهفخ فٍ يشبسَغ انزشُذ
 

 
 صهُش يُخبئُم سبكى  يشفذ سصاق ونٍ انطبئٍ 

 لسى انًذٍَ  –كهُخ انهُذسخ  –خبيؼخ ثغذاد 

 

COST MANAGEMENT AND PLANNING IN CONSTRUCTION 
PROJECTS 

ABSTRACT 

         This research aims at emphasizing the significance of sound management and cost 

planning from the beginning of the project undertaking in order to facilitate the proper 

establishment for conducting and systemizing the project costs. Also, to determine the major 

obstacles that affect the management and scheduling of construction costs and to suggest 

solutions through demonstrating the roles of the parties involved in the project. According to 

the preliminary information, data, and exploratory readings collected about this matter, the 

research hypothesis is formulated as follows:- 

" In fact, there is a critical need to determine the proper fundamentals of cost conduct and 

planning according to a sound clear system, taking into account what is currently applied and 

followed in order to assess these procedures and improve them as mach as possible." 

In order to meet the aims of this research, a scientific methodology is pursued in :-  

- the presentation and review of most the local and international references that are directly 

relevant to the research, and aided by reports and articles from the internet from websites of 

engineering facilities of relevancy. 

- the case study for five projects. which are currently under construction in Iraq, analyzing 

them thoroughly in order to point out about their positive and negative aspects. 

- the open questionnaire and the regular closed questionnaire forms based on the data and 

information collected through the theoretical review and the open questionnaire to conclude 

and examine some concepts concerning the actual management status of cost planning. 

The research hypothesis has proved to be workable. Thus, it was possible to define  the major 

obstacles that affect the process of construction cost management and planning; also, to suggest an 

appropriate plan for cost management and planning using a formula that facilitates the process of 

establishing and conducting all the details of construction cost to handle the weakness points on 

time, and to be able to propagate for cost management and planning and to inform the relevant 

parties or beneficiaries about how to take the proper decisions according to modern methods. 

 

KEYWORD 

(Cost, Contracts, Management, Planning, Project, Estimation, Monitoring, control, budget, 

Resources). 
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 الخلاصة
دارة السميمة والتخطيط المحكم لمكمفة منذ بداية إقرار المشروع الإنشائي لتسييل ميمة وضع ييدف البحث الى تأكيد أىمية إتباع الإ

الاسس الصحيحة لمتابعة وضبط كمفة المشروع.بالإضافة الى تحديد المعوقات الأساسية التي تؤثر عمى عممية ادارة وتخطيط الكمفة 
واستنادا الى  دور الأطراف المشاركة في العممية الإنشائية . الإنشائية ومحاولة تقديم مقترحات حمول ليا من خلال توضيح

المعمومات الأولية والقراءات الاستطلاعية والبيانات التي تم جمعيا والتي كانت عن ىذا الموضوع،فقد تم صياغة فرضية البحث كما 
 -يأتي:

لكمفععة فععي تنفيععذ المشععاريع ضععمن منيععاج واضععح "ان واقععع الحععال يؤشععر الحاجععة الممحععة لتحديععد الاسععس الصععحيحة فععي ادارة وتخطععيط ا
 وتطويرىا قدر الامكان". الاسسمعمول بو حاليا من اجل تقييم ىذه  الاخذ بنظر الاعتبار ماىوو وسميم 

 -مايمي: منيجية عممية لمبحث تضمنت من اجل تحقيق أىداف البحث،فقد تم إتباع
باشرة بموضوع البحث لغرض الوقوف عمى احدث التقنيات الادارية المصادر المحمية والعالمية ذات الصمة  الم معظم استعراض -1

تمعععت الاسعععتعانة بتقعععارير ومواضعععيع منشعععورة عبعععر الانترنيعععت كمعععا والتخطيطيعععة الخاصعععة بكمعععف التشعععييد ومتابعتيعععا والسعععيطرة عمييا،
 لمواقع بعض الجيات اليندسية ذات العلاقة بموضوع البحث.

تحميععل تمععك المشععاريع مععن اجععل الوقععوف عمععى الجوانععب .تم حاليععا فععي العععراق قيععد الانشععاءالتشععييد خمععس مععن مشععاريع لدراسععة حالععة  -2
 .المتعمقة بموضوع البحث السمبية والايجابية

يم استمارة الاستبيان المغمق النظامية بالاعتمعاد عمعى معا جمعع معن بيانعات ومعمومعات معن القيام باستبيان مفتوح وتحميمو ثم تصم  -3
والاسعتبيان المفتعوح ،لمتععرف والتحقعق معن بععض الامعور المتعمقعة بواقعع ادارة وتخطعيط الكمفعة فعي مشعاريع خعلال الدراسعة النظريعة 

 الشييد في ظل المتغيرات الكثيرة التي اثرت عمييا.

تعراح كنتيجة لمخطوات المتبعة في تطبيق ىذه المنيجية فقد تم التوصل الى اثبات فرضية البحث.وانطلاقا من ىعذه الفرضعية فقعد تعم اق
خطة عممية مناسبة لادارة وتخطيط الكمفة بصيغة تسيل من عممية متابعة وضبط الكمفعة الإنشعائية لكافعة تفاصعيل المشعروع الانشعائي 
من اجل معالجة نقاط الضعف في وقتيا المناسب. ييدف البحث ايضا الى نشر ثقافة ادارة وتخطيط الكمفة واتخعاذ القعرارات المناسعبة 

 .حديثة في اوساط  الاطراف ذات العلاقة بذلكوفقا للاساليب ال
 )كهفخ، ػمىد، إداسح، رخطُظ، يششوع، رخًٍُ، يزبثؼخ، ضجظ ، يُضاَُخ، يىاسد(

 

    :المقدمة -
الذي تمعبو الكمفة كعنصر ىام في مشاريع التشييد،لذلك يفترض ان تنال الاىتمعام والتركيعز لا يخفى الدور الرئيس 

ما إلى خسائر ماليعة كبيعرة او انخفعاض فعي العربح  إنشائيتعرض الجية المنفذة لمشروع في مشاريع التشييد،اذ قد ت
 إدارةتنفيعذىا والعذي قعد يكعون ناتجعا ععن سعوء التخطعيط لكمعف فقعرات العمعل او ضععف السعيطرة عمعى  أثناءالمتوقع 

معععف العمعععل اثنعععاء الكمفعععة وععععدم القعععدرة عمعععى تعععوفير البيانعععات والمعمومعععات التعععي تعطعععي صعععورا واضعععحة ععععن توزيعععع ك
لكون  أيضا)المقاول( فقط بل انو يشمل صاحب العمل الإنشائيةالتنفيذ.لا ينطبق ىذا الكلام عمى منفذي المشاريع 

الكمفعععة وتخطيطيعععا بالتحديعععد تبعععدأ معععع بدايعععة نشعععوء فكعععرة المشعععروع ،ومعععا دراسعععات الجعععدو  والدراسعععات  إدارةعمميعععة 
 التنفيذ. أثناءالسيطرة عمى الكمفة  راضأغالاقتصادية الا دليل اكيد لأىميتيما في 
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 انًششوع إداسح

 انزخطُظ -

 انزُفُز  -

 خانشلبث -

 نًُزح انُهبئٍا

 الأهذاف

 

انًىاسد 

انجششَخ 

 وانزمُُخ

 انضيٍ

 انزًىَم

 -إدارة الكمفة في مشاريع التشييد: -
عرف الادارة الانشائية بانيا تطبيق المعرفة والقدرات باستخدام التقنيات والادوات المختمفة في الفعاليات المخطط ت  

لجلالععي فععي امععل ،عرفيععا المطمععوب انجععازه وبمععا يععتلائم مععع متطمبععات صععاحب الع ألتنفيععذىا لمحصععول عمععى المنشعع
دراسععتو بانيععا)فن توجيععو وتنسععيق المععوارد البشععرية والماديعععة خععلال حيععاة المشععروع عبععر اسععتخدام التقنيععات الحديثعععة 

 (.5002)الجلالي:لتحقيق الاىداف المحددة مسبقا(

جميعة بععطعاء  لارتباط الإدارة بعممية تخطيط الأعمال بصورة عامة أىمية كبيرة ،حتى لو لم تبرز أىميتيا بصورة
فععي ف.(Sue:1997)نتععائم ممموسععة فيععي بالتأكيععد تععؤثر عمععى جععوىر عمميععة التخطععيط وخاصععة فععي المشععاريع الإنشععائية

 مجال البناء بالوطن العربي؛ نشأت خلال الفترة الماضية عدة شركات ومؤسسات 
 -:تيةالابعمل الدراسات دورىا  ايجاز ،يمكن الانشائية خاصة تعمل بمجال ادارة المشاريع

ومن ثم وضع التوصيات اللازمة  دراسة المخططات والمواصفات وتطبيق مفاىيم اليندسة القيمية عمييا -
مكانيةلتحسين اداء المشروع   التكمفة العمومية لو. ضتخفي وا 

 وضع التكمفة الاجمالية لممشروع. -
 وضع جداول البرامم الزمنية لمتنفيذ. -
 وتوفير التمويل اللازم حسب مراحل التنفيذ.-نقدية اللازمةربط جداول التنفيذ بالتدفقات ال -
 المشروع عمى مقاولين الباطن. أجزاء ترسيوو تفتيت المشروع وطرحو لمناقصة عامة او خاصة  -
 متابعة التنفيذ من خلال جياز إداري ىندسي متخصص. -
 نة لخطط المشروع مع التنفيذ.مع تقديم دراسة مقار -دم التنفيذلتقتقارير دورية لصاحب المشروع  تقديم -
 ع.المشرو  كل بموقعمشاالوتوضيح مسببات -نقل المعمومات لصاحب المشروعبالحرص عمى الشفافية  -

والأسععاليب التخطيطيععة الصععحيحة لكمععف تنفيععذ مشععاريع التشععييد وفععق المتغيععرات الكثيععرة  الإداريععة الأسععسان اعتمععاد 
المطموبعة ويضعمن الاسعتخدام الصعحيح  الأىدافنب الانحراف عن التي تحدث في الواقع الانشائي،يعمل عمى تج

 ( 1الشكل ) للإمكانيات والموارد المتوفرة ضمن ادارة ىندسية خبيرة تسعى لتحقيق اىداف المشروع.
 رىا المباشر عمى ييبين الوظائف الاساسية لعممية ادارة المشروع الانشائي )التخطيط ،التنفيذ والمراقبة( وتاث

 . (5008)الجلالي:دات المشروع جميع مفر 
                                                        

 
 
 
 
 

 (5008)الجلالي:( ادارة المشروع الهندسي1شكل)
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PROJECT Cost Management 

Resource Planning Cost Estimating Cost Budgeting Cost Control 

 أساسيات إدارة الكمفة في مشاريع التشييد : -  
يا العلاقعة بانجعاز المشعروع الاجراءات الميمة التي لئان ادارة كمفة المشاريع تشتمل عمى مجموعة من العمميات و 

 ( يبععين العمميعات الاساسعية لادارة الكمفععة فعي مشعاريع التشععييد5واتمامعو ضعمن الميزانيعة الماليععة المقعررة لو،الشعكل )
 -:(Pmbok:2003)وىي كالاتي

 
 
 
 

 (Pmbok:2003) إدارة كمّف المشروع نظرة عامّةاساسيات  (5شكل)
 .(Planning sResource) تخطيط الموارد  *

يعتبععر تخطععيط المععوارد ضععروريا لإحععداث التوافععق بععين مطالععب المععوارد لممشععروع وبععين وجععود تمععك المععوارد مععن جيععة 
اخععر ، وذلععك بتحديععد تفاصععيل المععوارد المطموبععة لتنفيععذ العمععل والتععي يمكععن توفيرىععا والبععدائل ليععذه المععوارد فععي حالععة 

ت وتخمععين مععدة كععل فعاليععة كععذلك الاطععلاع عمععى عععدم توفرىععا وحسععب مراحععل المشععروع.كما يجععب تعريععف الفعاليععا
  معمومات سابقة تشمل أنواع الموارد وكمياتيا المستخدمة لتنفيذ إعمال مشابية لمشاريع سابقة.

 (.Cost Estimating)تخمين الكمفة   *
والمعدات يعد تخمين الكمفة عممية اساسية لكل مشروع ويمكن تعريفو بانو عممية احتساب كميات المواد والعمالة 

ضمن مواصفات محددة واحتساب كمفة المشروع بناء عمى  الإنشائيالمشروع  أعمالالمتوقع استخداميا لانجاز 
.التخمين عبارة عن وضع نطاق او مجال محدد يتوقع ان تكون الكمف والكميات في اطاره،وقد (5009)الحديثي:ذلك

ىمة من قبل المقاولين الراغبين في المسايكون حسابات تفصيمية ودقيقة لممشاركة بتقديم العطاءات 
فبالنسبة لصاحب العمل فانو يستخدم التخمين لايجاد كمف توظيف راس المال ،لتحديد الجدو  بالمناقصات.

ولتقدير مبمغ الضريبة.اما الاستشاري فيستخدم التخمين لموقوف عمى الكمف التقريبية  الاقتصادية من المشروع
ار الموقع الاقل كمفة او الاختيار بين التصاميم بعد مقارنة كمفيا.اما المقاول فيعتمد لممشروع،لممساعدة في اختي

 .لتقديم عطاء تنافسي بربح معقول عمى تخمين الكمفة 
 .(Cost Budgeting) وضع  ميزانية  الكمفة* 

المعوارد الماليعة المخمنعة تعيعين كعذلك  المالية التي ينص عمييعا عقعد التشعييد الإجراءاتالكمفوية تنفيذ  الإدارةتشمل 
وكذلك ارسعععاء اجعععراءات نقديعععة مناسعععبة تتفعععق معععع الممارسعععات القياسعععية معععن اجعععل القيعععام بانجعععاز فعاليعععات المشعععروع.

 المعروفة في مجال التشييد.
 (.Cost Control) الكمفة ضبط  *

الاىعععم لكونيعععا تعععزامن يقصعععد بيعععا السعععيطرة عمعععى التغييعععرات الحاصعععمة فعععي ميزانيعععة المشعععروع.ولكنيا تعتبعععر العمميعععة 
  .انجازهالمشروع منذ اقرار انشائو حتى اكمال 

 كمف تصف تاثير قرارات  المشروع الخاصة بجميع الكمف المستخدمة لانجاز التعمق الامر فان ادارة وبقدر 
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ان ىعععذا المفيعععوم (.Pmbok:2003)لضعععمان تنفيعععذه ضعععمن الكمفعععة المقعععررة لعععو  والمشعععروع فعععي أي مرحمعععة معععن مراحمععع
التعي تععرف بانيا)طريقعة ( Life-Cost Cycle)ع لادارة كمف المشاريع لطالما يتعمعق بمصعطمح الكمفعة الحياتيعةالواس

لحسععاب الكمفععة الحقيقيععة لممرافق،وىععذه تتطمععب تحديععد تكععالييف التشععغيل فععي مرحمععة ماقبععل التخطععيط بالاضععافة إلععى 
 Value Engineeringمةمع أساليب ىندسة القيتكاليف نشاطات التصميم والإنشاء والصيانة(،ان الكمفة الحياتية 

فرع ىندسي يختص في تحميل التصاميم اليندسية او المعدات وذلك لمحاولة تعديل التصميم او المعدات بيعدف )
تسععييل انشععائيا او اسععتبدال قطععع ارخععص منيععا وذلععك لتخفععيض الكمفععة الكميععة مععن دون التععاثير السععمبي عمععى الأداء 

يسعععتخدمان معععععا لتقميعععل الكمفععععة والوقت،زيعععادة الجععععودة والاداء  ،(7;>4)كولعععد ىععععابرواخرون:دات(الععععام لمتصعععميم او المععععع
اىميعععة التعععداخل بعععين عمميتعععي تخطعععيط يبعععين  (6الشعععكل)،(Pmbok:2003)والمسعععاعدة فعععي اتخعععاذ القعععرارات المثمعععى 

 .المختمفة مراحل تحقيق المشروع وضبط الكمفة خلال
 -تخطيط الكمفة في مشاريع التشييد: -

يعتبر التخطعيط معن ىذه الوظيفعة الإداريعة بتوقعع المسعتقبل وتحديعد أفضعل السعبل لإنجعاز الأىعداف التنظيميعة.تيتم 
الوظائف الرئيسية للادارة وىو يسبق الوظائف الاخر ،حيث يجري التفكير اولا باليعدف والتخطعيط لتحقيقعو. وىعذه 

التي تحدث في البيئة سواء اكانت تكنولوجيعة ام اقتصعادية ام العممية ترتبط بعاممين اوليما ىو التنبؤ بالمتغييرات 
كانعععععت بشعععععرية ام فعععععي طبيععععععة المنافسعععععة ام فعععععي السياسعععععات الحكوميعععععة وثانييمعععععا معرفعععععة المعععععوارد المتاحعععععة سعععععواء ا

تخطعععيط يسعععاعد الادارة المسععؤولة ععععن المشععروع فعععي تحديععد اىدافعععو وربطيععا بالوسعععائل المتاحعععة ال.(;>>4)سععالم:ماديععة
مك الاىداف.اضافة الى ذلك ان خطة المشروع توفر قاعدة لمراقبة وقياس تقدم العمل وفق جعدول مععين لتحقيق ت

لتحديععععد الانحرافععععات واسععععبابيا لغععععرض معالجتيععععا بمععععا يكفععععل تلافععععي التععععاخير فععععي انجععععاز العمععععل او زيععععادة كمفتععععو 
(Hendrickson:2003)(يمثل برمجة بسيطة لمتطمبات التخطيط الانشائي.4.والشكل) 
 
 
 
 
 
 

 (Hendrickson:2003)( يزطهجبد انزخطُظ الإَشبئٍ 4شكم ) 
 -وب إجراء تخطيط الكمفة في مشاريع التشييد:اسم -

لقععد تباينععت الكثيععر مععن الدراسععات حععول الاجععراءات الواجععب اتباعيععا مععن قبععل مععدير المشععروع لانجععاز الميمععات الاداريععة التخطيطيععة 
ام.حاولت ىذه الدراسات تصعنيف المفعردات المتعمقعة باسعموب اجعراء التخطعيط وايجعاد نمعط الموكمة اليو بشكل كفوء لممشروع بشكل ع

لمخطعوات المتبععة لاعععداد البعرامم لممشعاريع.لذلك وبضععوء ىعذا التبععاين ولاجعل تحديعد إطععار متكامعل لإجعراءات التخطععيط بصعورة عامععة 
 -من كل منيا عدة مراحل ثانوية(وىي:فمقد تم تصنيف مفردات الإطار وتبويبيا إلى ثلاثة مراحل رئيسية)يتض
 

 انخخطيط الانشائي

برمجت زمن 

 انفعانياث

كهف 

 مباشرة

 كهف

 غير مباشرة

برمجت 

 انمىارد

 انكهفت

 

 انبرمجت
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Cost Control (ضبط الكلفة) 

 

 (Estimate can occur at any stage of this process) 

                                       Cost Planning)رخطُظ انكهفخ) 

Cost limit                                 Cost Plan                                             Cost Analysis                            

                            تحليل الكلفة                                                   خطة الكلفة                                       حد الكلفة

 

                                                   Cost Checks(رذلُك انكهفخ(     

  

يمحفاص                                                                                                                                                                                   دنيم      

مخططاث                                                                                                                                                                                                                      انخفاصيم        

                                                                                                Pilot               انخصميم         

                                                                                             Details             Details   

                                                                                                                      Designs 

  
انؼمذيخططبد                         يخططبد يؼهىيبد                                خذونخ                                                     يىخض   ُخانًخططبد انمُبس                                                                   

                                                             الاَزبج                             ُىيخططبد انزصً   انزصًُى    يخططبد                                

                                    Out line                 Scheme                       Production                           Contract                                                        Record 

                                   Design                   Design                         Information                          Drawings                                                     Drawings  

                                  Plans                      Plans                           Drawings  

R.I.B)اثناء مراحل المشروع المختمفة) تداخل عمميتي تخطيط وضبط الكمفةيبين أهمية ( 3شكم)

A 

 انزحشٌ

Inspection 

B 

 دساسخ اندذوي

Feasibility 

 

C 

 الزشاذ انجذائم

Outline 

Proposals 

D 

انزصًُى 

 انزخطُطٍ

Scheme 

Design 

E 

انزصًُى 

 انزفصُهٍ

Detail 

Design 

F 

 يؼهىيبد إَزبخُخ

Production 

Information 

G 

 لىائى انكًُبد

Bill of 

Quantities 

H 

إػذاد 

 انؼشوض

Tender 

Action 

J 

 رخطُظ انًششوع

Project 

Planning 

K 

 ػًهُبد انًىلغ

Site 

Operation 

L 

 الإَهبء

Completion 

 

M 

 انزغزَخ انؼكسُخ

Feed 

Back 

R.I.B.A 

 يصطهحبد 

 إداسح

 

 الأسبسُبد انًىخضح

Briefing 

 انًخططبد الأسبسُخ

Sketch Plans 

ميخططبد انؼً  

Working Drawing 

 أػًبل انًىلغ

Site Operation 

 يصطهحبد 

 ػبيخ
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 الإجراءات التحضيرية. -أ 

 استحداث برنامم لمعمل. -ب 

 المتابعة والسيطرة عمى البرنامم. -ج 

مة ولكون تخطيط الكمفة ىو الجزء الميم والاصعب من عممية التخطيط العامة لممشروع، فان ىذه المفردات العا
تنطبق ايضا عمى عممية تخطيط الكمفة ولو بشكل مستفيض من الخصوصية بقدر تعمق ىذه المفردات وتاثيرىا 

(يمثل خطة اقترحتيا الباحثة لتخطيط الكمفة بصيغة تسيل من عممية متابعة 5عمى الكمفة سمبا وايجابا.الشكل)
 وضبط الكمفة الانشائية لكافة تفاصيل المشروع الانشائية.

 -: راءات التحضيريةالاج *
لممشعروع  برنامم لمعمل وتطعويره يجعب ان يبعدأ منعذ المراحعل الاوليعة الكثير من الدراسات عمى ان استحداث أكدت

ومنععذ تخويععل صععلاحيات السععمطة والمسععؤولية لمشععروع مععا مععن المسععتويات الاداريععة العميععا فععي المنظمععة إلععى مععدير 
الاجعراءات المتناغمعة لمعمعل قبعل اععداد البرنعامم والمتعمقعة بتنظعيم  مشروع ما.وبعد عممية التخويل تبدأ سمسمة من

 المسؤولية والتسييلات الممكنة لعمل المشروع وانجازه. 

 )انواعها،طرق تخمينها(وضع المعايير * 
تعد خطوة وضع المعايير المرحمة الاولى من عممية التخطيط ،والمعيار ىو مستو  الاداء المرغوب تحقيقو 

يقاس الأداء يضل  داء الفعمي ويطمق عميو ايضا )معدلات قياسية(،وبدون توافر المعايير التي بضوئيالقياس الا
المدير طريقو إلى الحكم السميم عمى كفاءة الأداء لذا يضطر إلى التخمين او استخدام طرق الحساب 

 -:(1987()سمير:2772التكريتي:)التي قد لايعول عمى نتائجيا.تكون المعايير عمى نوعينRole of Thumb))التقريبي
      ىي المعايير المادية التي يمكن التعبير عنيا بصورة رقمية-: Quantitative Standardالمعايير الكمية  -1

 . ويمكن قياسيا وفيميا بسيولة بانيا محددة بصورة مقبولةمفة،عدد العاممين..وغيرىا( تتميز مثل)الزمن،الك
ىي معايير شخصية يعبر عنيا بنواحي يصعب قياس كميتيا  -:Qualitative Standardالمعايير النوعية  -2

 .كجودة الانتاج،تقييم سموك العاممين وغيرىا

 Work Breakdown Structure(WBS)هيكل تقسيم العمل  *
،حيث من الضروري ضروري تخطيط ومتابعة كافة اجزائومن ال يكون بالامكان تخطيط الكمفة  لممشروعلكي 

بداية المشروع الى نيايتو.يعتبر ىذا الييكل القاعدة  الذي يستخدم منWBS)ىيكل تقسيم العمل)استحداث نظام 
توزيع المسؤوليات وتنسيق الاىداف وتوزيع الكمفة عمى لتخطيط المشروع لانو يعتبر الاساس لكل من مخطط 

 -:لع (Curtis:2005)عمل الاطار.يحدد ىيكل تقسيم ال(1996)اسماعيل: اجزاء العمل وعمى برنامم المتابعة والسيطرة
 تعريف العمل الواجب انجازه. .1
 بناء خطة لتحديد الاسموب التخطيطي والسيطرة. .2

 تمخيص حالة الجدولة الزمنية والكمفة لمبرنامم لاعدادىا لممستويات العميا لمتعرف عمى مستويات الانجاز. .3

   المكممين الاتيين.  ( يمكن استحداث الييكمينWBSوبالاعتماد عمى ىيكل تقسيم العمل )



 زهير ميخائيم                                 أدارة وحخطيط انكهفت في مشاريع انخشيذ                                                                                         

 مرفج رزاق  

 

 782 

 يمبسَخ انكهفخ

 رمُُى سُش انؼًم

 حػشض انُزبئ

ارخبر الاخشاءاد 

 انزصحُحُخ

 انزحذَش

ردضئخ انًششوع انً 

 اَشطخ

 

 وضغ انًؼبَُش

 )اَىاػهب،طشق رخًُُهب(

 لُبط انكهفخ

اخزُبس اسهىة انزخطُظ 

 انًُبست

 

 حسبة صيٍ انُشبط

 رىصَغ انكهف

 رىصَغ انًىاسد

 حسبة صيٍ انًششوع

 انزغزَخ انؼكسُخ

 هُكم رمسُى انؼًم

 فشَكهُكم رُظُى ان

 هُكم رمسُى انكهفخ

 

 خذاول الاهًُبد

 

 انًشحهخ انثبَُخ

 اسزحذاس ثشَبيح انؼًم
 

 انًشحهخ انثبنثخ

 انًزبثؼخ وانسُطشح ػهً انجشَبيح

 

 انًشحهخ الاونً
 الاخشاءاد انزحضُشَخ

 

 اسهىة اخشاء رخطُظ انكهفخ فٍ يشبسَغ انزشُُذ
 

 نًؼبَُش انكًُخا -1

 انًؼبَُش انُىػُخ -2

 انطشَمخ انزمشَجُخ -1

 اػزًبد يؼبَُش يشكضَخ -2

 انطشق الاحزًبنُخ-3

 طشق ثحىس انؼًهُبد -4

 يخطظ انًسزمًُبد -1

 الارصبل انًجبشش -1

 

 يخططبد شجكُخ -2

 

 خظ انًىاصَخ-3

 انزمبسَش -2

 

 يخطظ انشجكبد-3

 

 شجكبد انؼًم -4

 اَدبص انىحذاد -1

 
يمدددددددددددددددددددددددذاس -2

 الاهًُبد

 هبَخانُست انًئىَخانجذاَخ/انُ -3 

 
4-

 انُست

 اسبنُت رمُُى رمذو انؼًم نهفمشاد الاَشبئُخ-1 

 

 اسبنُت رمُُى رمذو انؼًم نهًششوع-1

 

 الاخشاءاد انزصحُحُخ -2

 

 رحذَذ اسجبة الاَحشافبد -1

 

 طشَمخ انمطغ انًجبشش-1

 

 طشَمخ انزدضئخ -2

 

 طشَمخ انًشاخؼخ والاخزجبس -3

 

 
 

 
 
 

 
 
 

 
 )اعداد الباحثة(( يبين الخطة المقترحة لتخطيط الكمفة بصيغة تسهل من عممية متابعة وضبط الكمفة الانشائية5شكل )
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Organization Breakdown Strucure(OBS) هيكل تنظيم فريق العمل  *

يير وبعد استحداث ىيكل تقسيم العمل الاولي بعد مراجعة اوليات المشروع ومتطمبات رب العمل ووضع المعا
،تتكون لمدير المشروع مؤشرات كافية تساعده عمى اختيار وتنظيم كادر لانجازالذي يعرض العمميات الاساسية ل

 (.(Oberlender:2000العمل الذي يضم مختمف الاختصاصات اليندسية وغيرىا المطموبة لاداء العمل 
Breakdown Structure(CBS)Cost   هيكل تقسيم الكمفة  *

تحديد الكمف لفقرات المشروع كافة من الاعمى إلى الادنى والتي يطمق عمييا تسمية فقرات  (CBS)يتم من خلال
الوحدة الفعمية في عممية تقارن لاحقا مع كمفة العمل لايجاد كمفة الوحدة والتي ،فيحدد كمف فقرات العمل

 .(Cost Center(CC)يكل تقسيم العمل مركز كمفة خاص بو)،لذا يكون لكل جزء من اجزاء ىالسيطرة
 Milestone Chart))  جداول الاهميات* 

 نيا تؤشر البداية و النياية لإالخطوة التالية في أسموب اجراء التخطيط ىي انشاء جداول للاحداث الرئيسية،
 شروع دون الدخول في التفاصيل.لسمسمة مترابطة من الفعاليات التي يمكن من خلاليا قياس سير العمل في الم

. تحدد ىذه الجداول بعد المناقشة مع المستويات الادارية المختمفة والمختصين في وقت مبكر من المشروعاذ 
بدء مدة انجاز العمل،تاريخ من وصف الفعاليات،المسؤوليات, يمكن ادخال معمومات ىائمة إلى ىذه الجداول

  -. (2772)التكريتي: البيانات التي تيم العاممين والمتابعين لمعملعالية وغيرىا من ة لمفالميمة وانتياءىا،فترات المرون
  استحداث برنامج لمعمل

 أنشطة إلىتجزئة المشروع   *
 من المعروف ان كل نشاط يستيمك قدرا معينا من الوقت والموارد ولكي يكون بامكان الجية المخططة من 

العلاقات المرتبطة بين الخطوات والمراحل المتبعة لابد من تجزئة المشروع  معرفة المشروع بشكمو الواقعي وادراك
او عمى (WBS)إلى مجموعة من الانشطة المختمفة.حيث يتم التقسيم للانشطة المختمفة عمى اساس تقسيم العمل 

يمكعن  .بصعورة عامعة(CBS)او عمى اساس توزيع الموارد الماليعةOBS))اساس الاحتياجات البشرية واختصاصاتيم
 .(1971)الطائي:إلى الى انشطة مستقمة واخر  اعتمادية تصنيف الانشطة

 اختيار اسموب التخطيط المناسب  *
المناسب من مشروع لاخر،بالاعتماد عمى حجعم وطبيععة المشعروع ودرجعة تعقيعده  يختمف اختيار اسموب التخطيط

او يمجعا العبعض إلعى اسعتخدام ععدة اسعاليب  .والمدة اللازمة لاكمال العمل بالاضافة الى متطمبعات صعاحب العمعل
حيث يسعتخدم مخطعط  (Primavera Project Planner(P3))في آن واحد كما ىو الحال في البرنامم الحاسوبي 

 (.2774)التميمي: (PERT)مع مخطط الشبكيةBar Chart) )المستقيمات
 حساب زمن النشاط  *

بعضعيا بطعرق متععددة لتشعكيل البعدائل،ويتطور مخطعط العمعل عند انشاء نظام معين تركعب الاجعزاء المختمفعة معع 
مععن خععلال البحععث عععن الحمععول المختمفععة لمععزمن المطمععوب لانجععاز النشععاط والتععي تععوفر فععي نفععس الوقععت المتطمبععات 

 الثلاثة معا زمن وكمفة ونوعية.بذلك يسمح لاحتمالات الانشطة المفردة ان تربط عمى طول مع الفترات 
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 في النياية إلى التخمين الناتم لمزمن الكمي لاكمال المشروع.الزمنية بحيث يصل 
 توزيع وتسجيل  الكمف  *

 ضعععرورية لتوزيعععع بيانعععات الكمفعععة العععى عنعععوان محعععدد ضعععمن تصعععنيف محعععدد او نظعععام ترميعععزعمميعععة توزيعععع الكمعععف 
 عمميععةوىععي ظيععار كافععة المصععروفات التععي تعععود لفقععرات محععددة مععن العمععل لإتسععجيل الكمععف تتضععمن كمععا ،معين

تسعتخدم المعمومعات الناتجعة عنيعا فعي الحصعول عمعى كمفعة حيعث تجييز بيانات تتم معالجتيا فيمعا بععد ل ضرورية 
قععد يعتمععد المععدراء  بسععبب محدوديععة المععواردو الاجور،المعععدات والكمععف غيععر المباشععرة لفقععرة مععا مععع تقسيماتيا.د،الموا

العائععد المثععالي لمشععركة حيععث يقععوم محمععل الكمفععة بجمععع عمععى بيانععات الكمفععة فععي اقععرار اي الاجععراءات التععي تحقععق 
 وتصنيف ثم تمخيص البيانات المالية الخاصة بكمف الانتاج وتييئة التقارير الدقيقة في اوقاتيا المناسبة 

 .لإغراض التقييم والسيطرة عمى العمميات التي يقام بتنفيذىا 
 توزيع الموارد  *

 لمادية،كالمعدات والمواد لكل نشاط بعد تقدير الوقت اللازم لانجازه حيث تبدأ عممية توزيع الموارد البشرية وا
.فكممععا كبعر حجعم المشعروع وتعقععدت (1984)جعارا::يعتم تحديعد النوعيعة والكميعة ومعععدلات الاحتياجعات لانجعاز النشعاط 

 ي. لاقتصادي والادار اطبيعتو كمما ازدادت الحاجة إلى الاىتمام بتوزيع الموارد نظرا لمردوده 
 حساب زمن المشروع* 

بحسععاب بعععد عمميععة وضععع وحسععاب زمععن الانشععطة المختمفععة لممشععروع وتوزيععع الكمفععة والمععوارد يقععوم مععدير المشععروع 
 -:(1988)كريم:ىناك ثلاثة انواع من المدد الزمنية والواجب تحديدىا،ىيزمن المشروع ومدة انجازه.

 ع التي تكون فييا الامكانيات البشرية متوازية.مدة انجاز اعتيادية: تعتمد عادة في انجاز المشاري 

 و  العاممعععة لتنفيعععذ انشعععطة )اسعععتخدام اقعععل ععععدد معععن القعععطيئعععة: تحتعععاج إلعععى اقعععل كمفعععة مباشرةمعععدة انجعععاز ب   
 المشروع(.

 .مدة انجاز سريعة:تعتمد عمى استخدام امكانيات بشرية كبيرة وىو أسموب مكمف عادة 

 التغذية العكسية* 
تقععع عمععى عععاتق المععراقبين والعععاممين فععي المشععروع وكععذلك تكععون مععن ضععمن مسععؤوليات الاجيععزة  ان عمميععة القيععاس

الثانويععة الداعمععة لمععدير المشععروع ،ولكععي تععتم عمميععة تنفيععذ سععير العمععل لابععد مععن نقععل البيانععات إلععى الادارة بالتغذيععة 
 ,التقععارير ،لاتصععال المباشععرا العكسععية حيععث تصععل ىععذه البيانععات والمعمومععات لمععدير المشععروع بعععدة وسععائل منيععا

 (1984)كولدىابرواخرون:.شبكات العمل و مخطط المستقيمات
 -: طرةمرحمة المتابعة و السي  *

ىي عممية مستمرة لمقارنة الانجازات الفعمية بالعمميات المخططة.واتخاذ الاجراءات التصحيحية لمعالجة 
يتم من خلاليا القيام بعدة اجراءات من اعمال  الانحرافات .تعتبر ىذه المرحمة محور عممية التخطيط ،اذ

  -المتابعة ،القياس ،المقارنة ،التحميل والتفسير من اجل تحديد وضع سير العمل في المشروع:
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  easurementMCost  الكمفة  قياس *
 ثابت يعد قياس كمفة  العمل احد المرتكزات الاساسية التي يعتمد عمييا مدير المشروع لاجراء العمل بشكل 

ليتسنى لو القيام بالمراحل اللاحقة،وعادة ماتجري عممية القياس لكميعة الاعمعال التعي تنفعذ دوريعا ليعتم مقارنتيعا معع 
 .(1996)اسماعيل:الكميات الكمية لمعمل الواجب انجازه بموجب البرنامم التخطيطي

تاشععير نسععب الانجععاز المتحقععق  ولكععون عمميععة قيععاس سععير العمععل مععن الانشععطة المتغيععرة باسععتمرار فععان ىععذا يتطمععب
عمععى برنععامم المشععروع بحيععث يمكععن ان يععراه كافععة الاشععخاص المتتبعععين لسععير العمععل وعنععدما يععراد تحديععد المقععدار 

 :(1999)الالوسي:الكمي لنسبة الانجاز المتحققة لممشروع فالعلاقة البسيطة التي تحدد ذلك ىي
 

Cost Comparisons  الكمفة   اتمقارن* 

 
بعد الانتياء من جمع المعمومات والبيانعات اللازمعة ععن الأداء الفعمي،تعاتي الخطعوة الميمعة فعي تقيعيم سعير العمعل 
بمقارنتو بالمعايير الموضوعة مسبقا التعي تحعدد مسعتو  معينعا معن العمل،وتحتعاج عمميعة المقارنعة ىعذه إلعى تحميعل 

يرىا .ان عمميعععة تحميعععل الكمفعععة ىعععي عبعععارة ععععن مجموععععة الاسعععاليب والطعععرق المعمومعععات والبيانعععات المجمععععة وتفسععع
المسععتخدمة فععي تحديععد الوحععدة المنتجععة او عمميععة مععن العمميععات او احععد المشععاريع او التعاقععدات والتععي مععن خلاليععا 

رقابة،السعيطرة التقوم بتنفيذىا لإغراض التخطعيط ،  تزود الادارة بالكمف الكمية والتفصيمية لمخدمات والإعمال التي
وتقيعععيم المعععوارد لعععتمكن الادارة معععن اتخعععاذ القرارات.ىنعععاك عنصعععرين اساسعععيين فعععي عمميعععة التقيعععيم يجعععب عمعععى معععدير 

،حيث تعتم مقارنعة بعة عمميعات الانتعاج وتحميعل الكمفعةالمشروع او المسؤولين عن عمميعة التقيعيم ملاحظتيعا عنعد مراق
مقارنععة مععدة التنفيععذ ،وذلععك مععن خععلال مقارنععة الكمفععة و سععاحات التباينوتعريععف م ةالنتععائم الفعميععة مععع مقععادير الموازنعع

وتجععدر الاشععارة إلععى وجععود عمميععات مقارنععة اضععافية يمكععن اجراؤىععا لغععرض السععيطرة عمععى اداء .ودرجععة سععير العمععل
 -:(Ahuja:1976)كمفة المشروع

مقععدار المتبقععي مععن الميزانيععة مقارنععة النسععب المئويععة لمنفقععات المخططععة مععع النسععب المئويععة المتحققععة ومقارنععة ال -أ 
 المرصودة لمعمل مع كمفة المتطمبات اللازمة لتحقق الانجاز.

 مقارنة معدل الانتاجية المخططة مع الانتاجية المتحققة. -ب 

  Work Evaluation Manners-تقييم تقدم سير العمل:  *
 يمي: ماعمى ضوء ماسبق يمكن ان تصنف الاساليب المستخدمة في تقييم تقدم العمل إلى 

 اولا:  اساليب تقييم تقدم العمل  لمفقرات الانشائية.
يعد مستو  الدقة والجيد والكمفة والوقت ىي المتغييرات التي تتحكم في اختيار الاسموب المستخدم لمتابعة تقدم 
العمل لان لكل اسموب نقاط قوة وضعف تستخدم لممفاضمة بين الاساليب بعضيا عمى بعض،ان امكانيات 

 كًُخ انؼًم انًُدض انفؼهٍ                                    
 (1-1....................)                                َسجخ اَدبص انًششوع =   ـــــــــــــــــــــــــــــــــــــــــــ   

 كًُخ انؼًم انكهُخ                                       
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وع المتوفرة ومحدودية الموارد قد تكون سببا اساسيا في تفضيل اسموب عمى اخر.ويعد القرار المتخذ في المشر 
 . (Twort &Rees:1995) ضوء تقييم تقدم العمل ىو اول اختبار حقيقي لمصيغة الصحيحية المختارة لمتخطيط

  -ية:فيما يمي اىم الاساليب المستخدمة في تقييم تقدم العمل لمفقرات الانشائ
 اسموب قياس وحدات العمل المنجز لمفقرات الانشائية. -

 اسموب قياس النسبة المنقضية من الفترة الزمنية المخصصة لتنفيذ الفقرة. - 

 اسموب استخدام حجم الموارد المستخدمة في تنفيذ الفقرة. -

 اسموب استخدام الخبرة في تقدير نسبة انجاز الفقرة. -

  ية والجدولة المتكاممة           اسموب مراقبة الميزان -
 ثانيا:  اساليب تقييم تقدم العمل  لممشروع.

 -:(1996)العجيمي:تعد طرق تقويم تقدم العمل لمفقرات الانشائية التي سبق عرضيا ضرورية للاسباب الاتية
 معرفة الكفاءة في التنفيذ. -

 ة لمبرنامم الزمني المعد لممشروع.معرفة مد  توافق اوقات التنفيذ الخاصة بالفقرات الانشائي -

 تحديد المعوقات التي قد تؤدي إلى تاخر الانجاز لمفقرات الانشائية. -

اساليب تقويم تقدم العمل لمفقرات لاتعطي صورة واضحة عن مستو  الأداء وتقدم العمل لممشروع باكممو ولاتظير 
 تشخيص  العمل لممشروع وبالتالي سيتاخرالانحرافات المالية والزمنية التي قد تحدث في برنامم تقدم 

 -تقسم إلى نوعين: والتيلذلك يمجأ إلى استخدام اساليب تقويم تقدم العمل لممشروع ،ومعالجة ىذه الانحرافات
 النوع الاول: يعبر عن تقدم العمل في المشروع عمى شكل نسب مئوية للانجاز.

ل تحديد الانحرافات الحاصمة في المواقف المالية النوع الثاني: يعبر عن تقدم العمل في المشروع من خلا
 والزمنية والمواردية احيانا وىو اقرب إلى اسموب عرض معمومات التقويم.

 -وبصورة عامة يمكن اعتماد اساليب تقييم تقدم العمل لممشروع وكما يمي:

 .S- Curve)اسموب منحني الكمفة ) -
 اسموب مؤشرات تقدم العمل والكمفة.  -
 وب النسبة المئوية للانجاز.اسم  -
 اسموب الاوزان المعيارية. -
 .اسموب استخدام التمثيل البياني  -

 -(:عرض النتائجنتائج التقييم:)  *
تاخععذ اسععاليب عععرض النتععائم اشععكال مختمفععة يفضععل فععي كثيععر مععن الاحيععان ان تتسععم بالسععيولة والبسععاطة فععي نقععل 

روس.ففي حالعععة اسعععتخدام مؤشعععرات العمعععل فانعععو يتعععرجم إلعععى المعمومعععة وتتعععرجم وضعععع المشعععروع بشعععكل واضعععح ومعععد
اسععموب أو يسععتخدم ،(Oberlender:2000)منحنيععات التبععاين حيععث يسععيل ميمععة فيععم المشععروع والانحععراف الحاصععل فيععو

 الشرح.لحاجة إلى الاستعانة بالكتابة أو توضيح حالة المشروع من دون الالمستقيمات او منحني سير العمل 
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 Correcting  Action اءات التصحيحيةاتخاذ الإجر   *
ىعي قيعام الادارة بعبعض التصعرفات التعي تعؤدي العى تصعحيح الانحرافعات المعؤثرة لخطوة الأخيرة فعي عمميعة الرقابعة ا

  المعايير أو تعديل الاستراتيجيات بمرحمتين:بعض  يتم تغيير اذبين الأداء الفعمي والمعايير الموضوعة 
بأخطعاء فعي تنفيعذ الاسعتراتيجية أم أمعور طارئعة تتعمق ىذه الأسباب اذا كانت مبيان تحديد أسباب الانحرافات:  (أ 

وغير متوقعة في البيئة الخارجيعة  وينبغعي لتحديعد ىعذه الأسعباب الاجابعة ععن سمسعمة معن الأسعئمة لععل أىميعا، 
  الاستيضاح عن مد  ملائمة الاستراتيجية في ظل قيام الانحرافات.

امععا تعععديل الاسععتراتيجية التععي لاتحقععق المعععايير المطموبععة أو   حية وذلععك مععن خععلال:الاجععراءات التصععحياتخععاذ  (ب 
  (.1993)محمد السيد:تعديل المعايير بعد اجراء تقييم العلاقة بين المعايير المستخدمة والنظام الرقابي المستخدم

Updating  التحديث   *

من القيام بتحديث كامل لبرنامم التنفيذ،فيذه العممية  لاكمال متطمبات عممية متابعة سير العمل في المشروع لابد
الانجعاز(،وىي حعددة لممشعروع)الكمفة المحعددة،زمن تيدف إلى تعديل خطة المشروع في سعبيل تحقيعق الاىعداف الم

عبارة عن اعادة جدولة الجزء المتبقي من فعاليات المشروع وتتم بعد ان يعتم تجميعع المعمومعات وتبويبيعا وتقييميعا 
قععرار كمععا ان .(Ahuja:1980)قبععل ادارة المشععروع)الادارة العميا(حيععث تععاتي كنععاتم طبيعععي لمخطععوات التععي تسععبقيامععن 

ىناك ععدة طعرق .(Harris:1982)التحديث ىو قرار الادارة العميا لمتنفيذ ويجب ان لايؤخذ بطريقة متسرعة اواعتباطية
 :(2777)البندنيجي:التنفيذ يمكن استخداميا لاجراء عممية التحديث لبرنامم

تتضمن ىعذه الطريقعة اععادة تقعويم جميعع فعاليعات المشعروع  -:Separating Methodطريقة القطع المباشر  -أ 
 .وتحديد مدة تنفيذ كل منيا من جديد 

يععتم تقسععيم المشععروع إلععى فصععائل مرتبطععة مععع بعضععيا الععبعض  -:Partitioning Methodطريقععة التجزئععة   -ب 
 ة التي تاثرت بعممية التحديث فقط.وتتم عممية التحديث لمفصيم

يقعوم المبعرمم باسعتعراض لبرنعامم المشعروع كمعا  -: Review & Test Methodطريقعة المراجععة والاختبعار -ج 
خطععط المسععتقيمات او المخطععط الشععبكي ويؤشععر عمععى الفعاليععات التععي سععتتاثر بعمميععة التحععديث باشععارة ميمثمععو 

 .بالفعاليات الاخر  التي لاتتاثر بعممية التحديث التعديل الجزئي دون المساسب مميزة ثم يقوم

   -المحمية: مشاريع التشييدبعض إدارة وتخطيط الكمفة في   واقعالتحري الميداني عن  -
مععن اجععل تسععجيل الموقععف  يعععرف التحععري الميععداني بانععو عمميععة جمععع المعمومععات والاحصععائيات والحقععائق المطموبععة

زءَ ال  :وكما يمي تحري الميداني الى قسمينالحالي لمنظام )المشروع(.ج 
 المحمية: دراسة حالة لواقع  ادارة وتخطيط الكمفة في بعض مشاريع التشييد * 

التععي تنفععذ سععجيل الوضععع السععائد فععي مجععال ادارة الكمععف وتخطيطيععا لخمععس مععن المشععاريع الانشععائية المحميععة م تتعع
 -كميعة العموم،قسعم التقنيعات الإحيائيعة  -عمعوم ،قسعم الفمعك)مشروع كمية الاعلام والبناية الممحقة بو، عمعادة الحاليا

معن حيعث معتبعرين ىعذه المشعاريع نمعاذج ممثمعة لأغمعب مشعاريع الدولعة  كميعة العمعوم( -كمية العمعوم وبنايعة القاععات
معع الاسعاليب  اكافيعة لتشعخيص واقعع الحعال ومقارنتيعوبيانعات محصول عمى معمومات ل ضوابطيا وأساليب إدارتيا
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قنيات التي جر  عرضيا خلال الدراسة النظرية الخاصة بمفاىيم الادارة الحديثعة فعي عمميعات تخطعيط وضعبط والت
الكمف فعي مشعاريع التشعييد وتاشعير نقعاط الضععف والقعوة فعي ىعذه المفعاىيم والعمميعات المعتمعدة فعي اسعموب عمميعة 

ع منععذ بدايعة اقرارىععا احعل انجععاز ىعذه المشعاريتوضعيح مر فععي ىعذه الدراسععة تعم  .لمشععاريع الإنشعائيةيعذه اادارة الكمعف ل
تم تحميميا الى عناصر الكمف الموقعية ليتسجيل وتبويب البيانات الكمفوية المتعمقة بالأنشطة المالية ،حتى تنفيذىا

،الايعدي العاممععة والمقعاولات الثانويعة ومعن بععدىا اجععراء قيعاس ومقارنعة لبيانعات الكمععف نوالتعي شعممت المعواد، المكائ
نتائم تحميل الكمفة تعم توضعيحيا فعي جعداول خاصعة تبعين الكمفعة المباشعرة لكعل فقعرة معن فقعرات العمعل  ان.وقعيةالم

والكمف غير المباشرة مع حصتيا من كمف التحميلات الادارية الموقعية وكمف التحميلات الادارية لممقر الرئيسي 
عممية المقارنات بين الكمف الفعمية المتحققة واسعار اء لتسييل اجر و .والدائرة الالية والتي ظيرت خلال فترة التنفيذ

 -المقاولة ومعرفة مقدارالربح اوالخسارة لابد من معرفة القيم الحقيقية  لما يمي:
  ، كمفة العمل المنفذ :التي تتمثل بكمف فقرات العمل التراكمية في المدة التي تم تنفيذ كل فقرة  خلاليا

 ة في زمن المقاولة.أي المصروفات الكمية التراكمي

 .قيمة العمل المنفذ: وىي عبارة عن قيمة فقرات العمل التراكمية في المدة التي نفذت كل فقرة خلاليا 

 مستحقات المقاول الفعمية: المبالغ الصافية المستممة التراكمية عن قيمة الاعمال المنفذة عند تاريخ 
 عار جدول الكميات.وىو يمثل المبمغ المستحق لممقاول وفقا لاس استلاميا

 سعر الوحدة ) المسعرة حسب العقد(× مستحقات المقاول الفعمية = كمية العمل المنجز فعلا 
 

  مصروفات المقاول الفعمية: عبارة عن انواع الكمف التراكمية المتحققة عن تسديد مبالغ الاعمال المنفذة
 فعلا والتي تستمر لما بعد انتياء مدة تنفيذ المقاولة.

 كمفة انجاز وحدة العمل)المصروفة فعلا(× ت المقاول الفعمية = كمية العمل المنجز مصروفا
 
مقارنة كمف العمل المنفذ لكل فقرة مع قيمتو)المقارنة التي تيم المقاول الرئيس( مع توضيح البيانات اللازمة  تم

 والاشكال ادناه تمثلتخمينية.لاغراض مقارنة كمف التنفيذ الموقعية الحقيقية لكل فقرة او عنصر مع الكمفة ال
 .المطموبة مشاريع بعد توضيح القيم الكمفوية لجميع الموارديذه الالمنحنيات الخاصة بالتدفق النقدي الخاصة ب
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 نثبنثخانًشحهخ ا -لسى انفهك_ كهُخ انؼهىو -( َجٍُ دفؼبد صبحت انؼًم وانًمبول 15شكم )

 

 -:الميدانيالاستبيان  *
الاستبيان ىو وسيمة من وسائل الاتصال مع المجتمع ومنيم الخبراء وذوي الميارات للاستفادة من قاعدة 

 تقييم او تنفيذ المشاريع الجديدة.المعمومات المتوفرة لدييم والبناء عمييا عند 
 -الاستبيان المفتوح:  *

المسعوؤلين  فعي الدولعة معن الملاكعات القياديعة الاداريعة  تمثل الاستبيان المفتوح بالمقابلات  الشخصية مع ععدد معن
واليندسية وعدد من المقاولين اصحاب شركات القطاع الخاص من العاممين في مجال ادارة وتنفيذ مشاريع التشييد 
في مختمف المجالات والمستويات الاداريعة ذات العلاقعة بععدارة وتخطعيط الكمفة،بالإضعافة إلعى اراء اصعحاب العمعل 

المادية وانجاز العمل ضمن الميزانية المحعددة وخعلال العزمن المحعدد وفعي  ومصالح مجال الكمفة وكيفية مراعاة في
كمععا  باسععتمارة الاسععتبيان المفتععوحتحديععد الاسععئمة الخاصععة  تععم .الوقععت نفسععو يجععب ان تكععون مسععتوفية كافععة الشععروط

 -المحاور الاساسية التالية :( ب4رقم ) موضحة بالممحق
 ادارة وتخطيط المشروع الانشائي . -الاول: المحور

الانشائية)المواد،المكائن والمعدات،الايدي العاممة،المقاولات الثانوية وكمف كمف الادارة وتخطيط  -المحور الثاني:
 التحميلات الادارية(.

 .الانشائية المتابعة,الرقابة والسيطرة عمى الكمفةعمميات تفاصيل  -المحور الثالث:

 -:غمقبيان المالاست  *

 الاعتماد عمى ما جمع من بيانات ومعمومات من خلال الاستبيان المفتوح وما امكن استخلاصو من الدراسة ب
النظريعععة،لمتعرف والتحقعععق مععععن بععععض الامعععور المتعمقععععة بواقعععع ادارة تخطععععيط الكمفعععة فعععي مشععععاريع التشعععييد،في ظععععل 

 Work studyعمعى معا ورد فعي المواصعفات القياسعيةتناد ،وبالاسعالمتغيعرات الكثيعرة التعي اثعرت عمعى ىعذه العمميعة 

BSI3138  ان تقنيعات الاسعتجواب معنQuestioning technique   رالافكعاوعصعف Brain storming  ىمعا معن
يجعاد الحمعول معن خعلال تحميعل الاراء المختمفعة لممشعاركين فعي ولكعون مفيعوم  الاسعتبيان. اساليب جمع المعمومات وا 

،يتكععععون النمععععوذج الاول عمععععل يختمععععف عمععععا ىععععو لععععد  المقععععاول  فقععععد تععععم اختيععععار نموذجينالكمفععععة عنععععد صععععاحب ال

دفعاث صاحب 

 انعمم نهمقاول 

  مصروفاث انمقاول
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1µ =2µ                   لاختبار اذا كانت  
x1-x2

=(( 1²/n1)+( 2²/n2)) ½  ......       (2-1) 

                            

                                           

 

                               

 

.اما النمععوذج الثععاني مععدراء المشععاريع والميندسععين التععابعين لصععاحب العمععل كجيععة تصععميم واشععراف(عينععة ل77مععن)
ان تكععون  مععع الحععرص ابعين لمشععركات المنفععذة )المقععاول(مععدراء المشععاريع والميندسععين التعع(عينععة ل;6فيتععالف مععن)

الاستبيانية سواء كانت موجية إلعى  الأسئمةتناولت مشاريع التشييد. أنواعالجيات المشمولة بالاستبيان تضم اغمب 
ولكعن معع اخعتلاف فعي مضعمون (5كمعا موضعحة بعالممحق رقعم) الآتيعة صاحب العمل او المقاول المحاور المحعددة

 :يسية عمى عممية انجاز المشروعلرئاعتمادا عمى دور كل طرف في ىذه المحاور ا الأسئمة
 المعمومات التعريفية والمينية للافراد المستبينين. -المحور الاول:

 إدارة  وتخطيط  الكمفة في مشاريع التشييد  -الثاني: محورال
 التعاقدات واساليب التنفيذ في مشاريع التشييد -الثالث: محورال
 مراحل تطور المشروع الإنشائي -الرابع: محورال
 الأسباب المؤدية إلى ضعف ادارة وتخطيط الكمفة في مشاريع التشييد -الخامس: محورلا

 لنتائج الاستبيان المغمق:   الإحصائيالاختبار   *
الاستدلال الاحصائي واحد من اكثر جوانب عممية اتخعاذ القعرارات اىميعة وحيويعة فعي الاقتصعاد والاعمعال والعمعوم 

 µالتقععدير ىععو عمميععة اسععتنتاج او تقععدير احععد معععالم المجتمع)مثععل وسععطو لفروض.بالتقععدير واختبععار اكافععة،ويتعمق 
تم القيام بتحميل نتائم الاجوبة بعالطرق  ( من الاحصاء المناظر والخاص بعينة مسحوبة من المجتمع.²وتباينو 

وذجي نمععنتععائم اجوبععة  عمععىاجععراءه  مععاتموىععذا ،تععائم عمععى ضععوء ىععذه الاجوبةالاحصععائية لغععرض اسععتخلاص الن
اسعععتخدام الاحصعععاء كعععأداة لمبحعععث يتععععد  جمعععع البيانعععات العععى ن لا،البحعععث المشعععمولة بالاسعععتبيان الميعععداني المغمعععق

 تحميميا لمتعبير عن مدلولاتيا الظاىرية تعبيرا عمميا يستفاد منو في كافة مجالات اتخاذ القرار.
    (.Hypothesis Test)إجراء اختبار الفرضيات   *

( ىعو جانعب اساسعي معن جوانعب الاسعتدلال والتحميعل ²وتباينعو  µنتائم المجتمع)مثل وسطو  اختبار الفروض عن
الإحصعععائي ،ففعععي مواقعععف اتخعععاذ قعععرارات كثيرة،يكعععون معععن الميعععم تحديعععد معععااذا كعععان وسعععطان او نسعععبتان لمجتمععععين 

ة, اذا كعان المجتمعععان فعاذا امكننععا ان نععزو الفععرق بعين وسععطي او نسعبتي العينتععين العى الصععدف،يتسعاويان او يختمفان
 فععععان توزيععععع المعاينععععة لمفععععرق بععععين الوسععععطين )او ( n1,n2>60يتبعععععان التوزيععععع الطبيعععععي,او اذا كععععان كععععل مععععن)

بخطععأ معيععاري معطععى بالمعادلععة  النسععبتين( فععي العينععة يتبععع ايضععا التوزيععع الطبيعععي،او يتبععع التوزيععع الطبيعععي تقريبععا
 :  (:>>4)سالفاتور:التالية

 
 -يجري اختبارىا:الفروض التي 

Ho:    µ 1 µ = 2                 or             Ho:    µ 1 µ- 2   = 0 

H1:    µ 1≠ µ 2                or              H1:    µ 1 µ- 2 ≠ 0 
 .تحت المنحني الطبيعي القياسي9>.4±في حدود  H0وىذا اختبار ذو ذيمين وتقع منطقة القبول لمفرض 
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ىععععذا الاختبععععار عمعععععى محععععور البيانعععععات التوضععععيحية لافععععراد عينتعععععي المجتمعين)صععععاحب العمعععععل  ارتععععات الباحثععععة اجعععععراء
والمقاول(لمعرفععععة معععععد  تناسعععععق مسعععععتو  افعععععراد المجتمععععععين وظيفيعععععا ومينيعععععا وعمميعععععا وخعععععدميا )بمعنعععععى سعععععنوات الخدمعععععة 

وكانعت معن البحث. والتخصص( ومد  التوافق بينيما لمحصول عمى اجابات تؤخذ بنظر الاعتبار في الدراسعة اللاحقعة
تقع داخل منطقعة  Zوبما ان  Z =02:056وقيمة  x1-x2    = 02:056نتيجة الاختبار تشير الى ان قيمة

وىعذا يعنعي انعو لايوجعد دليعل إحصعائي يشعير العى ان %.8،عند مستو  معنويعة 1µ =2µ،أي H0))القبول،فعننا نقبل
المسعتبينين كعانوا بعنفس درجعة التاىيعل للاجابعة عمعى اسعئمة  ،مما يؤكد اننموذجينمختمف لم لمعينات مستو  المستبينين

 الاستبيان من الناحية العممية والعممية.
  .(Analysis of Variance) اجراء تحميل التباين   *

يسععتخدم تحميععل التبععاين لاختبععار فععرض ان متوسععطات مجتمعععين او اكثععر متسععاوية او مختمفععة عنععدما تكععون المجتمعععات 
لتحديعد معا إذا كعان ىنعاك درجعات اخعتلاف  ا الفحعصاسعتخدام ىعذ يمكعن.حيث  يعيا مع تساوي التباينموزعة توزيعا طب

بين مجموعتين من البيانات. عمى سبيل المثال، يمكن فحص نقاط الاختبار لمفتيان والفتيات المتقدمين لمدرسة ثانويعة 
معععععععععععك الموجعععععععععععودة بعععععععععععين بعععععععععععين الفتيعععععععععععات مختمفعععععععععععة ععععععععععععن ت فعععععععععععي الاجابعععععععععععات وتحديعععععععععععد إذا كانعععععععععععت درجعععععععععععة التغيعععععععععععر

 -الخطوات كالاتي:،.(Richard:1994():>>4)سالفاتور:الفتيان
 . MSA))( تقدير تباين المجتمع من التباين بين متوسطات العينات 4خطوة )
 ( .MSE)( تقدير تباين المجتمع من التباين داخل العينات5خطوة )
 . (MSA/MSE)=F( حساب النسبة 6خطوة )
الجدوليععة عنععد مسععتو  المعنويععة ودرجععات الحريععة المعينععة،فان  Fمحسععوبة اكبععر مععن قيمععة ال F( اذا كانععت 7خطععوة )

. الخطععععوات السععععابقة H1عععععن تسععععاوي متوسععععطات المجتمعععععات،يرفض لصععععالح الفععععرض البععععديل، H0الفععععرض العععععدمي
 (.4موضحة بالجدول رقم )

 (1997)سالفاتور:ANOVAجدول تحميل التباين  (1جدول)

 يصذس انزغُُش يدًىع انًشثؼبد دسخبد انحشَخ بديزىسطبد انًشثؼ Fانُسجخ 

MSA/MSE MSA=SSA/(c-1) c-1 SSA=r∑(xj-x)² (بين الاوساط يفسره انعاممA) 

- MSE=SSE(r-1)c (r-1)c SSE= ∑∑ (xij-xj)² )داخم انعيناث )انخطأ او غير انمفسر 

- - rc-1 SST= ∑∑ (xij-x)²=SSA+SSE الاجماني 

 -: عندما
Xj لعينة = متوسط اj  المكونة منr   =مشاهدة∑i x ij)/r            )               (............2-3) 
Xj  متوسط العينة =j  المكونة منr   =مشاهدة∑i x ij)/r            )               (............2-4) 
X =  المتوسط الكبير لكل العينات =∑i∑j x ij)/rc                         )          (...........2-5) 

SSA  = مجموع المربعات التي يفسرها العامل  =∑ (xj- x) ²   r                     (..........2-6) 
SSE = مجموع مربعات الخطا والتي لايفسرها العامل  =∑ ∑ (xij- xj) ²              (.........2-7) 
SST =مجموع المربعات الاجمالي  = SSA+ SSE =∑ ∑ (xij- x) ²                 (........2-8) 

 c-1                                            (...........................2-9)درجات حرية البسط = 
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 = عدد العينات Cحيث      
 c                                         ...................(........2-10)(r-1)درجات حرية المقام = 

 = عدد المشاهدات في كل عينة rحيث     
ولكون نموذجي صاحب العمل والمقاول يخضعان لمتوزيع الطبيعي من نتائم الفحص السابق الا ان نتائم فحص 

 Fايجعععاد قيمعععة لكعععل منيمعععا وذلعععك بععععد التبعععاين اوجعععدت ان ىنعععاك درجعععة اخعععتلاف بعععين نتعععائم الاجابعععات الخاصعععة 
المقاول(لععو  أو.ويبععدو ذلععك منطقيععا لان لكععل منيما)صععاحب العمععل الجدولية Fرنتيععا مععع قععيم المحسععوبة لغععرض مقا

وتخطععيط الكمفععة بمععا يحقععق مطالبععو ويععؤمن التزاماتععو الماليععة بحيععث  إدارةوجيععة نظععره الخاصععة فيمععا يخععص مفيععوم 
عمععل ويحقععق الععربح صععاحب ال نظععر يععؤدي الععى انجععاز المشععروع ضععمن المععدة المقععررة والميزانيععة المحععددة مععن وجيععة

 (يبين نتائم تحميل التباين.6الممحق رقم).المعقول من وجية المقاول من جية اخر 
 
 الاستنتاجات -

 -خرج البحث بمجموعة من الاستنتاجات كان اىميا مايمي:
  ان العمععل الععذي تععم القيععام بععو قععد عععزز مععن الفرضععية والتععي تععم اعتمادىععا فععي منيجيععة البحععث والتععي تععنص

عف فعععي كفعععاءة ادارة وتخطعععيط الكمفعععة فعععي مشعععاريع التشعععييد نعععاتم ععععن غيعععاب العععوعي فعععي عمى)ىنعععاك ضععع
 استخدام الأساليب العممية في ادارة وتخطيط الكمفة خلال المراحل الكمية لانجاز المشروع(. 

    بصورة عامة ،ىناك ضعف فعي عمميعة أدارة وتخطعيط مشعاريع التشعييد ،والتعي ظيعر بانيعا تتعاثر بالعوامعل
 ة وبنسب متفاوتة :التالي

 عدم وضوح الرؤيا عند وضع البرمجة و الخطط. -أ 
 عدم ايلاء التخطيط الأىمية المطموبة. -ب 
 نقص البيانات والمعمومات الكمفوية المطموبة.  -ج 
 ضعف في كفاءة الاداء لمكادر الخاص بالبرمجة والتخطيط. -د 

 لقطاعععات المحميععة سععببو عععدم الاىتمععام وجععود ضعععف واضععح فععي مجععال التخطععيط لمختمععف التشععكيلات وا
بالاستخدام الامثل لممستويات الثلاثة لعممية التخطيط والبرمجة في المشاريع,والاعتماد عمى نوع واحد من 
ىمعععال مجعععالات التخطعععيط الاخر ،مثعععل اسعععتخدام  انعععواع التخطعععيط الروتينعععي، والتركيعععز عمعععى الوقعععت فقعععط وا 

  البدائل وىندسة القيمة وتحسن النوعية.

  ىنععاك تمكععؤ فععي تطبيععق المفععاىيم الخاصععة بعععدارة وتخطععيط الكمفععة فععي مشععاريع الخطععة الاسععتثمارية بسععبب
صدور التخصيصات المالية لكل سنة بصورة منفردة وىذا غير ملائم لممشاريع الإنشائية التي مدتيا اكثعر 

  -من سنة للأسباب التالية:

 نة .صدور الخطة الاستثمارية متأخرة عن بداية الس -أ
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عدم ورود التخصص المالي بصورة مطابقة لبرمجة العمل الاصمية ممعا يضعطر القعائمين عمعى التخطعيط  -ب
الأمر الذي  ،ب ومحاولة إنيائو مع نياية السنةوالبرمجة الى  الالتزام بالمبمغ المخصص وليس بالمبمغ المطمو 

 ى التأخير في التنفيذ. عرض المشاريع الى انحرافات في الكمفة المخمنة مما يؤدي ايضا ال
  لقد بين البحث وجود مشاكل في عممية جمع وتسعجيل البيانعات بدقعة والخاصعة بنسعب تقعدم العمعل والكمعف

المصععروفة فععي المشععاريع بالإضععافة الععى ضعععف الاسععموب المسععتخدم حاليععا فععي تسععجيل البيانععات الكمفويععة 
لتععي لا تمثعععل بيانععات دقيقعععة عععن الكمفعععة )النظععام المحاسععبي الموحعععد( حيععث يسعععتخدم لإغععراض المقارنعععات وا

ومصروفات وقيمة العمل المنفذ لغاية تعاريخ معين.اضعافة العى ععدم وجعود نظعام موحعد لتبويعب المعمومعات 
 وحفظيا مما يؤدي الى انعدام التعاون المعموماتي بين ادارات المشاريع .

  ت السابقة،بسبب  ما يمي:مقارنة بالسنوا 5006زيادة ممحوظة في كمف المشاريع بعد احداث عام 

زيععادة فععي اسعععار المععواد الداخمععة فععي عمميععة البنععاء والأيععدي العاممععة لتوقععف المعامعععل الانشععائية عععن العمععل  -أ 
 خلال الفترة التي اعقبت توقف الحرب مع زيعادة في اجعورالمعدات والأيدي العاممة.

 زيادة اجور النقل وكمف المخاطر نتيجة الضعف الامني. -ب 
دارة موارد المشروع المختمفة .   - ج  ضعف تخطيط وا 
 عدم اعتماد مبادئ تقميص الكمفة كيندسعة القيمعة او التقعويم الانشعائي . -د 

 ضعف دور الاقسام الادارية كالتخطيط والمتابعة والدراسات والتصاميم في متابعة تقدم العمل في 
مق بعععدور ىعععذه الاقسعععام فعععي اعمعععال تخطعععيط وتخمعععين يتعإضعععافة العععى معععا،ريع والكمفعععة الفعميعععة المصروفةالمشعععا

 لمشاريع. ا
   لا يوجد دور حقيقي لمدير الانشاء فعي اغمعب مشعاريع التشعييد فعي الععراق الامعر العذي يعؤدي العى افتقعار

المشععروع لمخععدمات التععي تقععدميا ادارة الانشععاء ومععن بينيععا متابعععة فعاليععات المشععروع وتنسععيق ادوار اطععراف 
 عممية 

  المشروع وتنظيم علاقاتيم مع بعضيم البعض.تحقيق  
 ،لععذلك فععان تسععرب وابتعععاد ىععذه النخبععة عععن تععراكم الخبععرة يتكععون لععد  المنتسععبين المسععتمرين بالخدمععة فقط

انععععدام التوثيعععق  .كعععذلكلمقعععائمين عمعععى المشعععاريع ومنفذييا ضعععياع جيعععود وخبعععرات متراكمعععةالعمعععل يسعععبب 
لأعمال المنفذة منيم لاسيما سجل الوقائع اليومية والمتعمقة بالكمفة لمختمف البيانات والتحميلات والنتائم ل
  والوقت والظروف المحيطة الاخر .

  وجعععععود خمعععععل كبيعععععر فعععععي الاسعععععتخدام الامثعععععل لمتطبيقعععععات الحاسعععععوبية فعععععي ادارة وتخطعععععيط كمعععععف مشعععععاريع
ىمال الطاقععات الكبيععرة التععي يمتمكيععا ىععذا الجيععاز فععي تسععييل اعمععال التوثيععق  والمتابعععة والتحميععل التشععييد،وا 

لمبيانات الخاصة بكمف المشاريع او نسب تقدم العمل فييا فضلا عن عدم اسعتخدام البرامجيعات الخاصعة 
 بأعمال التخطيط في المشاريع.
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 التوصيـات :  -
توجيعو مشععاريع بنعاء القععدرات البشععرية فعي عمععوم المؤسسععات بمعا يخععدم تحقيعق اىععداف تقويععة ىعذه المؤسسععات مععن  -

عداد دورات تطويرية في مجال ادارة وتخطيط الكمفة واشراك الميندسين والمحاسبين بتمك الدورات لتطويرىم خلال ا
 ورفع مستواىم العممي والفني بما يتلائم مع التطور الحاصل في العموم اليندسية والمالية وخاصة 

 في مجال التخطيط والبرمجة والسيطرة باشكاليا.

ة وتفعيععل فريععق العمععل فييا،بالاضععافة الععى اسععتخدام اسععاليب التحفيععز المختمفععة لحععث تطععوير العمميععات التخطيطيعع -
 الافراد عمى العمل ضمن الخطط الموضوعة.

دور الاقسععام الاداريععة كععالتخطيط والمتابعععة والدراسععات والتصععاميم فععي متابعععة تقععدم العمععل فععي المشععاريع تطععوير  -
مق بعععدور ىعععذه الاقسعععام فعععي اعمعععال التخطعععيط والتخمعععين لممشعععاريع والكمفعععة الفعميعععة المصعععروفة بالاضعععافة العععى معععايتع

لتسجيل وتقدير الالتزامات المالية والمصروفات ومقارنعة التكعاليف الناتجعة معع الزيعادات فعي تقعديرات الكمفعة وضعبط 
ارات الكمععف التكععاليف الفعميععة مقابععل الميزانيععة المخمنععة والقيععام بتقععديم البععدائل الفنيععة المقبولععة فععي حالععة انحععراف مسعع

 الحقيقية عن التخمينية.
الاىتمام بعممية توثيق البيانات الكمفوية في المشاريع الانشائية المختمفة وتحقيق تغذية عكسية لممعمومات فعالعة  -

 ومؤثرة في تحديث وتصحيح الكثير من الاجراءات المالية والمحاسبية.

ب المسعار الحعرج لاعتمعاده فعي اععداد منحنيعات الكمفعة ضرورة التعريف باسعاليب التخطعيط لممشعاريع ومنيعا اسعمو  -
 المبكرة والكمفة المتاخرة والمقارنة معيا.

اسععتخدام منحنععي الكمفععة كوسععيمة مععن وسععائل المراقبععة والسععيطرة لمحصععول عمععى مؤشععرات سععير العمععل والتععدفقات  -
 اف المطموبة.المالية لمصرفيات وربطيا بالميزانية المحددة لممشروع لمتاكد من تحقيق الاىد

 ىندسة القيمة في المشاريع للاختيار بين البدائل المتاحة. مبدأتطبيق  -
ذات المواصععفات دراسععة امكانيععة اشععاعة اسععتخدام اسععموب الادارة الانشععائية فععي تنفيععذ مشععاريع التشععييد الضععخمة  -

 الفنية الخاصة.
عععام او الخععاص لتشععمل ضععمن ىيكميتيععا اقسععام اعععادة بنععاء الييكععل التنظيمععي لييئععات التشععييد سععواء فععي القطععاع ال -

لادارة وتخطيط الكمفة في مشاريع التشييد ميمتيا الاشراف عمى الميام التالية)تخطيط الموارد,تخمين الكمفة،ميزانية 
 المشروع وضبط الكمفة( وىي جية تعمل لصالح صاحب العمل وليا صلاحية الاشراف عمى كمف التنفيذ.

صدار اوامر التغيير تعتمد عمى مبعدأ السعرعة لمتفعاوض معع المقعاول واعتمعاد اليعة جديعدة اعتماد صيغة جديدة لا -
لتسعير الفقرات غير المدرجعة فعي جعدول الكميعات التعي تظيعر اثنعاء تنفيعذ المشعروع معن خعلال الاتفعاق مسعبقا عمعى 

ادقة او معن خعلال لجنعة صيغة احتساب الاجور التي يتم اضافتيا الى الكمفة الحقيقيعة لمعمعل معن خعلال قعوائم مصع
 مشتركة اشبو بمجان التنفيذ امانة لغرض تسعير تمك الاعمال.



 زهير ميخائيم                                 أدارة وحخطيط انكهفت في مشاريع انخشيذ                                                                                         

 مرفج رزاق  

 

 798 

 المقترحات والدراسات المستقبمية :  -
 لغرض التوسع بموضوع البحث تقترح الدراسات المستقبمية الاتية:

 دسعي لتقيعيم السعيطرة نظعام ىناساسعية لاععداد واعتبارىعا  والانتاجيعة تطوير قاعدة لمبيانات والمعمومات الكمفوية
 عمى ادارة وتخطيط كمف مشاريع التشييد.

  بناء نظام اداري متطور لادارة وتخطعيط الكمفعة فعي مشعاريع التشعييد،و ادخعال بععض المعؤثرات الخارجيعة عمعى
عممو مثل)ارتفاع اسعار المواد الانشائية،اسعار تاجير المكائن والمعدات،اجور الايدي العاممة وعوامل اخعر  

ي من شانيا ان تؤثر عمى كمفة العمل حيث يمكن من خلاليا التوسع في مجعال تحديعد الاسعباب المعؤثرة (والت
 في حصول التباين بين كمف العمل المنجز والكمفة المخمنة.

  دراسععة القععوانين والانظمععة والتعميمععات الرسععمية المععؤثرة فععي عمميععة السععيطرة عمععى ادارة وتخطععيط كمفععة مشععاريع
 ادة النظر فييا من جية والتقميل من المعوقات الحالية من جية اخر .التشييد.بيدف اع

  اجراء دراسة لتقييم عممية استخدام التطبيقات الحاسوبية ذات العلاقة والتي من شانيا مساعدة صاحب العمل
لال في اتخاذ القرارات المناسبة خلال عممية تحقيق المشروع الانشائي مثل اقرار الحاجعة لتحقيعق المشعروع خع

عند تقعديم اسععاره عنعد  مرحمة دراسة الجدو  وغيرىا،اضافة الى مساعدة  المقاول في اتخاذ القرارات المناسبة
العطععاء،ومن جيععة اخععر  يسععاعده عمععى المحافظععة عمععى ىععذه الكمفععة خععلال عمميععة تنفيععذ  المشععروع الانشععائي 
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