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ABSTRACT 

Iraq is located near the northern tip of the Arabian plate, which is advancing northwards relative 

to the Eurasian plate, and is predictably, a tectonically active country. Seismic activity in Iraq 

increased significantly during the last decade. So structural and geotechnical engineers have been 

giving increasing attention to the design of buildings for earthquake resistance. Dynamic 

properties play a vital role in the design of structures subjected to seismic load. The main 

objective of this study is to prepare a data base for the dynamic properties of different soils in 

seismic active zones in Iraq using the results of cross hole and down hole tests. From the data 

base collected it has been observed that the average vertical compressional wave velocities were 

ranged from (1125-2500) m/s in the North, (306-1544) m/s in the Middle, (805-1812) m/s in the 

western south, (377-1326) m/s in the eastern south and (334-1404) m/s in the South of Iraq. And 

the average vertical shear wave velocities were ranged from (225-476) m/s in the North, (111-

408) m/s in the Middle, (268-659) m/s in the western south, (131-380)m/s in the eastern south 

and (102-365) m/s in the South of Iraq. 
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 العراق ذات الىشاط الزلزالي لمىاطك الديىاميكيةالتربة خواص ل بياوات لاعدة

 
 ربى حىا ساعور                 لاسيون سعد الديه محمد شفيك   

 مهىدض              أستاذ مساعد

 قسم الهىدسح المدويح                  قسم الهىدسح المدويح          

 جامعح الىهسيه -كليح الهىدسح              جامعح الىهسيه  -كليح الهىدسح    

 

 الخلاصة

 

 ومنه، شنما ا عىند التقند   الأوزاسنيح الحن يلحت التنم لهنا عةقنح  الطنس  المنمالم منه الحن يلح العستينحمنه قسب تالقع العساق ي

وتيجح للصيناةج المللىةنح للىمنال الصلصالنم لنم العنالم عنةد العقنىة الأعينسج و تكتىويامه الثلدان الىمطح العساق ان يكىن متىقع ال

ان الخىاص الديىاميكينح مقاومح للص شد. العاصح لم مىطقح المسق الأوسط لقد اولً المهىدسىن اهتما  كثيس لم تحاميم الأتىيح 

الهنند  السسيسننم مننه هننري الدزاسننح هننى اعننداة قاعنندج تياونناخ  مهمننا لننم تحننميم المىمننضخ المعس ننح للقننىي الصلصاليننح. تلعننة ةوزا

 cross مللخحاسص الديىاميكيح لأوىاع مختل ح مه التستح للمىالق الىمطح شلصاليا لم العساق وذلك تا عتمناة علنً وتناسح للحن

hole   وdown hole   سننسع المىجننح ا ويننتاليح تتننساو  تننيه معنندد مننه قاعنندج الثياونناخ التننم تننم جمعهننا أن لننىح  ، حينن

(  /ثا لم الجىنىب التستنم 1812-805(  /ثا لم المىطقح الىسطً و )1544-306(  /ثا لم المىطقح المماليح و )1125-2500)

سنسع مىجننح  معندد العنساق. وكنان (  /ثنا لنم المىطقننح الجىىتينح منه1404-334(  /ثنا لنم الجىنىب المنسقم و )1326-377و )

(  /ثنا لنم 659-268(  /ثنا لنم المىطقنح الىسنطً و )408-111 /ثنا لنم المىطقنح المنماليح و )( 476-225القص تتنساو  تنيه )

  (  /ثا لم المىطقح الجىىتيح مه العساق. 365-102(  /ثا لم الجىىب المسقم و )380-131الجىىب التستم و )

 

 قاعدة بيانات ، تربة ، الخصائص الديناميكية ، المناطق الزلزالية ، العراق سية:الرئالكممات 
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1. INTRODUCTION 

Tectonically Iraq is located in a relatively active seismic zone at the northeastern boundaries 

of the Arabian Plate .The corresponding Zagros - Tauros Belts manifest the subduction of the 

Arabian plate into the Iranian and Anatolian Plates .The seismic history reveals annual seismic 

activity of different strength. The north and northeastern zones depicts the highest seismic 

activity with strong diminution in the south and southwestern parts of the country. 

The territory of Iraq, although not directly located on a dense cluster of recent earthquake 

epicenters; but the geodynamic configurations show a medium to high seismic risk. This will be 

coupled with the increasing vulnerability of the major highly populated cities .The state of 

seismological research, seismic monitoring, and seismic hazard awareness have seen better times 

during the last two decades, Alsinawi and Al-Qasrani , 2003. 

Determination of dynamic soil properties is an utmost critical and important aspect of 

geotechnical earthquake engineering problems.. Evaluation of dynamic soil properties by field 

tests has a number of advantages, as these tests do not require sampling that can alter the stress 

and structural conditions in soil specimens. Further. the tests measure the response of relatively 

large volumes of soil. However, these field tests can be again classified based on the range of 

magnitude of strain as low-strain and high-strain tests. Low-strain tests are based on the theory 

of wave propagation in the materials. Some of the low-strain field tests are seismic reflection 

test. seismic refraction test, suspension logging test, steady-state vibration or Rayleigh wave test, 

spectral analysis of surface wave test (SASW), seismic cross-hole test, seismic down-hole test 

and seismic cone test, Sitharam et al., 2004. The field tests which are generally used in Iraq for 

determining the dynamic properties of soils used in designing purposes is the seismic cross-hole 

and down-hole tests. So it became necessary to study the dynamic parameters of soils in different 

regions of Iraq.  

In this study, a data base for the dynamic properties of Iraqi different soils using cross hole 

and down hole test results will be prepared. This will require getting information for dynamic 

soil properties of different zones in Iraq from varying geophysical and geotechnical investigation 

tests reports. 

 

2. THEORETICAL WORK 

  
2.1 Resource of Data and Presentation  

The current study based on experimental results for underground conditions and the 

engineering properties of the various strata of many geophysical and soil investigation reports for 

projects in Iraq which is collected from engineering consulting bureaus of Baghdad, Al-Nahrain 

and Technology universities, also from National Center of Construction Laboratories and  

Research (NCCLR), and from other sources. Geophysical and soil investigation reports were for 

projects of water treatment plants and pumping stations, multi-story buildings, electrical 

substations, stadiums, oil refinery and other projects located at north, middle, western south, 

eastern south and south regions of Iraq as shown in Table. 1 and Fig. 1. 

 

2.2 Geotechnical and Geophysical Parameters Investigated for Iraq Soils 

The geotechnical and geophysical parameters for Iraq soils are collected from different 

projects reports as mentioned before, the collection of data was performed depending up on 

reports containing both soil investigation and geophysical investigation data, borehole logs of 

each report are examined well so as the data of the geotechnical and geophysical investigations 

for each project are collected either from the same borehole or two adjacent ones which have the 

same soil layers profile. These parameters with their standard units are listed below: 
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γwet : unit weight    [kN/m
3
] 

γdry : dry unit weight   [kN/m
3
] 

ϕ : friction angle   [°] 

c : cohesion     [kN/m
2
] 

Vs: shear wave velocity    [m/s] 

Vp: compression wave velocity [m/s] 

Ed: dynamic modulus of elasticity [kN/m
2
] 

Gd: dynamic shear modulus  [kN/m
2
] 

 υ : poisson's ratio   [-] 

 

If there is some unavailable strength soil parameters (c  or ϕ ) for particular layers within the 

reports they would be either evaluated from N value (SPT) or estimated according to type of soil.  

 

3. SOIL PARAMETERS EVALUATION  

Soil parameters such as; γwet ,γdry , c, ϕ  are evaluated from field tests or laboratory tests, 

other dynamic parameters such as; Vs and Vp are evaluated by geophysical investigations in 

which other parameters like; Ed, Gd and υ are given by, Doyle, 1995: 

 

Gd = ρ Vs
2
           (1) 

 

Ed = 2 Gd ( 1+υ )          (2) 

 

  [
          

   

       
   

]           (3) 

 

3.1 Field Testing 

3.1.1 Standard penetration test (S.P.T) 

The Standard Penetration Test, or SPT, is the most widely used in-situ test, in a great 

variety of geotechnical exploration projects, in Iraq and throughout the world, as an indicator of 

the density and compressibility of granular soils. It is also commonly used to check the 

consistency of stiff or stony cohesive soils and weak rocks. Estimation of the liquefaction 

potential of saturated granular soils for earthquake design is often based on these tests. This test 

method provides a soil sample for identification purposes and for laboratory tests appropriate for 

soil obtained from a sampler that may produce large shear strain disturbance in the sample, 

ASTM D 1586 – 99.   

Many local correlations and widely published correlations which relate SPT blow count, 

or N-value, and the engineering behavior of earthworks and foundations are available, Fig. 2 

shows a useful relationship between N - values and shear wave velocities. Table 2 and Table 3 

shows the relationships between N-value and friction angle ϕ and unconfined compressive 

strength qu, respectively. The test is performed using a barrel split spoon sampler which is driven 

into the cased borehole by means of a 65 kg hammer falling freely through a height of 760mm 

onto the top of the boring rods as shown in Fig. 3, different methods of releasing the hammer are 

used in different countries. The borehole must be cleaned out to the required depth, care being 

taken to ensure that the material to be tested is not disturbed.  Initially the sampler is driven 

150mm into the sand to seat the device and to bypass any disturbed sand at the bottom of the 

borehole. The number of blows required to drive the sampler a further 300mm is then recorded: 

this number is called the standard penetration resistance (N). The number of blows required for 

each 75mm of penetration (including the initial drive) should be recorded separately. If 50 blows 



Journal of Engineering Volume   22  July    2016 Number 7  
 

4 
 

are reached before a penetration of 300 mm, no further blows should be applied but the actual 

penetration should be recorded. At the conclusion of a test the sampler is withdrawn and the sand 

extracted. Tests are normally carried out at intervals of between 0.75 and 1.50m to a depth below 

foundation level at least equal to the width (B) of the foundation, Craig, 2004. The SPT has been 

used for many purposes. At its simplest, it is a low quality sampler. At its most useful it is a 

rapid, inexpensive, qualitative test which can provide data even when other techniques of 

sampling or testing are not viable or cannot be justified financially. Due to the collected reports 

the SPT was performed for each test boring at different intervals depending on the stratification 

of the soil. 

3.1.2 Field density (Core Cutter Test) 

This method provides the determination of bulk field density γwet of the surface layers of 

soil or at the base of test pit; it is suitable for soft fine grained soils. A steel cylinder (core cutter) 

is driven into the ground, dug out and the soil shaved off level. The mass of soil is found by 

weighing and deducting the mass of the cylinder. Determining the water content of small 

samples taken from both ends of the cylinder, BS 1377:1999. Then the dry density γdry can be 

determined easily after obtaining the water content w% of the soil. 

 
3.2 Laboratory Testing 

3.2.1 Soil classification ( Sieve analysis and hydrometer ) 

According to ASTM D 422-36 this test method covers the quantitative determination of 

the distribution of particle sizes in soils. The distribution of particle sizes larger than 75 µm 

(retained on the No. 200 sieve) is determined by sieving, while the distribution of particle sizes 

smaller than 75 µm is determined by a sedimentation process, using a hydrometer to secure the 

necessary data. 

 

3.2.2 Direct shear test 

This test method covers the determination of the consolidated drained shear strength of a 

soil material in direct shear it is suitable for cohesionless soils. The test is performed by inserting 

deformation to a specimen at a controlled strain rate on or near a single shear plane determined 

by the configuration of the apparatus. Generally, three or more specimens are tested, each under 

a different normal load, to determine the effects upon shear resistance and displacement, and 

strength properties such as Mohr strength envelopes, ASTM D 3080 / D3080M-98. 

 

3.2.3 Unconfined compression test 

This test method covers the determination of the unconfined compressive strength of 

cohesive soil in the undisturbed, remolded, or compacted condition, using strain-controlled 

application of the axial load. This test method provides an approximate value of the strength of 

cohesive soils in terms of total stresses. This test method is applicable only to cohesive materials 

which will not expel or bleed water (water expelled from the soil due to deformation or 

compaction) during the loading portion of the test and which will retain intrinsic strength after 

removal of confining pressures, such as clays or cemented soils, ASTM D 2166-00. 

 

3.2.4 Unconsolidated undrained triaxial compression test (UU test) 

This test method covers determination of the strength and stress-strain relationships of a 

cylindrical specimen of either undisturbed or remolded cohesive soil. Specimens are subjected to 

a confining fluid pressure in a triaxial chamber. No drainage of the specimen is permitted during 

the test. The specimen is sheared in compression without drainage at a constant rate of axial 
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deformation (strain controlled). According to ASTM D 2850-95 this test method provides data 

for determining undrained strength properties and stress-strain relations for soils.  

 

3.2.5 Consolidated undrained triaxial compression test (CU test) 

This test method covers the determination of strength and stress-strain relationships of a 

cylindrical specimen of either an undisturbed or remolded saturated cohesive soil. Specimens are 

isotropically consolidated and sheared in compression without drainage at a constant rate of axial 

deformation (strain controlled). The provided calculations are of total and effective stresses, and 

axial compression by measurement of axial load, axial deformation, and pore-water pressure. 

This test method provides data useful in determining strength and deformation properties of 

cohesive soils such as Mohr strength envelopes and Young's modulus. According to ASTM 

D4767-04 three specimens are tested at different effective consolidation stresses to define a 

strength envelope. The determination of strength envelopes and the development of relationships 

to aid in interpreting and evaluating test results are beyond the scope of this test method and 

must be performed by a qualified, experienced professional. 

  

3.2.6 Consolidated drained triaxial compression test (CD test) 

This test method covers the determination of strength and stress-strain relationships of a 

cylindrical specimen of either intact or reconstituted soil. Specimens are consolidated and 

sheared in compression with drainage at a constant rate of axial deformation (strain controlled). 

This test method provides for the calculation of principal stresses and axial compression by 

measurement of axial load, axial deformation, and volumetric changes.  This test method 

provides data useful in determining strength and deformation properties such as Mohr strength 

envelopes. According to ASTM D7181-11 three specimens are tested at different effective 

consolidation stresses to define a strength envelope. If this test method is used on cohesive soil, a 

test may take weeks to complete. The determination of strength envelopes and the development 

of relationships to aid in interpreting and evaluating test results are beyond the scope of this test 

method and must be performed by a qualified, experienced professional. 

 

3.3 Geophysical Investigation 

3.3.1 Cross hole test 

This technique consists of drilling two to three boreholes to depths below the proposed 

foundation and requires the generation of elastic waves at certain depth down a borehole. For 

this purpose SPT test hammer was used and the energy is transferred to the base of the borehole 

by means of drill rods, Davis and Schultheiss, 1980. Vertical shear and compressional waves 

propagating in a horizontal layer were detected by two receivers placed in adjacent boreholes at 

the same depth as the energy source, as shown in  Fig. 4. Galvanized pipes 7.5cm diameter were 

used for casing the boreholes. The space between the pipe and borehole wall was filled by a soil 

material to make firm contact between the Galvanized pipes and the borehole shaft. 

 The measurements were taken using a probe (consists of three geophones, two 

horizontal, and one vertical), which get down on casing holes. The results of shear wave velocity 

Vs and compressional wave velocity Vp were printed on seismic record using (Terraloc ABEM), 

ASTM D 4428/D 4428M – 00 .  

 
3.3.2 down-hole test 

The basic seismic down- hole test consists of measuring the time of arrival of wave from 

a source to a detector which occupies successive positions down a borehole, as shown in Fig. 5, 

a three component geophone lowered down and fixed against the soil wall using a clamping 
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device so that a good coupling could be made between the instrument and the medium, Davis 

and Schultheiss, 1980. The source used for generating elastic wave (compressional and shear 

waves) is placed at the surface some distance from the hole and testing is carried out at 3m 

interval by striking a plate with impact hammer . The detecting and recording equipment consists 

of three component geophones (two are horizontal and one is vertical) (borehole picks) with a 

packer to fix the probe at the required depth, coupled to the ABEM Teraloc seismograph which 

record the results of shear wave velocity Vs and compressional wave velocity Vp, ASTM D 7400 

– 08. 

 

4. RESULTS AND DATA BASE PREPARED 

Soil shear strength and dynamic parameters for soils in seismic active zones of Iraq from 

different locations (North, Middle and South) are collected. They are collected from geotechnical 

and geophysical reports of important projects in these zones and are given as database finally 

arranged in Table 4. 

 

5. SITE SOIL SEISMIC CLASSIFICATION 

Site soil is classified according to the Preliminary draft of Iraqi Seismic Code submitted to 

Central Organization for Standardization and Quality Control  COSQC, 2013 and Federal 

Emergency Management Agency, FEMA, 2010, as shown in Table 5 and Table 6 respectively 

,while according to the European Standard, Eurocode 8, 2004, site soil is classified to type 

(A,B,C,D,E S1or S2) as shown in Table 7, depending on one of the three methods: 

1. Vs value method, the site soil should be classified according to the value of the average shear 

wave velocity, Vs,30 , which represents a measurement or estimation of average shear wave 

velocity in the upper 30 m of soil and could be computed in  accordance with the following 

expression: 

 

      
 

∑
  
  

        

                                                                                                                     (4) 

 

where H is the total depth of soil less than or equal to 30m, hi and vi denote the thickness (in 

metres) and shear-wave velocity of the i-th  formation or layer, in a total of  N, existing in the top 

30 m. 

2. N value method, another method used for site soil classification by N value of SPT (Standard 

Penetration Test). 

3. Su value method, using the undrained shear strength value su or cu in the classification of site 

soil. 

 

5.1 Site Soil Seismic Classification of Iraq Soils 

According to the Preliminary draft of Iraqi Seismic Code, submitted to Central 

Organization for Standardization and Quality Control  COSQC, 2013, FEMA, 2010 and  

Eurocode 8, 2004 Iraq site soils can be classified depending on the average shear velocity Vs as 

shown in Table 7. The available geophysical investigations in Iraq provides Vs values for depths 

from 10 m to 22m.   
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6. CONCLUSIONS 

The following conclusions from the collected database may be drawn : 

1. The average vertical compressional and shear wave velocities, as well as, the 

corresponding average dynamic moduli for soil  layers are shown in Table 4, together 

with the soil parameters  γwet ,γdry , c, ϕ  evaluated. Thus, database of the soil and dynamic 

parameters for seismic active zones in Iraq  are prepared to be used as input data for 

simulation of different geotechnical problems under earthquake effects using FEM 

softwares.  

2. The compressional wave velocities were ranged from (1125-2500) m/s in the North, 

(306-1544) m/s in the Middle, (805-1812) m/s in the Western south , (377-1326) m/s in 

the Eastern south and (334-1404) m/s in the South  of Iraq.  

3. The shear wave velocities were ranged from (225-476) m/s in the North, (111-408) m/s in 

the Middle, (268-659) m/s in the Western south , (131-380)m/s in the Eastern south and 

(102-365) m/s in the South  of Iraq. 

4. Modulus of Elasticity was ranged from ( 290.15-1409.8 ) MN/m
2
 in the North, (57.9-

1107.4) MN/ m
2
 in the Middle, (457-2472.2) MN/ m

2
 in the Western south , (90.15-

1082.8) MN/ m
2
 in the Eastern south and (61.8-682.52) MN/ m

2
 in the South  of Iraq.  

5. Shear modulus of Elasticity was ranged from ( 98.09-475.98 ) MN/ m
2
 in the North, 

(20.33-378.73) MN/ m
2
 in the Middle, (154.6-868.03) MN/ m

2
 in the Western south , 

(31.5-374.17) MN/ m
2
 in the Eastern south and (21.23-233.14) MN/ m

2
 in the South  of 

Iraq. 

6. Iraq site soils are classified according to different seismic codes depending on Vs,30 value 

as shown in Table 8 , according to the Preliminary draft of Iraqi Seismic Code and 

FEMA, 2010 the sites soils are classified as types (E,D and C) while according to 

Eurocode 8, 2004 sites soils are classified as types (D, C and B) and concluding that Iraq 

soils are ranging between; 

a) Very dense soil , soft rock or gravel for WS1 and WS3 sites of the Western south 

region in Iraq. 

b) Soft clayey soil or loose-to-medium cohesionless soil for M3 site of the Middle region 

in Iraq , also S3 and S4 sites of South region in Iraq.  
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NOMENCLATURE 

 

c = cohesion, kN/m
2
. 

Ed = dynamic modulus of elasticity, kN/m
2
. 
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Gd = dynamic shear modulus, kN/m
2
. 

N = no. of blows for standard penetration test (SPT), blow.  

qu= unconfined compressive strength, kN/m
2
. 

Vp = compression wave velocity, m/s. 

Vs = shear wave velocity, m/s. 

Vs,30= average shear wave velocity in the upper 30 m of soil, m/s. 

γdry = dry unit weight, kN/m
3
. 

γwet = unit weight, kN/m
3
. 

υ = Poisson's ratio, dimensionless. 

ϕ = friction angle, degree. 

 

 

 
Figure 1. Projects locations in Iraq. 
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Figure 2. Relation between number of blowes per foot in standard penetration test and velocity 

of shear waves, after department of defense handbook, 1997. 

 

 

 

Figure 3. Standard penetration test ,after Clayton, 1995. 
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Figure 4. Cross hole test procedure, after Davis and Schultheiss 1980. 

 

 

 
Figure 5. Down hole test procedure, after Davis and Schultheiss 1980. 
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Table 1. The available projects in Iraq with their site areas and symbols. 

No. Zone Site Project Site Symbol  

1 

N
o
rt

h
 Kirkuk Kirkuk North Gas Company  1 June Depot  N1 

2 Kirkuk Kirkuk Cement Factory  N2 

3 Kirkuk Kirkuk North Gas Company  N3 

4 

M
id

d
le

  

Baghdad Al Karkh Pumping Station  M1 

5 Baghdad Al Zawra Stadium  M2 

6 Baghdad Eiwa'n Al Madain  M3 

7 Baghdad Al Taji Stadium  M4 

8 Baghdad Al Qudus Gas Turbine Power Plant  M5 

9 Babylon Hilla Power Plant  M6 

10 

W
es

te
rn

 
S

o
u
th

 Karbala Karbala Cultural  WS1 

11 Karbala Karbala Al Abbasia Sacred Shrine  WS2 

12 Al Najaf Al Najaf Al Salam Housing Complex  WS3 

13 

E
as

te
rn

 
S

o
u
th

 Missan Al Amarah Water Intake Depot  ES1 

14 Missan  Halfaya Oil Field  ES2 

15 Missan Missan Oil Export Pipe Line  ES3 

16 

S
o
u
th

 

Al Dewaniya Al Dewaniya Pumping Station  S1 

17 Al Nasiriya Al Nasiriya Oil Depot  S2 

18 Al Nasiriya Al Nasiriya Water Intake Refinery  S3 

19 Al Basrah Faw Depot Turbine  S4 

20 Al Basrah Al Sheiba Oil Refinery  S5 

 
Table 2. Correlations with N values of cohesionless soils, after Bowles, 1997. 

Description Relative Density, Dr (%) Friction Angle, φ'(Deg.) N Value 

Very loose Less than 15  25 - 28  < 4 

Loose  15 - 60  29 - 32  4 - 10  

Medium  60 - 75  33 - 35  10 - 30  

Dense  75 - 90  36 - 40  30 - 50  

Very dense  Over 90  41 - 45  Over 50  

 

 

Table 3. Correlations of unconfined compressive strength qu-N value ,after Terzaghi and Peck, 

1967. 

Consistency N Value qu (kN/m
2
)  

Very soft <2 >24 

Soft  2-4 24-50 

Medium 4-8 50-100 

Stiff 8-15 100-200 

Very stiff  15-30 200-400 

Hard  >30 >400 
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Table 4. Soil properties in different locations of Iraq . 

No. 
Site 

 

Depth Soil Type WT γwet γdry c ϕ Vp Vs Edx10
3 

Gdx10
3 

ν 
(m)  (m) (kN/m3) (kN/m3) (kN/m2

) (
o
) (m/s) (m/s) (kN/m2) (kN/m2)  

1. N1 0-10 

Very stiff to hard 

brown lean 

CLAY (CL) 

3.8 20.1 17 130 0 1250 312 585.43 199.53 0.467 

2. N2 

0-2.5 Stiff brown 

sandy SILT (ML) 

>25 

19 16.8 0 32 1125 225 290.15 98.09 0.479 

2.5-15 Very stiff to hard 

brown lean to fat 

CLAY (CL,CH) 

20.6 18.2 227 0 1250 321 634.86 216.38 0.467 

15-20 Very dense silty 

GRAVEL with 

SAND (GM) 

20.6 18.2 0 42 2500 476 1409.8 475.98 0.481 

3. N3 0-10 

Stiff to very stiff 

brown lean or fat 

CLAY (CL,CH) 

2.58 21.0 18.1 120 0 1541 304 585.82 197.91 0.48 

4. M1 

0-6 Medium stiff to  

stiff brown fat 

CLAY (CH) 

0.63 

19.8 15.8 50 0 641 189 209.16 72.13 0.45 

6-12 Very stiff brown 

lean CLAY (CL) 
19.0 14.5 100 0 675 248 338.44 119.17 0.42 

12-15 Medium dense to 

dense silty clayey 

SAND to silty 

SAND with 

gravel 

19.0 15.0 0 37 750 225 284.46 98.09 0.45 

5. M2 

0-7 Medium to hard 

brown lean to fat 

CLAY (CL,CH) 

2.3 

19.6 15.8 60 3 914 276 441.56 152.26 0.45 

7-9 Very stiff grey 

sandy SILT (ML) 
20.6 17.1 0 34 687 195 233.25 79.88 0.46 

9-14 Stiff to Hard 

brown lean 

CLAY (CL) 

20.0 18.0 200 0 945 221 292.87 99.61 0.47 

14-15 Medium to dense 

grey silty SAND  
20.0 18.1 0 41 1014 327 628.09 218.09 0.44 

6. M3 

0-8.5 Medium to hard 

brown lean to fat 

CLAY (CL, CH) 

3.86 

20 16.3 35 0 454 161 151.00 52.8 0.428 

8.5-11 Very stiff brown 

SILT (ML) 
19.6 17 200 0 625 232 305.41 107.54 0.42 

11-12 Very stiff brown 

fat CLAY(CH) 
19.6 17.2 240 0 1000 227 303.29 102.95 0.473 
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No. Site 
 

Depth Soil Type WT γwet γdry c ϕ Vp Vs Edx10
3 

Gdx10
3 

ν 
(m)  (m) (kN/m3) (kN/m3) (kN/m2

) (
o
) (m/s) (m/s) (kN/m2) (kN/m2)  

7. M4 

0-7.5 
Stiff to very stiff 
brown lean to fat 
CLAY(CL-CH) 

2.2 

19.8 17.1 65 10 841 165 162.7 54.97 0.48 

7.5-11 
Medium to very 
dense grey silty 
SAND (SM) 

19.0 16.5 0 38 1025 279 440.3 150.8 0.46 

8. M5 

0-1 

Brown to grey clayey 

silt to sandy silt with 

filling materials, 

organic to salts (ML) 

1.3 

19.00 15.8 28.7 0 322 140 105 37.96 0.383 

1-15 

Brown to Grey Silty 

CLAY to Clayey Silt 

(ML,CL,CH) 
18.88 14.7 31.5 0 776 219 268.9 92.34 0.456 

15-20 

Grey Sand to silty or 

clayey SAND to 

Gravilly SAND 
22.31 17.04 0 38 1544 408 1107.4 378.73 0.462 

9. M6 

0-2.4 

Grayish sandy silty 

CLAY soil, medium 

consistency 1.5 

16.18 14.5 144 0 306 111 57.9 20.33 0.424 

2.4-16 
Grayish silty sand 

soil, medium dense 
18.44 16.5 0 38 450 183 176.33 62.98 0.4 

10. WS1 

0-4.5 

Dense white to 

yellow slightly to 

moderately gypseous 

SAND with silt to 

silty SAND with 

gravel (SP,SM) 

0.8 

18.8 18 0 37 1433 284 457.0 154.6 0.478 

4.5-

12 

Dense to very dense 

white to yellow 

SAND with silt 

(SP,SM)  

19.4 18 0 35 1733 550 1727.2 598.46 0.443 

12-22 

Very dense white to 

yellow SAND with 

silt to silty SAND 

(SP,SM) 

19.4 18 0 35 1650 563 1801 627.1 0.436 

11. WS2 

0-

10.5 

Stiff brown silty to 

moderatly gypseous 

fat CLAY (CH)  1.5 

18.5 14.7 100 0 1416 312 541.76 183.65 0.475 

10.5-
14 

Very loose to medium 
green to yellow marly 
SAND (SM) 

19 17.1 0 50 1474 289 479 161.83 0.48 

12. WS3 

0-1.2 

Medium- dense light 

brown slightly 

gypseous silty SAND 

(SM) 

0.9 

19.1 17 0 43 805 268 458.15 159.3 0.438 

1.2-7 

Medium- dense to 

very dense light 

brown SAND (SP) 
19.5 18 0 40 1450 557 1743.5 616.95 0.413 

7-10 
Very dense light 

brown silty SAND 

(SM) 
19.6 18 0 39 1812 659 2472.2 868.03 0.424 
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No. 
Site 

 

Depth Soil Type WT γwet γdry c ϕ Vp Vs Edx10
3 

Gdx10
3 

ν 
(m)  (m) (kN/m3) (kN/m3) (kN/m2

) (
o
) (m/s) (m/s) (kN/m2) (kN/m2)  

13. ES1 

0-7.6 
Medium stiff to stiff 
brown lean to fat 
CLAY (CL,CH) 

0.6 

19.5 15.1 80 0 500 176 175.96 61.57 0.429 

7.6-9 
Loose grey silty 
SAND 19.5 15.7 0 29 600 200 228.51 79.51 0.437 

9-10 
Stiff brown lean 
CLAY (CL) 19.5 15.7 60 8 600 250 346.6 124.23 0.395 

14. ES2 

0-5 
Medium stiff to stiff 
brown lean to fat 
CLAY (CL,CH) 

0.6 

18.0 14.6 65 0 377 131 90.15 31.5 0.431 

5-8 
Stiff brown lean to 
fat CLAY (CL,CH) 19.5 15.8 60 0 604 250 347.98 124.28 0.4 

8-17 
Stiff brown lean 
CLAY (CL) 20.8 15.9 60 8 1362 420 1082.8 374.17 0.447 

15. ES3 

0-9 

Medium stiff to stiff 

brown lean to fat 

CLAY (CL,CH) 
0.6 

19.7 15.7 80 0 696 179 188.5 64.37 0.464 

9-18 
Stiff brown lean 

CLAY (CL) 20.9 16.1 60 0 1167 380 886.78 307.76 0.44 

16. S1 

0-1.5 
Brown lean 
CLAY(CL)  

0.3 

18.5 14.4 94 0 625 188 193.28 66.65 0.450 

1.5-2 
 loose grey silty 
SAND layer (SM) 

20.0 15.0 0 30 909 185 213.45 72.21 0.478 

2-10 

Medium stiff to very 
stiff brown to green 
marly lean to fat 
CLAY (CL,CH) 

19.3 14.7 60 5 909 200 232.17 78.73 0.475 

17. S2 

0-4 
Very stiff brown lean 

CLAY (CL) 

4 

19.07 15.1 34 0 600 200 223.45 77.75 0.437 

4-10 

Stiff to hard brown 

lean to fat CLAY 

(CL,CH) 
19.93 15 112 0 750 240 337.6 117.1 0.442 

18. S3 

0-12 

Soft to medium 

black, brown, green 

light, green lean to 

fat CLAY (CL,CH) 
1.7 

19.5 15.2 90 3 434 110 70.54 24.06 0.466 

12-14 
Loose grey silty 

SAND (SM) 
20.8 18 0 41 500 145 129.7 44.6 0.454 

14-15 
Very stiff brown, 

green lean CLAY(CL) 
20.8 17 191 0 600 166 170.56 58.45 0.459 

19. S4 

0-10 
Very soft to very stiff 
brown lean or fat 
CLAY(CL,CH) 

1.0 

18.37 13.92 40 0 550 138 104.6 35.7 0.466 

10-13 
Grey silty SAND 
(SM) 19.63 15.54 0 37 334 103 61.8 21.23 0.455 

13-15 
Very soft to very 
stiff brown lean 
CLAY (CL) 

20.02 16.03 48 0 450 102 62.57 21.24 0.473 

20. S5 

0-3.7 
Grey gypseous 

 SAND (SM) 
1.8 

18.18 - 5.33 38.6 566 230 244.6 87.29 0.401 

3.7-15 
Grey gypseous silty 

SAND (SM) 
19.16 - 8.4 40.5 1404 365 682.52 233.14 0.463 
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Table 5. Site soil classification (after the Preliminary draft of Iraqi seismic code, submitted to 

Central Organization for Standardization and Quality Control  COSQC, 2013 . 

Site Class Definition Vs N or Nch Su 

A 

Hard rock 

>1500 m/s - - 

B 

Rock 

760 to 1500 m/s - - 

C 

Very dense soil or 

 soft rock 

370 to 760 m/s >50 >100kPa 

 D  

Hard soil 

180 to 370 m/s 15 to 50 50 to 100 kPa 

E 

Soft clayey soil 

 

<180 m/s <15 <50kPa 

Each side section thickness greater than 3m for soil profile of 

the following characteristics: 

- Plasticity Index    PI > 20. 

- Water content       w ≥ 40%. 

- Undrained shear strength    Su<25kPa. 

F 

Soil types that require 

a special field 

assessment 

1. Soil exposed to possibility of collapse. 

2. Silt and/or clayey soil of high organic content. 

3. Clayey soil of very high plasticity index. 

4. Very thick clayey soil of weak /medium strength. 

  

 
Table 6. Site class and soil types ,after Fema, 2010. 

Site Class 
General 

Description 
Vs 

N 
Blows/foot 

Su 

A Hard rock 
>5000 ft/sec 
>1524 m/s 

- - 

B Rock 
2500-5000 ft/sec 

762-1524 m/s 
- - 

C 
Very dense 

soil and 
soft rock 

1200-2500 ft/sec 
365-762 m/s 

>50 
>2000 psf 
>95kPa 

D Stiff soil 
600-1200 ft/sec 

182-365 m/s 
15 - 50 

1000-2000 psf 
47-95 kPa 

E Soft clay soil 
<600 ft/sec 
<182 m/s 

<15 
<1000 psf 
<47kPa 

F Unstable soils - - - 
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Table 7. Ground Types according to the European Standard, after Eurocode 8, 2004. 

Ground 

type 
Description of stratigraphic profile 

Parameters 

Vs,30 

(m/ s) 

N SPT 

(blows/30cm) 

cu  

(kPa) 

A 
Rock or other rock-like geological formation 
including at most 5m of weaker material at 
the surface. 

> 800 
 

- - 

B 

Deposits of very dense sand, gravel, or very 
stiff clay, at least several tens of metres in 
thickness, characterized by a gradual 
increase of mechanical properties with 
depth. 

360-800 
 

> 50 
> 250 

 

C 
Deep deposits of dense or medium- dense 
sand, gravel or stiff clay with thickness from 
several tens to many hundreds of metres. 

180-360 
 

15 - 50 
70-
250 

 

D 

Deposits of loose-to-medium cohesionless 
soil (with or without some soft cohesive 
layers), or of predominantly soft-to-firm 
cohesive soil. 

< 180 
 

< l5 
< 70 

 

E 

A soil profile consisting of a surface 
alluvium layer with Vs values of type C or D 
and thickness varying between about 5 m 
and 20 m, underlain by stiffer material with 
Vs 800 m/s. 

   

S1 

Deposits consisting, or containing a layer at 
least 10m thick, of soft clays/silts with a 
high plasticity index (PI> 40) and high water 
content 

< 100 
(indicative) 

 
10-20 

 

S2 
Deposits of liquefiable soils, of sensitive 
clays, or any other soil profile not included 
in types A E or S1 
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Table 8. Iraq site soil classification. 

No. Site  
Max. depth of 
Geophysical 

Investigations (m) 

Vs 
(m/s) 

Iraqi Seismic 
Code and 

FEMA 2010 
Eurocode 8 

1 N1 10 312 D C 

2 N2 20 330 D C 

3 N3 10 304 D C 

4 M1 15 217 D C 

5 M2 15 245 D C 

6 M3 12 177 E D 

7 M4 11 190 D C 

8 M5 20 240 D C 

9 M6 16 198 D C 

10 WS1 22 466 C B 

11 WS2 14 306 D C 

12 WS3 10 514 C B 

13 ES1 10 185 D C 

14 ES2 17 237 D C 

15 ES3 18 243 D C 

16 S1 10 198 D C 

17 S2 10 222 D C 

18 S3 15 116 E D 

19 S4 15 124 E D 

20 S5 15 319 D C 
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ABSTRACT 

The problem of generated waste as a result of the implementation of construction projects, has  

been aggravated recently because of construction activity experienced by the world, especially 

Iraq, which is going through a period of reconstruction, where construction waste represents (20-

40%) of the total generated waste and has a negative effect on the environment and economic 

side of the project. In addition, the rate of consumpted  amounts of natural resources are 

estimated to be about 40% in the construction industry, so it became necessary to reduce waste 

and to be manage well. This study aims to identify the key factors affecting waste management 

through the various phases of the project, and this is accomplished by using the Delphi 

technique. After conducting three questionnaire rounds of the Delphi to a group of experts, the 

results of this study identified forty four key factors affecting waste management distributed on 

the phases of the project, where found that the factor of frequent errors in the designs has the 

highest effect on the design phase, and the factor of the use of construction techniques that do 

not generate waste has highest effect on the construction phase. The purpose is to provide data 

base for decision-makers to control waste management well to avoid all affecting factors, with 

the possibility of building waste management system based on factors effective for each phase. 

Key words: phases of construction project; key affective factors; waste management; Delphi 

technique. 

 

بأستخذام تقنيت الانشائي  دورة حياة الوشروعتحذيذ العواهل الرئيست الوؤثرة على ادارة الوخلفاث في 

 دلفي

 

 سجاد علي هحوود الكعبي                                                                                                      حاتن خليفت بريسن العجيلي 

 طبٌت ِبجسزٍش                                                                                                                          اسزبر ِسبػذ         

 جبِؼخ ثغذاد                  –وٍٍخ اٌهٕذسخ                                        جبِؼخ ثغذاد                                                               –وٍٍخ اٌهٕذسخ  

  

 الخلاصت
رفبلّذ فً الاؤخ الاخٍشح ثسجت اٌحشوخ اٌؼّشأٍخ اٌزً ٌّش ثهب اٌؼبٌُ  اٌّخٍفبد اٌّزىٌذح ٔزٍجخ رٕفٍز اٌّشبسٌغ الأشبئٍخ ِشىٍخ

اضبفخ  ,ِٓ اٌّخٍفبد اٌىٍٍخ اٌّزىٌذح (%00-20رشىً اٌّخٍفبد الأشبئٍخ ) اٌؼشاق اٌزي ٌّش ثّشحٍخ اػبدح اػّبس وخصىصب
ٍّبد وجٍشح ِٓ اٌّىاسد اٌطجٍؼٍخ و اسزهلان ػلاوح ػٍىربصٍشارهب اٌسٍجٍخ ػٍى اٌجٍئخ وػٍى اٌجبٔت الالزصبدي ٌٍّششوع, اٌى 

ًٍٍ وٍّبد اٌّخٍفبد اٌّزىٌذح واداسرهب ثصىسح جٍذح. رم اصجح ِٓ اٌضشوسي اٌصٕبػخ الأشبئٍخ, ٌزٌه فً%  00حىاًٌ ثرمذس 
رهذف هزٖ اٌذساسخ اٌى رحذٌذ اٌؼىاًِ اٌشئٍسٍخ اٌّؤصشح ػٍى اداسح اٌّخٍفبد خلاي ِشاحً اٌّششوع اٌّخزٍفخ, وٌزُ رحمٍك رٌه 

بئج هزٖ اٌذساسخ هً وبٔذ ٔزصلاس جىلاد اسزجٍبٍٔخ ِٓ دٌفً ٌّجّىػخ ِٓ اٌخجشاء رُ اجشاء ػٓ طشٌك اسزخذاَ رمٍٕخ دٌفً. 
 ًِػب حٍش وجذ اْ ِشاحً اٌّششوع الأشبئً, شاً ػٍى اداسح اٌّخٍفبد ِىصػخ ػٍىؤصِسئٍسٍبً ػبِلاً اسثؼخ واسثؼىْ رحذٌذ 

الاخطبء اٌّزىشسح فً اٌزصٍُّ هً الاوضش ربصٍشاً فً ِشحٍخ اٌزصٍُّ, وػبًِ اسزخذاَ اٌزمٍٕبد اٌزٕفٍزٌخ اٌزً لارىٌذ ِخٍفبد هى 
سح جٍذح صىسح اٌّخٍفبد ثادرىفٍش لبػذح ثٍبٔبد لاصحبة اٌمشاس لا هً رٌهاْ اٌفبئذح ِٓ  رأصٍشاً فً ِشحٍخ اٌزٕفٍز.الاوضش 
  .فً وً ِشحٍخ اٌؼىاًِ اٌّؤصشح ٌسزٕذ ػٍى اٌؼىاًِ اٌّؤصشح, ِغ اِىبٍٔخ ثٕبء ٔظبَ لاداسح اٌّخٍفبد جٍّغثزٌه  ِزلافً

 
 .رمٍٕخ دٌفً؛ اداسح اٌّخٍفبد ؛اٌؼىاًِ اٌشئٍسٍخ اٌّؤصشح؛ ِشاحً اٌّششوع الأشبئًكلواث البحث: 

mailto:3hcivil@gmail.com
mailto:sajadnaji2014@gmail.com
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1.  INTRUCTION 
In the construction industry,especially during the construction, renovation and demolition 

projects achieving „zero waste‟ will be a great strategy for a world in an the environmental 

crisis, but, this is a highly challenging target in construction. However, by involving and 

committing all stakeholders to minimize  waste from  source and developing a good waste 

management strategies by both the reuse and recycle of materials, minimization of construction 

waste can be achieved at various phases of a construction project life cycle; and opportunities 

and responsibilities lie with all supply chain stakeholders, clients, designers, contractors and 

suppliers. The ratio of  construction and demolition waste (C&DW) represents (20 – 40) % of 

the nation's total waste stream to landfills, Altuncua & Kasapseçkina, 2011, and the rate of 

consumpted  amounts of natural resources were estimated to be about 40% in the construction 

industry, Winkler, 2010. Despite some European countries have high  rates for reuse and 

recycling  up to 80%, this rate is still very low in many European countries, therefore, a plan 

should developed to make waste re- use, recycling and other material recovery rate increase to a 

minimum of 70% by weight in Europe by 2020, it is important publish initiatives that contribute 

to an effective waste management approach reaching high rates of construction and demolition 

waste recovery, Gangolells et al., 2014. While in Iraq there is no system for managing waste in 

construction projects, in addition the relevant previous studies are focused on estimate the 

volume of C&DW that will be generated on a site and their impacts only. Fig.1 shows a 

construction and demolition waste management framework. Boyle, 2004, reported that the 

principles of sustainability greatly contribute to preserving the natural resources and the 

environment by reduction of the C&DW quantities and increasing recycling/reusing of 

materials. In addition, decrease the environmental impact of construction materials, the term 

sustainability refers to development strategies that take into account the requirements of  the 

present and future generations together and provide a balance of interests that serve all in the 

economic, social and environmental fields, so sustainable development is defined as meeting the 

needs of present generations without compromising the ability of future generations to meet 

their needs and requirements and that the idea of environmental sustainability is based on the 

principle of leaving the land in good condition for future generations, A1, 2011. The three 

dimensions of sustainability  to achieve these requirements, Blair, 2008, are as follows: 

1- Social equity: which includes safety at work, standards on consumer protection, and 

accessibility requirements for people with disabilities. 

2- Integrity environmental: which includes standards on sustainability in relation to 

activities such as water and soil quality, the quality of water services and air, building 

construction, treatment of waste. Also standards on energy efficiency and renewable 

sources and support of the environmentally friendly practices are also included.   

3- Economic growth: which provide tools for consolidating innovation, business 

transactions and eliminating barriers to trade,  and contributing to interoperability and the 

dissemination of new technologies. In addtion, to the “toolbox” of standards is used for 

conformity assessment, to increase confidence in products and services. 

2. DELPHI TECHINEQUE 
The Delphi name came from the island of Delphi, which was the hallowed site of the most 

respected oracle in ancient Greece, Powell, 2002. A Delphi procedure was selected as the most 

appropriate method for attaining consensus in a national panel of the subject matter experts 

(SMEs), Farmer, 1998. There are many definitions of the Delphi method. Yousuf, 2007 and 

Mayburry, and Swanger, 2010, defined Delphi technique as “a group process involving an 
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interaction between the researcher and a group of identifying experts on a specific topic or 

topics, usually through a series of questionnaires”. The development of the Delphi technique 

started in the 1940s with work of Olaf Helmer, and his associate, Norman Dalky, at the RAND 

Corporation, Yousuf, 2007. The development of Delphi was in five stages: secrecy and 

obscurity; novelty; popularity; scrutiny; and continuity, Rowe, and Wright, 1999. Finally, 

Delphi method has been applied in different fields such as higher education, marketing, 

information technology, library and information science, engineering and medicine, and it 

became a great assistance tool in reaching important results for a number of difficult issues, 

Antoniades, 2014. 

2.1  Designing a Delphi Method 
As in all applied research, attention must be paid to the detailed planning and then to  effective 

execution of this study. This section focuses on four elements for planning of Delphi technique, 

they are as follows: 

1- Problem Definition: A problem definition is an important initial step to ensure that both 

the nature and scope of the problem or issue to be investigated, to define expected 

outcomes of the study, as well as the appropriateness of the Delphi method to address the 

specific problem, Welding, 2013.  

2- Selection of Experts: Careful selection of the panel of experts is the keystone to a 

successful Delphi study. The key aspects of panel selection include the experts' 

qualifications and the size of the participant's commitment, Gohdes, and Crews, 2004.  

3- Panal Size: The careful selection of the panel is a key factor in the Delphi method 

because it enables a researcher confidently to use a small panel. There is no sample size 

advocated for Delphi studies. The literature on this subject suggests that the panel size be 

between (15-30) with heterogeneous population and (5-15) for a homogeneous 

population, Adler, and Ziglio, 1996. But, Okoli, and Pawlowski, 2004, gave the 

appropriate size of the group was between (10-18) experts.  

4- Conducting the Delphi Rounds: Developing the questionnaire for rounds also called 

questions or iterations etc.) is based upon the clear identification of the study goals, and a 

critical literature review, among other preliminary research activities and enables the 

researcher to generate question items and response scales tapping the major questions and 

issue areas to be measured, and a Delphi study usually involves three or four rounds, 

Welding, 2013. The communication between panel members and researcher is usually 

conducted by mail, but the growing access to email and the web opens new channels for 

group communication that speeds up the timeline from many months to conduct all 

rounds in a  few weeks, Loo, 2002. 

 
3. IDENTIFICATION OF KEY FACTORS AFFECTING  WASTE MANAGEMENT IN 

CONSTRUCTION PROJECTS 

From the previous studies it was found there were many classifications of the construction 

project life cycles.  Most, if not all, projects go through a life cycle that varied with the size and 

complexity of the project. A project consists of five phases as follows: (Brief Phase, Design 

Phase, Procuring Phase, Construction Phase, and Commissioning Phase), while the following 

studies: Lu and Yuan, 2011; Llatas, 2013 and Lester et al., 2014, reported  the additional 

phase in the life cycle of the construction project, it is called Demolition or Decommissioning 

phase, this phase bagin when ending  the life of the project. So a construction  project life cycle 

that adopted by the researcher is consists of six phases as follows: (Brief Phase, Design Phase, 

Procuring Phase, Construction Phase, Commissioning Phase, and Demolition phase). The 
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researcher in this study had used the Delphi method for identifying the key factors affecting 

waste management in construction projects in Iraq, in each phase of project phases there are 

three processes: 

1- Selection of the expert team. 

2- Conducting Delphi rounds. 

3- The conclusion. 

 
3.1 Selection of the Expert Team  
A group of experts was selected to provide opinions on the key factors affecting on waste 

management based on the following criteria:  

1. They have extensive working experience in the construction industry in Iraq. 

2. They are involved in the management of construction projects in Iraq. 

Twenty invitation were sent to individuals to participate. The invitation explained the purpose of 

the study; the experts were informed that there would be a number of rounds of questionnaire, 

and the method of the distribution of the questionnaire would be either by receiving it directly or 

by an E-mail. Sixteen participant responded and agreed to participate, four of them come from 

the private sector and twelve from the public sector, all the participating have experience of not 

less than twenty years in the construction industry, all experts' information has been listed in 

Table 1, the names of experts and their organizations are not revealed for anonymity. The 

academic degrees, field of specialization, and work sector for the experts, are given in Figs. 2, 3, 

and 4 respectivally.  

 

3.2 Conducting Delphi Rounds 
3.2.1 Delphi first round: identifies the effective factors 

In the first round of Delphi, the researcher prepared a list of effective factors depending on the 

relevnant litretures and studies, this list is distributed on seven groups (according to the six 

phases of construction project, as well as other factors), then experts were asked to identify a 

specified number of the major factors from this list that they considered affecting waste 

management in the construction projects of Iraq. Also this list had additional request to the 

experts to advise if there are any other factors affecting waste management not listed. The 

researcher managed in this round to meet with ten of experts in one place at one time and began 

with them a round of brainstorming to identify the factors and for the remaining six  experts the 

researcher conducted interviews with them for the purpose of answering the questionnaire of the 

first round of the Delphi technique. 

3.2.1.1 Result and analysis of the first round 

The factors identified and suggested by the experts in the first round were carefully analyzed and 

a list of factors was formed after excluding the factors which have similar meanings. This list 

include seventy four factors in all phases of a construction project, they were prepared to be used 

in the second round of Delphi method. 
 

3.2.2  Delphi second round: refining the selection factors 

In the second round questionnaire, the experts were asked to indicate the relevant importance of 

these seventy four factors that had been identified in the first round of the Delphi method, using 

a five-level Likert scale, as follows (very low important, low important, medium important, 

highly important, very highly  important).  
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3.2.2.1 Results and analysis of the second round 

Table 2, shows the indication of relative importance of all effective factor in the second round. 

This round used the (SPSS) program to conduct the statistical analysis, like Mean (M) and 

standard deviation (S.D) according to Eq. (1) & Eq. (2) respectivally. The factors that got 

arithmetic mean less than number (3), were removed in third round of the Delphi method, 

like,Mayburry and Swagner, 2010, where (1= very low important, 2= low important, 3= 

medium important, 4= highly important, 5= very highly important(. Forty four factors that 

resulted from the second round, were prepared for use it in the third round. 

                                                                                                              

M=  ∑           
                                                                                                                          (1) 

 
S.D=[(∑            

       ∑    
                                                                                              (2) 

 
Where: 

M: mean. 

S.D: standard deviation. 

xᵢ : weight value for particular.   

fᵢ : number of frequencies. 

n : total number of answers. 

3.2.3 Delphi third round: degree of consistency 
In the third round of Delphi method, experts were asked to re-evaluate the relative importance of 

each factor that resulted from the second round by using the same five-level Likert scale. The 

aim of third round is to measure the consistency of experts' opinions between the second round 

and the third round. If the required consistency is not achieved the researcher will go to the 

fourth round for re-evaluation. 

3.2.3.1 Result and analysis of the third round 

Table 3 shows the indication of relative importance of each factor in third round. In this round 

also the (SPSS) program was used to conduct the statistical analysis. The results of the analysis 

show that all the factors got arithmetic mean of more than  number (3). This means that all the 

effective factors that have been obtained from the third round are located between (medium to 

very high) importance and this result is similar to the result of the second round where there is no 

difference between the two rounds so there is no need to go to the fourth round. The researcher 

also conducted the validity and reliability test, for the experts' answers in this round, by 

extracting the alpha coefficient - Cronbach by using (SPSS) program, all the values of alpha 

were positive, because they reached the minimum value of (0.888), this indicates the answers of 

experts in this round, have a high stability and sincerity, while the value of Cronbach alpha 

should not be less than (0.70), A2, 2013.  

 
4. CONCLUSIONS  
The result of Delphi technique is forty four key factors affecting waste management in all phases 

of a construction project and were sorted by importance, starting from the highest for each phase, 

as shown in Table 4, found that the factor of weakness in knowledge about the project life cycle 

and quantity of the generated waste has highest effect  in the brief phase, and the factor of 

frequent errors in the designs has the highest effect on the design phase, and the factor of 

imposing contractual clauses for the main contractor and sub-contractors in dealing with the 
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waste and the method used for their disposal in the procuring phase has highest effect, and the 

factor of the use of construction techniques that do not generate waste has highest effect on the 

construction phase, and the factor of instructions on how to use and maintain should available for 

all occupants of the project has highest effect on commissioning phase, while the factor of use 

the high-tech equipment in the demolition process has highest effect on the demolition phase. By 

all the key effective factors may manage waste by taking the necessary procedure to address 

these factors, so the researcher recommended the following some measures for that purpose: The 

need to form a special technical committee to manage the construction waste  in large 

companies, the need for support from the state to  process of construction waste management by 

allocating the needed funds to manage waste, work training courses to qualify engineers on 

waste management, in addition to held scientific conferences by the government on waste 

management, government encouragement of investors to invest in the field of waste recycling, 

and the need to use high-tech equipment in the implementation process. In addition, these factors 

may be relied on constructing the proposed system for managing waste in construction projects. 
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 Figure 1. A Construction and demolition waste management framework,Lu & Yuan, 

2011. 

Table 1.  List of qualifications for participants experts in delphi method. 

Organization Position Sector 

E
x
p

er
ie

n
ce

 

Y
ea

r 

Eng. Field 

c
Am

e
da

cA
  

  
D

eg
re

e 

NO. 

Ministry of Construction and 

Housing 

Construction Consultant Public 29 Civil Ph.D. 1 

University of X Academic  Public 28 Civil Ph.D. 2 

University of Y Academic Public 25 Environmental Ph.D. 3 

Company Construction Sup. Private 21 Architecture Ph.D. 4 

Ministry of Construction and 

Housing 

Department Manager  Public 21 Architecture Ph.D. 5 

Ministry of Construction and 

Housing 

Resident Engineer Public 26 Civil M.Sc. 6 

Ministry of Construction and 

Housing 

Construction Supervision Public 21 Civil M.Sc. 7 

Ministry of Construction and 

Housing 

Site engineer Public 20 Architecture M.Sc. 8 

Ministry of Construction and 

Housing 

Department Manager Public 37 Mechanical B.Sc. 9 

 
Company Construction Consultant Private 35 Civil B.Sc. 10 

Company Construction Cons. Private 32 Civil B.Sc. 11 

Ministry of Construction and 

Housing 

Project Manager Public 30 Mechanical B.Sc. 12 

Ministry of transportation Project Manager Public 30 Civil B.Sc. 13 

Ministry of Construction and 

Housing 

Construction Supervision Public 25 Civil B.Sc. 14 
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Ministry of Construction and 

Housing 

Department Manager Public 21 Architecture B.Sc. 15 

Company Site engineer Private 20 Electrical B.Sc. 16 
 

 

 

Figure 2. Experts from work sector.  

 
 

Figure 3. Experts academics degree. 
 

 

Figure 4. Field of specialization for experts. 

 

Table 2. Delphi second round results: the mean and the standard deviation. 

No. 
The Factors N M S.D 

The Briefing Phase:    

1. Awareness of the employer and the contractor of the 

project. 
16 2.75 0.44721 

2. Keeping up the new ideas in the design in order to reduce 

the waste (the idea of sustainable design). 
16 3.8125 0.75 

Public Sector 
75% 

Private Sector 25% 

P.hD. 31.25% 

M.Sc.  18.75% 

B.Sc. 50% 

25% 

50% 

6.25% 
12.50% 

6.25% 

0%

10%

20%

30%

40%

50%

60%

Architecture Eng. Civil Eng. Electrical Eng. Mechanical Eng. Environmental
Eng.
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3. Lack of cooperation with the competent authorities. 16 3.0625 0.85391 

4. Lack of cooperation with the projects by the designers  

where the  experience and information are limited to the 

consultant designer. 

16 2.6250 0.88506 

5. Negligence in a way of  the project management by using 

the technical means of modern science in the shipping and 

the contracting with suppliers. 

16 3.5 0.89443 

6. The culture of preserving the environment. 16 4 0.89443 

7. The financial allocation for the project. 16 4.4375 0.62915 

8. Weakness  in perception  at the beginning of the project in 

the subject of waste. 
16 3.4375 0.81394 

9. Weakness in the knowledge in the project life cycle and 

quantity of the generated waste. 
16 3.9375 0.7719 

The Designing Phase:    

1. Accuracy in the preparation of BOQ. 16 3.8125 0.83417 

2. Changes in the design because of lack of clarity of the 

requirements of the employer. 
16 4 0.5164 

3. Design using lengths and dimensions of the spaces that do 

not cause waste during execution of the project. 
16 3.9375 0.68007 

4. Frequent errors in the designs. 16 3.8125 0.75 

5. The design and construction using standard materials. 16 3.5625 0.81394 

6. Use of prefabricated materials in implementation. 16 2.5 0.5164 

7. Use of sustainable materials that can be recycled or re-used 

after demolition. 
16 2.375 0.7188 

8. Go to the idea of sustainable design in designs. 16 2.25 0.85635 

9. Application of environmental management systems in the 

designs. 
16 2.1875 0.75 

The Rocuring Phase:    

1. Accuracy in the preparation of the contract documents. 16 3.5625 0.89209 

2. Application of waste management system. 16 4.25 0.68313 

3. Comprehensive and detailed schedule of all the activities, 

as well as a detailed schedule of construction materials to 

be purchased at the site before starting implementation. 

16 3.625 0.88506 

4. Make sure of the executing company's ability to deal with 

waste. 
16 4 0.6346 

5. Imposing contractual clauses for the main contractor and 

sub-contractors in dealing with the waste and the method 

used for their disposal. 

16 4.4375 0.62915 
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6. Waste management process coordination with municipal 

departments. 
16 3.9375 0.57373 

7. Estimate the  required costs to treat waste, in the contract 

document. 
16 2.5 0.8165 

8. Incentives and priority in the bidding for the contractor who 

has a plan for reducing waste and increasing recycling 
16 2.25 0.7746 

9. Simplify legal procedures for the provision of equipment 

for waste treatment. 
16 2.1875 0.75 

10. Methods of recycling waste and how use it on  the site. 16 2.0625 0.85391 

The Construction Phase:    

1. Activation of advanced technologies for the treatment and 

recycling of waste. 
16 4.125 0.7188 

2. Allowing the use of recycled materials in the 

implementation. 
16 2.875 0.80623 

3. Awareness and education in waste management system. 16 3.75 0.7746 

4. Bad the planning for the quantities required materials in the 

implementation, as well as sequence work activities. 
16 4.1875 0.75 

5. Good storage and improving the traditional construction 

processes. 
16 4.0625 0.57373 

6. Put separate containers according to the type of waste in the 

project. 
16 2.75 0.68313 

7. The  supervision system of the construction waste on-site 16 4.3125 0.60208 

8. The change in materials, specifications and type during 

execution the project. 
16 3.75 0.60208 

9. The training to reduce the waste. 16 3.875 0.88506 

10. The use of construction techniques that do not generate 

waste. 
16 4.25 0.85635 

11. Weak monitoring and control in the implementation of the 

project. 
16 4 0.63246 

12. Workers' productivity and its technical skills. 16 4.125 0.80623 

13. Efficiency of the sub-contractors and cooperation among 

themselves in the management of waste. 
16 2.75 0.57735 

14. Set a place for sorting waste and do it in the early stage of 

implementation. 
16 2.875 0.61914 

15. Good storage and improving the traditional construction 

process. 
16 2.875 0.34157 

16. Determine the controls on dealing with the originators of 

waste. 
16 2.375 0.88506 

17. Communication and coordination system between the 

parties involved in the project. 
16 2.9375 0.68007 

18. Technical training courses for project managers, technicians 

and workers. 
16 2.9375 0.7719 
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19. The needs of local markets for construction materials. 16 2.875 0.5 

20. Record retention for waste management (quantities, types,  

Etc). 
16 2.625 0.61914 

21. Techniques on use of the handling materials. 16 2.9375 0.44253 

The Commissioning Phase:    

1. Develop a spare plan maintenance. 16 3.9375 0.68007 

2. Failure Repair the direct  water and sewer pipes. 16 2.375 0.7188 

3. Lack of Periodical maintenance program. 16 4 0.7303 

4. Occupants culture of the building. 16 2.5 0.7303 

5. Penalize the projects that cause waste in the materials used 

And also  punish for the person's negligence. 
16 3.875 0.34157 

6. Proper storage  of the remaining materials and the spare 

materials. 
16 3.875 0.80623 

7. up the instructions on how to use and maintain should 

available for all occupants of the project. 
16 4.1875 0.83417 

8. Referral the management of building during the 

Commissioning phase  to professional people. 
16 3.875 0.7188 

9. The accuracy and good work during maintenance 

operations. 
16 4 0.8165 

The Demolition Phase:    

1. Allow the use of recycled materials. 16 2.375 0.80623 

2. Appointment of a place to sort the waste, and do this sorting 

in the early stage of implementation. 
16 4 0.63246 

3. Awareness  of the employer of issue to take advantage of 

the building after the end of the age. 
16 3.8125 0.65511 

4. Determine the requirements of the local markets for 

construction materials. 
16 2.625 0.88506 

5. Feasibility study  on materials  resulting from the 

demolition. 
16 4.0625 0.68007 

6. Identify the recyclable materials. 16 4.125 0.80623 

7. Management of database for construction waste 16 2.8125 0.75 

8. The use of high-tech equipment in the demolition process. 15 4 0.63246 

9. Tight work site area. 16 2.5625 0.96393 

The other factors:    

1. Enact the laws for supporting waste management. 16 4.5625 0.51235 

2. Encourage citizens to use recycled materials. 16 2.5 0.5164 
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3. Encouraged by the specialized agencies in this area. 16 2.5625 0.72744 

4. Increase the fees on mixed waste and reduce fees on 

classified waste. 
16 2.6875 0.7932 

5. Number the landfill sites, and thier distance from the 

project site. 
16 3.875 0.88506 

6. Put the severe sanctions by the government for violators of 

the laws relating to construction waste management. 
16 4.3125 0.47871 

7. The tax exemption  (Do not impose the tax) on the waste 

treatment equipment. 
16 4.25 0.68313 

Table 3. Delphi third round results; mean, standard deviation and cronbach's alpha factor (α). 

No. The Factors N M S.D α 

The Briefing Phase:     

1. Keeping up the new ideas in the design in order to 

reduce the waste (the idea of sustainable design). 

16 
4.1875 0.54391 0.957 

2. Lack of cooperation with the competent 

authorities. 

16 
3.4375 0.62915 0.953 

3. Negligence in a way of  the project management 

by using the technical means of modern science in 

the shipping and the contracting with suppliers. 

16 

3.75 0.68313 0.953 

4. The culture of preserving the environment. 16 4.3125 0.70415 0.951 

5. The financial allocation for the project. 16 4.1875 0.75 0.948 

6. Weakness  in perception  at the beginning of the 

project to the subject of waste. 

16 
3.8125 0.75 0.951 

7. Weakness in the knowledge in the project life 

cycle and quantity of the generated waste. 

16 
4.3125 0.60208 0.949 

The Designing Phase:     

1. Accuracy in the preparation of BOQ. 16 4.25 0.68313 0.925 

2. Changes in the design because of lack of clarity 

of the requirements of the employer. 

16 
4.1875 0.40311 0.949 

3. Design using lengths and dimensions of the 

spaces that do not cause waste during execution 

of the project. 

16 

4.1875 0.54391 0.908 

4. Frequent errors in the designs. 16 4.25 0.57735 0.908 

5. The design and construction using standard 

materials. 

16 
4.0625 0.68007 0.912 

The Procuring Phase:     

1. Accuracy in the preparation of the contract 

documents. 

16 
3.875 0.7188 0.935 

2. Application of waste management system. 16 4.3125 0.60208 0.918 

3. Comprehensive and detailed schedule of all the 

activities, as well as a detailed schedule of 

construction materials to be purchased at the site 

before starting implementation. 

16 

4.25 0.44721 0.930 

4. Make sure of the executing company's ability to 16 4.1875 0.54391 0.923 
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deal with waste. 

5. Imposing contractual clauses for the main 

contractor and sub-contractors in dealing with the 

waste and the method used for their disposal. 

16 

4.5 0.5164 0.933 

6. Waste management process coordination with 

municipal departments. 

16 
4.375 0.5 0.922 

The Construction Phase:     

1. Activation of advanced technologies for the 

treatment and recycling of waste. 

16 
4.1875 0.65511 0.969 

2. Awareness of and education in waste 

management system. 

16 
3.875 0.7188 0.971 

3. Bad the planning for the quantities required 

materials in the implementation, as well as 

sequence work activities. 

16 

4.3125 0.70415 0.970 

4. Good storage and improving the traditional 

construction process. 

16 
4.125 0.61914 0.970 

5. The  supervision system of the construction waste 

on-site 

16 
4.375 0.5 0.973 

6. The change in materials, specifications and type 

during execution of the project. 

16 
3.875 0.80623 0.970 

7. The training to reduce the waste. 16 4.0625 0.85391 0.970 

8. The use of construction techniques that do not 

generate waste. 

16 
4.4375 0.62915 0.972 

9. Weak monitoring and control in the 

implementation of the project. 

16 
4.1875 0.54391 0.972 

10. Workers' productivity and their technical skills. 16 4.1875 0.75 0.969 

The Commissioning Phase:     

1. Develop a spare plan maintenance. 16 4.0625 0.57373 0.957 

2. Lack of Periodical maintenance program. 16 4.0625 0.68007 0.951 

3. Penalize the projects that cause waste in the 

materials used and also  punish for the person's 

negligence. 

16 

4.0625 0.44253 0.971 

4. Proper storage  of the remaining materials and the 

spare materials. 

16 
4.125 0.7188 0.952 

5. Up the instructions on how to use and maintain 

should available for all occupants of the project. 

16 
4.3125 0.70415 0.957 

6. Referral the management of building during the 

Commissioning phase  to professional people. 

16 
4.1245 0.61914 0.953 

7. The accuracy and good work during maintenance 

operations. 

16 
4.1875 0.75 0.955 

The demolition Phase:     

1. Appointment of a place to sort the waste, and do 

this sorting in the early stage of implementation. 

16 
4.125 0.5 0.901 

2. Awareness of the employer of issue to take 

advantage of the building after the end of the age. 

16 
3.9375 0.57373 0.915 

3. Feasibility study  on materials  resulting from the 

demolition. 

16 
4.25 0.57735 0.888 
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4. Identify the recyclable materials. 16 4.25 0.68313 0.905 

5. The use of high-tech equipment in the demolition 

process. 

15 
4.25 0.44721 0.915 

The other factors:     

1. Enact the laws for supporting waste management. 16 4.5 0.5164 0.930 

2. 
Number the landfill sites, and thier distance from 

the project site. 
16 4.0625 0.85391 0.926 

3. 

impose the severe sanctions by the government 

for violators of the laws relating to construction 

waste management. 

16 4.375 0.5 0.909 

4. 
The tax exemption  (Do not impose the tax) on 

the waste treatment equipment. 
16 4.3125 0.60208 0.903 

 

Table 4. The key factors affecting on waste management during all construction project phases 

(starting from higher effect to the least for each phase). 

No. The Factors 

The Briefing Phase: 

1. Weakness in the knowledge in the project life cycle and quantity of the generated 

waste. 

2. The culture of preserving the environment. 

3. Keeping up the new ideas in the design in order to reduce the waste (the idea of 

sustainable design). 

4. The financial allocation for the project. 

5. Weakness  in perception  at the beginning on the project to the subject of waste. 

6. Negligence in a way of  the project management by using the technical means of 

modern science in the shipping and the contracting with suppliers. 

7. Lack of cooperation with the competent authorities. 

The Designing Phase: 

1. Frequent errors in the designs. 

2. Accuracy in the preparation of BOQ. 

3. Changes in the design because of lack of clarity of the requirements of the employer. 

4. Design using lengths and dimensions of the spaces that do not cause waste during 

execution of the project. 

5. The design and construction using standard materials. 

The Procuring Phase: 

1. imposing contractual clauses for the main contractor and sub-contractors in dealing 

with the waste and the method used for their disposal. 

2. Waste management process coordination with municipal departments. 

3. Application of waste management system. 

4. Comprehensive and detailed schedule of all the activities, as well as a detailed 

schedule of construction materials to be purchased for the site before starting 

implementation. 

5. Make sure of the executing company's ability to deal with waste. 

6. Accuracy in the preparation of the contract documents. 

The Construction Phase: 

1. The use of construction techniques that do not generate waste. 
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2. The  supervision system on the construction waste on-site 

3. Bad the planning for the quantities of required materials in the implementation, as well 

as sequence of work activities. 

4. Weak monitoring and control in the implementation of the project. 

5. Activation of advanced technologies for the treatment and recycling of waste. 

6. Workers' productivity and their technical skills. 

7. Good storage and improving the traditional construction process. 

8. The training to reduce the waste. 

9. Awareness of and education on waste management system. 

10. The change in materials, specifications and type during execution of the project. 

The Commissioning Phase: 

1. Up instructions on how to use and maintain should available for all occupants of the 

project. 

2. The accuracy and good work during maintenance operations. 

3. Proper storage  of the remaining materials and the spare materials. 

4. Referral the management of building during the Commissioning phase  for 

professional people. 

5. Penalizing the projects that cause waste in the materials used  

And also  punish for the person's negligence. 

6. Develop a spare maintenance plan. 

7. Lack of Periodical maintenance program. 

The Demolition Phase: 

1. The use of high-tech equipment in the demolition process. 

2. Feasibility study  of materials  resulting from the demolition. 

3. Identify the recyclable materials. 

4. Appointment of a place to sort the waste, and do this sorting in the early stage of 

implementation. 

5. Awareness  of the employer of issue to take advantage of the building after the end of 

the age. 

The other factors: 

1. Enact the laws for supporting waste management. 

2. Impose the severe sanctions by the government on violators of the laws relating to 

construction waste management. 

3. The tax exemption  (Do not impose the tax) on the waste treatment equipment. 

4. Number the landfill sites, and their distance from the project site. 
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ABSTRACT 

This research is carried out to investigate the behavior of self-compacting concrete (SCC) two-

way slabs with central square opening under uniformly distributed loads. The experimental part 

of this research is based on casting and testing six SCC simply supported square slabs having the 

same dimentions and reinforcement. One of these slabs was cast without opening as a control 

slab. While, the other five slabs having opening ratios (OR) of 2.78%, 6.25%, 11.11%, 17.36% 

and 25.00%. From the experimental results it is found that the maximum percentage decrease in 

cracking and ultimate uniform loads were 31.82% and 12.17% compared to control slab for 

opening ratios (OR) of 11.11% and 6.25% respectively. Also the results showed that as OR is 

increased from 0.00% to 11.11%, a signifacant increase in deflection was occured. While the 

increase of OR from 11.11% to 25.00%, a slighlty decrease in deflection was occured compared 

to control slab within the entire range of loading starting from first cracking load up to ultimate 

load. The theoretical part of this research is adopted for both simply supported and clamped ends 

square slabs according to yield line theory. For simply supported slabs, the results showed a 

decrease in ultimate uniform loads for OR ranging between 0.00% and 25.00%. While beyond 

this value, an increase in the ultimate uniform load is occured. In addition, it is found that as OR 

was increased; the total ultimate load is decreased. Also from the theoretical analysis for 

clamped end slabs it is found that as OR was increased, both the ultimate uniform load and the 

total ultimate load were increased.  

 

Key words: self-compacting concrete, square opening, two-way slabs, yield lines, uniform load 

 

جاهين رات فححات مربعة في باج راجية الرص العاملة المسلحة الحصرف اللاخطي للبلاطات الخرسانية

 يجحث جاثير احمال منحشر المركز

 
 د. علي حسين علي أل احمذ

 مذسط

 كهٕت انٍىغت-جامؼت بغذاد

 

 الخلاصـــة

جإٌه راث فخذاث مشبؼت فٓ انؼامهت باحراحٕت انشص  انمغهذت ػه حظشف انبلاطاث انخشعاوٕتفٓ ٌزا انبذث حم انخذشْ 

راحٕت  انجاوب انؼمهٓ مه ٌزا انبذث طب َفذض عخت بلاطاث خشعاوٕتحضمه . مىخظمت انمشكض حذج حاثٕش ادمال مىخششة

ٌزي انبلاطاث بذَن فخذت دٕث احخزث كاوج ادذِ نٍا وفظ الابؼاد َدذٔذ انخغهٕخ. راث اعىاد بغٕظ انشكم مشبؼت  انشص

, %6.25, %2.78)  بىغب شكضفٓ انم مشبؼت . بٕىما ادخُث انبلاطاث انمخبقٕت ػهّ فخذاثنهمقاسوت كبلاطت مشجؼٕت

دمم مه انىخائج انؼمهٕت ان اكبش وغبت وقظان فٓ َجذ . مه انمغادت انغطذٕت نهبلاطت (25.00%َ 17.37%, 11.11%

مقاسوت مغ  ػهّ انخُانٓ %6.25َ %11.11 نىغب فخذاث  %12.17َ  %31.82 كان انمىخشش انخشقق َانذمم الاقظّ

دذثج صٔادة فٓ انٍطُل فٓ دٕه ان  %11.11انّ  %0.00انبلاطت انمشجؼٕت. كزنك اظٍشث انىخائج ان بضٔادة وغبت انفخذت مه 

 مىطقتادث انّ وقظان فٓ انٍطُل مقاسوت مغ انبلاطت انمشجؼٕت ضمه  %25.00انّ  %11.11صٔادة وغبت انفخذت مه 

ظشٔت خطُط انخضُع وانجاوب انىظشْ مه ٌزا انبذث حبىّ  .انمىخشش دمم انخشقق انّ انذمم الاقظّ انخظشف ابخذاء مه
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 انذممبلاطاث راث الاعىاد انبغٕظ َجذ بان ٌىانك وقظان فٓ . نهانذافاثنخذهٕم بلاطاث راث اعىاد بغٕظ َاخشِ مقٕذة 

 الاقظّ انذممبؼذ ٌزي انىغبت دذثج صٔادة فٓ قٕمت  . بٕىما%25.00انّ  0.00 % نىغبً فخذاث حخشاَح مه انمىخشش الاقظّ

ان فُجذ ب انذافاثاما بانىغبت نهبلاطاث مقٕذة انكهٓ.  انذممَجذ كزنك ان بضٔادة وغبت انفخذت ادِ انّ وقظان فٓ قٕمت . انمىخشش

 قٕم انقظُِ نلادمال انمىششة َالادمال انكهٕت عُٔت.انصٔادة وغبت انفخذاث ادِ انّ صٔادة فٓ 

 

 مىخظمت , خطُط انخضُع, ادمال مىخششةبلاطاث ػامهت  باحجإٌه, فخذاث مشبؼت, خشعاوت راحٕت انشصالكلمات الرئيسية: 

 

1. INTRODUCTION 

Reinforced concrete (RC) slabs are the most common elements in structural buildings and have 

been widely used for multi-storey buildings. Openings are often required in slabs for mechanical 

and electrical services such as heating, plumbing, electrical wiring, fire protection pipes, 

telephone, computer network, water supply, sewerage and ventilating reasons. Meanwhile, 

substantial size openings are required by lift, staircases and elevator shafts. The structural effect 

of small openings is usually not considered due to ability of the structure to redistribute the 

stresses. However, for large openings in slabs can severely reduce the strength and load carrying 

capacity of these slabs due to cut out of both concrete and steel reinforcement. This may lead to 

decrease the ability of structures to withstand the imposed loads and the structural needs, 

Taljsten et. al, 2006; Mota, and Kamara, 2006.  

Two- way RC slab is a form of unique construction of reinforced concrete. It is an 

efficient, economic and widely used member. It is usually supported by all four sides and the 

ratio of long span to short span is less than two. So that, two- way RC slab will deflect in two 

directions and the loads are transferred to all supports. In general there are three types of RC 

two- way slabs: flat plates, flat slab and slab supported on beams, Wang et. al, 2007.  

Self-Compacting Concrete (SCC) is an innovative concrete flows under its own weight 

and it does not require any external vibration for compaction. It was first developed in the late 

1980’s by Japanese researchers. SCC can flow through restricted sections without segregation 

and bleeding and completely filling formwork and achieving full compaction. Such concrete 

should have a relatively low yield value to ensure high flow ability, a moderate viscosity to resist 

segregation and bleeding, Nagamoto, and Ozawa, 1997 and  Khayat, and Ghezal, 1999. 

 

2. STRUCTURAL DESIGN OF REINFORCED CONCRETE SLABS WITH OPENINGS 
The design of RC slab with openings is not clearly declared in the BS 8110, 1997. However, the 

ACI 318, 2014 Code states that the openings are permitted in new slab system. The ACI Code 

provides guide lines for different location of openings in RC flat slabs. Fig. 1 illustrates the 

openings size and their locations in flat slab. The flat slab is divided into column and middle 

strips in two orthogonal directions. The ACI Code suggestes that any size of opening is 

permitted in the area of where middles strip intersects. For opening in the area intersecting 

column strip, the permissible opening size is only 1/8 the width of column strip in either span 

directions. Finally, for opening in the area that intersecting one column strip and one middle 

strip, the maximum permissible opening size is only 1/4 the width of column or middle strip in 

either span directions. 

 

3. EXPERIMENTAL PROGRAM 

3.1 Introduction 

The main purpose of the experimental work is to investigate the behavior of SCC two-way slabs 

with central square opening under uniformly distributed load. The primary variable in this 

research is the opening ratio (OR) which is equal to the area of opening divided by the area of 

solid slab multiplied by 100. 
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The standard tests were carried out to determine the properties of hardened concrete and 

steel reinforcement. In addition, instrumentation, experimental setup and testing procedures 

adopted throughout this investigation are presented. 

 

3.2 Specimens  
The experimental work is based on casting and testing six SCC square slabs. All specimens have 

the same dimensions of (65065050 mm) were cast and tested up to failure under a uniform 

load. The slabs are designed as simply supported along four edges and supported on the (600
600 mm) perimeter at the bottom side of the slabs. One of these slabs was without opening 

(solid) which is taken as a control slab and denoted as S-0. While the other five slabs have 

different square openings located at the center of slab. Five openings with dimensions (100 x 

100, 150 x 150, 200 x 200, 250 x 250 and 300 x 300 mm) were created at the center of the slabs, 

so that the opening ratios (OR) were (2.78%, 6.25%, 11.11%, 17.36% and 25.00%) respectively. 

These slabs are denoted as  S-10, S-15, S-20, S-25 and S-30 for the above opening ratios (OR) as 

listed in Table 1. 

All specimens were reinforced at bottom with ϕ 2.5 mm @ 50 mm steel bars in both 

directions with effective depth (d) of 40 mm, so that the steel ratio () is about 0.245% which 

lies within the ACI Code limits. Also, each corner of the openings was provided with 2ϕ2.5 mm 

additional  diagonal steel bars to prevent stress concentration. Full details of the test slabs are 

shown in Fig. 2. 

 

3.3 Material Used for Casting Specimens  

3.3.1 Cement  

Ordinary Portland cement type (I) was used throughout this investigation. All quantity of cement 

was tested chemically and physically. The properties were conform to the Iraqi Specifications 

No. 5, 1984. for  Portland cement. 

 

3.3.2 Fine and coarse  aggregate 

Natural sand from Al-Akhaidher quarries was used for SCC mixes. The fine aggregate has 

(4.75mm) maximum size with rounded-shape particles and smooth texture. While, crushed 

gravel from Al-Sudor region with maximum size of 10 mm was used throughout this research. 

The sand and gravel have been washed and cleaned with water several times and they were 

conform to the  Iraqi specification No.45, 1984. 

 

3.3.3 Limestone powder  
To produce SCC, crushed limestone powder (LSP) was used in this investigation. This LSP is passed 

sieve No. 0.075 mm and tested physically and chemically. 

  

3.3.4 Superplasticizer  

Glenium 51 was used in this research as a superplasticizer material to produce SCC. Glenium 51 is 

free of chlorides and it was conform to ASTM C494 type A and F.  
 

3.3.5 Steel bars 

ϕ 2.5 mm plain steel bars were used for reinforcement. For these bars, yield stress (fy) and 

ultimate strength (fu) were 590 MPa and 690 MPa respectively. While, the modulus of elasticity 

(Es) was 205000 MPa. 

 
 



Journal of Engineering Volume   22  July    2016 Number 7 
 

 

 

38 
 

3.4 Molds Fabrication 

In the present research, six molds were used to cast the specimens. These molds were made from 

plywood plates (18 mm) thickness and had a base and four sides to form a square frame. In 

addition, five square wooden frames with different opening sizes are fabricated and located at the 

center of each slab to form the opening size required. Before casting the SCC, these molds were 

oiled and the reinforcement meshes were put into the required position as shown in Fig. 3. 

 

3.5 Mix Design 

In the present research, SCC was used for casting the specimens. After several trial mixes  

according to recommendations mentioned in The Europeon Guidlines for Self-Compacting 

Concrete, 2005, concrete mixture was designed to achieve a cylindrical compressive strength  

(  
 
) of  30 MPa at 28 days.  Table 2 illustrates the mix design properties of SCC used in this 

investigation. 

 

3.6 Test Rig Components and Loading Procedure 

In the present research, the hydraulic testing machine at the Civil Engineering Department Lab. 

of the University of Baghdad was used. All specimens were white painted to facilitate the 

identification of cracks during the test. All test slabs were mounted on a supporting frame which 

have a 30 mm bar welded along each side at the upper of supporting frame to achive simply 

supported condition. Several dial gauges were used in this investigation and attached the tension 

face of slabs. These dial gauges were located at distances of (150, 175, 200, 225, 250 and 300 

mm) measured from supports for control slab (S-0). While for slabs with opening, one or more 

dial gauges were excluded according to opening size condition as illustrated in Table 3.  

To apply a uniformly distributed load on slabs, an aluminum sand container was put on 

the top face of specimens and filled with sand. A steel plate with dimensions of (550 x 550 x 15 

mm) was put on sand. Also a steel block of dimensions (550 x 450 x 50 mm) was put on steel 

plate to insure full distribution of load on specimens. Hydraulic jack and load cell were put 

respectively on steel block. The weight of sand, steel plate, steel block, hydraulic jack and load 

cell were taken into account and added to to external applied load. Fig. 4 shows full details of 

test rig components and setup of  a typical tested slab. 

The specimens were uniformly loaded with increasing load until failure. At each load 

step, deflections reading by dial gauges were recorded.    

 

4. EXPERIMENTAL RESULTS 

All beams were tested up to failure by applying uniformly distributed load with load division of 

(10 kN/m
2
) for steps before cracking. While for steps after cracking, the load division was 

reduced to (2.5 kN/m
2
).   

  

4.1 Cracking and Ultimate Loads Results  

All slabs are characterized by the formation of cracks at the tension face of slabs and yield lines 

propagated from corner of opening toward corner of supports till failure occur. Fig. 5 shows 

tested slabs after forming yield lines and failure.  From this figure it could be noticed that for 

slabs S-0, S-10 and S-15 only diagonal yield lines were occured. While, for slabs S-20, S-25 and 

S-30 additional straight cracks were developed perpendicular to the sides of openings. This 

might be due large opening size effect. The experimental results for cracking and ultimate 

uniform loads of all specimens are given in Table 4. From this table it could be noticed that the 

control slab S-0 had maximum cracking and ultimate load capacities. The cracking and ultimate 

uniform loads were decreased as OR was increased from 0.00% to 25.00%. The maximum 
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percentage decrease in cracking load was 31.82% for slab S-20 (OR=11.11%) compared to 

control slab. Beyond this value of OR, the percentage decrease in cracking load was decreased as 

OR  was increased from 11.11% to 25.00%. 

The maximum percentage decrease in ultimate uniform load was 12.17% for slab S-15 

(OR=6.25%) compared to control slab. Byond this value of OR, the percentage decease in 

ultimate uniform load was decreased when OR was increased from 6.25% to 25.00%. For slab S-

30 (OR=25.00%), the ultimate load capacity is approximately similar to value obtained from 

control slab. This might be due concentration of the uniform load near supports and  increasing 

slab stifness. Fig. 6 shows the percentage decrease in cracking and ultimate uniform loads with 

increasing opening ratio (OR). 

Cracking to ultimate load ratios (wcr/wu) were also calculated and listed in Table 4. The 

maximum and minimum (wcr/wu) ratios are 0.507 and 0.386 for slab S-0 (control) and S-20 

(OR=11.11%) respectively.   

                                                                                                                                    

4.2 Load-Deflection Response  
Deflections for each slab have been recorded during the test by using dial gauges located at the 

positions listed in Table 3. Fig. 7 shows the load-deflection response for each tested slab at 

different dial gauge locations (i.e variable dial gauge locations with constant OR). From this 

figure it could be noticed that a linear behavior of the load-deflection response is evident. This 

stage covers the region up to the cracking load. Within this stage the materials are still elastic 

and no cracks occur in the specimens. When cracks have taken place, a sudden jump in 

deflection value was occured. Those cracks are developed as the load increases and the response 

changes from linearity to nonlinearity because the rate of increase in deflection with respect to 

load continuously increases as the load is increased and the curve behaved nonlinearly as load 

increased. Finaly as the applied load approaches its ultimate value, the rate of increase in 

deflection is substantially exceeding the rate of increase in the value of applied load till failure 

occured. Also it is clear from this figure that for each tested slab, the deflection is increased as 

the location of dial gauge is far from supports.  

Fig. 8 shows the load-deflection response for each tested slab recorded by same dial 

gauge location (i.e constant dial gauge location with variable OR). It is clear from this figure that 

the increase in OR has a significant effect on deflection through the entire range of loading 

starting from cracking load up to ultimate uniform load. For slabs S-10, S-15 and S-20 of OR 

(2.78%, 6.25% and 11.11%) respectively, the load-deflection curve showed a significant increase 

in deflection values compared to control slab. While for slabs S-25 and S-30 with OR of (17.36% 

and 25.00%) respectively, the load-deflection curve showed a slightly decrease in deflection 

values compared to control slab. This is might be due to the effect of large opening size on 

shifting the concentration of the uniform load towards the supports and that will make the slab 

stiffer. 

To obtain a reasonable comparison of deflections among tested slabs, Table 5 

summarizes the deflection recorded at different locations corresponding to a load level of 130 

kN/m
2
 which is about 85% of ultimate uniform load capacity of the control slab. Also Fig. 9 

shows the percentage increase and decrease in deflection with respect to distance of recorded 

deflection from supports for different values of OR . While, Fig. 10 shows the percentage 

increase and decrease in deflection with respect to OR for different values of distances from 

supports. From these figures and Table 5, it may be noticed that the maximum percentage 

increase in deflection is 39.13% for slab S-10 (OR=2.78%) at location of 250 mm from supports. 

While, the maximum percentage decrease in deflection is 11.47% for slab S-25 (OR=17.36%) at 

location of 175 mm from supports corresponding to a load level of 130 kN/m
2
. 
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5. THEORETICAL ANALYSIS USING THE YIELD LINE THEORY  
Simply supported and clamped ends square slabs with central square opening as shown in Fig.11 

were considered in this theoretical analysis. These slabs are considered to have isotropic 

reinforcement (i.e mx = my). Yield lines are assumed to propagate from the corner of opening 

toward the corner of slab. Also, these slabs are subjected to a uniformly distributed load (w) and 

a unit displacement (∆=1) is applied at the edge of opening. 

 

5.1 Case-1 Simply Supported Slab 

According to Fig. 11-a, the external work (WE) done by the applied load is given by Eq. (1) 
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}                                                                                     (1) 

where: 

         L = dimension of square slab. 

         Z = dimension of central square opening. 

 

If the positive resistance moment per unit length along the yield lines is defined as (m), the 

internal work (WI) done by this moment is given by Eq. (2) 

 

         

            
 

     

 

  

                                                                                                                                           (2) 

where: 

         l = projected length of the yield line.  

         Ɵ = rotation along the yield line. 

 

Equating the external work with the internal work gives Eq. (3) which represents the relation 

between (w) and (m) for case of simply supported slab with opening. Multiplying Eq. (3) by the 

area of slab (L
2
-Z

2
) gives Eq. (4) which represents the relation between total load (P) and (m) for 

the same case. 

 

                       
    

           
                                                                                               (3) 

                       
          

      
                                                                                                  (4) 

 

If Z=0 (solid slab) then Eq. (3) gives Eq. (5) which represents the relation between (w) and (m) 

for case of simply supported solid slab. While, Eq. (4) gives Eq. (6) which represents the relation 

between (P) and (m) for the same case. 

 

                 
    

  
                                                                                                                     (5) 

                   = 24m                                                                                                                     (6) 

 

Hence, the ratio of ultimate uniform load for a slab with opening to ultimate uniform load for a 

solid slab (ULR) is given by Eq. (7). This equation is obtained when Eq. (3) is divided by Eq. (5). 

While, the ratio of total ultimate load for a slab with opening to total ultimate load for a solid 

slab (TLR) is given by Eq. (8) when Eq. (4) is divided by Eq. (6). 
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ULR = 
                      

                
 

  

           
                                                                                        (7) 

TLR = 
                      

                
 

     

      
                                                                                                 (8) 

 

Since, area of solid slab=L
2
, area of opening=Z

2
 and % Opening ratio (OR) =

               

                  
x 100   

so that Eqs. (7 & 8) can be expressed by Eqs. (9 & 10) respectively. 
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TLR= 
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By using Eqs. (9 & 10), Figs. 12 and 13 are plotted to represent the effect of OR on the 

ULR and TLR values respectively for simply supported square slabs. From Fig. 12 it can be 

noticed that for OR ranging between 0.00% to 25.00% the slabs with opening showed decreasing 

values of ultimate uniform load with respect to solid slab. The maximum decrease in ULR is 

0.889 occured when OR=6.25%. This value is in agreement whith the results obtained from the 

experimental test for slab S-15 (OR=6.25%). Also Fig. 12 shows that beyond OR of 25.00%, a 

significant increase in the ultimate uniform load is occured. This might be due to concentration 

of uniform load near supports for large opening ratios. So that larger load is needed for the 

external work to achieve equilibrium with the internal work. For OR=60%, the ultimate uniform 

load is about 1.75 times the uniform load of solid slab. From Fig. 13 it can be noticed that as OR 

is increased, the TLR is decreased. For OR=25% and 60%, the total ultimate loads are 0.750 and 

0.696 of total ultimate load of the solid slab respectively. It can be also noticed from Fig. 13 that 

beyond OR of 25.00%, a continuous decrease in TLR is occured which is unlike the behavior of 

ULR noticed from Fig. 12.    

Table 6 summarizes the experimental and the theoretical values of ULR and TLR. This 

table show good agreement between the experimental and theoretical results.  

 

5.2 Case-2 Clamped Ends Slab 

According to Fig. 11-b, the external work done by the applied load is also given by Eq. (1) 

obtained for simply supported slab.                                                                                  

If (ß) is defined as the ratio of the negative resistance moment at clamped ends to the 

positive resistance moment along the positive yield lines, the internal work done by these  

moments is given by Eq. (11) 

 

               

            
 

     

 

       
 

     

 

  

      
      

   
                                                                                                                       (11) 

 

Equating the external work given by Eq. (1) with the internal work given by Eq. (11) gives Eq. 

(12) which represents the relation between (w) and (m) for clamped ends slab with central 
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opening. Total load (P) is given by Eq. (13) which is also adopted by myltipling Eq. (12) by the 

area of slab (L
2
-Z

2
).  

                       
            

            
                                                                                           (12) 

                       
                 

           
                                                                                    (13) 

 

If Z=0 (solid slab) then Eq. (12) gives Eq. (14) which represents the relation between (w) and 

(m) for solid clamped ends slab. While, Eq. (13) gives Eq. (15) which represents the relation 

between (P) and (m) for solid clamped ends slab. 

 

                 
         

  
                                                                                                           (14) 

                         )                                                                                                       (15) 

 

Hence, the expression for ULR and TLR is given by Eqs. (16 & 17) respectively.  

 

ULR= 
                      

                
 

          

                 
                                                                               (16) 

TLR= 
                      

                
 

             

                
                                                                                 (17) 

 

Also similar to Eqs. (7 and 8), Eqs. (16 and 17) can be expressed by Eq. (18 & 19). 

 

ULR= 
                      

                
 

  
√    

  
  

        
        

   
 

    √    
   

 
                                                                 (18) 

TLR= 
                      

                
 

   
√    

  
      

√    
  

 

        
√    

  
    

√    
 

 
                                                                      (19) 

 

Figs. 14 and 15 are plotted by using Eqs. (18 & 19). These figures show the effect of OR 

on the ULR and TLR respectively for clamped end slabs for different values of ß. From these 

figures it could be noticed that as OR is increased, both ULR and TLR are increased for all values 

of ß except ( ß=0.5).  When ß=0.5 and for OR ranging between 0.00% to 25.00% the slabs with 

opening showed decreasing values of total ultimate load with respect to solid slab. While beyond 

OR of 25.00%, a clear increase in the total ultimate load is noticed as shown in Figs. 15. Also 

these figures reveal that the increase in ULR and TLR values are increased with increasing the 

value of  ß. For values of ß (0.5, 1.0, 1.5 and 2.0), the ULR values are 3.73, 4.73, 5.33 and 5.73 

respectively for opening ratio (OR)=60%. While TLR values are 1.49, 1.89, 2.13 and 2.29 

respectively for the same above values.  

 

6. CONCLUSIONS 

1. From the experimental results for simply supported square slabs, the cracking and ultimate 

uniform loads were decreased as opening ratio (OR) is increased from 0.00% to 25.00%. The 

maximum pecentage decrease in cracking and ultimate loads were 31.82% and 12.17% 

compared to the control solid slab for opening ratios (OR) of 11.11% and 6.25% respectively. 

Beyond the values of OR=11.11% and 6.25%, the percentages decrease in cracking load and 

ultimate uniform load were decreased respectively.  
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2. For opening ratio (OR)=25.00%, the ultimate uniform load capacity is approximately similar to 

the value obtained for the control solid slab. This might be due concentration of the uniform load 

near supports which leads to increase the slab stifness. 

3. The maximum and minimum cracking to ultimate uniform load ratios (wcr/wu) were 0.507 and 

0.386 for the control solid slab and for the slab with opening ratio (OR) of 11.11% respectively.   

4. From the experimental results, it can be noticed that the opening ratio (OR) has a significant 

effect on deflection values through the entire range of loading starting from crack and up to 

ultimate load. For slabs of OR (2.78%, 6.25% and 11.11%), the load-deflection curve showed a 

significant increase in deflection compared to control solid slab. While for slabs with OR of 

(17.36% and 25.00%), the load-deflection curve showed a slight decrease in deflection values 

compared to the control solid slab. 

5. At a load level of 130 kN/m
2
 which is about 85% of  ultimate uniform load capacity of the 

control slab, it is found that the maximum percentage increase in deflection is 39.13% for slab of 

OR=2.78% at location of 250 mm from supports. While, the maximum percentage decrease in 

deflection is 11.47% for slab of OR=17.36% at location of 175 mm from supports. 

6. Based on the theoretical analysis for simply supported slabs it is found that for opening ratio 

(OR) ranging between 0.00% and 25.00% a decrease in ultimate uniform load for a slab with 

central opening relative to the ultimate uniform load for a solid slab ratio (ULR) is occured. The 

maximum decrease in ULR was 0.889 for  OR=6.25%. While beyond OR of 25.0%, a significant 

increase in ultimate uniform load is occured. Also according to the theoretical analysis it is found 

that the total ultimate load for a slab with central opening relative to the total ultimate load for a 

solid slab ratio (TLR) is decreased as OR is increased. 

7. According to the theoretical analysis for clamped ends slab, it is found that as OR is increased, 

both ULR and TLR are increased for all values of (ß) which represents the ratio of the negative 

resistance moment at clamped ends to the positive resistance moment along the positive yield 

lines. Except when the value of ß=0.5 within OR ranging between 0.00% to 25.00% the TLR is 

decreased. While beyond OR of 25.00%, a clear increase in the total ultimate load is noticed. 

Also, it is found that as the value of  ß is increased, both ULR and TLR values are increased.  
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NOMENCLATURE 

d  = depth of steel bars from top fiber of  the section 

Es  =modulus of elasticity of steel bars 

  
 
 = cylindrical compressive strength of self-compacting concrete 

fy  = yield stress of  steel reinforcement 

fu  = ultimate strength of  steel reinforcement 

L   =dimension of square slab. 

l   = projected length of yield line. 

LSP=  limestone powder 

m = resistance moment per unit length 

OR = opening ratio 

Pu  =total ultimate load 

RC  =reinforced concrete 

SCC = self- compacting concrete 

TLR  =ratio of total ultimate load for a slab with opening to total ultimate load for a solid slab 

ULR  =ratio of ultimate uniform load for a slab with opening to ultimate uniform load for a solid slab 

wcr  =cracking load 

WE =external work 

WI =internal work 

wu  =ultimate uniform load  

Z    =dimension of central square opening.  

ß  =ratio of negative resistance moment at fixed end to positive resistance moment along positive 

yield lines 

Δ  =unit displacement 

  =steel ratio of section 

Ɵ  =rotation along yield line   
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     Figure 2. Layout of a typical tested slab. 

 

l2 l2 l2 

l1 

l1 

l1 

l2/2 

column strip 

l2/2 

column strip 

 

middle strip 

l 1
/2

 

co
lu

m
n

 s
tr

ip
 

l 1
/2

 

co
lu

m
n

 s
tr

ip
 

 

m
id

d
le

 s
tr

ip
 

≤l1/16 

Sec. 8.5.4. illustrates 
the opening size in this 

region  

Any 
opening 

size 
permitted 

     Figure 1. Suggested opening size and location in flat slab according to the ACI-318, 2014 Code. 
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Figure 3. Molds fabrication and reinforcement meshes for some tested slabs. 
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Figure 4. Setup of a typical tested slab. 
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Figure 5. Bottom face of tested slabs after failure. 
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Figure 6. Percentage decrease in cracking and ultimate uniform loads with varying opening ratios. 
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Figure 8. Load-deflection curves for tested slabs recorded by same dial 

gauge locations. 
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Figure 8. Continue. 

 

0

20

40

60

80

100

120

140

160

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Deflection (mm)

L
o

a
d

 (
k
N

/m
2
)

S-0

S-10

S-15

Dial gauge located at distance of 225 mm 

from supports 

0

20

40

60

80

100

120

140

160

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5
Deflection (mm)

L
o

a
d

 (
k

N
/m

2
)

S-0

S-10

Dial gauge located at distance of 250 mm 

from supports 

0

20

40

60

80

100

120

140

160

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
Deflection (mm)

L
o

a
d

 (
k

N
/m

2
)

S-0

Dial gauge located at distance of 300 mm 

from supports 



Journal of Engineering Volume   22  July    2016 Number 7 
 

 

 

51 
 

                             

 
 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-15

-10

-5

0

5

10

15

20

25

30

35

40

150 175 200 225 250

Distance from supports (mm) 

OR=2.78%
OR=6.25%
OR=11.11%
OR=17.36%
OR=25.00%

P
e

rc
e

n
ta

g
e

 I
n

c
re

a
s

e
 a

n
d

 

D
e

c
re

a
s

  
in

 D
e

fl
e
c

ti
o

n
 

Figure 9. Percentage increase and decrease in deflection with respect to distance of recorded 

deflection from supports corresponding to a load level of 130 kN/m
2
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Figure 10. Percentage increase and decrease in deflection with respect to  

opening ratios corresponding to a load level of 130 kN/m
2
. 

 

Figure 11. Yield lines and defromations of simply supported and clamped ends square 

slabs with central square opening. 
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Figure 12. Effect of opening ratio on ultimate uniform load of simply supported slabs. 
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Figure 14. Effect of opening ratio on ultimate uniform load of clamped ends slabs. 
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Figure 13. Effect of opening ratio on total ultimate load of simply supported slabs. 
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Table 1.  Properties of tested slabs. 

Slab 

designation 

Slab dimensions 

center to center of 

supports (mm) 

Opening 

dimensions 

(mm)  

% Opening ratio(OR)  

S-0 control 600 x 600 - 0.00 

S-10 600 x 600 100 x 100 2.78 

S-15 600 x 600 150 x 150 6.25 

S-20 600 x 600 200 x 200 11.11 

S-25 600 x 600 250 x 250 17.36 

S-30 600 x 600 300 x 300 25.00 
 

           % Opening ratio (OR) =
               

                  
x 100  

 

Table 2. Mix properties for SCC used in this research 

Cement  

(Kg/m
3
) 

Sand 

(Kg/m
3
) 

Gravel 

(Kg/m
3
) 

LSP 

(Kg/m
3
) 

Water 

(litter/m
3
) 

Superplasticizer 

(litter/m
3
) 

371 845 792 199 185 4 
 

 

Table 3. Dial gauges location . 

Slab 

designation 

Opening 

dimensions 

(mm)  

No. of 

dial 

gauges 

used  

Location of 

dial gauge 

No.1 from 

supports 

(mm)  

Location of 

dial gauge 

No.2 from 

supports 

(mm) 

Location of 

dial gauge 

No.3 from 

supports 

(mm) 

Location of 

dial gauge 

No.4 from 

supports 

(mm) 

Location of 

dial gauge 

No.5 from 

supports 

 (mm) 

Location of 

dial gauge 

No.6 from 

supports 

(mm) 

S-0 control - 6 150 175 200 225 250 300 
(center) 

S-10 100 x 100 5 150 175 200 225 
250 

(edge of 

opening) 

N.A 

S-15 150 x 150 4 150 175 200 
225 

(edge of 

opening) 

N.A N.A 

S-20 200 x 200 3 150 175 
200 

(edge of 
opening) 

N.A N.A N.A 

S-25 250 x 250 2 150 
175 

(edge of 
opening) 

N.A N.A N.A N.A 

S-30 300 x 300 1 
150 

(edge of 
opening) 

N.A N.A N.A N.A N.A 

 

   N.A Not applicable 
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Table 4. Experimental cracking and ultimate loads results . 

Slab 

designation 

% Opening 

ratio(OR) 

Cracking 

Load wcr 

(kN/m
2
) 

% 

Decrease 

in cracking 

load 

Ultimate 

load wu 

(kN/m
2
) 

% 

Decrease 

in ultimate 

load 

wcr/wu 

S-0 control 0.00 77.0 control 152.0 control 0.507 

S-10 2.78 61.0 20.78 134.6 11.45 0.453 

S-15 6.25 57.0 25.97 133.5 12.17 0.427 

S-20 11.11 52.5 31.82 136.1 10.46 0.386 

S-25 17.36 56.0 27.27 141.5 6.91 0.396 

S-30 25.00 62.5 18.83 151.2 0.53 0.413 
 

   % Decrease =
                                

             
x 100 

 

Table 5. Deflections coressponding to a load level of 130 kN/m
2
. 

Slab 

designation 
A AA B BB C CC D DD E EE F FF 

S-0 

control 
1.87 control 2.18 control 2.58 control 2.92 control 3.22 control 3.47 control 

S-10 
(OR=2.78%) 

2.42 29.41+ 2.88 +32.11 3.51 +36.05 3.99 +36.64 4.48 +39.13 N.A N.A 

S-15 
(OR=6.25%) 

2.18 +16.58 2.59 +18.81 3.18 +23.26 3.66 +25.34 N.A N.A N.A N.A 

S-20 
(OR=11.11%) 

2.00 +6.95 2.39 +9.63 2.89 +12.02 N.A N.A N.A N.A N.A N.A 

S-25 
(OR=17.36%) 

1.73 -7.49 1.93 -11.47 N.A N.A N.A N.A N.A N.A N.A N.A 

S-30 
(OR=25.00%) 

1.69 -9.63 N.A N.A N.A N.A N.A N.A N.A N.A N.A N.A 

    A  Deflection (mm) recorded at location of 150 mm from supports 

    B  Deflection (mm) recorded at location of 175 mm from supports 

   C  Deflection (mm) recorded at location of 200 mm from supports 

   D  Deflection (mm) recorded at location of 225 mm from supports  

   E  Deflection (mm) recorded at location of 250 mm from supports 

   F  Deflection (mm) recorded at location of 300 mm from supports 

XX Percentage increase or decrease in deflection with respect to control slab =
                                      

                
x100 

   (+) Sign for increasing in deflection and (-) sign for decreasing in deflection 

    N.A Not applicable 

 

Table 6. Effect of opening ratio on ultimate  loads results for simply supported slabs. 

Slab 

designation 

% 

Opening 

ratio(OR) 

Experimentally Experimentally Theoretically 
          

           
 

          

           
 wu 

(kN/m2) 
Pu 

(kN) ULR TLR 
ULR  

Applying 

Eq. (9) 

TLR  
Applying 

Eq. (10) 

S-0 control 0.00 152.0 54.72 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

S-10 2.78 134.6 47.11 0.8855 0.8609 0.8999 0.8750 0.9840 0.9839 

S-15 6.25 133.5 45.06 0.8783 0.8235 0.8889 0.8333 0.9881 0.9882 

S-20 11.11 136.1 43.55 0.8954 0.7959 0.8999 0.8000 0.9950 0.9949 

S-25 17.36 141.5 42.10 0.9309 0.7694 0.9350 0.7727 0.9956 0.9957 

S-30 25.00 151.2 40.82 0.9947 0.7460 1.0000 0.7500 0.9947 0.9947 

    ULR= 
                      

                
  , TLR= 

                      

                
  , Pu= wu x area of slab                           



Journal of Engineering Volume   22  July    2016 Number 7 
 

 

22 

 

Aluminum Rubbish as a Coagulant for Oily Wastewater Treatment 

Imama Raed Abdulameer 

College of Engineering-University of Baghdad 

emamaraed1991@gmail.commail: E  

 

Hasan Ferhood Makki 

College of Engineering-University of Baghdad 

hs_fmfm@yahoo.commail: E  

ABSTRACT 

In this study an experimental work was done to study the possibility of using aluminum rubbish 

material as a coagulant to remove the colloidal particles from oily wastewater by dissolving this 

rubbish in sodium hydroxide solution. The experiments were carried out on simulated oily 

wastewater that was prepared at different oil concentrations and hardness levels (50, 250, 500, 

and 1000) ppm oil for (2000, 2500, 3000, and 3500) ppm CaCo3 respectively. The initial 

turbidity values were (203, 290, 770, and 1306) NTU, while the minimum values of turbidity 

that have been gained from the experiments in NTU units were (1.67, 1.95, 2.10, and 4.01) at 

best sodium aluminate dosages in milliliters (12, 20, 24, and 28) for oily wastewater of 

concentrations (50, 250, 500, and 1000) ppm of oil. Zeta potential and particle size 

measurements have been carried out to the samples of oily wastewater before treatment and 

during the coagulation- flocculation process at 2, and 22 minutes after the addition of the 

optimum coagulant doses in order to determine and investigate the operation conditions. The 

results were presented graphically in two dimensional co-ordinates showing particle size 

distribution and growth that have (greater intensity, largest volume, and greater surface area) as a 

function with time.                                                                                                                                                                                                                                             

Key words: wastewater, emulsion, coagulation, zeta potential, particle size. 

 أستخذام نفاياث الألمنيوم كمادة مخثرة لمعالجت المياه الملوثت بالزيوث

 د. حسن فرهود مكي

                                      جبيعخ ثغذاد-كهٍخ انُٓذسخ

 إمامت رائذ عبذ الأمير                             

جبيعخ ثغذاد –كهٍّ انُٓذسخ 

 الخلاصت

فً ْزِ انذساسخ رى إجشاء عًم رجشٌجً نذساسخ إيكبٍَخ اسزخذاو يخهفبد يبدح الأنٕيٍُٕو لإصانخ انجسًٍبد انغشٌٔخ                

يٍ يٍبِ انصشف انًهٕثخ ثبنضٌٕد عٍ طشٌق إراثخ ْزِ انًخهفبد فً يحهٕل ٍْذسٔكسٍذ انصٕدٌٕو. رى إجشاء انزجبسة عهى 

، ٔ 255، 025، 25ض يخزهفخ يٍ انضٌذ ٔيسزٌٕبد يخزهفخ يٍ انعسشح ٔ ًْ )يٍبِ انصشف انًهٕثخ ثبنضٌٕد انزي أعذ فً رشاكٍ

 CaCO3( جضء فً انًهٌٍٕ يٍ كشثَٕبد انكبنسٍٕو 0255، ٔ 0555، 0255، 0555( جضء فً انًهٌٍٕ يٍ انضٌذ ل)0555

كبَذ أدَى قٍى نهعكٕسح انزً رى ، ثًٍُب ( ٔحذح عكٕسح0053، ٔ 445، 065، 050كبَذ قٍى انزعكش الأٔنٍخ ) .عهى انزٕانً

، 05، 00( ٔ نجشعبد  أنٕيٍُبد انصٕدٌٕو انًثهى )1.50، 0.05ٔ، 0.62، 0.34انحصٕل عهٍٓب يٍ انزجبسة فً ٔحذاد ) 

يٍ انًهٌٍٕ يٍ انضٌذ عهى ( جضء 0555، ٔ 255، 025، 25( يههٍهزش نًٍبِ انصشف انًهٕثخ ثبنضٌٕد ثزشاكٍض )05، ٔ 01

قجم انًعبنجخ ٔأثُبء عًهٍخ جٕٓد صٌزب انًحزًهخ ٔحجى انجسًٍبد نعٍُبد يٍ يٍبِ انصشف انًهٕثخ ثبنضٌٕد رى قٍبط  .انزٕانً

دقٍقخ ثعذ إضبفخ جشعخ انًخثش انًثهى يٍ أجم رحذٌذ ٔ دساسخ ظشٔف انعًهٍخ. عشضذ انُزبئج  00ٔ  0ٍ فً صيانزخثش  -جذانزه

سًٍبد ٔانًُٕ نهجضٌئبد انزً رًزهك )اعهى شذح، اعهى حجى ، ٔاعهى يسبحخ انثُبئٍخ الاثعبد ثٍبٍَب ٔانزً رجٍٍ رٕصٌع حجى انج

 .سطحٍخ( ثٕصفٓب يزغٍشح يع يشٔس انٕقذ

 يٍبِ صُبعٍخ، يسزحهت، رخثش، جٓذ صٌزب، حجى انجسًٍبد.الكلماث الرئيسيت: 
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1. INTRODUCTION 

              With industrial development, there is an increase in the amount of oil used, Oil polluted 

wastewater arises from diversity of sources like crude oil production, oil refinery, petrochemical 

industry, lubricant, metal processing, cooling agents, car washing, compressor condensates, and 

restaurants. Oily wastewater comprises toxic substances such as phenols, poly-aromatic 

hydrocarbons, petroleum hydrocarbons, which are inhibitory to plant and animal growth, 

equally, carcinogenic and mutagenic to human being. Likewise, oily wastewater comprises high 

oil content, chemical oxygen demand (COD) and color. Oil and grease is well-defined as a group 

of allied materials rather than a particular chemical composite extractable by certain solvents, 

like hexane. They are nonpolar and, as a result, are hydrophobic in nature, Alade et al., 2011.            

Oily wastewater pollution is mainly manifested in the following aspects: 

(1) affecting drinking water and groundwater resources, endangering aquatic resources; (2) 

endangering human health; (3) atmospheric pollution; (4) affecting crop production; (5) 

destructing the natural landscape, Yu et al., 2013. Oil and grease in wastewater can exist in 

several forms: free, dispersed or emulsified. The differences are based primarily on size. In oil in 

water mixture, free oil is characterized with droplet sizes greater than 150 𝜇m in size, dispersed 

oil has a size range of 20 to150 𝜇m and emulsified oil has droplets typically less than 20 𝜇m, 

Cheryan and Rajagopalan, 1998. Environmental limitations require that highest total oil and 

grease concentration in dispose waters to be 10–15 ppm for mineral and synthetic oils and 100–

150 ppm for those of animal and vegetable origin, The World Bank Group, 1999. 

  

              Oily waters are commonly in the formula of oil-in-water (O/W) emulsions. Emulsions 

are heterogeneous systems in which the external phase (dispersion medium) is water, and the 

internal phase (dispersed phase) is oil. Therefore emulsion can be conveniently classified 

according to the distribution of oil and aqueous phases. Hence, a system which consists of oil 

droplets in an aqueous phase is called as oil-in-water or O/W emulsion and a system with water 

droplets dispersed in oil phase is termed as water-in-oil or W/O emulsion. The usage of 

emulsifiers, extreme heat, agitation and pumping in the milling process further assist the 

formation of these undesirable oil droplets, Sethupathi, 2004. Emulsifiers can be present as 

singular molecules in small amounts, or form poly-molecular aggregates which are called 

"micelles" Fig.1. The number of molecules per micelle can increase and concentrate at the 

interface. They may then become more water soluble or oil soluble and become soluble in one or 

the other phase. The function of the emulsifier is to migrate to the interface of the internal and 

external phase. It consists of a molecule with a hydrophilic portion and a hydrophobic portion. 

At the interface it forms a protective sheath (barrier) around the droplets of the dispersed phase 

(oil droplets). It does this in a manner that the hydrophobic end of the molecule migrates or 

partitions into the oil droplets and the hydrophilic end stays in the water. The stability that results 

from the addition of the emulsifier depends on its physical nature. When well dispersed it forms 

an interfacial film around the oil droplets, preventing oil droplets from approaching each other 

and coalescing. It accomplishes this by changing the interfacial tension of the internal and 

external phase. Emulsions form when the interfacial tensions between oil and water are reduced. 

When the interfacial tension value is reduced to zero, an emulsion spontaneously forms. This 

means that the surface area of the internal phase, (i.e. the oil droplets) has increased to its 

maximum. This means that very fine droplets have formed giving the emulsion a milky 

appearance and the oil particles are probably less than 1 micron in size, Alther, 1997. An 

important parameter of a surfactant is the hydrophilic-lipophilic balance (HLB), which correlates 

surfactant structures with their effectiveness as emulsifiers. The HLB value is given on an 

arbitrary scale of 0 to 18. An HLB = 0 corresponds to a completely hydrophobic molecule and 
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HLB = 18 would correspond to a molecule made up completely of hydrophilic components: the 

higher the HLB number the more hydrophilic is the surfactant. The type of emulsion formed 

depends on the type of emulsifier, o/w emulsions are produced with a hydrophilic surfactant 

(high HLB), and w/o emulsions are generated by a hydrophobic surfactant (low HLB). This rule 

states that, contrary to common sense, what makes an emulsion either o/w or w/o is not the 

relative percentages of oil or water, but the phase where the emulsifier is more soluble, Coca et 

al., 2011.    

              Currently the treatment of oily wastewater applies a primary treatment to separate the 

floatable oils from the water and emulsified oils. A secondary treatment phase is then required to 

break the oil–water emulsion and separate the remaining oil from the water. Several mechanical 

processes have been used to try to remove the oil, among which include filtration, and Flotation. 

The chemical processes have devised the addition of coagulating or flocculating agent that favors 

the formation of aggregates with drops of oil dispersed so that they can be removed mechanically 

Rubi et al., 2009. For the present work chemical destabilization (coagulation- flocculation 

processes) has been used, coagulation is an essential process in water and industrial wastewater 

treatment. It is one of the most important physicochemical processes. Coagulation  has been 

defined  as  the  addition  of  a  positively charged  ion  of  metal salt  or catalytic  polyelectrolyte  

that results  in  particle destabilization  and charge  neutralization . Coagulation targets the 

colloid particles of size 10
-7 

to 10
-14

 cm in diameter. Flocculation refers to the successful 

collision that occurs when destabilized particles are driven toward each other by the hydraulic 

shear force in the rapid mix and flocculation basin. It agglomerates of a few colloids then quickly 

bridge together to form micro flocs which is turned into visible floc masses. The process of 

coagulation separation comprises of four steps. The initial step is simple: the chemical is added 

to wastewater. This is followed by the second step, where the solution is mixed rapidly in order 

to make certain that the chemicals are evenly and homogeneously distributed throughout the 

wastewater. In the third step, the solution is mixed again, but this time in a slow fashion, to 

encourage the formation of insoluble solid precipitates. The final step is the removal of the 

coagulated particles by way of filtration or decantation. Coagulant chemicals come in two 

essential types’ primary coagulants and coagulant aids. Primary coagulants neutralize the 

electrical charges of particles into the water which causes the particles to cluster together. 

Chemically, coagulants are either metallic salts (such as alum) or polymers. Polymers are 

human-made organic composites made up of a long chain of smaller molecules. Polymers can be 

either cationic (positively charged), anionic (negatively charged), or nonionic (neutrally 

charged). On the other hand, coagulant aid is an inorganic material, when used along with chief 

coagulant, increases or quickens the process of coagulation and flocculation by generating quick 

forming, thick and rapid-settling flocs, Sahu and Chaudhari, 2013. 

  

1.1 Aluminum Rubbish as a Coagulant 

             The aluminum rubbish used in this study was dissolved in sodium hydroxide solution to 

produce 0.5 M from sodium aluminate according to the following equation:                  

2AL     +     6NaOH                  2Na3ALO3     +     3H2                                        (1) 

             Sodium aluminate is a significant marketable inorganic chemical. It has been used as an 

active source of aluminum hydroxide for many applications. The commercial importance of 

sodium aluminate is due to the versatility of its technological applications. In water treatment 

methods it is used as an assistant to water softening systems, as a coagulant to eliminate 
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suspended solids and several metals (Cr, Ba, Cu), and for removing dissolved silica. In building 

technology, sodium aluminate is working to increase speed of the solidification of concrete, 

generally when working during cold episodes. It is also used in the paper industry, refractory 

brick production and alumina production, etc. Furthermore, it is used as a transitional in the 

production of zeolites for detergents, adsorbents molecular sieves, and catalysts. Sodium 

aluminate aids in the removal process, reacting with the precipitated hardness to form particles 

that can be removed more effectively, Makki et al., 2010. Sodium aluminate, which is alkaline, 

releases caustic soda and aluminum hydroxide as it dissolves in water. 

Na3ALO3     +     3H2O                   AL(OH) 3     +     3NaOH                                                    (2) 

             Aluminum hydroxide will produce a gelatinous precipitate of oil and impurities that 

presented in water. Also the Hydroxide ion will react with the Calcium bicarbonate and 

precipitate it as Carbonate ion which will react with the Calcium ion and precipitate it as salt in 

water. Likewise the Hydroxide ion will react with the Magnisium ion and precipitate it as 

Magnisium hydroxide, Makki and Omran, 1995. 

2OH     +     Ca (HCO3)                    CaCO3     +     2H2O                                                         (3) 

2OH     +     MgSO4                    Mg (OH) 2      +     SO4                                                            (4) 

CO     +     CaSO4                   CaCO3     +     SO4                                                                       (5)  

1.2 Zeta Potential 

              Nearly all particulate or macroscopic materials in an interaction with a liquid obtain an 

electronic charge on their surfaces. Zeta potential is a significant and convenient pointer of this 

charge which can be used to expect and regulate the stability of colloidal suspensions or 

emulsions, Ferhan, 2014. Negatively charged particulates accumulate positive counter ions on 

and near the particle’s surface to satisfy electro neutrality. A layer of cations will bind tightly to 

the surface of a negatively charged particle to form a fixed adsorption layer. This adsorbed layer 

of cations, bound to the particle surface by electrostatic and adsorption forces, is about 5 ˚A thick 

and is known as the Helmholtz layer (also known as the Stern layer after Stern, Beyond the 

Helmholtz layer, a net negative charge and electric field is present that attracts an excess of 

cations (over the bulk solution concentration) and repels anions, neither of which are in a fixed 

position. These cations and anions move about under the influence of diffusion (caused by 

collisions with solvent molecules), and the excess concentration of cations extends out into 

solution until all the surface charge and electric potential is eliminated and electro neutrality is 

satisfied, Crittenden et al., 2012, this potential is greatest at the surface and decreases to zero at 

the bulk of the solution. The potential at a distance from the surface at the location of the shear 

plane is called the zeta potential. Zeta potential meters are calibrated to read the value of this 

potential. The greater this potential, the greater is the force of repulsion and the more stable the 

colloid, Sincero and Sincero, 2003. Electrical double layer around a negatively charged oil 

droplet and the distribution of electrical potential around it has been presented in Fig.2. 

             In aqueous media, the pH of the sample is one of the most important factors that affect 

its zeta potential. A zeta potential value on its own without defining the solution conditions is a 

virtually meaningless number. Imagine a particle in suspension with a negative zeta potential. If 
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more alkali is added to this suspension then the particles tend to acquire more negative charge. If 

acid is added to this suspension then a point will be reached where the charge will be neutralized. 

Further addition of acid will cause a buildup of positive charge. Therefore a zeta potential versus 

pH curve will be positive at low pH and lower or negative at high pH, Malvern Instruments 

Ltd, 2011. Theories describing how the charge density around a particle varies with distance 

always use the concept of the diffuse double layer. In the simplest theory, the electrostatic 

potential decays exponentially with distance away from the shear plane. The inverse of the decay 

constant is a distance called the Debye double layer thickness. It is a function of free salt ion 

concentration (as embodied in the value of the ionic strength): the higher the concentration, the 

faster the decay, the smaller the double layer thickness. At high enough salt, the double layer 

collapses to the extent that the ever present attractive van der Waals forces overcome the charge 

repulsion. This is one example of the so-called “salting out” effect. Electrostatically stabilized 

colloidal suspensions will become unstable with the addition of enough salt, Brookhaven 

Instruments, 2015. The effect of the concentration of a formulation component on the zeta 

potential can give information to assist in formulating a product to give maximum stability. The 

influence of known contaminants on the zeta potential of a sample can be a powerful tool in 

formulating the product to resist flocculation for example, Malvern Instruments Ltd, 2011. 

              

1.3 Particle Size and Distribution Application in Water Treatment 

            Physical properties of particles, such as size, shape, density, porosity, surface charge, and 

settling velocity, may influence their behavior in water and have some relationship to water 

treatment efficiency. As previously mentioned, particle size is the most significant property 

responsible for the stability of colloidal dispersion in water Analysis of sizes of flocs formed in 

the coagulation and flocculation processes are not routinely conducted. Particle size distribution 

(PSD) analysis can produce direct information about particulate material in water. Through 

measuring and analyzing the amount of different-sized particles in the raw water as well as in the 

effluent of each unit, we can evaluate water treatment process efficiency, assess operational 

problems, and design treatment processes in water and wastewater engineering Geng, 2005. 

             Dynamic light scattering (DLS) is an important experimental technique in science and 

industry. The principle behind dynamic light scattering is particles, emulsions and molecules in 

suspension undergo Brownian motion. This is the motion induced by the bombardment by 

solvent molecules that themselves are moving due to their thermal energy. If the particles or 

molecules are illuminated with a laser, the intensity of the scattered light fluctuates at a rate that 

is dependent upon the size of the particles as smaller particles are “kicked” further by the solvent 

molecules and move more rapidly. Analysis of these intensity fluctuations yields the velocity of 

the Brownian motion and hence the particle size using the Stokes-Einstein relationship. Note that 

the radius that is measured in DLS is a value that refers to how a particle diffuses within a fluid 

so it is referred to as a hydrodynamic diameter Fig.2. The radius that is obtained by this 

technique is the radius of a sphere that has the same translational diffusion coefficient as the 

particle, Murarishetty, 2012. 

 

             The Intensity Distribution defines how much light is scattered by the particles in 

different size bins. This distribution is the most truthful and dependable distribution, and is 

closely related to the raw measurements that the instrument takes. When understanding these 

data, it is imperative to save in mind that there is a very strong dependency of the intensity of 

light scattered, with respect to particle diameter. These two values have a sixth-power 

relationship, which incomes, for example, that a 100 nm particle will scatter one million times as 

much light as a 10nm particle The Volume Distribution measurement displays the entire volume 
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of particles in the different size bins. This distribution is calculated from the intensity 

distribution, the visual possessions of the material (specifically, Refractive Index and Absorption 

at 632 nm), and the formulation for the volume of a sphere: V = (4/3) πr
3
. Note in the 

formulation, that particle diameter (or more definitely, radius) has a third power relationship with 

volume. This means that, alike to the intensity distribution, the volume distribution will be extra 

heavily weighted towards the larger, more voluminous particles in a distribution, Nanocomposix 

Laboratory, 2015. In any DLS measurement, the Surface Area  standpoint is resulting from the 

Intensity (Volume) data; since it involve expectations about particle shape, this viewpoint is  

somewhat detached from the original data and may be less accurate for your measurement, 

MNC, 2014.  

        
    2. EXPERIMENTAL WORK 

2.1 Materials  

2.1.1 Hard water preparation 

             The hard water, its solutions, and reagents have been prepared according to the (US 

EPA, 2013).   

2.1.1.1 Hard water solutions and reagents 

A. Hard Water Solution 1 

            7.94 g MgCl2 (anhydrous) or 16.94 g (MgCl2·6H2O), and 18.50 g CaCl2, have been 

dissolved  in boiled de-ionized H2O, and then brought to a volume of 250 mL volumetrically . 

B. Hard Water Solution 2 

             14.01 g NaHCO3, (Table 3.4) has been dissolved in boiled de-ionized H2O; and then 

brought to a volume of 250 mL volumetrically. 

             The two solutions have been filtered and sterilized by using a 0.2 𝜇m filter unit. These 

two solutions have been used for the preparation of hard water at various concentrations. 

                        

2.1.1.2 Hard water (as CaCO3) preparation 

              1 mL of hard water solution 1 has been added for each 100 ppm of hardness desired. For 

example, for the preparation of 1 L of 400 ppm hard water, 4 mL hard water solution 1 and 4 mL 

hard water solution 2 have been added to a 1 L flask and bring to volume with sterile de-ionized 

water. The pH of the hard water sample has been determined. The pH should be between 7.6 and 

8.0.  

 

2.1.2 Mixed emulsifier preparation 

              A mixture of two emulsifiers has been used for the O/W emulsion preparation, where a 

mixture of 38% Span 85 and 62% Tween 80 has been used for the mixed emulsifier preparation 

.The calculation of how much of Span 85to blend with Tween 80 to attain a given HLB 

(hydrophilic- lipophilic balance) of X (oil HLB), the following equations have been used, Croda 

Europe Ltd, 2010:                                                                                                                                                   

   
           

                   
                                                                                                                                 

                                                                                                                                                          

2.1.3 Oily wastewater (emulsion) preparation 
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             Oil in water emulsion was prepared by mixing of oil, mixed emulsifier, and the prepared 

hard water. The emulsion was prepared by using homogenizer of 10000 rpm for 30 seconds. 

Gasoline and diesel fuel engine oil (Helix 15W-40) has been used in this preparation .The 

percent of the emulsifier has been taken as 10% of the oil (i.e. for 1000 ppm of oily water 0.9 g 

of oil and 0.1 g of the mixed emulsifier has been used per 1 liter volume).The emulsion has been 

prepared at different oil concentration and hardness levels. The oily wastewater has been 

prepared at four different hardness levels (2000, 2500, 3000, and 3500) ppm for (50, 250, 500, 

and 1000) ppm oil concentrations respectively.                                                                                                              
. 

2.1.4 Coagulant preparation 

             Aluminum rubbish has been brought from aluminum factories waste. Sodium Hydroxide 

(NaOH) solution was prepared at a concentration of 1.5 M by dissolving 30g of NaOH in 500ml 

of deionized water. Sodium Aluminate was prepared at a concentration of 0.5 M by dissolving 

6.75g of aluminum rubbish in NaOH solution. The reaction has been completed when all the 

aluminum dissolved in NaOH and Sodium Aluminate has been produced. The reaction container 

must not be covered during the reaction because of the hydrogen gas releasing.                                                                                            

            2.2 Methods 

1. For jar testing, a conventional unit capable of variable speeds from (50 – 250) rpm was used 

with six beakers, each 1000 ml in capacity.  

2. System type Lovibond instrument has been used for turbidity measurement with a turbidity 

range from (0 to 800) NTU.  

3. The pH values of the samples were measured by one device which is (Model 2906, Jenway 

Ltd, UK) with a pH range (0-14) pH.  

4. The hardness of water was measured in parts per million (ppm), expressed in terms of 

Calcium as CaCO3. Actually the hardness is due both to Calcium and Magnesium salts, but the 

two are determined together in the titration. 

5. The measurements of the oil content in water samples have been done by a simple device 

TD500-D
TM

Handheld Oil in water meter.  

6. The zeta potential has been measured by Zeta-Meter System 4.0, Zeta-meter, Inc.  
7. The particle size measurement have been done by Nano Brook zeta plus device (zeta potential 

and particle size analyzer), Brookhaven Instrument. 

 

2.3 Procedure 

             Six dosages (4 ml, 12 ml, 20 ml, 24 ml, 28 ml, and 32 ml) of the chemical coagulant 

(Sodium Aluminate) have been added to the O/W emulsion. The jar tester has been worked at a 

high speed of 250 rpm for two minutes (Coagulation process), and then slow mixing at a speed 

of 50 rpm for 20 minutes (Flocculation process). After the slow mixing the tester has been 

stopped to allow the settling operation for 15 min, and after settling, samples of the clear part of 

water have been taken for farther analysis (i.e. turbidity, pH, hardness, and oil content 

measurements). From the turbidity measurements the optimum dose has been found for each 

concentration. The zeta potential measurements have been done to the optimum dose of chemical 

coagulant for each selected concentration of oil and hardness and to the oily wastewater before 

treatment. The measurement samples have been taken after the addition of the optimum dose and 

during jar testing at time of 2 min (after coagulation), at 22 min (after flocculation), and after the 

sedimentation. Likewise the particle size measurements have been done to the optimum dose of 

chemical coagulant for each selected concentration of oil and hardness. The particle size 
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measurements were done to the oily wastewater before the treatment  and after the addition of 

the optimum dose, during jar testing  samples of water have been taken at time of 2 min (after 

coagulation) and at 22 min (after flocculation). All the water samples have been filtrated with a 

whatman 44, 3𝜇m pore size filter paper before measurement.                                                  

3. RESULTS AND DISCUSSION 

3.1Optimum Coagulant Dosages 

              Figs.3 to 6 illustrate the results of the effect of different dosages of sodium aluminate as 

a coagulant on the residual turbidity through coagulation-flocculation and settling time. The 

residual turbidity has been decreased as the sodium aluminate dose increased until reaching the 

minimum value of turbidity at the optimum coagulant dose, then the turbidity has been increased 

with increasing sodium aluminate dosages. This may be explained as the particulates can be 

destabilized by adsorption of oppositely charged ions or polymer. Most particulates in natural 

waters are negatively charged (oils, clays, humic acids, and bacteria) in the neutral pH range (pH 

6 to 8); consequently, hydrolyzed metal salts can be used to destabilize particles through charge 

neutralization. When the proper amount of coagulant has adsorbed, the charge is neutralized and 

the particle will flocculate. When too much coagulant has been added, the particles will attain a 

positive charge and become stable once again. For coagulant dosages up to optimum value, the 

electrophoretic mobility becomes more positive and the amount adsorbed increases. Higher 

dosage causes charge reversal, particle stability, and a higher residual turbidity. At the optimum 

dosage of coagulant, the particle charge is just neutralized and the collision efficiency reaches a 

maximum value and this agreed with Makki et al., 2010. The minimum values of turbidity that 

have been gained from the experiments in NTU units were (1.67, 1.95, 2.10, and 4.01) at 

optimum sodium aluminate dosages in milliliters (12, 20, 24, and 28) for oily wastewater of 

concentrations(50, 250, 500, and 1000) ppm of oil respectively.                                               

3.2 Effect of Coagulant Dosages on pH Value 
              Sodium aluminate is a very strong alkaline .The reasons for the addition of some form 

of alkali were to establish the optimum pH value at which coagulation can take place and to rise 

the final pH value after treatment to reduce corrosiveness. In coagulation, the pH value is 

important. Floc formed in any given water tends to be heaviest at specific pH value Putros, 

2001. The effect of adding sodium aluminate on the pH value has been illustrated in Fig.7, where 

the increase of sodium aluminate dosages from 4 ml to 32 ml has been increased the pH value of 

the water of four different concentrations (50, 250, 500, and 1000) ppm with increasing rate of 

(46, 49, 52, and 52) % respectively. 

 

3.3 Effect of Coagulant Dose on Hardness (CaCo3) Removal 

             The oily wastewater has been prepared at four different hardness levels (2000, 2500, 

3000, and 3500) ppm for (50, 250, 500, and 1000) ppm oil concentrations respectively. Fig.8 
illustrates the effect of sodium aluminate coagulant on the oily wastewater hardness, where the 

hardness has been decreased with the increase of the sodium aluminate dose, this can be 

explained as the Hydroxide ion will react with the Calcium bicarbonate and precipitate it as 

Carbonate ion which will react with the Calcium ion and precipitate it as salt in water. Likewise 

the Hydroxide ion will react with the Magnisium ion and precipitate it as Magnisium. The 

removal rates were (77, 90, 84, and 93) % for (2000, 2500, 3000, and 3500) ppm hardness levels 

of (50, 250, 500, and 1000) ppm respectively oily wastewater at the optimum coagulant dose. 
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3.4 Effect of Coagulant Dose on Oil Removal 

Jar tests were performed using the prepared oily wastewater and the experimental results have 

been shown in Fig.9. The results suggest that the oil in water can be effectively removed by a 

suite coagulation, flocculation, and sedimentation processes, where the residual oil concentration 

has been decreased with the increase of the coagulant dose and this can be regarded that Oil 

droplets in an O/W emulsion exhibit a net charge the droplet surface. It is usually negative 

charge, if aluminum ions of positive electric charge are added, it neutralizes the electric negative 

charge, precipitate the oil particles and other presented pollutants in the wastewater, as 

hydroxides and facilitate their removal by physical separations through the sedimentation 

process. The oil removal rates were (100, 93, 96, and 97) % for oily wastewater of oil 

concentrations (50, 250, 500, and 1000) ppm respectively. The behavior observed in the oil 

removal denotes that the amount of sodium aluminate coagulant necessary to produce the 

destabilization of the emulsion is proportional to the oil concentration. 

 

3.5 Zeta Potential Measurement 

           Fig.10 illustrates the effect of time of coagulation, flocculation and sedimentation on 

the value of zeta potential. Initially the zeta potential has been measured for the prepared oily 

wastewater (O/W emulsion) and the values were (-36, -35, -31, and -26) mv for oil 

concentrations of (50, 250, 500, and 1000) ppm respectively, so the prepared emulsions of 

concentrations of 50, 250, and 500 ppm oil are considered to be moderately stable because their 

zeta potential values were in the range of (-31 to 40), but for the emulsion of 1000 ppm oil 

concentration it considered to be plateau of slight stability because its zeta potential value was in 

the range of (-21 to -30). The time variation in the zeta potential that has presented in Figure 8 

suggests that the addition of AL
+3

 ions neutralize the negative charges on the particle surfaces. 

The zeta potential that has been measured at pH=7 becomes positive when the emulsion is 

demulsified, and this can be explained as that initially, the negative colloid attraction effects 

some of the positive ions to form a definitely attached layer round the colloid surface, this layer 

of counter ions is identified as the stern layer, because of that the zeta potential will be a positive 

value. During flocculation the additional positive ions are still attracted by the negative colloid 

so the value of the zeta potential raises more until the colloids are repelled by the positive stern 

layer as well as by the other near-by positive ions that are trying to reach to the colloid. After 

sedimentation all the agglomerates have been settled out of the water, so the values of the zeta 

potential will be negative again due to the remained (OH-) ions in the water, except for 28 ml 

coagulant sample where the zeta potential value has been remained positive after sedimentation 

and this may be due to the remained positive charge flocs that didn’t settle out and may need 

more sedimentation time. 

 

3.6 Particle Size Measurements  

              Several experimental runs have been carried out to examine the  particle size of oily 

wastewater before the clarification process (i.e. before treatment), after coagulation-filtration, 

and after coagulation-flocculation-filtration without the sedimentation step in order to study the 

effect of the coagulation and flocculation time on the effective diameter, volume, surface area, 

intensity (i.e. the fate of Nano particles and flocs), where the fate of the larger particles and flocs 

is well known during coagulation and flocculation process. 
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3.6.1 Effective diameter of the particles of highest intensity 

 

             DLS experiment first order result is the intensity distribution of particle sizes. According 

to the scattering intensity of each particle fraction or family the intensity distribution is logically 

weighted. Fig. 11 illustrates the relation of the effective diameter of the particles that have the 

highest intensity and time. The effective diameter has been measured for oily wastewater and the 

results before treatment were (310.95, 543.13, and 575.88) nm for concentrations of (250, 500, 

and 1000) ppm oily wastewater respectively. The particle size is an indicator of the emulsion 

stability and the type of the oil in water, where smaller particle sizes and higher surface charge 

(zeta potential) will typically improve suspension and emulsion stability, and therefore the 250 

ppm oily wastewater emulsion is more stable than the others, and since all the particle sizes are 

below 5 microns so the oil can be considered dissolved in water. After coagulation –filtration 

process, the effective diameter of the particles has been increased to (323.38, 587.26, and 

577.63) nm for concentrations of (250, 500, and 1000) ppm oily wastewater respectively, and 

after coagulation – flocculation –filtration, the effective diameter has been more increased to 

(329.89, 668.87, and 762.05) nm for concentrations of (250, 500, and 1000) ppm oily wastewater 

respectively. This can be explained as that the effective diameter is the hard sphere diameter 

where this hard sphere diffuses at the identical speed as the molecule or particle being measured. 

The translational diffusion coefficient will not only depend on the particle size “core”, but also 

on any surface structure, the concentration, and type of ions in the medium. The medium ions 

and the total ionic concentration may affect the diffusion speed of the particle by varying the 

electric double layer thickness during coagulation and flocculation. Any variation in the particle 

surface that affects the diffusion speed will correspondingly change the particle apparent size, 

where smaller particles are further “reflexed” by the molecules of the solvent and move more 

rapidly and vice versa. 

 

3.6.2 Diameter of the particles of highest surface area 

              Before treatment the diameters of the particles and flocs that have the highest surface 

area were (455, 320.25, and 669) nm for oily wastewater of concentrations (250, 500, and 1000) 

ppm respectively. After coagulation –filtration step the results were (332, 332, and 790) nm for 

oily wastewater of (250, 500, and 1000) ppm oil respectively, so the diameters have been 

increased after this step except for 250 ppm oil concentration and this can be due to the high 

speed of mixing (250)rpm during this step. After the coagulation- flocculation- filtration step the 

results were (487.5, 660, and 410) nm for (250, 500, and 1000) oily wastewater respectively and 

there is an increase in the diameters except for the 1000 ppm oily wastewater, so for this 

concentration this step is not sufficient. Fig.12 illustrates the relation between the time and the 

surface area that has been calculated depending on the assumption that the particles and flocs 

have the form of a spherical ball. 

 

3.6.3 Diameter of particles of highest volume 

              Before treatment the results were (462, 850, and 1342.85) nm for oily wastewater of 

concentrations (250, 500, and 1000) ppm oil respectively. After coagulation-filtration step the 

results were (1002, 1690, and 860) nm for wastewater of (250, 500, and 1000)ppm respectively, 

so there is an increase in the diameters except for the 1000 ppm concentration sample and this 

may be explained as it need more time to achieve a larger diameter. After coagulation- 

flocculation –filtration step the diameters have been decreased to the values (782.5, and 1062) 

nm for the wastewater of concentrations of (250, and 500) ppm oil respectively, and increased 

for the 1000 ppm oil wastewater to (1524) nm, in spite of that there is an increment in the 
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diameter values after this step than the values before treatment. Fig.13 illustrates the relation 

between the time and the volume that has been calculated depending on the assumption that the 

particles and flocs have the form of a spherical ball. 

 

CONCLUSIONS 

1. Successful in using aluminum rubbish as a coagulant for oily wastewater treatment with 

removing the bicarbonates, calcium, and magnesium ions that causing hardness and this 

coagulant can be used for treating the oily wastewater from different industries. 

2. Within the range of the oil concentrations that have been studied, the optimum coagulant 

doses were (12, 20, 24, and 28) ml for oily wastewater of (50, 250, 500, and 1000)ppm oil and 

(2000, 2500, 3000, and 3500) ppm CaCo3 respectively. 

3. The pH values increases with increasing the coagulant dose, while the hardness level (CaCo3 

concentration), and the oil content decreases with increasing the coagulant dose. 

4. Zeta potential values have been reversed from negative to positive charge values after the 

coagulation-flocculation process, where the initial values were (-36, -35, -31, and -26) mv, while 

the final values after coagulation-flocculation process were (20.2, 29.1, 24.56, and 27) mv for 

oily wastewater of initial concentrations (50, 250, 500, and 1000) ppm of oil respectively. 

5. The results were presented graphically in two dimensional co-ordinates showing particle size 

distribution and growth that have (greater Intensity, largest volume, and greater surface area) as a 

function with time. For the particles and flocs that have the highest intensity the initial effective 

diameter values were (310.95, 543.13, and 575.88) nm, while the final values after coagulation-

flocculation process were (329.89, 668.87, and 762.05) nm, but for the particles and flocs that 

have the highest surface area the initial diameter values were (455, 320.25, and 669) nm, while 

the final values after coagulation-flocculation process were (487.5, 660, and 410) nm, while for 

the particles and flocs that have the largest volume the initial diameter values were (462, 850, 

and 1342.85) nm, while the final values after coagulation-flocculation process were (782.5, 

1062, and 1524) nm for oily wastewater of initial concentrations (250, 500, and 1000) ppm of oil 

respectively. 
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NOMENCLATURE 

A%= volume percent of Tween 80 emulsifier. 
B%= volume percent of Span 85 emulsifier. 

X= HLB number of oil has been used for emulsion preparation (HLB=10 for Helix oil). 

HLB of A = hydrophilic- lipophilic balance of Tween 80 =15. 
HLB of B = hydrophilic- lipophilic balance of Span 85 = 1.8. 
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Abbreviations 
API                             American Petroleum Institute 

COD                           Chemical Oxygen Demand 

DAF                           Dissolved Air Flotation 

DLS                            Dynamic Light Scattering 

Dp                              Particle Diameter 

HLB                           Hydrophilic Lipophilic Number 

MF                             Microfiltration 

NF                              Nanofiltration 

NTU                           Nephelometric Turbidity Unit 

O/W                           Oil in Water Emulsion 

RO                              Reverse Osmosis 

UF                              Ultrafiltration 

W/O                           Water in Oil Emulsion 

 

 

 Figure 1. Surfactant stabilized micelles, Sethupathi, 2004. 
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Figure 2. Electrical double layer surround a negatively charged oil droplet and the distribution of 

electrical potential around it, Zghair, 2014.    

 

Figure 3. Final turbidity vs. coagulant dose for 50 ppm oily wastewater, initial turbidity=203 

NTU. 

  

 

Figure 4. Final turbidity vs. coagulant dose for 250 ppm oily wastewater, initial turbidity=290 

NTU. 
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Figure 5. Final turbidity vs. coagulant dose for 500 ppm oily wastewater, initial turbidity=770 

NTU. 

 

 

Figure 6. Final turbidity vs. coagulant dose for 1000 ppm oily wastewater, initial turbidity=1306 

NTU. 

 

 

Figure 7. pH vs. coagulant dose. 
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Figure 8. Oily wastewater hardness vs. coagulant dose.  

 

Figure 9. Residual oil content vs. coagulant dose. 

 

      

 
 

Figure 10. Zeta potential vs. time. 
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Figure 11. Effective diameter of particles and flocs that have highest intensity vs. time. 

 

Figure 12. Surface area vs. time. 

 

Figure 13. Volume of particles and flocs vs. time. 
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ABSTRACT 

Hydrogen fuel is a good alternative to fossil fuels. It can be produced using a clean 

energy without contaminated emissions. This work is concerned with experimental study 

on hydrogen production via solar energy. Photovoltaic module is used to convert solar 

radiation to electrical energy. The electrical energy  is used for electrolysis of water into 

hydrogen and oxygen by using alkaline water electrolyzer with stainless steel electrodes. 

A MATLAB computer program is developed to solve a four-parameter-model and 

predict the characteristics of PV module under Baghdad climate conditions. The 

hydrogen production system is tested at different NaOH mass concentration of (50,100, 

200, 300) gram. The maximum hydrogen production rate is 153.3 ml/min, the efficiency 

of the system is 20.88% and the total amount of hydrogen produced in one day is  

220.752 liter. 

Key words : photovoltaic module, four parameter model, electrolyzer, hydrogen. 

الكهروضىئياللىح عه طريق بىاسطه التحليل الكهربائي للماء  أوتاج الهيدروجيه  

 سمير محمد سلمان

 أستاذ مساعد

جامعه بغداد -كليه الهندسه  -قسم هندسه الطاقه  

 كريمه أسماعيل عمىري

 أستاذ

بغدادجامعه  –كليه الهندسه  - قسم الهندسه الميكانيكيه  

 زهراء هاشم كريم
 طالبه ماجستير

جامعه بغداد -كليه الهندسه  -قسم هندسه الطاقه  

 

 خلاصه

هذا  .باستخدام الطاقه النظٌفه دون انبعاثات ملوثه نتاجهٌمكن إ .حفىريالأ هى بديل جيد للىقىدوقىد الهيدروجين 
ٌستخدم اللوح الكهروضوئً لتحوٌل  .العمل ٌهتم بدراسه عملٌه لإنتاج الهٌدروجٌن عن طرٌق الطاقه الشمسٌه

ٌتم استخدام الطاقه الكهربائٌه لتحلٌل الماء الى هٌدروجٌن واوكسجٌن باستخدام .الإشعاع الشمسً الى طاقه كهربائٌه
تم تطوٌربرنامج ماتلاب لحل نموذج الاربع متغٌرات والتبوء .المحلل القلوي مع أقطاب فولاذٌه مقاوم للصدأ

جٌن فً تراكٌز الهٌدرو ٌتم اختبار نظام إنتاج  .بخصائص اللوح الكهروضوئً فً ظل الظروف المناخٌه للعراق

 .دقٌقه/مل (000.0نتاج للهٌدروجٌن هو)إقصى أ .غرام(055 ،055 ،055 ،05الصودٌوم) مختلفه لهٌدروكسٌد

  .(لتر005.200هً )الهٌدروجٌن المنتجه فً ٌوم واحد جمالً كمٌهإ(% و05.88كفاءه المنظومه هً )

           .هيدروجين ،المحلل الكهربائي  ،نمىذج الاربع متغيرات  ،الكلمات الرئٌسٌه : اللوح الكهروضوئً
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1. INTODUCTION 

Solar energy presents the prime source of energy for life on earth, Sharma, et al., 2009. 

Photovoltaic (PV) is the most direct way to convert solar radiation into electricity, 

Pamplona, 2008. Hydrogen gas is a good alternative to fossil flues, when considering 

environmentally friendly hydrogen production, the obvious choice for the input energy is 

renewable energy, mainly solar energy, Dincer, and Joshi, 2013. Increasing the 

temperature of water and electrolyte concentration led to net increase of volume flow of 

hydrogen gas and efficiency of the electrolyzer, Chennouf, et al., 2012. Different 

electrodes(aluminum, stainless steel, graphite) used in hydrogen production using 

photovoltaic cell, the highest accumulative hydrogen gas was obtained with aluminum 

electrodes and the lowest was with graphite electrodes, kargi, 2011. Increase the 

electrical efficiency of the PV-electrolysis system by matching the maximum power 

output and voltage of the photovoltaic to the operating voltage of a proton exchange 

membrane (PEM) electrolyzer by using DC-DC convertor connected to the PV power 

circuit (battery system) studied by, Gibson, and Kelly, 2010.  The objectives of this 

work are to evaluate theoretically and experimentally the photo-hydro characteristics of 

solar hydrogen generator under outdoor test for Iraq climate conditions. Mono-crystalline 

PV panel of 50 W is used to generate hydrogen with stainless steel electrodes used to 

electrolysis of water. 

 

2. THEORETICAL MODEL 

There are many mathematical models in the literature to describe photovoltaic cells, from 

simple to more complex models. Some of them is used two-diode model and other used 

one-diode model, Eicker, 2003. In present work one-diode model is used. The current–

voltage (I–V) characteristic of a photovoltaic module can be described with a single 

diode such as Fanny, et al., 2002.   

 

I = IL – Io *    (
       
      

)   + – 
       

   
                                                                               (1) 

 

where I is current of the module (A), IL is the light-generated current (A), Io is the reverse  

saturation current of the p–n diodes (A), V is the voltage of the module (v),     is the 

series resistance of the cells (Ω),     is the shunt resistance of the cells (Ω),    is the 

number of cells in series,    is the diode ideality factor,    is the thermal voltage (V) 

depending on the cell temperature, which is defined as 

 

    
   

 
                                                                                                                                              (2) 

 

where   is Boltzman's constant =1.381*10
-23 

J/K,    is the cell temperature (K),    is 

electron charge = 1.602*10
-19 

Coulomb. 
 

2.1 Four - Parameter   Model 
The four parameters model adopted in this work is based on  IL , Io, Rs , a, as given in the 

work of Kou, et al., 1998.Where a is curve fitting parameter for the four-parameter 

model.  Assume     as infinite so the third term in Eq.(1) yields: 
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I = IL – Io *    (
       
   

)   +                                                                                             (3) 

 

where m is the product of      .To evaluate the power generated by PV module, the 

simple relationship is used;  

 
P = IV                                                                                                                              (4) 

 

where   is power of the module (W), V  is voltage of the module (V). Introducing Eq.(3) 

into Eq. (4), the power would be 

 

P = IV = ,     *   (
     

   
)   +-                                                                              (5) 

where    is series resistance, the series resistance is assumed to be independent of both 

temperature and solar radiation so that    =       and         is series resistance at 

reference condition (Ω) , and it is calculated as : 

 

        = 
      (   

       
      

)                    

       
                                                                    (6)                         

 

where 

       is curve-fitting parameter for the four-parameter model at reference condition. It is 

calculated by: 

 

      
                            

             
      

   
                                                                                         (7) 

 

         is current at maximum-power point at reference condition (A),         is light-

generated current at reference condition =          (A),         is voltage at maximum-

power point at reference condition (V),         is open-circuit voltage at reference 

condition (V),       is temperature coefficient of open-circuit voltage (V/K),        is cell 

temperature at reference condition = 298 (K),    is energy-band gap = 1.124(eV)  for 

mono crystalline silicon  photovoltaic module,       is temperature coefficient of short-

circuit current (A/K). The electrical efficiency of the module at maximum-power point 

can be calculated as 

 

Ƞ= 
 

    
× 100                                                                                                                    (8) 

 

where   is incident solar radiation at reference condition (W/m
2
),   is module area (m

2
). 

The current produced by incident light is computed by : 

 

IL  =(
 

    
) [             (           )]                                                                                                                           (9) 
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where      is solar irradiance at reference condition = 1000 (W/m
2
).The reverse 

saturation current of p-n diodes is  computed by : 

 

Io  =         (
  

      
)
 

    *(
    

 
) (  

      

  
)+                                                                                                 (10)     

 

where        is diode reverse saturation-current at reference condition (A), calculate by  

 

        = 
      

    (
       
    

)    
                                                                                                    (11)  

 

a is calculated as 

  

 a =       
  

       
                                                                                                       (12) 

 
2.2 Mathematical Analysis of Hydrogen Generation Cell 

The core of an electrolysis unit is an electrochemical cell, which is filled with pure water 

and has two electrodes connected with an external power supply. The following 

equations represents the cathode , anode and the total reaction existed for electrolysis of 

water, Neagu, et al., 2000. 

 

Cathode      2H2O + 2e-   2OH-+ H2                                                                                                                    (13) 

Anode        2OH-   H2O + 2e- +  
 
 O2                                                                                              (14) 

Total         2H2O   H2 + 
 

  O2 + H2O                                                                              (15) 

 

The hydrogen flow rate, can be evaluated as, El-shenawy, et al., 2012:  

 

    
    

  
× 3600×0.224136×1000                                                                                    (16)  

 

where      is the measured current of electrolyzer (A),    is Faraday efficiency, it 

expresses how much current is converted in the desired reaction and it is the ratio of the 

experimental volume of hydrogen and the theoretical volume of hydrogen, 

Papagiannakis, 2005. 

 

    
                 

                

  00                                                                                                  (17) 

 

where                   is  the  experimental volume of hydrogen can be obtained from 

the experimental data,                 
 is the theoretical volume of hydrogen can be 

calculate as: 

 

                
= 

         

   
                                                                                                    (18) 
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where I  is the current (A), t is the time measured during the experiment  )second),    is 

the molar volume of hydrogen = 24 at 20˚C  (l/mol), The total  efficiency of the  

electrolyzer is found from Eq.(19), Papagiannakis, 2005.  

 

   
                      

       
×100                                                                                        (19) 

   

where       is the calorific value of hydrogen = 11920 kJ/m
3
 at 20˚C, U  is voltage (Volt). 

 

2.3 Computer Algorithm for Determine PV Model Parameters  

Matlab 2014 is used to compute the four-parameter model  and establishing (I-V) and  (P-

V) characteristic curves. The steps of computer algorithm are shown in Fig.1. 
  

3. EXPERIMENTAL SETUP  

The experimental setup shown in Fig. 2 consists of mono-crystalline photovoltaic module 

was south oriented at 45   with the horizontal. Each experiment was carried out from 

09:00 AM to 16:00 PM for clear days and for Baghdad climate conditions. Electrical 

characteristics data of the solar module at reference  

 

condition are as follows: short circuit current = 3.1A, open circuit voltage = 22V, current 

at maximum power point = 2.9A, voltage at maximum power point = 17.5V, power at 

maximum power point = 50W, with 36 cells. The hydrogen production system consist of 

two stainless steel plate electrodes (140×80×1) mm connect to 9Ah/12V sealed type 

lead-acid battery to provide the electricity needed to start water electrolysis and the 

battery connected  to PV panel through solar charge controller type (HBSC201) 12/24V 

20A.The two electrodes inserted inside  two plastic graduated cylinders of 260 mm length 

and 90 mm  diameter to collect hydrogen gas, the cylinders  upside down immersed in a 

basin filled with water , one of electrodes  is connected  to the  positive pole of battery to 

work as an  anode and the other is  connected to the negative pole of battery to make it as 

a cathode. The Schematic diagram of the experimental set-up is shown in Fig.3. PROVA 

200 solar module analyzer shown in Fig.4 is used to present (I-V) and (P-V) curves for 

solar module, calculate the maximum solar power (    ), identify the maximum 

voltage (     ), maximum current (     ), voltage at open circuit (     ), current at short 

circuit (      ) and predict the electrical efficiency. Solar power meter type TES (1333R) 

shown in Fig. 5 is used to measure the solar irradiation in W/m², it has four digit display 

with 0.1W/m² resolution. A digital thermometer  type  (TPM-10) probe, LCD display, 

temperature range -50˚C to +70˚C, accuracy of  ±1˚C  and of  resolution of 0.1 located on  

the back side of the  module to measure its  temperature (Tc)  and the temperature of the  

basin water used in electrolysis (Tw) as well as the ambient temperature (Ta). An 

electronic balance unit type (TE214S) of 400 g capacity, 0.1mg readability ,seven digit , 

3second  response time (average), allowable ambient operating temperature 5 ˚C to 40 

˚C, is  used to measure the mass of NaOH. 
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3.1 Water Displacement Method   

This  method is used to measure the volume of hydrogen generated. The gas collecting 

cylinders are filled with water and located upside down in the basin. When the 

electrolysis of water begins and  hydrogen with oxygen  released, the gas  displaces the 

water inside the cylinder down and takes his place and the displacement of water 

continues until the cylinder is filled with gas.   

3.2 Data Analysis Processing 

The electrical efficiency of the solar module is calculated using Eq.(8). The efficiency of 

hydrogen production system is calculated using Eq.(19). The gas pressure is evaluated as 

  

P = Patm –ρ gh                                                                                                                                 (20) 

  

where Patm is the atmospheric pressure, ρ is density of the liquid kg/m
3
,
 
 g is acceleration 

due to gravity = 9.8 m/s
2
, h  is the difference between the water level inside cylinder and 

the water level outside cylinder. 
 

3.3 Experimental Procedure 

Connect the solar module analyzer to solar module and use solar power meter to measure 

the solar radiation and input the value in analyzer and connect the solar module analyzer 

to the laptop and click auto scan button  to measure open circuit voltage, short circuit 

current, maximum power, maximum voltage, maximum current and efficiency for each 

hour. Use the digital thermometer to measure the hourly temperatures for  module and 

ambient (Tc, Ta)  respectively. Fill the basin with 10 liters of water and dissolve 50 gram 

of NaOH into the  basin water. Fill the cylinders with water and upside down in the basin. 

Insert the electrodes into the cylinders. Connect the two electrode to the power supply 

(battery or solar module ) the electrolysis of water will begin .Insert thermometer in water 

basin to measure the Tw. Measure the total gas produced by using water displacement 

method .Record the time required to collect 100 ml of hydrogen and repeat this for (200 

,300,400,500,600,700,800,900,1000) ml. Change the NaOH  concentration (100,200,300) 

gram and repeat the previous steps for each concentration. The results of theoretical and 

experimental studies were presented in Tables 1- 6. 
 

4. RESULTS AND DISCUSSION   

The discussions of  photovoltaic module  used for hydrogen generation are presented. 

The hydrogen production system and the effects of NaOH concentration on hydrogen 

production are discussed also. Fig. 6 shows the characteristics curve  for PV panel  on 

11
th

 of  October  2015. The current and power  increase gradually  from sunrise to reach  

their  maximum value (2.73 A, 38.49 W) at 11:00 a.m because the solar radiation reach 

the largest value of  1160 W/m
2
 and decreases after that, they reach lowest value at 16:00 

p.m  (close  to sunset) at which solar radiation was 150 W/m
2 

. The short circuit current 

(Isc) increases with solar radiation from (2.46 A)  at 09:00 a.m to its maximum value  

(3.36 A) at 10:00 a.m and decreases gradually with solar  radiation  to its  lowest value 

(0.33 A) (close to sunset). The open circuit voltage (Voc) also increases with solar  

radiation but it is affected by temperature  of cell. (Voc ) decreases when the temperature 

of cell increases and reach its maximum value at 15:00 p.m when solar  radiation  reaches 
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500 W/m
2 

and solar cell reaches 39.8˚C.
 

Fig. 7 shows theoretical calculated 

characteristics curve of  PV panel on 11
th

 October  2015, the power and current increase 

gradually from sunrise to reach their maximum value (52.33 W, 3.6 A) at 11:00 a.m and 

decreases after  that   to reach lowest value (7.06 W, 0.46 A) at 16:00 p.m. Fig. 8 shows a 

compassion between experimental and theoretical work in electrical efficiency with time, 

the theoretical efficiency  is better than experimental by (26.43%). Fig. 9 shows the  

maximum power with time, the power in theoretical  is better than experimental  by  

(26.44%). This difference between theoretical work and experimental work is due to 

weather conditions that effect on PV panel and due to the accuracy of devices used in the 

measurement. Four concentration of NaOH  have been tested to exhibit its effect on 

hydrogen production . The concentrations adopted are (50,100,200,300) gram in 10 kg of 

water or mass concentration of (0.5,1,2,3 %) respectively. Fig. 10 shows accumulative 

volume and pressure with accumulative time for 50 gram of NaOH (0.5%) percentage  

mass concentration  and inlet water temperature of 40˚C. This figure reports a linear 

increase of accumulative volume accompanied by a slight increase of gas pressure  

(which agrees with gas law PV=mRT) since the accumulated mass is increased by 

(0.2%). Fig. 11 shows  the same trend in accumulation behavior for NaOH  concentration 

mass of (100 gram , 1% by mass). The time required to accumulate (1000 ml) was (1200 

s) while that for concentration mass of (50 gram) was (2160 s) i.e. there is a saving in 

accumulation time equals to (960 s). Fig. 12 represents the accumulative hydrogen 

volume generated for NaOH concentration mass of (200 gram, 2% by mass). It illustrates 

a time saving of (420 s) compared with concentration mass of 100 gram. Fig. 13 shows 

accumulative volume and pressure with accumulative time at (300 gram, 3% by mass) the 

time saving was by (390 s) compared with 200 gram. Fig. 14 shows the accumulative 

time with accumulative volume at different concentration of NaOH. An obvious 

improvement is reported, the time required to collect 1000 ml of hydrogen  was 2160 

seconds  at 100 gram but at 300 gram the time decrease to  390 seconds. The inlet water  

temperature is higher than the ambient temperature this due to the interaction between 

water and sodium hydroxide, the reaction is exothermic. 

4.1 Comparison with Previous Results  

To verify the results obtained from the present work, a comparison was made with the 

results achieved by previous studies. Fig.15 shows the comparison in  characteristics 

curve for PV panel between present study and ,Chennouf,  et al., 2012 for the same PV 

panel specifications, the present work shows improvement in current  by (21.8 %) and in 

power by (20.9%). Fig. 16 shows a comparison in time required to collect 1000 ml of 

hydrogen between present work and ,Kargi, 2011 under the same type and different 

(shape,size) of electrodes and different type of electrolyte. The improvement in 

accumulative time in present work is (99.77 )%. 

5. CONCULSION 

The present work investigates the hydrogen production using  solar photovoltaic panel. 

The conclusion is that the power of PV panel increases by  the increase of  solar 

radiation. The short circuit current (Isc) and open circuit voltage (Voc ) increases 

gradually with increases  solar radiation. Increase the mass concentration of NaOH  
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decreases the time required to collect 1000 ml  and therefore increases the hydrogen 

production rate. 
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NOMENCLATURE 

 a= curve-fitting parameter for the four-parameter model, dimensionless. 

aref   = curve-fitting parameter for the four-parameter model at reference condition, 

dimensionless. 

A = module area, m
2
. 

Eq = energy-band gap, eV. 

F = Faraday's constant, C/mol. 
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G = solar irradiance, W/m
2
. 

Gref  = solar irradiance at reference condition, W/m
2
. 

HH2 = calorific value of hydrogen, kJ/m
3
. 

I = current of the module, A. 

IL,ref  = light-generated current at reference condition, A. 

Imp  = current at maximum-power point, A. 

Imp,ref  = current at maximum-power point at reference condition, A. 

Io = diode reverse saturation-current, A. 

Io,ref  = diode reverse saturation-current at reference condition, A. 

Isc,ref  = short-circuit current at reference condition, A. 

K = Boltzmann's constant, J/K. 

n= number of electrons that are exchanged in order to release one particle at the 

electrode, dimensionless.  

nI = diode ideality factor, dimensionless. 

 NS = number of cells in series in one module, dimensionless. 

P = power of the module, W. 

Q = hydrogen flow rate, 1/h.  

q = electron charge, Coulomb. 

RS = series resistance, Ω. 

RS,ref  = series resistance at reference condition, Ω. 

Rsh = shunt resistance, Ω. 

t = Time, s. 

TC = cell temperature, K. 

TC,ref  = cell temperature at reference condition, K. 

V = voltage of the module, V. 

VH2 = volume of hydrogen, L. 
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Vm = molar volume of hydrogen, l/mol. 

Vmp,ref = voltage at maximum-power point at reference condition, V. 

VOC,ref  = open-circuit voltage at reference condition, V. 

Vt  = thermal voltage, V. 

Ƞ= efficiency of the module at maximum-power point, dimensionless. 

ȠF = Faraday efficiency, dimensionless. 

µI,sc = temperature coefficient of short-circuit current, A/K. 

µV,oc = temperature coefficient of open-circuit voltage, V/K. 
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Record four parameter of PV panel 
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Figure 1. Flowchart of computer algorithm for PV panel. 

 

 

Figure 2. Experimental setup. 

 

Create  a zero vector S 

For n=1:1:L 

Find the value of current (I) for each voltage (V) 

by vpasolve numerical solver 

End 

Plot (I-V) and (P-V) curves 

End 
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Figure 3. Schematic diagram of the experimental setup. 

 

 

Figure 4.The PROVA  200 solar panel 

analyzer. 

 

Figure 5.Solar power meter 
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(a) 

 

(b) 

Figure 6. Characteristics curve of PV panel on 11
th 

 of  October 2015 case I (a) I-V curve  

(b) P-V curve.
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(b) 

Figure 7. Theoretical characteristics of  PV panel on 11
th

 of  October 2015 (a) I-V curve 

(b) P-V curve.   

 

Figure 8. Electrical efficiency with time on 11
th 

of  October 2015. 

 

Figure 9. Maximum power with time  on 11
th  

of  October 2015. 
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Figure 10. Accumulative volume and  pressure with accumulative time for 50 gram 

NaOH concentration , 40 ˚C inlet water  temperature and 38˚C ambient temperature. 

 
                                                              

Figure 11. Accumulative volume and  pressure with accumulative time for  100 gram 

NaOH concentration  , 40 ˚C inlet water temperature and 38˚C ambient temperature. 

 

Figure 12. Accumulative volume and  pressure with accumulative time for 200 gram 

NaOH concentration , 40˚C inlet water temperature and 38˚C ambient temperature. 
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Figure 13. Accumulative volume and  pressure with accumulative time for 300 gram 

NaOH concentration, 40 ˚C inlet water temperature and 38˚C ambient temperature. 

 
Figure 14. Accumulative volume with accumulative time  at different concentration  of NaOH. 

Table 1. Theoretical data of photovoltaic panel at reference and real working conditions on 11
th 

 
of

 
 October 2015. 
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Accumulative time (s) 

NaOH = 50 gram

NaOH = 100 gram

NaOH = 200 gram

NaOH = 300 gram

Hours 
a 

(--) 

IL 

(A) 

RS 

(Ω) 

Io 

(A) 

VOC 

(A) 

Pmax 

(W) 

Ƞ 

)%( 

Ref. 1.01 3.10 0.58 1.29*10
-9 

22.00 50.00 11.57 

09:00 1.09 2.79 0.58 2.16*10
-8 

20.51 41.69 10.72 

10:00 1.10 3.29 0.58 2.73*10
-8

 20.59 48.41 10.57 

11:00 1.11 3.60 0.58 3.40*10
-8

 20.58 52.33 10.44 

12:00 1.10 3.35 0.58 2.85*10
-8

 20.59 49.21 10.54 

13:00 1.10 3.04 0.58 2.56*10
-8

 20.52 44.99 10.62 

14:00 1.09 2.36 0.58 2.02*10
-8

 20.33 35.40 10.78 

15:00 1.06 1.55 0.58 9.00*10
-9

 20.23 23.95 11.08 

16:00 1.05 0.46 0.58 4.69*10
-9

 19.07 7.06 10.89 
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Table 2. Experimental data of photovoltaic panel on 11
th

 of October2015. 

 

 

 

 

 

 

 

 

 

Table 3. Data of hydrogen production system for NaOH=50 gram ,Tw =40 ˚C and 38˚C 

ambient temperature. 

 

 

 

 

 

 

 

Hours 
Pmax 

(W) 

Imax 

(A) 

Vmax 

(V) 

Vopen 

(V) 

Ishort 

(A) 

Ta 

(C) 

Tc 

(C) 

   G 

(W/m
2
) 

Ƞ 
(%) 

09:00 32.40 2.21 14.61 18.46 2.46 31.4 47.5 900 8.33 

10:00 35.85 2.59 14.18 18.14 3.36 33.0 49.7 1060 8.04 

11:00 38.49 2.73 14.05 17.99 3.08 34.2 51.8 1160 7.68 

12:00 37.09 2.61 14.21 18.02 2.96 34.9 50.1 1080 7.94 

13:00 34.95 2.42 14.43 18.25 2.81 35.1 49.1 980 8.25 

14:00 26.35 1.79 14.64 18.29 2.09 34.9 46.9 760 8.02 

15:00 18.28 1.15 15.77 18.93 1.52 34.2 39.8 500 8.46 

16:00 3.76 0.27 13.64 17.56 0.33 33.6 34.5 150 
5.80 

 

Pressure 

(kPa) 

Accumulative 

volume (ml) 

Height difference 

(mm) 

Accumulative 

time (s) 
No. 

99.02 100 200 300 1 

99.22 200 180 480 2 

99.42 300 160 720 3 

99.62 400 140 900 4 

99.81 500 120 1140 5 

100.01 600 100 1320 6 

100.21 700 80 1560 7 

100.40 800 60 1740 8 

100.60 900 40 1980 9 

100.80 1000 20 2160 10 
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Table 4. Data of hydrogen production system for NaOH=100 gram,  w =40   C and 38˚C 

ambient temperature. 

 

Table 5. Data of hydrogen production system for NaOH=200 gram,  w =40   C and 38˚C 

ambient temperature. 

 

 

 

 

 

 

 

Pressure 

(kPa) 

Accumulative 

volume(ml) 

Height difference 

(mm) 

Accumulative 

time(s) No. 

99.01 100 200 180 1 

99.21 200 180 300 2 

99.41 300 160 420 3 

99.61 400 140 540 4 

99.81 500 120 660 5 

100 600 100 780 6 

100.20 700 80 840 7 

100.40 800 60 960 8 

100.60 900 40 1080 9 

100.80 1000 20 1200 10 

Pressure 

(kPa) 

Accumulative 

volume(ml) 

Height difference 

(mm) 

Accumulative 

time(s) No. 

98.99 100 200 60 1 

99.19 200 180 180 2 

99.39 300 160 240 3 

99.59 400 140 300 4 

99.79 500 120 360 5 

99.99 600 100 420 6 

100.19 700 80 540 7 

100.39 800 60 600 8 

100.59 900 40 660 9 

100.79 1000 20 780 10 
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Table 6.  ata of hydrogen production system for NaOH=300 gram , w =40   C and 38˚C 

ambient temperature. 

 

 

)a) 

 

(b) 

Figure 15. Comparison with previous results (a) (I-V) curve (b) (P-V) curve. 
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Pressure 

(kPa) 

Accumulative 

volume(ml) 

Height difference 

(mm) 

Accumulative 

time(s) No. 

98.97 100 200 60 1 

99.17 200 180 90 2 

99.38 300 160 120 3 

99.58 400 140 150 4 

99.78 500 120 180 5 

99.98 600 100 240 6 

100.19 700 80 270 7 

100.39 800 60 300 8 

100.59 900 40 360 9 

100.79 1000 20 390 10 
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(a) 

 

(b) 

Figure 16. Accumulative time with accumulative volume  (a) present work (b) Kargi, 

2011. 
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ABSTRACT 

For modeling a photovoltaic module, it is necessary to calculate the basic parameters which 

control the current-voltage characteristic curves, that is not provided by the manufacturer. 

Generally, for mono crystalline silicon module, the shunt resistance is generally high, and it is 

neglected in this model. In this study, three methods are presented for four parameters model. 

Explicit simplified method based on an analytical solution, slope method based on manufacturer 

data, and iterative method based on a numerical resolution. The results obtained for these 

methods were compared with experimental measured data. The iterative method was more 

accurate than the other two methods but more complexity. The average deviation of the iterative 

method  not more than 5% of current- voltage values with the corresponding experimental data. 

The average deviation for the other two method 9.3% for slope method and 7.9% for simplifies 

method. 

Key words: photovoltaic; module parameters; modeling; temperature effect;  

 

تاستخذام ثلاث طرق هختلفة احادي التثلور الفوتوفولتائي السلكوى لوح عواهلحساب   

 د.عواد طالة هاشن 

 أسخار يساعذ

  قسى هُذست انطاقت/كهُت انهُذست/خايعت بغذاد

                                                       

 الخلاصة

انفىنخُت  وانخٍ لا  -انخُاس اثًُحُُبالاساسُت انخٍ ححكى  انعىايميٍ انضشوسٌ نًُزخت انهىذ انفىحىفىنخائٍ حساب 

. بشكم عاو ، يقاويت انخىانٍ حكىٌ عانُت نحساب حهك انعىايمنحساب حى اَداص عًم خاد حعطً يٍ قبم اندهت انًصُعت. 

حى اسخخذاو ثلاد وبهزِ انذساست بانُسبت نهىذ انشًسٍ َىع انسُهُكىٌ احادٌ انخبهىس وفٍ هزا انًُىرج ًَكٍ اهًانها. 

خحهُهٍ، طشَقت انًُم وحعخًذ عهً بُاَاث انًصُع وطشَقت  انخكشاس انحم انطشق .انطشَقت انضًُُت انًبسطت وحعخًذ عهً 

حعخًذ عهً حم عذدٌ.حًج يقاسَت انُخائح انًسخخهصت يٍ انطشق انًزكىسة يع َخائح انقُاساث انًخخبشَت وكاَج طشَقت و

% نقُى 5يعذل الاَحشاف نطشَقت انخكشاس نى حكٍ اكثش يٍ انخكشاس الاكثش دقت ونكٍ الاكثش حعقُذا يٍ بٍُ انطشق انثلاد. 

% نطشَقت 9.3نطشَقت انًُم و   %3.9ت. يعذل الاَحشاف نهطشقخٍُ الاخشي كاَج انفىنخُت يقاسَت يع انقُى انعًهُ –انخُاس 

  نهطشَقت انضًُُت انًبسطت.
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1. INTRODUCTION 

The world faces a big problem of depletion of conventional sources of energy which have 

to be replaced by new ones. The solar energy is one of the fast developing renewable energy 

sources. Solar energy may be used to produce thermal energy for residential requirements 

and can be used to produce electricity indirectly by converting the heat generated to 

electrical energy through heat engine or directly using photovoltaic (PV) solar system.   

Solar is envisaged to be an important source of energy in the future. In particular, the 

photovoltaic (PV) power system, which converts solar energy to electrical power, is 

becoming a popular renewable energy source due to its long term economic prospect and 

ease of maintenance. However, due to high initial cost of such a system, optimal capturing of 

the available solar energy has to be ensured. Enormous amount of work has been carried out 

to physically improve the performance of solar cells/modules Wang Y. et al, 2009,. 

However, it appears that a proper system design also plays a vital role in increasing the 

overall efficiency. One area that could complement this effort is the development of a 

reliable and efficient PV simulator which can be used to optimize the system design prior to 

installation Ishaque K et al, 2011,. The accuracy of commercially available software for PV 

module or system simulation mainly depends on the accuracy of the solar cell/module 

models and the extraction method being used to determine the model’s parameters. The 

choice of a model that closely emulates the characteristics of solar modules is very crucial;  a 

model is known to be accurate if it fits the measured I–V data at all operating conditions. 

Over the years, several models are introduced – among the more popular ones are the circuit 

based single diode and the two diode model. The latter, despite it is more computationally 

extensive, is preferable because its I–V characteristics closely resemble the behavior of a 

physical module Walker, 2001.  

  Generally, there are two possible approaches to extract the solar module parameters: (1) 

the analytical  Chan DSH, 1987, and (2) numerical extraction techniques Liu C-C, 2008. 

The former requires information on several key points of the I–V characteristic curve, i.e. the 

current and voltage at the maximum power point (MPP), short-circuit current (ISC), open-

circuit voltage (VOC), and slopes of the I–V characteristic at the axis intersections. Accuracy-

depends  on the correctness of the selected points (short current, open current voltage, and 

maximum power point) on the I–V curve. It has to be noted that the I–V curve is highly non-

linear and any wrongly selected points may result in significant errors in the computed 

parameters. Furthermore, a typical module datasheet provides only information at Standard 

Test Condition (STC). 

However, it is known that the parameters vary with environmental conditions such as 

irradiance and temperature. On the other hand, the numerical extraction technique is based 

on certain mathematical algorithm to fit all the points on the I–V curve. More accurate 

results can be obtained because all the points on the I–V curve are utilized. Deviation of 

several data points may not severely affect the accuracy of the parameters as in the case of 

the analytical approach. However, the curve-fitting algorithm requires extensive 

computation. Its accuracy depends on the type of fitting algorithm, the cost function and the 

initial values of the parameters to be extracted Gottschalg R., 1999. As the number of 
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parameters in the model increases, the conventional extraction methods lose their ability to 

provide accurate values.  

The growing of PV technologies led many researchers to focus on the various sides of PV 

system components from the basic fundamental cell manufacturing to the large PV power 

station modeling, sizing and performance of PV modules with the environmental conditions 

changes Hernanz et al., 2010, Andrews et al., 2012, Chouder et al., 2012, and Chakrasali 

et al., 2013. Modeling of PV module provides ways to understand the voltage, current, and 

power relationships. The estimation of mathematical models is affected by various factors, 

which ultimately alter the behavior of voltage and current. 

Solar cells are the basic components of the PV systems to convert solar radiation into 

electrical power. They are connected in series or in parallel to form a PV module. The 

electric behavior of a photovoltaic device under given operating conditions is characterized 

by its electrical parameters and the current-voltage (I-V) curves describing its operation. 

Equivalent electrical circuit of PV cell, module and array is configured with either single or 

double diode with taking in consideration the connection of the cells or the modules in either 

series or parallel. The single diode models usually have seven, five, four, or even three 

unknown parameters. The four unknown parameters of a single diode model the photocurrent 

(Iph), the saturation current (Io), diode ideality factor (A) and the series resistance (Rs). These 

parameters are determined from measurements of the I-V characteristic at reference values of 

irradiance and temperature (Gref =1000 W/m², Tref =25 °C, spectrum AM1.5), many 

researchers have presented methods to extract these parameters from data mainly provided 

by manufacturers De Soto et al., 2006, Carrero et al., 2011 and Sera et al., 2007. The four 

parameter model assumes that the shunt resistance is infinite and  it is ignored Kuo et al., 

2001. In three parameters model the series resistance assumed to be zero in addition to the 

infinite shunt resistance.  

In this work, three different methods are used to determine the unknown parameters: the 

photocurrent (Iph), the saturation current (Io), diode ideality factor (A) and the series 

resistance (Rs) of a mono-crystalline silicon solar module. The models provide the 

calculation of the equation of the I-V characteristic curves and compare the results with the 

I-V curves extracted from experimental measurements. 

 

2. FOUR PARAMETERS MODEL 

For simplicity, the single-diode model shown in Fig. 1 offers a good compromise between 

simplicity and accuracy and has been used by numerous authors Arab et al., 2004, Carrero et 

al. 2007 and Celik and Acikgoz, 2007. The four-parameter model assuming the shunt 

resistance as infinite, the four-parameter model is obtained from the basic equation of output 

current   of the PV module Townsend,1989: 

 

        *   (
  (      )

         
)   +                                                                                                                ( ) 
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where, I: output current of photovoltaic module, A, Iph: photo-generated current, A, Io 

:reverse saturation current, A, q: the charge of electron =1.6e
-19

 C, V: output voltage of 

photovoltaic module, V, Rs :series resistance, Ω,    : the number of solar cells connected in 

series,  A: diode ideality factor, kB: Boltzmann’s constant=1.38e
-23

, T: solar module 

temperature, 
o
C . 

Three important points on the I-V curve are given by manufacturer at STC (short circuit 

current, open circuit voltage and maximum power point) so, Eq. (1) can be written as 

Townsend, 1989: 

Short circuit current point (0, Isc),: 

 

          [   (
        
         

)   ]                                                                                                                   ( ) 

 

Open circuit voltage point (Voc, 0): 

 

        [   (
      

         
)   ]                                                                                                                     ( ) 

 

Maximum power point (Vm, Im): 
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  (         )

         
)   +                                                                                                        ( ) 

 

3. PARAMETERS IDENTIFICATION METHODS  

Three different methods will be used to evaluate the four parameters. The first one is the 

explicit simplified method which is based on a purely mathematical solution with some 

simplifications. The second one is the method of slope which is based in part of its algorithm 

on a geometry calculation, and the third one is the iterative method which is based in part of 

its algorithm on a numerical resolution. 

 

3.1 Simplified explicit method 

This method considers the following assumptions Eckstein,1990: 

 
                                                                                                                                                                                ( ) 
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From Eq. (3) the value of exponential is much greater than one, so: 

        [   (
       

         
) ]                                                                                                                   ( ) 

From Eq. (5) and Eq. (6) one can deduce the saturation current: 
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From that Eq. (1) becomes: 
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From Eq. (4) the value of exponential is much greater than one, so: 
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Substituting Eq. (7) in Eq. (9): 
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Then the series resistance can easily found from: 
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The ideality factor A, is determined from the fact that the derivative of the maximum power 

equals zero: 

 

  

  
 
 (  )

  
  

  

  
                                                                                                                                (  ) 

 

Substituting the derivative of Eq. (1), Substituting     from Eq. (7) and     from Eq. (11). Then A 

can be found: 
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3.2 Slope Method  

The difference given by this method in comparison of the previous method is in the 

manner of calculating the series resistance Walker, 2001, Gow and Manning, 1999. It is 

based on the fact that the series resistance influences remarkably the slope of the 

characteristic curve I-V in the vicinity of the point (Voc ,0). So, in order to calculate Rs one 

uses the derivative of current described in Eq. (1) as: 
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The slope 
  

  
 at the point (Vco, 0) is deduced geometrically from manufacturer data (Fig. 2). 

 

3.3 Iterative Method 

This method differs from the two previous methods in the way of calculating of the series 

resistance, where the temperature coefficient of the open circuit voltage given by 

experimental data may be used to provide an additional equation for calculating the series 

resistance. The temperature coefficient of the open circuit voltage can be evaluated theoretically 

from the derivative of the open circuit voltage with respect to temperature as follows: 
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In this method, the value of    is calculated, Using an iterative method in the interval [0,       ], 

where    max is the maximum possible value of series resistance Celik and Acikgoz, 2007, 

Townsend, 1989. The value of A is close to 1 for        , so set A = 1 in Eq. (11), that yields to: 
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The other three parameters are calculated using the same equations Eq. (5), Eq. (7) and Eq. (11) 

as the first method. 

The behavior of the PV module output with change in solar radiation and temperature is 

presented by many authors. The short circuit current has a linear relationship with the solar 

irradiance while the open circuit voltage has a logarithmic with solar irradiance. The 

temperature coefficients provided by the manufacturer or evaluated experimentally used to 

predict the variations of different PV output parameters with temperature. That can be 

presented in the following formulas: 
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where,     is the thermal voltage which is given by: 
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The ideality factor varies with temperature as given by Villalva, 2009: 
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The change of the reverse saturation current with temperature as given by Villalva, 2009: 
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4. EXPERIMENTAL WORK  

A mono-crystalline silicon solar PV module is used with electrical specification listed in 

Table 1.  The performance of the module is tested at different conditions in the Energy 

Engineering Department/College of Engineering / University of Baghdad. The exponential work 

have made during the five months from April to June 2015. This work is done at an average 

ambient temperature of 38 
o
C and average wind speed 2.3 km/hr. 

The output parameters of the module are measured by Prova200 solar panel analyzer which is 

a device used for testing of PV modules. When it is used in the installation of solar panels, the 

Prova 200 solar panel analyzer assists in determining the proper inverter size as well as optimum 

power output position of panels and helps identify defective cells or panels that have worn out 

over time. 

 The solar panel analyzer also provides the user with current and voltage (IV) test curves, 

maximum solar power as well as current and voltage. Solar cell properties are easily determined 

using the following units: I-V Curve Test for Solar Cell, Single Point I-V Test, Maximum Solar 

Power (Pm) search by auto-scan, Maximum Voltage (Vm) at Pm, Maximum Current (Im) at Pm, 

Voltage at open circuit (Voc), Current at short circuit (Isc), I-V curve with cursor, Efficiency (%) 

calculation of solar panel, Scan delay setting  (0 ~ 9999ms) (i. e. solar module analyzer will be 

operate with load resistance (0- ∞ Ω) connected with the solar module range with a time not 

more than 9999 ms (approximately 10 sec))  , Solar panel area setting range (0.001 m
2
 ~ 9999 

m
2
), Standard light source setting. (10 W/m

2
 ~ 1000 W/m

2
), Min. power setting for alarm 

function, Built-in Calendar Clock, Rechargeable batteries with built-in charging circuit, Optical 

USB cable for PC and The terminals of solar cell. 

TES-1333R solar power meter has been used to measure the incident solar radiation on the 

PV module. The measuring range of the solar power meter is 0-2000 W/m
2
 with resolution of 0.1 

W/m
2
 and induced error of ±0.38 W/m2/°C. The temperature of the back side of the module is 

measured by a simple thermometer TPM-10 thermocouple. 

 

5. RESULTS AND DISCUSSION  

Firstly, the unknown parameters are evaluated by the different methods using Matlab 

based on the data provided by the manufacturer in STC. Secondly, from the results it is 

possible to estimate the performance of solar module for different radiations and 

temperatures. To validate the four parameter model, an experimental data extracted from 

outdoor measured data. The outdoor exposure tests were done on May 21, 2015 in the 

Energy Engineering Department/College of Engineering / University of Baghdad. 
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Matlab code used for the calculation process of the four parameter at STC and the results 

of the program are tabulated in Table 2. Two cases of different solar radiation and 

temperature were considered and introduced in Table 3 and Table 4. Based on these values 

of the four parameters, it is possible to plot the I-V and P-V curves at specific conditions.  

Fig. 4 and Fig. 5 give the results of I-V and P-V curves of the three methods and from the 

experimental results at different operating module temperature 25ºC and 50ºC. When the 

operating module temperature increases, the output current increases marginally while the 

output voltage decreases dramatically, which results in a net reduction in the output power.  

There was a deviation at the open circuit region because of the difference in the approaches 

to determine the series resistance. The slope method showed the largest deviation from the 

experimental curves followed by the simplified explicit method. The iterative method has 

been shown a good agreement with the experimental results. 

To show the effect of irradiance on the performance of a module, the temperature was 

kept fixed at 25°C and measurements was taken for two incident solar radiations 750 and 

1000W/m
2
. From Fig. 6 and Fig. 7 the short circuit current increased from 1.27A to 1.7A 

while the open circuit voltage showed a small raise.  

The average deviation of the iterative method  not more than 5% of current- voltage values 

with the corresponding experimental data. The average deviation for the other two method 9.3% 

for slope method and 7.9 for simplifies method. 

 

6. CONCLUSION  

In order to evaluate the PV module parameters defining and measuring its characteristic 

curves (I-V and P-V curves) are achieved. Three different methods of PV module parameters 

extracting  have been examined. The values of the parameters were used to simulate the current-

voltage and power-voltage characteristics of the module. The three methods were, explicit 

simplified method based on an analytical solution, slope method based in part of on an 

experimental data, and iterative method based on a numerical resolution. The iterative method 

was more accurate than the other two methods but more complexity. The average percentage 

error  of the iterative method not more than 5% of current- voltage values with the corresponding 

measured data. The average percentage error for the slope method is 9.3% while for simplified 

method is 7.9%. 
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NOMENCLATURE  

A =diode ideality factor 

Isc =short circuit Current, A 

Iph =photo-generated current, A 

G =solar radiation, W/m
2
 

Im =current at maximum power point, A 

Io =reverse Saturation current, A 

Ns =number of cells 
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q =charge of electron, C 

   =Boltzmann constant. 

Voc =open circuit Voltage, V 

Rs =series resistance, Ω 

Vm =voltage at maximum power point, V 

Pm =maximum Power output, W 

 

Table 1. Solar module specifications. 

Area    0.26 m
2
 

Short circuit current Isc ref 1.9 

Open circuit voltage Voc ref 22 

Pmaxref 30 

Current at maximal power point 1.76 

Voltage at maximal power point Vm ref 17 

Temperature coefficient of open circuit voltage μV -0.073 

Temperature coefficient of short circuit current μIsc 0.00086 

Number of cell in series 36 

Slope at open circuit region -1.142 

 

 

Table 2. Four parameters values at reference STC. 

 Simplified method Slope method Iterative method 

    1.9000 1.9000 1.9000 

   2.2171e-08 2.2171e-08 1.26619e-10 

  1.3021 1.3021 1.015099 

   1.0562 0.506 1.458200 

     

Table 3. Four parameters values at 750W/m
2
 and 25ºC. 

 Simplified method Slope method Iterative method 

    1.425 1.425 1.425 

   2.16E-08 2.22E-08 1.18E-10 

  1.612892 0.861567 1.33696 

   0.540277 0.506 -1.02309 
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Table 4. Four parameters values at 1000W/m
2
 and 50ºC. 

 Simplified method Slope method Iterative method 

    1.911801 1.911801 1.911801 

   2.32E-08 2.16E-08 1.21E-10 

  0.322334 1.196524 1.218119 

   1.997061 0.849815 2.323333 

 

 

 

 

Figure 1. Equivalent circuit for four parameters model of a solar cell 

 

Figure 2. The slope at the open circuit voltage region at the I-V curve 
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Figure 3. Measurement apparatus (left) PROVA200A solar module analyzer, (right) TES133R 

solar power meter 

 

 

 

 

Figure 4. Current-voltage curve at 1000W/m
2
 solar radiation and two different temperatures 

25
o
C and 50

o
C. 
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Figure 5. Power-voltage curve at 1000 W/m
2
 solar radiation and two different temperatures 25

o
C 

and 50
o
C. 

 

 

 

Figure 6. current-voltage curve at 25
o
C and two different solar radiation: 750W/m

2
 and 

1000W/m
2
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Figure 7. Power-voltage curve at 25
o
C and two different solar radiation: 750W/m

2
 and 

1000W/m
2
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ABSTRACT 

   Efficient cuttings transport and hole cleaning are very important factors for obtaining an 

effective drilling operation. In an inclined and horizontal drilling, hole cleaning issue is a 

common and complex problem. 

   The scope of this research is to study the drilling parameters which affect hole cleaning in 

Iraqi directional wells through studying and analyzing some drilled wells ( vertical , directional 

(30 degree) , directional (60 degree) and horizontal ).An excel sheet is prepared to calculate 

carrying capacity index which represents an indicator for good hole cleaning in different 

sections. The study indicated through the field investigations, practical experiences and 

theoretical calculations that the most effective drilling parameters for optimum hole cleaning 

were flow rate, yield point, mud weight, plastic viscosity, rotation of the drill string, and pH. 

Key words: hole cleaning, rate of penetration, equivalent circulating density, directional well, 

cuttings bed 

 

 

                  انتنظيف الامثم نهتجبويف انمحفورة في الاببر الاتجبهيت اننفطيت انعراقيت 

                   
 أيبد عبذ انحهيم عبذ انرزاق

 استبر يسبػذ

 جبيؼت بغذاد –كهيت انهُذست 

 فراس محمد هادي                                                                                              عبذ انعبني انذببج 
                                                                        الباحث                                                                                                              خبيش                   

                                                                   وصاسة انُفظ              
 

 خلاصهان

يت ػًهيبث حفش الاببس انُفطيت . اٌ كفبءة َقم انقطغ انصخشيت وتُظيف تجىيف انبئش تؼتبش يٍ انؼىايم انًهًت  في صيبدة فؼبن

 ببس انًحفىسة اتجبهيب" او افقيب" .يؼتبش تُظيف تجىيف انبئش يٍ انًشبكم انًأنىفت وانًؼقذة وخبصت في الا

ىسة ـــانُفطيت انؼشاقيت انًحف نلآببسوسفغ انقطغ انصخشيت هزا انبحث يشكض ػهى دساست انقيى انتي تؤثش ػهى ػًهيت انتُظيف  

 30بضاويت دسجت , يبئهت  00بصىسة يبئهت او افقيت يٍ خلال دساست وتحهيم بؼض الاببس انًحفىسة )ػًىديب" , يبئهت بضاويت 

 دسجت والافقيت (.

بؼذ ادخبل انقيى وانحصىل ػهى انُتبئج انتي تبيٍ كفبءة  Excelببستخذاو يهف اػذث حسبببث يؤشش سفغ انقطغ انصخشيت  

 انتُظيف وسفغ انقطغ انصخشيت في يختهف انًقبطغ انًحفىسة .

اٌ اهى انؼىايم انتي تؤثش ػهى انتُظيف انُظشيت  يٍ خلال انًشبهذاث انحقهيت وانخبشة انؼًهيت وانحسبببثانذساست  أظهشث  

(, كثبفت سبئم انحفش , انهضوجت انبلاستيكيت , دوساٌ خيظ انحفش وقبػذيت Yp(, َقطت انخضىع  )Qالايثم هي 7 يؼذل انتذفق )

  سبئم انحفش .او حبيضيت 

 انبئر الاتجبهي.انكهمبث انرئيسيه: تنضيف انبئر, معذل انتثقيب, كثبفه انتذوير انمكبفئه,  
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1. INTRODUCTION 

   Poor  hole cleaning can cause severe drilling problems including : excessive over pull on trips, 

high rotary  torque , stuck pipe , hole pack – off , excessive equivalent circulating density(ECD), 

formation break down , slow rates of penetration and difficulty running casing and logs. The 

sticking of the drill string is very expensive to remedy, Fig. 1, Adari, et al., 2000. 

   Insufficient hole cleaning is responsible for a large portion of all stuck pipe. Some would 

argue that it is the number one cause of stuck pipe around the world, especially in high - angle 

holes. Previous study in the North Sea attributed 33% of the stuck pipe incidents to poor hole 

cleaning alone, Sifferman, et al.,1990. 

   A study showed that drill string rotation has a moderate to significant effect on hole cleaning, 

and that this effect also depends on the hole angle and other cuttings properties. Also the drill 

string rotation enhances hole cleaning more when the used mud has a higher viscosity with 

smaller cuttings sizes. It was found that for hole angle at 65 degrees, and at horizontal, the effect 

drill string rotation caused an improvement in cuttings transport, Bassal, 1995. A new 

mathematical method for estimating the minimum fluid transport velocity for system with the 

inclination between 55° to 90° was developed. It was found that the model worked fairly well 

within inclination angle 55° to 90° and there were no correction factors yet for inclination less 

than 55°. From Larsen method it was known that there are three parameters which affect 

determination of minimum fluid annular velocity for inclined hole: inclination, ROP, and mud 

density, Larsen et al., 1997. 

   A new simulations show drill pipe rotation can improve the cuttings transport but the effect is 

more renounced for smaller particle size. Cutting transport efficiency has a decreasing trend 

with increase in annular velocity. In addition, inclination and ROP also have major impacts on 

cuttings concentration, Bilgesu,et al., 2002. 

    Another study was investigated the effect of fluid rheology and cuttings sizes on the 

circulation rate required to ensure that the drilling cuttings in horizontal wells are efficiently 

transported to the surface. The results of this study observed that much higher annular velocities 

are required for effective hole cleaning in horizontal wells. It was also observed that higher 

viscosity drilling fluid yield better transport than lower viscosity drilling fluid within the same 

flow regime, Al-Zubaidi, 2007. 

 

1.1 Area of Study 

         Iraqi West Qurna oil field has been selected to simulate  a study for the possibility of using 

hole cleaning in directional and horizontal well to minimize the problems which happen because 

that. Also, a horizontal well in Halfaya oil field have been selected. 

West Qurna oil field is one of the largest oil fields in Iraq with a reserve of about 43 billion 

barrel of crude oil. This field located on the south-eastern part of Iraq, about 45 km north-

westwards from Basra and 30 km from Zubair oil field, BP Company, 2010. 

 

RESULTS AND DISCUSSION: 

1- Field Investigations 

Below a list of results based upon field observations and practical experiences:  

A) During connection process of additional drill pipe to the string, an increasing in pressure can 

be noticed because of shut off the mud pump until the pipe connection is finished .An 

obstruction may be happened due to settling of cuttings on the bit .                                                                              

B) When there is remarkable changes on the hole inclination and azimuth during drilling, 

drilling parameters such as (weight on bit, rate of penetration, flow rate) and BHA should be 

adjusted immediately to correct the hole trajectory. 
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C) Wiper trip should be make to break building up of any cutting bed at high angle hole 

regularly with high viscosity pill pump down for better hole cleaning. 

D) When the flapper valve is used, fill in mud every 10 – 15 stands to avoid the flapper valve 

from damage. 

E) At the end of drilling the 8.5" hole, circulate to clean the hole and make wiper trip with 

reamers to control the hole condition before logging and casing. 

F) In case of lost circulation, stop drilling and pull out of hole as fast as possible meanwhile fill 

in mud. Pull the string inside the 9
5/8

" casing and check the flow and loss rate, If necessary.  

G) Monitoring the shale shakers before trip out or pull out of the hole (POOH) in order to ensure 

that cuttings return rate has reduced. 

H)  During drilling operation, it is common to circulate wellbore several times (the process is 

called circulate bottom-up) before starting tripping out of hole. The purpose is to avoid stuck of 

drill pipe during pull out and be able to reach the bottom hole with drill bit or casing, when 

running  into the hole again(RIH). The common practice is to have at least three bottoms-up 

with slow pipe rotation before tripping out of the hole. If ECD measurement tool is available on 

the BHA, it has to be controlled that the ECD has dropped to normal level. 

 

 2- Concentration of the Cuttings 

An increase in rate of penetration will increase the concentration of cuttings in the hole and a 

longer time will be needed for cleaning the hole, Fig. 2. 

The figure indicates that an increasing in the ROP lead to an increase in the cuttings 

concentration, therefore, more than one cycle to clean the hole is needed besides additional time.   

If a comparison has been made between the wells to show the total time of drilling, for the state 

of wells, we can notice: 

In WQ-404, the total time to complete the drilling operation is (30) days, Fig. 3. 

 While the total time for drilling operation of directional well less than 30 degree well (WQ-416) 

is about thirty-two (32) days, Fig. 4. 

The similarity in needed time can be attributed to use the same drilling factors which affect on 

hole cleaning in vertical wells and directional wells less than 30 degree.  

      Accordingly, for the directional well  with high deviated angle (WQ-271) (62degree)  the 

total time of drilling operation is about fifty- five(55) days, Fig. 5, whereas for  horizontal well 

(HF-69) the total time is ninety (90)days, Fig. 6. From the previous cases, it is evident that time 

values increases rapidly as hole inclination increases. 

  

3- Sample of Calculations 
   Following a sample of Carrying Capacity Index (CCI), and flow rate for selected sections of 

some wells, which prepared to show the optimality of the field data in achieving the best hole 

cleaning. Tables 1, 2, and 3 show the CCI and calculations using field data for the 1
st
 hole, 2

nd
 

hole, and 3
rd

 hole respectively. Such as CCI for the second hole for the well WQ-416: 

 

n=3.32 log [(2 µp+Yp) / (µp+ Yp)]                                                                                             (1)            

n=3.32 log [(2 *60+15) / (60+ 15)] 

=0.848 

 

µe = 511
(1-n)

 (µp +Yp)                                                                                                                  (2) 

µe = 194 cp 

 

V = 
       

       
                                                                                                                                  (3) 
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     =155.4 ft/min. 

 

CCI = (ϼ µe V)/400000                                                                                                                 (4) 

        =0.703      

Where: 

n = Power Law Index 

µp: Plastic Viscosity cp 

Yp: Yield Point lb/100ft 

µe: Effective Viscosity cp 

Q: Flow Rate gpm 

Dh: Hole Diameter in ,  Dp: pipe diameter in 

V  : Annular Velocity ft/min 

CCI: Carrying Capacity Index 

It can be noticed in the second hole (WQ-416) that the CCI value which equal to 0.7 represent 

poor hole cleaning   and this case may be cause many problems especially the stuck pipe so 

increasing yield point value is necessary to obtain proper hole cleaning. Absolutely, the CCI 

results for the selected section show that the drilling parameters used in different well types are 

the same. Simply, the need to change the parameters begins with high deviated wells. 

          Finally, a horizontal drilling program for West Qurna oil field was prepared and a plan to 

drill a horizontal well in this oil field due to absence of such well type. The present proposal 

consist of four holes shown in Fig. 7 

 

CONCLUSIONS: 
Based on the theoretical and experimental observations and analysis, the following conclusions 

can be drawn regarding optimization of hole cleaning in horizontal oil well:  

1- The rheological properties play a crucial role to ensure adequate hole cleaning, i.e. proper 

rheology is the key for efficient solids removal. So the yield point was maintained to 15-20 

lb/100 ft
2
, which were enough to clean the hole while drilling vertical & directional wells. 

2- In case of highly inclined or tight well, it is important to ream the wellbore with help of a 

back reamer. It helps creating a bigger hole that can eliminate risk of stuck drill-pipe. 

  3-The flow rate should be high enough (during drilling operation)  or  increased to its upper 

level, especially in the range of higher angles between 55° to 90° degrees to obtain optimum 

hole cleaning. 

4-The hole cleaning in deviated holes can be assisted by the following topics: 

-Turbulent flow 

-Low viscosity and high flow rates 

-Maximize flow rates at all times unless ECD problems require lower rates 

-Low Viscosity Sweeps (10-20 bbl) 

-Followed by High Viscosity Weighted sweep to remove cuttings 

-Pipe rotation at high rpm  

-Reaming and wiper trips can stir up cuttings beds 

 

 

RECOMMENDATIONS: 

Some of the issues which should be investigated in future studies are listed below: 

 1- OBM or Polymer drilling fluid system has the outstanding abilities on cuttings lifting, 

lubrication, hole cleaning etc., so it is very important to be used for the successful drilling in the 

build- up and horizontal sections. 
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2-   In cases, where drill pipe does not rotate, it is difficult to remove cuttings bed. In these 

situations, wiper trips are necessary to improve hole cleaning. Usually, a normal range of drill 

pipe rotation is around 90 to 180 rpm. The pipe can rotate up to 120-rpm when drill bit is on-

bottom, and 180-rpm drill bit is off-bottom. 

3- One has to be aware that inclinations between 40° to 45° degrees are critical since cuttings 

can slide down during  connections when pumps are off.  
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NOMENCLATURES AND ABBREVIATIONS: 

BHA = bottom hole assembly. 

CCI = carrying capacity index.  

Dp = pipe diameter in 

Dh = hole diameter in 

ECD = equivalent circulating density, ppg . 

FWB = fresh water bentonite . 

HF = halfaya oil field . 

OBM = oil base mud  

POOH = pull out of the hole . 

Q = flow rate gpm 

RIH = running in the hole . 

ROP = rate of penetration ft/hr . 

Rpm = rotation per minute . 

V = annular velocity ft/min . 

WQ = west qurna oil field . 

Yp = yield point lb/100 ft
2
 

ϼf = fluid density ppg 
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µp = plastic viscosity cp 

µe = effective viscosity cp 

 

 
Figure 1. Key variables controlling cuttings transport, Adari, et al., 2000. 

 

 

                        

 
Figure 2. Relationship between ROP and cuttings concentration. 
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Figure 3. Pie chart show time vs hole size for vertical well (WQ-404). 

 

 
Figure 4. Pie chart show time vs hole size for directional well (WQ-416). 

 

 
Figure 5. Pie chart show time vs hole size for directional well. 
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Figure 6. Pie chart show time vs hole size for well (HF-69). 
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Figure 7.  Casing program for the proposal horizontal well in west Quran oil field               
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                            Table 1. Excel sheet of CCI calculation for 17.5" hole. 

Units Calculated value Variable 

ppg 8.75 ϼf 

lb/100ft
2
 20 Yp 

cp 14 µp 

 0.497 N 

cp 782.1 µe 

in 5 Dp 

in 17.5 Dh 

gpm 700 Q 

ft/min 60.98 V 

 1.043 CCI 

 

 

                               Table 2. Excel sheet calculation CCI for 12.25" hole 

Units Calculated value Variable 

Ppg 10.4 ϼf 

lb/100ft
2
 17 Yp 

Cp 12 µp 

 0.499 N 

Cp 659 µe 

In 5 Dp 

In 8.5 Dh 

Gpm 425 Q 

ft/min 220.3 V 

 3.7 CCI 

 

                     

                               Table 3.  Excel sheet calculation CCI for 8.5" hole       

Units Calculated value Variable 

Ppg 10.4 ϼf 

lb/100ft
2
 17 Yp 

Cp 12 µp 

 0.499 N 

Cp 659 µe 

In 5 Dp 

In 8.5 Dh 

Gpm 425 Q 

ft/min 220.3 V 

 3.7 CCI 
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ABSTRACT 

The local asphalt concrete fracture properties represented by the fracture energy, J-integral, and 

stress intensity factor are calculated from the results of the three point bending beam test made for 

pre notches beams specimens with deformation rate of 1.27 
mm/min

. The results revealed that the 

stress intensity factor has increased by more than 40% when decreasing the testing temperature 

10˚C and increasing the notch depth from 5 to 30
mm

. The change of asphalt type and content have 

a limited effect of less than 6%. 
Key words: Stress intensity factor, Fracture Energy, J-integral  
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1. INTRODUCTION 

Cracking is one of the major distresses in flexible pavement, results from exposure of pavement 

structure to environmental conditions and traffic loading. Accurate prediction of crack initiation 

and propagation aids in the design and maintenance of asphalt pavement structures. Crack 

initiation and its relation with material mechanical behavior can be used to describe the remaining 

service life of the existing pavements. Several test methods were developed to study the cracking 

behavior in Hot Mix Asphalt (HMA) under different sample geometries, loading configurations, 

and material properties Denneman, et. al., 2009, Im, 2012. In most tests, a notch was introduced 

into the sample so that the crack would initiate at the notch Kim, and El Hussein, 1995. In many 

of these studies, linear elastic fracture mechanics and elastic plastic fracture mechanics principles 

were applied to characterize material response. 
 

2. FRACTURE MECHANICS 

Fracture mechanics is the material mechanical behavior when subjected to load in the presence of 

cracks; in other words, it is the stress/strain characteristics of the pre-cracked material subjected to 

load or deformation Saadeh, and Hakimelahi, 2012. 

 

2.1 Crack modes 

Generally, there are three crack modes; these modes depend on the crack nature of cracked bodies. 

Fig.1 shows these modes and a short description for each one is given below Saxena, 1998: 

 

Mode I: Opening mode, the crack surfaces separate symmetrically with respect to  X-Y 

and X-Z planes. 

 

Mode II:                      Sliding mode, the crack surfaces relatively slide to each other symmetrically 

with respect to X-Y plane and symmetrically skew with respect to X-Z plane. 

 

Mode III: Tearing mode, the crack surfaces relatively slide to each other symmetrically 

with respect to X-Y and X-Z planes. 

 

For the purpose of this research, mode I (Opening mode) is adopted because it mostly represents 

the nature of pavement structure crack as shown in the Fig.2. Furthermore, widely accepted 

theories for fracture under mode II, III, and mixed mode conditions are currently not available 

Saxena, 1998. 

 

2.2 Stress Intensity Factor 

The stress intensity factor (K) represents the amplitude of the crack tip stress singularity and is 

dependent on body geometry, crack size, load level, and loading configuration. The Eq.(1) of 

estimating the (K) is: 

  
 

     
   a /                                                                                                                                       (1) 

Where:           P:  Reaction point load, 

                       B:  Specimen thickness, 

                      W:  Specimen depth, 

                       a:  Crack length, and                                                                           
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              a/     Dimensionless calibration functions for various geometries, as shown in Table 

1 as reported by Saxena ,1998. 

2.3 The J-Integral Approach 

In 1968, Rice, published papers in which he discussed the potential of a path-independent 

integral (J) for characterizing fracture in nonlinear-elastic materials ASM, 1997. This integral is 

identical in form to the static component of the energy moment tensor for characterizing 

generalized forces on dislocations and point defects introduced by Eshelby G.P. Cheraponv, 

working independently in the former Soviet Union during the same time of Rice. 

Cheraponv,1967 also presented a formulation of an integral similar to Rice’s (J).Rice defined the 

J-Integral for a cracked body, shown in Fig.3, as follows in Eq. (2 and 3): 

 

  ∫                
 

                                                                                                       (2) 

   ∫               
 

                                                                                                      (3) 

 

Where:    : elastic strain energy, 

                                                 : Traction vector defined according to the out word normal n the contour S, and 

                  : Displacement vector         . 

 

J can be shown to relate to the rate of changes of potential energy with respect to change in crack 

size. This interpretation of J is useful in showing that under linear elastic condition, J=  Eq.(4): 

 

  ∫           ∫         
  

                                                                                             (4) 

 

Where:  A : Body area, 

             Ti : Tractions, and      

              ui : Displacement. 

 

by differentiating the previous equation get Eq.(5): 

 
  

  
 ∫

  

  
    ∫    

   

  
   

  
                                                                                                             (5) 

 
The contour of the line integral can be extended along the boundary S of the body in the 

counterclockwise direction from the lower crack face to the upper one, since  
  

  
  , on the 

boundary Su, the displacements are prescribed independently of a, as shown in Fig.4. 

By substituting the coordinate system attached to the crack tip, and using the symmetry of the 

stress tensor with the application of the divergence theorem, the equation becomes as shown in 

Eq. (6 and 7): 

 

       
  

  
  ∫      ∫    

   

  
   

  
                                                                                                    (6) 

 

For unit thickness body               
  

  
                                                                                         (7) 

 

For a body with thickness (B)    
 

 

  

  
  

 

applied along 

the boundary 
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Under certain restriction, J can be used as an elastic-plastic energy release rate. The path 

independence of J-integral expression allows calculation along a contour remote from the crack 

tip; such a contour can be chosen to contain only elastic loads and displacements. Thus, an elastic-

plastic energy release rate can be obtained from an elastic calculation along a contour for which 

loads and displacements are known. In 1972, Begley, J. A. and Landes, J. D. ASM, 1997 

developed an experimental method for determining J from generating load-displacement curves 

for samples of unit thickness with different initial crack lengths.  

 

3. ASPHALT CONCRETE FRACTURE 

Uzan, and Levenberg, 2001studied the phenomenology of asphalt concrete (AC) fracture in the 

laboratory under uniaxial-tension with strain control of 0.6
mm/min 

at the room temperature of 24ᵒC 

for beam samples of about (60X90X225
mm

). The study showed that the pre-peak stress conditions 

induced damage is a result of formation, growth and coalescence of micro cracks; the study also 

found in post-peak stress condition that the process of damage localization occurs within the 

Representation Volume Element (RVE) (the zone across the sample of 2-4 times their nominal 

maximum size of mix aggregate Witczak, 2000 at which the crack will propagate) leading to the 

creation of a dominant failure surface and eventually fracture. The study added that the cracking 

behavior of an AC MIX of RVE size, three scales of load induced cracks should be considered as 

shown in Fig.5: 

1. Micro-cracks: small flows up to few millimeters (the air voids entrapped during 

compaction process may represent these flows).                                                                                                                        

2. Meso-cracks:  resulting from micro cracks coalescence; their length may reach the 

maximum aggregate size in the mix.  

3. Macro-cracks: at which the strength of AC is reduced to zero and of a minimal RVE in 

size. 

Kim, et. al. 2008 used a bilinear cohesive softening model to simulate the crack initiation and 

propagation in asphalt concrete. The meso-crack representation of material morphology was 

incorporated into the model using high-resolution imaging. 

Kim and co-researchers explained the bilinear cohesive softening model concept as follows and as 

shown in Fig.6.In general the cracking of asphalt concrete can occur in any weak point within the 

fracture process zone Fig.6-a and cohesive fracture concept at the crack tip can be simplified as 

shown in Fig.6-b. In Fig.6, σ max represents the location of cohesive crack tip and δ sep is the 

complete material separation or the material crack tip, and σ max is the normal cohesive strength. 

Point B represents the starting point of unrecoverable material degradation (or micro-crack 

initiation) and point c represents the condition where a crack face was fully separated and released 

the energy potential associated with loosing of cohesive strength.   
In 2008 at Cambridge University UK, Portillo and Cebon investigated the fracture mechanics of 

idealized asphalt mix (bitumen of penetration grade of 40-50 and fraction of sub spherical sand 

between 150-300
ᶙm

) using a systematic 3-point bending test for beam samples of (50X50X225
mm

) 

with middle notch of length equal to half of depth, in order to develop fracture mechanism maps 

classifying the brittle, ductile, and transition response of the materials as a function of temperature 

and load rate. The experimental data of this study was analyzed in terms of stress intensity factor, 

fracture energy, and J-integral at the temperature range of -30ᵒC to 30ᵒC with two deformation rate 

of 0.01 and 0.05
mm/sec

.  

The study showed that, for typical force vs. deflection curves, the peak force increases with 

temperature; at 0ᵒC, the crack arrests in the vicinity of peak load and the crack grows in a smooth 

fashion a more brittle behavior and less energy is required to propagate the crack. Fig.7 shows the 
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typical load line displacement curve for tested sample at -20ᵒC with displacement rate of 

0.05mm/sec made by this study. 

3.1 Materials 

For the purpose of this study, two types of local asphalt cement, obtained from AL-Daurah 

refinery, including 40-50 and 60-70 penetration graded and quartzite crushed aggregates were 

selected to be used in this study. The crushed aggregates were obtained from AL-Nebai quarry, 

due to the extensive usage of this type of aggregates for asphaltic mixtures in the middle of Iraq 

especially in Baghdad city. The limestone dust, from Karbala governorate, was used as a filler 

material.   

The main properties of selected materials for the purpose of this research, which include two types 

of asphalt cement, quartzite crushed aggregates and limestone dust as mineral filler, are presented 

in the following Tables 2 to 6. 
 
3.2 Mix design and optimum binder content determination 

For the purpose of this study the Hot Mix Asphalt concrete (HMA) was designed volumetrically 

according to the SUPERPAVE requirements, the aggregates gradation was selected to meet the 

Iraqi specification beside the SUPERPAVE to be as shown in the gradation curve presented in 

Fig.8 with 0.5
in

 as a maximum nominal aggregate size representing wearing layer.  

Based on the results of rotational viscometer (ASTM D4402, AASHTO T316) the HMA was 

mixed and compacted at the required equiviscous temperatures shown in Table 7.  

 he     was compacted  y using the gyratory compactor (     D6925-09,         312) 

after aging period of 4 hours   135  C with 8,100, and 160 as a num er of gyration initial, 

designed, and maximum respectively as presented in Table 8 to meet the mix design subjected to 

number of equivalent axels to be passed on pavement during its design life which used here 

between 3.0 to 30.0 million ESALs. 

The results of volumetric properties represented by Air Voids, Voids in Mineral Aggregates 

(VMA), and Voids Filled with Asphalt (VFA) for the gyratory compacted specimens shown on 

the plate 1 are fitted with asphalt content and  the Optimum Binder Content (OBC) of 4.7% is 

found to get the required properties as needed by SUPERPAVE criteria as shown in Table 9, it is 

worth to mentioned here that there is no significant difference is found on OBC between asphalt 

penetration graded 40-50 and 60-70. 

 

3.3 Study parameters  

The following parameters are considered at this study  

   wo testing temperature 20  C and 30  C, 

   hree pre crack depth (notch) 5, 15, and 30
mm

, 

   wo asphalt type 40-50 and 60-70 penetration graded, and 

   hree asphalt content, optimum and ± 0.5%. 

So, and according to these parameters the required specimens number are 36 beams which 

prepared as describe in the following section. 

 

3.4 Specimens preparation 

In order to study the fracture properties of HMA subjected to bending stress beams specimens of 

3X3in (7.62 X7.62
cm

) cross section and 15
in

 (38.1
cm

) length with gross mass of about 5150gm were 

made with different notch depth. A steel rectangular mold of (15
in 

length X 4
in

 depth X 3
in

 width ) 

(38.1X10X7.62
cm

) inside dimensions with two spacers made by Fadthl, 2007, is used for 

producing beams specimens as shown in Plate 2. 
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The specimens were compacted by using the uniaxial digital compression machine having a 

capacity of 2000
kN

 as shown in Plate 2, to get the required air voids (4%±1% for wearing layer) 

for specimens with different asphalt content; the relations between applied stress and %G mm were 

made as shown in Fig.10, so from these relations, the required applied stress was found for mixes 

of different asphalt content as presented in the same figure. 

A steel plate of (3
mm

 thickness) which welded perpendicularly on base plate of (6
mm

 thickness) 

were used to make a notch on the specimens by placing it in the mold before applying the mix in 

the mold and then by removing it after the completion of the compaction process. To make a 

different notch depth, three plates arrangements were used with different perpendicular plate 

height of (5, 15, and 30
mm

) as shown in Plate 3. 

 

 3.5 Testing 

A load frame device, manufactured by Humboldt company in the USA model HM-2800, with 

digital control unit for multi deformations rates (ranging from 0.001(0.0254) to 2
in/min

 (50.8
mm/min

)) 

was used to test the specimens monotonically in order to generate the Load- Displacement (L-D) 

curves for tested specimens. Some modifications were made on device as shown in Plate 4, by 

adding load cell and fully isolated chamber made with aluminum frame and sandwich penal of 5
cm

 

thickness and double glasses door in addition to that heating and coaling sources were provided 

with thermometer censor and digital thermostat to maintain the specified temperature during the 

test. 

 

3.6 Bending Beam Test (BBT) fracture energy and J-Integral 

In order to specify the fracture properties of local asphalt concrete, the value of J-integral was 

estimated using the experimental method. As pointed in Chapter Two, J-integral was defined and 

shown to characterize the process of ductile tearing under elastic-plastic and fully plastic 

conditions. Further, its magnitude should be easily measurable in test specimens used for 

characterizing crack growth resistance.  

Experimental method which was developed by J.A. Begley and J.D. Lands in 1972 needs to 

generate Load-Displacement (L-D) for specimens of unit thickness with different initial crack 

lengths. Each specimen is loaded to displacement levels that can be sustained without crack 

extension. The areas under load displacement curves to specified values of displacement D1, D2, 

D3, … Di  are o tained graphically to determine the corresponding values of the potential energy 

U1, U2, U3, … Ui. For each fixed value of displacement, Ui can  e plotted as a function of crack 

length ai. The slope of U-a curve, dU/da, is then measured at various points to yield the values of 

J. If the specimen thickness is other than unity, dU/da must be divided by the thickness, B, in 

order to obtain the value of J. The resulting J values can be plotted as a function of the applied 

displacement for various crack size Saxena, 1998. 
The fracture properties were estimated by generating  the Load-Displacement (L-D) curves for 

beams specimens made as explained in the previous chapter with initial cracks (notches) of 5, 15, 

and 30
mm

 lengths. A three point BBT test was made by using digital load frame device, as shown 

in Plate 4, with deformation rate of 0.05
in/min 

(1.27
mm/min

). The specimens reaction load was 

indicated by employing a load cell of 5.0
kN

 capacity; the load reaction history was recorded by 

using a digital camera which faced to the load cell reader.  

Figers 11-a to c show the application of experimental method explained earlier to estimate the 

fracture properties which include fracture energy and J-integral; the load displacement curves 

were divided into two parts: pre peak and post peak.  

The pre peak part represents the tested specimen before cracks initiate. This part is divided to 

segments as shown in Fig. 11-a of 0.75
mm

 at horizontal axis which represent the displacement; 
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then the areas under the curves were calculated through integrating the polynomial equations of 

each curves at incremental value of 0.75
mm

 until 3mm and then the relation was made between the 

fracture energy and crack length as shown in Fig. 11-b. The slopes were found for previous 

relations and the values of J-integrals were calculated and the relations between J-integrals and 

displacement were made for different notch depths as shown in Fig. 11-c. Figures 11-a, b, and c 

illustrate the results of tests which were made for  beams specimens made with asphalt cement of 

40-50 penetration graded at optimum  inder content tested at 20±1˚C; while Figures 12-a, b, and 

c show the results of the same tests  ut at 30±1˚C. 

 

3.7 Stress  intensity factor 

The stress intensity factor (K) represents the amplitude of the crack tip stress singularity and is 

dependent on body geometry, crack size, load level, and loading configuration. The Eq.1 

presented in section of stress intensity factor is used here to calculate the magnitude of (K) for 

beams specimens as shown below: 

                                               a/   = dimensionless calibration functions for various geometries and different notch 

depth as given in Eq.8:                                                                    

  a/   
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where: 

S : clear span =4W (12"), see Table 1. 

So, the calibration function for studied notch depths are calculated and illustrated in Table10. 

Accordingly and by using Eq.1, the magnitudes of stress intensity factor was calculated for beams 

specimens and it was found that the (K) value increased with increasing notch depth, due to 

increasing  crack length which means reducing the depth to the crack tip and increasing the stress 

concentration for the same applied load. In other words, the load required to bend and crack the 

specimen is decreased with increasing the crack length. Fig.13 shows the effect of notch depth on 

stress intensity factor for beams specimens tested at 20±1˚C and 30±1˚C;  ased on this figure, the 

effect of notch depth is decreased when raising the test temperature. 

 

4. SENSITIVITY ANALYSIS 

The effect of study parameters on stress intensity factor are shown and discussed at following 

sections  

4.1. Notch depth 

Three notch depths (5, 15, and 30
mm

) were made for beam specimens tested monotonically with 

constant deformation rate of 0.05
in/min

, at two testing temperatures 20±1˚C and 30±1˚C; the effect 

of notch depths on the stress intensity factor was illustrated in Fig.14. 

The figure gives an idea about the effect of notch depths on the stress concentration at the crack 

tip, as the notch depth increase the stress concentration increased; that explained the rapid  

deterioration of asphalt concrete section having cracks if compared with non cracked section. 

4.2. Testing Temperatures 

When raising the testing temperature from 20±1˚C to 30±1˚C, the behavior of asphalt concrete 

changed from brittle material to plastic material and that led to reducing the stress intensity factor 

and increasing deformation before cracking initiation. The reduction increases with increasing 
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notch depth due to decreasing the load required to bend and break the specimens with increasing 

testing temperature. Fig.15 shows the effect of testing temperature on the stress intensity factor for 

the tested beam specimens of different notch depths.  

4.3. Asphalt Type  

It was found that the asphalt type has no significant effect on the stress intensity factor for the 

tested specimens especially at low testing temperature at which the effect did not exceed 1% for 

5
mm

 notch depth; when rising the testing temperature, the effect increased to be about 3% for the 

same notch depth. The stress intensity factor reduced slightly when changing the asphalt type from 

40-50 to 60-70 penetration graded because the asphalt 40-50 is harder than 60-70 and that led to 

decreasing the load required to bend and break the beam specimens made with asphalt type of 60-

70 penetration graded. Fig.16 shows the effect of asphalt type on stress intensity factor of tested 

beam specimens of different notch depths. 

 

4.4. Asphalt Content 

The effect of asphalt content on stress intensity factor increased with decreasing the notch depth 

which was ranging from ±0.5% to ±2% at 20±1˚C testing temperature and from ±1.5% to ±6% at 

30±1˚C testing temperature as presented in Figures 17 and 18. The stresses concentration 

decreased when decreasing the asphalt content due to decreasing the cementing material and 

increasing the air voids which form a discontinuity points in the mix that led to decreasing the 

load needed to bending and breaking the beam specimens. 

 

5. CONCLUSION 

From the results of this study it can be concluded that the fracture properties of asphalt concrete 

are mainly affected by decrease the temperature and presence of cracks that increase  the stress 

concentration at the crack tip. The decrease in temperature  causes the asphaltic material to 

become harder with low ductility and brittle behavior under the effect of traffic wheel loads. The 

presence of crack decreases the effective pavement depth that can resist the crack propagation. 

More deterioration is expected in pavement section with high flaws, which necessitate an early 

preventive  maintenance. The sensitivity of stress intensity factor for the various study parameters, 

is shown in Table 11.    
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NOMENCLATURE 

 

                      P:  Reaction point load 

                      B:  Specimen thickness 

                     W:  Specimen depth 

                       a:  Crack length  

               a/     Dimensionless calibration functions for various geometries 

                      :  elastic strain energy 

                                                       :  Traction vector defined according to the out word normal n the contour S 

                        :  Displacement vector         
                      A :  Body area, 

           Ti :   Tractions, and      

             ui :  Displacement. 

                     S :  Clear span =4W (12") 
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Figure 1. Crack modes, Saxena, 1998. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Crack in pavement. 

 

 

Table 1. Dimensionless calibration functions for various geometries Saxena, 1998. 

Geometry   a/   
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Figure 3. A 2-dimensional cracked body with a contour S originating from the lower cracked 

surface and going counterclockwise terminating at the upper crack surface, Saxena, 

1998. 

 

 
 

 

 

 

 

 

Figure 4. A planer cracked non linear elastic body with a boundary defined by S. ST and Su 

represent regions where the traction and displacement along the boundary are defined, 

Saxena, 1998. 
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Figure 5. Crack scale in asphalt concrete material, Uzan and Levenberg, 2001. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The schematic concept of bilinear cohesive softening model, Kim, H., et. al., 2008. 
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Figure 7. Typical load line displacement curve for tested beam sample at -20
ᵒ
C with 

displacement rate of 0.05mm/sec, Portillo and Cebon, 2008. 

 

Table 2. Asphalt cements physical properties 

Test Test Conditions 

ASTM, 

Designation 

(2010) 

Units 

Asphalt Cement *
SCRB criteria 

(2003) 40-50 60-70 

Penetration 
100 

gm
, 25 

o
C, 

5sec., 0.1 
mm

 
ASTM D5 1/10 

mm
 47 64 40-50 60-70 

Rotational Viscosity 
135

o
C 

ASTM D4402 Pas.sec 
0.4625 0.353 --- --- 

165 
o
C 0.125 0.113 --- --- 

Specific Gravity 25 
o
C ASTM D70 ---- 1.04 1.03 --- --- 

Ductility 25 
o
C, 5

cm/min
 ASTM D113 cm >100 >100 >100 >100 

Flash Point ------- ASTM D92 
o
C 287 270 >232 >232 

Solubility in 

trichloroethylene 
------- ASTM D2042 %wt 99.5 99.6 > 99 > 99 

% Loss After Thin Film 

Oven Test 

5hr @    163
o
C, 

50 
gm

 
ASTM D1754 %wt 0.30 0.33 <0.75 <0.75 

% from origin 

Penetration after Thin 

Film Oven Test 

100 
gm

, 25
o
C, 

5sec., 0.1 
mm

 
ASTM D5 %

 
60 64 >55% >52% 

Ductility after Thin 

Film Oven Test 
25 

o
C, 5

cm/min
 ASTM D113 cm 75 >100 >25 >50 

*
SCRB:  State Corporation for Roads and Bridges 
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Table 3. Physical properties of coarse and fine aggregates of AL Nebai quarry. 

Property 

ASTM Test 

Designation 

(2010) 

Coarse 

Aggregate 

Fine 

Aggregate 

SCRB 

Specification 

(2003) 

Bulk Specific Gravity C-127 andC-128 2.610 2.630  

Apparent Specific Gravity C-127 andC-128 2.690 2.708  

Percent Water Absorption C-127 andC-128 0.464 0.715  

Percent Wear (Los Angeles 

Abrasion) 
C-131 22.00 ------ 30 max 

Soundness loss by sodium 

sulfate solution,% 
C-88 3.55 ------ 10 max 

Fractured pieces, % ------ 96 ------ 95 min 

Sand Equivalent, % D-2419 ------ 53 45 min. 

 

Table 4. Chemical composition of AL-Nebai quarry aggregates. 

 

 

 

 

 

 

 

Table 5. Mineral composition of AL-Nebai quarry aggregates. 

 

 

 

 

 

 

 

 

 

 

 

Mineral Composition % content 

Quartz 80 

Calcite 11 

Total Soluble Salts TSS 2.0 

Gypsum 0.45 

Organic Matter 0.50 

Chemical compound % content 

Silica SiO2 
82.52 

Lime CaO 5.37 

Magnesia MgO 0.78 

Alumina Al2O3 
0.48 

Ferric Oxide Fe2O3 
0.70 

Sulfuric Anhydride SO3 
2.7 

Loss on Ignition 6.55 

Total 99.10 
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Table 6. Physical properties of mineral filler. 

Property Test Result 

Specific Gravity 2.720 

Passing Sieve No.200 (0.075 mm) 95% 

 

 

 

Figure 8. Selected aggregates gradation. 

 

Table 7. Mixing and compaction temperatures for asphalt binder penetration graded. 
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o
C 
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(40-50) 158 148 
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Table 8. SUPERPAVE gyration levels design ,SP-2, 2003. 
 

 

 

 

 

 

 

Table 9. HMA volumetric properties of wearing mix at OBC ,SP-2, 2003. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 1. Optimum binder content determination using SUPERPAVE requirements. 

 

 

 

ESALs 

(millions) 

Number of Gyrations 

N initial N design N max 

<0.3 6 50 75 

0.3 to  3.0 7 75 115 

3.0 to 30.0 8 100 160 

≥ 30.0 9 125 205 

Mix 

Property 

Optimum Binder Content 

4.70% 

SUPERPAVE 

Criteria 

Air voids 4.00% 4.00% 

VMA 15.10% Min. 14% 

VFA 73.25% 65%-75% 

Gmb/Gmm @ N initial  8 85.10% Max. 89% 

Gmb/Gmm @ N design   100 96.00% 96.00% 

Gmb/Gmm @ N maximum 160 96.742% Max. 98% 
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Figure 9. OBC determination for wearing layer according to SUPERPAVE criteria. 
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Plate 2. Beams specimens preparation. 

 
Figure 10. Applied stress and %G mm relations for beams specimens with different asphalt 

content. 

 

 

 

 

 

 

 

Plate 3. Steel plates arrangements which used for making notches. 
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Plate 4. Load frame device of multi deformations rates and tested specimens.  
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Figures 11-a, b, and c. Estimating fracture properties, in-terms of (U) fracture energy and J- 

integral for beams specimens with different notch depths tested with 3-

point BB  at 20±1˚C. 
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Figures 12-a, b, and c. Estimating fracture properties, in-terms of (U) fracture energy and J- 

integral for beams specimens with different notches depths tested with 

3-point BB  at 30±1˚C. 

 

Table 10. Calibration function   a/   magnitude for studied notch depth. 

Notch depths 5
mm 

15
mm 
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mm 

  a/   2.836 4.981 10.107 

 

 

 

Figure 13. Stress Intensity Factor (K) for beams specimens of different notch depth tested 

monotonically at 20±1˚C and 30±1˚C. 
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Figure 14. Percentage increase in stress intensity factor with increasing notch depth for beam 

specimens tested at 20±1˚C and 30±1˚C with different notch depths. 

 

 
 

Figure 15. Percentage drop in stress intensity factor with increasing testing temperature for 

 eam specimens tested at 20±1˚C and 30±1˚C with different notch depths. 

 

 
Figure 16. Percentage reduction in stress intensity factor for beam specimens tested 

at 20±1˚C and 30±1˚C with different notch depths due to change the asphalt type. 
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Figure 17. Percentage of change in stress intensity factor for  eams specimens tested at 20±1˚C 

with notch depths. 

 

 

 
Figure 18. Percentage of change in stress intensity factor for beams specimens tested at 30±1˚C 

with notch depths. 

 

Table 11. Stress intensity factor sensitivity according to study parameters.      
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ABSTRACT 

Ad-Hoc Networks are a generation of networks that are truly wireless, and can be easily 

constructed without any operator. There are protocols for management of these networks, in 

which the effectiveness and the important elements in these networks are the Quality of Service 

(QoS). In this work the evaluation of QoS performance of MANETs is done by comparing the 

results of using AODV, DSR, OLSR and TORA routing protocols using the Op-Net Modeler, 

then conduct an extensive set of performance experiments for these protocols with a wide variety 

of settings. The results show that the best protocol depends on QoS using two types of 

applications (+ve and –ve QoS in the FIS evaluation). QoS of the protocol varies from one 

protocol to another depending on the applications used in the network. The network design is 

done using the program (Op-Net V14.5 modular) with core i7 computer for multiple nodes 

deployed randomly in several area (100 * 100, 200 * 200, 400 * 400, 800 * 800, 1000 * 1000)m
2
 

accomplished by changing the number of nodes in the network (10, 20, 40 and 80). There are 

three programs designed using (MATLAB 2012A programming language). The first one 

evaluates the (QoS) using the organizational structure of the mysterious system (HFS), which 

relied on the standard applications that should be provided by the protocols to make the 

applications accepted by the nodes requirements. After the evaluation the QoS for all cases, we 

design Neural Network to assist in estimation of the best protocol for any network through QoS 

for all protocols (AODV, DSR, OLSR and TORA). Neural network has four entrances (area, 

number of nodes, real time application ratio and non-real time application ratio). The results show 

that the QoS estimated is (0.5401) of (OLSR) which has been improved to (0.6421) by reducing 

to mobility speed and making some nodes fixed and using more than one protocol in  the network 

to provide the best QoS . 

Keywords: Estimation, protocol, QoS, Simulator 

 

 

 

 



Journal of Engineering Volume   22  July    2016 Number 7 
 

 

143 

 

 ضرغاو رزاق محسن 

 انثاني انباحث

كهيت انهنذست –جامعت بغذاد   

 طارق زياد إسماعيم أ.د.

   انباحث الأول

كهيت انهنذست –جامعت بغذاد   

انمخصصت انشبكت تىجيه بروتىكىلاث اقتراح وتحسين  

انغامضت انعصبيت انشبكاث بىاسطت انخذمت جىدة باستخذاو  

   

 

 

 انخلاصت

ٌَنِ بْاؤٕا أّ  إىى بالإضافتاحصاه سينً  أيشبناث اىخً لا ححخ٘ي عيى ٍِ اى و( خAd-Hocٍشبناث )

ٕزٓ  فعاىٍتاىخً ححذد  اىعْاصش إٌٕٔزٓ اىشبناث ٍِٗ  لإداسة ثبشٗح٘م٘لا ْٕٗاكٍشغو .اي  إىىبسٖ٘ىت ٗلا ححخاج 

.حخخيف  (FISاىَ٘خبت ٗاىساىبت فً حقٌٍٍ اه Qos)حٌ اسخخذاً اه( QoSىيبشٗح٘م٘ه ) ًٕ خ٘دة اىخذٍت ثاىبشٗح٘م٘لا

(QoS َبشٗح٘م٘ه لأخش اعخَادا ٍِ )بشّاٍح  بأسخخذاًحٌ حصٌٍَ شبنت طبٍقاث اىَسخخذٍت فً حيل اىشبنت. عيى ح

(Op-Net 14.5 modular )  ىعذة ٍسخخذٍٍِ حٌ ّششٌٕ بشنو عش٘ائً فً عذة ٍساحاث ٍخغٍشة

 01( ٗحٌ حغٍٍش عذد اىَسخخذٍٍِ ىيشبنت ٍِ ) 0111*0111,  011*011,  011*011,  011*011,011*011)

 ( MATLAB 2012A programming language) باسخخذاً ثلاثت بشاٍح حٌ حصٌٍَقذ ( .ٗ 01, 01,  01,

 ٍخطيباث عيى اعخَذ ٗاىزي( HFS) اىغاٍض اىخْظًٍَ اىٍٖنو ّظاً حٌ احخساب خ٘دة اىخذٍت باسخخذاًالأٗه ٗقذ 

 اًّٗاىث .اىْٖائٍٍِ اىَسخخذٍٍِ قبو ٍِ ٍقب٘ه اىخطبٍق ىدعو اىبشٗح٘م٘ه ٌقذٍٖا أُ ٌْبغً اىخً اىخطبٍقاث اىقٍاسٍت

 ,AODV ,DSRىخ٘قع اىبشٗح٘م٘ه الأفضو ٗرىل ٍِ خلاه إعطاء خ٘دة اىخذٍت ىنو بشٗح٘م٘ه )

OLSR,TORA ٍذاخو ًٕٗ  تأسبعحصٌٍَ شبنت عصبٍت ىٖا  ( ىيشبنت اىَطي٘بت ٗقذ اعخَذ اىبشّاٍح اىثاىث عيى

ٍِ  )اىَساحت ٗ عذد اىَسخخذٍٍِ ٗ ّسبت اسخخذاٍاث حطبٍقاث الاحصالاث اىَباششة ّٗسبت حطبٍقاث اىغٍش ٍباششة(.

( ىو 1.4010إٌٔ اىْخائح اىخً ظٖشث ىْا ًٕ الاخخباس اىثاىث حٍث اُ خ٘دة اىخذٍت ظٖشث لأفضو بشٗح٘م٘ه ًٕ )

(OLSR( ٗقذ حٌ ححسٍْٖا اىى )خلاه ح1.4000 ٍِ ) قيٍو اىسشعت اٗ خعو بعض اىَسخخذٍٍِ ثابج اٗ ٗضع

ٍسخخذٍٍِ فقط ىخ٘فٍش اىخذٍت ىباقً اىَشخشمٍِ ٗاسخخذاً امثش ٍِ بشٗح٘م٘ه باىشبنت ىخ٘فٍش افضو خ٘دة خذٍت 

 ىيشبنت .

 محاكاة   اقتراح ,بروتىكىلاث , جىدة انخذمت ,مفاتيح انكهماث : 
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1. INTRODUCTION 

 A mobile ad-hoc network (MANET) is a set of wireless mobile nodes that can 

communicate with each other without using any fixed infrastructure. It is also necessary 

for MANET devices to communicate in a seamless manner. There are multiple protocols 

that have been developed for MANETs. There is a need to support real time and non real 

time applications in MANETs as they gain popularity. MANETs require an efficient 

routing protocol and quality of service (QoS) mechanism in order to support multimedia 

applications such as voice and Email. Such applications have strict QoS requirements 

such as bandwidth, latency, PDR and jitter. Design and development of routing 

algorithms with QoS support is experiencing increased research interest. This paper 

evaluates the QoS performance of MANETs using fuzzy interface system  for AODV, 

DSR,OLSR and TORA routing protocols. Through the OPNET Modeler program, we 

have conducted an extensive set of performance experiments for these protocols with a 

wide variety of settings. On-demand routing protocols are widely used because they use 

much lower routing overhead than proactive protocols, Jasani, 2011. 

 Characteristics of WAN's such as lack of central coordination, mobility of hosts, 

dynamically varying network topology and limited availability of resources make QoS 

provisioning very challenging for all difficulties, Reddy, 2006. Some nodes may behave 

maliciously, resulting in degradation of the performance of the network or even 

disruption of its operation altogether. The results obtained show that the overall 

performance of the Ad-Hoc network is significantly improved, Hallani, 2008. 

 

2. WIRELESS AD-HOC NETWORKS 

A mobile Ad-Hoc network (MANET) is Unlike cellular wireless networks, no 

static or fixed infrastructure exists and no centralized control can be available. The 

network can be formed anywhere, Lewis, 2007. The mobile nodes can perform the roles 

of both hosts and routers. The presence of mobility makes a MANET challenging for 

designing and implementation in real life. It is a huge challenge to design topology 
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control, routing, (QoS) and resources management, services discovery, network 

operations and management, security services, Misra, et al. 2009. 

2.1 Mobility The mobility of nodes is the key function of mobile Ad-Hoc networks, and 

the performance of MANET needs to be studied in presence of mobility. It is known that 

the Real-life mobility patterns can be very complex depending on the mission objectives 

of mobile nodes that are part of the autonomous system, Misra, et al. 2009. 

2.2 Routing. The routing in mobile Ad-Hoc networks is very challenging due to the 

frequent updates for changes in topologies, and active routes may be disconnected as 

mobile nodes move from one place to another,  Misra, et al. 2009. 

2.3 Transport Protocol: In mobile Ad-Hoc networks, the frequent changes of the 

network topology and the shared nature of the multi-hop wireless channel pose a 

significant challenge for the transport protocols that are used over the network protocol 

such as Internet protocol (IP), Misra, et al. 2009. 

2.4 Application A mobile Ad-Hoc network consisting of mobile nodes is self-organized 

and decentralized and communicates among mobile nodes using multi-hop wireless links. 

Each mobile node is autonomous and can have random movement patterns, Misra, et al. 

2009. 

3. HIERARCHICAL FUZZY SYSTEMS 

 Since the upper layers of a hierarchical architecture generally deal with low-

resolution, imprecise, and incomplete information, more intelligence (or knowledge-

based action) would be needed in the associated decision-making process. Yet the 

performance of the overall system may be acceptable. The characteristic of an intelligent 

system are task description, knowledge representation, and consequently some 

intelligence will be needed for interpretation and processing of this information in order 

to make inferences (and control actions),  Sivanandam et al. 2007. 
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3.1 Evaluation of QoS Using Hierarchal Fuzzy System (QoSHFS) 

The evaluation of QoS for any protocol that depends on applications used, and these 

are divided into two type: 

A. Evaluation of QoS Real time Application 

To clarify the design process, there are two types of parameters effect, positive 

parameters (+ve) and negative parameters (-ve). According to this proportionality, QoS is 

a result of, Valbonne 2007: 

1. +ve QoS: This calculation of QoS is affected only when parameters have a positive 

effect on the QoS, which are throughput and packet delivery ratio. When these two 

parameters decrease, the protocol QoS support will decrease too,  Zaghar and AL 

Wahab, 2013. 

2. -ve QoS: This calculation of QoS is affected by parameters that have negative effect 

on the protocol QoS. End-to-end delay (latency) and jitter will belong to this branch 

of QoS. Decreasing these two parameters will increase protocols QoS, Zaghar and 

AL Wahab, 2013. 

In the network design, the increment of +ve QoS is done by increasing the throughput 

and PDR (Packet Delivery Ratio) and reduction of the –ve QoS is done by reducing the 

Latency and Jitter. Fig. 1 illustrates the QoS calculation,
 
Zaghar and AL Wahab, 2013. 

B. Evaluation of QoS Non Real time Application 

Each type of applications is very sensitive to a certain set of parameters. The most 

effect parameters in the QoS in the Email application are (throughput and latency) as 

shown in Fig. 2. 
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4. NEURAL NETWORKS 

An Artificial Neural Network (ANN) is an information-processing paradigm that is 

inspired by the way of biological nervous systems, such as the brain, process information. 

The key element of this paradigm is the novel structure of the information processing 

system. An ANN are configure for a specific application, such as pattern recognition or 

data classification, through a learning process. Learning in biological systems involves 

adjustments to the synaptic connections that exist between the neurons. This is true for 

(ANNs) as well,
 
Karray and de Silva, 2004. 

4.1 Neural Network Architecture 

 Neural networks Architecture can be viewed as weighted directed graphs in which 

artificial neurons are nodes and direct edges (with weights) are connections between 

neuron inputs as shown in Fig. 3. 

The following characteristics of neural networks emphasize their pattern 

recognition capabilities, making them particularly attractive for solving complex, and 

data rich problems,
 
Fakhreddine et al, 2004: 

1. They can be learned from examples and adapted to new situations. 

2. They can be generalize from examples (i.e. can provide correct solutions from data 

similar to but not exactly like training data). 

3. They can construct solution quickly with no reliance on domain knowledge.  

4. They can approximate any complex multivariate function and form a classification 

decision from the recognition of the discriminating patterns. 

5. They are computationally efficient (i.e. they have the speed to operate in real time). 

6. They can implicitly account for the relative importance of input sources,                     

Karray and de Silva, 2004. 
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4.2 Artificial Neuron Structure 

The human nervous system, built from cells called neurons is of staggering 

complexity. An estimated (10
11

) interconnections over transmission paths are there and 

that may range for a meter or more. 

Each neuron shares any characteristics with the other cells in the body, but has 

unique capabilities to receive, process, and transmit electrochemical signals over neural 

pathways that comprise. The Biological neuron consists of three main components: cell 

body, dendrite and axon. 

Dendrites extend from the cell body to other neurons where they receive signals at 

a connection point called a synapse. On the receiving side of the synapse, these inputs are 

conducted to the cell body, where they are summed up. Some inputs tend to excite the 

cell causing a reduction in the potential across the cell membrane. 

The artificial neuron was designed to mimic the first order characteristics of the 

biological neuron. In essence, a set of inputs is applied, each representing the output of 

another neuron. Each input is multiplied by a corresponding weight, analogous to a 

synaptic strength, and all of the weighted inputs are then summed to determine the 

activation level of the neuron. If this activation exceeds a certain threshold, the unit 

produces an output response. 

This functionality is captured in the artificial neuron known as the threshold logic 

unit. Here a set of input labeled X0, X1, . . . .,Xn is applied from the input space to 

artificial neuron .These inputs, collectively referred as the input vector “X”, correspond 

to the signal into the synapses of biological neuron. Each signal is multiplied by an 

associated weight W0, W1,……., Wn, before it is applied to the summation block .The 

activation function is given by Equation 1,
 
 Karray and de Silva, 2004. 

                               a =W0X0+W1X1+….Wn Xn+   …1 

This may be represented more compactly as  
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...2 

...3 

 
 

Where      the base of the weight               

The output y is then given by y = f (a),  

where f is an activation function used and defined as 

 

The threshold S will often be zero. The activation function is sometimes called a 

step-function. Some more non-linear activation functions where also tried by the 

researchers like sigmoid, Gaussian, etc. and the neuron responses for different activation 

functions with the MATLAB program,
 
 Liua, et al. 2007. 

The number of input layers have four neurons (area, number of nodes, ratio of RTA and 

ratio of NRTA) and there are three hidden layers. 

5. DESIGN AND EVALUATION   

 The network are designed using Op-Net Modular V14.5 under specification given 

in Table 1, and the area is changed as following values (100*100, 200*200, 400*400, 

800*800 and 1000*1000) m
2
. Different numbers of nodes are taken in all scenarios, after 

all scenarios are done we calculate the QoS for all protocols and used it to leaned Neural 

network to estimate the Best protocol as shown in Fig. 4.  

5.1 Evaluation and Analysis of QoSHFS 

During the evaluation of FIS from the QoSHFS, the first calculations of voice 

QoS are between the throughput and PDR under the first level of +ve QoS part. The 

second calculations of voice QoS are between jitter and latency under the same level but 
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in -ve QoS part. The result from the two parts will be used in the calculation of the final 

QoS and will be multiplied by the ratio of real time application (depending on the 

requirements). 

Another evaluation of fuzzy is QoS of E-Mail calculated between throughput and 

latency parameters, which are multiplied by the ratio of non-real time application. 

 Finally adding the results from the fuzzy voice to results of E-mail under 

constrain environment, which will be the results of QoS,  Zaghar and AL Wahab, 2013.  

5.2  Neural Network.  

1. There are 180 simulations designed using Op-Net modular 14.5 by (AODV, 

DSR, OLSR and TORA) protocols and evaluated the QoS for it using fuzzy 

interface system. 

2. Through Equation 4,  Xia, et al. 2012, and trial and error we concluded the  

number of hidden layers which is 4 as shown in Fig. 5. 

 

where  

(m) is input layer nodes, (K) the output layer nodes 

3. The 180 QoS evaluated from step 1 in the Table 2-A,2-B,2-C,2-D,2-E, will 

be used to learn neural till 5000 iteration and the best validation 12331 as 

shown in Fig. 6 and Fig. 7. 

4. The input are four elements (area, number of nodes, ratio of R.T.A and ratio 

of N.R.T.A), the second layer is hidden layer and it contains 20 neurons and 

the third layer contains 10 neurons and fourth is contains 20 neurons and last  

5. Training the network depends on the results from the simulation (QoS) and 

making the error ratio (10
-7

). This will learn the neural network to get high 

accuracy digit to estimate the best protocol of the area. This topic describes 
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two different styles of training. The incremental training in which the weights 

and biases of the network are updated each time an input is presented to the 

network. The second style is the batch training in which the weights and 

biases are only updated after all the inputs are presented. The batch training 

methods are generally more efficient in the MATLAB 2012A environment, 

and they are emphasized in the Neural Network Toolbox software, but there 

are some applications where incremental training can be useful, so that 

paradigm is implemented as well. 

6. Validation the network. Now the network is ready to be used. 

After neural network design, one can be sure from accuracy of the results through 

the input data approximation of data learning. 

From test 1 the area 15000 m
2
 is (122*122) which is close to the area (100*100) 

and result matches the learning data. The best protocol is OLSR. 

Test No. 1     Results  

Area  
No. 

Of 

Nodes  

Ratio 

Of Real 

Time 

Application  

Ratio of 

Non-Real 

Time 

Application 

AODV DSR OLSR TORA 

 15000 m
2 50 0.5   0.5 0.9963   0.9945  0.9994  0.9934 

Test No. 2     Results  

Area  
No. 

Of 

Nodes  

Ratio 

Of Real 

Time 

Application  

Ratio of 

Non-Real 

Time 

Application 

AODV DSR OLSR TORA 

 25000 m
2
 45 0.5 05 0.9993 0.9947 0.9925 0.9905 

Test No. 3     Results  

Area  
No. 

Of 

Nodes  

Ratio 

Of Real 

Time 

Application  

Ratio of 

Non-Real 

Time 

Application 

AODV DSR OLSR TORA 

 50000 m
2 60 0.5 0.5 0.3311 0.1383 0.5401 0.0158 
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From test 2, increasing the area and decreasing the number of nodes the QoS remains 

constant and the best of routing protocol for this specification is (AODV). 

 

 In test 3, the best protocol is OLSR but it needs to be improved; by adding node 

server to serve other nodes as shown in Fig. 8 and making some of nodes static (to reduce 

the update of table driven in reactive protocol) or increasing the ratio of real time 

application to improve the QoS. 

After adding 6 nodes server and making 25 nodes static the QoS will be improved 

to (0. 6421). 

 

 

Through previous tests and the results showed it was possible to expect the best 

protocol for any region and the number of nodes application used, which in turn will 

determine the best protocol, which helps to achieve the best QoS to the network. There 

Test No. 4     Results  

Area  
No. 

Of 

Nodes  

Ratio 

Of Real 

Time 

Application  

Ratio of Non-

Real Time 

Application 
AODV DSR OLSR TORA 

 750000 m
2
 40 0.7 0.3 0.7585 0.7200 0.8586 0.4922 

Test No. 5     Results  

Area  
No. 

Of 

Nodes  

Ratio 

Of Real 

Time 

Application  

Ratio of 

Non-Real 

Time 

Application 

AODV DSR OLSR TORA 

 300000 m
2 60 0.5 0.5 0.9968 0.9991 0.9939 0.9902 

Test No. 6     Results  

Area  
No. 

Of 

Nodes  

Ratio 

Of Real 

Time 

Application  

Ratio of 

Non-Real 

Time 

Application 

AODV DSR OLSR TORA 

 500000 m
2 48 0.3 0.7 0.9911 0.4838 0.2472 0.1561 
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are some of rules to improve QoS through mixing between the two protocols (AODV & 

DSR) as compared with reference Bandyopadhyay, 6002, or distribute some of nodes 

server to help other nodes by flooding. 

 6.CONCLUSION 

 This paper presented a research work on QoS technologies for multimedia 

applications in next generation networks. We used Fuzzy Neural technique to implement 

this work. The Fuzzy technique evaluated QoS for all protocols by identifying different 

number of nodes using several areas. The most important parameters in the QoS are: 

throughput, PDR, Latency, and Jitter. The values of the QoS evaluation were compared 

with the results of implementing other protocols for the same design. The Neural 

technique was implemented and tested to identify the best protocol. The Ad-hoc network 

had used two types of applications: Real time and Non real time applications in the 

MANET. Finally, the neural technique used all QoS results obtained by Fuzzy technique 

to learn ANN. The results showed that the proposed approach enhanced performance and 

it was the best protocol depending on  the QoS factor of the medium radio. 
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Figure 3. Artificial neuron structure (perceptron model). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Evaluating the QoS of Non-Real Time application. 

Figure 1. Evaluating the QoS of Real Time application.  

Figure 4. System design. 
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Figure 5. Neural network.  

Figure 7. Training Neural network after training. 

Figure 6. Best Validation is 12331 at epoch 14. 
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Table  1. Specification of Design  

Figure 8. Improve the routing protocol OLSR.  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Simulation Specification Value 

Mobility Model Random Way Point (RWP) 

Node Speed  2.7 m/sec  

Areas  100*100 - 200*200 - 400*400 - 800*800 -

1000*1000 

Number of Nodes  10,20,40 and 80 

Simulation time  1100 sec  

Packet Reception Power Threshold -85 dB 

Transmission Power  0.006w or 7.781 dBm 

Mac Layer Type  802.11g (12MB) 
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Table 2-A. QoS of simulation on area (100*100) m
2
. 

Area 
No. of  Ratio of  QoS of protocols  

nodes voice used  AODV DSR OLSR TORA 

100*100 10 0.1 0.84391 0.84391 0.84391 0.84391 

100*100 10 0.2 0.85421 0.85422 0.85422 0.85422 

100*100 10 0.3 0.86453 0.86453 0.86453 0.86453 

100*100 10 0.4 0.8748 0.87484 0.87484 0.87484 

100*100 10 0.5 0.8852 0.88515 0.88515 0.88515 

100*100 10 0.6 0.8955 0.89546 0.89546 0.89546 

100*100 10 0.7 0.9058 0.90577 0.90577 0.90577 

100*100 10 0.8 0.9161 0.91608 0.91608 0.91608 

100*100 10 0.9 0.9264 0.92639 0.90639 0.92639 

100*100 20 0.1 0.8692273 0.84391 0.84391 0.84391 

100*100 20 0.2 0.8798466 0.85422 0.85422 0.85422 

100*100 20 0.3 0.8904659 0.86453 0.86453 0.86453 

100*100 20 0.4 0.9010852 0.87484 0.87484 0.87484 

100*100 20 0.5 0.9117045 0.88515 0.88515 0.88515 

100*100 20 0.6 0.9223238 0.89546 0.89546 0.89546 

100*100 20 0.7 0.9329431 0.90577 0.90577 0.90577 

100*100 20 0.8 0.9435624 0.91608 0.91608 0.91608 

100*100 20 0.9 0.9541817 0.92639 0.92639 0.92639 

100*100 40 0.1 0.7795 0.78024 0.17427 0.48 

100*100 40 0.2 0.7262 0.72688 0.18824 0.46 

100*100 40 0.3 0.673 0.62016 0.20221 0.44 

100*100 40 0.4 0.6197 0.62016 0.21618 0.42 

100*100 40 0.5 0.5664 0.5668 0.23015 0.4 

100*100 40 0.6 0.5131 0.51344 0.24412 0.38 

100*100 40 0.7 0.4598 0.46008 0.25809 0.36 

100*100 40 0.8 0.4066 0.40672 0.27206 0.34 

100*100 40 0.9 0.3533 0.35336 0.28603 0.32 

100*100 80 0.1 0.7795 0.70155 0.350775 0.78006 

100*100 80 0.2 0.7262 0.65358 0.32679 0.72672 

100*100 80 0.3 0.673 0.6057 0.30285 0.67338 

100*100 80 0.4 0.6197 0.55773 0.278865 0.62004 

100*100 80 0.5 0.5664 0.50976 0.25488 0.5667 

100*100 80 0.6 0.5131 0.46179 0.230895 0.51336 

100*100 80 0.7 0.4598 0.41382 0.20691 0.46002 

100*100 80 0.8 0.4066 0.36594 0.18297 0.40668 

100*100 80 0.9 0.3533 0.31797 0.158985 0.35334 
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Table 2-B. QoS of simulation on area (200*200) m
2
. 

Area No. of Ratio of QoS of protocols 

nodes voice 

used 
AODV DSR OLSR TORA 

200*200 10 0.1 0.84391 0.84391 0.84391 0.84391 

200*200 10 0.2 0.85422 0.85422 0.85422 0.85422 

200*200 10 0.3 0.86453 0.86453 0.86453 0.86453 

200*200 10 0.4 0.87484 0.87484 0.87484 0.87484 

200*200 10 0.5 0.88515 0.88515 0.88515 0.88515 

200*200 10 0.6 0.89546 0.89546 0.89546 0.89546 

200*200 10 0.7 0.90577 0.90577 0.90577 0.90577 

200*200 10 0.8 0.91608 0.91608 0.91608 0.91608 

200*200 10 0.9 0.92639 0.92639 0.92639 0.92639 

200*200 20 0.1 0.58048 0.78024 0.84391 0.19036 

200*200 20 0.2 0.62006 0.72688 0.85422 0.22042 

200*200 20 0.3 0.65964 0.67352 0.86453 0.25048 

200*200 20 0.4 0.69922 0.62016 0.88515 0.28054 

200*200 20 0.5 0.7388 0.5668 0.89546 0.3106 

200*200 20 0.6 0.77838 0.51344 0.90577 0.34066 

200*200 20 0.7 0.81796 0.46008 0.91608 0.37072 

200*200 20 0.8 0.85754 0.40672 0.92639 0.40078 

200*200 20 0.9 0.89712 0.35336 0.92639 0.43084 

200*200 40 0.1 0.78024 0.78024 0.546168 0.17427 

200*200 40 0.2 0.72688 0.72688 0.508816 0.18824 

200*200 40 0.3 0.67352 0.67352 0.471464 0.20221 

200*200 40 0.4 0.62016 0.62016 0.434112 0.21618 

200*200 40 0.5 0.5668 0.5668 0.39676 0.23015 

200*200 40 0.6 0.51344 0.51344 0.359408 0.24412 

200*200 40 0.7 0.46008 0.46008 0.322056 0.25809 

200*200 40 0.8 0.40672 0.40672 0.284704 0.27206 

200*200 40 0.9 0.35336 0.35336 0.247352 0.28603 

200*200 80 0.1 0.78024 0.7334256 0.468144 0.78024 

200*200 80 0.2 0.72688 0.6832672 0.3052896 0.72688 

200*200 80 0.3 0.67352 0.6331088 0.2828784 0.67352 

200*200 80 0.4 0.62016 0.5829504 0.2604672 0.62016 

200*200 80 0.5 0.5668 0.532792 0.238056 0.5668 

200*200 80 0.6 0.51344 0.4826336 0.2156448 0.51344 

200*200 80 0.7 0.46008 0.4324752 0.1932336 0.46008 

200*200 80 0.8 0.40672 0.3823168 0.1708224 0.40672 

200*200 80 0.9 0.35336 0.3321584 0.1484112 0.35336 
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Table 2-C. QoS of simulation on area (400*400) m
2
. 

Area 
No. of Ratio of QoS of protocols 

nodes voice 

used 
AODV DSR OLSR TORA 

400*400 10 0.1 0.83104 0.84391 0.84391 0.84391 
400*400 10 0.2 0.84278 0.85422 0.85422 0.85422 
400*400 10 0.3 0.85452 0.86453 0.86453 0.86453 
400*400 10 0.4 0.86626 0.87484 0.87484 0.87484 
400*400 10 0.5 0.878 0.88515 0.88515 0.88515 
400*400 10 0.6 0.88974 0.89546 0.89546 0.89546 
400*400 10 0.7 0.90148 0.90577 0.90577 0.90577 
400*400 10 0.8 0.91322 0.91608 0.91608 0.91608 
400*400 10 0.9 0.92496 0.92639 0.92639 0.92639 
400*400 20 0.1 0.84391 0.82024 0.84391 0.80242 
400*400 20 0.2 0.85422 0.80688 0.85422 0.79104 
400*400 20 0.3 0.86453 0.79352 0.86453 0.77966 
400*400 20 0.4 0.87484 0.78016 0.87484 0.76828 
400*400 20 0.5 0.88515 0.7668 0.88515 0.7569 
400*400 20 0.6 0.89546 0.75344 0.89546 0.74552 
400*400 20 0.7 0.90577 0.74008 0.90577 0.73414 
400*400 20 0.8 0.91608 0.72672 0.91608 0.72276 
400*400 20 0.9 0.92639 0.71336 0.92639 0.71138 
400*400 40 0.1 0.78024 0.78024 0.48 0.48 
400*400 40 0.2 0.72688 0.72688 0.46 0.46 
400*400 40 0.3 0.67352 0.67352 0.44 0.44 
400*400 40 0.4 0.62016 0.62016 0.42 0.42 
400*400 40 0.5 0.5668 0.5668 0.4 0.4 
400*400 40 0.6 0.51344 0.51344 0.38 0.38 
400*400 40 0.7 0.46008 0.46008 0.36 0.36 
400*400 40 0.8 0.40672 0.40672 0.34 0.34 
400*400 40 0.9 0.35336 0.35336 0.32 0.32 
400*400 80 0.1 0.78024 0.75024 0.450144 0.78024 
400*400 80 0.2 0.72688 0.73688 0.442128 0.72688 
400*400 80 0.3 0.67352 0.70352 0.422112 0.67352 
400*400 80 0.4 0.62016 0.68016 0.408096 0.62016 
400*400 80 0.5 0.5668 0.6668 0.40008 0.5668 

400*400 80 0.6 0.51344 0.63344 0.380064 0.51344 
400*400 80 0.7 0.46008 0.61008 0.366048 0.46008 
400*400 80 0.8 0.40672 0.59672 0.358032 0.40672 
400*400 80 0.9 0.35336 0.57336 0.344016 0.35336 
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Table 2-D. QoS of simulation on area (800*800) m
2
. 

Area No.  of Ratio of QoS of protocols 

nodes voice 

used 
AODV DSR OLSR TORA 

800*800 10 0.1 0.80074 0.23794 0.23794 0.20413 
800*800 10 0.2 0.76788 0.31558 0.34558 0.24796 
800*800 10 0.3 0.73502 0.39322 0.37322 0.29179 
800*800 10 0.4 0.70216 0.47086 0.47086 0.33562 
800*800 10 0.5 0.6693 0.5485 0.5485 0.37945 
800*800 10 0.6 0.63644 0.62614 0.62614 0.42328 
800*800 10 0.7 0.60358 0.70378 0.70378 0.46711 
800*800 10 0.8 0.57072 0.78142 0.78142 0.51094 
800*800 10 0.9 0.53786 0.85906 0.85906 0.55477 
800*800 20 0.1 0.819252 0.78024 0.78266 0.76494 
800*800 20 0.2 0.763224 0.72688 0.79502 0.71328 
800*800 20 0.3 0.707196 0.67352 0.75738 0.66162 
800*800 20 0.4 0.651168 0.62016 0.73974 0.60996 
800*800 20 0.5 0.59514 0.5668 0.70721 0.5583 
800*800 20 0.6 0.539112 0.51344 0.68446 0.50664 
800*800 20 0.7 0.483084 0.46008 0.66682 0.45498 
800*800 20 0.8 0.427056 0.40672 0.65918 0.40332 
800*800 20 0.9 0.371028 0.35336 0.62154 0.35166 
800*800 40 0.1 0.78024 0.78024 0.68024 0.17427 
800*800 40 0.2 0.72688 0.72688 0.63688 0.18824 
800*800 40 0.3 0.67352 0.67352 0.60352 0.20221 
800*800 40 0.4 0.62016 0.62016 0.57016 0.21618 
800*800 40 0.5 0.5668 0.5668 0.5668 0.23015 
800*800 40 0.6 0.51344 0.51344 0.51344 0.24412 
800*800 40 0.7 0.46008 0.46008 0.46008 0.25809 
800*800 40 0.8 0.40672 0.40672 0.40672 0.27206 
800*800 40 0.9 0.35336 0.35336 0.35336 0.28603 
800*800 80 0.1 0.78006 0.77688 0.17427 0.24796 
800*800 80 0.2 0.72672 0.75352 0.18824 0.29179 
800*800 80 0.3 0.67338 0.73016 0.20221 0.33562 
800*800 80 0.4 0.62004 0.6968 0.21618 0.37945 
800*800 80 0.5 0.5667 0.67344 0.23015 0.36796 
800*800 80 0.6 0.51336 0.56008 0.24412 0.34008 
800*800 80 0.7 0.46002 0.55672 0.25809 0.33672 
800*800 80 0.8 0.40668 0.52336 0.27206 0.32336 
800*800 80 0.9 0.35334 0.50603 0.28603 0.30231 
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Table 2-E QoS of simulation on area (1000*1000) m
2
. 

 

 

Area 
No.  of Ratio of QoS of protocols 

nodes voice 

used 
AODV DSR OLSR TORA 

1000*1000 10 0.1 0.71296 0.84391 0.84391 0.84391 
1000*1000 10 0.2 0.73782 0.85422 0.85422 0.85422 
1000*1000 10 0.3 0.73782 0.86453 0.86453 0.86453 
1000*1000 10 0.4 0.78754 0.87484 0.87484 0.87484 
1000*1000 10 0.5 0.8124 0.88515 0.88515 0.88515 
1000*1000 10 0.6 0.83726 0.89546 0.89546 0.89546 
1000*1000 10 0.7 0.86212 0.90577 0.90577 0.90577 

1000*1000 10 0.8 0.88698 0.91608 0.92639 0.91608 
1000*1000 10 0.9 0.91184 0.92639 0.92639 0.92639 
1000*1000 20 0.1 0.40957 0.4341442 0.84391 0.19488 

1000*1000 20 0.2 0.46814 0.4962284 0.85422 0.22946 
1000*1000 20 0.3 0.52671 0.5583126 0.86453 0.26404 
1000*1000 20 0.4 0.58528 0.6203968 0.87484 0.29862 
1000*1000 20 0.5 0.64385 0.682481 0.88515 0.3332 
1000*1000 20 0.6 0.70242 0.7445652 0.89546 0.40236 
1000*1000 20 0.7 0.76099 0.8066494 0.90577 0.40236 
1000*1000 20 0.8 0.81956 0.8687336 0.91608 0.43694 
1000*1000 20 0.9 0.87813 0.9308178 0.92639 0.47152 
1000*1000 40 0.1 0.78024 0.80074 0.17427 0.48 
1000*1000 40 0.2 0.72688 0.76788 0.18824 0.46 
1000*1000 40 0.3 0.67352 0.73502 0.20221 0.44 
1000*1000 40 0.4 0.62016 0.70216 0.21618 0.42 
1000*1000 40 0.5 0.5668 0.6693 0.23015 0.4 
1000*1000 40 0.6 0.51344 0.63644 0.24412 0.38 
1000*1000 40 0.7 0.46008 0.60358 0.25809 0.36 
1000*1000 40 0.8 0.40672 0.57072 0.27206 0.34 
1000*1000 40 0.9 0.35336 0.53786 0.28603 0.32 
1000*1000 80 0.1 0.78006 0.702054 0.3159243 0.78006 
1000*1000 80 0.2 0.72672 0.654048 0.2943216 0.72672 
1000*1000 80 0.3 0.67338 0.606042 0.2727189 0.67338 
1000*1000 80 0.4 0.62004 0.558036 0.2511162 0.62004 
1000*1000 80 0.5 0.5667 0.51003 0.2295135 0.5667 
1000*1000 80 0.6 0.51336 0.462024 0.2079108 0.51336 
1000*1000 80 0.7 0.46002 0.414018 0.1863081 0.46002 
1000*1000 80 0.8 0.40668 0.366012 0.1647054 0.40668 
1000*1000 80 0.9 0.35334 0.318006 0.1431027 0.35334 
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ABSTRACT 

        This paper discusses an optimal path planning algorithm based on an Adaptive Multi-

Objective Particle Swarm Optimization Algorithm (AMOPSO) for two case studies. First case, 

single robot wants to reach a goal in the static environment that contain two obstacles and two 

danger source. The second one, is improving the ability for five robots to reach the shortest way. 

The proposed algorithm solves the optimization problems for the first case by finding the 

minimum distance from initial to goal position and also ensuring that the generated path has a 

maximum distance from the danger zones. And for the second case, finding the shortest path for 

every robot and without any collision between them with the shortest time. In order to evaluate 

the proposed algorithm in term of finding the best solution, six benchmark test functions are used 

to make a comparison between AMOPSO and the standard MOPSO. The results show that the 

AMOPSO has a better ability to get away from local optimums with a quickest convergence than 

the MOPSO. The simulation results using Matlab 2014a, indicate that this methodology is 

extremely valuable for every robot in multi-robot framework to discover its own particular 

proper path from the start to the destination position with minimum distance and time. 

 

Key words: multi-robot system, path planning, multi-objective approaches, adaptive multi-

objective particle swarm optimization, danger zones. 

 

 تطوير خوارزميح اسراب الطيور متعذدج الوظائف لتخطيط المسار لآكثر من روتوخ

 د. نسار هادي عثاش                                                               جعفر احمذ عثذ الصاحة

                    لسُ إٌٙذسخ اٌىٙزثبئٍخ                                                                لسُ إٌٙذسخ اٌىٙزثبئٍخ                 

وٍٍخ إٌٙذسخ، خبِؼخ ثغذاد                                                                                        وٍٍخ إٌٙذسخ، خبِؼخ ثغذاد       

حـــالخلاص  

فً ٘ذا اٌجحث تُ ػزض افضً ِسبر ػٍى اسبص خٛارسٍِخ اسزاة اٌطٍٛر ِتؼذدح اٌٛظبئف اٌّؼذٌخ ٌذراسخ حبٌتٍٓ . فً 

تُ تطجٍك ٚظٍفتٍٓ ٌتٌٍٛذ افضً ِسبر ِّىٓ ٌٍزٚثٛد اٌّتحزن فً ثٍئخ ثبثتخ ِغ تدٕت اٌتصبدَ ِغ اٌؼٛائك ٚ  ،اٌحبٌخ الاٌٚى 

ٌتحسٍٓ لذرح اٌجحث ٌٕظبَ ٌحتٛي ػٍى ػذد ِٓ اٌزٚثٛتبد ٌٍحصٛي  ،ِصبدر اٌخطز اٌتً لذ تىْٛ ِٛخٛدح فً اٌجٍئخ ٚاٌثبٍٔخ 

طزٌمخ الاِثٍٍخ ػٓ طزٌك تمًٍٍ داٌخ اٌٙذف ٚاٌحصٛي ػٍى اٌّسبراد ث ٛارسٍِخ اٌّمتزحخ تحً اٌّشبوًػٍى الصز ِسبر. اٌخ

ٓ اْ اٌّسبراد اٌّتٌٛذح ّضتاتجبػٗ ثٛاسطخ اٌزٚثٛد ٚاٌضبً  ِٓ طٛي اٌطزٌك اٌذي ٌدت وذٌه تمًٍالاِثً ٚثذْٚ تصبدَ  

رسٍِخ اٌّطٛرح ِغ ػٍى ِسبفخ إِخ ِٓ ِصبدر اٌخطز. ثؼط دٚاي الاختجبر تُ استخذاِٙب ٌٍّمبرٔخ ثٍٓ خٛدح اٌخٛا

mailto:drnizaralmsaodi@gmail.com
mailto:jaafer.almadhhachi@gmail.com
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اٌخٛارسٌّخ الاصٍٍخ ِٓ ٔبحٍخ اٌٛصٛي اٌى افضً اٌحٍٛي. إٌتبئح اظٙزد اْ اٌخٛارسٍِخ اٌّطٛرح تّتٍه لذرح افضً ٌٍخزٚج 

٘ذٖ إٌّٙدٍخ  تجٍٓ ثأِْٓ الاِثٍٍخ اٌّحٍٍخ ٚاٌحصٛي ػٍى تمبرة اسزع ِٓ اٌخٛارسٍِخ الاصٍٍخ . ٔتبئح اٌّحبوبح ٚٔتبئح اٌتحمك 

لاوتشبف اٌطزٌك اٌصحٍح اٌخبص ثٗ ِٓ ِٛلغ اٌجذاٌخ اٌى  بداٌزٚثٛت حِتؼذد ِٕظِٛخ غبٌخ ٌىً رٚثٛد فً إطبرً٘ لٍّخ ٌٍ

 ِغ اٌحصٛي ػٍى اٌحذ الأدٔى ِٓ اٌّسبفخ اٌّمطٛػخ ٚاٌشِٓ. ٙذفاٌ

ِتؼذدح خٛارسٍِخ اسزاة اٌطٍٛر طزق اٌٛظبئف اٌّتؼذدح ،  اٌّسبر، تخطٍظ اٌزٚثٛد، ِتؼذد ٔظبَالكلماخ الرئيسيح: 

 اٌخطز. ِٕبطك اٌٛظبئف ،

 

1. INTRODUCTION 

        The Multi Robot System (MRS) can be described as a group of robots working in the same 

environment. However, robotic systems may range from simple sensors, acquiring and 

processing data, to complex human like machines, able to interact with the environment in fairly 

complex ways. MRS has been widely applied to rescue, industrial, exploration of outer space 

areas, due to its characteristics of reliability, robustness, and economy. Path planning has been 

known as one of the main problems in the MRS. The objective was to choose the optimum path 

without collision among them in the specified arena, Li, et al., 2009.  

        One of the most important tasks in the moving of mobile robots in static (fixed) 

environments in the existence of multi-obstacles was to arrive the goal as fast as possible using 

an optimal trajectory. Sometimes, the environments that the robots are working on may be 

included danger zones (sensitive areas), so it must be considered in the robot path planning 

(RPP) algorithms. In addition to generating the shortest path, the RPP algorithms also generate 

trajectories at safe spaces from the danger zones in the arena, Gong, et al., 2011. 

        A MOPSO algorithm is utilized in, Zhang, et al., 2013, to generate trajectories for mobile 

robots that are working on the environments that the robots are working on and may be included 

danger sources. R. Kala introduced a co-evolutionary genetic programming algorithm to produce 

a comprehensive, optimal path for multi-robots in map of the maze, where every robot searching 

for the shortest path in addition to that, each robot avoids the collision with other robots. The 

results show that this method can find the best paths for whatever number of mobile robots in 

various arenas and scenarios, Kala, 2012. Kaluder, et al.,2011, showed a modified Asano's 

algorithm which is performed to locate the visibility polygons and graphs. According to the 

result, a cubical complexity of the algorithm is shown, based on reflection point numbers. 

        The methods that are used for solving RPP can be separated into two methods: traditional 

and intelligent, the first method contains visibility graphs, configuration space (C-Space) and 

artificial potential field., Jaillet, et al., 2010, addressed path planning issue to consider the cost 

function defined over the C-Space. The proposed design computes minimum cost paths that 

follow the valleys and saddle points of the C-Space cost map. According to the results this 

method is very effective. The second method is a group of obstacles and points in the Euclidean 

plane and it was applied to find the Euclidean shortest paths between a group of point (polygonal 

point). The artificial intelligent path planning includes Ant Colony Optimization (ACO), Particle 

Swarm Optimization (PSO), Genetic Algorithm (GA) and so on. Chung and Xu,2010, 

suggested a generalized three dimensional (3D) path planning technique for robots using GA 

with an adaptive evolution process. According to nearest neighbor, the authors presented a new 

operator, named it a Bind-NN that is randomly separated and reconnect an elitist chromosome. 

According to the results the efficiency and search effectiveness has a better improvement. 
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Chakraborty, et al., 2008, presented an alternative method for a co-operative multiple RPP 

problem using parallel differential evolution algorithms. According to the experimental results 

this method is very useful for each robot in multi-robot systems for searching and finding the 

shortest path to target. 

        In this paper, two case studies based on an Adaptive Multi-Objective Particle Swarm 

Optimization Algorithm (AMOPSO) for solving RPP problem are presented the first one for 

single robot and the second for multi-robot. In the first case, the AMOPSO algorithm generates 

optimal paths by maximizing the distance between the generated paths and the danger zones that 

exist in the arena and also minimizing the length of the path that needs by the mobile robot to 

reach the target. In the second case, the AMOPSO algorithm improves the ability for multiple 

robot system to reach the shortest way. 

        The rest of this paper is organized as follows: section 2 describes a problem formulation; 

Section 3 describes the theoretical background; Section 4 describes the proposed AMOPSO 

algorithm and the simulation results and discussion are presented in section 5. Finally, section 6 

gives the research conclusions. 

 

2. PROBLEM FORMULATION  

2.1 Single Robot with Danger Zones  

        The multiple objective optimization algorithm is considered as AMOPSO algorithm, which 

depends on two objectives to find the optimal paths for single mobile robots in fixed 

environments that contain a number of obstacles and danger source. 

        PSO algorithm using a number of the population P of particles that are taking as a random 

position in the work space. Every particle has a velocity (randomized) assigned to which they 

have changed its position in the work space. 

        Let (R) be the robot that is used in a known environment in the task of finding the optimal 

path with existing of danger zones and multi-obstacles. A population of particles (P) contains a 

number of particles (N), are participating in the production of optimal path for the robot R. 

        The static environment includes a group of obstacles {Ok | k =1...p} and group of danger 

zones {DZk | k =1...r} that are known in advance. As described in, Gong, et al., 2011, the danger 

zone can be found in the environment when the robot is moving to reach the target. 

        The first objective in this case is to reach the maximum distance among each particle and 

the danger zones. This means, at each iteration the AMOPSO algorithm attempt to find the 

maximum Euclidean distance between the particle positions and every point for danger zones. To 

achieve that, the following objective function is used: 

 

f1i (t) = 
 

∑ √              
                   

 

 

        

 , i = 1…N,                                                         (1) 

 

where (XDZj, YDZj) are axis for the danger zone's position. When the AMOPSO algorithm reaches 

the maximum number of iterations, then it eliminated agent’s trajectories which have any 

collision points with any points of danger zones. 

        The second objective is to find the minimum distance that is needed by the robot from the 

start position (Xi(t), Yi(t)) to the goal point (Xf, Yf). The objective function which is used to 
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reach the minimum Euclidean distance between the agent current location and the goal is 

formulated as, 

 

f2i (t) = √                             , i = 1…N.                                                                 (2) 

         

        Eq. (1) and Eq. (2) are brought together into a single objective function: 

 

fi(t) = f1i (t) + f2i (t)                                                                                                                       (3) 

 

        Therefore, every iteration finds the maximum distance between the path points and the 

danger zones points in the arena and also obtain the minimum distance that is needed by the 

mobile robot. 

2.2 Multi-Robot System with Shortest Way 

        There are three principles used to organize the robot movement in order to reach the goal 

position without collision with obstacles or other robot in the arena, these principles are: 

1) At first, the robot identifies the next position so as to align itself to a goal. 

2) This alignment may cause a collision with another robot. This may be happening in the 

case of more than one robot try to take the same position. Also the collision may be 

happening with obstacles that found in the next position. To avoid such collision, the 

robot has to turn left or right by changing its position by increasing x-axis and y-axis with 

threshold. 

3) Finally, if the robot can align itself to the goal without any collision with other robot or 

obstacles, it will move to next position. 

        The objective is to minimize the distance that is needed for each robot from the start 

position to its goal with minimum time. The objective function that is used to minimize the 

Euclidian distance between the agent current position and the goal point is formulated as: 

 

fi (t) = √                             , i = 1…N.                                                                 (4) 

 

where, (Xi(t), Yi(t)) is initial position and (Xf, Yf) is goal point. 

3. THEORETICAL BACKGROUND 

3.1  Path Planning 

        The field of robot path planning (RPP) was begun in 1960's. The RPP problem is a very 

defy challenging in the field of robotics. The main objective is to find a collision free path from 

an initial position to a destination position. Robot Navigation (RN) problem has to be concerned 

with three main matters: accuracy, safety and efficiency. The accuracy and safety issues deal 

with finding a collision-free path and following the exactly addressed path. Efficiency means that 

the algorithm searching the shortest distance with acceptable time by not letting the robot to stop 

and turn many times or take needless steps, which results in squandering of time and energy 

consumption. Ehlert, 1999. 
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        Depending on the environment where the robot located in; RPP can be classified into two 

types: 

1) RPP in static environment: if there are fixed obstacles in the arena. 

2) RPP in dynamic environment: if the arena has both fixed and moving obstacles. 

        Each of these two types could be further subdivided into a sub-group: 

1) Global Path Planning (GPP): a total information about fixed obstacles and a path of 

moving obstacles are known in advance; thus, the GPP can be planned before the robot 

starts to move (offline). 

2) Local Path Planning (LPP): a total information about the environment is not obtainable in 

advance. So, while it moves through the environment the mobile robot obtains 

information through sensors (online), Miao, 2009. 

 

3.2  Optimization Technique 

3.2.1 Standard PSO Algorithm  

        Particle Swarm Optimization (PSO) algorithm was invented by Kennedy and Eberhart in 

1995 is an evolutionary algorithm inspired by the motion of the fish school or bird flocks in 

nature. It is used in optimizing the continuous nonlinear functions. PSO uses a population of 

particles (agents) that are moving in the work space and at each iteration a particle memorized 

the coordinates of the position in the work space associated with better fitness value achieved so 

far. PSO also stores the position of the best value from the whole particles, Kennedy and 

Eberhart,1995. 

        A position vector Xi(t) and velocity vector Vi(t) for every particle in the population is, Rao, 

2009: 

 

Vi(t) = (Vi
X
(t), Vi

Y
(t)), i=1...N,                                                                                                       (5) 

 

Xi(t) = (Xi
X
(t), Xi

Y
(t)), i=1...N.                                                                                                       (6) 

 

where the super-scripts X & Y highlight the vector components in the 2-D work space where the 

robot is moving. Every agent maintains the best own positions that are reached in the best 

position vector Pi, best (t): 

 

Pi, best (t) =(Pi
X
(t), Pi

Y
(t)), i=1...N.                                                                                                 (7) 

 

        The best positions of the whole population are maintained in the vector Pg, best (t): 

 

Pg, best (t) =(Pg
X
(t), Pg

Y
(t)), i =1...N.                                                                                               (8) 

 

        The updating velocity, which is used by the particle in the moving in search space can be 

found according to: 

 

Vi
X 

(t+1) =w(t) Vi
X
(t) + c1 r1 [Pi

X
(t) - Xi

X
(t)] + c2 r2 [Pg

X
(t)-Xi

X
(t)], i=1...N.                             (9) 
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Vi
Y 

(t+1) =w(t) Vi
Y
(t) + c1 r1 [Pi

Y
(t) - Xi

Y
(t)] + c2 r2 [Pg

Y
(t)-Xi

Y
(t)], i=1...N.                            (10) 

 

where r1 and r are uniformly distributed random variables in the range of [0,1] , 0.4 ≤ w(t) ≤ 0.9 

is the inertia weight, c1 and c2 are the weighting factors of the stochastic accelerations pulling 

the agents towards their final positions and it rang is [0,4]. The next particle position in the 

search space is obtained using the following equations: 

 

Xi(t+1) =Xi(t)+Vi
X
(t+1).                                                                                                              (11) 

 

Yi(t+1) =Yi(t)+Vi
Y
(t+1).                                                                                                              (12) 

        Pseudocode that shows the steps of the standard PSO algorithm works illustrated in Fig. 1.  

3.2.2 MOPSO Algorithm  

        Mostly, a single condition used by researchers to generate an optimal path, such as the time 

required by a mobile robot to reach the target or minimum path length. But, in practice, several 

conditions must be meets to make the path feasible, such as safety, energy consumption, 

smoothness, etc. 

        An optimal path for single criterion does not mean that all the other criteria are satisfied, 

Fujimura, 1996, As an example, an energy consumption dose not desired at the expense of 

shortest path along the path. 

        So, in multi-objective PSO (MOPSO) algorithm the target is to find a set of different 

solutions by modifying the original scheme. Three main concepts must be considered when 

extending PSO to MOPSO. These concepts are Dehuri, et al., 2008: 

 How to choose the leaders from particles with a view to give priority to non-dominated 

solutions over those that are dominated? 

 How to keep a non-dominated solution that be found within the search process with a 

view to give a report solution that is non-dominated with respect to all the past agents and 

not only with respect to the current one? 

 How to save the diversity in the swarm with a view to avoid convergence for a single 

local solution? 

        Pseudocode that shows the procedure of the standard MOPSO algorithm works presented in 

Fig. 2. Italics are used in Fig. 2 to clarify the difference process between MOPSO and PSO 

algorithms. 

3.2.3 Multi-objective approaches   

       When the optimization problem contains more than one objective function, the mission of 

finding one optimal solutions or more is known as multiple objective optimization. The common 

methods that are used to deal with multiple objective optimization are: weighted sum and pareto 

front 

1. Weighted Sum Approach 

       The weighted sum method combines all multiple objective functions into one scalar, 

composite objective function using the weighted sum, Yang, 2014. 
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f(x) = ∑         
 

    
.                                                                                                           (13) 

 

       The important matter in specifying the weighting coefficient, W = (W1, W2, …, Wm) because 

the strongly solution depends on the selection of W. Obviously, these weights have been positive, 

satisfying ∑      
       Wm ∈ [0,1]. 

2. Pareto Dominance and Pareto Optimality 

       In a pareto set, a solution back to the pareto set, if there is no other solution can improve at 

least one objective without degrading on any other one from the objective. In the context of 

Multi-Objective Optimization (MOO), formally, a decision vector  ⃗  ∈ Ω is said to pareto 

dominate vector    ∈ Ω, in a minimization context, if and only if: 

111111 

   ∈ {      }     ⃗             

       ∈  {      }      ⃗                                                                                                               (14)                                                    

 
       In the context of Multi-Objective Optimization MOO, Pareto dominance is used to compare 

and rank decision vectors:   ⃗  dominating    in the Pareto sense means that  ⃗   ⃗   is either the same 

or better than  ⃗      for all objectives, and there is at least one objective function for which  ⃗   ⃗   

is strictly better than  ⃗      Yang, 2014. 

4. PROPOSED AMOPSO ALGORTHIM 

       In this paper, an adaptive approach is proposed to adjust the particles velocity and position 

to overcome the slow convergence problem that emerged in Standard PSO (SPSO) algorithm. 

       Thus, in the APSO, the particle position is updated such that the highly fitted particle moves 

slowly when compared to the lowly fitted particle. Therefore, in order to achieve the promising 

updating, the following particles' parameters should be adapted according to their objective 

function values, Humadi, et al., 2013: 

1. The adaptive inertia weight factor (AIWF) wi
t
, is proposed to find out a compromised 

AIWF that satisfies both exploration (global search) and exploitation (local search). The 

AIWF is determined as in Eqs. (15 & 16). 

2. The adaptive acceleration coefficients (AACs) c
t
1,i and c

t
2,i they are used to award the 

efficient particle that has high fitness and punishes the not competent one. These AACs 

are formulated as in Eqs. (17, 18, 19, 20, 21 & 22). 

3. The adaptive random numbers (ARNs) r
t
1,i and r

t
2,i, are proposed to increase the 

movement impact on the third term (swarm) and decrease the movement influence on the 

second term (individual) of  Eqs. (9) and (10). These ARNs are written as in Eqs. 

(23&24). 

 

Wi = (Wmax - Wmin) * (     
 
            

           * logTmax (Ti + 1)) + Wmin.                    (15) 

 

Wi = (Wmax-Wmin) * L * logTmax (Ti +1) + Wmin.                                                     (16) 
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C1 decrease from 1.5 ~ 0.5, C2 increase from 1.5 ~ 2.5 

 

C1 = Z + L * 
  

    
                                                                                                (17) 

 

C2 = Z + L * 
  

    
.                                                                                                (18) 

 

C1 decrease from 1.5 ~ 0.5, C2 decrease from 1.5 ~ 0.5 

 

C1 = Z - L * 
  

    
.                                                                                                 (19) 

 

C2 = Z - L * 
  

    
                                                                                                   (20) 

 

C1 decrease from 1.5 ~ 0.5, C2 increase from 1.5 ~ 2.5 

 

C1 = Z - L * 
  

    
 .                                                                                                 (21) 

 

C2 = Z + L * 
  

    
.                                                                                                 (22) 

 

r1 = rand1 * L * 
  

    
.                                                                                            (23) 

 

r2 = rand2 * L * 
  

    
.                                                                                            (24) 

 

where, Wi must be between (0.4 and 0.9)  

 0.4 when the first part of the Eqs. (15 & 16) equal to zero 

 0.9 when the (     
 
            

           * logTmax (Ti + 1)) equal to one 

 0.9 when the L * logTmax (Ti +1) equal to one 

 0.4 ~ 0.9 when (     
 
            

           * logTmax (Ti + 1)) not equal to zero or one 

 0.4 ~ 0.9 when L * logTmax (Ti +1) not equal to zero or one 

Z = Constant = 1.5 

Ti = Current iteration 

Tmax = Maximum number of iterations  

L must be in this range 0 ≤ L ≤ 1 

 M = 
 

 
 * ∑        

    

 V
2
 = 

 

   
 * ∑        

 

   
   2

 

 Y = 
          

 
 

 L =       
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rand1 & rand2 = random number between (0 ~ 1) 

So, in this paper four AMOPSO cases are simulated, these cases are listed in Table 1. 

5. SIMULATION RESULTS AND DISCUSSION 

5.1 Simulation Parameter Settings 

       The following parameters of the AMOPSO path planning algorithm have been used in the 

experiment: N = 8, maximum number of iterations tmax=120, initial velocities vx
i 
= random and 

vy
i
 = random, acceleration constants 0.5 ≤ c1 ≤ 2.5 and 0.5 ≤ c2 ≤ 2.5 and inertia weight wmin ≤ w 

≤ wmax, wmin = 0.4 and wmax = 0.9. 

       The Matlab2014a programming language used to implement the simulation code for path 

planning and executing on the system with 2.60GHz CPU and 2.0G RAM. 

 

5.2 Benchmark Test Functions 

       Several unimodal and multimodal benchmark functions have been adopted from, 

Vesterstrom and Thomsen, 2004. The list of the test functions and some of their characteristics 

can be seen in Table 2 and Table 3. In the Table 2, the “Range” column gives the defined range 

of the parameter and the “dim” column shows the number of dimensions used for each function 

and in the Table 3 “Min. & Av.” column, the first value represents the minimum of optimal 

solution and the second one represents the average of optimal solution that obtained over 100 

runs are given. Functions f1 ~ f3 are unimodal and f4 ~ f6 multimodal.  

       The function f1 is the Sphere function: 

f1(x) = ∑   
     i

2
.                                                                                                                      (25) 

       The function f2 is the Quadric function: 

f2(x) = ∑  
 

     
∑   
     j

2 
)
2
.
        

                                                                                            
     

 (26) 

       The function f3 is the Quadric Noise function: 

f3(x) = ∑    
     i

4
 + random (0,1).                                                                                           (27) 

       The function f4 is the Rastrigin function: 

f4(x) =  ∑   
 

     i
2
 – 10 cos (2πxi) +10].                                                                                 (28) 

       The function f5 is the Ackley function: 

f5(x) =            √
 

 ∑   
 

     
 
       (

 

    ∑   
           

)                                     (29) 

       The function f6 is the Griewank function: 

f6(x) = 1/4000 ∑   
     i

2 
- ∏     

     (xi/√  ) +1.                                                                      (30)   

 

       The initialization equation for x in the range of search space: 

 

x = (b – a) * random (0,1) + a.                                                                                               (31) 
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where a is the maximum limit in the search space and b is the minimum limit in the search space. 

       In SPSO, c1=c2=2, r1=random (0,1), r2=random (0,1), wmin = 0.4 and wmax = 0.9, the inertia 

weight equation, Rao, 2009: 

 

w(i)=       
          

    
                                                                                                    (32) 

 

5.3 Simulation Results and Discussion 

5.3.1 Case study 1: environment with 2 obstacles and 2 danger zones 

       In this section, the environment used for the planning is a 11*11 meter, all obstacle positions 

are listed in Table 4 and result in Table 5. Starting point is (0,0) and target point is (10,10). The 

experiment has achieved a feasible solution; the best trajectory achieved by AMOPSO1 is 

illustrated in Fig. 3, best trajectory achieved by AMOPSO2 is shown in Fig. 4, best trajectory 

achieved by AMOPSO3 is depicted in Fig. 5. While the best trajectory achieved by AMOPSO4 

is shown in Fig. 6. A best distance achieved by Hybrid PSO-GSA in, Purcaru, et al., 2013, is 

illustrated in Fig. 7. By comparing the results achieved in Figs. 3, 4, 5, 6 and Fig. 7 the 

AMOPSO1, AMOPSO2, AMOPSO3 and AMOPSO4 has a maximum distance from the danger 

zone and minimum length to reach the target than Hybrid PSO-GSA, according to this if multi 

robot used in the arena the AMOPSO give better results than Hybrid PSO-GSA. The results 

obtained from Pareto are better than the results obtained from weighted sum. In pareto, the 

average of maximum distance from danger zone is 40.04 and the average for minimum path is 

14.72 while in weighted sum, the average of maximum distance from danger zone is 35.1 and the 

average for minimum path is 14.44. 

5.3.2 Case study 2: Multi-robot in environment with 5 obstacles 

       In this section, the environment used for the planning is a10*10 meters, all results are listed 

in Table 6. The experiment has achieved a feasible solution; the global path was achieved by 

AMOPSO is illustrated in Fig. 8, In the graph, the start point of robot 1 is [0,0] and the stop point 

is [10, 10], the start point of robot 2 is [2.5, 0] and the stop point is [2.5, 10], the start point of 

robot 3 is [7.5, 0] and the stop point is [2.5, 10], the start point of robot 4 is [0, 2.5] and the stop 

point is [7.5, 10], the start point of robot 5 is [0, 7.5] and the stop point is [10,0]. Best distances 

achieved by Immune Ant Colony Optimization Network Algorithm in, Hao, and Xu, 2014, are 

listed in Table 7. By comparing the results achieved in Tables 6 and 7 the AMOPSO1 has a 

minimum time to reach the target than Immune Ant Colony Optimization Network Algorithm 

and pareto reach the target in 44.8 times less than weighted sum and 562 times less than Immune 

Ant Colony Optimization Network Algorithm. 

 

6. CONCLUSION 

       In this paper, two case studies for path planning model based on AMOPSO is developed to 

enhance the performance of the multi-robot path planning. In the first case, the algorithm 

generates an optimal collision free trajectory in static environments that can contain known 

multiple obstacles and multiple danger zones and the second case improve the ability of multiple 

robot system to reach the shortest way. The algorithm achieved by Matlab 2014a and has been 

applied on two maps, first map, including two obstacles and two danger zones and the second 

including different barriers. The result of first case shows that the AMOPSO generates an 
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optimal path by maximizing the distance between the generated paths and the danger zones that 

exist in the environment and also minimizing the length of the path that needs by the mobile 

robot to reach the target, these results are better than the results achieved by Hybrid PSO-GSA. 

And the result for the second one shows that AMOPSO could be suit for a multi-robot system to 

find the shortest path and without collision between them. These results show that the AMOPSO 

has shortest time compared with time achieved by Immune Ant Colony Optimization Network 

Algorithm. 
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Figure 1. Pseudocode of the standard PSO algorithm. 

 

 
Figure 2. Pseudocode of the standard MOPSO algorithm. 
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Figure 3. Best results achieved by AMOPSO1. 

 

Figure 4. Best results achieved by AMOPSO2. 
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Figure 5. Best results achieved by AMOPSO3. 

 

 

Figure 6. Best results achieved by AMOPSO4. 
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Figure 7. Best results achieved by Hybrid PSO-GSA, Purcaru, et al., 2013. 

 

Figure 8. Best results achieved for case study 2. 
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Table1. AMOPSO cases 

Name W Equation C1 & C2 Equation r1 & r2 Equation 

AMOPSO1 15 17 & 18 23 & 24 

AMOPSO2 15 19 & 20 23 & 24 

AMOPSO3 16 19 & 20 23 & 24 

AMOPSO4 16 21 & 22 23 & 24 

 

Table 2. Different benchmark functions on the SPSO and AMOPSO have been tested. 

Benchmark fun. Dim Range 

f1 30 [-100,100]
 D

 

f2 30 [-100,100]
 D

 

f3 30 [-1.28,1.28]
 D

 

f4 30 [-5.12,5.12]
 D

 

f5 30 [-32,32]
 D

 

f6 30 [-600,600]
 D

 

 

Table 3. Results for benchmark functions based on the SPSO and AMOPSO1, AMOPSO2, 

AMOPSO3 and AMOPSO4 algorithms. 

f SPSO AMOPSO1 AMOPSO2 AMOPSO3 AMOPSO4 

 Min. & Av. Min. & Av. Min. & Av. Min. & Av. Min. & Av. 

f1 0.16239 

0.26797 

0.020316 

0.020322 

0.022755 

0.02276 

0.020315 

0.020318 

0.021744 

0.021748 

f2 0.61426 

0.71556 

0.063806 

0.063186 

0.066616 

0.066639 

0.060719 

0.060745 

0.06022 

0.060259 

f3 0.20384 

8.4377 

0.07885 

0.087416 

0.065096 

0.070362 

0.072637 

0.081607 

0.031205 

0.048147 

f4 0.16376 

2.1796 

0.044989 

0.080379 

0.078139 

0.09372 

0.020808 

0.02131 

0.019634 

0.021526 

f5 0.21717 

0.30033 

0.018962 

0.019161 

0.020767 

0.020981 

0.021648 

0.02187 

0.021819 

0.022042 

f6 0.20413 

0.36459 

0.027966 

0.028254 

0.027475 

0.0281 

0.028591 

0.028887 

0.028807 

0.029154 
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Table 4. Coordinates of obstacles and danger zone for the case study 1. 

 

 

 

 

 

Table 5. Result for case study 1. 

Algorithm 
Max. distance from danger 

zone 

Min. distance from start to target 

position 

 Pareto Weighted Sum Pareto Weighted Sum 

AMOPSO1 46.251 39.963 14.725 14.437 

AMOPSO2 38.472 33.893 14.72 14.431 

AMOPSO3 37.867 33.38 14.729 14.439 

AMOPSO4 37.576 33.165 14.724 14.436 

 

Table 6. Result for case study 2. 

Robot number 
Min. distance from start to 

target position 
Time 

 Pareto Weighted Sum Pareto Weighted Sum 

Robot 1 14.7 14.7  

 

0.0011602 

 

 

 

0.051955 
Robot 2 10.041 10.041 

Robot 3 10.308 10.308 

Robot 4 10.889 10.889 

Robot 5 12.571 12.571 

 

Table 7. Result for Immune Ant Colony Optimization Network Algorithm, Hao, and Xu, 2014. 

Robot number 
Min. distance from start to 

target position 
Time 

Robot 1 14.1728  

 

0.6525 
Robot 2 10.0423 

Robot 3 10.3078 

Robot 4 10.9045 

Robot 5 12.5720 

 

 

 

 

Obstacles Center Position 

1 1.2,1 

2 5.5,5.5 

Danger zone Position 

1 1,4 

2 2,5.5 
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ABSRACT 

This work presents mainly the buckling load of sandwich plates with or without crack for 

different cases. The buckling loads are analyzed experimentally and numerically by using 

ANSYS 15. The experimental investigation was to fabricate the cracked sandwich plate from 

stainless steel and PVC to find mechanical properties of stainless steel and PVC such as young 

modulus. The buckling load for different aspect ratio, crack length, cracked location and plate 

without crack found. The experimental results were compared with that found from ANSYS 

program. Present of crack is decreased the buckling load and that depends on crack size, crack 

location and aspect ratio.  

Keywords: sandwich plate, buckling load, cracked plate 

 

لانبعاج للصفائح الشطيرية الحاوية على شقتحليل ا  
 

 م.م. رشا هحود حسين

 هدرس هساعد

  الجاهعة التكنولوجية \قسن هندسة الويكانيكية

 

 الخلاصة

تحهيم حمم الاوبعاج نهصفائح انشطيشيت بُجُد ابُ بذَن شك نمختهف انحالاث . َلذ تم ٌزي انذساست سكضث بشكم سئيسي عهى 

.  في انجاوب انعمهي تم تصىيع انصفائح انشطيشيت (ANSYS 15) بعاج عمهيا َعذديا بُاسطت بشوامج الاوسضصتحهيم حمم الاو

تم ايجاد معامم انمشَوت نكم مىٍا َايجاد حمم الاوبعاج  َلذPVC َمادة  stainless steelراث انشمُق مه مادة ستيىهس ستيم 

عشض َطُل شك َمُلع انشك نهصفائح انحاَيت عهى شك َصفيحت غيش نهصفائح انشطيشيت نحالاث مختهفت مه وسبت انطُل نه

ن َجُد انشمُق يمهم مه حمم الاوبعاج بالاعتماد ا . (ANSYS)مع بشوامج الاوسضصانعمهيت حاَيت عهى شك َمماسوت انىتائج 

 انشك َمُلعً َوسبت انطُل نهعشض. عهى حجم

 ائح حاَيت عهى شك.صف,حمم الاوبعاج, انشطيشيتصفائح الكلوات الرئيسية:  
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1. INTRODUCTION 

Sandwich structures occupy a large proportion of composite materials design. They were very 

light weight and high flexural rigidity, excellent thermal isolation characters but the risk of 

buckling is greater than for classical structures. Daniel, et.al, 2003. 

   The transition of the plate from the stable state of equilibrium to the unstable one is referred to 

as buckling or structural instability. The smallest value of the load producing buckling is called 

the buckling load. According to this formulation, the critical load is the smallest load at which 

both the flat equilibrium configuration of the plate and slightly deflected configuration are 

possible. Ventsel, and Krauthammer, 2001. The behavior of plates are affected by presence of 

defects such as cracks due to corrosion, chemical attack, fatigue, impact and imperfections.  

Many research had studied buckling analysis of plate. Kumar, et al., 2004, investigated plates 

behavior with various type of crack, like edge crack and central crack under different types of 

loading. They calculated buckling loads using hierarchical trigonometric functions. Hiraman, et 

al., 2004, studied quasi-static buckling tests were performed on natural fibre sandwich 

composites without delamination, with single delamination and with two delamination were 

prepared. From the results obtained it is evident that natural fibre structures without 

delamination displayed the highest load approximately 90% higher than the samples with 

delamination. 

Nathera, 2011, investigated buckling phenomenon of cracked plates under compression load 

numerically using ANSYS by calculating the effect of crack length and crack location (i.e. 

cracks parameters) as well as the direction of load parallel or perpendicular to the crack faces. It 

is found from the results which are shown graphically in figures that the crack parameters and 

loading direction have significant effects on the critical buckling load (i.e. increased or 

decreased) of compressed cracked plate. Ole, et al., 2012 described the development of a semi-

analytic buckling model for steel-elastomer sandwich plate using the Rayleigh-Ritz method. All 

combinations of in-plane tensile, compressive and shear loads are measured. The model has 

been implemented in a FORTRAN program and the results have been compared with these 

obtain from the finite element program ABAQUS. Nathera, and Saddam, 2012, In this work, 

the buckling behavior for edge cracked plates with compression loading is studied numerically 

using ANSYS considering the effect of the crack parameter (i.e. size, location and orientation), 

aspect ratio of plate and boundary conditions. The results are shown that the crack parameters, 

aspect ratio of plate and boundary condition are efficient factors on the buckling load 

coefficient. 

Hatem, and Nawal, 2014, studied the effect of using two skins material on the strength of 

sandwich plates with the effect circular hole when the mechanical loads are applied. 

Theoretically, numerically by ANSYS and experimentally are done for many cases of sandwich 

plates. The sandwich plates under bending or buckling load determine experimentally. The 

results showed that the stress concentration that occur in in hole weaken the strength of 

sandwich plate is depending on the size of hole and the face materials. Shariati, et.al., 2014, the 

buckling and post-buckling behaviors of cracked stainless-steel plates under uniform axial 

compression load were investigated experimental and numerical and parameter effects such as 

length of crack, crack angle, position of crack, plate imperfection, load band, and thickness of 

plate on the critical buckling load were analyzed. In the experimental work, mechanical 
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properties and plastic behavior of plates made from stainless steel were determined for the 

numerical study. Results are shown the considerable effects of the above parameters on the 

critical buckling load. 

The present work focuses on how to evaluate buckling load for sandwich plate with crack 

experimentally and numerically. Mechanical properties for stainless steel and PVC are 

determined experimentally. Compression test done to find critical buckling load for different 

cases. 

Also Finite element coded by ANSYS15.0 used to find it. According to author's knowledge 

about the published papers on the buckling field, there is no report on the buckling analysis of 

edge cracked sandwich plate. 

 

2. NUMERICAL ANALYSIS 

 

2.1 Element Selection and Modeling 

Finite element method has been employed to analyze buckling load (critical loads at which a 

plate becomes unstable). The model was developed in ANSYS 15.0 using the element called 

shell281 as shown in Fig.1 which is suitable for analyzing thin plate to moderately thick plate. 

The element has eight nodes at each node there were six degrees of freedom: translations in the 

global coordinate x is directed along the width of the plate, while the global y coordinate is 

directed along the length and the global z direction corresponds to the thickness direction, and 

rotations about the x, y, and z axes. It may be used for modeling that has layered applications 

such as composite shells. It is include the effects of transverse shear deformation. The accuracy 

in modeling composite shells is governed by the first order shear deformation theory. The shell 

section allows for layered shell definition, options are available for specifying the thickness, 

material, orientation through the thickness of the layers. 

There were four steps for the eigenvalue buckling in ANSYS 15.0: 

1. Build up the model: it includes defining element type (shell 281), material properties 

(young modulus and poison ratio of steel and aluminum) and models. 

2. Solution (static analysis): includes made boundary conditions, applying loads and the 

analysis solve. 

3. Eigen buckling analysis: from eigenvalue buckling analysis can be found the theoretical 

buckling strength of the plate. 

4. Postprocessor: these steps includes listing result such as buckling loads and viewing 

mode shape of buckling , it can be plot the deformed and un-deformed shape of 

laminated plate. 

 

2.2 Mesh Convergence 
A convergence study was performed to determine the appropriate finite element mesh to be used 

in the buckling analysis of sandwich plate model. Meshes were developed, with increasing 

numbers of elements in the x and y directions and the buckling load for each of these models is 

shown in Fig  . 2. 
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When increasing the degree of freedom from (576) to (2046) the difference in buckling load is 

only a (0.036%). No difference observed between D.O.F. (2046) and D.O.F. (4416). The 

buckling load for each of these models is shown in Table 1. This indicates that D.O.F. (2046) is 

capable of performing the analysis within a reasonable degree of accuracy. 

 

 

2.3 Verification Case Studies 

      In the present study, Series of preselected cases are modeled to verify the accuracy of the 

method of analysis. The results of Nathera, and Saddam, 2012 are compared to numerical 

solution (ANSYS).see Table 2 from these results, it is obvious that the methods of solution 

gives better results for numerical solution. 

 

3. EXPERIMENTAL WORK          

In the present work, three- purposes were investigated. First, to outline the general steps to 

manufacture models are then used to evaluate the young modulus of steel and PVC alone. 

Second, design and fabricate the sandwich plate from stainless steel and PVC and made different 

cases of crack. Third, the buckling test can be done to calculate the critical buckling load of 

sandwich plate for simply free boundary conditions with or without crack. 

 

3.1 Tensile Test  

Test specimens were cut from the plates using cutting tool CNC machine shown in Fig. 3. The 

two samples one made of steel and the second made of PVC are divided according to 

dimensions, as set by ASTM-E8 as in Fig. 4. The specimen’s tensile test is mounted vertically in 

a servo-hydraulic testing machine, and hydraulically pulled with stroke control with large steel 

grips, tensile machine shown in fig. 5 Maximum capacity (50KN). The results (the young 

modulus) are listed in Table 3. 

 

3.2 Manufacturing the Sandwich Plate 

A sandwich structure results from the assembly by bonding-or welding-of two thin facings or 

skins on a lighter core that is used to keep the two skins separated. The facing materials are from 

stainless steel, and the core materials is from PVC it is as light as possible. One can denote 

couples of compatible materials to form the sandwich. The difference between the skins (faces) 

and the core in the mechanical properties is closed by the range of the ratio of Young modulus 

of faces to the Young modulus of core Daniel, et.al, 2003 

  

                                                                                                                      (1) 

 

 To determine the ratio in Eq. (1), stainless steel alloy is selected to be the constitutional 

materials of faces while PVC is represented the core. To obtain the mechanical properties of 

each constitution materials, tensile test is done. The faces and core are cut, a small cut has been 

added to the each specimens using suitable cutting tool, as shown Fig. 6. The ferton power tools, 



Journal of Engineering Volume   22  July    2016 Number 7 
 

 

186 

 

with (330 W) power and (10000-32000 r.p.m) has been used to create cracks in the plates.  The 

crack width equal to thickness of cutter disc (d=2mm). Then, bonded the two stainless steel 

faces with PVC core by cyanoacrylate adhesive shown in Fig. 7 and press them until the 

adhesive material dried.    

 

3.3 Buckling Test:  

      The specimen was loaded in axial compression (vertical direction) using tensile test machine 

of (200 kN) capacity shown in Fig. 8 The specimen was simply supported at two ends and kept 

free at the other two ends. The specimen was loaded slowly until buckling. Simply supported 

boundary conditions were simulated along the top and bottom edges. For axial loading, the test 

specimen was placed between two extremely stiff machine heads of which the lower one was 

fixed during the test, whereas the upper head was moved downwards by servo hydraulic 

cylinder. The sandwich plate was loaded at constant cross-head speed of (3 mm/min) .The 

experimental set up as shown in Fig. 9.  

 

 

4. RESULTS AND DISCUSSION  

4.1 Aspect Ratio 

     Fig.10 for S-F-S-F sandwich plates with central 5mm edge crack show that the buckling load 

decreases when a/b increase with high percentage reaches to 37. 45% when the aspect ratio 

increase from 1 to 2. 32.64% On the other hand when a/b varies from 1 to 1.5, and 1.5 to 2, the 

decreasing of buckling load 6.85% and 32.64% respectively. The difference between ANSYS 

program and experimental result is 3.4%, 4.9%, 2.5% for aspect ratio 1, 1.5 and 2 respectively.  

4.2 Crack Location 

     It is shown from Fig.11 that the buckling load for S-F-S-F sandwich plate with 5mm edge 

crack decreases when crack location change from to  (i.e, 55mmto 110mm) with small 

percentage 0.4% . It can be also observed that the buckling load is increase with small 

percentage when crack location varies from to (i.e., 110mmto 165mm) reach to 

(0.13%). The buckling load for the cases and  is approximately equal. These result 

show that the buckling load is effected with crack location with very small percentage.    

4.3 Crack Size  

It is shown from Fig.12 that the buckling load for S-F-S-F sandwich plate with central edge 

crack decreases when crack size increase change from 5mm to 10mm  with small percentage 

1.3% . It can be also observed that the buckling load is decrease with small percentage when 

crack size varies from 10mm to 15mm reach to (1.9%). The buckling load when they were no 

crack is the large value and it decreases by 4.4% when adding 5mm central edge crack see 

Table 4.   
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  5. CONCLUSION 

In the present work, the buckling behavior of the edge cracked sandwich plate made from 

stainless steel and PVC has been considered. The effect of some parameters such as aspect ratio, 

crack location and crack length for S-F-S-F supported boundary conditions on the critical 

buckling load of compressed cracked plates have been investigated experimentally and 

numerically using Finite Element Method (ANSYS Package). It is shown from the computed 

results that: 

1. The buckling load is very sensitive to aspect ratio change. When the aspect ratio increases the 

critical buckling load decreases. And maximum buckling load occurs in square plate. 

2-Small crack have a little effect on the critical buckling load and it becomes higher for larger 

crack and the buckling load became lower and more dangerous more than the case that is no 

crack. 

3- The crack location is the most an effective parameters on the buckling load. 
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NOMENCLATURE 

a, b= Dimension of plate in x and y coordinate, m. 

= Elastic Young modulus,GPa. 

, = Elastic Young modulus for face and core, GPa. 

t= Thickness, m. 

= The resultant of in-plane force per unit length, N/m 

D.O.F. = Degree of freedom, dimensionless. 

S-F-S-F= simply free simply free 

= Poison ratio, m/m. 

= Buckling coefficient, dimensionless, 

C= Crack size, m. 
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Figure 1. Shell281 Geometry [ANSYS 15.0 Program] 

 

Figure 2. Convergence study of Buckling load versus D.O.F. for S-F-S-F plate without crack 

Table 1. Buckling load convergence study for S-F-S-F plate without crack 

 

 

 

 

 

 

 

 

No. of 

element 

No. of node D.O.F Buckling load 

(N) 

25 96 576 2252.6 

100 341 2046 2251.8 

225 736 4416 2251.8 

400 1281 7686 2251.8 

625 1976 11856 2251.8 

900 2821 16926 2251.8 



Journal of Engineering Volume   22  July    2016 Number 7 
 

 

190 

 

 

Figure 3. Cutting tool CNC machine 

 

Table 2. Buckling coefficient  of simply supported edge cracked plate 

 

 

 

 

 

 

 

 

 

E=200GPa , t=10mm, =0.3, 

a/b=1 

Present 

[ANSYS15.0] 

Nathera, 

2012 

c/a 

3.823 4 0.1 

3.754 3.98 0.2 

3.687 3.96 0.3 

3.613 3.9 0.4 

3.5 3.69 0.5 
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Figure 4. Samples of tensile test one made of steel and the second made of PVC. 

 

Figure 5. Tensile test machine 

 

Figure 6. The ferton power tools 

PVC  

Stainless steel  

Before  After  
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 Figure 7. Cyanoacrylate adhesive 

 

Figure 8. Buckling test machine 
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Figure 9.The experimental set up 

 

Figure 10. Effect of aspect ratio on buckling load for S-F-S-F sandwich plate with (5mm) 

central edge crack 
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Figure 11. Effect of crack size on buckling load for S-F-S-F sandwich plate with central edge 

crack and a=110mm, b=220mm 

 

Figure 12. Effect of crack location on buckling load for S-F-S-F sandwich plate with (5mm) 

edge crack and a=110mm, b=220mm 
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Table 4. Buckling load of S-F-S-F sandwich plate without crack and different central crack size 

a=110mm, b=220mm 

 

 

 

No. of 

element 

Buckling load 

(N) 

experimentally 

Buckling 

load (N) in 

ANSYS15.0 

Error%  

 

no crack 2500 2251.8 9.93 

5 2300 2241.9 2.53 

10 2230 2212.4 0.79 

15 2200 2170.7 1.3 
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 في بناء المدينة الذكية المعموماتية البيئةدور 
 
 

 
 
 
 ةـــــــــــــالخلاص

أحدث توجيات التصميـ الحضري، بإستثمار قدرات الذكاء الإنساني، و الذكاء كونو  ،المدينة الذكية البحث مفيوـ ؿيتناو 
ميات الثورة المعموماتية، مع نياية القرف أحد أىـ تج مفيوـ المدينة الذكية بأنو وصؼ. يالإصطناعي لمنيوض بواقع المدينة

ظيور المفيوـ الى: قصور الأساليب، و الطرؽ التقميدية في إنشاء  البحث و يعزوالقرف الحادي و العشريف، مطمع العشريف، و 
 ، الذكيةإعتمد نيج المدينة  و لذلؾو تطوير المدف، فضلًا عف الزيادة الكبيرة في عدد سكاف المدف و الحواضر العالمية. 

الخدمية، و الصحية، و الإقتصادية، و  المستوياتأداء و كفاءة المدينة عمى  تعززالتي المبتكرة المباديء و الأساليب 
 . لبيئيةالإجتماعية، و ا

 و المفردات لدراسة الحاجة برزت فقد لذلؾ، في مجاؿ المدينة الذكيةالدراسات العالمية، الى ندرة الإسيامات الحضرية،  تشير
. و الذكية المدينة مبادرة ىدؼ بتحقيؽ المعموماتية دور ثـ مف و العالمية، المدف في تطبؽ التي المبتكرة الحموؿ و العناصر

البحث  يتبنى، لقيام مبادرة المدينة الذكية. المعموماتية البيئةوجود فجوة معرفية حول تأثير مشكمة البحث بػ:  تتمثؿ عميو
 المدينة الذكية. مبادرةر المعموماتي متعدد التخصصات، دوراً جوىرياً في تحقيق يؤدي الفك :الآتية الفرضية

مقاربات المدينة دراسة ، و لقاعدة المعرفيةا توفير ، ومفيوـ المدينة الذكية تعريؼييتـ البحث بلمعالجة المشكمة البحثية، 
أىـ مفردات و رىا و شبكاتيا الذكية، ليستخمص عناص البيئة الحضرية الذكية و بنية المدينة الذكية و أىـ فضلًا عف، الذكية

صولًا و معتمداً المنيج الوصفي التحميمي، مى الحالات الدراسية تطبيقيا ع و مف ثـإنشاء المدينة الذكية،  مؤشرات و مقومات
 أىـ مقومات قياـ المدينة الذكية في العراؽ. الى 

ات، بالمؤسسات البحثية العالمية، و شركات المعموماتية متعددة الجنسي خمص البحث الى تأكيد دور الفكر المعموماتي، ممثلاً 
تحقيؽ المدينة الذكية، بإعتماد مباديء: الشراكة، و التعددية، و إستدامة ذكاء المدينة ، و عميو تعد المدينة الذكية: خلاصة ل

 الفكر و المعرفة الإنسانية.
 

 .الشبكات الذكية، البيئة الذكية، المدينة المعموماتيةية، المدينة الذكالرئيسية: المعموماتية، الكممات 
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The Role of Informational Environment in Building Smart City 

 
 

 

 

 

 

 

 

ABSRACT 

The research addresses smart city concept as it is the latest urban design trends, by the 

investment of the capabilities of human, and artificial intelligence for the sake of the 

advancement of the city. The concept of a smart city is described as one of the most important 

manifestations of the information revolution, with the end of the twentieth, and the beginning of 

twenty – first century, The research attributes the emergence of the concept to: deficiencies of 

means, and traditional methods in building and development of cities, as well as The significant 

increase in the number of city and global metropolises dwellers. So, smart city approach has 

been adopted, along with innovative principles and methods which consolidate the performance 

and efficiency of the city at services, health, economic, social, and environmental levels. Global 

studies indicate, to the urban contributions scarcity, in the area of smart city, so the need of 

vocabularies, elements, and innovative solutions studies have emerged and then the role of 

information’s in achieving the aim of smart city initiatives. 

The research problem is: The acknowledge gap about the impact of the informational 

environment, to establish smart city initiative. The research adopts the hypothesis: A multi-

disciplinary informational thought plays an essential role in achieving smart city initiative. 

To address the research problem, the research starts with the definition of the concept of smart 

city, to provide the knowledge platform, then  addresses the smart city approaches, as well as, 

smart urban environment, smart city structure, key elements and smart networks, to concludes 

key vocabulary, indicators and constituents of smart city establishment, Then applied to the case 

studies with analytical descriptive approach, to conclude the key constituents to establish smart 

city in Iraq.  

The research concluded to confirm the role of the informational thought, represented by global 

research institutions, and multinational Informational companies, at the level of thought and 

application, to achieve Smart City, with depending on principles of partnership, pluralism, and 

sustaining of city smartness, so the smart city is: the conclusion of thought and human 

knowledge. 

 

Key Words: Informatics, Smart city, Informational city, Smart Environment, 

Smart Grids. 
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 المقدمة:
لجديدة التي تجسدىا المعموماتية و التكنولوجيا الحديثة يعد مفيوـ المدف الذكية أحد تجميات العولمة والحضرية المتحررة ا

الذكاء الإصطناعي إذ جاءت نتيجة ممحة لتطوير المدف بشكؿ متزامف مع التطور السريع في الحقوؿ المعرفية  بتطور المقترنة
أواخر القرف العشريف مع  تظير  ،أحد أىـ تجميات المعموماتيةو ظاىرة حضرية معاصرة  بأنيا المدينة الذكيةتوصؼ  الأخرى.

لاسيما خلاؿ  ،بشكؿ شامؿ لكؿ مفرداتيا، مقوماتيا و سبؿ تنفيذىا ،قمّما تناوليا الباحثوف .و بدايات القرف الحادي و العشريف
حاجة ممحة لإعادة التفكير و  الزيادة في عدد سكاف الأرض تفرض .السنوات الأخيرة مف القرف الحالي )الحادي و العشريف(

إيجاد فرص لحياة أفضؿ في المدف الحاضرة، سيما و إف و الكوارث المتوقعة  لتفادي ،جديدة أكثر ذكاءا و إبداعا إيجاد طرؽ
يشكؿ التحضر عمى المستوى  العالـ يندفع بسرعة متزايدة لـ يسبؽ ليا مثيؿ نحو مستقبؿ إستثنائي، و بدوف رؤى واضحة.

تتضمف الدراسة ور الأساليب التقميدية و قيودىا الحضرية و الإجتماعية. حقيقة كشفت قص ،العالمي و نشوء المجتمعات الذكية
الفكرية، بأستخداـ الوسائؿ والآليات المعاصرة، إذ يتناوؿ  مقارباتياو  دور المعموماتية في إنشاء و تطور المدينة الذكيةالحالية: 

أصبحت احد التوجيات الاساسية التي إنتشرت في  لمدف الذكية، التي، فضلًا عف مقومات االبحث الجانب الفكري و التطبيقي
 أرجاء العالـ، لما توفره مف تبادؿ لممعارؼ و الافكار، و أدوات لانجاز الاعماؿ و توفير الخدمات بكؿ سيولة و يسر.

 تعريف، و توصيف المدينة الذكية: 
يعتمد التعريؼ . حاجات مختمفة نظرتمفة، لذلؾ فقد عكس وجيات يعتمد تعريؼ المدينة الذكية، عمى تخصصات عممية مخ

مف قبؿ الحكومات  والمفاىيـ الأساسية لممدف الذكية. تـ إعتماد مصطمح المدينة الذكية التعاريؼ عمى الطروحات النظرية،
، غير واضحبالرغـ مف إستخداـ المصطمح بشكؿ واسع، فإف معناه لا يزاؿ . و الفرؽ البحثية المنظمات الإستشارية المختمفة،

.ل  تنوع الرؤى و الأىداؼ التي تنشدىا المدف وراء تبنييا المفيوـ
و الحوسبة عمى البعد  الإتصالات، ية(، المتخصصة بحقل المعموماتHartley، و )(1)(R. Hall’sتؤكد طروحات )

لتحتية الأساسية. ( بناىا اintegrate) و تكامؿ (monitors) ىي المدينة التي ترصد التكنولوجي، إذ ترى بإن المدينة الذكية:
 (؛ مف أىـ آليات المدينة الذكية self- responseو الإستجابة الذاتية ) (self-monitoringيعد نظاـ المراقبة الذاتية )

 ماعيةالبنية التحتية الإجت ؛البنية الإرتكازية لتكنولوجيا المعمومات ؛ة الفيزياوية )المادية( الأساسيةوتعمؿ عمى ربط كؿ مف البني
 . (2) (Hartley, 2005، للإستفادة مف قيـ الذكاء الجمعي لممدينة )بنية التحتية للأعماؿو ال

و الإرتقاء  تدعـ النمو الإقتصادي المستداـ بأنيا المدينة التي: (Caragliu, 2009)لمدينة الذكية ا (3)(Caragliu) يصف
إعتماد الحكـ القائـ عمى المشاركة. إذ يتوقع أف تسيـ ف فضلًا ع بنمط الحياة، مف خلاؿ الإدارة الحكيمة لمموارد الطبيعية،

المدف الذكية بتحسيف نوعية نمط حياة مواطنييا بشكؿ جذري، فضلًا عف تشجيع رجاؿ الأعماؿ عمى الإستثمار لإرساء دعائـ 
 openر المفتوح )(. و يؤكد عمى إف المدينة الذكية تدعـ الإبتكاVasseur & Dunkels, 2010البيئة الحضرية المستدامة )

innovation) (Paskaleva, 2011 .) 

                                                           
 (1

 )Robert E. Hall :  إسخبر فً جبيعت سخبَفىسد، كبنٍفىسٍَب، انىلاٌبث انًخحذة، يخخصص فً الإقخصبد انًعشفً، و عضى الأكبدًٌٍت انىطٍُت

 REHall@stanford.edu: نهًضٌذ يٍ انًعهىيبث سبهى فً انخأسٍس نًفهىو انًذٌُت انزكٍت يٍ خلال انبحث انعهًً. ىو،الأيٍشكٍت نهفُىٌ و انعه

 (
2

 )Jean Hartley:( ًأسخبرة انخحهٍم انًؤسسً، و الإداسة انعبيت، ف :Warwick Business School :انًًهكت انًخحذة، حشكض فً دساسبحهب عهى ،)

، نهًضٌذ يٍ انًعهىيبث: انًخعهقت ببنًذٌُت انزكٍت انعبيتانحضشٌت بخكبس فً انخذيبث الإداسة و الإأسبنٍب 

http://www.open.ac.uk/people/jfh248#tab1  

 (
3

إٌطبنٍب . يخخصص فً  –نبٍئت انًبٍُت، و هُذست انبُبء، يٍلاَى الأسخبر انًسبعذ فً كهٍت انعًبسة و ا :(Andrea Caragliuالدكتور )  ( الباحث

( أيسخشداو، و VUجبيعت ) –(، و ببحث صائش فً الإقخصبد انحضشي و الأقهًًٍ Politecnico di Milanoيجبل الإقخصبد انحضشي و الأقهًًٍ فً )

 andrea.caragliu@polimi.itنهًضٌذ يٍ انًعهىيبث: 

http://www.open.ac.uk/people/jfh248#tab1
http://www.open.ac.uk/people/jfh248#tab1
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التي  ةنيبكونيا المد ؛(Vasseur & Dunkles, 2010)الذكية  المدينة (5)(Dunklesو ) (4)(Vasseurكل من: ) يصف
 يؤكد ىذا، حقيقة أف المدف (، Bloomberg, 2011تستقطب أفضؿ و ألمع المتميزيف و الموىوبيف مف مختمؼ أنحاء العالـ )

التي تحوي الجامعات و المؤسسات التعميمية المتطورة، تنمو أسرع مف تمؾ التي تمتمؾ مستوى تعميمي أقؿ، ذلؾ إف المدف التي 
تحوي الميارات، تتميز بالإنتاجية العالية عمى المستوى الإقتصادي، فضلًا عف كونيا أكثر قدرة عمى التكيؼ مع الصدمات 

 (.Glaeser & saiz, 2003الإقتصادية )
ينبغي أف تُفيـ المدينة  إذبؤرة للإبتكار الحضري،  بوصفيا( مفيوم المدينة الذكية ؛ Pardo (، و) Namيعرف كل من )

، و التقنية –(، تعالج العديد مف الجوانب الإجتماعية certain intellectual abilityالذكية عمى إنيا قدرة فكرية مؤكدة )
 (.Nam & Pardo, 2011للإبتكار ) قتصادية التنمويةالإ –الأجتماعية 

 تعريف المدينة الذكية:
 ، بإعتماد المعموماتيةو الذكاء الإصطناعي دينة التي تعتمد الذكاء الإنساني، بأنيا: المالمدينة الذكية البحث يعرف    

ات الإتصالات الرقمية تحاكي المدينة الذكية الكائن الحي من حيث شبك .و تطبيق الحمول لممشكلات الحضرية أساساً لإيجاد
و البطاقات  المتحسسات ؛(Brains)العقول   -في كل مكان  –المنتشرالذكاء قيم  ؛ (The nerves)الأعصاب 

(sensors and tags( التي تمثل الأعضاء الحسية ،)the sensory organs) و الكفاءة )المعرفة  البرامجيات و
 .في إدارة الأنظمة الحضرية و تعتمد المعموماتية ،الإدراكية( –المعرفية 

 مقاربات المدينة الذكية:
ى غير المسبوؽ إف المستو  تمثؿ المدف الذكية: أحدث فصؿ في تاريخ التجديد الحضري، مع إطلالة القرف الحادي و العشريف.

 حديات. الت و عدد المدف في أنحاء العالـ، يقدـ كؿ مف الفرص و مف التحضر العالمي و ما يترتب عميو مف نمو في حجـ
 (.Ojo, et al, 2014, p: 1طرقاً جديدة لتبدأ بالشروع بمبادرة المدينة الذكية ) التحديات، تنتيج إدارات المدينة لمواجية ىذه 

 مفيوـ المدينة الذكية بما يأتي:المعموماتية لمقاربات اليمكف تحديد أىـ 
 (:Informaticsالمعموماتية )

و تتكامؿ تكنولوجيا المعمومات و تكنولوجيا المواد خلاؿ  و الربط مف خلاؿ الشبكات ؛نيةتعني إستخداـ الحوسبة الإلكترو 
( و تعتمد بشكؿ خاص عمى أساس تكنولوجيا الذكاء الإصطناعي. تعمؿ المعموماتية Sensor Systemsالأنظمة الحسية )

 (.https://ar.wikipedia.orgعمى نقؿ المعطيات رقمياَ لنشر المعرفة و الثقافة متجاوزة الحدود الدولية )
 (:Informatics Cityالمدينة المعموماتية )

تحقيؽ إسموب جديد لتوفير  ىدفيا ،ىي المدينة التي تتميز بتكويف المجتمع المعموماتي خلاؿ فضاءات المعمومات الحضرية
  (.66، ص: 2007اسع النطاؽ )عودة، الخدمات بعيداَعف الطرؽ التقميدية، إذ تمتمؾ كؿ الأبنية و الوسائؿ محتوى معموماتي و 

 (:Electronic Cityالإلكترونية ) المدينة
التي تقدـ الخدمات و المعمومات إلكترونياَ و بكؿ شفافية و مساواة و بسرعة متناىية و دقة عالية في أي وقت و  المدينةىي 

 جيا المعمومات و الإتصالات، و النظـمف أي مكاف مف خلاؿ قطاعاتيا و أجيزتيا الخدمية المختمفة بإستخداـ تكنولو 
                                                           

(
4

. فً يجبل هُذست انًشوس (IP(، عًم فً بٍُت بشوحىكىل الإَخشَج )Ciscoأحذ يهُذسً يؤسست ) (Jean-Philppe Vasseur) الدكتور فسَيور (

(Traffic Engineering( و إسخشداد انشبكبث ،)Network Recovery( و شبكبث الإسخشعبس ،)Sensor Networks شبسك فً حأنٍف انًشاجع .)

 (. Smart Object Networksانًخخصصت فً شبكت الأشٍبء انزكٍت )

(
5

، فً يجبل بشيجت و حكُىنىجٍب انشبكبث و الإحصبلاث، و شبكبث أحذ عهًبء انًعهذ انسىٌذي نعهىو انكىيبٍىحش (:Adam Dunkels( الدكتور )

هبحف انزكً. و هى يصًى َظبو (: انبشَبيج انزي ٌشحبظ الأشٍبء و انًُخجبث يع انThingsquareانًخحسسبث انلاسهكٍت عبش الإَخشَج، هى انزي أَشأ )

  https://en.wikipedia.org/wiki/Adam_Dunkels( . نهًضٌذ يٍ انًعهىيبث عهى انشابظ: Contikiانخشغٍم يفخىح انًصذس )

https://en.wikipedia.org/wiki/Adam_Dunkels
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الذكية، إذ يتـ إختصار الكثير مف الحمقات الروتينية في إنجاز الأعماؿ، و تقديـ الخدمات المختمفة  المعموماتية
 (.Komninos, 2015( ،)Paskaleva, 2014لمواطنييا)

  (: Digital Cityالمدينة الرقمية ) 
(، و البنية Broad Bandجمع البنية التحتية للأتصالات ذات النطاؽ العريض )ت لتيالمدينة اتشير المدينة الرقمية الى: 

التحتية لمحوسبة الموجية المعتمدة عمى معايير الصناعة المفتوحة، و الخدمات المبتكرة لتمبية حاجات الحكومات و موظفييا، و 
لتشغيؿ المتداخؿ، و تنمية خبرات السكاف في أي مكاف مف ، و التعاوف، و ايةالمعمومات ىدفيا أيجاد بيئة .مواطنييا، و الأعماؿ

 :(، و تربط تمؾ الشبكات كلًا مفYovanof & Hazapis, 2009, P: 445- 463) ، مف خلاؿ التقنيات الرقميةالمدينة
 .(Anthropoulos & Fitsilis, 2010, p: 360-372المنظمات، و المجموعات الاجتماعية، و مؤسسات المدينة )

 : (Virtual Cityة الأفتراضية )المدين
مفيوـ المدينة الذكية  ويشمؿ(، CyberSpaceتعتمد المدينة الإفتراضية تطبيؽ وظائؼ المدينة في الفضاء الأفتراضي )

(Smart City( مفيوـ المدينة اليجينة )Streitz, 2009الذي يتألؼ مف الواقع ،) و السكاف الحقيقييف، و المادي الممموس ،
 دينة الأفتراضية، لما يناظرىا مف الكيانات الواقعية و الناس.موازي لمم

 ؛( بالقابمواتIT(، يعزز البنية التحتية لتكنولوجيا المعمومات )Ubiquitousأن تجمع الأتصالات و الشبكات في كل مكان )
 كبير من المدن. لعددفتراضي في التمثيل الأ يمتمك تأثيراً كبيراً التشغيل المتبادل. و لايزال المكان  و مراكز البيانات

 (: Ubiquitous Cityالمدينة كمية الوجود )موجودة في كل مكان( ) 
مكاف و البنية التحتية المنتشرة في كؿ  ( Accessibilityتمثؿ المدينة كمية الوجود امتداداً لممدينة الرقمية، مف حيث الوصولية )

متوفرة في كؿ  و المعموماتية ( ، إذ تجعؿ مف الحوسبةAnthropoulos & Fitsilis, 2010, p: 360-372المدينة ) مف
(. ىدفيا أيجاد بيئة Lee et al, 2008, p: 148-169و الفضاءات المفتوحة ) البنية التحتية  ؛العناصر الحضرية؛ الأبنية

ة معموماتية متوفرة. (، و مف خلاؿ أية أجيز real timeالخدمات، في أي مكاف، و في اي وقت )بشكؿ فوري ب تتميزعمرانية، 
بينما يتـ إنشاء العناصر الحضرية في المدينة الأفتراضية، مف خلاؿ التصور البصري في الفضاء الأفتراضي، فأف المدينة كمية 

( التي يتـ دمجيا و صيرىا Sensorsو المتحسسات ) (Computer Chipsالوجود يتـ إنشاؤىا بوساطة رقاقات الحاسوب )
 لا يتجزء منيا. اً و تصبح جزء يئة الحضريةاصر البضمف بنية عن

 (: An Information Cityمدينة المعمومات ) 
( الى البيئات الرقمية التي تجمع المعمومات مف المجتمعات المحمية، تقوـ بتوزيعيا عمى  I-Cityتشير مدينة المعمومات ) 

(، Sproull & Patterson, 2004, p: 3-37عامة المجتمع، عف طريؽ شبكات الانترنت المنتشرة في المدينة )
(Widmayer, 1999, p: 40-46.)  في ىذه المدينة، حيث العديد مف الساكنيف المعموماتييف ، القادريف عمى العيش و

تفاعلات ال ية مركزاً حضرياً يدعـ التجارة،  الخدمات الإجتماعية و المدنية، العمؿ عمى شبكة الأنترنت. تعد المدينة المعمومات
 و المؤسسات التجارية و الحكومية. جتماعية بيف الناسالإ
 (:  Intelligent Cityالمدينة الذكية )  

المدينة الذكية؛  توصؼالعناصر المشتركة لكؿ مف: مجتمع المعرفة، و المدينة الرقمية.  وجودإنبثؽ مفيوـ المدينة الذكية مف 
( لتكنولوجيا المعمومات، و أحدث تقنيات تكنولوجيا Infostructureوماتية )بأنيا المدينة التي تمتمؾ كؿ مف البنية التحتية المعم

الحياة و العمؿ في أطار المنطقة، بطرؽ مبدعة و ذكية، بدلا مف  نمط (، لتحويؿTelecommunicationsالأتصالات )
 )المدينة الذكية(تمتمؾ  ، إذالذكيةبيف المدينة الرقمية و المدينة  يمكف التمييز(. Malek, 2009) التدرجية –الطرؽ التقميدية 
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القدرة لدعـ التعمـ، و التطور التكنولوجي، و فعؿ الأبتكار، و بيذا المعنى؛ فأف كؿ مدينة رقمية ىي ليست بالضرورة مدينة 
 ذكية، لكف كؿ مدينة ذكية تمتمؾ مكونات رقمية. إذ اف كؿ مف المفيوميف يختمؼ، مف حيث الربط بيف المدينة الواقعية و
المدينة الأفتراضية. تتضمف المدينة الرقمية كؿ وظائؼ المدينة التقميدية مثؿ؛ العمؿ، و السكف، و النقؿ، و الترفيو و البيئة. أما 

(، فتتضمف وظائؼ كؿ مف ؛ البحث، و نقؿ التكنولوجيا، و تطوير الأنتاج، و الأبتكار Intelligent Cityالمدينة الذكية )
 (.Komninos & Seferdzi, 2009التكنولوجي )

 (:Objectives of Smart City Initiativesالمدينة الذكية ) لمبادراتالعامة ىداف الأ
 (:Ojo, et al, 2014, p: 8) تيدؼ مبادرات المدينة الذكية بشكؿ عاـ الى

 التقميؿ )الحد مف( نسبة إنبعاث غاز ثاني أوكسيد الكاربوف في الجو )غازات الدفيئة(. -
 ة في إستيلاؾ الطاقة )ترشيد أستيلاؾ الطاقة(.تحقيؽ الكفاء -
الإستفادة مف رفع مستوى تكنولوجيا المعمومات، و الإتصالات لتطوير الصناعات المتخصصة بالوسائط المتعددة  -

(multimedia ،)المعرفة. و 
 تحقيؽ أفضؿ نوعية بيئة، بما يحقؽ نمط الحياة المناسبة لمسكاف. -
 اء داخؿ المدينة.تطوير، و توسيع المناطؽ الخضر  -
( لممعموماتية، و وضعيا في متناوؿ state-of-the artتنمية، و تطوير البنى الإرتكازية المتقدمة ) المتطورة  -

 الجميع.
 تحقيؽ النمو الإقتصادي، و بما يوازي جودة نمط الحياة. -
 تنمية المجتمعات المستدامة. -
 اف.ضماف الإنسجاـ الإجتماعي بيف المجموعات المختمفة لمسك -
 .الإستدامةتطوير المدينة،  بوصفيا مختبراً حياً لتشجيع  -

 الذكية: المقومات العامة لممدينة
تعد المدينة الذكية مفيوماً شمولياً، مف حيث إستيعاب  كؿ جوانب الحياة الإجتماعية، و الإقتصادية، و الثقافية. إذ تشجع 

 تتطمب. المواطنيفكة، و التقييـ المستمر، و التجديد عبر التفاعؿ بيف المدينة الذكية الإبداع، و الإبتكار المفتوح، و المشار 
المدينة الذكية الدعـ الفاعؿ لعموـ المجتمع، ممثلًا بالحكومة المحمية، و المواطنيف، و القطاع الخاص، و المنظمات، و 

خي الدقة في تنفيذ خطة العمؿ ، و تتمثؿ التحميؿ الدقيؽ، و تحديد الرؤية، و الإستراتيجية، فضلًا عف تو  بالتاليالجامعات، و 
 (: Ojo, et al, 2014, p: 10) بكؿ مفالنجاح الأساسية لبرامج المدينة الذكية،  مقوماتأىـ 

 القيادة و الإرادة السياسية و المجتمعية:. 1
ة؛ للإرتقاء في ظروؼ تعد الحاجة المجتمعية، و الإيماف بضرورة التغيير ، بشكؿ عاـ ، المحرؾ الرئيس لممبادرات القائم

صلاح الأوضاع الراىنة الصعبة، و التي يمكف ترجمتيا الى إرادة سياسية، و بدعـ  المدينة في عصر المعموماتية، و المعرفة وا 
 (.36، ص: 2011مف الحكومة و القيادة المحمية )كاريممو، 

 الرؤية الإستراتيجية و إعتماد نيج حكومي متكامل و شامل: . 2
(. فالمدف المتميزة Nam and Pardo, 2011الشمولية، و العمؽ ) والتحوؿ عمى وضوح الرؤى الإستراتيجية، يعتمد نجاح 

تستيدؼ القميؿ مف القطاعات، و في ذات الوقت تضع خططاً ىادفة لكؿ قطاع، فضلًا عف السعي لتحقيؽ التوازف بيف 
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وضع نظاـ جودة التعميـ العالي، و إيجاد  فضلًا عفالإقميمي؛ المصالح، و الموارد المتاحة، و القدرة التنافسية عمى المستوى 
 (. 36، ص: 2011كاريممو، )نمط الحياة المناسب، مف خلاؿ توفير الخدمات 

 الدعم المالي و الإستثمار:. 3 
ي تأميف التمويؿ المدينة الذكية، إذ ينبغ مبادرةيعد الدعـ المالي و الإستثمار النوعي: حجر الزاوية، و أحد أىـ مقومات نجاح 

المناسب قبؿ الشروع بتنفيذ إجراءات الخطة الإستراتيجية. و يمكِّف التسويؽ مف جذب الإستثمارات الخارجية المطموبة لمتمويؿ، 
مناسبة لجذب التمويؿ عمى الضريبية الخطط التطبيؽ  فضلًا عفف قبؿ الموارد العامة و الخاصة، الدعـ المالي م و يحصؿ

 (.2008)السيد نصار،  و العالميالمستوى الوطني 
 تعزيز بناء الشراكات التعاونية مع الجيات المعنية: . 4
أشكاؿ المؤسسات التقنية، مراكز و معاىد  الشراكاتتأخذ  لنجاح مبادرة المدينة الذكية، أمراً أساسياً  بناء الشراكات التعاونيةيعد  

ت البحوث العممية ؾ في تصميـ و تنفيذ المشاريع، فضلًا عف إجراءاو غيرىا. و تشار  بحثية، واحات تكنولوجية و الجامعات
و تسويؽ  طيف( العامميف في مجاؿ المعرفة، إستدامة التنمية الإقتصاديةو إستبقاء )تو  بغية التعاوف،  تبادؿ المعرفة،  جذب

  (.Engles, 2003) مفيوـ المدينة الذكية
 عالمية المدينة و تعددية الأعراق:. 5 

و  يش في المدف التي تتصؼ بالتنوع،  التسامحف العو ف والمبدعو الموىوب و يفضؿلمدف الذكية الناجحة عمى التنوع، تبنى ا
تدعـ المدف الذكية وجيات و يشجع عمى تدفؽ المعرفة.  المعموماتية التطبيقاتو  الأفكار الإنفتاح الفكري، مما يحفز تبادؿ

 (.Florida, 2002) واطنييا، بما يسيـ و طرح الأفكار الجديدة التي تدعـ الإبتكارو الخبرات المختمفة  لم النظر،  الثقافات
 موقع المدينة عمى شبكة الإنترنت:. 6 

يؤدي الموقع المؤثر لممدينة عمى شبكة الإنترنت دوراً أساسياً في الإستجابة لحاجات المواطنيف، مف خلاؿ توفير المعمومة، 
نافذة بكونو و سر جاذبية المدينة، و يتصؼ الموقع الناجح  نوعية الموقع تعبيراً عف الإبداع المجتمع، و تمثؿ تفاعؿفضلًا عف 

 تمبية معايير المستخدـ الجذب البصري،ب و تتميزالمعمومات ، فضلًا عف تحديث و الإستخداـ واحدة مبسطة و سيمة الوصوؿ
و  بكؿ سيولة و يسر، لتوفير الوقت،  الجيدات المواطف و حاج يسيؿ إنجاز أعماؿ توفير خدمات الحكومة الإلكترونية، بماو 

 . (38ص: ، 2011كاريممو، ) الماؿ
 البيئة الحضرية الذكية:

تسخير البيئة، و توفير  التغير الكبير في حياة الإنساف، أسيـ التطور المتسارع في تكنولوجيا المعمومات و الإتصالات، بإحداث
(. تتألؼ البيئة مف مكونيف 1، ص:2003متطمبات الحياة العصرية )فريحات،  ضلًا عففو الأمف،  و الملاءمة الراحةوسائؿ 

 هتأثير و  و،تفاعميتحدد سموؾ الفرد مف خلاؿ   .الحضرية الموضوعيةالموجودات  ، وكؿ إمكانات البيئة   ،أساسييف: الإنساف
و  تمؾ التي تجمع بيف العالـ الماديلذكية ىي بأف الأماكف ا (Walters)(. يرى 9، ص: 2005في البيئة الحضرية )الكناني، 

الإتصالاتية، سويةً في ذات المكاف، إذ تقدـ التكنولوجيا أبعاداً جديدة  ؿ إنتشار الوسائؿ المعموماتية، العالـ الإفتراضي، مف خلا
لشبكة اليوـ بأسره حوؿ اعميو يتمحور العالـ . (Walters, 2011)و الترفيو  بيئة، مف حيث تغير أنماط العمؿ،  الحياةفي ال

و الإتصالات )العمواف،  يدة، تعتمد أساساً عمى المعموماتو يتجو نحو تكويف علاقات حضرية جد المعموماتية و الإتصالاتية
و البنى  حضرية التقميديةبقدرتيا عمى إيجاد حالة التوافق بين البيئات ال تتميز ،الحضرية الذكية فالبيئة (.79، ص: 2012

، الغني بوسائل لمدينة الذكية، التي تمتمك القوة عمى تركيز الذكاء المكانيا مؤثراً فية، فالبعد المادي لازال الذكيالحضرية 
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وجياً لوجو، بين مختمف  ،توفير بيئات التفاعل الإجتماعي  و المبدعين، فضلًا عن في بؤر جاذبة لمموىوبين المعموماتية،
  أوساط مجتمع المدينة.

 الذكية:بنية المدينة 
 Theفي التكامؿ بيف شبكات الإتصالات الرقمية )الأعصاب  ذكاء المدف الجديد يكمفمحاكاة تكويف الكائف العضوي، إعتماد ب

nerves)العقوؿ   -في كؿ مكاف  –الذكاء المضمف و المنتشر  ؛(Brains)و البطاقات ) المتحسسات ؛sensors and 
tags( التي تمثؿ الأعضاء الحسية )the sensory organs) الإدراكية(. تتكامؿ  –البرامج )المعرفة و الكفاءة المعرفية  و

شبكة  مكونةيذه العناصر ، ل ، بوصفو رابطاً الإنساف تتمحور أساساً حوؿ كؿ ىذه المكونات مع الأنظمة الحضرية الأخرى،
 نظـ النقؿ  ؛محطات المعالجة ؛الآلات الإنتاجية ؛ةالأجيزة المنزلي ؛في الأبنية المعموماتية مف الإتصالات المباشرة لمنظـ واسعة

 waste removalشبكات التخمص مف النفايات ) ؛إمدادات تجييز المياهشبكات  ؛تجييز الكيرباء و الطاقة الأخرى و شبكات
networks)مة العامةالسلا ؛ظمة الأمفأن  ؛ (و أنظمة ادارة كؿ النشاطات الإنسانيةMitchell, 2007, p:1-5 .) 

 العناصر الحضرية لممدينة الذكية:
سواءاً كانت تقميدية إتخذت صفة الذكاء من خلال التضمين  ،يمكن تحديد أىم العناصر الحضرية التي تميز المدينة الذكية

 بما يأتي: ،الرقمي الذكي، أو تمك التي ظيرت مع ظيور مفيوم الذكاء الإصطناعي و المدينة الذكية
 مبنى العمميات المركزي:

يقوـ بالعمميات التنظيمية  الذيبما يماثؿ الكياف الحي، فقد ظيرت البنى الجديدة في المدينة الذكية، كمبنى المعالج المركزي، 
يمثؿ العقؿ المدبر  الحواسيب المركزية ، إذ بإعتمادإتخاذ القرار المناسب،  فضلَا عفالأساسية بإستقباؿ البيانات و المعمومات، 

كؿ أنظمة المدينة جمع معمومات عف طريؽ (، System of Systemsمى أساس نظاـ مف الأنظمة )يعمؿ ع في المدينة،
و نظاـ الأمف ...الخ،  كنظاـ المرور، النقؿ، نظاـ الخدمات الصحية، شبكة المياه و شبكة الطاقة،  رصد حركة سموؾ المشاة

بقية الأنظمة، و مف ثـ تحرير الإستجابة الفورية عمى وفؽ ليتـ إتخاذ القرار مف قبؿ النظاـ الرئيس بالتوافؽ مع المعمومات ل
التنظيـ، و  ـ في المدينة، الذي يمثؿ الدقة، المعطيات الخاصة بكؿ مدينة. يؤشر مبنى العمميات المركزي، عنصر الذكاء الأى

ييا مف البيئة الحضرية، ذلؾ لإعتماده البيانات و المعمومات التي يتـ الحصوؿ عم بيف عموـ العناصر الحضرية ، الترابط 
المرتبطة عف طريؽ الأعصاب و الألياؼ البصرية. تشكؿ عناصر  ت و المشغلات المضمنة في البيئة،بوساطة المتحسسا

الربط ؛ البنية الأرتكازية الحضرية، أسفؿ مستوى سطح الأرض، عف طريؽ القنوات ،المخصصة لتمديد الكابلات، و الألياؼ 
 ة، تحت الشوارع و تحت الأبنية.و العقد الذكي’ البصرية

 (:Smart Buildingsالأبنية الذكية )
ىذه  تطبؽالمناىج التي تحد مف إستيلاؾ الطاقة الناضبة، و تتراوح مف الأنظمة الذكية الى التصميـ الذكي.  يتـ إعتماد

الطرؽ الذكية لخفض  أحدالمباني تشكؿ أتمتة  .ء العديد مف الأجيزة الكيربائيةالمناىج في الأبنية، سيما مع سيولة إقتنا
و تشغيؿ أجيزة التكييؼ بشكؿ  ة إضاءة وسائؿ الإنارة ، و إطفاءإستيلاؾ الطاقة، إذ تعمؿ التطبيقات الذكية عمى تقميؿ شد

مب العدادات الذكية قو  الوسائؿ المعموماتية تشكؿبما يتوافؽ مع البيئة الداخمية لممبنى.  غؿ،أوتوماتيكي، وفقاً لحاجة الشا
متحسسات إستيلاؾ الوسائؿ المعموماتية، مثؿ عممية إستشعار الطاقة المنزلية، إذ يتـ التفاعؿ البيني مف خلاؿ الإتصاؿ بيف 

تقديـ تقرير مفصؿ و دقيؽ لإستيلاؾ الطاقة الناضبة، فضلًا عف التنبؤ الدقيؽ بالطمب حوؿ الطاقة لالعدادات الذكية  والطاقة، 
 (Hancke et al, 2013, p: 406.) 
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 (:Smart Grids) الشبكات الذكية
 (:Water Distribution Gridتوزيع المياه )شبكة  

و مراقبة نوعية  التسرب كشؼ فضلًا عفراقبة محتوى خزانات جمع المياه، م الذكية، توزيع المياه شبكةيتضمف الرصد في 
انابيب توزيع المياه، مف خلاؿ نشر عدد كبير مف الماء في نقاط محددة عمى طوؿ نظاـ التوزيع، حيث يتـ مراقبة خطوط 

 و المعمومات بياناتليتـ تحميؿ ا (.1( حوؿ خط الأنبوب، بغية توفير المراقبة المستمرة، الشكؿ )sensorsعار )شأجيزة الإست
بأعماؿ كة تقوـ الشب .معالجة عندما يتـ الكشؼ عف الحالات غير الإعتياديةالتعمؿ أجيزة و التي يتـ جمعيا عف بعد. 

و  (. لا تتطمب قرارات المشغلات التدخؿ البشري، إذ يتـ جمع البياناتactuatorsالإصلاح الذاتي مف خلاؿ المشغلات )
و معالجة  اذ القرار الذكي، مف حيث الصيانةو تصنيفيا، و مف ثـ إتخ وسائؿ الإستشعار، و يتـ تحميميا عف طريؽ المعمومات

 (.Metje, 2012, Pp: 315-320الخمؿ بوساطة المشغلات )
 (: Electricity Distribution Gridتوزيع الطاقة الكيربائية ) شبكة

(، احد الحموؿ الأساسية لخطط تحسيف شبكة التوزيع التقميدية، بمعنى إف bi-directional systemيعد النظاـ ثنائي الإتجاه )
عميو يمكف زيادة كفاءة إستخداـ الطاقة ، بحيث  .صحيحو العكس  ف مف محطات التجييز الى المستيمؾمرور التيار سيكو 

تعرؼ  .ا لإستخداميا عند إنخفاظ الطمبيمكف لمطاقة الكيربائية أف تتدفؽ )تتجو( راجعة مف المستيمؾ الى المصدر، ليتـ خزني
 .(Smart Systemsالأنظمة الذكية )الشبكات أو ىذه الأنظمة مجتمعةً بكؿ عناصرىا و حمقاتيا: ب

نقاط توليد الطاقة الكيربائية ، عند مناطؽ إستيلاؾ  بوجود عدة(، Distributed Generationمفيوـ التوليد المتوزع ) يتميز
لمطمب عمى الطاقة. تقدـ الشبكات الذكية العديد مف المزايا؛  ،الأكثر ذكاءاً  ،يمكّف ىذا المنيج مف الإستجابة الفورية. الطاقة
 أىـ أحدالتحسس )الإستشعار(  يعد. (Gungor et al, 2010, Pp: 3557-3564)و المراقبة الذاتية  الرصد مثؿ

 لغرضىذه المتحسسات،  إستخداـو  إف الغرض الرئيس مف ىذه التدابيرمراقبة خطوط نقؿ الطاقة. ل المعموماتية التطبيقات
 (.Moghe et al, 2012, Pp: 653-663كفاءة الشبكة. ) و زيادة فضؿالأداء الأضماف بالتالي الرصد الدقيؽ، 

 :(Transportation Grid) شبكة النقل 
التنقؿ. تساعد البيانات مراكز إدارة  فضلًا عف تنظيـ بيانات المرور،جمع ل ،المعموماتية التقنية ،أنظمة المرور الذكية تستثمر

خدمات النقؿ العاـ. تنظيـ و  ؽ، و تطبيؽ رسوـ المرور في الطرؽإدارة شبكات الطر بيدؼ المرور، بتحميؿ و إتخاذ القرارات 
 تقميؿالوقود، ترشيد إستيلاؾ يمكف ليذه البيانات مف تزويد المسافريف بمعمومات الرحمة. يقمؿ ىذا النيج مف ىدر الوقت، 

 (.Schaefer et al, 2011, p: 1-3مستوى السلامة العامة ) تعزيزإنبعاث غاز ثاني أوكسيد الكاربوف، فضلًا عف 
  المركبات و الدراجات اليوائية: المواقف الذكية:

ضمف إعتماد  ،المبتكرةإنشاء مواقؼ السيارات و الدراجات اليوائية  عمى إستخداـ الدراجات اليوائية، تشجع المدينة الذكية
و المناطؽ الترفييية  ف الحاجة لتوسيع المناطؽ الخضراءالوصولية، فضلًا ع ؛ التقارب  ؛التضاـمباديء التصميـ الحضري: 

في المدينة. تعمؿ المواقؼ الذكية عمى إيجاد الفضاءات الشاغرة في مواقؼ السيارات، و أقرب موقؼ لممركبات، إذ تستخدـ 
فضلًا المحجوزة،  ؛المشغولة ؛( لمكشؼ عف المواقؼ الشاغرةultrasonicالأنظمة الجديدة أنواع المتحسسات )فوؽ الصوتية 

 (.Kianpisheh, et al, 2012, p: 51-58) ؼ سيارات ذوي الإحتياجات الخاصةمواق عف
 (:Underground Platformالمنصة تحت الأرض )

عند  ،الحضريةبالفضاءات تحت الأرض، التي تمتمؾ القدرة عمى تخفيؼ حدة المشكلات  تمثؿ المنصة تحت الأرض:
 ,Kaliampakos and Benardos, 2013و المساحات لنمو و تطور المدف ) فضلًا عف توفير الفضاءات إستغلاليا،
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p:1.)  كؿ مف الفضاءات تحت الأرض أف توفريمكف (Ronka et al, 1998:) ،و وسائؿ الربط  المرافؽ الحكومية العامة
مرافؽ ؛ و الطرؽ الرئيسة، و مواقؼ السيارات(، و mass transitو وسائؿ النقؿ العاـ ) فضاءات المرور؛ بيف مترو الأنفاؽ

و  مرافؽ خطوط الأنابيب ؛مرافؽ توليد الطاقة ؛و معالجة المياه مع النفايات و الصرؼ الصحيج لمرافؽ ،الصيانة الفنية
و الإتصالات  مرافؽ الدفاع ؛ الغبارو  معالجة الضوضاء  ؛المخازف و المستودعات ؛المرافؽ و المنشآت الصناعية ؛الكابلات

 (.Ronka et al. 1998, p: 39-49السمكية و اللاسمكية.)
و  النشاطات الإجتماعية ،الأرض، اللازمة لفعاليات الترفيوخداـ تحت الأرض: توفير الفضاءات فوؽ مستوى سطح إستييدؼ 

ة مف التدخؿ، المحافظة عمى المساحات الحساس  ؛توفير فضاءات السكف ؛ الخضراء )الحدائؽ و المتنزىات(توسيع الفضاءات 
الحد مف إستيلاؾ و إختصار الوقت و  الحد مف رحلات السفر الطويمة عف و المواقع الأثرية، فضلًا  كالمراكز التأريخية

  (.Kaliampakos and Benardos, 2013, p: 2الطاقة )
في  سيما(، ، Underground Freight Transportation – UFTيتـ نقؿ البضائع، و المواد تحت مستوى سطح الأرض )

مركبات الشحف المؤتمتة غير  بإستخداـ(، Pielage, 2001, Pp: 762-767المناطؽ ذات الكثافة السكانية العالية )
أنفاؽ تحت الأرض، أو  في(، التي تتحرؾ unmanned automated cargo vehicles/cargo capsules) المأىولة

كبير  لعددمرافؽ الأنفاؽ البنى التحتية الأساسية لممدف،  تمثؿ ( .Vance and Mills, 1994) (2الشكل )خطوط الأنابيب، 
 كابلات ماء و الكيرباء، فضلًا عف روابطمة تجييز الظخدمات الحضرية، مثؿ خطوط النقؿ ، أنابيب التدفئة و التبريد، أنمف ال

 .و إرتباطاتيا مع مركز البيانات و بقية عناصر المدينة نقؿ البيانات المعموماتية
 الحالات الدراسية:

ى العالمي، سيما تمؾ التي يتـ الترويج ليا عمى إنيا الآيقوف الجديد لممدف الذكية دراسة المدف الذكية عمى المستو  ييدؼ البحث:
لتحقيؽ الأىداؼ السامية بفعؿ إضفاء صفة المدف الذكية عمييا، رغـ إنيا عف طريؽ تطبيؽ نتاجات الفكر المعموماتي، الرائدة، 

 تجييز و التنفيذ، و التصميـ، مجاؿ في الرائدة لمؤسساتا مف دعـ و بتشجيع ،إبتدأت مدناً مستدامة، ثـ ركبت الموجة الجديدة
 خلاؿ مف سوية ربطيا و المدينة، خدمات و شبكات، و مرافؽ تدير التي العمميات مراكز بناء و الإصطناعي، الذكاء وسائؿ

 مف عنصر كؿ في بالآلاؼ نشرىا يتـ التي التحسس أجيزة و ،(Software) البرامجيات و( Hardware) الصمبة المعدات
 أولًا، الجنوبية كوريا في (Songdo) مدينة ىما و العالمي، المستوى عمى مدينتيف بأىـ المتمثمة البحثية العينة تتضمف .المدينة

التي  الذكية، التطبيقات لإستخلاص أىـ المقومات و ثانياً، المتحدة العربية الإمارات دولة في الواعدة( مصدر) مدينة ثـ مف و
  .المدف ىذه دراسة إستنتاجات و نتائج عرض بعد العراقي، المستوى عمى يمكف أف تطبؽ

 الأنترنت صفحات عمى المنشورة العالمية المصادر مف الدراسة، ىذه في الذكية المدف عف المعمومات، استقاء في البحث اتخذ
 توفر التي العالمية، الشبكة عمى لمدفا بيذه الخاصة الصفحات عف فضلاً  المنشورة، البحوث و كالكتب، المختمفة، الأدبيات و

 المستوى عمى تنفيذىا و تسويقيا إعادة و الذكية، لممدف أولي كأنموذج إعتمادىا لإمكانية الترويج بيدؼ البيانات و المعمومات
 تحقيؽ في البحثية، لمعينات( Analytical Descriptive Method)  التحميمية الوصفية الدراسة أسموب البحث يعتمد .العالمي
وصؼ و  البحث يعتمد. النظرية المؤشرات و لممفردات الشمولي التطبيؽ خلاؿ مف النيائية، النتيجة إلى والتوصؿ البحث ىدؼ

 يتفؽ بما الأداء، ديمومة و كفاءة تؤكد التي المؤشرات  عف فضلاً  الذكية، المدينة مفيوـ مع إقترنت التي لعناصرا أداءتحميؿ 
، بالتالي  الذكية المدينة مبادرة تنفيذ وراء مف أساسية كأىداؼ إعتمادىا مف المتوخاة النتائج لتحقيؽ لذكية،ا المدينة مباديء مع

 .المدينة الذكية مبادرةيؤدي الفكر المعموماتي متعدد التخصصات، دوراً جوىرياً في تحقيق  :البحث فرضيةتحقيؽ 
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ومات التي سيتـ تطبيقيا عمى مدينة )سونغدو( في كوريا الجنوبية، و مدينة )مصدر( ق( أىـ المؤشرات و الم1يمثؿ الجدوؿ )
 في الإمارات العربية المتحدة، لموصوؿ الى تحديد أىـ مقومات بناء المدينة الذكية في العراؽ.

 
  

 
 

 
 كوريا الجنوبية:  - (Songdoدراسة مدينة )

بحاجة لمتغذية الإسترجاعية و التعديؿ عمى وفؽ مستجدات التطور في   ( الذكيةSongdo Smart Cityلا تزاؿ مبادرة مدينة )
 start fromوسائؿ ذكاء المدينة، رغـ كونيا الأنموذج الأوؿ لمبادرة المدينة الذكية، التي يتـ التأسيس ليا مف الصفر )

scratchالحصوؿ عمى البيانات و المعمومات مف الصفحة الرسمية لمدينة   . لقد تـ(3، الشكؿ )ستوى العالـ(، عمى م
متحقؽ مف تطبيؽ (، فضلًا عف البحوث و المقالات المنشورة في الإنترنت لwww.songdo.com)سونغدو( عمى الإنترنت : )

 :عمى وفؽ مايأتي(، و Songdoالذكية عمى مدينة )مؤشرات ، و الخاصة بمقومات، و مؤشرات البيئة الحضرية لممدينة ال
تحقؽ مقوـ الموقع في قياـ المدينة الذكية، إذ تقع المدينة عمى شبكة الطرؽ الرئيسة، و القرب مف مطار  موقع المدينة: -1

  (، ترتبط المدينة بشبكة المترو و السكؾ الحديدية السريعة. Incheon International Airport)إنشيوف الدولي
 تسعىتستميـ مدينة )سونغدو( مف معظـ التجارب و الرموز العالمية لممدف المشيورة،   الإستميام من التجارب العالمية: -2

، بما يظاىي نجاحات تمؾ التجارب. تتمثؿ ىذه التجارب بكؿ الحديقة المركزية لمدينة )نيويورؾ(، و تحقيؽ النجاحمدينة ال
 و شوارع مدينة )باريس( المشجرة.)دار سيدني أوبرا( في مدينة )سيدني(، 

بية بيدؼ تحققت بتشريع القوانيف و القرارات، التي أقدمت عمييا حكومة كوريا الجنو  الإرادة ، و التشريعات الحكومية: -3
مف أىميا تخفيض ضريبة الدخؿ للأفراد و الشركات  كتساب الخبرات و إستدامة ذكاء المدينة.لإ جذب الشركات العالمية،

 %(، فضلًا عف حؽ تممؾ الأجانب للأراضي الكورية.17بنسبة )
لمشاركة ا و الشركات الدولية لممؤسساتتحققت مف خلاؿ التسييلات التي قدمتيا الحكومة الكورية،  المشاركة الدولية: -4

( كمصمـ Kohen Pederson Fox) (، كشركة منفذة رئيسة،Gale Internationalالمتمثمة في ) في المشروع،
( U Life Songdo( في مجاؿ تكنولوجيا المعمومات و الإتصالات، و )Cisco) ي،( كمشارؾ محمPOSCO) معماري،

 : مف حيث طرؽ النقؿ، و توفر المياه، و طبيعة التربةمقومات موقع المدينة الذكية مؤشرات  1
 : المحمي و العالمي، و التجارب التي أثبتت نجاحيامؤشرات  إستمياـ الموروث الحضاري  2
 : بيدؼ جذب الشركات المعموماتية، و شركات التمويؿو التشريعات الحكومية الإرادةمؤشرات  3
 : تتمثؿ بأىـ مؤسسات المعموماتية، و التصميـ، و التمويؿمؤشرات المشاركة الدولية 4
 : إستغلاؿ تحت الأرض لتوفير الخدمات المعموماتيةت المنصة التحتية مؤشرا 5
 : لأغراض الترفيو و توفير الفضاءات الإجتماعيةمؤشرات الفضاءات العامة و المساحات الخضراء   6
 مؤشرات ذكاء المدينة 7
 إحساس و إدراؾ المدينة  و الترابط و الإتصاؿ  مؤشرات 8

 (: مؤشرات ، و مقومات مبادرة المدينة الذكية، التي سيتـ تطبيقيا عمى الحالات الدراسية.1الجدوؿ )
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في مجاؿ تأسيس مركز عمميات المدينة، مما ساعد في تعزيز ثقة المجتمع، مف خلاؿ مشاركة الشركات العالمية الرائدة 
  بتقديـ أحدث الأفكار و التكنولوجيا.

ماكف لوقوؼ السيارات في المستوى تحت الأرض لعموـ الأبنية، فضلًا عف إمداد تستخدـ كأ الفضاءات تحت الأرض: -5
الإضافية فوؽ   (، لتساعد عمى توفير الفضاءات Pneumatic systemخدمات جمع النفايات بطريقة الشفط اليوائي )

ثات لحد مف إنبعاو الحد مف حركة مركبات جمع النفايات، و بالتالي ا سطح الأرض عمى شكؿ مساحات خضراء مستوى
 و توفير بيئة صحية تدعـ التفاعؿ الإجتماعي. غاز ثاني أوكسيد الكاربوف

ثؿ قمب (، التي تمCentral Parkالحديقة المركزية ) في تتمثؿ توفير المناطق الترفييية، و المساحات الخضراء:  -6
و إختلاط  تماعي، تبادؿ الأفكارفاعؿ الإجبيئة إنسانية تشجع عمى التكتتميز بتعدد الأنشطة،  المدينة النابض بالحياة،

الثقافات المحمية و العالمية . تشكؿ المساحات الخضراء، بما فييا ممعب الغولؼ و المساحات المنتشرة في عموـ المدينة، 
  %( مف مساحة المشروع، تماشياً مع مؤشرات المدينة الذكية.40نسبة )

العقد و المتحسسات الذكية، التي تنتشر في كؿ جزء أو عنصر مف  ،تحقؽ مف خلاؿ مركز العمميات ذكاء المدينة: -7
يشتمؿ عمى  ساـ القائمة عمى إدارة المدينة،و عقؿ المدينة المفكر لإرتباطو بالأق نة. يمثؿ مركز العمميات )الدماغ(المدي

مدينة ر الحضرية، تتمكف الكؿ البيانات و المعمومات المتعمقة بالمدينة و مواطنييا. بإرتباط مركز العمميات مع العناص
الأستجابة الفورية لكؿ حدث ممكف، بإحداث التغييرات المطموبة عمى وفؽ البرامج  فضلًا عفمف إدراؾ البيئة الحضرية، 

 المعدة سمفاً.
تـ ربط كؿ عناصر المدينة بشبكة مف الألياؼ البصرية، و الكابلات الممتدة تحت الشوارع و  الترابط و الإتصال: -8

المدينة، لتتجو نحو مركز عمميات المدينة الرئيس، الذي يعمؿ عمى مراقبة حركة المرور و أنشطة المدينة، فضاءات 
و السيطرة عمى الأنظمة الذكية، عف  لسكاف ، فضلًا عف إمكانية التحكـلتلافي حدوث أية مخاطر يمكف أف تيدد حياة ا

 تيـ.بعد مف قبؿ السكاف، لتوفير البيئات التي تتلاءـ و تطمعا
ماسبؽ بحثو و التحقؽ منو تطبيقياً، إف مدينة )سونغدو(، تعد أنموذج لممدينة الذكية عمى المستوى العالمي ، و ىي ميتضح 

بطبيعة الحاؿ تحتاج لمتجديد المستمر، و التغذية الإسترجاعية، بعد الإشغاؿ، مف قبؿ السكاف و الباحثيف في مجاؿ المدينة 
وـ جديد في مجاؿ التصميـ الحضري، و يمكف لممدف الأخرى إقتفاء أثرىا، مع الإحتفاظ بثقافة الذكية، بوصفيا توجياً لمفي

المجتمع و موروثو الحضاري، بؿ و توظيؼ تطبيقات المدينة الذكية بما ينسجـ و تقاليد المجتمع المحمي و التوجو سويةً نحو 
يدة، فالمدينة الذكية لا تتوقؼ عف حد معيف، إذ تعني إستدامة العالمية، و الإسياـ في رفد ىذا التوجو بأفكار و إبتكارات جد

 الإبتكار و التجديد المستمر.
يتضح من تطبيق مؤشرات الإطار النظري، بأن مدينة )سونغدو( قد حققت فرضية البحث،  نتيجة إختبار فرضية البحث:

العالمية المساىمة،  بالمؤسساتالذكية، و المتمثل  المتعمقة بالدور الكبير لفكر المعموماتية، الذي يؤدي الى تحقيق المدينة
 فضلًا عن الباحثين في مؤسسات البحث العممي.

 دولة الإمارات العربية المتحدة: - دراسة مدينة )مصدر(
 ، و ذلؾ لقربيا مف العراؽ ، فضلًا عف التشابو الكبير معأىمية كبيرة (،4، الشكؿ )مبادرة مدينة )مصدر( الذكية تشكؿ دراسة

البيئة العراقية، و مصادر التمويؿ، و التقارب عمى مستوى القيـ و العادات. لقد شرعت حكومة أبوظبي بإعداد متطمبات إنشاء 
المدينة، كمدينة خضراء مستدامة خالية مف إنبعاثات غاز ثاني أوكسيد الكاربوف، فضلًا عف توفير سبؿ جذب الشركات الرائدة 
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المدف ظيفة. تميزت مدينة )مصدر(، بتحقيؽ مجموعة مف المقومات، التي تضعيا في تصنيؼ في مجاؿ تكنولوجيا الطاقة الن
 : يأتيالذكية، و ىي كلًا مما 

يتحقؽ مقوـ الموقع ،بكوف المدينة تقع عمى شبكة الطرؽ الرئيسة، و القرب مف )مطار أبو ظبي(، و بما  موقع المدينة: . 1
  ينة تشكؿ حمقة الوصؿ المحورية لأسواؽ الشرؽ الأوسط و آسيا.يحقؽ الوصولية العالية، سيما و إف المد

(: إستمياـ مباديء المدينة Foster and Partners: إعتمد المصمـ )فوستر و مشاركوه  الإستميام من التجارب المحمية . 2
اء. إستميـ التصميـ مف العربية التقميدية التي تتسـ بالصروح، و الفضاء الإجتماعي المركزي، فضلًا عف المساحات الخضر 

المدف العربية: قمعة مدينة )حمب( في سوريا؛ و مدينة )فاس( في المغرب؛ و الأبراج السكنية لمدينة )شيباـ( في اليمف. أكد 
)نورماف فوستر(: بأف ىذه المستوطنات، تتسـ بالإستدامة، و الإكتفاء الذاتي، مف خلاؿ توظيؼ الرياح العالية لأغراض التبريد، 

 تحتوي عمى العناصر الحضرية المرتفعة )أبراج الرياح(، لسحب اليواء الى المستويات الدنيا. إذ 
تقدـ مدينة )مصدر( العديد مف المزايا، بيدؼ جذب الشركات العالمية للإستثمار في الإرادة و التشريعات الحكومية:  . 3

لتصاميـ، و مف ثـ عمميات التنفيذ. لقد وضعت دولة مبادرة المدينة الذكية، فضلًا عف الإشتراؾ في وضع المخططات و ا
الإمارات العربية المتحدة / إمارة أبو ظبي، مجموعة مف التشريعات التي تسمح للأجانب حؽ التممؾ الكامؿ للأراضي 

يئة أعماؿ الإماراتية، و إعفاء الشركات و الأفراد مف الضرائب، و القيود، و الرسوـ الجمركية بالكامؿ ، فضلًا عف توفير ب
 مريحة، و تقديـ التسييلات في الحصوؿ عمى التأشيرات، و توفير الأطر القانونية لحماية الممكية الفكرية.

تيدؼ مبادرة مدينة مصدر، أساساً في إيجاد قطاع إقتصادي جديد في )أبوظبي( يركز عمى مصادر  المشاركة الدولية: . 4
ركات العالمية للإستثمار ، و مف خلاؿ تخصيص الأمواؿ لصندوؽ دعـ الطاقة النظيفة و تطويرىا، عف طريؽ جذب الش

التكنولوجيا النظيفة. لقد تـ جذب الشركات العالمية العاممة في مجاؿ الطاقة المتجددة و التكنولوجيا النظيفة، فضلًا عف 
في مجاؿ الإلكترونيات و اليندسة. المؤسسات المصرفية الممولة لمشاريع الطاقة الشمسية و طاقة الرياح، و الشركات الرائدة 

تتمثؿ ىذه الشركات، فضلًا عف الشركة المصممة لممشروع )نورماف فوستر و مشاركوه(، فينالؾ العديد مف الشركات العالمية، 
 (.Siemens AG( و )Credit Suisse( و )Consensus Business Groupمنيا؛ )

ر المناطؽ الخضراء البيئات الترفييية لسكاف مدينة )مصدر(، فضلًا عما توف المساحات الخضراء و المناطق الترفييية: . 5
تمثمو مف مناطؽ التفاعؿ الإجتماعي عند مناطؽ التجمع الحضرية العامة و الفضاءات شبو العامة. تـ توقيع المناطؽ و 

، و تمثؿ المتنفس الرئيس لممدينة، و المتنزىات الخضراء بإمتداد حافة المدينة الجنوبية الشرقية حتى حافتيا الشمالية الغربية
حواجز لعزؿ المدينة عف البيئة الصحراوية المحيطة، فضلًا عف كونيا تشكؿ حدوداً خارجية، لمنع تمدد المدينة خارج حدودىا 

 بشكؿ غير مخطط.
المدينة سبعة تتسـ مدينة )مصدر( بميزة فريدة مف نوعيا، مف خلاؿ رفع مستوى عموـ  إستغلال الفضاء تحت الأرض: . 6

أمتار فوؽ مستوى سطح الأرض الطبيعية، إذ تستغؿ الطبقة التحتية لتوفير فضاءات خدمات، و شبكات الأتصالات، و أنابيب 
المياه، و شبكات الصرؼ الصحي، و توفير مساحات الطرؽ الممغنطة لسيارات النقؿ الشخصي و محطات نقؿ الركاب، و بذا 

مستوى سطح الأرض، تستغؿ كمناطؽ خضراء، و مساحات للأبنية الإضافية، كطريقة ذكية يتـ توفير مساحات إضافية فوؽ 
 لتوفير تمؾ المساحات فوؽ مستوى سطح الأرض.

يتحقؽ الترابط و الإتصاؿ في مدينة )مصدر(، مف خلاؿ التقارب، فضلًا عف الربط بالشبكات التي  الترابط و الإتصال:. 7
المسالؾ لمرور الأعصاب، لتربط كؿ أجزاء المدينة و تقريب المسافات، فضلًا عف وجود  تمتد خلاؿ المنصة التحتية. توفر

أنواع وسائؿ النقؿ، مف سيارات النقؿ الشخصي، الى السكؾ الحديدية، ثـ نظاـ مترو الأنفاؽ. ترتبط المدينة مف خلاؿ شوارع 
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الحد مف إستخداـ السيارات، و بالتالي الحد مف  المشاة المسقفة، مما يوفر بيئة متقاربة، و متصمة تشجع عمى المشي، و
 إنبعاث غاز ثاني أوكسيد الكاربوف، و الحفاظ عمى نظافة البيئة.

يتحقؽ ذكاء مدينة )مصدر(، مف خلاؿ إستخداـ الوسائؿ و التقنيات المتطورة. تستخدـ الشبكات الذكية، و  ذكاء المدينة:. 8
دينة، و تتراوح مف تعييف مناطؽ تسرب و أعطاؿ شبكات المياه، حتى توجيو العدادات، و المتحسسات في عموـ مناطؽ الم

سيارات النقؿ الشخصي بدوف سائؽ بواسطة الكومبيوتر، فضلًا عف العقد الذكية في نظاـ جمع النفايات بطريقة الشفط باليواء 
ليتـ إستخداميا مرة أخرى. لقد تـ  المضغوط. تقوـ أنظمة جمع المياه تحت الأرض بجمع المياه الفائضة عف عممية السقي،

نصب الأجيزة الذكية في بنى المدينة لغرض الإستخداـ الكفوء لمطاقة، إذ تستخدـ ىذه الأجيزة القميؿ مف الطاقة و يتـ ربطيا 
 مع نظاـ إدارة طاقة البيوت لمراقبة إستيلاؾ الطاقة و ضبط الأجيزة المنزلية تبعاً لذلؾ. 

المدينة مدينة )مصدر( المقترحة، و التي قد تم تنفيذ بعض من أجزائيا ، تحقق مؤشرات يتضح مما سبق طرحو، بأن 
 ، بحسب المعطيات المذكورة آنفاً. عميو تحقق مدينة )مصدر( فرضية البحث.الذكية

 مقومات المدينة الذكية في العراق:
صور التي تعاني منيا معظـ المدف العراقية، لتجاوز حالات الق الواعدةخمص البحث لمقومات آفاؽ مستقبؿ المدينة الذكية، 

عمى مستوى الإدارة و الخدمات، و مواكبة أحدث التطورات العممية في تكنولوجيا المعمومات، و الإتصالات، و نتاجاتيا 
 الحضرية: ظيور مفيوـ المدينة الذكية.

و إنو يمر بظروؼ تحتـ إعتماد لقياميا، سيما لـ يشيد العراؽ تجربة المدينة الذكية، و لكنو يمتمؾ مف المقومات الأساسية 
الحضرية المعقدة، التي يصعب  لممشكلاتو مباديء المدينة الذكية، بوصفيا توجيا صاعداً يوفر الحموؿ المبتكرة  أسس

 ثؿتتمو تحديد المراحؿ الزمنية لبموغ اليدؼ.  سـ خارطة الطريؽ لمنيوض بالواقعمعالجتيا بالطرؽ التقميدية، فضلًا عف ر 
إذ يتميز العراؽ، و مدنو بالموقع المتميز الذي يربط البمداف الإقميمية، و يشكؿ حمقة الوصؿ لشبكة  :الموقع بمقومات

المواصلات الرئيسة بيف آسيا، و أوروبا، و الشرؽ الأوسط، فضلًا عف إمتلاكو نيري دجمة و الفرات، و المسطحات المائية، و 
التربة الخصبة لوادي الرافديف، و الموارد النفطية، و المعادف، و يتميز عمى المستوى العالمي  البحيرات التي ترتبط بالنيريف، و

بالمواقع الأثرية، و التأريخية، و الدينية. أما مناخ العراؽ فيتميز بكونو مشمس عمى الأغمب، و ىذا ما يدعـ إستغلاؿ الطاقة 
يمتمؾ مصانع إنتاح الواح الطاقة الشمسية، فضلًا عف وجود البحوث  الشمسية لتوليد الطاقة الكيربائية، سيما و إف العراؽ

مف  المستمرة، لإنتاج ىذه الألواح بمواصفات عالية تتلائـ و البيئة العراقية. يمثؿ أتمتة الأبنية العامة، و السكنية، و التجارية،
المعاصرة التي تعاني منيا المدينة العراقية،  أىمية كبيرة في إيجاد حموؿ لممشكلات يشكؿعميو  أىـ مؤشرات المدينة الذكية،

بالتالي تحقيؽ الأمف، و منع حصوؿ المشكلات الحضرية قبؿ وقوعيا.  عنصر مف عناصر البيئة الحضرية،  بيدؼ مراقبة كؿ
 .تحت و فوؽ الأرض و كذا الحاؿ بالنسبة لإستخداـ نظاـ جمع النفايات الذكي

(، أو start from scratchالذكية، سواء تمؾ التي تنشأ مف الأساس )الصفر( ) إف العراؽ بحاجة ماسة لتنفيذ المدينة
ذلؾ لأنيا تقدـ حمولًا لممشكلات الحضرية المستعصية، التي  ، عمى المدف التقميدية القائمة،التدرجية، بأستخداـ التطبيقات الذكية

 بؿ. يشيدىا العراؽ في الوقت الراىف، و تمؾ التي يتوقع حصوليا في المستق
 خمص البحث الى مجموعة من الإستنتاجات، من أىميا ما يأتي: :الإستنتاجات

 في الإصطناعي الذكاء و بالعقؿ ممثلاً  التحسس، و التفكير عمى قدرة مف يمتمكو بما الحي الكائف الذكية، المدينة تحاكي .1
 ،(الذكية البطاقات و العقد و المتحسسات) الحسية الأعضاء  ؛(الرقمية الإتصالات شبكات) الأعصاب و الذكية؛ المدينة
 ىذه جميع ترتبط. الذكية الأنظمة في تخزينيا يتـ التي البيانات و المعمومات بالبرمجيات، ممثمة الكفاءة و المعرفة عف فضلاً 
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 المنزلية لأجيزةا و الأبنية؛ المدينة؛ بنى و عناصر، و مرافؽ، جميع في القائمة الحضرية بالأنظمة الإنساف، بوساطة العناصر
 .المدينة خدمات و الشبكات؛ و ؛
 مع التعامؿ في الإنساني الفكر و الذكاء خلاصة يمثؿ إذ الحضري، التصميـ نتاجات أحدث الذكية المدينة مفيوـ يمثؿ .2

 ، فضلًا عفالإنساني المجتمع تطور تعكس عمرانية ملامح و رموز مف يحممو بما التاريخ مر عمى الحضرية، البيئة
 ىذه تنعكس  ، الإقتصادية و السياسية الإجتماعية، الإنسانية، لمحاجات، تستجيب التي الأنظمة و بيا، يؤمف التي الآيديولوجيا

 .الحضري النسيج نمط و الطرؽ شبكات و فضاءات عمى القيـ
 أي مف الإتصاؿ يمكف حيث ، لشبكةبا المرتبطة الحكومية المرافؽ لكؿ المتبادؿ، التشغيؿ عمى بقدرتيا الذكية المدينة تتميز .3

ر إذ المواطنيف، و لمحكومة الخارجي ؛الداخمي المستوى عمى العمميات لمعالجة وقت أي في و ، مكاف   الذكية المدينة تسخِّ
 توصؼ .الرقمية مكوناتيا إستثمار ذلؾ في معتمدة ذكية، و مبدعة بطرؽ العمؿ و الحياة لتحويؿ المعموماتية، التحتية البنية

 .المدينة إدارة في البيروقراطيات مف لمحد الجماىيرية المشاركة و القرار صنّاع يقدميا التي الحموؿ أفضؿ: بأنيا الذكية المدينة
 مجال في الرائدة الجنسيات، مختمف من الشركات و العالمية البحثية بالمؤسسات ممثلاً  ، المعموماتي الفكر أسيم .4

 إعتماد خلال من الذكية، المدينة ىدف بموغ و بتحقيق الممموسة؛ المادية نتاجاتيا و اسياً،أس فكراً  بوصفيا المعموماتية،
 .فكراً  و نيجاً  الذكاء إستدامة ثم من و الإشغال، ، التنفيذ أو ، التصميم في سواء التعددية؛ و ؛ الشراكة مباديء؛

 تعتمد إذ الأمني، الجانب توفير عف فضلاً  الحكومية، التسييلات و القوانيف تشريع أولًا؛ ينبغي العراقية، الذكية المدينة لقياـ .5
 تعتمد و الجريمة، مف الخالية و الآمنة، البيئات مقدمتيا في المقومات، مف مجموعة توفر عمى الذكية البيئات أو الإبتكار، بؤر
 فضلاً  الإقتصاد، و الطاقة، و ، النقؿ و ة،البيئ: المستويات مختمؼ عمى التنوع و العرقية، و الإثنية التعددية و التسامح مبدأ
 .الذكية المدينة مبادرة تنفيذ و التصميـ، و التخطيط، في المشاركة الجنسيات مستوى عمى التنوع عف
  الذكية، المدينة بمبادرة لمقياـ تؤىمو التي ،البشرية الخلاقة، و الجامعات و المراكز البحثية الموارد و القدرات، العراؽ يمتمؾ .6

 المياه الأنيار توفر. الفرات و دجمة نيري عمى عمى الطرؽ الرئيسة، و العراقية المدف أغمب تقع إذفضلًا عف مقومات الموقع، 
 .، التي تقمؿ مف أحماؿ درجات الحرارة، بالتالي تقميؿ إستيلاؾ الطاقةالمائية القنوات و البحيرات، لإنشاء

 لممشكلات الحموؿ وضع في إستثنائية، قدرات مف توفره لما لمعراؽ، بالنسبة حةمم ضرورة الذكية، المدينة مبادرة تعد .7
 نتاجات خلاؿ مف الأمني، الجانب في سيما لا و الإبتكارات، و المألوفة، غير الحموؿ عف فضلاً  المتفاقمة، الحضرية

 .المعموماتية
 الأشكال التوضيحية:

 
 

 
 
 
 
 
 
 

 (: 1الشكؿ )

 شبكة توزيع الماء الذكية:

شبكبث انخىصٌع ببلأحًخت و انخحكى حخًٍض يشاحم 

انزاحً، فضلاً عٍ انصٍبَت و انًعبنجت انزاحٍت. 

 انًصذس: 

(Hancke et al, 2013, p: 403) 
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(: يوضح إستغلاؿ تحت الأرض، إذ يتـ تمرير الخدمات و نقؿ البضائع بطرؽ نقؿ مختمفة، تتراوح بيف القطارات 2الشكؿ )
. توفر ىذه الإجراءات المساحات لإنشاء المرافؽ الترفييية فوؽ مستوى سطح الى إستخداـ الأنابيب و ضغط اليواء

 المصدر:  الأرض.
http://www.cargocap.de/files/cargocap_download/CargoCap_Kreuzung_2011-01.jpg  

 

دينة، التي تقدـ منظور جوي مف الجية الشمالية، يوضح كافة أجزاء الم (: مدينة )سونغدو(، كوريا الجنوبية:3الشكؿ )
 .ينة الذكية، عمى المستوى العالميفكرة جديدة في تصميـ المدف الذكية، إذ تعد الأنموذج الأوؿ لممد

 http://inhabitat.com/songdo-ibd-south-koreas-new-eco-city/songdo-ecocity-3المصدر: 
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 زية دراسة تحسين  ذوبانية الالياف السميمو 
 

 الدكتور المهندس عاصم حسن محمد حسن
 مدرس

  الجامعة التقنية الوسطى /معيد تكنولوجيا
 

 الخلاصة
 -4تركز عممنا عمى تحسين  زيادة ذوبانية الياف السميموز في محمول ىيدروكسيد الصوديوم  بتراكيز تتراوح بين )  ىذه الدراسة في 
% يوريا ( تحت NaOH  +4% 6% ( ىذا من ناحية ومن ناحية اخرى في محمول ىيدروكسيد الصوديوم واليوريا بتركيز )  12

 . معتمدين بالدرجة الاساس في ىذا البحث عمى مبدأ  تقميل درجة البممرة ( درجة مؤية  20 -,  15-درحات حرارة منخفضة  ) 
 (Degree of polymerization ( لزغب القطب )Cotton Linter والذي يمثمو في تجاربنا ورق الترشيح رقم ) -1- 
(Whatman filter paper, Grade 1  بعض النماذج سوف نستخدم فييا , )  ( معالجة اوليةPretreatment  لزغب القطن )

بطريقة كيمياوية تحاكي طريقة تحمل المواد السميموزية التي تستخدىما الفطريات  التي تنمو عمى الاشجار , ىذه الطريقة تتضمن 
( و كبريتات الحديدوزالثنائية ) C2H2O4حامض الاوكسالك )(  H2O2استخدام  مواد كيمياوية  تشمل بيروكسيد الييدروجين )

FeSO4كاشف(  ليكوّن لنا تفاعل يعرف ب ( فينتونFenton's reagent  )  ة تساعد عمى تحمل ينتج من ىذا التفاعل جذور حر
% 8ىو تركيز بموز في محمول ىيدروكسيد الصوديوم يبالنسبة الى ذوبانية الياف السم . وكانت النتائج كما يمي :الياف السميموز

فينتون اما بالنسبة لمسميموز الغير معالج فكانت افضل  نسبة  كاشفوز المعالج في % لمسميم42صل ذابة تنسبة اافضل كانت 
درجة  20 -لسميموز المعالج والغير معالج ىي بحدود لعممية اذابة الياف ا%  و كانت افضل درجة حراراة 28ذوبان  تصل الى 

( والذي كان بتركيز)  NaOH/ureaوديوم  واليوريا )مؤية .أما بالنسبة الى ذوبانية الياف السميسموز في محمول ىيدروكسيد الص
6 %NaOH  +4لمسميموز الغير معالج  وفينتون  كاشففي  % لمسميموز المعالج60 اكثر من % يوريا ( فكانت نسبة الاذابة تصل

 . مؤية درجة 15 -ىي  لعممية الاذابة %  وكانت افضل درجة حراراة35فكانت افضل  نسبة ذوبان  تصل الى 
 

 فينتون  حاليل ىيدروكسيد الصوديوم , كاشفف السميموز , ذوبان الياف السميموز في ماالكممات الرئيسية: الي
 
 
 
 
 
 
 
 



Journal of Engineering Volume   22  July    2016 Number 7 
 

 

22 

 

Studying the Improvement of the Solubility of Cellulosic Fibers 

 
Dr. Asem Hassan Mohammed 

Lecturer  

Technology Institute-Middle Technical University 

E-mail: asemh2005@yahoo.com   

 
Abstract 

This study focuses for improving the increase the solubility of fiber cellulose in sodium hydroxide 

solution in concentrations ranging from (4- 12%), from one point of view and from other point of 

view in (sodium hydroxide and urea) solution concentration (6% NaOH + 4% urea), under  low 

temperature (- 15, - 20 C
o
) , depending on the principle of  reducing the degree of polymerization for  

fiber cellulose, which is represented in our tests cotton linter who its represent  (Whatman filter 

paper, Grade 1), some samples subjected to chemical pretreatment as simulation the method of 

decomposition of cellulosic materials by white or brown fungi that grow on trees, this method 

involves the use of chemical materials, including hydrogen peroxide (H2O2) , oxalic acid C2H2O4 and 

ferrous sulfate FeSO4 to be reaction known ( Fenton reaction or Fenton's reagent) which produce  

free radicals helps the decomposition of cellulose fibers. The results were as follows: The solubility 

of cellulose fiber in sodium hydroxide solution was up to 42% cellulose and the best sodium 

hydroxide concentration is 8% for treated simples in Fenton solution and for untreated simples were 

the best solubility of cellulose fiber up to 28% and the best temperature is -20 C
o
 for both. For the 

solubility of  cellulose fibers in sodium hydroxide and urea solution (6% NaOH + 4% urea)  was 

more than 60% of treated cellulose in Fenton reaction , while for untreated cellulose was the best 

solubility ratio up to 35% and it was the best temperature - 15 C
o 

 

Keyword: cellulose fiber, cellulose dissolution, sodium hydroxide solution, Fenton reaction, 

Fenton's reagent 

 

 
 :  المقدمة

وتعتبر من السكريات  (   )ضوية تحمل الصيغة التالية عمى انيا مادة عائيا كيميالسميموزية المادة يمكن تعريف     
تتراوح من مئات الى الوف تتصل فيما بينيا من سمسمة خطية من وحدات الكموكوز, (  والتي تتالف  polysaccharideالمتعددة )

  .  -1-في الشكل مبين كما ( ( Klemm et al. 2005  صرةعن طريق الا
التي لايمكن اذابتيا حتى في  درجات حرارة اقل من درجة انيا  المواد  عمى المواد السميموزية فيزياويا وتصنيفكما يمكن تعريف 

بدورىا تمنع  حرارة تفككيا , وذلك بسبب تركيبيا البموري  العالي  والناتج من الاواصر الييدروجينينة  الموجودة في السميموز والتي
 .    ( Ying Wang, 2008) ذوبانيا في اغمب المذيبات

 

http://en.wikipedia.org/wiki/Polysaccharide
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وىو  ( .4974Gardner et al )  جدار الخمية النباتيةفي  وبالذات الخلايا النباتية المركب الأساسي في ىو المادة السميموزية 
حيث رة عمى وجو الأرض واكثرىا رواجا موز من أكثر المركبات الكيميائية  وفيع أنسجة النباتات , يعتبر السميكذلك موجود في جم

المادة  ويشكل ( Sjostrom, 1993) % في الخشب45و  % من بنية القطن09% من بنية النباتات و 33يشكل قرابة 
ياف الصناعية  مثل الحرير لالقطنية و الا والمنسوجات والمدائن الورق صناعةالأساسية في كثير من الصناعات المختمفة مثل  الخام

 . ( Ying Wang, 2008) عالية القدرة المتفجراتويستخدم كذلك في  والصناعي 
 

 
 تركيب البنائي لمسميموزال  -4-شكل رقم 

 
 
بسبب الصلادة التي يمتمكيا والناتجة من الشبكة الكبيرة من الاواصر الييدروجينية التي  يعتبر السميموز من المواد الصعبة التمين  

العالية ة بممر خر ىي درجة الوالسبب الا( Crystallinity)التبمور بمكونة ما يعرف  موزيدة السماكونة لممتوجد بين وحدات الكموكوز ال
(PDegree of polymerization ,D ).  

نف صاغمب المذيبات العضوية وغير العضوية , وي في عدم ذوبان مادة السميموز السببين  ليا تاثير ميم عمىان مجموع ىذين  
 thermosetولا من المتصمبة حراريا )  (thermoplastic polymer) رات المطاوعة لمحرارةالبوليم من لا انوالسميموز عمى 

polymer) , الاستعمال ومادة خاممة لاغمب التفاعلات الكيميائيةعمت منو مادة محدودة ىذه الاسباب ج كل (Ying Wang, 
2008 ) . 

 
في صناعة الالياف السميموزية ليذه المادة  ان عممية تطوير اذابة السميموز بالتاكيد ىي التي سوف تعطي دفعة جديدة وعميو 

 والصناعات الاخرى ذات الصمة بيذه المادة .
بشكل عام في  درجة البممرة , التبمور , ذوبانية السميموز:  قدمة عمى اربعة اشياء ميمة ىنّ سوف يتركز اىتمامنا في ىذه الم 

 , ذوبانية السميموز في المحاليل القاعدية  المحاليل
 

  درجة البممرة 
البوليمر  جزئية  متوسط عدد الواحدات المتكررة في سلاسل عمى انيا(  Degree of polymerization ,DP) تعرف درجة البممرة 

ئي الذي قد يصل الى عشرات يوتعتبر درجة البممرة مقياس لموزن الجز  ,(  McNaught and Wilkinson, 1997) العملاقة
 درجة البممرة بالقانون التالي :  التعبير عن مكنالالاف , وي

      

http://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D9%86%D8%A8%D8%A7%D8%AA%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D8%AE%D9%84%D9%8A%D8%A9_%D9%86%D8%A8%D8%A7%D8%AA%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D9%85%D8%A7%D8%AF%D8%A9_%D8%AE%D8%A7%D9%85
http://ar.wikipedia.org/wiki/%D9%85%D8%A7%D8%AF%D8%A9_%D8%AE%D8%A7%D9%85
http://ar.wikipedia.org/wiki/%D9%85%D8%A7%D8%AF%D8%A9_%D8%AE%D8%A7%D9%85
http://ar.wikipedia.org/wiki/%D9%88%D8%B1%D9%82
http://ar.wikipedia.org/wiki/%D9%88%D8%B1%D9%82
http://ar.wikipedia.org/wiki/%D9%84%D8%AF%D8%A7%D8%A6%D9%86
http://ar.wikipedia.org/wiki/%D9%84%D8%AF%D8%A7%D8%A6%D9%86
http://ar.wikipedia.org/wiki/%D9%85%D9%86%D8%B3%D9%88%D8%AC%D8%A7%D8%AA
http://ar.wikipedia.org/wiki/%D9%85%D8%AA%D9%81%D8%AC%D8%B1%D8%A7%D8%AA
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كثير من خواص السميموز تعتمد عمى درجة البممرة  .الوزن الجزيئي لممونومر  oM جزئي لمبوليمر ,معدل الوزن ال nMحيث ان 
ان عجينة فمثلا لمسميموز والتي تمثل عدد وحدات الكموكوز المكونة لمسميموز , والتي تختمف باختلاف مصدر السميموز المتكون , 

مضافا الييا بالنسبة الى الياف القطن والياف النباتات الاخرى  اوحددة كموكوز , ام 1700 -300الخشب ليا درجة بممرة ما بين 
 . ( Klemm et al.2005) وحدة 10000- 800ما بين  فتكونكونة لجدار بعض انواع البكتريا الياف السميموز الم

 
 التبمور(Crystallinity)  
تاثير كبير  تبمورمن لممادة الصمبة , ولوباسموب معياو البمورة ىي عممية تشكيل طبيعية اوصناعية لمجزئيات بشكل منظم  التبمور

عمى ىذا التركيب  حتوي اد السيراميكية والبوليمرات تتركب جزئيا  بحيث يوالشفافية , كثير من المو  ة والكثافة والانتشارعمى الصلاد
ى انيا بمعن (  Amorphous)  والجزء الاخر يكون منطقة غير متبمورة ( Crystalline)  خميط  الجزء الاكبر منو يكون متمبور

 – 2- رقم التوضيحي في الشكل موضح كما (Peng et al. 2011) المنطقة المتبمورةرتب بو جزيئات غير مرتبة بالشكل الذي تت
 
  

 
 البناء البموري لممواد -2-الشكل 

 
بين  نية الموجودة وز والتي تكون نتيجة للاواصر الييدروجييئي لمادة السميمالجز موز يعزى الى البناء ان سبب التبمور في السمي

بين الجزيئات المتجاورة   ودةوجينية , اواصر ىيدروجينية  موجدر يجزئيات الكموكوز المؤلفة لمسميموز , ىناك نوعين من الاواصر الي
ق ىذين النوعين من الاواصر يتكون عندنا ما يعرف ي, عن طر  السلاسل المتجاورة بين تكون واواصر ىيدروجينية السمسمة في نفس

 . -3-التوضيحي رقم في الشكل موضح  كما  ( D. Klemm et al.2005)  بالبناء البموري لمسميموز
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 البناء البموري لمسميموز -3-الشكل 
  

  ذوبانية السميموز(Cellulose Dissolution) 
(  Cellulose Hydrolysis(  تختمف عن عممية تحمل الالياف السميموزية  ) Cellulose Dissolutionالسميموز)ان عممية ذوبان 

او من نيايات السمسمة البوليمرية منتصف  الىو عممية كسر لمجزئية العملاقة  اما من  ( Hydrolysis)  . نقصد بعممية التحمل
 الكموكوز( او  cellubioseكن الحصول جزئية ثنائية الكموكوز )لمسميموز لمحصول عمى جزيئة ذات وزن جزيئي اصغر وحتى يم

(glucose ) كجزيئة احادية  (Ladisch,1982)  و(Maximino and Adell, 2000)  بالنسبة الى عممية ذوبان  ا. ام
السميموز فنقصد بو عممية تكسير للاواصر الييدروجينينة الموجودة في بوليمر السميموز سواء كانت  بين جزيئات الكموكوز الموجودة 

ن السميموز . ببساطة ان عممية ذوبا او الاواصر الييدروجينية الموجودة بين بين سلاسل المتجاورة لالياف السميموز  في نفس السمسمة
 جة اولية ل( . وقد تحتاج عممية ذوبان السميموز الى عممية تحمل  كمعا solid meltingىي عممية مشابية لانصيار المادة الصمبة )

 (pretreatment  )عالية بممرة درجة التي تمتمك وخاصة لمجزئيات (Ying Wang, 2008 ) .  
 

 20 – 17معاممة الياف السميموز مع محمول ىيدروكسيد الصوديوم  بتركيز انتاج الحرير الصناعي بطريقة الفسكوز يتم عند فمثلا 
 ( Cellulose-Alkaline)  قاعدي -% وعند درجة حرارة الغرفة لعدة ساعات تتحول بعدىا الياف السميموز الى الى الياف سميموز

 كما في المعادلة التالية :  

 
 

. بعد ازالة ىيدروكسيد الصوديوم الزائد بالعصر تقطع الياف ئيةتنتفخ الياف السميموز وتكون اكثر فاعمية تجاه العمميات الكيما بعدىا
(  وتكون  Aged stageالسميموز الى قطع صغيرة  ويبقى لفترة من الزمن تستمر لمدة يومين في مرحمة تسمى مرحمة التعتيق )
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ىا بعد لسائل الفسكوز المتكون لاحقا, وجة الملائمة لمز وارجة البممرة المطموبة  لمحصول عمى د تحت درجة حرارة مسيطر عمييا
(  الذي  cellulose xanthateمكون ما يعرف بزنثات السميموز )(  C2S) كبرتيد الكاربون  ثنائي مع ىذه الاياف المعتقة تتفاعل

% مكونا سائل كثيف القوام يعرف الفسكوز والذي يصنع منو الياف 6 زفي محمول ىيدروكسيد الصوديوم بتركي ذوبانلم كون قابلت
السمية العالية المرافقة للانتاج والناتجة عن تولد  ىي ان من محددات ىذه الطريقة , ( Ying Wang, 2008) الصناعي الحرير

,  والتي تكون بدورىا مادة سامة ايضا ( C2Sي كبريتيد الكاربون ) ئان( الناتج من استخدام مادة  ث H2Sغاز كبريتيد الييدروجين ) 
الخشب عمى عكس الطرق الاخرى التي تحتاج الى من مايميز ىذه الطريقة ىو امكانيتيا في استخدام الياف السميموز الناتجة  اىم ان

استخدام ىذه .  وعمى الرغم من  ( Ying Wang, 2008) خالية من المكنين الموجود في مادة الخشب الياف سميموزية نقية
في البحث عن طرق جديدة لاذابة  يستمرون الباحثون جعل المرافقة ليذه العممية  الطريقة  صناعيا الا ان المخاطر الكيميائية

خيار بديل جيد لدى كالسميموز بصورة اكثر ملائمة لمبيئة  واقل كمفة , في  السنوات الاخيرة اعتبر استخدام المحاليل القاعدية  
  الباحثون .

 
فمثلا   الالياف السميميوزية والتي تتضمن مذيبات عضوية وغير عضوية . ذابةمن المذيبات التي تستخدم لاوجد الكثير يايضا  

 تو من الكموكوز غر وخاصة لتحميل السميموز الى وحدايستخدم حامض الكبريتيك بصورة واسعة لتحميل الياف السميموز الى اطوال اص
 

  ليل القاعديةافي المحذوبان السميموز (Cellulose Dissolution in Alkali Solution ) 
 

اىمية كبيرة من قبل الباحثين وذلك  وخاصة في محمول ىيدروكسيد الصوديوم  نالت عممية اذابة السميموز في المحاليل القاعدية
ف تتغير البنية سو حيث  السميموزيدروكسيد الصوديوم عمى بنية الذي يحدثو ى ( structural changeبسبب التغير البنيوي )

 -من السميموز مكونا معقدات بنيوية مختمفة الى اطوار اخرى مختمفة (  من الطور الاول  Na-cell) القاعدي زالبمورية لمسميمو 
( حيث يقوم ىيدروكسيد  alkalization(. بعض الباحثين فسروا مايحث خلال عممية الالكنة )Na-cellulose) الصوديوم 

وف  تتحرك جزيئات (  مما يؤدي الى انتفاخ السميموز ومن ثم س Iالصوديوم بتمزيق الاواصر الموجودة  في الياف السميموز ) 
 .( Sobue et al. 1936) الذي يمثل مخطط الاطوار -4-الشكل في كما موضحخري  السميموز الى اطوار ا

والتي تكون عند  ( في مخطط الطور Qتوجد منطقة مثمثمة الشكل صغيرة  والتي يرمز ليا )  كلفي نفس الش ونايضا لاحظ الباحث 
درجة مؤية , عند ىذه المنطقة سيكون انتفاخ السمسموز  10 -الى  4% ىيدروكسيد ااصوديوم وبدرجة حرارة من  10 - 6تركيز 

بممرة واطئة الى متوسطة ,  وان  نسبة الاذابة  كانت مساوية متمك درجة تي عالي  ويوجد ايضا ذوبان مباشر لالياف السميموز الذ
كما مبين  (Aravindanath et al. 1986)  % من السميموز الاصمي 10 – 6تقريبا  لتركيز ىيدروكسيد لاصوديوم اي ما بين 

 .-4-في الشكل 
 

المناطق الرخوة او الغير متبمورة  ىيجب ان تحتوي  الياف السميموز الاصمي عم بين الاطوار  لكي يحدث ىذا الانتقال
(amorphous region )  تبمورةمبتدا من ىذه المنطقة  الغير م التي تم الاشارة الييا سابقا  كي يبدا التحول (Aravindanath 
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et al. 1986)  ,لالكنةبعض الباحثين فسروا مايحث خلال عممية ا (alkalization حيث )  ق تمزيبيقوم ىيدروكسيد الصوديوم
ر ائات السميموز الى الاطو (  مما يؤدي الى انتفاخ السميموز ومن ثم سوف  تتحرك جزي Iالاواصر الموجودة  في الياف السميموز ) 

  . ( Ying Wang, 2008) الاخري

 
 .( Sobue et al. 1936) مخطط الطور لالياف السميموز مع هيدروكسيد الصوديوم -4- الشكل

 
ثة لمحرارة , تؤخذ ىذه العممية كون عممية الاذابة بالمجمل تكون باعلة ىذه تكون جيدة في درجات حرارة منخفض ان عممية الاذابة 

ي المنطقة البمورية لمسميموز ( ف meltingحصول ذوبان ) :اولا -دة المراحل , والتي تتضمن : بنظر الاعتبار عمى انيا عممية متعد
(  elastic state( الى الحالة المرنة ) amorphousنتقال المنطقة الغير متبمورة ) ا( ثم  fusion)  تسمى ىذه مرحمة الانصيار

لذوبان عمى اقابمة يا اللالى جزئيات تحول جزء من جزئيات السميموز الغروية  :اثاني , ( transitionوتسمى ىذه مرحمة الانتقالية ) 
 ( mixingوتسمى مرحمة المزج ) ذوبان الاخير وانتشاره في المذيبواخيرا , ثالثا: ( interactionوتسمى مرحمة التداخل )

(Ramos, 2005)  . 
 

ىيدروكسيد مع جزيئات الماء يحيط بجزيئات  فتعمل عمى تكوين غطاء ىيدروكسيد الصوديوممحمول مع  اما بالنسبة الى عمل اليوريا
ويعمل عمى اعادة الترابط بين جزيئات السميموز كما موضح في الصوديوم ويعمل عمى منح واستقبال اواصر الييدروجين بين المذيب 

تفاعل مع السميموز لينتج الكاربامات في خطوة مشابية لما قد يحدث في عممية الزنثنة وىناك راي ثان يقول ان اليوريا ت -5- الشكل
 (. D. Klemm et al.2005) -6-كما موضح في الشكل 



Journal of Engineering Volume   22  July    2016 Number 7 
 

 

28 

 

 
 
 

 . (  Cai and Zhang, 2005)خطط عممية الاذابة م- 5-الشكل 
 

 
 (( D.Klemm et al. 2005 مخطط تكوين الكاربامات -6-الشكل 

 
 

 فنتون كاشفاسطة بو  الكيمياوية المعالجة (Fenton's reagent )  . 
, وفي صناعة الحرير الصناعي بطريقة الفسكوز يتم تقميل درجة  يتضح مما سبق ان لدرحة البممرة دور ميم في عممية الاذابة

فسوف نستخدم محمول  بحثناىذاالتنقيع والتعتيق اما في  مرحمتي% في 20كسيد الصودوديوم بتركيز البممرة باستخدام محمول ىيدرو 
د وحامض الاوكسالك.في بيروكسيد الييدروحين وايون الحدي  من يتركب (    Fenton's reagent) نو فنت كاشفيعرف ب كيميائي
بتحفيز تحمل بيروكسيد الييدروجين المخفف لتشكيل جذور الييدروكسيد كما في التفاعل  ( Fe+2يقوم ايون الحيدوز) كاشفىذا ال

 التالي : 

 
 

 - PH = 4.2 ,5قياس حماضية عند ميجري ىذا التفاعل في محمول منظم يتكون من حامض الاوكسالك واوكسالات الصوديوم 
مى ان يكون ضمن مقياس الحامضية بس بو عمى تقميل درجة بممرة الياف القطن السميموزية عاتاثير لاحيث وجد لحامض الاوكسالك 
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 كاشف مع يمثل الياف السميميوز الذي يتفاعلالذي  -1-تتم ىذه العممية باخذ نماذج من ورق الترشيح  رقم  .المشار اليو سابقا
 80mM H2O2  ,0.5mMبالتراكيز التالية : و مل من محمول فنتون  10غرام من الياف السميموز مع  0.2 فينتون  بوزن

FeSO4  ,10mMoxalic acid 10mM sodium oxalate,,   4.67ولمحصول عمى مقياس الحامضية المطموبPH =    يتم
توضع النماذج في انابيب بلاستيكية  ,(1:13) الخمط بين  حامض الاوكسالك و اوكسالات الصوديوم وفق النسبة الحجمية التالية :

ساعة بعدىا تغسل النماذج جيدا بالماء الخالي من الايونات ويترك بعدىا ليجف في درجة  24ىزاز دوار ولمدة عمى مل  30سعة 
من  م M0.5ذاب السميميوز المعالج مع ثم ي (Anne et al. 2011) ساعات 8مدة ول درجة مؤية 50حرارة 

((cupriethylenediamine (CED  )  باستخدام و  لقياس المزوجة كي سينانبوبة ف المتكونة بواسطة لزوجة المحاليلثم تقاس
 :  علاقة التاليةال

 
ىو القيمة القياسية لانبوبة قياس المزوجة بعدىا تحول  t0ىو الوقت التدفق و  tىو مقموب المزوجة النوعية و  (nsp/1)حيث ان  

 Cannon-Fenskeيوضح انبوبة ) -7-الشكل . (  .( Cowling, 1960المزوجة النوعية الى درجة البممرة حسب 
viscometer  ) 

 

                                                     
 

 فينسكي لقياس المزوجةانبوبة  -7-شكل
 

  : اهداف البحث 
ن التراكيز وفي درجات حرارة م عينم مدى ضمنخدام محاليل ىيدروكسيد لاصوديوم است نا ىو تطويران اليدف الرئيسي من بحث

 يمي :وايجاد ما  2600 -2200درجة البممرة ما بين  ي يمتمكلذمثمة في زغب القطن وافي اذابة الياف السميموز المت ة منخفض
  

ذابة الالياف %  وىو المدى المقبول لا 12% الى 4ما بين  لمحاليل ىيدروكسيد الصوديوم   ايجاد افضل تركيز -1
 .درجة مؤية  20- 15- حرارة في درجات السميموزية 
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محمول ىيدروكسيد الصوديوم واليوريا  يد الصوديوم وبين افضل تركيز لمحمول ىيدروكس لعممية اذابة السميموز مقارنة اجراء -2
 .% يوريا ( 4ىيدروكسيد الصوديوم +   6سويا بتركيز ثابت وىو )

 
قميل درجة البممرة ومن ثم تحسين اذابة السميموز في لت فنتون كاشفدام ما يعرف بباستخاجراء معالجة لالياف السميموز  -3

 . واليوريا سويا  و محمول ىيدروكسيد الصوديوم  محمول ىيدروكسيد الصوديوم
 

 لجانب العمميأ
 

 الاجهزة والمواد المستعممة 
, تم التي تتالف من مواد نقية من الياف السميموز ( Whatman filter paper,Grade 1)  -1-رقم  ورق ترشيح -1

بالطريقة تو درجة بممر  المقاسةي يتالف من زغب القطن الذو المستعممة في التجارب كمصدر لالياف السميموز  اسخدامو
 .2200 -2600 والتي كانت بحدود في ىذا البحث  المشار الييا سابقا

 ) معمل الحرير الصناعي سدة اليندية (% 38محمول ىيدروكسيد الصوديوم بتركيز  -2
 ماء مقطر  -3
 انابيب اختبار  -4
 (Vestel)  ثلاجة ) فريز ( -5
 محرار  -6
 جياز طرد مركزي  -7
 حامض الييدروكوريك  -8
,  (80mM H2O2 (Applichem Gmbh )  ,0.5mM FeSO4وبالتراكيز التالية : كيميائي فينتون محمول  -9

10mMoxalic acid ,   ,10mM sodium oxalate ( )Merck )  لاجراء المعالجة الاولية 
 

 طريقة العمل 
% . عن طريق تخفيف محمول ىيدروكسيد 12% و 8 % ,6% , 4ىيدروكسيد الصوديوم  بتركيز  تحضير محاليل -1

 باستخدام قانون التخفيف .  الموجود في المختبر  كمصدر لمحاليل ىيدروكسيد الصوديوم  % (38الصوديوم الاصمي ) 
 

ية عمى فنتون وبالتراكيز المشار الييا سابقا لدراسة تاثير المعالجة الاول كاشفولية لبعض النماذح باستخدام اجراء معالجة ا -2
 ذوبان السميموز في محاليل ىيدروكسيد الصوديوم . 
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ويوضعان في ابوبة اختبار  غم من السميموز0.25 غم من محمول ىيدروكسيد لاصوديوم و 10تتكون نماذج التجارب من  -3
 .  ( Ying Wang, 2008)بالاعتماد عمى المصادر السابقة  واخذت ىذه

 
% والباقي 38تترك النماذج بعد التحضير لمدة ساعة بعدىا توضع في حاوية بلاستيكة تحتوي عمى اثيل كلايكول بتركيز  -4

 .ساعة داخل فريز الثلاجة  24ماء وتوضع ىذه الحاوية مع النماذج لمدة 
 

 
تؤخذ بعدىا النماذج,  ذابةلا  لاتقل عن ساعة من الزمن في درجة حرارة الغرفة لفريز وتركيا فترةاخراج النماذج من ا -5

 .دورة في الدقيقة لفصل الالياف المذابة عن الغير المذابة  2500بسرعة و اذج الى جياز الطرد المركزي النم
 

فصل الجزء المذاب و اخراج الجزء الغير المذاب من الالياف من انابيب الاختبار وغسميا بالماء غسلا جيدا بعدىا تجفف  -6
 .غم ( ومن ثم ايجاد نسبة السميموز المذاب 0.25الوزن الاصمي ) ويقاس وزنيا ويقارن مع

 
 الحسابات :    
 التخفيف .4

 بعد التخفيف  NaOH= كمية  قبل التخفيف  NaOHكمية 
 + H2Oوزن المزيج )  x( = تركيز ىيدروكسيد الصوديوم  H2O + NaOHوزن المزيج )  xتركيز ىيدروكسيد الصوديوم 

NaOH ) 
 
  السميموز المذاب.حساب كمية 2
 

 كمية السميموز بعد لاذابة  –كمية السميموز قبل الاذابة                                              
 %100        ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ        =                                     

كمية السميوز قبل الاذابة                                                            
 
 
 
 
 
 

 نسة السليلوز المذاب ) الذوبانية(
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 والمناقشة   النتائج
%  لدرجات  12% الى 4ما بيم   ت التراكيز فيووالذي كان الصوديوم  في بداية تجاربنا تم تحديد افضل تركيز لمحمول ىيدروكسيد

 Ying) السابقة التي تعاممت مع الموضوع عتماد عمى المصادربالاتم اختيار ىذين الدرجتين , مؤية درجة 20-و  15-حرارة ال
Wang, 2008 )   من النماذج مختمفين  ونوعين وتم اختيار نموذجين لكل تركيز ومن ثم قياس نبسة اذابة السميموز في المحمول

واخر غير معالج في درجة حرارة الغرفة و  ساعة 24ولمدة  ذات تراكيز معمومة ومشار الييا سابقا" فنتون كاشفمع  احدىما معالج 
 , -8-انظر الشكل  , ولمحاولتين لضمان دقة النتائج

 وكانت النتائج كالتالي بعد قياسيا بالطريقة المشار الييا سابقا"  450 – 400بحدود  لجة المنماذج المع(  DP)  كانت درجة البممرة
 

 درجة مؤية 2±  45-كانت تحت درجة حرارة  المحاولة الاولى التجربة الاولى -3-جدول
 %12 %8 %6 %4 تركيز هيدروكسيد الصوديوم التسمسل

 %64 %31 %24 %41 (-4-نموذح معالجنسبة اذابة السميموز ) 4
 %14 %34 %21 %42 ( -2-نسبة اذابة السميموز )نموذح معالج  2
 %10 %23 %45 %5 ( -4 -ج اذابة السميموز )نموذح غير معال نسبة 3
 %9 %23 %45 %4 (- 2 - نسبة اذابة السميموز )نموذح غير معالج 4
 
 

 درجة مؤية 2±  45-كانت تحت درجة حرارة  الاولى المحاولة الثانيةالتجربة  -4-جدول
 %42 %8 %6 %4 تركيز هيدروكسيد الصوديوم لتسمسلا

 %64 %34 %23 %41 ( -4-نسبة اذابة السميموز )نموذح معالج 4
 %44 %34 %22 %44 (-2-نسبة اذابة السميموز )نموذح معالج  2
 %10  %24 %45 %6 ( -4-نسبة اذابة السميموز )نموذح غير معالج  3
 %10 %24 %46 %4 ( -2-نسبة اذابة السميموز )نموذح غير معالج  4

 
 درجة مؤية 2±  21-كانت تحت درجة حرارة المحاولة الاولى  التجربة الثانية  -5 –جدول

 %42 %8 %6 %4 تركيز هيدروكسيد الصوديوم التسمسل
 %47 %44 %25 %42 ( -4-نسبة اذابة السميموز )نموذح معالج  4
 %48 %42 %27 %43 ( -2-نسبة اذابة السميموز )نموذح معالج  2
 %41 %28 %46 %7 ( -4-نسبة اذابة السميموز )نموذح غير معالج  3
 %41 %29 %47 %8 ( -2-نسبة اذابة السميموز )نموذح غير معالج  4
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 درجة مؤية 2±  21-التجربة الثانية  المحاولة الثانية كانت تحت درجة حرارة  -6-جدول 
 %42 %8 %6 %4 تركيز هيدروكسيد الصوديوم التسمسل

 %47 %42 %26 %43 ( -4-نسبة اذابة السميموز )نموذح معالج  4
 %47 %42 %27 %43 ( -2-نسبة اذابة السميموز )نموذح معالج  2
 %41 %28 %47 %7 ( -4-نسبة اذابة السميموز )نموذح غير معالج  3
 %41 %29 %47 %8 ( -2-نسبة اذابة السميموز )نموذح غير معالج  4
 

بة ولتين كانت متقاربة واحسن نساولممح 0م 15-الاولى والتي كانت تحت  بالنسبة الى التجربة ىذه الجداول ان النتائج  نلاحظ من 
فالنتائج  0م 20-والتي كانت تحت درجة حرارة بالنسبة لمتجربة الثانية  ا% . ام31% والتي كانت بحدود 8اذابة كانت في تركيز 

عمما ان النتائج المسجمة سابقا  % .42والتي كانت بحدود  %8ة ايضا لممحاولتين و احسن نسبة اذابة كانت في تركيز قاربتكانت م
 ,Ying Wang) بدون معالجة كيمياوية وكانت%   28ضل اذابة كانت ىي فأ% و  8- 6مابين بتركيز حصمت عمى افضل اذابة 

  -8-انظر الشكل . (  2008
 

  %6رينا تجارب باضافة يوربا الى محمول ىيدروكسيد الصوديوم لزيادة فعالية الاذابة وبتركيز ثابت وىو )اجبعد ذلك 
وبنفس درجات الحرارة ,  ( Ying Wang, 2008) ىذا التركيز عمى دراسة سابقةاخذ % يوريا ( 4ىيدروكسيد الصوديوم + 

 مؤية , وكما موضح في الجداول التالية:  درجة 20-و  15-
 

 درجة مؤية 2±  45-التجربة الاولى المحاولة الاولى كانت تحت درجة حرارة  -7-جدول            
 % يوريا (4ىيدروكسيد الصوديوم +   %6) تركيز المحمول التسمسل

 %62 ( 4نسبة اذابة السميموز )نموذح معالج  4
 %61 ( 2نسبة اذابة السميموز )نموذح معالج  2
 %35 ( 4نسبة اذابة السميموز )نموذح غير معالج  3
 %34 ( 2نسبة اذابة السميموز )نموذح غير معالج  4
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 درجة مؤية 2±  20-الاولى المحاولة الاولى كانت تحت درجة حرارة التجربة -8-جدول            
 % يوريا (4ىيدروكسيد الصوديوم +   %6) تركيز المحمول التسمسل

 %35 ( 4نسبة اذابة السميموز )نموذح معالج  4
 %36 ( 2نسبة اذابة السميموز )نموذح معالج  2
 %28 ( 4نسبة اذابة السميموز )نموذح غير معالج  3
 %29 ( 2نسبة اذابة السميموز )نموذح غير معالج  4

 
 

نسبة  الجدولين انىذين نلاحظ من .  -8-معدل النتائج لمحاولتين من التجارب وكذلك الحال بالنسبة لمجدول  -7-يمثل الجدول 
درجة  عند كانتو  بين الجميعمن كانت افضل  فنتون كاشفولمنماذج المعالجة مع  في محمول ىيدروكسيد الصوديوم واليوريا الاذابة 

منماذج المعالجة ل % 36 نسبة الاذابة  ينما كانتب ,%   60الاذابة اكثر من  كانت نسبة حيث الافضل  درجة مؤية 15-حرارة ال
ىي  مكن تفسير ذلك ان عممية الاذابة , وي  –9 -انظر الشكل .مؤية درجة  20-درجة حرارة  فيالتي اجريت و فينتون  كاشفمع 

( وحسب العلاقة Gibbs free energyطاقة كبس الحرة )  ىيلعممية الثرموديانميكية خير من يمثل ىذه ا ويكية ثرمودينام عممية 
 التالية : 

 

                                                
بينما  kJ/mol79 ( تساوي  ( decrystallizationلعممية كسر التبمورتكون طاقة كبس الحرة   0م 15-فمثلا عند درجة حرارة 

,  كانت عممية الاذابة افضل اقل وكمما كانت طاقة كبس الحرة  kJ/mol80.55  الحرة  كانت طاقة كبس 0م 20-لدرجة حرارة 
 ,Ying Wang) 0م 15-ذي سوف يكون اعمى عند لوا (  Reaction rateكذلك ترتبط طاقة كبس الحرة بمعدل التفاعل ) 

دروكسيد الصوديوم واليوريا  محمول ىيوكذلك في  في محمول  ىيدروكسيد الصوديوم  الياف السميموز ذابةان زيادة نسبة ا. (  2008
اذابة الياف  زيادةليا دورا مؤثرا في  كان لتياو  الى تقميل درجة البممرة  التي ادتو  في كاشف فينتون المعالجة عممية يعزى الى
بة  والتي تبدا من اختيار افضل تركيز لمحمول ىيدروكسيد الصوديوم وتنتيي  بافضل اذالتالية  توضح عممية الالاشكال . االسميموز 

 ,  الج و الغير معالج عاذابة لالياف السميموز الم
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 درجة مؤية 21-و  45-ذوبانية السميموز في محاليل هيدروكسيد الصوديوم لدرجتي الحرارة  -8-الشكل 
 

 
 

(  urea  +6%NaOH%4ذوبانية السميموز في محمول هدروكسيد الصوديوم و وهيدروكسيد الصوديوم  واليوريا )  -9-الشكل
 لمتراكيز المستخدمة في التجربة
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 الاستنتاجات 
تقميل درجة البممرة  الكيمياوي المستعمل في المعالجة الاولية والذي ادى بدوره الىفينتون ىذه الدراسة بينت بوضوح تاثير المحمول 

وكذلك  لمسميموز بالاضافة الى تاكيدىا عمى تاثير درجة البممرة عمى ذوبانية الالياف السميموزية في محمول ىيدروكسيد الصوديوم
لمحصول عمى افضل اذابة ىناك العديد من المتغيرات التي يجب اخذىا  و .تاثير اضافة اليوريا الى محمول ىيدروكسيد لاصوديوم 

ذابة تفاعل فينتون وكذلك ايضا وقت ا وقت المعالجة فيو الصوديوم ىيدروكسيد محمول بنظر الاعتبار  منيا درجة الحرارة , تركيز 
 .في محمول ىيدروكسيد الصوديوم الياف السميموز 

 
    توصياتال

 لكي يكون ىناك فيم اعمق لعممية لاذابة الياف السميموز في محمول ىيدروكسيد الصوديوم 
 ىناك بعض الاشياء التي يجب ان تفسر بصورة جيدة منيا

 لمعالجة مع تفاعل فينتون ودرجة البممرة ايجاد موديل رياضي يربط بين وقت ا -1
 الصوديوم لزيادة نسبة عمى محمول ىيدروكسيد  وتركيزىا دراسة تاثير بعض الاضافات -2

 مثلا كاليوريا ذوبانية السميموز 
ياخذ درجة البممرة بنظر  عمميةايجاد موديل رياضي لمغرض ل(  الياف السميموز ) عممية الاذابةدراسة مكيانيكية التفاعل  -3

   الاعتبار .
 لفحص البمورية والحجم البموري XRDاوصي بفحص ال  لكي يكون البحث اكثر رصانة  -4
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 دراسة خصائص متراكبات سميكات الصوديوم كحاجز وقائي يفصل بين بطانة ابراج 

 التصفية النفطية والابخرة الكيميائية لمنفط الخام                     
 سجى اياد كاظم               رولا عبد الخضر عباس            أ.                   سلام حسين عمي    د.       
      saja.alabassi@yahoo.com            استاذ                                استاذ مساعد                               

 ماجستير عمم المواد                                                ةالجامعة التكنموجي -قسم العموم التطبيقية   الجامعة التكنولوجية    -قسم العموم التطبيقية
 الجامعة التكنولوجية -قسم العموم التطبيقية                                                                                                

 الخلاصة
الالتصاقية, مقاومة التأكل الكيروكيميائية والموصمية الحرارية تم دراسة الصلبدة السطحية, مقاومة البمى, قوة 

لطلبءات مكونة من سميكات الصوديوم المقواة بمسحوق الكرافيت المايكروي مرة والكاربون النانوي مرة اخرى وبنسب 
طلبءات بغية تغطية وحماية ابراج تكرير النفط. لقد اظيرت نتائج المقارنة بأن ال %5-1)وزنية تتراوح بين )

المتراكبة المدعمة بالكاربون النانوي تتفوق في مقاومتيا لمغرز, البمى الميكانيكي و الالتصاقيو وخصوصاً عند 
عمى طلبءات متراكبة الكرافيت المايكروي, كما خمص البحث الى نتائج واضحة ىو انو يمكن  1و % 5النسبة %

الابخرة النفطية باستعمال الطلبءات المتراكبة حسب نوع لمتأكل بسبب  304تأخير تقادم الفولاذ المقاوم لمصدأ 
 نتائج الحقمية عند وضع النماذج المحضرة في اعمى برج التقطير. الالتدعيم وىذا يتوافق مع 

كممات رئيسية: سميكات الصوديوم, المواد المتراكبة, ابراج التصفية النفطية, مسحوق الكاربون, المواد النانوية, 
 ي, الصلبدة, البمى الميكانيكي, متانة الالتصاق, الموصمية الحرارية.وكيمياو التآكل الكير 

Study the Properties of Sodium Silicate Composite as a Barrier 

Separating Between the Internal Oil Distillation Towers and Chemical 

Fumes of Crude Oil 

ABSTRACT 

The study of surface hardness, wear resistance, adhesion strength, electrochemical 

corrosion resistance and thermal conductivity of coatings composed from sodium 

silicate was prepared using graphite micro-size particles and carbon nano particles as 

fillers respectively of concentration of (1-5%), for the purpose of covering and 

protecting the oil distillation towers. The results showed that the sodium silicate coating 

reinforced with carbon nano-powder has higher resistance to stitches, mechanical wear, 

adhesive and thermal conductivity than graphite/sodium silicate composite especially 

when the ratio 5% and 1%, the electrochemical corrosion test confirmed that the coating 

process of stainless steel 304 lead to increasing the corrosion resistance, where the 

reinforcing of sodium silicate lead to a significant improvement in the corrosion 

resistance, the corrosion resistance behavior change depending on the type of 

reinforcement material, this is consistent with the field test results. 
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  المقدمة: -1
يحدث لممعدن او السبيكة من حيث المظير او الاداء بسبب ( بأنو تمف جزئي او كمي Corrosionيعرف التأكل )

التفاعل الذي يحدث بين المعدن او السبيكة مع الاجواء المحيطة بو سواء كانت غازية او سائمة, وىناك عوامل 
كيميائية وفيزيائية كثيرة تؤثر عمى معدلات التأكل مثل تركيز الاملبح والغازات المذابة والحرارة 

ظاىرة نراىا في حياتنا اليومية, فمثلًب طبقات وترسبات ذات لون اصفر عمى  التآكل. (2008ني )الكيلا وغيرىا
الارض النحاسية كذلك ظيور طبقات عمى نوافذ وابواب المنازل المصنوعة من فمز الحديد, كل ىذه الظواىر ىي 

حيطة. ويعد التأكل احدى المشاكل في الحقيقة نتيجة تأكسد )أي تأكل( الفمز او السبيكة بسبب تعرضو لمظروف الم
التي تتعرض ليا وتعاني منيا الكثير من المنشئات البترولية كخطوط نقل البترول والغاز والخزانات وابراج التقطير  
كما يحدث في الكثير من القطاعات الاخرى اليامة كقطاعات الصناعية والنقل البحري. وذلك لان التأكل يحدث 

شئات مما ينتج عنو تكاليف ضخمة تتمثل في فواقد الانتاج وبالتالي قمة الكفاءة بالإضافة تمف شديد في ىذه المن
الى تكاليف تطبيق اساليب مقاومة التأكل .ولاشك في ان البيئة  ليا دور كبير في تنشيط التأكل اذا كانت تحمل 

يونات  كموريد الصوديوم والكالسيوم عناصر مساعدة لمتأكل. فمياه البحر مثلب فييا اكثر من سبعين عنصراً اىميا ا
بالوزن من الاملبح الذائبة . كذلك التربة المذاب فييا املبح ومواد  99%وايضاً الكبريتات, وىي تشكل اكثر من 

عضوية مختمفة تحتوي عمى انواع كثيرة من البكتريا. كذلك المياه الطبيعية )مياه الانيار ومياه الابار ومياه تحت 
غيرىا(. تحمل معيا املبح الكربونات والبيكربونات , كذلك اليواء قد يحمل معو ذرات مختمفة من طبقات الارض و 

الغبار واملبح الصوديوم وغاز ثنائي اكسيد الكاربون والرطوبة واخيراً مختمف المواد الحمضية بأنواعيا ىي بيئات 
آكل المعادن واختلبف معدلات التآكل يرى العمماء ان السبب الأساسي لت .Schweizer,1996))نموذجية لمتأكل

بين معدن وآخر, يعود إلى منشأ ىذه المعادن وخواصيا ومكوناتيا , معظم المعادن, وخاصة المعادن غير الثمينة 
مثل الحديد والزنك, لا تتواجد في الطبيعة كمعدن نقي ولكن عمى شكل مركبات كيمياوية مثل الأكاسيد والكربونات 

سمى عادة بخامات ىذه المعادن, وعند استخلبص المعادن النقية من ىذه الخامات لابد من بذل والكبريتات والتي ت
مقدار من الطاقة, وبذلك فإن المعدن النقي سوف يكون مجبراً عمى التواجد في حالة تختمف عن الحالة التي كان 

ة أي إلى يو والعودة إلى الحالة الأصمعمييا في الطبيعة, لذا فإنو يميل إلى ترك ىذه الحالة الجديدة المفروضة عمي
ليذا السبب تمكن العديد  .(2010)الخزرجي واخرون  (Corrosionالخام, ىذا في اطار عممية  تسمى بالتآكل )

من العمماء والباحثين من تحضير طلبءات من مواد متراكبة ذات مواصفات ىندسية دقيقة والتي تمتاز بالكفاءة 
الاساس ومادة التسميح والتكنموجيا المستخدمة بشكل تعمل عمى منع او تقميل التمف الذي  العالية تبعا لنوع المادة

يصيب الفمزات وسبائكيا وجاءت بحوثيم لتسميط الضوء قدر المستطاع عمى اىمية ىذه المواد وخواصيا الميكانيكية 
استخدام محاليل جيلبتينية في ترسيب طبقة طلبء  (AL-Atia)باحثقام ال 2013ففي عام  والكيميائية والحرارية.

سيراميكية نانوية عمى سطح الفولاذ المقاوم لمصدأ بغية تطوير خصائصو البيولوجية زيادة مقاومتو لمتأكل والبمى 
.حيث قام بترسيب طبقة طلبء مفرده من الالومينا عمى نماذج من اربعة محاليل جيلبتينية حضرت بإذابة 

لمنيوم في الماء بتراكيز مختمفة من الالومينا. حيث بينت النتائج امكانية الحصول عمى خصائص ايزدبروكسايد الا
لمصدأ بطريقة المحمول حماية واضحة تسيل المقارنة بين انواع الطلبء الرقيق المترسب عمى اسطح الفولاذ المقاوم 

 راتنج معالجة و بتحوير واخرون( Hudaامت الباحثة )ق 2013. في عام (Al-Atia,2013)ي الجيلبتين
 -65) بين ما الدقائق قطر  يتراوح حيث المتطايرة السميكا مثل والحشوات المضافة المواد بعض مع الايبوكسي

 قطر بمعدل الكالسيوم كاربونات دقائق ممدن,, مايكرومتر0.4 قطر بمعدل  الحديديك اوكسيد دقائق , نانوميتر (55
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 المركبة المادة ان المختبرية النتائج أظيرت ولقد . راتنجية متراكبة مادة عمى الحصول لغرض مايكرومتر 0.65
 تم الجديدة المركبة المادة الماء,  في انحلبليا مقاومة عمى امكانيتيا الى اضافة عالية صلبدة قوة و مةصد قوة ذات

 حمايتيا لغرض البحرية والقطع الزوارق في صناعة المستخدمة المعدنية والقطع الاسطح طلبءغراض لا تطبيقيا
     النفطية والانابيب الناقلبت طلبء في تدخل التي بعض التطبيقات مع يتلبءم بما استخداماتيا  كذلك , التآكل من

(AL- Pana, et al, 2013). ( استخدم الباحث(Fadhil  لغرض  الحراري الرش تقنية 2014 واخرون في عام
 أستخدم والغازية النفطية الابار حفر برج تستخدم في منخفض السبائكية والتي  الفولاذ سبائك من نماذج طلبء
 الاولى كانت حيث السبائكية منخفض الفولاذ من نماذج لمجموعتين طلبء كمادة السيراميكيو المواد من نوعين

 دراسة الصلبدة تم رابطو. كمادة الألمنيوم -النيكل من مسحوق متراكب أستخدم كذلك الالومينا والثانية زركونيا
 أظيرت المطمية غبر النماذج مع ومقارنتيا لممجموعتين البمى معدل بالإضافة الى الطلبء لطبقات الالتصاق ومتانة
غير  النماذج مع مقارنة المطمية لمنماذج البمى معدل بقيم الخواص الميكانيكية ونقصان في زيادة النتائج

الدراسة الحالية فيي تيدف الى تقميل من الاثار السمبية الناتجة عن تراكم الابخرة اما  .((Fadhil,2014المطمية
والغازات الحامضية والقاعدية المتدفقة بكميات كبيرة من المكونات النفطية في مادة ابراج التكرير باستخدام طلبءات 

المدعمة بالكرافيت المايكروي مرة من مواد متراكبة ذات اساس سيراميكي نوع سميكات الصوديوم )الزجاج المائي( 
لمتأكل  304)والكاربون الاسود النانوي مرة اخرى كأسموب لزيادة مقاومة مادة البرج )سبيكة الفولاذ المقاوم لمصدأ

وبذلك اطالة العمر التشغيمي ليذا البرج. كما تيدف ىذه الدراسة الى معرفة مدى الانحراف الحاصل في بعض 
الكيميائية والحرارية لمطلبءات السيراميكية المحضرة بفعل تغير نسبة مواد التدعيم الوزنية ما الخصائص الميكانيكية و 

( لتحديد افضل نسبة تسبب تضاؤل قدرة ىذه الابخرة الحمضية والقموية عمى تأكل مادة البرج ومن %5-1بين )
الصلبدة السطحية ومعامل جانب ثاني خصائص ميكانيكية وحرارية جيدة وعمى وجو التحديد مقاومة البمى و 

التوصيل الحراري وقوة الالتصاقية فكمما كانت مادة الطلبء ذات قوة التصاق وصلبدة عالية كمما ساعد ذلك في 
 عزل مادة البرج عن الابخرة النفطية.

 : معمومات توصيفية نظرية

      Stainless Steelلفولاذ المقاوم لمصدأ  ا 1-2

. لان نسبو Crمن  %12سبائك الفولاذ المقاوم لمصدأ يمكن ان تعرف بأنيا السبائك الحاوية عمى اكثر من 
سبائك الفولاذ مقاوميو كافيو لمتأكل بواسطو تكوين طبقو الاوكسيد  لكروم تمثل ادنى قيمو لازمو لمنحمن ا12%

( 2010الخزرجي واخرون عمم المواد اليندسية  تر  )( عمى السطح Passive Oxide Filmالخامدة )
Kutz,2002)). الخزرجي واخرون لمصدأ يمكن ان تصنف الى ثلبث مجاميع رئيسيو ملفولاذ المقاو وسبائك ا(

2010). 
صنف الاوستنايت (  Martensite Grad,3( صنف المارتنسايت Ferrite Grad ,2( صنف الفرايت 1

Austenite Grad. 

 304 المقاوم لمصدأ الفولاذ 2-2
 (.Totten and Howes, 2002)(1ذو التركيب الكيميائي موضح في الجدول رقم ) وىو الصمب الاوستنايتي

من  %8من الكروم في ىذه السبيكة يجعميا اكثر مقاومو للؤكسدة والتأكل. وكذلك وجود نسبو %18ان وجود نسبو 
 .(Murray,1997) النيكل يجعميا مقاومو لمتأكل الناجم من المواد الكيميائية
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 (Electro- Chemical Corrosion of Metalالتأكل الكيروكيمياوي لممعادن ) 3-2
ينشأ ىذا النوع من التأكل نتيجة ظيور التيار الكيربائي بسبب التفاعل بين المعدن والالكترونات المحيطة بو. 

الايونات الموجبة عن سطح تلبمس المعدن وتنتقل الى الوسط المجاور الذي يسمى الالكتروليت ,. حيث تنفصل 
يسمى فرق الجيد المتكون عند سطح تلبمس المعدن مع الالكتروليت بالجيد القطبي وىو الدال عمى مدى ميل 

اما المعادن ذات الجيد السالب تكون  المعدن لمذوبان, اذ المعادن ذات الجيد الموجب تكون قابميتيا لمتأكل قميمة
 .(2010الخزرجي واخرون  ) اكثر قابمية لمتأكل

 طرق تجنب التأكل: 4-2
لا يمكن من الناحية العممية منع التأكل منعاً تاماً الا باحتياطات وتحت ظروف قاسية لا يسيل ايجادىا. الا انو 

وبالتالي يمكن حماية المنشئات الصناعية واطالة   عديدةيمكن تحسين مقاومة الفمزات والسبائك لمتأكل بوسائل 
 :(Schweizer, 1996)     الطرق اليامة المتبعة عمرىا, وىذه  بعض

 ( التغميف المعدني  4   ( تعديل وتغير وسط التأكل3تعديل نوعية المعدن   2)اختيار التصميم المناسب   1)
 Coatingالتغطية 6) الحماية الكاثودية    5) 

 Coatingالتغطية  5-2
الغرض من التغطية ىو تكوين غشاء مكون من مادة عازلة لمكيرباء عمى سطح المعدن المراد حمايتو عن الوسط 

الكاثودية( عن طريق ذلك الغشاء ذو  -الالكتروليتي الملبمس لو والمحيط بو وكذلك اعتراض الدائرة )الانودية
محل بل يكاد يتلبشى تيار التأكل , عموماً يجب التأكد ىنا من الخصائص المقاومة الكيربائية العالية وبالتالي يض

ماء, ليا مقاومة كيربائية التالية لمواد التغطية بأن تكون : جيده التلبصق, تقاوم اجيادات التربة, ليا مقاومة ضد ال
 كما ان طرق التغطية بالتغميف انواع منيا: عالية.

ستعمل عادة شرائط بلبستيك تدفونة تحت الارض و لتغطية المواسير الم التغطية بشرائط البلبستيك: تستعمل-
 مصنوعة من البولي اثمين عالٍ ومنخفض الكثافة, وكذلك شرائط قطران الفحم.

التغطية بالدىانات: يوجد نوعان: الاغطية العضوية )البويات المانعة لمتأكل( وزجاج السيراميك )الاغطية الغير -
 .(2008)الكيلاني  (معدنية الغير عضوية

 Ceramic coatingطلاء السيراميك  6-2
استعمالات السيراميك عديده حيث يستعمل لحمايو الاجزاء المصنوعة من المعادن ومواد البناء الاخرى من التاكل, 

وأيضا  Burnersوالمشاعل  Nozzlesومن تأثر درجات الحرارة العالية وكذلك الحك والسوفان العالي مثل النوزلات 
الاجزاء التي تتعرض لمزجاج والمعادن الذوابة حيث تزيد مقاومة ىذه الاجزاء لمحك عند جريان ىذه المواد ولدرجات 

طرق ومنيا طريقو الغمس او  ةلبء بالمواد السيراميكيو تتم بعدالط ةالعالية التي تتعرض ليا. ان عمميالحرارة 
,عمميو الترسيب الفيزيائي Sol-Gel, السول جيل  Plasma spraying, الترذيذ بالبلبزما   Dippingالتغطيس  

  ىي الفولاذ ومواد البناء والموادلمبخار او الترسيب الكيميائي لمبخار. حيث ان الاجزاء التي تتم طلبءىا بالسيراميك 
.(2008)الكيلاني ةفمزيالغير 
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 (  Composite Materialsالمتراكبة )المواد  7-2
 المتراكبات بصوره عامة ىي عبارة عن مزج مادتين او اكثر لمحصول عمى مادة جديدة ذات خواص تختمف عن

خواص المواد الداخمة في تكوينيا في كونيا احسن جودة ومميزة فيزيائياً وكيميائياً ولذلك فيي تصنف حسب نوعية 
( الى متراكبات )بوليميرية , معدنية, سيراميكية( وحسب نوعية المادة Matrixالمادة الاساس )الطور المضيف 

مدعمة )بالألياف, بالحشوات, بالقشور, بالدقائق( مرة ( الى متراكبات (Reinforcementالمدعمة )طور التقوية( 
 .(Broutman and Krock 1978) اخرى

 .(particulate Reinforcementالتقوية بالدقائق ) 8-2
تختمف المتراكبات المدعمة بالدقائق عن تمك المدعمة بالألياف او القشور في توزيع المضافات, اذ ان توزيع 

اكثر مما ىو منتظم, لذلك فأن المتراكبات الدقائقية تمتمك خواصاً موحدة متماثمة في جميع الدقائق يكون عشوائياً  
 (. ويمكن اجمال انواع المتراكبات الدقائقية كما يمي:Isotropicالاتجاىات )

 Dispersion Composites)المواد المتراكبة المدعمة بالتشتيت ) 1)
(, والتي تعمل عمى تقوية مادة الاساس عن µm 0.1دقائق اقل من )المعدل قطر في ىذا النوع من التدعيم يكون 

طريق اعاقة حركة الانخلبعات خلبل عممية التشوه المدن, ويستخدم ىذا النوع من المواد المتراكبة في صناعة 
 المكابس واذرع التوصيل. 

 (Particulate Compositesالمواد المتراكبة المدعمة بالدقائق ) 2)
(, ويستخدم ىذا النوع من المواد المتراكبة في µm 1(الدقائق اكبر من معدل قطر في ىذا النوع من التدعيم يكون 

 .Caiiister, 2003))صناعة رؤوس اقلبم القطع
 الجزء العممي: -3
 المواد المستعممة: 1-3
 Matrix Materialالمادة الاساس  -أ

( الزجاج المائي المنتجة (Sodium Silicateىي سميكات الصوديوم في العمل الحالي المادة الاساس المستعممة 
 عند درجو حراره  Viscosityالمزوجو  ,محميآ من مخمفات الزجاج لمشركة العامو لصناعو الزجاج والسيراميك

(300C)نسبو ال    زيسنتي بوا 1.426 ىيNaO2 نسبو ال   % 13.92,ىيSiO2 29.5 ىي% 
  Reinforcement Material( ة)التقوي التدعيم مواد-ب

 استعمل نوعان من مواد التدعيم لتقوية سميكات الصوديوم وىي:
 Carbon Nano Pawderمسحوق النانو كاربون   -1
 امريكي المنشاء , اسود المون عديم الرائحة. nm 50>بحجم حبيبي  
 Graphite Powderمسحوق الكرافيت  -2
 اشكال الكاربون المتأصمة.وىو شكل من  µm <38 معدل قطر دقائقيب

  :تحضير النماذج 2-3
 :ة تحضير النماذج ثلبثة مراحل وىيتضمنت عممي

بمكائن خاصة بأبعاد تناسب اجيزة الفحص المستخدمة, ثم تنضيف  304تقطيع سبيكة الفولاذ المقاوم لمصدأ  -أ
 5Minالمصنوعة من اوكسيد الالمنيوم لمدة 50Pالعينات بواسطة جياز الصقل بأستخدام اوراق الصنفرة بحجم 
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 تييئة سميكات الصوديوم  -ب
لجعل سائل سميكات الصوديوم ذو لزوجة مناسبة يسيل عممية خمطو بمواد التدعيم بشكل متجانس بتسخينو الى 

 الدقيقة لمده ساعو واحده.\دوره 5( سرعو (Hotplate Stirrer( في بيكر بواسطة جياز(0C 100درجة حرارة 
( الى سميكات الصوديوم المعد وفق الخطوة )أ( ولمدة %5-1تضاف دقائق الكرافيت بنسب مختمفة تتراوح ) -ج
 . (0C 50)وبدرجة حرارة  (الدقيقة\دوره (5( Hotplate Stirrer( دقيقة مع بقاء سرعة جياز)25)
سب مع استمرار عممية الخمط لمدة ونعود الى تكرار الخطوات السابقة ولكن مع اضافة الكاربون النانوي وبنفس الن 
 دقيقة. 15)  )
تطمى عينات الفولاذ المقاوم لمصدأ باستخدام قالب قاعدتو بلبستيكية تثبت عميو قطعو الفولاذ وتحاط من جياتو  -د

 الاربعة بمادة زجاجية. 

 الاجيزة المستخدمة: 3-3
 -Scanning probe microscopy (CSPM)مجير القوة الذرية تم اجراء الفحص باستخدام جياز  -1

5000)). 
لقياس الصلبدة السطحية لطلبءات  Shor-Dوجياز  304جياز روكويل لقياس صلبدة الفولاذ المقاوم الصدأ 2-

 الزجاج السيراميكي ومتراكباتة ذو المنشأ ايطالي.
دورة/ الدقيقة  500( وسرعة دوران (kg 0.5العراقي المنشأ بتسميط حمل مقداره Wear) جياز مقاومة البمى ) -3

 (.(7cmوبنصف قطر انزلاقي مقداره   (1Min)ولمدة  
 جياز قوة الالتصاقية ذو المنشأ الياباني. -4
 ( ذو المنشأ  امريكي.Posi Tectirجياز قياس سمك النماذج ) -5
 جياز قياس التأكل الكيروكيمياوي بطريقة تأفل ذو المنشأ الالماني. -6

 :يت الفحوصات التاليةمتراكبات اجر بعد تحضير ال
اختبار قوة الالتصاقية . 4)  ( اختبار معدل البمى .3( اختبار الصلبدة السطحية. 2( فحص مجير القوة الذرية.  1
 ( اختبار الموصمية الحرارية.6      اختبار التأكل الكيروكيمياوي.) 5

ان من الجدير بالذكر ان جميع الفحوصات السابقة الذكر تأخذ النتائج مباشرة من الجياز الفاحص الا ان مقاومة 
 :(Wiely and Sons 1965)البمى يتم الحصول عمييا باحتساب معدل البمى من القانون التالي 

Wear rate = W / SD (gm/cm)                                                       (1)  

 (.(gmالفرق بالكتمة لمعينة قبل وبعد الاختبار -: W-عمماً أن:
      w= w1 - w2                                                                           (2)  

  SD :- ( مسافة الانزلاقcm وتحسب من ):العلبقة 
      SD= 2 r n t                                                                            (3) 

  -عمماً أن:
r :- ( نصف قطر الانزلاقcm .) n:- .)دورة/ دقيقة( عدد دورات القرصt :- .)مدة الاختبار )دقيقة 
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  حقمي )ميداني(: اختبار 4-3

الحقمية يمكن اعتبارىا مقياسا لكفاءة المواد المحضرة , تم اجراء اختبارات لمقاومة الطلبءات ان الاختبارات 
 المتراكبة المحضرة لمتأكل الكيميائي بشكل يحاكي الواقع في وزارة النفط/ مركز البحث والتطوير النفطي.

 النتائج والمناقشة: -4 
 Atomic Force Microscope( AFMفحص مجير القوه الذرية ) 1-4

السطح  Morphology مورفولوجيا( 2( و )1يوفر مجير القوة الذرية معمومات حول بنية السطح ويتبين من الاشكال)
والتي يظير فييا سطح طبقة مادة الطلبء المكونة من سميكات الصوديوم المدعمة بالكرافيت مرة, والكاربون النانوي مرة 

بشكل عشوائي عمى السطح بأكممو. حيث اظيرت نتائج الاختبار ان مربع  اخرى, بأشكال غير منتظمة والتي تتوزع
لسطح مادة الطلبء المكونة من سميكات  RMS) Roughness  )Root Mean Squareمتوسط الجذر والخشونة

 ( كما موضح5-%1الصوديوم المدعمة بالكرافيت مرة والكاربون النانوي مرة اخرى تزداد مع زيادة نسب التدعيم من )
 ( .2في الجدول )

 Hardness Testاختبار الصلادة السطحية  2-4
بسبيكة الفولاذ المقاوم  ةً الطلبء بسميكات الصوديوم مقارنت ( ان قيم الصلبدة تبدأ بالانخفاض بعد3لوحظ من الجدول )

ثم ترتفع تدريجياً بعد تغميفيا بطلبءات من متراكبات سميكات الصوديوم ارتفاعاً يصل الى ادنى قيمة لو  304لمصدأ 
( بالنسبة لمتراكبات سميكات الصوديوم  المدعمة بمسحوق الكرافيت بينما .66.75NOبمقدار)1% عند نسبة التدعيم 

استبدال مسحوق الكرافيت بالكاربون النانوي. مما ( عند نفس النسبة الوزنية ب.NO 82.36تصل قيمة الصلبدة الى )
يؤكد التأثير الايجابي لعممية التدعيم بيذا النوع من الدقائق وذلك لما تمتمكو من الخصائص عمى سد وتقميل الفجوات 

اقة امتداد والفراغات المتكونة اثناء عمميو القولبة مما يزيد في معامل المرونة لممادة ويزيدىا صلبدة علبوة عمى ذلك اع
الشروخ وىذا الميل يعني زيادة المساحة السطحية لمشروخ, ومع ذلك فأن زيادة المساحة غير كافِ لتقدير الارتفاع 

( يشير الى تفوق مضافات التدعيم نوع النانو كاربون عمى 3والشكل). (2015 محمد ىناء)الحاصل في المتانة 
ن صلبده تحسفت %1نة مع طلبء سميكات الصوديوم عند نسبو ( بالمقار .15.61NOالكرافيت المايكروي بمقدار )

سميكات الصوديوم, وذلك لان الخصائص الميكانيكية لممواد تتحسن عند استخدام الدقائق ذات الحجم الصغير جداً اقل 
مايكرون اذ ان الدقائق الصغيرة اثناء عممية التصنيع تكون سيمة التغمغل الى داخل المادة الاساس المتمثمة  50من 

بسميكات الصوديوم والى داخل الفراغات البينية والمسامات والتي تتكون اثناء عمميو التحضير المتراكب, والذي يؤدي 
ة المتراكبة المحضرة ومن ثم زيادة الترابط فيما بينيما وبشكل بدوره الى زيادة مساحة التماس ما بين مكونات الماد

واخرون  اريج رياض)متكامل مما يعطي قيم اكثر ايجابية في زيادة مقاومتيا لمصلبدة نتيجة زيادة مقاومتيا لمتشوه المدن
ارتفاع في قيم  ( ادت ىذه الزيادة الى حصول5-1ومع زيادة النسبة الوزنية لمضافات التدعيم ما بين )% . (2011

بالنسبة لسميكات الصوديوم المدعة بمسحوق الكرافيت المايكروي,  %4صلبدة سميكات الصوديوم وصولًا الى نسبو 
 .%5بينما يستمر الارتفاع في قيم الصلبدة لسميكات الصوديوم المدعمة بالكاربون النانوي الى نسبو تدعيم 

  الى   الصوديوم   يكاتسم بإضافة الكرافيت الى   ماذج المحضرةلمن قيم الصلبدة  زيادة   ولا شك ان السبب في
 اعمى
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الى اعاقو حركو الانخلبعات وحدوث التقوية تؤدي  ىو ان دقائق التدعيم (.NO 79.8)حيث بمغت  %4د عن قيمو ليا
وامكانية الدقائق عمى مشاركو طور الاساس في تحمل القوى والاجيادات المسمطة عمييا وىذا يتفق مع ما جاء بو 

وعمى الرغم من الدور الايجابي لمتدعيم في تحسين صلبدة المتراكبات المحضرة الا ان . (Higgins,1973)الباحث 
( وذلك (.75.6NOسميكات الصوديوم الى ة يسبب في ىبوط صلبد %5الاستمرار بزيادة النسبة المئوية لمكرافيت الى 

والتي تظير Cavities ن فجوات بسبب ما تخمقو من تركيز للئجيادات غير المرغوب بيا حوليا, بدرجو تقود الى تكوي
وبتالي نقصان متانو المتراكب ونقصان في معامل مرونتيا, وىذا التفسير استناداً ما جاء  cracksبمظير التصدعات 

ومن ثم يكون سبباً لنقصان صلبدة المادة  (Abdul Saheb,2011)و (Pand and Sharma  1973بو )
ذكر ان اضافة الكاربون النانوي   (Subhranshu and Smurtisiha, 2008)المتراكبة. وفي دراسة لمباحث 

يغير الحجم الحبيبي لممادة الناتجة وبالتالي فأن قيم الصلبدة تتغير حيث ان التغيرات الحاصمة في المادة الناتجة كبيره 
السيراميكي  وتؤثر عمى الخواص الميكانيكية لممتراكب الناتج وعميو فأن وجود مسحوق الكاربون النانوي في جسم

, حسب %5)سميكات الصوديوم( يعمل عمى رفع الصلبدة نتيجة لزيادة المقاومة لمتشوه المدن والذي امتد الى نسبة 
زيادة التداخل والتراص والذي يًعرض حركو جزيئات سميكات الصوديوم الى الانخفاض, الامر الذي يؤدي الى زياده 

 .((Nassier,2013 وه المدن( والقطع والتشScratchingالمقاومة لمخدش )
 Wear Rateاختبار معدل البمى  4-3

زيادة معدل البمى لمادة سميكات الصوديوم غير المدعمة عمى سبيكة الفولاذ المقاوم لمصدأ  )4يوضح الجدول )
( في حين ينخفض معدل البمى عند طلبء 8gm/cm-^10*60.864غير المطميو بسميكات الصوديوم بمقدار)304

( عند gm/cm 8-^10.231510بيذه المادة اللبصقو المدعمة بالكرافيت عن السبيكو  بدون طلبء بحوالي )السبيكة 
التدعيم بأفضل نسبة من الكرافيت ويستمر معدل البمى بالانخفاض اكثر بعد طلبء السبيكة بسميكات الصوديوم المدعمة 

( عند التدعيم بافضل نسبو من gm/cm 8-^10.617610بمكاربون النانوي عن السبيكة من دون تدعيم يقدربحوالي)
الكاربون النانوي .ويعزى سبب ذلك الى ان عممية الطلبء بسميكات الصوديوم فقط  يصاحبيا زياده شديده في التشوه 

وعند تدعيميا بدقائق الكرافيت المايكروي  (Subsurface- Layers)المدن وتكسر في الطبقات تحت السطحية 
تعمل الماده الدقائقيو كعوائق لتشوية الماده الاساس )سميكات الصوديوم( في اثناء التحميل بسبب  والكاربون النانوي

صلبدتيا العاليو خصوصآ وانيا تؤدي الى زياده جساءه الجسم السيراميكي ومتانتو علبوه عمى تحسين معامل تمدده 
  .(Subhranshu and Smurtisiha, 2008)الحراري

( يشير الى تفوق مضافات التدعيم نوع نانو كاربون عمى الكرافيت الماكروي بمقدار 4الا ان الشكل ) 
11.6336*10^-8 gm/cm) مثلآ في تحسين مقاومو البمى لسميكات الصوديوم, نظرآ لقدرة الدقائق %1( عند النسبو

اومة البمى ترتبط بشكل مباشر بمتانة النانويو بحجميا الصغير عمى خفض معدل البمى والذي نستنتج منو بأن مق
وتماسك المتراكب بعلبقو طردية وكمما تحسن ارتباط او تماسك الكتمو المتراكبو كمما انخفض معدل البمى او فقدان 
الماده, اذ ان اضافة الدقائق النانوية والتوزيع المنتظم لتمك الدقائق يقمل المسافة بين الجسيمات او الجزيئات وبالتالي 

 .(Gautam,2015) لان الماده اصبحث اكثر تراصد مقاومة المادة لمبمى والخدش تزا
( انخفاض معدل البمى لسميكات الصوديوم المدعمة بدقئق الكرافيت 4كما نلبحظ من المنحنيات المعروضة بالشكل )

( عند النسبو الوزنيو 8gm/cm-^10*0.9045بزيادة نسبو المواد المضافة حيث بمغت اعمى قيمة لمقاومة البمى )
( تحت ظروف Antifrction Materialوذلك لان حبيبات الكرافيت ليا قدرة عالية عمى ان تعمل كمزيت ) 4%

التشغيل الجافة حيث لا تممك ايو قيمة  لمعامل الاحتكاك أي يكون معامل الاحتكاك قريبآ لمصفر وفي ىذه الحالو  قد 
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تك واطئة نسبيآ اذ قورنت بدرجة حرارة السطوح المعدنية اوالسيراميكية ببعضيا, نتوقع ان تكون درجو حرارة السطح المح
 )سعد حميدعلبوة عمى ذلك ان حبيبات الكرافيت تممك قدرة عالية عمى تبريد نفسيا وبذلك تساىم في تقميل معدل البمى

 %5ولكن من المؤكد ايضآ ارتفاع النسبة الوزنية اعمى من  .(2009عبد القادر وباقر   اسراء ()2009واخرون 
يؤدي الى ضعف مقاومة البمى وذلك لان ىذه الاثار تمت بصمة مباشرة مع المتانة والتماسك الميكانيكي لممتراكب كما 

ى مع زياده ىو مذكور سابقآ. بينما في نطاق سميكات الصوديوم المضاف ليا دقائق الكاربون النانوي تزداد مقاومة البم
 للبسباب السابقة الذكر.  %5( ضمن النسبة(gm/cm 8^10 *0.5النسبة المئوية حيث بمغت اعمى قيمو ليا حوالي 

 Test   Adhesiveاختبار قوة الالتصاقيو   4-4
بصورة عامة يحدث الفشل في المادة اللبصقة سميكات الصوديوم غير المدعمة الخاضعة لفحص السحب اومتانو 

 حطيم الارتباطات اوالقوى المسؤلة عن ميكانيكية الالتصاق وفييا مايمي:المصق بت
 ( والمادة الممصوقة )(Adhesiveوالتي تكون اكثر فعالية بين المواصق  Vander Wall)قوى فاندر فالز )

(Substrate( وقوى الترابط الكيميائي ,Chemical Bonding والتي تعطي نوع من التقوية للبلتصاق والذي يتحقق )
( تتفاعل مع (Chemical Groups( مجاميع كيمياويو (Substrateعندما تمتمك المادة المتأثره 

 (.2007  رولا عبد الخضر )( (Mechanical Inter Locking, وقوى التشابك الميكانيكي Adhesive)اللبصق)
والمادة المتأثرة )الممصوقة( تأثير كبير عمى القوى السابقو الذكر, فمع اضافة حبيبات الا ان لطبيعة المواد اللبصقو 

الكرافيت المايكروي مرة والكاربون النانوي مرة اخرى الى الماده اللبصقو )سميكات الصوديوم(  تزداد متانو الالتصاق 
الذكر. علبوةعمى ذلك لخشونو الماده (. لما تمتمكة ىذه الدقائق من خصائص سابقو 5كما ىو موضح في  الجدول )

ف الماده ونوعيا وطريقو تأثير كبيرعمى متانة المصق لممقطع المربوط حيث تختمف النعومة المثالية لمربط بأختلب
( ان خشونة 2اذ بينت النتائج المستحصمة من مجير القوة الذرية كما ىومبين في الجدول ). (Buz, 1993) تصنيعو

( تزداد مع زيادة نسب التدعيم, لذلك تزداد متانة المصق لمادة سميكات الصوديوم سميكات الصوديوممادة الطلبء )
كما  5( عند النسبو %3.45Mpa( لتصل الى اعمى قيمة ليا )1-5المدعمة بالكرافيت مع زيادة نسب التدعيم من )%

لاصق الجياز( ولم تنفصل طبقة  (. حيث تيشمت المادة الصمغية المستخدمة في الفحص )3ىوموضح في الشكل )
 )صالح كريمالطلبء عن سطح السبيكة برغم من تكرارالاختبارعدة مرات وىذا يدل عمى جودة المصق لجميع العينات

وبعد ان تبين الدور الايجابي لخشونة سطح الطلبء في زيادة قوة الالتصاق وىذا ماتميزت بو سميكات . (2010
فيت المايكروي. الا ان متراكبات سميكات الصوديوم المدعمة بمسحوق النانو كاربون الصوديوم المدعمة بدقائق الكرا

تظير عكس ذلك, حيث تزداد خشونو المادة مع زيادة نسب التدعيم لكن متانو المصق تزداد مع زيادة نعومو طبقة 
. ان سبب زياده )5كما ىوموضح في الشكل ) 1عند النسبو %4Mpa)الطلبء حيث كانت اعمى قيمة لمتانة المصق )

متانو المصق مع زيادة النعومو يرجع الى ان مواضع سميكات الصوديوم المدعمة بالكاربون النانوي عند السطح تكون 
بمثابو مخازن لمادة لاصق جياز مقياس قوه المصق وتزداد ازالو الماده المركبو من السطح ليحل محميا لاصق الجياز 

 (.2010 )صالح كريمق مع زياده النعومو وىذا يتفق مع الذي ادى الى زياده في قوه المص
  Electrochemical corrosion ميائييكاختبار مقاومة التأكل الكيرو  5-4
اوضحت النتائج المستحصمة من ىذا الاختبار جدول  تغير كثافة التيار لكل نوع من انواع الطلبءات المحضرة  

مقارنتاً مع السبيكة المراد تغميفيا بيذه الطلبءات, وىذا يعني ان كثافة التيار ىو مقياس لمقاومة التأكل 
( أن كثافة 6مات العممية المستحصمة من الجدول )الكيروكميائي علبوه عمى جيد التأكل )السالبة(.  وتشير المعمو 

(, وىذا يدل عمى تحسن مقاومة التاكل  (nA/cm² 5.77التيار لمادة الطلبء نوع سميكات الصوديوم وصمت الى 
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بشكل كبير جدآ مقارنتةً مع السبيكة من دون طلبء, ويعود ذلك الى تكوين جلبتين السيمكا نتيجة سمسمة من 
ض اليايدروكموريك وسميكات الصوديوم وتكون طبقة او قشرة تعمل مع مرور الزمن عمى حماية التفاعلبت بين حام
كنتيجة لمتفاعل حامض اليايدروكموريك  ح الصوديوم, فضلآ عن تكون املب(2009)العبيدي  السطح من الخارج

لصوديوم المدعمة عمميو الطلبء بسميكات ا ن. كما ا(Thomas,1999)مع مكونات السيمكا لتكوين طبقو قموية
قد اعطت افضل النتائج, أذ اظيرت تحسن ممحوظ في   %5الى %1 بدقائق الكرافيت المايكروي بنسب تدعيم من

مقاومة السبيكة لمتأكل مقارنتاً مع السبيكة من دون طلبء وايضآ مع السبيكة المطمية بمادة سميكات الصوديوم 
ل السبيكة واطالة عمرىا التشغيمي وبطريقة اقتصادية وذلك لان وحدىا او من دون تدعيم وىذا يمثل زيادة في تحم

سميكات الصوديوم والكرافيت مواد رخيصة الثمن , أذ ينخفض التيار مع زيادة نسب التدعيم حتى يصل الى اقل 
. ان )6( كما موضح في الشكل ) (94.1mv-وجيد التيار  3( عند نسبو تدعيم %(nA/cm² 1.06قيمو لو 

( يدل عمى (868.55nA/cm² ة التيار لمادة الطلبء ىذه بالمقارنة مع الفولاذ غير المطمي بحواليانخفاض كثاف
المقاومة العالية  لطبقة الطلبء وذلك لان الكرافيت يمتاز بمقاومة جيدة لمتاكل في الاوساط الحامضية والمركبات 

لمتاكل, ويمكن اعتبار التأكل  العضويو وغير العضويو  لذلك فوجوده ادى الى تحسن في مقاومة المادة
 الكيروكيميائي الحاصل في طبقة الطلبء شرح من خلبل تشكيل اكاسيد الكاربون عمى السطح في مواقع منفصمة

((Iken and Basseguy,2007 كما ان جيد التاكل لمفولاذ غيرالمطمي اكثر سالبية )أي بمعنى اقل جيد .
( وىذا يعني ان وجود 47.2mvالصوديوم المدعمو بمكرافيت الفرق حوالي )تأكل( من الفولاذ المطمي بسميكات 

واخرون   عبد الواحد كاظم)دقائق الكرافيت تجعل طبقة الطلبء اكثر نبلآ لضمان افضل حماية لمخصائص  
. اما عممية الطلبء بمادة سميكات الصوديوم المدعمة بدقائق الكاربون النانوي اظيرت تحسن بمقاومو (2010

ولكنيا اعطت انخفاضً في مقاومتيا لمتأكل مقارنتةَ مع  304,لتاكل مقارنتةً مع سبيكو الفولاذ المقاوم لمصدأ ا
السبيكو المطميو بسميكات الصوديوم من دون تدعيم, حيث تقل كثافو التيارمع زياده نسب التدعيم حتى وصل الى 

( (nA/cm² 859.55ضت كثافو التيار بحوالي اذ انخف %5( عند نسبو تدعيم  nA/cm² 10.60اقل قيمو ليا )
(, وذلك لان الكاربون يتأكسد ويكون ثنائي اوكسيد 6بالمقارنو مع الفولاذ المقاوم لمصدأ كما ىو موضح في الشكل )

حيث ان وجود   ((v))Sayyid et al 2015 0.207الكاربون عند تسميط فولتية اعمى من القيمة القياسية 
 Yuاوكسيد الكاربون تكون طبقة عازلة تمنع ذوبان المعدن واتحاده بالاوكسجين وبالتالي توقف التفاعل او تقممة  

Liu,2006)) وكذلك ان جيد التاكل لمفولاذ غير المطمي بطبقو الحمايو يكون اكثر سالبيو من الفولاذ المطمي .
( وىذا يعني ان وجود دقائق الكاربون mv 106.2وي الفرق حوالي )بسميكات الصوديوم المدعمة بمكاربون النان

 .(2010واخرون )عبد الواحد كاظم تجعل طبقة الطلبء اكثر نبلآ لضمان افضل حماية لمخصائص  
 Thermal Conductivity اختبار الموصمية الحرارية 6-4

بمادة سميكات الصوديوم ادى الى خفض  304 ظيرت النتائج المستحصمة ان طلبء سبيكة الفولاذ المقاوم لمصدأ
وانخفضت اكثر بعد تقوية طلبءات السميكات الصوديوم بمسحوق  W/m.k 13.47)التوصيمية الحرارية بمقدار)

 1.13( لسميكات الصوديوم غير المدعمة بالمسحوق تقدر )kالكرافيت مرة والكاربون النانوي مرة اخرى, فقيمة )
W/m.kعند درجة حرارة الغرفة ) (C(23_+C   في حين قيمتيا لطلبء سميكات الصوديوم المدعمة بمسحوق

وكما مبين في  1( لمسحوق النانو كاربون  عند النسبة %(W/mk 0.09135( و W/m.k 0.1909الكرافيت )
( وذلك يعود الى حقيقة ان ىذه  المساحيق ذات تركيب مسامي وعمية عندما تحتوي الطلبءات المحضرة 7الجدول )

د  )ىناء محم راغات ىوائية فأنيا تصبح ذات موصميو اقل لأن اسواء انواع الموصلبت الحراريو ىي الغازاتعمى ف
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( ان طلبء سميكات الصوديوم المدعمة بمسحوق الكرافيت تتفوق في 7ومن الملبحظ من الشكل ) .(2005
 %5الى  %1توصيميا الحراري عمى الطلبء المدعم بالنانو كاربون والتي تزداد مع زيادة النسبة الوزنية من 

ارتفاع الموصمية الحرارية (, ويرجع ذلك الى مقاومة الكرافيت العاليو لمصدمة الحرارية و W/m.k 0.9291بمقدر)
 الذي ينجم عن ذلك زيادة متانتيا بأرتفاع درجات الحرارة مع ثباتة النسبي مقارنة بمسحوق اسود الكاربون النانوي

Lee et al,2015)). 
ومن الطبيعي ان زيادة نسبة المواد المدعمة لطلبء سميكات الصوديوم سواء كان بمسحوق الكرافيت او الكاربون النانوي 

يؤدي الى رفع الموصمية  %5الى  %1يعمل عمى زيادة الموصمية الحرارية فمثلآ زيادة نسبو الكاربون النانوي من 
( من خلبل زيادة الجزيئات المساىمة في تشكيل (W/m.k 0.7956الحرارية لطلبء سميكات الصوديوم بمقدار 

السلبسل والتجمعات الذي يميل الى تكوينيا اسود الكاربون  حيث مع زيادة نسبو الكاربون النانوي فأن الجزيئات تلبمس 
ون بعضيا البعض اذ تكون المسافة بين الجزيئات بضع او عده نانومترات وبذلك فأن التركيب العالي لاسود الكارب

وبالتالي يعطي قيم توصيل   (Carbon Conductive Chains)النانوي يبدء في تكوين سمسمة كاربونية موصمة 
 (.et al,2013) Hamza (Abdul Razak et al,2009) حراري عالي

 :الاستنتاجات -5
سميكات الصوديوم ان ىذه الدراسة اظيرت بأن ىناك العديد من الخصائص التي تبين امكانية استخدام متراكبات 

اربع استنتاجات الخام وعميو يمكن تمييز  كحاجز وقائي يفصل بين بطانة ابراج التصفية والابخرة الكيميائية لمنفط
 تشير الى ما يمي:وكالآتي 

تساىم مواد التدعيم الماكرويو وكذلك النانويو في زياده صلبده سميكات الصوديوم ومقاومتيا لمبمى التي تزداد بزيادة  1-
 نسب التدعيم .

 تسبب خشونة طبقة الطلبء في حدوث زيادة قوة التصاق ىذه الطبقة عمى سطح بطانة ابراج تكرير البترول. 2-
ئية لبطانة برج التصفية النفطية في التحسن مع كافة انواع الطلبءات المنجزة الا تتسارع مقاومة التأكل الكيروكيميا -3

من مسحوق الكرافيت يعد ترتيبو الاول بين الطلبءات في مقاومة التأكل  %3ب ان طلبء سميكات الصوديوم المدعم 
 الكيروكيميائي.

دى الى خفض التوصيمية الحرارية التي تزداد مع تدعيم سميكات الصوديوم بالكرافيت المايكروي والكاربون النانوي ا4- 
 زياده نسب التدعيم.
ير النفطي لجيودىم اتقدم بالشكر والامتنان الى جميع منتسبي مركز البحث والتطو  *شكر وتقدير:
 .واخص بالذكر الاستاذ صلبح ميدي عمي ودعميم الكبير
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 .304الفولاذ المقاوم لمصدأ  ( يوضح التركيب الكيميائي لسبيكة1جدول)                    
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المدعمة بالكرافيت المايكروي مرة  والكاربون  الصوديوم( مربع متوسط جذر الخشونة لسميكات 2جدول )
 النانوي مرة اخرى. 

Roughness(nm)  Root Mean Square(nm)                                       نوع المادة 
   1.72 1.98 Na2SiO3+1%G.Powder   

2 2.36 Na2SiO3+2%G.Powder   
2.43 2.8 Na2SiO3+3%G.Powder   
3.08 3.55 Na2SiO3+4%G.Powder   
5.96 6.83 Na2SiO3+5%G.Powder   
1.89 2.11 Na2SiO3+1%C.Nano    
1.9 2.21 Na2SiO3+2%C.Nano        
2.07 2.32 Na2SiO3+3%C.Nano        
2.63 3 Na2SiO3+4%C.Nano        
2.93 3.3 Na2SiO3+5%C.Nano        

 
 مرة والكاربون النانوي مرة اخرى الصوديوم المدعمةبالكرافيت سميكاتلمادة D صلادة شور (قيم3جدول)

 .304 بيكة الفولاذ المقاوم لمصدأومقارنتيا مع صلادة روكويل لس عند النسب الامثل
 

 
ولسميكات الصوديوم  ولمتراكبات سميكات الصوديوم  304( قيم معدل البمى لمفولاذ المقاوم لمصدأ 4جدول)

 انوي مرة اخرى عند النسب الامثل.النالمدعمة بالكرافيت الماكروي مرة والكاربون 
 
                     نوع المادة                                       نوع الفحص (gm/cm) *(wear rate)10-8 ىمعدل البم        

11. 368 Stainless Steel 304 
72 Na2SiO3 

0.5184 Na2SiO3+5%C.Nano 
0.9045 Na2SiO3+4%G.Powder 

 

 نوع الفحص       الصلادة السطحية
نوع المادة         

80 Stainless steel 304 
Rockwell Hardness(MPa)   

44 Na2SiO3 

Shore D Hardness(NO.) 
90.96 Na2SiO3+5%C.Nano 

Shore D Hardness(NO.) 
79.8 Na2SiO3+ 4%G.Powder 

Shore D Hardness(NO.) 
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الصوديوم المدعمة بالكرافيت  ولمتراكبات سميكات م متانة المصق لسميكات الصوديوم ( قي5جدول)
 سب الامثل.الماكروي مرة والكاربون النانوي مرة اخرى عند الن

 
 نوع المادة                                                         نوع الفحص (MPa)  قوة الالتصاقية                     

- Stainless steel 304 
1.938 Na2SiO3 

4 Na2SiO3+1%C.Nano 
3.45 Na2SiO3+ 5%G.Powder 

 
قيم كثافو تيار التاكل الادني )معدل التاكل الاقل( لمتراكبو سميكات الصوديوم المدعمو بمكرافيت مره ( 6جدول)

ء سميكات الصوديوم بصوره ومقارنتيا مع الفولاذ من دون طلاء وطلاوالكاربون مره عند النسب الافضل  
 .منفردة

 
 (mv)جيد التيار 

 
التأكل   تيار كثافة   (nA/cm²) فحص         نوع ال  

نوع المادة                              
- 141.3 869.55 Stainless steel 304 

-102 5.77 Na2SiO3 
-35.1 10.60 Na2SiO3+5%C.Nano 
- 94.1 1.06 Na2SiO3+3% G.Powder 

 
 

المدعمة بالكرافيت المايكروي مرة  الصوديوم مية الحرارية لسميكات الصوديوم وسيميكات( تعين التوصي7جدول)
 .304اخرى عند النسب الامثل  ومقارنتيا مع سبيكة الفولاذ المقاوم لمصدأمرة  والكاربون النانوي

 
نوع المادة                                       نوع الفحص (W/m.0k)   لحراريةة االتوصيمي    

14.6 Stainless steel 304 
1.13 Na2SiO3 

0.09135 Na2SiO3+1%C.Nano 
0.1909 Na2SiO3+ 1%G.Powder 
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من الكرافيت بواسطة مجير القوة الذرية  %5لسميكات الصوديوم المدعمة ب  3D,2D( صورة 1شكل )
AFM. 

 

مجير القوة  من الكاربون النانوي بواسطة %1ب  المدعمةيوم لسميكات الصود 3D,2D( صورة 2شكل )
 .AFMالذرية 
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 لسميكات الصوديوممعدل البمى قيم  تغير( 4شكل)       قيم الصلادة لسميكات الصوديوم مع  ( تغير3شكل)

 مع
 تغير نسب مسحوق الكرافيت الماكروي مرة ومسحوق    نسب مسحوق الكرافيت الماكروي مرة ومسحوقتغير 

 الكاربون النانوي مرة اخرى.                             الكاربون النانوي مرة اخرى. 
 

  

 
 

 ( تغير كثافة تيار التآكل لمتراكبة سميكات6شكل )      لسميكات الصوديوم مع  ( تغير متانة المصق5شكل )
 الصوديوم المدعمة بمسحوق الكرافيت المايكروي مرة    تغير نسب مسحوق الكرافيت الماكروي مرة ومسحوق
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 .والكاربون النانوي مرة اخرى                            الكاربون النانوي مرة اخرى.
 

 
  

 الحرارية لمتراكبات سميكات ( تغير التوصيمية7شكل )
 الصوديوم المدعمة بالكرافيت المايكروي مرة والكاربون

 النانوي مرة اخرى.
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