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ABSTRACT 

      This research examines the factors which influence pedestrian's walking speed in Baghdad. the 

variations in walking speed of pedestrians are related to pedestrian characteristics such as gender, 

age group, and clothing traditions. Using the established methodology, the counts of pedestrians 

were performed using manual and video counting. The case study was performed in two streets 

located in a highly crowded commercial zone at the city center of Baghdad: Al-Karada Dakhel and 

Al- Sina’a Street. Data were subjected to statistical analysis using IBM SPSS Statistics 19 software. 

It has been found that Iraqi pedestrians walk slower than other pedestrians in the developed 

countries or in the region with minimum walking speed of 29.85 m/min. Age, gender, and clothing 

traditions were found to significantly contribute to pedestrian speed. Pedestrians in the age range 

from 18-50 years old were the fastest group of pedestrians and pedestrians over 50 years old were 

the slowest. Male pedestrians had significantly faster walking speeds than female pedestrians did. 

Pedestrians wearing western style were found to be faster than those wearing Arabic style. 

 

Key words: walking speed; pedestrian characteristics; age; gender; clothing traditions. 

 

المشاة في مذينت بغذاد مسير تقييم سرعت  
 

الأمير مروة وهاب عبذ                                                      سعذ عيسى سرسم       

 أسخبر                                                                   طبنبت يبجسخٍش  

لسى انُٓذست انًذٍَت                                      –كهٍت انُٓذست  –ُذست انًذٍَت               جبيعت بغذاد لسى انٓ –كهٍت انُٓذست  –جبيعت بغذاد 

                           

 

 الخلاصت

ٔانفئت  جُسٔانعٕايم انخً حؤرش عهى ْزِ انسشع ٔيٍ ْزِ انعٕايم ان انًشبة فً يذٌُت بغذادسشعت سٍش  دساست نبحذا اْز ٌخُبٔل

انخصٌٕش ببنفٍذٌٕ  انعذ انٍذٔي ٔحمٍُت  طشٌمت . ببسخخذاو انًُٓجٍت انًخبعت اجشٌج عًهٍبث انعذ نهًبسة ببسخخذاوانعًشٌت ًَٔظ انًلابس

 .كشادة داخم ٔشبسع انصُبعتًْب شبسع انبغذاد ،  تفً يُبطك حجبسٌت يزدحًت ٔسظ يذٌُ ٌمعبٌ شبسعٍٍٔلذ حى اجشاء انذساست فً 

جذ يٍ خلال انذساست ٔانخحهٍم اٌ سشعت , ٔ IBM SPSS 19ٍبَبث انى ححهٍم احصبئً ببسخخذاو انبشَبيج الاحصبئً خضعج انب

انًشبة فً انعشاق ًْ الم يٍ سشع انًشبة فً انبهذاٌ انًجبٔسة ٔانًخمذيت ، حٍذ ٔجذ اٌ انحذ الادَى نسشعت انسٍش فً بغذاد ًْ 

 انًشً سشعت عهى كبٍش بشكم انًؤرشة انعٕايم يٍ انًلابس ٔاسهٕة انعًشٌت ٔانفئت جُسان اٌ انى انخٕصم ٔحى. و/انذلٍمّ  29.85

 ٔاٌ, الابطأ فٓى عبيب 00 يٍ الاكبش انًشبة ايب الاسشع ْى سُت 11-00 بٍٍ انعًشٌت نهفئت ٌُخًٌٕ انزٌٍ انًبسة ٔاٌ نهسببهت ٔانعبٕس

 حٍذ يٍ الاسشع ْى( انبُطهٌٕ) انغشبٍت انًلابس ًَظ ٌشحذٌٔ انزٌٍ ةانًشب اٌ ٔجذ كًب. نلإَبد يُٓب اعهى ًْ نهزكٕس انًشً سشعت

 . انعشبً انزي ٌشحذٌٔ انهزٌٍ الاشخبص يٍ الاعخٍبدي ٔانًشً انعبٕس
 

  

mailto:saadisasarsam@coeng.uobaghdad.edu.iq
mailto:marwawahab87@gmail.com
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1. INTRODUCTION 

Environment is being contaminated by the increment of vehicles, particularly in Central Business 

Districts (CBDs) where most of the government offices and trading centres of a city are located. To 

reduce environmental pollution, pedestrianization has become an integral part of sustainable 

modern urban design. Thus, the design, arrangement and development of support infrastructures 

should be in favour of pedestrian movements to popularize walking. To achieve so, pedestrian 

facilities should be planned and based on the concrete information on user characteristics, Finnis 

and Walton, 2006. 

2. BACK GROUND 

A ‘pedestrian’ is any person on foot or who is using a means of conveyance propelled by human 

power, other than a bicycle. Similarly, the term ‘walking’ refers to the act of self-propelling along a 

route, whether this is on foot or on small wheels, or assisted by additional aids, Roads and Traffic 

Authority, 2007. Pedestrians Free flow speed indicates the average movement speed of pedestrians 

when they are not hindered by other pedestrians in an obstacle-free environment under normal 

condition. Its value, however, requires extensive data collection for calibration as the walking speed 

is subject to many factors. Daamen, 2004, found that the walking speeds of individual appear to 

follow a normal distribution, with an estimated mean of 1.34m/s and standard deviation of 0.37. 

Besides, Finns and Walton, 2006, conducted survey on mean walking speed of different 

countries/cities. the results show that the mean walking speed of different countries can range from 

0.7m/s (Itea, Greece) to 1.8m/s (Prague, Czech Republic). The literature review suggests men and 

women have different walking speeds, flows and density relationships. White, 1994, showed that 

pedestrians might vary their walking speeds over a wide range, when unimpeded by crowd density 

or other frictions. 

a controlled study by Murray, 1986, of walking speeds for men, ranging in age from 20 to 87, 

revealed that normal walking speed declined with age, He concluded that this would indicate that a 

healthy person in their 40's in a hurry could exceed the normal relaxed walking speed of a 20-year-

old. Normal walking speeds declined from 84 m/min for the 20-to-25 age group, to 65 m/min for 

the 81 -to-87 groups, with most of the speed decline occurring after the age of 65. 

3. SCOPE OF THE STUDY 

This study is mainly concerned with the effect of variables such as age, gender, and clothing style, 

on walking speed. To investigate how urban characteristics affect pedestrian mobility, field 

investigation was carried out in Baghdad at different land use locations, and data was collected 

regarding pedestrian characteristics and behaviour. 

4. METHODOLOGY 

4.1 Site Description 

The case study was performed in the city of Baghdad.  To conduct the speed studies in the 

concentrated CBD areas, several sidewalks along the main streets were selected as the observation 

sites. The pedestrian volume and speed data were collected at two selected locations in Baghdad 
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CBD area. The first site is located in a recreational and shopping zone (AL- karada Dakhil); the 

second site is a commercial and educational zone holding colleges, (Al- Sina’a Street). The studied 

segment of sidewalks has dimensions shown in Table1; where the arcades widths are measured as 

the available space for pedestrian to walk. 

4.2 Sampling 

The collection of the field data was made for sample lengths of 1 hour and during good weather 

conditions. The hours in which the counts were performed, were the ones where the peak hour was 

expected to take place. These hours were selected considering the background information of the 

place. Specifically, the ranges selected were 13:00-14:00 and 17:00-18:00 for Baghdad. 

The workdays were used as the main sample days for this study. In this respect, random days among 

this group were chosen of April 2013.   

 

4.3 Counts Method 

The   technique adopted in the field work is by marking a longitudinal section of known length and 

width on the pedestrian facility and continuously recording the movement of pedestrians within this 

section. Pedestrians were manually timed over a measured test length, volume and speeds were then 

calculated. Random pedestrian about to enter the section was selected and tracked through the study 

area. The time taken by a pedestrian to traverse the test length was measured using a digital stop 

watch, the entry and exit times in and out of the test area were recorded. Walking speed is then 

derived by dividing the known length of the section by the walking time. Data were subjected to 

statistical analysis using IBM SPSS Statistics 19 software. The speed was calculated using the 

mathematical models below, Pignataro, 1973; Khisty and Lall, 1998. From this data, regression 

models have been constructed and the predictive performances of these models were assessed. 

  SN = L / TN                                                                                                                                       (1) 

   SS = L / TS                                                                                                                                       (2) 

Where: 

TN; TS represents travel time in each direction       (min) 

SN; SS represents the space mean speed (meter / minutes) in each direction 

L = the test section length (meters)  

5. RESULTS AND DISCUSSION 

5.1 Variation of Walking Speed with Gender 

Table 2, shows pedestrian mean and 15th percentile speeds in relation to pedestrian gender for 

Baghdad. The 15th percentile speed is the one normally used in design and it means that 85% of 

pedestrians walk faster than this speed.   As indicated in Table 2, male pedestrian walks faster than 

female for all of the tested sites. The walking speed detected for both gender at Baghdad site two, 

which is an educational zone (mean walking speed) is 35.84 m/min - 33.783 m/min. for male and 

female respectively, Fig. 1, show the minimum, maximum, and mean walking speed for males and 

females for Baghdad. 
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This may be attributed to the fact that most of the pedestrians at the educational zone are young. 

The present study findings are comparable to walking speeds reported by koushki, 1988 for Saudi 

Arabia (mean walking speed 65 m/min). 

 

5.2 Effect of Age Groups on Walking Speed 

As indicated in Table 3, adult pedestrians (18-50 years) were the fastest compared to other age 

groups with an average speed of 43.092 m/min and 39.458 m/min for males and females 

respectively at Baghdad site 2. Pedestrians 50 years or older (elderly) were the slowest among 

others, with an average walking speed of nearly 20 m/min. 

These findings are in agreement with those reported by Fruin, 1971, koushki, 1988, Sarsam, 2002, 

and  Sarsam, 2013.  

Fig. 2 shows the variation of walking speed with gender and age groups for Baghdad. On the other 

hand, Fig.3 shows the variation of walking speed with gender and clothing tradition. 

 

5.3 Effect of Clothing Tradition on Walking Speed 

Table 4 shows pedestrian mean speed in relation to pedestrian clothing tradition for Baghdad and it 

detected two clothing styles: Arabic style, and western style (trousers) for both male and female. It 

was found that males who wearing trousers are faster than males with Arabic style for both sites by 

about 3.9 m/min. This may be attributed to the limitations practiced in the step length which is 

restricted due to clothing when using the Arabic clothing tradition. When female pedestrian are 

considered, females who wearing trousers are faster than whom wearing Arabic style by about 0.65 

m/min and such variation was not significant for female pedestrians. This could be attributed to the 

slower average speed of female as compared to male. It found to be in agreement with results found 

by kuishki, 1988 in Saudi Arabia, and Sarsam, 2013 in Baghdad.   

 

6. CONCLUSIONS  

Within the limitations of field investigation procedure and assumptions, the following conclusions 

may be drawn: 

1. Male pedestrian have significantly faster walking speeds than female pedestrians by about 

5% with mean walking speed of 35.9m/min for Baghdad. 

2. Pedestrians of 18–50 years old are the fastest group of pedestrians with an average speed of 

43.092 m/min at Baghdad, Pedestrians over 50 years old were found to be the slowest group 

with an average walking speed of nearly 20 m/min. 

3. Male wearing western style is walking faster than males with Arabic style by an average of 

3.9 m/min and such variation was not significant for female pedestrians. 
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                                     Table 1. Dimension of sidewalk for each street. 

City  Site  Street  Section length (m) Section width (m) 

 

Baghdad 

1 Al-Karada Dakhil 10 2.5 

2 Al-Sina’a 10 3 

 

Table 2.Pedestrian speed in relation to gender for Baghdad city. 

Pedestrian walking speed (m/min) 

Site  Gender  Mean  15
th

 percentile 

Site 1 Male  30.76 19.12 

Female  29.85 23.48 

Site 2 Male  35.84 23.99 

Female  33.78 26.56 

 

Table 3.Variation of walking speed with gender and age groups for baghdad. 

Pedestrian walking speed (m/min) 

Site 1 Male age group Female age group 

Young  Adult  Elder  Young  Adult  Elder  

Site 2 35.13 37.16 20.11 31.59 34.30 19.57 

39.59 43.09 24.98 35.17 39.46 26.83 

 

Table 4. Variation of Walking Speed with Gender and Clothing Tradition for Baghdad. 

Pedestrian walking speed (m/min) 

Site  Male clothing tradition Female  clothing tradition 

Arabic style Western style Arabic style Western style 

Site 1 28.84 32.73 29.54 30.17 

Site 2 33.92 37.81 33.46 34.11 
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Figure 1. Variation of walking speed with gender for Baghdad city. 
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Figure 2. Variation of walking speed with gender and age groups for Baghdad. 
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Figure 3. Variation of walking speed with gender and clothing traditions. 
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ABSTRACT 

    Scheduling considered being one of the most fundamental and essential bases of the project 

management. Several methods are used for project scheduling such as CPM, PERT and GERT. 

Since too many uncertainties are involved in methods for estimating the duration and cost of 

activities, these methods lack the capability of modeling practical projects. Although schedules can 

be developed for construction projects at early stage, there is always a possibility for unexpected 

material or technical shortages during construction stage.  

The objective of this research is to build a fuzzy mathematical model including time cost tradeoff 

and resource constraints analysis to be applied concurrently. The proposed model has been 

formulated using fuzzy theory combining CPM computations, time-cost trade off analysis and 

resource constraint.  MATLAB software has been adopted to perform ranking process, for each 

case, that facilitates obtaining the optimum solution. This research infers that it is possible to 

perform time-cost trade off analysis with resource restriction simultaneously, which ensures 

achieving scheduling optimum solution reducing the effort and the time when performing these 

techniques in succession using traditional methods. 

 

Key words: fuzzy mathematical model, CPM, resource constraint, MATLAB, linear programming. 

 

نمورج التعرج الرياضي الكلفة مع محذدات المصادر باستخذام -حل توافق الزمن  

 
 أحمذ محمذ رؤوف محجوب                              سوسن محمذ رشيذ                                                                            

 خايؼح تغذاد -خايؼح تغذاد                                                                               كهٍح انهُذسح -انهُذسحكهٍح 

 

 الخلاصة

 ,CPMذؼرثش اندذونح واحذج يٍ اهى انًثاديء وانماػذج الاساسٍح فً اداساج انًشاسٌغ. ذىخذ ػذج طشق ندذونح انًشاسٌغ يثم )

PERT, GERT ويغ وخىد انكثٍش يٍ ػذو انرٍمٍ انًرضًُح فً طشق ذخًٍٍ يذد انفؼانٍاخ وكهف انفؼانٍاخ, فأٌ هزِ انطشق .)

ذفرمذ انمذسج نًُزخح انًشاسٌغ انؼًهٍح )انىالؼٍح(. تانشغى يٍ أٌ اندذاول يًكٍ اٌ ذؼذ نهًشاسٌغ الاَشائٍح فً يشاحم يثكشج يٍ 

 .او َمص فً انًىاسد غٍش يرىلغ أثُاء يشحهح الاَشاء انًششوع، ذىخذ أحرًانٍح ظهىسػدضذمًُ

نمذ أٌ انهذف يٍ هزا انثحث هى تُاء أًَىرج انرؼشج انشٌاضً يرضًُاً ذطثٍك ذىافك انكهفح يغ انضيٍ و يحذداخ انًصادستانرىاصي.  

نىلد يغ انكهفح ويحذداخ ذىافك اصٍغ الأًَىرج انًمرشذ تاسرخذاو َظشٌح انرؼشج يذيىخاً يغ ذطثٍك طشٌمح انًساس انحشج، 

اسرُرح انثحث انى ايكاٍَح  ( لاَداص ػًهٍح انرشذٍة نكم حانح وانرً ذسهم أٌداد انحم الايثم.MATLABانًىاسد. ذى ذثًُ تشَايح )

فً آٌ واحذ يًا ٌضًٍ انىصىل انى انحم الايثم نهرخطٍظ وتشكم  ٌمهم يٍ  ويحذداخ انًىاسداخشاء ذحهٍم ذىافك انىلد يغ انكهفح 

اندهذ وانىلد ػُذ اخشاء هزِ انؼًهٍاخ تانرؼالة وتانطشق انرمهٍذٌح انًؼًىل تها وانرً يٍ انًطهىب فٍها غانثاً ذكشاساػادج اندذونح 

 نهىصىل انى انحم الأيثم.
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1-INTRODUCTION

Decisions in construction management are made based on schedules that are developed during the 

early planning stage of projects, while many possible scenarios need to be considered during actual 

construction stage which may cause many changes in schedule. Many restrictions appear during 

construction stage, therefore, taking these restrictions into account helps project managers to 

evaluate situations and make better decisions. In order to adopt more integrated construction project 

plans including the requirements for implementing the project plans in possible least costly manner, 

time-cost trade off analysis with resource constraints techniques were developed to apply in 

succession. In real projects, the trade-off between the project cost and the completion time, and the 

uncertainty are both considerable aspects for managers. Resources are the main factor that affect 

implementing project schedule, providing the accurate resources at the right time means that the 

schedule will probably run smoothly. But when there are insufficient resources available for 

activities (especially concurrent activities), which use the same type of resource, some of these 

activities are delayed to relieve the resource constraints. Usually, the solutions for the optimum time 

cost trade off may not be suitable for resource allocation. Although optimization programming 

processes the capability of producing accurate solutions, it requires elaborate formulation and 

extensive computation. 

Fuzzy Logic has emerged as a nontraditional tool in construction management applications and as 

such has been employed in resource scheduling and time cost trade off analysis individually. To 

obtain optimum solution for time schedule, it is necessary to make time cost trade off, resource 

allocation applied simultaneously within fuzzy environment to produce optimum time schedule 

considering cost and resource constraints. 

Many researcher performed studies about using fuzzy theory in project scheduling. Zhang et al, 

2005 Incorporate fuzzy set theory and a fuzzy ranking measure with discrete-event simulation in 

order to model uncertain activity duration in simulating a real-world system, especially when 

insufficient or no sample data are available. LIANG, 2006 presents an interactive Fuzzy Linear 

Programming (FLP) approach for solving project management (PM) decision problems in a fuzzy 

environment. Soltani and Haji, 2007 have developed a new method based on fuzzy theory to solve 

the project scheduling problem under fuzzy environment. Assuming that the duration of activities 

are trapezoidal fuzzy numbers (TFN), in this method they compute several project characteristics 

such as earliest times, latest times, and, slack times in term of TFN. 

 Lin, 2008 introduces a fuzzy time-cost tradeoff problem based on statistical confidence-interval 

estimates and a distance ranking for fuzzy numbers to derive the level (1 − α) of fuzzy numbers 

from (1 − α) ×100% statistical data confidence-interval estimates. Shankar, et al. 2010 presents a 

method for finding critical path in the fuzzy project network. Trapezoidal fuzzy numbers are used to 

represent activity times in the project network. Liang, et al. 2011 presents a fuzzy mathematical 

programming approach to solve imprecise project management decision problems with fuzzy goal 

and fuzzy cost coefficients. 

The research has many difficulties when applying such models due to unavailability of the required 

information or emphasizing it on the logic part of fuzzy theory rather than presents a new method to 

solve scheduling problem. Thus this research will focus on making integration between fuzzy logic 

and the management theories to provide an improved method used in project scheduling. 
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2- FUZZY SETS  

Fuzzy sets can be considered as an extension of classical or ‗crisp‘ set theory. In classical set theory, 

an element x is either a member or non-member of set A. Thus, the membership μA (x) of x into A 

is given by: 

 

                    1, if x   

μA (x) =  

                     0, if x  A 

In contrast to classical set theory, the fuzzy set methodology introduces the concept of degree to the 

notion of membership. More formally, a fuzzy set A of a universe of discourse X (the range over 

which the variable spans) is characterized by a membership function μA(x): X → [0, 1] which 

associates with each element x of X a number μA(x) in the interval [0, 1], with μA(x) representing 

the grade of membership of x in A. So, Membership Function (MF) is a curve that defines how each 

point in the input space is mapped to a membership value (or degree of membership) between 0 and 

1. Sivanandam et al, 2007. 

Various membership functions can be established depending on how we can represent the context of 

the practical problem, the most familiar membership function presented in Fig. 1 Lorterapong and 

Moselhi, 1996. The mathematical representation of the membership function presented in Fig. 1 is 

as follows: 

 

2-1 Triangular Membership Function Fig. 1 a, The membership function for this type is 

 

                 1- (|x-b|/a-b)    if a < x < c 

μ (x) =       

                0,                      otherwise  

 

2-2 Trapezoidal Membership Function Fig.1 a, The membership function for this type is               

 

                  0              if x ≤ a 

                  x-a /b-a    if a < x ≤ b 

μ (x) =       1              if b < x ≤ c 

                  x-d /c-d    if c < x ≤ d 

                        0               if x > d 

                   

2-3 Open Right Membership Function Fig. 1 c, The membership function for this type is 

                   

                1                  if x ≥b 

μ (x) =     x-a /b-a       if a < x < b 

0 if x < a 

 

2-4 Open Left Membership Function Fig. 1 d, The membership function for this type is 

 

                1                 if x ≤ a 

μ (x) =     b-x /b-a      if a < x < b 

0                 if x > b 
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3- FUZZY NUMBERS ARTHIMATIC  

Let A and B be two trapezoidal fuzzy numbers parameterized by the quadruple A= [a1, b1, c1, d1] 

and B= [a2, b2, c2, d2] respectively. The simplified fuzzy number arithmetic operations between the 

trapezoidal fuzzy numbers A and B are as follows Shankar et al (2010). 

Addition   

A B= [a1+ a2, b1 +b2, c1+c2 ,d1+d2] 

Subtraction   

 A B= [a1- d2, b1- c2, c1- b2 , d1- a2] 

Multiplication   

A B= [a1 a2, b1b2, c1c2 , d1d2] 

Division   

A B= [a1/ d2, b1/ c2, c1/ b2, d1/ a2] 

 

4-FUZZIFICATION AND DEFUZZIFICATION 

According to Ross, 2004, Fuzzification is the process of making a crisp quantity fuzzy. This is done 

by simply recognizing that many of the quantities that are considered to be crisp and deterministic 

are actually not deterministic at all: They carry considerable uncertainty. 

While defuzzification is a mathematical process used to extract crisp output from fuzzy output 

set(s). This process is necessary because all fuzzy sets inferred by fuzzy inference in the fuzzy rules 

must be aggregated to produce one single number as the output of the fuzzy model, Asmuni, 2008. 

Many methods that have been proposed in the literature in recent years, seven are described here for 

defuzzifying fuzzy output functions (membership functions), Ross, 2004, Max membership 

principle, Centroid method, Weighted average method, Mean max membership, Center of sums, 

Center of largest area and First (or last) of maxima.  

 

5- TIME- COST TRADEOFF ANALYSIS 

Time-Cost Trade off (TCT) analysis represents the process of optimally reducing the project 

duration in a least costly manner. The objective of TCT analysis is to search for the optimum set of 

activities methods of construction that minimizes the total project cost (direct and indirect) while not 

increasing project completion time. The TCT analysis involve estimating, if possible, the cost of 

crashing normal time for the project activities so as total project completion time will be decreased.   

 

6- RESOURCE RESTRICTION 

Two problems arise in developing a resource constrained project schedule. Hendrickson and Au 

(2003) First, it is not necessarily the case that a critical path schedule is feasible. Because one or 

more resources might be needed by numerous activities, it can easily be the case that the shortest 

project duration identified by the critical path scheduling calculation is impossible. The difficulty 

arises because critical path scheduling assumes that no resource availability problems or bottlenecks 

will arise. As a second problem, it is also desirable to determine schedules which have low costs or, 

ideally, the lowest cost.  To overcome these problems, all the possible scenarios of resource 

allocation with associated time schedule get developed, considering restricted availability of 

recourses, and the schedule that satisfies both the time and cost criteria is identified. This will be 

done by changing different activities start time, depending on the availability of the resources, and 

the most optimum schedule is selected. 
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7- FUZZY MATHEMATICAL MODEL 

The time and cost of the project activities, as well as the project itself, may be expressed using a 

range of values rather than exact numbers. This fact makes the theory of Fuzzy logic applicable in 

such cases to represent the uncertainty in time and cost of construction project. Since the time and 

cost of the activities are considered fuzzy numbers, the project total time and cost will be expressed 

by fuzzy numbers. To prepare a mathematical model for project scheduling using Fuzzy theory the 

following proposed algorithm will be applied 

1- Define the project activities by answering the question ― what must be done‖ 

2- Define the logical relationship between activities 

3- Estimate the activities cost and time 

4- Specify, if possible, the crash time and cost for crashing the activity 

5- Convert the activity time to fuzzy time for the project activities; this is done by finding the max 

number of crash time in all activities considering it as the fuzzy membership function. For example 

if the max number of crash time in all project activities is 3 days and the normal time for this 

activity is 8 days, then we will use four point fuzzy membership function (trapezoidal  Function) and 

fuzzy numbers will be (5, 6, 7 and 8).  

6- For the activities having no or less crash time, consider the following: - 

A- The activities with less than max crash time, repeat one of the numbers. For example if an 

activity have 2 days crash time and 3 days normal time then fuzzy time may be written as 

minimum (1, 1, 2 and 3) , middle  (1, 2, 2 and 3) and maximum fuzzy time (1, 2, 3 and 3). 

B- For the activities with no crash time, repeat the same activity time. For example if an activity has 

2 days of time then the fuzzy time will be (2, 2, 2 and 2). 

7- For the activities with crashing cost per unit of time greater than indirect cost set the fuzzy time 

equal to normal time.  

8- Specify: - 

A- The required resources for each activity. 

B- The available resources and the time of availability. 

9- Examine the possible scenarios for the project scheduling (consider availability of the resources 

and the time of availability). 

10- For each scenario, develop a number of networks by considering different fuzzy time. 

11- Develop a mathematical model for each scenario and solve it by using fuzzy logic toolbox 

presented in the commercial program (MATLAB). 

 

8- CASE STUDY 

For applying the proposed algorithm a case study project from Mohammed, 2004 will be adopted, 

normal, crash time and cost presented in Table 1. While the Fig. 2 presents the AOA network for 

this project.   

While the first four steps in the proposed algorithm are satisfied in the case study, other steps will be 

implemented as follows: -  

1- Converting the activity duration to fuzzy duration, according to step 5 & 6 in the proposed 

algorithm, the conversion process was done depending on the maximum amount of crashed time 

available in the project activities, while fuzzy cost depending on crashing rate for each activity, 

that‘s mean increasing in unit of time will be associated with decreasing in cost using crashing rate,   

Table 2 present the fuzzy duration and cost for each activity, the above conversion actually 

determines the linguistic variables. As mentioned in paragraph four ―Fuzzification is the process of 



Journal of Engineering    Volume    20    September    -   2014 Number  9 
 

 

15 

 

making a crisp quantity fuzzy‖ that means the activity time, and cost, are converted from crisp 

(single value) value to fuzzy value (membership value) by using linguistic variables . 

2- For step number 8, the required resources for each activity are presented in Table 1. While the 

available resources and the time of availability are stated by only 12 units of material (m) available 

and the rest are going to be delivered after days 12. 

3- Considering step number 9 in the proposed algorithm, in addition to the case of normal resources 

availability, there are two possible scenarios for the project scheduling consider availability of the 

resources and the time of availability. 

4- In step number 10, each scenario developed in step number 9 will be tested with the possible 

combination of activity fuzzy time (min, middle and max fuzzy time) using the scenario network, 

the result represents project total fuzzy times (the project membership functions). This step will be 

done by using the planned case (Normal resource availability) and resource restriction cases as 

follows 

 

A- Normal resources availability  

Three networks are developed considering normal availability of the resources. For each network 

the project completion time represents project membership function, that means three trapezoidal 

membership functions are developed, Fig. 3 presents the networks of normal recourse availability 

scenario with min fuzzy time. It is clear that crashing some activity in the above network will not 

reduce the project total time while increasing the total cost (activity D, F and H) because the 

following activities have greater start time than their finish time, so set the activity time equal to 

normal time as in Fig. 4. The same procedure will be implemented in the other network (middle and 

maximum fuzzy time) presented in Fig. 5 and Fig. 6. 

 

B- Resource restriction first scenario 

In this scenario, the activities (A, B, C, D and E) will be performed during the first 12 days and the 

rest of activities will be implemented after that. This action requires inserting dummy activity (40-

45) with early start time equal to 13 days.  Fig. 7 shows the network developed for this scenario and 

the resulting project completion time. The network in Fig. 7  shows that crashing some activities   

will not reduce the project total time while increasing the total cost because the following activities 

have greater start time than their finish time, so the backward adjustment involves activities (A, D, E 

and G) by  setting activity time equal to normal time as in Figure Fig. 8. The same procedure will be 

implemented in the other network (middle and maximum fuzzy time) presented in Fig. 9 and Fig. 

10.  

 

C- Resource restriction second scenario 

The second scenario shows that the activities (A, B, C, E and F) will be performed during the first 

12 day and the rest of activities will be implemented after that. To perform this action, the dummy 

activity (30-35) will be inserted in the project network with early starting time of 13 days. Fig. 11 

illustrates the network developed for this scenario with the project fuzzy completion time. The 

same procedure of backward adjustment is implemented in this scenario involving activities (E, F, 

G and H) by setting the normal activity time as a fuzzy time. Fig. 12, Fig. 13 and Fig. 14 show the 

network for second scenario. 
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The associated cost for each time will be calculated using the following equation 

TC= ∑C+[IC * Xn]                                    (1) 

 

Where:  

TC= total Cost 

C= activity direct cost for specified time (Table 2). 

Xn= project completion time 

IC= indirect cost / unit of time (1500$/day) 

Table 3 summarizes the project fuzzy time for each scenario with the associated fuzzy total cost. 

The information in this table is the basis for creating membership functions for using in fuzzy 

mathematical models. 

 

9- THE MATHEMATICAL MODEL 

Developing the    mathematical model for each scenario as follows 

A- For normal resource availability, the proposed model will be developed using the information 

resulting from planned case (Table 3). The cost model can be expressed as: - 

 

             1               if t≤ 21 

µ (t) =       (27-t) / 5     if 22<t≤27 

0             otherwise   

 

Where the variable (t) represents completion time for the project, 22 is the preferred completion 

time and 27 is the normal completion time. The graphical representation for this model is shown in 

Fig. 15. While the following model represents the cost model with graphical illustration in Fig. 16. 

 

 

                  1                    if c≤ 68200 

µ(c) =     (70000-c)/1800      if68200<c≤70000 

                  0                    otherwise     

Where the variable (c) is the completion time for the project, (68200) represents the preferred 

completion cost and (70000) is the normal completion cost.  

 

B- For resource restriction first scenario the following model represents time and cost model using 

the information in Table 3 with same procedure used in developing planned case models. The 

models graphical illustration is presented in Fig. 17 and Fig. 18. 

 

         1                 if t≤ 27 

µ (t) =     (29-t) / 2     if 27<t≤29 

                0                otherwise   

 

          1                         if c≤ 72100 

µ (c) =    (73000-c) / 900   if 72100<c≤73000 

0 otherwise  

    

 



Journal of Engineering    Volume    20    September    -   2014 Number  9 
 

 

17 

 

C- The models for case two is developed using information in Table 3 (case two) as shown below 

with graphical representation in Fig. 19 and Fig. 20. 

 

          1                 if t≤ 25 

µ (t) =      (27-t) / 2     if 25<t≤27 

                0                 otherwise   

 

 

         1                            if c≤ 70000 

µ (c) =    (72000-c) / 2000   if 70000<c≤72000 

               0                            otherwise    

 

10- SOLVING THE MATHEMATICAL MODEL USING MATLAB PROGRAM 

Now the proposed mathematical model developed for each case will be solved by using MATLAB 

fuzzy logic toolbox (Graphical User Interface GUI) as follows 

1- Construct two inputs (time and cost) one output (rank) system using FIS Editor. While the inputs 

represent the fuzzy time and cost for each case, which are defined in the mathematical model, the 

output will represent the scale to measure optimum time and cost as shown in Figure Fig. 21. 

2- Define   the membership function for system. One trapezoidal membership functions will be used 

for each input and one triangular membership function for the output, while the defuzzification 

method will be smallest of maximum (som). State the range for the time input (0-30), while the cost 

input will be entered in thousands and the range will be (0-80). The output range will be (0-1) which 

represents the rank for each time and associated cost. 

3-  Write down the rules using Rule Editor. The rule will be added as presented in Figure Fig. 22. 

4- Finally the time value can be fed with associated cost by using rule viewer to get their rank. The 

value of each input variable can be classified by sliding the lines in the input column and generating 

the output value or by writing those in the input field as shown in figure Fig. 23. The output of each 

input is presented in Table 4 which summarizes the final rank for each case. 

 

11- DEVELOPING GENERAL MODEL 

Now if it is required to choose between the times generated from the restriction cases, case one and 

two, a general model will be developed which represents the min and max time and cost of the 

restriction cases, the resulting model is as follows 

 

         1                 if t≤ 25 

µ (t) =    (29-t) / 4     if 25<t≤29 

               0                otherwise   

 

         1                           if c≤ 70000 

µ (c) =   (73000-c) / 3000   if 70000<c≤73000 

         0                           otherwise     

 

The graphical representation is shown in Figures Fig. 24 and Fig. 25. 

The final rank for each time and associated cost is obtained using MATLAB (GUI) and the final 

result is summarized in Table 5. 
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12- MODEL VERIFICATION 

The verification processes involve converting normal and resource restriction cases to Linear 

optimization models and solving them using commercial computer program called (WinQSB). The 

results generated from solving these models summarized in Table 6.  

 

13- RESULTS DISSCUSION 

The results generated from solving fuzzy mathematical models reflect the required purposes of the 

models developed for each case individually which can be summarized in finding the optimum 

reduction time and the associated cost. For the planned case, the result shows that the optimum time 

is 22 days with associated cost of $68200, which has the highest rank, and this result matches the 

result of the optimization model which satisfy the model verification requirement, but another time 

and cost has the same rank which is 21 days with cost of $68500, and that have reflect the 

enhancement of this method which gives the decision maker flexibility to choose what he favorite, 

min time or min cost. For case one the results shows that the optimum time is 27 days with 

associated cost of $72100 which is exactly the same result of the optimization model. For the case 

two, the result shows that the optimum time is 26 days with cost of $71000 and this result differs 

from the result of the optimization model, but again this result gives the decision maker option to 

choose between minimum time and cost. 

The general model result shows that the optimum time is 26 days with cost of $71000, but still the 

decision maker has the option to choose what he favors min time or min cost according to project 

situation. The above models provide decision makers with a range of time that is between the 

normal time and the maximum crash time. 

 

14- CONCLUSIONS 

1- Fuzzy mathematical model has the capability to determine the optimum solution for time-cost 

trade off analysis with inclusion of resource restriction simultaneously. The presented solution is 

identical to manual solution in which time-cost trade off analysis and resource allocation are 

performed in succession, and requires no effort of network rescheduling as it is performed manually. 

2- Fuzzy mathematical model provides accurate results and that the optimization model is performed 

correctly. In addition optimization model finds the minimum completion time for projects while 

fuzzy model provides a range of time that is between the normal time and the maximum crash time. 

3- The model allows the decision maker to examine different scenarios for project execution, and 

their impact on total time and cost, done by changing the order of performing activities which causes 

automatic change in project duration and cost. 

4- This model could be used for examining the possibility of material or technical shortages. The 

analysis could be done by comparing other alternatives such as using a more costly material that 

could be delivered at the right time.  

5- This model can be used for the project in Iraqi construction sector which have the right required 

information for project scheduling such as normal and crash time and cost, the expected resource 

shortage and the cost of the available alternatives.  
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Table 1. Case study project information. 

Activity Followed 

by 

Time (Days) Cost ($) The required no. 

of resources Normal Crash Normal Crash 

A B C 3 1 1000 3000 1 

B D E 4 3 4000 6000 3 

C E F 2 2 2000 2000 2 

D I 6 4 3000 6000 3 

E G H 5 4 2500 3800 3 

F H 3 2 1500 3000 2 

G I 7 4 4500 8100 4 

H I 5 4 3000 3600 3 

I  8 5 8000 12800 5 

 

 

Table 2. Fuzzy duration and cost for case study project activities. 

Activity  Activity fuzzy duration Activity fuzzy cost 

A 

1 1 2 3 3000 3000 2000 1000 

1 2 2 3 3000 2000 2000 1000 

1 2 3 3 3000 2000 1000 1000 

B 

3 3 3 4 6000 6000 6000 4000 

3 3 4 4 6000 6000 4000 4000 

3 4 4 4 6000 4000 4000 4000 

C 2 2 2 2 2000 2000 2000 2000 

D 

4 4 5 6 6000 6000 4500 3000 

4 5 5 6 6000 4500 4500 3000 

4 5 6 6 6000 4500 3000 3000 

E 

4 4 4 5 3800 3800 3800 2500 

4 4 5 5 3800 3800 2500 2500 

4 5 5 5 3800 2500 2500 2500 

F 

2 2 2 3 3000 3000 3000 1500 

2 2 3 3 3000 3000 1500 1500 

2 3 3 3 3000 1500 1500 1500 

G 4 5 6 7 8100 6900 5700 4500 

H 

4 4 4 5 3600 3600 3600 3000 

4 4 5 5 3600 3600 3000 3000 

4 5 5 5 3600 3000 3000 3000 

I 5 6 7 8 12800 11200 9600 8000 
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Table 3. Case study project fuzzy total time and total cost. 

Case Fuzzy total time Fuzzy total cost 

Planned case(Normal 

resource availability) 

21 22 24 27 68500 68200 69000 70000 

21 23 25 27 68500 68700 69200 70000 

21 24 26 27 68500 68900 69700 70000 

Resource 

restriction 

Case 

one 

27 27 27 29 72100 72100 72100 73000 

27 27 29 29 72100 72100 73000 73000 

27 29 29 29 72100 73000 73000 73000 

Case 

two 

25 25 26 27 72000 72000 71000 70000 

25 26 26 27 72000 71000 71000 70000 

25 26 27 27 72000 71000 70000 70000 

 

 

Table 4. Final rank for the three cases. 

Planned 

case 

Time 21 22 23 24 24 25 26 27 

Cost  68500 68200 68700 68900 69000 69200 69700 70000 

Rank 0.42 0.42 0.33 0.25 0.24 0.17 0.09 0.01 

Case one 

Time 27 29       

Cost  72100 73000       

Rank 0.5 0.02       

Case two 

Time 25 26 27      

Cost  72000 71000 70000      

Rank 0.02 0.26 0.02      

 

 

Table 5. Final rank of the general case. 

Two 

cases 

Time 25 26 27 27 29 

Cost 72000 71000 70000 72100 73000 

Rank 0.18 0.34 0.26 0.16 0.01 

 

 

Table 6. Model verification results. 

Case Total time Total cost 

Planned case (Normal resource availability) 22 68200 

Resource 

restrictions 

Case one 27 72100 

Case two 27 70000 
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Figure 1. Common fuzzy membership functions. 

 

 
Figure 2. AOA network for case study project. 

 

 
Figure 3. AOA network for normal recourse availability with min fuzzy time. 
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Figure 4. Adjusted AOA network for normal recourse availability with min fuzzy time. 

 

 

 
Figure 5. Adjusted AOA network for normal recourse availability with middle fuzzy time. 

 

 

 
Figure 6. Adjusted AOA network for normal recourse availability with max fuzzy time. 
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Figure 7. AOA network for the first scenario with min fuzzy time. 

 

 

 
Figure 8. Adjusted AOA network for the first scenario with min fuzzy time. 

 
Figure 9. Adjusted AOA network for the first scenario with middle fuzzy time. 
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Figure 10. Adjusted AOA network for the first scenario with max fuzzy time. 

 

 
Figure 11. AOA network for the second scenario with min fuzzy time. 

 

 

 
Figure 12. Adjusted AOA network for the second scenario with min fuzzy time. 
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Figure 13. Adjusted AOA network for the second scenario with middle fuzzy time. 

 

 

 
Figure 14. Adjusted AOA network for the second scenario with max fuzzy time. 

 

 

 
 

Figure 15. Graphical representation of cost                Figure 16. Graphical representation for time 

model (planned case).                                                  model (planned case). 
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Figure 17. Graphical representation of time                Figure 18. Graphical representation for cost 

model (first scenario).                                                  model (first scenario). 

 

 

 
Figure 19 .Graphical representation of time                Figure 20. Graphical representation for cost 

model (second scenario).                                             model (second scenario). 

 

 

 
 

Figure 21. Fuzzy inference system for the mathematical model. 



Journal of Engineering    Volume    20    September    -   2014 Number  9 
 

 

28 

 

 

 
Figure 22. Rule editor for the mathematical model. 

 

 

 
Figure 23. Rule viewer for the mathematical model. 
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Figure 24. Graphical representation of time                Figure 25. Graphical representation for cost 

model (General case).                                                  model (General case). 
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ABSTRACT 

      The main function of a power system is to supply the customer load demands as 

economically as possible.   

Risk criterion is the probability of not meeting the load. This paper presents a methodology to 

assess probabilistic risk criteria of Al-Qudus plant before and after expansion; as this plant 

consists of ten generating units presently and the Ministry Of Electricity (MOE) is intending to 

compact four units to it in order to improve the performance of Iraqi power system especially at 

Baghdad region. The assessment is calculated by a program using Matlab programming 

language; version 7.6.    

Results show that the planned risk is (0.003095) that is (35 times) less than that in the present 

plant risk; (0.1091); which represents respectable improvement.  

This probabilistic method can also be used to find the planned risk level of every plant to be 

compact in the Iraqi electrical network on the future; or any other power systems; and compare it 

with the present criterion which is very useful to determine the necessary generation capacity 

expansion. 

 

Keywords: unit outage, risk level, forced outage rate, n generators, planned risk assessment. 

 

 معامل الخطىرة لمحطة القذسل دراسة مقارنة

 بين الحاضر ومخطط وزارة الكهرباء

 
 يسار نىري لفتة
 يذرص يظاعذ

 جايعح تغذاد, كهيح ُْذطح انخٕارسيي

 

 الخلاصة
 إٌ انغزض انزئيض يٍ َظاو انقذرج ْٕ تجٓيش انًظتٓهك تانحًم انًطهٕب ٔتشكم إقتصادي.

 ,حتًانيثحتطزعقثح اإ ,انحًم. إٌ ْذا انثحث  ععثزض يزعقثح تنًثيٍ عايثم انخطثٕرج يعايم انخطٕرج ْٕ إحتًانيح عذو تجٓيش

تقٕو ٔسارج انكٓزتثا  تحظثة تطتٓثا ٔطثحانيثا  تتضثًٍ عشثز ٔحثذاخ تٕنيذعثح فٓذِ انًحطح قثم انتٕطعح ٔتعذْا ؛  نًحطح انقذص

. إٌ كٓزتائيثح ٔتانخصثٕف فثي يُطقثح تغثذادنتحظيٍ أدا  يُظٕيح انقذرج ان اضافح ارتع ٔحذاخ تٕنيذعح في انًظتقثمانتطٕعزعح ت

 .7.6حظاب عايم انخطٕرج تى تاطتعًال تزَايج تهغح ياتلاب 

 ؛ (0,00,0)؛انحاني( يزج يٍ يعايم انخطٕرج 00) قما ذا( 0,0000,0ْٔ)ًْٕخطط انُتائج تٕضح أٌ يعايم انخطٕرج ان

 ًنم َظثح تطٕعز جيذج .   ٔانتي ت

د عايثم انخطثٕرج انًخطثط نثّ حي يحطثح تٕنيثذ تحتٕعٓثا انشثثكح انكٓزتائيثح انعزاقيثح فثي عًكٍ اطتعًال ْثذِ انطزعقثح جعجثا

 ح.حطانًظتقثم أ أي يُظٕيح قذرج أتزٖ ٔيقارَتّ يع عايم انخطٕرج انحاني ْٕٔ يفيذ نتحذعذ انتٕطع انضزٔري في طعح انً

          

mailto:yasarnoori@yahoo.com)
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1. INTRODUCTION

 Electrical energy supply should be sufficient to meet demand at all times. However, since 

supplies and demands are uncertain, there is always a small probability of loss i.e. the supply will 

be insufficient to meet demand. 

Generation adequacy of a power system is an assessment of the ability of the generation on the 

power system to match the consumption on the same power system. This general definition 

implies that such an “ability” of the power system should be ensured at all times. However, 

capacity values are typically defined to correspond to an extended period such as a year, where 

the relevant probability distributions vary from day to day, or hour to hour, within that extended 

period, Cailliau et al., 2011 and Zachary, and Dent, 2012. 

Adequacy is associated with static conditions, which do not include system disturbances. The 

adequacy studies of power supply system are conducted individually in three functional zones: 

generation, transmission, and distribution. The functional zones can be combined to give the 

hierarchical levels. 

A model of bulk generation must consider the size of generation units and the two main 

processes involved in their operation, namely the failure and the restoration processes. A failure 

in a generating unit results in the unit being removed from service in order to be repaired or 

replaced; this event is known as an outage, Dutta, and Sharma, 2012. 

Conventional power plants experience unplanned outages, because of mechanical or other 

malfunction. Episodes such as this are called forced outages.

There is always a non–zero probability that any single generating unit will be on forced outage.  

Taking all such probabilities from each generator allows the calculation of the probability that 

enough generator units are on forced outage so that the utility will be unable to meet its load, 

Milligan, and Parsons, 1997. 

The planning procedure for the expansion of generating capacity by adding new units, based on 

the criterion that a certain risk level should not be exceeded, is selected largely by economic 

considerations.  

A widely used deterministic criterion is the N-1 criterion, which means that there must be 

sufficient spinning reserve on the system such that no load will lose power if any one line or 

any one generator fails. The probabilistic approach is a more realistic one in which a risk 

index enables a comparison to be made between various operating scenarios. The 

acceptable risk level is a management decision based on economic requirements. 

Once a risk level has been defined, sufficient generation can be scheduled to satisfy this risk 

level. This process can be done using the concept of unit commitment risk, Lewis, 1996. 

 

2. LITERATURE SURVEY 
It is valuable to present a review of some studies dealing with the assessment of risk level. 

W. Luan, et al., 2006 outline risk assessment method for diesel generation stations based on 

RISK_A. a model which was developed for assessing station reliability through assigning failure 

probabilities to all equipment and modeling their relationships. End-of-life failure probability for 

diesel generation unit has been derived based on its actual maintenance history and age profile. 

C. N. Ning, et al., 2006 demonstrated two application examples of probabilistic risk assessment. 

In the first, a risk based method is proposed to take the uncertainty of contingency occurrence 

and impacts into account to provide an essential set of contingency cases for a transient stability 

special protection system (SPS) implementation. In the second, an approach for determining the 

power transfer limit of a longitudinal electric power system is presented. 

M. Cepin, 2006 presented a definition of quantitative risk criteria considering probabilistic 

safety assessment. Development of risk criteria is considered separately for permanent and 

http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1709608&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F11204%2F36065%2F01709608.pdf%3Farnumber%3D1709608##
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(5) 

temporary changes in the nuclear power plant. Developed criteria can represent a standpoint for 

risk-informed decision-making. 

O.B. Ajadi, et al., 2012 identified that hazards and risks are associated with installation, 

operation and maintenance of diesel powered generator using a 40kVA generator. Hazards of 

varying degrees were identified with every section and jobbing of the whole activities. The 

associated risk was classified, about 60 percent high risk to 40 percent medium risk. 

This paper presents a comparative study for the risk criterion of al-Qudus plant for the present 

and planned cases depending on the technical operating data of 2011 that is provided by 

Republic of Iraq / MOE/ Training and Development Office / Control and Operation Office, and 

Generation and Production of Electrical Energy /planning section. 

3. BASIS of RISK LEVEL ASSESSMENT  
The probabilistic approach to unit commitment considers the size of generation units and the 

two states model (unit up and down states) where, λ and μ are the failure and repair rates 

respectively. The long-run failure probability, known as the unavailability of a unit, Un and the 

long-run success probability, known as the availability of a unit, A can be expressed in terms of 

unit‟s failure and repair rates as follows: 

  

Un =                                                       (1) 

 

A=                                                           (2) 

 

Un =                                                        (3) 

 

A=                                                                                                           (4)

 

The unit unavailability is commonly referred to as the „forced outage rate‟, FOR. 
 

FOR=  

 

The step building of a generation model is to combine the capacity and availability of the

 individual units to estimate available generation in the system. The result is a capacity model; in 

which each generating unit is represented by its nominal capacity ci and its unavailability index 

Uni (or forced outage rate). 

For each of the (N) generators in the system, the available capacity ci, for    i =1…N, is a 

random variable that can take the value 0 with probability Uni and the value ci with    

probability                Ai =1-Uni  

 

Note: (N) is the number of generators in the system. 

The individual state probability is:  
 

P(X) =                                                 (6) 

Where: 

P(X): probability of system for state x. 
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 xi: is the state of the i th generator. 

The cumulative state probability (or the distribution function) is:  
 

  P(X)= < ci                          (7) 

 

The total generating capacity available (effective capacity) in the system is: 

 

 CA =   I    

 

As an example consider a system consisting of three 25 MW units, each one having forced 

outage rates of 0.02. Table 1. Shows capacity outage table, Lewis 1996, Prada 1999, Singh 

2008, Ehsani, et al. 2009. 
Computer Matlab programming software is realized for computing the capacity outage 

probabilities and the flow chart structure of it is shown in Fig. 1. 

4.  AL-QUDUS PLANT DESCRIPTION 

Republic of Iraq / MOE/ Training and Development Office / Generation and Production of 

Electrical Energy /planning section, 2011 

The plant consists of the following equipment: 

a. Six (6) GE        rating of 125MW 

b. Four (4) GE         rating of 43MW 

i.e. 

N=10 in Al-Qudus (present state).       

The generators have the following nomenclature and rating: 

 

Nomenclature            Rating       Voltage 

a. U1-4 Frame 9E     154MVA       15kV  

b. U5-8 LM6000        63MVA       11kV  

c. U9-10            141MVA      15kV 

 

Units' commission dates are provided below: 

    

Unit 

name  

Day Month Year 

U1 21 May 2002 

U2 5 July 2002 

U3 10 August 2004 

U4 8 September 2004 

U5 29 August 2004 

U6 8 June 2005 

U7 25 August 2005 

U8 11 August 2005 

U9 14 May 2009 

U10 14 May 2009 

 

 

ci 
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Al-Qudus gas power station single line diagram with its planned expansion is shown in Fig. 2. 

Based upon the life expectancy units 1-4 have approximately 8 more years of operation before 

they need to be given a life extension inspection. Units 9 and 10 have approximately 11 more 

years of operation prior to being given a life extension inspection. 

 

5. CASE STUDY: 
5.1 Present Case 

Capacity outage probability table is an array of capacity levels and the associated probabilities 

of existence. In practical system the probability of having a large quantity of capacity forced out 

of service is usually quite small because this case requires several units to be out of service. 

Risk level assessment of generating plants is of great importance especially for Al-Qudus plant 

that is part of Baghdad region network which suffers lack in supplying the load demand. 

 In this work plant generators are divided into groups. Each group consists of “N” units which 

are identical, i.e., have the same generation capacity, Un or FOR, and A. 

For simplicity, it is assumed that each unit has only two states and can be either fully available 

or fully unavailable with probabilities:  

A= 1-FOR and Un = FOR, 

The following values of the forced outages; including the forced outages due to the lack in fuel; 

and availabilities that are calculated for the year 2011 are: 

FOR for the units  U1, U2, U3, U4, U9, U10= 0.092 

 i.e. A=0.908. 

FOR for the units U5, U6, U7, U8= 0.074 

 i.e. A=0.926 

Al-Qudus capacity outage probability table can be formulated; after calculations; for the present 

case as shown in Table 2.  

Fig.3-1 represents the probability graph of available capacity meeting generation capacity, and 

Fig.3-2 shows the cumulative probability graph. 
 

5.2 Planned Case 

The plan of MOE is to install four more frame engines at this site; i.e. N=14 in Al-Qudus (future 

state); with capacity of 125MW for each as illustrated in Fig.1 with two rectangles; each 

rectangle is surrounding two units. 

This addition and the planned fuel availability will raise the availability; hence reducing 

unavailability; of all the plant units and from the experience it is expected to be as follows: 

FOR for the units  

U1, U2, U3, U4, U9, U10, U11, U12, U13, U14= 0.02 

 i.e. A=0.98. 

FOR for the units  

U5, U6, U7, U8= 0.05 

 i.e. A=0.95 

Al-Qudus planned capacity outage probability table can be formulated; after calculations; as 

shown in Table 3 which is truncated by omitting states more than 34 state, since it is not in the 

vision of risk level.  

Fig.4-1 represents the probability graph of the planned available capacity meeting generation 

capacity, and   Fig.4-2 shows the planned cumulative probability graph. 
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6. RISK CRITERIA RESULTS 
Risk is defined as the probability of not meeting the load, thus it is given by the value of 

cumulative probability corresponding to the outage state one increment below that which 

satisfies the load. 

As an example, consider the previous example mentioned and illustrated in Table 1, if the load 

demand is 50 MW then: 

Risk level= Cumulative Probability (when Capacity in is less than 50 MW) 

i.e. Risk level= 0.0012  

The two probabilistic; i.e. present case and planned case; risk level are determined assuming 

constant load demand and the future demand growth is neglected to clarify the plant 

development.    

The average load demand at Al-Qudus bus-bar for 2011 was 750 MW, MOE 2011, and then the 

risk in each of the two systems; can be found from tables (2) & (3); are: 

Risk in present case= 0.1091 

Risk in planned case= 0.003095 
 

7. CONCLUSION: 

To reveal the improvement of Al-Qudus plant, the values of risk criteria must be compared; thus 

as it is found that: 

Risk criterion of the present system is:  0.1091 

Risk criterion of the planned system is:  0.003095 

It is apparent from the comparison between the two results that present risk is (35 times) greater 

than that in the planned plant; which means that the  four additional units is improving the 

performance of Al-Qudus plant with a good factor. 

This result also confirms that the variation in risk criteria depends upon: forced outage rate, 

number of units, and definitely the load demand.  

This study is useful to calculate planned risk criterion improvement which represents the 

performance upgrading for any plant of all power systems.  
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Units out 

 

Capacity 

out 

Capacity in 

(CA) 

Probability 

 P[C = CA] 

Cumulative probability 

P[C ≤ CA] 

None 0 MW 75 MW (0.98) 
3
= 0.9412 1.000 

1 or 2 or 3 25 MW 50 MW 
3*(0.02)(0.98)

2 

=0.0576 

1- 0.9412 

=0.0588 

1,2 or 1,3 or 

2,3 
50 MW 25 MW 

3*(0.98)(0.02)
2 

= 0.0012 

0.0588- 0.0576 

=0.0012 

1,2,3 75 MW 0 MW (0.02)
3
=0.00000 0.0000 

 

Table 1. Example for three-unit system capacity outage [J. F. Prada 1999]. 

http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1709608&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel5%2F11204%2F36065%2F01709608.pdf%3Farnumber%3D1709608##
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Else 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

capout= i*cm+ j*cn, 

capin= cap- capout 
 

Calculate capacity outage 

probability using binomial distribution 

Start 

CLC 

Format short e 

End 

1 

End 

Input  max. capacity 

of units (cm) and their 

no.(m),  min. capacity 

of units(cn) and their 

no.(n), cumprob=1 

 
End 

cumprob= 1 

Disp capout, 

capin, prob, 

and cumprob 

 

For j= 0: n 

1 

cumprob= cumprob- prob 

If i or j 

>0 

Input FORn, FORm 

An, Am, station total 

capacity (cap)  

For i= 0: m 

End 

Figure 1. Flow chart structure of the program that 

computes the capacity outage probabilities.  

Note: 

max.: maximum 

min.: minimum  

capin: capacity in 

capout: capacity out 

 cumprob: cumulative probability 

prob: probability P[c = capin] 
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Figure.2. Al-Qudus single line diagram   with its planned extension [Republic of Iraq / 

Ministry of Electricity/ Training and      Development Office / Generation and 

Production of Electrical Energy /planning section, 2011]. 
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Table 2. Present case actual capacity outage of Al-Qudus plant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

State Capacity 

out(MW) 

Capacity 

in(MW) 

Probability 

(C=CA) 

 

 

P(CA=Cj) 

Cumulative 

probability 

P(CA≥Cj) 0 0 922 0.4121 1 

1 43 879 0.1317 0.5879 

2 86 836 0.0158 0.4562 

3 125 797 0.2505 0.4404 

4 129 793 0.0008412 0.1899 

5 168 754 0.0801 0.1891 

6 172 750 1.7e-5 0.10917 

7 211 711 9.6e-3 0.1091 

8 250 672 0.0634 0.0995 

9 254 668 5.21e-4 0.0361 

10 293 629 0.0202 0.0355 

11 297 625 1.02e-5 0.0153 

12 336 586 0.0024 0.0153 

13 375 547 0.00697 0.0129 

14 379 543 1.29e-4 0.00503 

15 418 504 0.00217 0.0058608 

16 422 500 2.6e-6 0.0036908 

17 461 461 2.63e-4 0.0036882 

18 500 422 3.91e-4 0.0034282 

19 504 418 1.4e-5 0.0030372 

20 543 379 1.25e-4 0.0030232 

21 547 375 3e-7 0.0028982 

22 586 336 1.5e-5 0.0028979 

23 625 297 2.64e-5 0.0028829 

24 629 293 7.98e-7 0.0028565 

25 668 254 5.389e-8 0.002856 

26 672 250 1.59e-8 0.002856 

27 711 211 1.012e-6 0.002856 

28 750 172 4.176e-8 0.002856 

29 754 168 5.8e-8 0.002856 

30 793 129 7.91e-10 0.002856 

31 797 125 1.1e-9 0.002856 

32 836 86 1.71e-8 0.002856 

33 879 43 8.525e-11 0.002856 

34 922 0 1.81e-11 0.002856 
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Figure 3. 1- Present available capacity meeting generation capacity 

probability. 

                       2- Cumulative probability. 
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Table 3. Planned capacity outage of Al-Qudus plant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

State Capacity 

out(MW) 

Capacity 

in(MW) 

Probability 

(C=CA) 

 

 

P(CA=Cj) 

Cumulative 

probability 

P(CA≥Cj) 0 0 1422 0.6655 1 

1 43 1379 0.1401 0.3345 

2 86 1336 8.154e-3 0.1944 

3 125 1297 0.1358 0.1863 

4 129 1293 3.8811e-4 0.0505 

5 168 1254 0.0285 0.0501 

6 172 1250 5.1067e-6 0.0216 

7 211 1211 2.257e-3 0.0216 

8 250 1172 0.01247 0.0193 

9 254 1168 7.92e-5 0.006879 

10 293 1129 2.626e-3 0.006793 

11 297 1125 1.0422e-6 0.004167 

12 336 1086 2.297e-4 0.004167 

13 375 1047 6.788e-4 0.003938 

14 379 1043 7.274e-6 0.003259 

15 418 1004 1.429e-4 0.003252 

16 422 1000 9.571e-8 0.003109 

17 461 961 1.88e-6 0.003109 

18 500 922 9.697e-6 0.003107 

19 504 918 3.9587e-7 0.003097 

20 543 879 2.042e-6 0.003097 

21 547 875 5.209e-9 0.003095 

22 586 836 1.61e-7 0.003095 

23 625 797 1.319e-7 0.003095 

24 629 793 5.655e-9 0.003095 

25 668 754 2.78e-8 0.003095 

26 672 750 7.44e-11 0.003095 

27 711 711 1.462e-9 0.003095 

28 750 672 1.68e-9 0.003095 

29 754 668 7.69e-11 0.003095 

30 793 629 3.54e-10 0.003095 

31 797 625 1.012e-12 0.003095 

32 836 586 2.797e-11 0.003095 

33 879 543 9.814e-13 0.003095 

34 922 500 1.29e-14 0.003095 
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Figure 4. 1- Planned available capacity meeting generation capacity 

probability. 

                           2- Planned cumulative probability. 
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ABSTRACT 

     A novel design and implementation of a cognitive methodology for the on-line auto-tuning 

robust PID controller in a real heating system is presented in this paper. The aim of the proposed 

work is to construct a cognitive control methodology that gives optimal control signal to the heating 

system, which achieve the following objectives: fast and precise search efficiency in finding the on-

line optimal PID controller parameters in order to find the optimal output temperature response for 

the heating system. The cognitive methodology (CM) consists of three engines: breeding engine 

based Routh-Hurwitz criterion stability, search engine based particle swarm optimization (PSO) and 

aggregation knowledge engine based cultural algorithm (CA). Matlab simulation package is used to 

carry out the proposed methodology that finds and tunes the optimal values of the robust PID 

parameters on-line. In real-time, the LabVIEW package is guided to design the on-line robust PID 

controller for the heating system. Numerical simulations and experimental results are compared with 

each other and showed the effectiveness of the proposed control methodology in terms of fast and 

smooth dynamic response for the heating system, especially when the control methodology 

considers the external disturbance attenuation problem. 

 

Key words: robust pid controller, cognitive, cultural algorithm, particle swarm optimization, 

heating system, matlab, labview. 
 

 

لنظام  بتنغين تلقائي بشكل حي هتصل يطر تناسبي تكاهلي تفاضلي هتينهج الإدراكي في تصوين هستطبيق الون

 حراري حقيقي

 
 أحوذ صباح عبذ الأهير الأعرجي

 أسخار هساعذ دكخىس

 الجاهعت الخكٌىلىجيت -قسن هٌذست السيطشة والٌظن 

 

 الخلاصة

ضلي هخيي بخٌغين حلقائي وبشكل حي هخصل في هزا البحذ, حن حصوين وحٌفيز هٌهج إدساكي جذيذ هبخكش لوسيطش حٌاسبي حكاهلي حفا

هى بٌاء هٌهجيت السيطشة الوذسكت والخي حعطي أهزل أشاسة سيطشة لٌظام  الوقخشح هزا العول هي هذفالأى  لوٌظىهت حشاسيت حقيقيت.

طش وبشكل حي يجاد اهزل قين لعٌاصش الوسيلإ عاليت هي حيذ السشعت ودقت البحذ الحشاسي والخي حققج الغاياث الخاليت9 كفاءة

أى هٌهج الإدساكي الوقخشح يخألف هي رلاد هحشكاث9 هحشك الٌسل  يجاد أفضل اسخجابت حشاسيت للٌظام.لإهخصل والخي حؤدي 

mailto:ahmedsas2040@yahoo.com
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وأساسه هعياسيت ساود هيشوحض الأسخقشاسيت, وهحشك البحذ وأساسه حشذ الجسيواث الأهزليت, وهحشك الوعشفت الوخجوعت وأساسها 

يجاد وحٌغين القين الأهزليت لإقذ حن اسخخذام حقيبت الواحلاب البشهجيت للوحاكاة كأداة لخٌفيز الوٌهج الوقخشح ل الخىاسصهيت الحضاسيت.

 للوسيطش الخٌاسبي الخكاهلي الخفاضلي الوخيي وبشكل حي هخصل.

الوخيي وبشكل حي هخصل فيى البشهجيت لخصوين الوسيطش الخٌاسبي الخكاهلي الخفاضلي الحقيقي حن اسخخذام حقيبت اللاب في الضهي 

الوٌهج السيطشة الوقخشح هي حيذ  الوحاكاة العذديت و الٌخائج الخجشيبيت قىسًج هع بعضها البعض لبياى فعاليت لٌظام الحشاسي.

 الٌاعوت لٌظام الحشاسي, خصىصا عٌذها اخز بٌظش الاعخباس هشكلت الخضعيف للضىضاء الخاسجيت.      تالسشعت والاسخجابت الذيٌاهيكي

 

الوسيطش الخٌاسبي الخكاهلي الخفاضلي الوخيي, الإدساك, الخىاسصهيت الحضاسيت, حشذ الجسيواث الاهزليت, هٌظىهت الكلوات الرئيسية:

 حشاسيت, هاحلاب, لاب فيى.

 
1. INTRODUCTION 

Over the past decade, more than 90% of industrial controllers are still implemented based on PID 

control algorithms as no other controller matches the simplicity, effectiveness, robustness, clear 

functionality and ease of implementation, Zhao, et al., 2011. Several approaches have been used for 

tuning the parameters of PID controllers such as Ziegler-Nichols method, Duarte, and Jose, 2006. 

In last years, time domain performance, frequency domain performance and robust performance 

criterion have been used in designing PID controllers where the output of PID controllers 

(proportional - integral - derivative) are a linear combination of its input i.e. the proportion of the 

input, the integral of input and the derivative of the input, Hagglund, and Astrom, 1996. 

However, PID controller is sensitive to plant parameter variations and the controller gains must be 

carefully selected for a desired response, thus the motivation for this work is the robustness which is 

an important criterion in controller design because most of the real systems are vulnerable to 

external disturbance, measurement noise and model uncertainty. While many industrial plants are 

often burdened with problems such as high order, time delays, and nonlinearities; therefore, it has 

been quite difficult to tune properly the gains of PID controllers. So there are many algorithms to 

tune the parameters of the PID controller in order to avoid these problems in the prosperities of 

systems: The comparison of various intelligent techniques used for temperature control of water 

bath system that consists of different control schemes namely PID, PID using Genetic Algorithms 

(GA-PID), Fuzzy Logic Control, Neural Network, Adaptive Neuro-Fuzzy Inference System 

(ANFIS), and GA-ANFIS have been proposed in Saini, and Rani, 2012.  

In addition to that, design and implementation of a temperature control system of the thermal 

analyzer by combining fuzzy and PID control methods and accomplishing a comparative experiment 

of conventional PID with fuzzy self-tuning PID control method was explained in Dong, et al., 2009. 

In Wei, 2010, was explained the algorithm that it improves the performance of the temperature 

control system based on fuzzy self-tuning PID. Also it investigated the applicability of Model 

Predictive Control (MPC) strategies to heating processes as proposed in, Sbarciog, et al., 2008, and 

used the nonlinear extended prediction self-adaptive control algorithm for the heated tank 

temperature. 

The fundamental essence of the contribution of this work is to overcome the building of robust 

controller that has high order than that of the system where the controller is not easy to implement 

for this system in practical engineering application. This difficulty can be solved by the proposed 

algorithm that built a robust PID controller through applying the cognitive control methodology 

based CA and PSO technique, the proposed algorithm works as on-line auto-tuning for the PID 
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controller parameters on the real-time without time consuming as well as no requiring for tedious 

efforts. 

In this paper, experimental investigation is carried out for the appropriate on-line auto-tuning 

parameters of the robust PID controller that controls the temperature of heating system using 

cognitive methodology to obtain the best temperature response achieved in real-time based on 

LabVIEW package. 

The remainder of this paper is organized as follows: section two, describes the mathematic model of 

the heating system. In section three, the proposed cognitive control methodology for robust PID 

controller is explained. The Matlab simulation results of the proposed control algorithm are 

presented in section four.  Hardware design and real-time results based on LabVIEW package are 

presented in section five and finally the conclusions are drawn in section six. 
 

2. HEATING SYSTEM MODEL 

The heating system model can be derived using the linear heat balance dynamic equation as follows, 

Ogata, 2003: 

Heat input – Heat output = Heat accumulation 

 

)()()( tQtQtQ Acclossi                                                                                                      (1) 

 

Unsteady equation is:  
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Steady equation at t=0 is 
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The difference between the Eqs. (2 and 3) becomes Eq. (4). 
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By taking Laplace Transformation for Eq. (4) in order to find the T.F. for the heating system as 

follows: 
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where hAK /1  and hAMcp / . 
 

The real parameters implemented in the design of heating system are shown in Table.1. 

After applying the real parameters of the heating system as in Table 1. in the T.F. Eq. (7), the model 

equation for the heating system will be as Eq. (8): 
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3. ROBUT PID CONTROLLER DESIGN 

PID control is widely applied in industrial practice because of its simple structure that consists of 

three terms: proportional, integral and derivative where the standard form of a PID controller is 

given in the s-domain as Eq. (9), Zhong, 2006. 

 

sK
s

K
KDIPsGc d

i
p )(                                                                                                            (9)                                                                  

 

where Kp, Ki and Kd are called the proportional gain, the integral gain and the derivative gain 

respectively. 

The PID controller is very important because it is necessary to stabilize the tracking error of the 

heating system temperature when the output temperature drifts from the desired temperature. 

After understanding the profound theoretical fundamental for the PID parameters tuning algorithms 

and employing these algorithms in designing a robust PID controller especially for system model 

which has uncertain parameters such as Tair which causes the heat loss disturbances that effect on the 

temperature output of the real system  

A novel cognitive control methodology is proposed to find and tune on-line the PID control 

parameters in order to get a good evaluation of the performance rejection of the heat loss 

disturbance and uncertain parameter for the real system then to obtain the optimal and robust PID 

control action. 

Thus, the proposed cognitive control methodology has the characteristics of high control ability, 

strong adaptability, good dynamic characteristic and robustness. 

The proposed structure of the on-line auto-tuning robust PID controller of the heating system can be 

given in the form of block diagram, as shown in Fig. 1.  

 

3.1 Cognitive Control Methodology  

Cognitive control methodologies have been proven to be a source of inspiration and guidance to 

overcome current limitations in the controller for complex and adaptive systems by aggregation 

knowledge and to structure this knowledge autonomously, Al-Araji, 2012. 

The proposed cognitive control methodology consists of three engines: Aggregation Knowledge 

Engine, Search Engine and Breeding Engine.   

The aggregation knowledge engine based on cultural algorithm (CA) has been developed by 

modeling how human culture work. Culture is viewed as a vehicle for storing relevant information 

gathered since the start of the culture, and is available to all the subsequent generations of the 

society, Brownlee, 2011, and Yan, and Wu, 2011. This information can be useful for the 
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generations to guide their problem solving activities, at the same time being dynamically modified 

by new information gathered by each new generation. The CA is modeled using two separate 

information spaces: 

 Population Space. 

 Belief Space. 

The population space contains the set of possible solutions to the problem available in the present 

generation and evaluates with a performance function. The belief space models represent the actual 

cultural aspects. It stores information related to the problem solution that it has been found till the 

present generation and in turn influences to the evolution of the population space in subsequent 

generations thus the belief space is composed of a few knowledge sources, normative knowledge 

and situational knowledge. Communication between the two spaces is handled by a protocol 

consisting of two functions:  

 An acceptance function, which selects the set of individuals that will influence the belief 

space.  

 An influence function, which influences the creation of the next generation. 

In addition the belief space requires an update function which is basically responsible for updating 

the belief space when it is required. The structure diagram of the communication protocol in the 

cultural algorithm is shown in Fig. 2. 

The search engine will be used as a pre-search engine to feed the population space in the 

aggregation knowledge engine with a selected number of the best solution in order to speed up the 

process of finding and tuning the optimal PID control parameters and reducing the over all number 

of function evaluation.   

In the proposed work, the search engine is based on particle swarm optimization (PSO) as fast and 

simple technique algorithm. PSO algorithms use a population of individuals (called particles) “flies” 

over the solution space in searching for the optimal solution, Fang, et al., 2011, and Chiou, et al., 

2012. The particles were mainly utilized to determine three PID controller parameters kp, ki and kd 

as a particle K by ],,[ kdkikpK  with its dimension being 3POPpre 
. 

where poppre is the number of pre-search particles. 

The search engine will be fed continuously at each time instant by the breeding engine which is used 

to generate continuous random solutions with two conditions. 

The first condition is that all random solutions should be lie within the practical experience values, 

as follows: 
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The second condition is that all random solutions should be submitted to Routh-Hurwitz criterion to 

check the closed-loop system stability. Mean Square Error (MSE) function for heating system is 

chosen as criterion for estimating the model performance to be minimized, as Eq. (11): 
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where  

pop is number of particles. 
)(k

desired
T is the desired temperature at k iteration. 

)(k

output
T is the output temperature at k iteration. 

In pre-search, each particle has its own position [kp, ki and kd] and velocity [ kp , ki and kd ] to 

move around the search space.  

The previous best value of the particle is called as pbest. Thus, pbest is related only to a particular 

particle. It also has another value called gbest, which is the best value of all the particles pbest in the 

swarm.  

Particles are updated afterwards according to Eqs. (12, 13, 14, 15, 16 and 17): 
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prepopm ,.....3,2,1  

where  
k

mK is the weight of particle m at k iteration. 

c1 and c2 are the acceleration constants with positive values equal to 2. 

r1 and r2 are random numbers between 0 and 1. 

mpbest is best previous weight of m
th

 particle.   

gbest is best particle among all the particle in the population. 

It is proposed that 25% from the pbest particles of the pre-search engine individuals will be travelled 

to the aggregation knowledge engine in order to have a cognitive particles re-generation. The 

cognitive particles are evaluated by using a performance function to see how close they are to the 

optimal solution. In order to find the optimal set of the PID controller parameters, it needs to update 

the cognitive particle Kc = [kpc, kic, kdc] by using the two levels of CA communication through the 

acceptance function and the influence function. The acceptance function determines which cognitive 

particles from the current population are selected to impact the belief space. In this work, it is 

proposed that the acceptance function selects 20% from the cognitive particles depending on a good 

step response with minimum settling time (ts), rise time (tr) and MSE as a performance index in time 

domain.  
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Belief space is composed of normative knowledge and situational knowledge components. The 

normative knowledge component is composed of the upper and lower bounds of (ts, tr and MSE) of 

the variables cognitive particles accepted. The situational knowledge is a set of the elite kpc, kic and 

kdc. 

ckp ,
cki and 

ckd  in the cognitive PSO algorithm are influenced by belief space. The direction of 

changing („velocity‟) is determined by the difference between situational knowledge (kpc)s, (kic)s 

and (kdc)s in belief space and the checked values of the resolution parameters, as Eq. (18).  
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If 
ckp ,

cki and 
ckd  are too high, cognitive particles might fly past good solutions. If 

ckp ,
cki and 

ckd are too low, cognitive particles may not explore sufficiently beyond local solution. The 

influence function will lead the evolutionary process for the next generation through the normative 

knowledge vector that consists of: 

 
ckp ,

cki and 
ckd . 

 Cognitive acceleration values cc1,cc2. 

 Random number function rc1,rc2 between 0 to 1. 

 Inertia weight factor for the velocity  c  

In order to update the cognitive particles velocity, Eqs. (19, 20, and 21) are used in the next 

iteration. 
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The Eqs. (22, 23 and 24) for updating and next generation of cognitive particles, as follows:   
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where  

popc is number of  cognitive search of cognitive particles. 
ck

ncK is the weight of cognitive particle n at kc iteration. 
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cnpbest is best previous weight of n
th

 cognitive particle.   

cgbest is best cognitive particle among all the cognitive particles in the population space. 

After updating and generating new cognitive particles of the PID parameters in the population space 

for the next iteration by using Eqs. (19, 20, 21, 22, 23 and 24), two conditions should be applied; the 

first condition is checking of the range acceptance of robust PID controller parameters as Eq. (10) 

for achieving the stability and second condition is applying Eq. (11) in order to estimate the value of 

the cost function for each particle, if one or  two conditions are not true, this mean 
ckp ,

cki or 
ckd  

violated the normative knowledge and it is forced back into the cognitive search space dictated by 

the normative knowledge. Else, at the end of each best cognitive particle generation, the normative 

knowledge is updated with the bounds of the accepted particles and the situational knowledge 

component is updated if necessary. Then continue the proposed algorithm until finding the optimal 

values of the robust PID controller parameters.  

 

4. SIMULATION RESULTS 

This section discusses the mapping between the real heating system and the numerical simulation by 

using Matlab package. The signal of the proposed robust PID controller will feed the heater unit of 

the heating system and this signal has to be within range (0 to 1500)watt because of the specification 

of real heater actuator ,therefore; will need a linear relationship with saturation transfer function (0-

1500) in order to satisfy gain mapping and to limit the heater actuator output for the real heating 

system modeling. 

To show the dynamic behavior of the heating system, the open loop step response of the temperature 

for the heating system is shown in Fig. 3, when applying a 21.49watt as input step change in the 

heater actuator of system in order to increase the heating system temperature by 1C
o
 with reference 

to its temperature at the initial condition which is equal to 25C
o
. The settling time for the 

temperature response of the heating system is equal to 39.83 minute and rise time is equal to 22.33 

minute and the time constant is equal to 10.2 hour. The sampling interval for the heating system is 

chosen to be 1 minute using Shannon theorem.  

The proposed robust PID controller scheme, as in Fig. 1, is applied to the heating system model and 

it used cognitive methodology for auto-tuning the parameters of the PID controller on-line to find 

the best temperature response for the heating system.  

The proposed cognitive methodology is set to the following parameters: 

Population of pre-search is equal to 100. 

Population of cognitive search is equal to 25. 

Population of belief space is equal to 5. 

Situational knowledge is equal to 35 . 

Normative knowledge is equal to 81 . 

Number of weights in each particle is equal to 3 because there are three parameters for PID 

controller. 

Number of pre-search iteration (k) is equal to 10. 

Number of cognitive iteration (kc) is equal to 20. 

Figs. 4a, 4b and 4c represent the simulation results of the closed loop time response of the 

temperature control system with on-line auto-tuning robust PID controller based on cognitive 

methodology with initial temperature 25C
o
 and with proposed external disturbance function as Eq. 
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(25) which has been added in order to investigate the robustness and adaptation of the PID controller 

and to evaluate the performance rejection of the heal loss and model uncertainties. 

)10sin(10)( kttd                                                                                                                                     (25) 

 

Fig. 4a shows the response of the output temperature of the heating system to a step change, it had 

no over shoot and the steady-state error was approached to zero value in each step when the desired 

steps change in temperature were (50, 60 and 70) C
o
 and the external disturbance effect was very 

small during sixty samples. 

The robust PID control action response is shown in Fig. 4b that it had few spikes in response to the 

desired step change in temperature with very small oscillation in order to keep the temperature 

output of the heating system within desired range and minimize tracking temperature error of the 

system and reduce the disturbance effect on the heating system. 

Fig. 4c shows the error between the desired temperature and the temperature output of the heating 

system. The error was small value in the transient at each step change and became much close to 

zero in steady state with very small oscillation. The optimal parameters kpc, kic and kdc at each 

sample for the robust PID controller that have been tuned on-line based on cognitive methodology 

are shown in Figs. 5a, 5b and 5c respectively. 

Fig. 6 shows the optimal “velocity”
ckp ,

cki and 
ckd  at each sample that have been calculated in 

the belief space in order to influence the particles kpc, kic and kdc of the next generation. 

 

5. HARDWARE DESIGN AND REAL-TIME RESULTS  

In this section, the experimental setup for the real-time heating system temperature control is 

shown in Fig. 7. 

The setup of heating system consists of: 

 The water tank that has volume (30, 25, 30) cm. 

 AC heater actuator that has heat energy range (0-1500) watt. 

 Temperature sensor LM134 with operation range (0 to 100) C
o
. 

 Data acquisition device from National Instrument NI Company type 6009USB with guided 

LabVIEW package. 

 Digital phase controller based AT89C51 micro-controller to control power magnitude. 

 AC drive circuit based Triac device. 

 Electronic circuit board for signal conditioning based operational amplifier TL064. 

 DC power supply that provides power to the circuitry. 

 Laptop computer type Pentium dual-core 1.73GHz is used for the real time computation. 

In the real-time computer control system based on LabVIEW package, the cognitive 

methodology has been applied to find optimal parameters for robust PID controller that controlled 

the temperature of the heating system in the real-time with sampling time equal to 1 minute. The 

front panel diagram of the control algorithm has been written in the LabVIEW, as shown in Fig. 8. 

Fig. 9 shows the electronic circuit diagram design for the temperature control system and it consists 

of multi-stage as follows: the first stage is signal conditioning circuit which includes a voltage 

follower with unity gain to avoid the attenuation in the feedback signal of the temperature sensor 

LM134 and the first order low pass filter stage that has a cutoff frequency of 10Hz which will 

remove possible noise components that occur in the sensor outputs especially within main supply 

frequency at 50Hz. This filter is built using TL064 quad operational amplifier, Faulkenberry, 1986. 
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The output of this amplifier is fed to the gain amplifier stage that amplified the sensor signal by five 

times in order to make the sensitivity of this sensor equal to oCmV /50 instead of oCmV /10 that make the 

full range of operation (0 to 5) volt then its fed to the analog to digital converter ADC 14 bit high 

speed low power successive approximation converter of the NI-DAQmx-USB 6009 device with 

range of input voltage (0 to 5) volt as a second stage.  

Inside the personal computer, LabVIEW software instructions compares the sensed temperature 

signal received via this interface with the set-point desired temperature. The resulting error is given 

as an input to the robust PID controller and found the optimal parameters of the PID controller by 

using cognitive control methodology that has been built in the LabVIEW package. 

The optimal digital control action generated from the robust PID controller will be sent to the digital 

phase controller which operates as a phase and magnitude detector for the Alternative Current (AC) 

by using micro-controller AT89C51, as third stage.  

The digital data of control action is sent to the NI-DAQmx-USB 6009 device though the USB 

connector then the digital data will be sent as eight bits within range (00 - FF)hex to the port two 

(P2.x) of digital phase controller in order to analyze this data by using the assembly program of 

AT89C51, Scott Mackenzie, 1999, which convert the digital data action (00 - FF)hex to generate 

the firing angle pulse on the gate of the Traic device BT136 through isolator pulse transformer to 

control the AC power of the heater actuator (0 – 1500) watt. Assume the AC frequency is equal to 

50Hz, the firing angle pulse has range from (0 – 20) msec. 

The isolator circuit interface has been used between the DAQ (Data Acquisition) card and the heater 

actuator to prevent the possibility of any back-flow of AC current to the DAQ card from Triac 

device controller of heater actuator. 

The phase detector control action program has been written in assembly language of AT89C51 

microcontroller, as shown below: 
ORG 000h 

 SJMP START 

ORG 003H 

 MOV IE,#00H 

 MOV R0,P2 

 CLR TF0 

 CLR TR0 

Count: MOV TL0,#0DCH 

 MOV TH0,#0FFH 

 SETB TR0 

Cheak1:     JNB TF0,Cheak1 

 CLR TR0 

 CLR TF0 

 DJNZ R0,Count 

 SETB P1.0 

 MOV TL0,#18H 

 MOV TH0,#0FCH 

 SETB TR0 

Cheak2: JNB TF0,Cheak2  

 CLR TR0 

  CLR TF0 

 CLR P1.0 

 MOV IE,#81H 

 RETI 

START:     CLR P1.0 
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  CLR TF0 

 CLR TR0 

 MOV TMOD,#01H 

 MOV IE,#81H 

 MOV IP,#01H 

 SETB IT0 

Cheak3:     SJMP Cheak3 

END 

The temperature response for the heating system in real-time was estimated within one hour, as 

shown in Fig.10a. It can be seen that response has three steps change in the desired temperature (50, 

60 and 70) C
o
 and at steady state, the response has small fluctuation due to convection current of 

heat transfer in water of the heating tank. 

The tracking error between the desired temperature and the actual temperature output of the heating 

system is shown in Fig. 10b. The firing angle signal of the AC heater driver circuit is shown in Fig. 

10c.  

The response of the feedback robust PID control action is shown in Fig. 10d. It has spike during the 

step change in the desired temperature as well as a small oscillation can also be observed. This 

action of the controller has kept the temperature of the heating system within the desired value with 

minimum tracking temperature error and it has attempted to reduce the disturbance effect on the 

heating system. 

In fact, there are small differences in results between the numerical simulation and real-time control 

system because in the real-time state there were accumulation errors such as undesirable 

characteristics of temperature sensor "non-linearity, drift, and offset", offset in the operational 

amplifier output, and the quantization error of the analog to digital converter; therefore, the results in 

the real-time had small fluctuation in the actual temperature output of the heating system. 

 

6. CONCLUSIONS 

A robust cognitive PID temperature control methodology for the heating system model has been 

designed and tested using Matlab package and carried out in real-time using LabVIEW package on 

the real heating system model.  

Simulation and real-time computer control results show evidently that the proposed robust PID 

controller model has demonstrated effectively the capability of tracking desired temperature as well 

as evaluating the performance rejection of the heat loss disturbance and uncertain parameter of the 

real system, especially with regards to the external disturbance effect. 
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Figure 4a. Heating system output temperature simulation. 
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Figure 4b. Control action simulation. 
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Figure 4c. Output temperature error simulation. 
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Figure 5. Optimal parameters of robust PID controller: a) Proportional gain; 

 b) Integral gain; c) Derivative gain. 
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Figure 6. Simulation of the best gains velocity. 
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Figure 7. The experimental work in the real-time temperature control system. 

Water Tank 

Heater 
Actuator 

NI Data 
Acquisition 

Card 

Electronic Circuit Board 

USB Data 
Cable 

 

Figure 8. Front panel diagram for control algorithm. 
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Figure 10. (a) Actual temperature output for heating system; (b) Temperature error; 

 (c) Actual firing angle; (d) Actual control action. 
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 Table 1. Heating system real parameters. 

Real parameter Values 

A: surface area of the tank 0.075 2m  

h: over heat transfer coefficient  11 oCmwatt 2/  

M: mass of water in tank 7.5 kg 

cp: specific heat of water 4.2 okgCKJ /  
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ABSTRACT 

    The permeable reactive barrier (PRB) is one of the promising innovative in situ groundwater 

remediation technologies, in removing of copper from a contaminated shallow aquifer. The 1:1-

mixture of waste foundry sand (WFS) and Kerbala’s sand (KS) was used for PRB. The WFS was 

represented the reactivity material while KS used to increase the permeability of PRB only. 

However, Fourier-transform infrared (FTIR) analysis proved that the carboxylic and alkyl 

halides groups are responsible for the sorption of copper onto WFS. Batch tests have been 

performed to characterize the equilibrium sorption properties of the (WFS+KS) mix in copper-

containing aqueous solutions. The sorption data for Cu
+2

 ions, obtained by batch experiments, 

have been subjected to the Langmuir and Freundlich isotherm models. The Langmuir model was 

chosen to describe the sorption of solute on the solid phase of PRB. COMSOL Multiphysics 3.5a 

based on finite element method was used for formulation the transport of copper ions in two-

dimension physical model under equilibrium condition. Numerical and experimental results 

proved that the PRB plays a potential role in the restriction of the contaminant plume migration. 

A good agreement between the predicted and experimental results was recognized with mean 

error (ME) not exceeded 10 %.  

Keywords: groundwater, permeable reactive barrier, waste foundry sand, heavy metal, polution. 

 سبك النفارماللنحاس بواسطت حاجز مخلفاث رمل ت بايوناث االجوفيت الملوث معالجت المياه
 

 مريم ضياء الذين أحمذ                                                                                                         أياد عبذ الحمزة فيصل                                

 طانثح ياجسرٍش                                                     أسرار يساعذ                                           

 جــايـــعـح تـــغـــذاد -  كهٍح انهُذسح                                                    جــايـــعــح تـــغـــذاد -كهٍح انهُذسح                          

 

 الخلاصت

انًثركشج نًعانجح انًٍاِ انجىفٍح فً انًىقع فً اصانح عُصش انُحاط يٍ انطثقاخ  انحذٌصح انحاجض انرفاعهً انُفار يٍ انرقٍُاخ

كحاجض ذفاعهً َفار حٍس ذًصم يخهفاخ  ( أسرخذيد1:1وسيم كشتلاء تُسثح ) خهطح يخهفاخ سيم انًسثك.انسطحٍح انًهىشح

اٌ  أشثد سيم انًسثك انًادج انفعانح تًٍُا ٌسرخذو سيم كشتلاء نضٌادج َفارٌح هزا انحاجض .انرحهٍم تأسرخذاو الاشعح ذحد انحًشاء

اخرثاساخ انذفعح أَجضخ  يجًىعح انكشتىكسٍم وهانٍذاخ الانكٍم هً انًسؤونح عٍ أيرضاص انُحاط عهى يخهفاخ سيم انًسثك.

انثٍاَاخ انرً ذى  ( فً انًحهىل انحاوي عهى انُحاط . يخهفاخ سيم انًسثك وسيم كشتلاءنىصف صفاخ الايرضاص نهخهطح )

ذى أخرٍاس يىدٌم لاَكًٍش نىصف  انحصىل عهٍها يٍ انرجاسب تطشٌقح انذفعح ذى ذحهٍهها تىاسطح يىدٌلاخ لاَكًٍش وفشٌُذنج.

انزي   COMSOL Multiphysics 3.5 aذى أسرخذاو تشَايج  أيرضاص انًحهىل عهى انطىس انصهة نهحاجض انرفاعهً انُفار.

انُرائج  طشٌقح انعُاصش انًحذدج نىصف اَرقال اٌىَاخ انُحاط تًىدٌم فٍضٌائً شُائً الاتعاد فً ظم حانح انرىاصٌ.ٌعرًذ عهى 

.نىحع وجىد ذىافق جٍذ  شحانًخرثشٌح وانعذدٌح أشثرد أٌ انحاجض انرفاعهً انُفار ٌهعة دوس أساسً فً حصش حشكح انثقعح انًهى

  %.11م أوٌساويوانًخرثشٌح وتًعذل خطأ أق رىقعحتٍٍ انُرائج انً

 .انرهىز انًعادٌ انصقٍهح, ,يخهفاخ سيم انًسثك انحاجض انرفاعهً انُفار, ,انًٍاِ انجىفٍح : الرئيسيت الكلماث
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1. INTRODUCTION 

   Groundwater is water found beneath the surface of the ground. It is primarily water that has 

seeped down from the surface by migrating through the soil matrix and spaces in geologic 

formations. Groundwater in aquifers is important for irrigation, domestic and industrial uses . 

Groundwater contamination can occur either from improper disposal, accidental release ….etc. 

or from naturally occurring mineral and metallic deposits in rock and soil. A groundwater 

pollutant is any substance that, when it reaches an aquifer, makes the water unclean or otherwise 

unsuitable for a particular purpose, Mason, 2003.  

   Heavy metals are among the most dangerous inorganic water pollutants, they can be related to 

many anthropogenic sources and their compounds are extremely toxic. These metals can be 

accumulated in the aquatic food web reaching human beings through the food chain, and 

causing several pathologies. The presence of heavy metals in groundwater is due to water 

exchange with contaminated rivers and lakes or to leaching from contaminated soils by rainfall 

infiltration , Di Natale et al. ,2008. 

   The treatment of contaminated groundwater is among the most difficult and expensive 

environmental problems and often the primary factor limiting closure of contaminated sites. The 

most common technology used historically for remediation of groundwater has been ex-situ 

pump-and-treat systems. These systems are still suited for certain site-specific remediation 

scenarios; however, the limitations of pump-and-treat technologies have also been recognized. 

Accordingly, there was a necessity to develop other new innovative methods to remediate 

groundwater contaminated with heavy metals. Over the past decade, permeable reactive barriers 

(PRBs) have provided an increasingly important role in the passive interception and in-situ 

treatment of groundwater as a component of remedial action programs. PRBs have been used to 

remove a wide range of organic and inorganic contaminants from groundwater including 

petroleum hydrocarbons, chlorinated solvents, nutrients, metals and radionuclides , Mountjoy et 

al., 2003. 

    Bazdanis et al., 2011, studied the efficiency of PRBs containing organic material and limited 

quantities of ZVI, fly ash or red mud to remove heavy metals from leachates. Up-flow 

laboratory column experiments were carried out to study the efficiency in terms of Cu, Zn, Ni 

and Mn removal. The columns were filled with each reactive mixture and packed slightly to 

simulate field conditions; synthetic solutions with initial concentration of 50 mg/l of each metal 

were used. The experimental results showed in most cases adequate metal removal efficiency. 

   Chalermyanont et al., 2013, described performance of the PRBs on treating heavy-metal 

contaminated groundwater. ZVI and activated sludge were used as reactive media. Simulation 

results showed that funnel and gate PRBs have similar performance with the continuous PRBs 

on treating zinc contaminated groundwater but having less operation time. In additions, both 

ZVI and activated sludge can be used as reactive material with similar performance. The 

concentrations of zinc of treated groundwater are less than 5 mg/l. 

   However, the foundry industry releases large quantities of by-product WFS, which represent 

both a waste and a pollutant. For example, Nasr Company for Mechanical Industries, Special 

Steel Foundry / Iraq produced 10 tons of WFS per 8 hours when worked with full capacity. 

Thus, re-using of this waste as a reactive medium is attractive in terms of sustainable 

development ,Lee et al., 2004, Siddique et al., 2010 and  Oliveira et al., 2011. Thus, the 

significance of the present study are: (1) investigation the potential application of WFS as an 

inexpensive material in PRBs for the removal of copper (Cu
2+

) from the contaminated 

groundwater; (2) determining the predominant faunctional groups which are responsible of Cu
2+

 

removal in the WFS using Fourier transfer infrared spectroscopy (FTIR) analysis; and (3) 

characterization the 2D equilibrium transport of Cu
2+

 theoretically, using COMSOL 
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Multiphysics 3.5a (2008) software which is based on finite element method, and experimentally 
through simulated subsurface aquifer and WFS barrier under saturated condition for the 

equilibrium case. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

   The WFS Table 1 used in the present study had a particle size distribution ranged from 75 μm 

to 1 mm with an effective grain size, d10, of 180 μm, a median grain size, d50, of 320 μm and a 

uniformity coefficient, Cu, of 1.94. As the hydraulic conductivity of this sand was very low 

(=1x10
-6

 cm/s), it is mixed with Kerbala’s sand (KS). The 1:1-mixture of (WFS+KS) was used 

with achieved conductivity equal to 2x10
-3

 cm/s. Also, the bulk density and porosity of this 

tested reactive mixture are 1.48 g/cm
3
 and 0.42 respectively. 

   The sandy soil, with composition and properties shown in Table 2, was used as aquifer in the 

conducted experiments. This soil had a particle size distribution ranged from 75 μm to 2 mm  

with an effective grain size, d10, of 280 μm, a median grain size, d50, of 240 μm and a uniformity 

coefficient, Cu= d60/d10, of 1.54. 

   Copper was selected as a representative of heavy metal contaminants. To simulate the water's 

copper contamination, a solution of CuSO4.5H2O (manufactured by Germany) was prepared and 

added to the specimen to obtain representative concentration. 

 

2.2 Experimental Methodology 

2.2.1 Batch experiments 

   Batch equilibrium tests are carried out to specify the best conditions of contact time, initial 

pH, initial concentration, (WFS+KS) dosage and agitation speed. Series of 250 ml flasks are 

employed and each flask is filled with 100 ml of copper solution which has initial concentration 

of 50 mg/l. One gram of (WFS+KS) was added into different flasks and these flasks were kept 

stirred in the high-speed orbital shaker at 250 rpm for 4 hours. A fixed volume (20 ml) of the 

solution was withdrawn from each flask. This withdrawn solution was filtered to separate the 

sorbent and a fixed volume (10 ml) of the clear solution was pipetted out for the concentration 

determination of the copper ion still present in solution. The measurements were carried out 

using atomic absorption spectrophotometer (AAS) (Norwalk, Connecticut (USA)) at the Center 

for Market Research and Consumer Protection. These measurements were repeated for two 

times and average value has been taken. However, the adsorbed concentration of metal ion on 

the (WFS+KS) was obtained by a mass balance.  

   The effect of various parameters such as initial pH (2, 4, 6.5, and 8), initial Cu
2+ 

concentration 

(50, 100, 150, 200 and 250 mg/l), (WFS+KS) dosage (0.25, 0.5, 1, 3 and 5 g) and agitation 

speed (0, 50, 100, 150, 200 and 250 rpm) were studied in term of their effect on removal 

efficiency. The amount of metal ion retained on the (WFS+KS), qe in (mg/g), was calculated as 

follows , Wang et al. 2009:                           

 

    (     )
 

 
                                                                                                                       (1)         

                                              

where Co is the initial concentration of copper in the solution (mg/l), Ce is the equilibrium 

concentration of copper remaining in the solution after the end of the experiment (mg/l), V is the 

volume of solution in the flask (l), and m is the mass of (WFS+KS) in the flask (g). 

   Langmuir Eq. (2) and Freundlich Eq. (3) models are used for the description of sorption data 

as follows , Watts, 1998: 

 



Journal of Engineering    Volume    20    September    -   2014 Number  9 
 

 

26 
 

       
    

     
                                                                                                                                (2)    

          

where a is empirical constant and b is the saturation coefficient (l/mg). 

 

           
 
 ⁄                                                                                                                              (3)              

 

 where KF is the Freundlich sorption coefficient and n is an empirical coefficient. 
 

2.2.2 Continuous experiments  

   The simulated Cu
+2

 transport was performed in a two-dimensional tank schematically shown 

in Fig. 1. This bench-scale model aquifer is contained within a rectangular 6 mm thick acrylic 

glass tank (100 cm L × 40 cm W × 10 cm D), including two vertical perforated acrylic glass 

plates as partitions covered with filter paper. These partitions are provided the lateral boundaries 

of the sand-filled middle compartment which has dimensions of 80×40×10 cm. The purpose of 

the two outer compartments, i.e. influent and effluent chambers, was controlling the position of 

the watertable within the model aquifer deposited in the middle compartment and, in addition, 

controlling the wetting of this aquifer mass. Each outer compartment has dimensions of  10 cm 

long, 40 cm width, and 10 cm high. The flow through the model aquifer was accomplished by 

peristaltic pump discharging copper solution from a storage tank of 10 l volume. One value of 

flow rate (120 ml/min) was selected here with corresponding interstitial velocity equal to (0.6 

cm/min). Sampling plate Fig. 2 was placed on the top of the glass tank to support the sampling 

ports. This plate contains 3 columns and 2 rows of sampling ports. Aqueous samples from the 

model aquifer were collected using stainless needles at specified periods. 

   The tank was packed with sandy soil as aquifer and (WFS+KS) as barrier in the configuration 

and alignment (10 cm thickness) illustrated in Fig. 1. Monitoring of Cu
2+

 concentration along 

the length of the tank in the effluent from sampling ports was conducted for a period of 3 days. 

Water samples of 2 ml volume were taken regularly (after 12, 24, 36…. 72 hours) from these 

ports. For sampling the ports, six needles were connected to its location in each test. The 

samples were immediately introduced in test tubes and analyzed by AAS. The filling material in 

the middle compartment was assumed to be homogeneous and incompressible, and constant 

over time for water-filled porosity. All tubing and fitting for the influent and effluent lines 

should be composed of an inert material.  

   A tracer experiment in the tank described above was performed to determine the effective 

dispersion coefficient for the sandy soil and (WFS+KS) using the same procedure adopted by 

Ujfaludi , 1986. 
   A solution of 1 g/l NaCl in distilled water as a tracer was continuously fed into the tank. This 

tracer has been widely used due to its safety, cheapness, weak propensity to adsorption, not 

being affected by the liquids density and viscosity, and the easy detection of the concentration 

changes. 

3. RESULTS AND DISCUSSION 

 3.1 Fourier-Transform Infrared (FTIR) Analysis 

   This analysis has been considered as a kind of direct means for investigating the sorption 

mechanisms by identifying the functional groups responsible for metal binding , Chen et al., 

2008. Infrared spectra of WFS samples before and after sorption of Cu
+2

 were examined using 

(SHIMADZU FTIR, 800 series spectrophotometer). These spectra were measured within the 

range 4000-400 cm
-1

 as shown in Fig. 3. The sorption peaks in the region of 400-750 cm
-1

 can 

be assigned to –C–R stretching vibrations of alkyl halides group. The carboxylic stretching 
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vibrations can be attributed to sorption peak at 1037.70. The shifts in the IR frequencies support 

that carboxylic and alkyl halides groups are responsible for the sorption of copper onto WFS, 

Doke et al., 2012.  

3.2 Effect of Shaking Time and Initial pH of Solution 

   Fig. 4 shows the effect of contact time and initial pH of solution on Cu
+2

 sorption using 1 g of 

(WFS+KS) added to 100 ml of metal solution for batch tests at 25ºC. This figure shows that the 

sorption rate was very fast initially and it's increased with increasing of contact time until 

reached the equilibrium time (= 1 h). This may be due to the presence of large number of 

adsorbent sites available for the sorption of metal ions. As the remaining vacant surfaces 

decreasing, the sorption rate slowed down due to formation of replusive forces between the 

metals on the solid surfaces and in the liquid phase  , El-Sayed et al., 2010. Also, the increase in 

the Cu
+2

 removal as the pH increases can be explained on the basis of a decrease in competition 

between proton and metal species for the surface sites which results in a lower columbic 

repulsion of the sorbing metal. However, further increase in pH values would cause a decreasing 

in removal efficiency. This may be attributed to the formation of negative copper hydroxides 

which are precipitated from the solution making true sorption studies impossible. It is clear from 

this figure that the maximum removal efficiency of copper was achieved at initial pH of 6.5. 

 

3.3 Effect of (WFS+KS) Dose 

   Fig. 5 illustrates the Cu
+2

 removal efficiency as a function of different weights of (WFS+KS) 

ranged from 0.25 to 5 g added to 100 ml of metal solution. It can be observed that the removal 

efficiency improved with increasing (WFS+KS) dosage from 0.25 g to 1 g for a fixed initial 

metal concentration. This was expected due to the fact that the higher dose of adsorbents in the 

solution, the greater availability of sorption sites. 

 

 3.4 Effect of Agitation Speed 

   Fig. 6 shows that about 20% of the copper was removed before shaking (agitation speed= 

zero) and the uptake increases with the increase of shaking rate. There was gradual increase in 

metal ions uptake when agitation speed was increased from zero to 250 rpm at which about 93% 

of Cu
+2

 has been removed. This can be attributed to improving the diffusion of ions towards the 

surface of the reactive media and, consequently, proper contact between ions in solution and the 

binding sites can be achieved. 

 

3.5 Sorption Isotherms 

   The sorption isotherms were produced by plotting the amount of copper removed from the 

solution (qe in mg/g) against the equilibrium metal concentration in the solution (Ce in mg/l) at 

constant temperature , Hamdaouia, and Naffrechoux, 2007and  Kumar, and Kirthika, 2009. 

The data of the batch tests are fitted with linearized form of Langmuir and Freundlich models. 

Accordingly, the equations of these models will be; 

 

    
        

         
                 R2

=0.988                                                                                              (4)   

              

           
               R

2
=0.986                                                                                               (5)  

                 

   It is clear that these models are provided the best representation of copper sorption onto 

(WFS+KS) reactive material. However, the Langmuir model was chosen to describe the 
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sorption of solute on solid in the partial differential equation governed the transport of a solute 

undergoing equilibrium sorption through permeable reactive barrier in the continuous mode.  

3.6 Longitudinal Dispersion Coefficient 

   Results of the experimental runs concerned the measurement of longitudinal dispersion 

coefficient (DL) at different values of velocity (V) for soil and (WFS+KS) are taken a linear 

relationship as follows: 

For soil,   

     

                           R
2
=0.973                                                                                      (6)       

      

For (WFS+KS), 

 

                          R
2
=0.999                                                                                       (7)  

                     

   These equations are taken the general form of longitudinal hydrodynamic dispersion 

coefficient as follows: 

 

                                                                                                                                    (8) 

                                                               

This means that the longitudinal dispersivity (αL) is equal to 68.16 cm for soil and 73.51 cm for 

mix. 

3.7 2D PRB design-model setup 

   The contaminant migration in a porous medium is due to advection-dispersion processes; 

therefore, considering a two dimensional system, the dissolved copper mass balance equation 

may be written, as follows: 

 

   
     

   
   

     

   
   

    

  
  

    

  
                                                                                        (9)  

                               

where Ccu represents copper mass concentration in water and R is known as the retardation 

factor since it has the effect of retarding the transport of adsorbed species relative to the 

advection front..  

   For the flow of contaminated groundwater through the sandy soil, the value of R will be 

assumed equal to 1 which is reasonable for this type of soils. On the other hand, the sorption of 

copper on (WFS+KS) barrier is governed by Langmuir sorption isotherm and the retardation 

factor is expressed as: 

 

     
  

  
(

      

(          ) 
)                                                                                                        (10) 

                   

where nB is the porosity of the barrier.  

   To present theoretical verification for tank test described previously, Eq. (9) in combination 

with initial and boundary conditions Table 3 can be solved using COMSOL Multiphysics 3.5a. 

The used mesh discrezation (i.e. number of mesh points, number of elements, and type of 

elements ….etc) is shown in Fig. 7. 

   Fig. 8 plotted the predicted spatial distribution of copper normalized concentration across the 

sand aquifer in the presence of (WFS+KS) barrier after 7 days for flow rate equal to 60 and 120 



Journal of Engineering    Volume    20    September    -   2014 Number  9 
 

 

26 
 

ml/min. It is clear that the propagation of contaminated plume is restricted by this barrier region. 

Also, the value of applied flow rate, i.e. velocity of flow, plays a significant role in the extent 

and concentration magnitude of the contaminant plume. Accordingly, the extent of contaminant 

plume in the longitudinal (x) direction is greater than transverse (y) direction and highest 

concentrations occur in the sand bed which up-gradient of PRB. The concentration of the 

contaminated plume reaching the outlet may attain lower than 1.3 mg/l quality limit prescribed 

for surface water or drinking water , Hashim et al., 2011. 

   Comparisons between the predicted and experimental results at nodes corresponding to 

monitoring ports during the migration of the Cu
+2

 plume at different periods of time for flow 

rate equal to 120 ml/min using (WFS+KS) barrier are depicted in Fig. 9. Although the spatial 

and temporal concentration profiles are taken the same trend, concentration values in the ports 

(1, 2, and 3) located along the centerline of the source area (y=20 cm) are greater than that in the 

ports (4, 5, and 6) deviated from the centerline by 10 cm (i.e. y=10 cm). Also, it is clear that the 

(WFS+KS) barrier have a potential functionality in the retardation of the contaminant migration 

in the down gradient of this barrier (concentration at ports 3 & 6 equal approximately zero). 

However, a reasonable agreement between the predicted and experimental results can be 

observed with ME less than 10%.  

 

4. CONCLUSIONS 

 Contact time, initial pH of the solution, initial metal ion concentration, (WFS+KS) dose and 

agitation speed were most the parameters affected on the sorption process between Cu
+2

 ions 

and (WFS+KS). The best values of these parameters that will achieve the maximum removal 

efficiency of Cu
+2 

(=93%) were 1 h, 6.5, 50 mg/l, 1 g/100 ml, and 250 rpm respectively. 

 The experimental data for copper sorption on the (WFS+KS) were correlated well by the 

Langmuir isotherm model with coefficient of determination (R
2
) equal to 0.986.  

 FTIR analysis proved that the carboxylic and alkyl halides groups are responsible for the 

sorption of copper onto WFS.  

 The results of 2D numerical model solved by COMSOL Multiphysics 3.5a under 

equilibrium condition proved that the (WFS+KS) barrier is efficient technique in the 

restriction of contaminant plume. However, a good agreement between the predicted and 

experimental results was recognized with ME not exceeded 10 %.  
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NOMENCLATURE 

 
a: empirical constant , l/g. 

b: saturation coefficient , mg/g.                                          

Ccu: copper concentration , mg/l.

Co : initial concentration , mg/l.                                          

Ce : equilibrium concentration , mg/l.  

Cu: uniformity coefficient , dimensionless. 

DL: longitudinal hydrodynamic dispersion coefficient , m
2
/sec. 

Do: molecular diffusion coefficient , m
2
/sec. 

Dx: longitudinal dispersion coefficient ,  m
2
/sec. 

Dy: lateral dispersion coefficient ,  m
2
/sec. 

KF: freundlich sorption coefficient , m
2
/sec. 

m :mass of (WFS+KS) in the flask , g.                          

n: porosity ,dimensionless. 

qe: amount of solute removed from solution , mg/kg. 

R: retardation factor,dimensionless. 

R
2
: coefficient of determination 

V : volume of solution in the flask , l. 

  : actual velocity , m/sec. 

τ: tortuosity factor of soil medium 

ρb: bulk density of the soil , g/cm
3
. 

αL: longitudinal dispersivity , cm. 
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Table 1. Composition and physico-chemical properties of WFS. 

Property Value 

SiO2(%) 94.36 

Al2O3 (%) 2.82 

Fe2O3 (%)    2.12 

Na2O (%) 0.24 

CaO (%) 0.05 

TiO2 (%) 0.14 

MgO (%) 0.23 

K2O (%) 0.039 

Bulk density (g/cm3) 1.44 

Particle density (g/cm3) 2.67 

Porosity 0.46 

Surface area (m2/g) 5.9351  

Cation exchange capacity  (meq/100 g) 10.94 

 

                      

             Table 2. Composition and properties of the soil used in the present study. 

Property Value 

Particle size distribution (ASTM D 422) 

Sand (%) 

Silt and Clay (%) 

 

99 

1 

Hydraulic conductivity (cm s
-1

) 2x10
-3

 

Cation exchange capacity  (meq/100 g) 3.12 

pH 8.5 

Organic content (ASTM D 2974, %) 0.26 

Bulk density (g/cm
3
) 1.567 

Porosity  0.409 

Soil classification Sand 
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Table 3. Boundary and initial conditions used in the transport modeling of copper in 2D 

laboratory scale tank. 

Item Location Type/ Value 

Boundary conditions 

Upper boundary No flux/symmetry 

Lower boundary No flux/symmetry 

Left side boundary No flux/symmetry 

Right side boundary Advective flux 

Line source Concentration=50 mg/l 

Initial condition (x,y) Concentration=0 

 

 

 

 

 
 

 

 

 

Figure 1. Schematic diagram of the bench-scale model aquifer. 
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Figure 2. Schematic diagram of the sampling plate and sampling ports. 
 

 
 

             Figure 3. FTIR spectra of WFS (black line) before sorption and (red line) after sorption. 
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Figure 4. Effect of initial pH on removal efficiency of copper by (WFS+KS) as a function of 

contact time (Co= 50 mg/l; (WFS+KS) dose= 1 g/100 ml; agitation speed= 250 rpm; T= 25
o
C). 

 

                    

Figure 5. Effect of WFS dosage on removal efficiency of copper (Co=50 mg/l; pH=6.5; 

agitation speed= 250 rpm; contact time=1 h; T= 25
o
C). 
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Figure 6. Effect of agitation speed on removal efficiency of copper as a function of contact time 

(Co=50 mg/l; pH=6.5; WFS dose= 1 g/100 ml; T= 25
o
C). 

 

 

 
               Figure 7. Domain discrezation and mesh statistics of 2D model (all dimensions in cm). 
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Figure 8. Distribution of copper concentration after 7 days for flow rate equal to (a) 60and (b) 

120 ml/min. 

(b) 

(a) 
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                  Figure 9. Breakthrough curves as a result of the copper transport at different ports 

                                      located at (a) y=20 and (b) y=10 cm for flow rate=120 ml/min. 
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ABSTRACT 

           A conventional FCM algorithm does not fully utilize the spatial information in the image. In 

this research, we use a FCM algorithm that incorporates spatial information into the membership 

function for clustering. The spatial function is the summation of the membership functions in the 

neighborhood of each pixel under consideration. The advantages of the method are that it is less 

sensitive to noise than other techniques, and it yields regions more homogeneous than those of other 

methods.  This technique is a powerful method for noisy image segmentation. 

 

Keywords: fuzzy c-means; spatial information; image segmentation; clustering; mri brain image. 
 

 

 

   (sFCM) المكانيتجزئه صور الرنين المغناطيسي باستخدام المنطق المضبب 
 

 ريم شاكر محمود                                                                                                                     دكتور صفاء سعود مهدي                                      

 لسى انُٓذسة انطبيّ                                                            لسى انُٓذسة انطبيّ       

 جايعة انُٓشيٍ      - كهية انُٓذسة  جايعة انُٓشيٍ                                               -كهية انُٓذسة 

 

 ألخلاصه
ٔرنك يٕثش سهبا في تمسيى انصٕسِ  pixelلاتستخذو جًيع انًعهٕيات انًكاَيّ نم (FCM)خٕاسصييّ انًُطك انًضبب الاعتياديّ  اٌ 

انًعهٕيات انًكاَيّ ( انتي تتطهب تضًيٍ (Spatial Fuzzy C-Meanَستخذو خٕاسصييّ  . في ْزِ انبحثضٕضاءبسبب ٔجٕد ان

انتي تستخذو في تجضئّ انصٕسِ, ٔانتي تحسب يٍ خلال جًع  pixelنم (membership function)نهًعادنّ انعضٕيّ

انزي في انصٕسِ بانُسبّ  ضٕضاء.فائذِ ْزِ انطشيمّ ْي لهّ انتحسس نه pixelفي يحيظ كم  -( membership function)ال

ع انُاتجّ عٍ ْزِ  انطشيمّ يتجاَسّ بحيث تعتبش ْزِ انخٕاسصييّ ْي انطشيمّ انفعانّ نتجضئّ نبميّ طشق انتجضئّ ,ٔتكٌٕ انًجايي

 انصٕس انًشٕشّ.

 

 : انًُطك انًضبب , انًعهٕيات انًكاَيّ , تجضئة انصٕسِ, انتمسيى , صٕس انذياغ انشَيُيةالكلمات الرئيسية
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1. INTRODUCTION 

The underlying objective of medical image segmentation is to partition it into different 

anatomical structures, thereby separating the components of interest, such as Brain tumors, from 

their background. Computerized medical image segmentation is a challenging problem, due to 

poor resolution and weak contrast. Moreover the task is often made more difficult by the 

presence of noise and artifacts, due to instrumental limitations, and patient movement.  

In this paper, segmentation process is applied on Magnetic resonance imaging (MRI) Brain 

images, MRI is a noninvasive method for imaging internal tissues and organs, and it represents 

crucial diagnostic imaging technique for the early detection of abnormal changes in tissues and 

organs. It possesses fairly good contrast resolution for different tissues, and high spatial 

resolution and slice selection at any orientation.  

Fuzzy c-means (FCM) is an unsupervised clustering technique that has been successfully 

applied to feature analysis, clustering, and classification in the fields such as astronomy, geology, 

medical imaging, target recognition, and image segmentation. An image can be represented in 

various feature spaces, and the FCM algorithm classifies the image by grouping similar data 

points in the feature space into clusters. This clustering is achieved by iteratively minimizing a 

cost function those dependents on the distance of the pixels to the cluster centers in the feature 

domain. 

The pixels on an image are highly correlated, i.e., the pixels in the immediate neighborhood 

possess nearly the same feature data. Therefore, the spatial relationship of neighboring pixels is 

an important characteristic to improve the performance of FCM, many techniques have been 

developed. 

Wang, et al., 2004. proposed a feature-weight assignment method is improved the 

performance of FCM clustering. Mohamed, et al., 1999. modified the fuzzy c-mean (MFCM) 

clustering algorithm where the membership value was chosen to tolerate the resistance. In this 

method, the spatial influence on the center pixel is considered as an explicit modification of its 

membership value to tolerate the resistance. Liew, et al., 2000. presented a spatial fuzzy 

clustering algorithm that exploits the spatial contextual information into image data, where the 

influence of the neighboring pixels is suppressed in nonhomogeneous regions of the image. Das, 

et al., 2006. proposes a particle swarm based segmentation algorithm for automatically grouping 

the pixels of an image into different homogeneous regions using spatial information. 

 The aim of this research is to introduce an improved segmentation method for FCM 

clustering. In a standard FCM technique, a noisy pixel is wrongly classified because of its 

abnormal feature data. Improved method incorporates spatial information, and the membership 

weighting of each cluster is altered after the cluster distribution in the neighborhood is 

considered. This scheme greatly reduces the effect of noise and biases the algorithm toward 

homogeneous clustering. 

 

2. SPATIAL FUZZY C-MEANS CLUSTERING 

      Clustering techniques are mostly unsupervised methods that can be used to organise input 

data into groups based on similarities among the individual data items. The Fuzzy C-Means 

algorithm (often abbreviated to FCM) is an iterative algorithm that finds clusters in data and 

which uses the concept of fuzzy membership. Instead of assigning a pixel to a single cluster, 

each pixel will have different membership values on each cluster. This method was developed by 

Dunn in 1973 and improved by Bezdek in 1981 and it is widely used in image segmentation. 

The Fuzzy C-Means attempts to find clusters in the data by minimizing an objective function 

given in the equation below Chuang,et al., 2006.  
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         ∑ ∑       
   

   
 
              

                                                                                        (1)                                       
 

J is the objective function and it reduces at each iteration. It means the algorithm is converging 

or getting closer to a good separation of pixels into clusters. N is the number of pixels in the 

image, C is the number of clusters used in the algorithm, ( m >1) is a weighting factor that 

controls the fuzziness of the resultant segmentation, in this research m = 2,     represents the 

membership function of pixel     in the ith cluster,    is the ith cluster center, , and       -    ǁ is 

the Euclidean distance between    and    .the membership functions are subject to the following 

constraints:   ∑    
 
   =1; 0        ; 0   ∑    

 
     N 

 

The cost function is minimized when pixel closes to the centeroid of their clusters are 

assigned high membership values, and low membership values are assigned to pixels with data 

far from the centeroid. The membership function represents the probability that a pixel belongs 

to a specific cluster. In the FCM algorithm, the probability is dependent on the distance between 

the pixel and each individual cluster center in the feature domain. The membership functions and 

cluster centers are updated iteratively Li, et al., 2011. 

 

           ∑     
           

          

 
     

  

                                                                                              (2) 

And 

          =
∑    

   
 
   

∑    
  

   

                                                                                                               (3) 

 

One of the problems of standard FCM algorithms in image segmentation is the lack of spatial 

information. Since image noise and artifacts often impair the performance of FCM segmentation, 

because neighboring pixels possess similar feature values, and the probability that they belong to 

the same cluster is great so it would be attractive to incorporate spatial information into a 

standard FCM algorithm Chuang, et al., 2006. 

To exploit the spatial information, a spatial function is defined as  

 

          =∑            
                                                                                                       (4) 

 

Where NB (    represents a square window centered on pixel    in the spatial domain. A 5x5 

window was used in this research. Just like the membership function, the spatial function     

represents the probability that pixel    belongs to ith cluster. The spatial function of a pixel for a 

cluster is large if the majority of its neighborhood belongs to the same cluster. The spatial func-

tion is incorporated into membership function as follows: 

 

           
 =

   
 

   
 

∑  
  
 

 
  
  

   

                                                                                                            (5) 

 

where p and q are parameters to control the importance of both functions. In a homogenous 

region, the spatial functions fortify the original membership, and the clustering result remains 

unchanged. However, for a noisy pixel, this formula reduces the weighting of a noisy cluster by 

the labels of its neighboring pixels. As a result, misclassified pixels from noisy regions can easily 

be corrected. The spatial FCM with parameter p and q is denoted        .Note that          is 

identical to the conventional FCM Soesanti, eta al. 
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The flow chart of the sFCM algorithm is shown in Fig. 1 
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Figure 1. The flow chart of sFCM algorithm. 
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3.  VALIDITY FUNCTIONS FOR FUZZY CLUSTERING 

1. Clustering validity functions based on partition coefficient and partition entropy. 

Fuzzy partition used in this paper to evaluate the performance of clustering in a quantitative 

way.  The representative functions for the validity function based on the fuzzy partitions are 

partition coefficient Vpc and partition entropy Vpe which are defined as follows Sayadi, et al., 

2007. : 

 

            = 
∑ ∑    

  
 

 
 

 
                                                                                                             (6) 

 

and 

           = 
 ∑ ∑              

 
 

 
 

 
                                                                                               (7) 

 

The idea of these validity functions is that the partition with less fuzziness means better 

performance. In both equation (6) and (7),     (i = 1, 2,…c; j = 1, 2,… N) is the membership of 

data point j in cluster i. As a result, the good clustering is achieved when (
 

 
         1) and 

(0       2), the best clustering is when the value     is maximal or     is minimal Xiao, et 

al., 2010. 

 

2. Clustering validity functions based on geometric sample structure. 

The idea of validity functions based on measuring geometric data structure is that samples 

within one partition should be compact and samples between different clusters should be 

separate. To quantify the ratio of total variation within clusters and the separation of clusters, Xie 

and Beni  proposed Xie-Benie validity function     and it is defined as follows Xiao, et al., 

2010. 
 

          = 
 ∑ ∑     

         
  

 
 
 

             {        
 }  

                                                                                           (8) 

 

An optimal clustering result generates samples that are within one cluster and samples that are 

separated between different clusters. Minimised     is expected to lead to a good partition.  

      Partition coefficient and partition entropy is a class of validation functions that uses only the 

membership function to evaluate the partitioning of the clusters. Their disadvantages are that it 

does not take into account the geometrical properties of the data and it depends monotonically on 

the number of clusters while Xie-Beni validity function however quantifies the performance of 

the clustering by taking into account the total variation within each clusters and the separation 

between-cluster. 

 

4.  RESULT AND DISCUSSION 
A complete program using MATLAB programming language and CPU Core 2 Duo (1.83 

GHz) for this process. Fig. 2 shows the 512 x 416 grayscale original MRI Brain image with 

tumor.  

      The spatial function modifies the membership function of a pixel according to the 

membership statistics of its neighborhood. Both sFCM techniques reduce the noise effect, 

because no similar cluster is present in the neighborhood, the weight of the noisy cluster is 

greatly reduced with sFCM. Furthermore, the membership of the correct cluster is enhanced by 

the cluster distribution in the neighboring pixels. As a result, both sFCM techniques effectively 
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correct the misclassification caused by the noise and makes the segmented images more 

homogeneous.  

 

     The MR images used in this paper are obtained from AL-KADEMYA HOSPITAL for male 

patient (year birth:1950). 

 

 

Figure 2. T1 weighted image. 

 

Fig.3 to Fig.6 shows the result of segmentation of image shown in Fig. 2 by applying spatial 

FCM algorithm with parameter (p=1,q=1) on T1 weighted image. 

 

 
Figure 3. Cluster 1 of         algorithm.  

 

 
Figure 4.  Cluster 2 of         algorithm. 
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Figure 5.  Cluster 3 of          algorithm. 

 

 
Figure 6. Cluster 4 of         algorithm. 

 

Different gray levels were taken for initialization of the clusters centers as shown in table 1 while 

table 2 shows the optimized clusters centers obtained from the iteration of the        algorithm.  

 

Table 1. Selected clusters centers. 

 

200 140 90 40 

 

 

Table 2. optimized clusters center. 

 

187.8991 112.0011 68.1943 7.2124 

 
 

The plot shown in Fig .7 shows how the iterative optimization of the objective function is carried 

out with the up-dating of the membership function      and the clusters centers    . 
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Figure 7.  Iterative optimization of cluster center for        algorithm. 

 

 

Fig. 8 shows the bars graph of the four clusters. 

 

Figure 8. Bar graph for cluster variation in each iteration for        algorithm. 

 

 

Fig.9 to Fig.12 shows the result of segmentation of image shown in Fig. 1 with parameters (p=0, 

q=2). 

 
Figure 9.  Cluster 1 of         algorithm.  
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Figure 10.  Cluster 2 of         algorithm. 

 
Figure 11. Cluster 3  for         algorithm. 

 
Figure 12. Cluster 4 of         algorithm. 

 

In table 3 shown Deferent gray levels were taken for initialization of the clusters centers while 

table 4 shows the optimized clusters centers obtained from the iteration of the        algorithm.  

 

 

Table 3. Selected clusters centers. 

 

200 140 90 40 
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Table 4. Optimized clusters center. 

165.8091 110.8312 69.9816 11.3708 
 

 

 

Figure 13. Iterative optimization of cluster center for         algorithm. 

 

Figure 14. Bar graph for cluster variation in each iteration for         algorithm. 

 

    Three basic tissue classes found on a healthy brain MR image: white matter (WM), gray 

matter (GM) and cerebrospinal fluid (CSF).                                

     Both sFCM techniques reduce the overlap of gray matter with white matter cluster, because 

the spatial function modifies the membership statistics of its neighborhood. Such neighboring 

effect biases the solution toword piecewise-homogeneous labeling, this make the segmented 

images more homogeneous. The sFCM algorithm with a higher q (>1) parameter shows a better 

smoothing effect, but disadvantages of using higher spatial weighting (q) are the blurring of 

some of fine details. This is difficult to judge from the results so used the cluster validity 

functions. Table.5 tabulates the validity functions used to evaluate the performance of sFCM 

clustering. In this cases, the validity functions based on the fuzzy partition were better for the 

        (p=1, q=1) than          (p=0, q=2). For     (   ), the         is greater (smaller) 

than        , and the validity function based on feature structure showed increased for 

       .     Measured the compactness in the feature domain. The sFCM modifies the partition 

on the basis of spatial distribution and causes deterioration of compactness in feature domain so 

    is increased for         more than         . 
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Table5. Cluster validity function. 

Type Vpc Vpe Vxb 

        0.9622 0.0675 0.0041 

          0.9377 0.1125 0.042 

 

5.  CONCLUSIONS 

In this paper, spatial fuzzy c mean was applied in segmenting an actual MRI data set. This 

method improved the segmentation result, by incorporates the spatial information into the 

membership function to improve the segmentation results. The membership functions of the 

neighbors centered on a pixel in the spatial domain are enumerated to obtain the cluster 

distribution statistics; these statistics are transformed into a weighting function and incorporated 

into the membership function. This neighboring effect reduces the noise effect and makes the 

clustering more homogeneous. 

The result of sFCM1,1 (p=1, q=1)algorithm shows good segmentation result better than sFCM0,2 

because higher spatial weighting (q) cause blurring of some fine details, also using cluster 

validity function to evaluate the performance of both method show the best clustering is 

achieved using sFCM1,1 algorithm with maximum value of Vpc  (1.28% larger than sFCM0,2), and 

minimum value of Vpe (25% less than sFCM0,2), minimum value of Vxb (82.21% less than 

sFCM0,2) 

The results show that the method effectively segmented MRI brain images with spatial infor-

mation, and the segmented abnormal MRI brain images can be analyzed for diagnosis purpose. 
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7. NOMENCLATURE 

 

C Cluster Number 

    Spatial Function 

   Objective Function 

m Fuzziness Factor 

N No. Of Pixels In Image 

NB (    A Square Window Centered On Pixel 

P, q Parameter control the importance of spatial function and membership 

function 

t Iteration 

T Max Number Of Iteration 

X Vector Of Data Set 

   Individual Pixel 

    Membership Function Of Pixel 

   
  

Membership Function With  

Spatial Information 

   Cluster Center 
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ABSTRACT 

        An experimental and numerical study has been carried out to investigate the forced 

convection heat transfer by clean or dusty air in a two dimensional annulus enclosure filled with 

porous media (glass beads) between two vertical concentric cylinders. The outer cylinder is of (82 

mm) outside diameters and the inner cylinder of (27 mm) outside diameter. Under steady state 

condition; the inner cylinder surface is maintained at a high temperature by applying a uniform heat 

flux and the outer cylinder surface at an ambient temperature. The investigation covered values of 

input power of (6.3, 4.884, 4.04 and 3.26 W), Reynolds number values of (300, 700, 1000, 1500, 

and 2000) and dust ratio values (density number N) of (2, 4, 6 and 8). A computer program in 

MATLAB has been built to carry out the numerical solution by writing the governing equation in 

finite difference method. The local Nusselt number, the average Nusselt number, the contours of 

temperature field and velocity field were presented to show the flow and heat transfer 

characteristics. The results show that when clean air flow, the wall temperature gradually increases 

along the cylinder length in the direction of flow and decrease as Reynolds number increase while it 

increases with input power. For dusty air flow results show that the wall temperature gradually 

increases along the axial direction and increase with Reynolds number and with input power, and 

the maximum reduction in heat transfer will be 30 % for N=8 at Re=2000. Comparison was made 

between the present experimental and numerical results and it gives good agreement. The 

experimental and numerical Nusselt number follows the same behavior with a mean deviation of 

12%.                                           

 

Key words: laminar, dusty air, forced convection, two dimensional, vertical annulus enclosure, 

glass beads. 

 

 الحمل القسري الطباقي لهىاء مترب خلال وسط مسامي في محتىي حلقي عمىدي

 
  سلمان حميذ عبيذ                                                 الاستار المساعذ د. منال هادي الحافظ                              

 جاهعح تغذاد - كل٘ح الٌِذسح                                                     ذادتغ جاهعح - كل٘ح الٌِذسح

 الخلاصة

أجشٗد فٖ ُزا الثحث دساسح عول٘ح ًّظشٗح لإًرمال الطالح الحشاسٗح تالحول المسشٕ تْاسطح الِْاء الٌمٖ أّ الورشب فٖ فجْج 

 شكض. المطشالخاسجٖ للأسطْاًححلم٘ح ثٌائثح الأتعاد هولؤج تْسط هساهٖ )كشاخ صجاج٘ح( ت٘ي أسطْاًر٘ي عوْدٗر٘ي هرحذذٖ الو

. ذحد ششّط حالح الإسرمشاس ذن حفع سطح الأسطْاًح  (mm 27)ّالمطش الخاسجٖ للأسطْاًح الذاخل٘ح   (82mm)الخاسج٘ح

الذاخل٘ح تذسجح حشاسٗح ثاترح ّعال٘ح ترسل٘ط ف٘ط حشاسٕ هٌرظن ّذن حفع سطح الأسطْاًح الخاسج٘ح تذسجح حشاسج الجْ.شولد 

 Re (300, 700, 1000, 1500, and 2000)ّعذد سٌْٗلذ  (and 3.26 W 4.04 ,4.884 ,6.3)المذسج الوذخلح  الذساسح ل٘ن 

تاسرخذام طشٗمح الفشّق العذدٗح. ّذن  لرٌف٘ز الحل العذدٕ  mat lab. ذن تٌاء تشًاهج تلغح N(2, 4, 6 and 8ّل٘ن ًسة الرشاب 
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اخ الوجال الحشاسٕ ّهجال السشعح لرْظ٘ح خْاص الجشٗاى ّاًرمال ذوث٘ل عذد ًسلد الوْلعٖ ّعذد ًسلد الورْسط ّهخطط

أظِشخ الٌرائج فٖ حالح جشٗاى الِْاء الٌمٖ أى دسجح الحشاسج ذضداد ذذسٗج٘ا علٔ طْل الأسطْاًح تاذجاٍ الجشٗاى  الطالح الحشاسٗح.

الورشب تٌ٘د أى دسجح الحشاسج ذضداد ذذسٗج٘ا فٖ  ّذمل تضٗادج عذد سٌْٗلذ تٌ٘وا ذضداد تضٗادج المذسج الوذخلح. ًرائج جشٗاى الِْاء

 لم٘وح   % 30الإذجاٍ الوحْسٕ ّذضداد تضٗادج عذد سٌْٗلذ ّ المذسج الوذخلح ّأى ألصٔ اًخفاض تاًرمال الطالح الحشاسٗح ٗسإّ

N=8ّ .Re=2000 ول٘ح ّالٌظشٗح ًرائج عذد ًسلد الع. لْسًد الٌرائج العول٘ح ّالٌظشتح للثحث الحالٖ ّأظِشخ ذْافك ج٘ذ

 .%12أظِشخ السلْن راذَ تٌسثح إًحشاف 

 

 .الطثالٖ, حول لسشٕ, ُْاء هرشب, ثٌائٖ الاتعاد, هحرْٓ حلمٖ عوْدٕ, كشاخ صجاج٘حكلمات رئيسية : 

 

INTRONDUCTION 

Fluid flow in a porous medium is a common phenomenon in nature, and in many fields of science 

and engineering. Important every day flow phenomena include transport of water in living plants 

and trees, and fertilizers or wastes in soil. Moreover, there is a wide variety of technical processes 

that involve fluid dynamics in various branches of process industry. The importance of  improving 

our understanding of such processes arises from the high amount of energy consumed by them. In 

oil recovery, for example, a typical problem is the amount of unrecovered oil left in oil reservoirs by 

traditional recovery techniques ,Aaltosalmi, 2005. Flow through Convective heat transfer in porous 

medium has been intensively studied over the past two decades. This is because of its wide 

applications in geothermal energy engineering, ground-water pollution transport, nuclear waste 

disposal, chemical reactors engineering, insulation of buildings and pipes, storage of grain coal, 

Kaurangini and Basant, 2009.A lot of experimental and numerical study had been carried out in 

pure air and dusty air  to investigate the heat transfer by forced  convection by , Cheng et al, 1988. 

Analyzed the problem of a thermally developing forced convective flow in a packed channel heated 

asymmetrically. The flow in the packed channel was assumed to be hydrodynamically fully 

developed and was governed by the Brinkman-Darcy-Ergun equation with variable porosity taken 

into consideration. A closed - form solution based on the method of matched asymptotic expansions 

was obtained for the axial velocity distribution, and the wall effect on pressure drop was illustrated. 

Al Zahrani and SuhilKiwan, 2008. investigated numerically the steady-state, laminar, 

axisymmetric, mixed convection heat transfer in the annulus between two concentric vertical 

cylinders using porous inserts. The inner cylinder was subjected to constant heat flux and the outer 

cylinder was insulated. A finite volume code was used to numerically solve the sets of governing 

equations. The Darcy–Brinkman–Forschheimer's model along with Boussinesq's approximation was 

used to solve the flow in the porous region. The Navier–Stokes equation was used to describe the 

flow in the clear flow region. The dependence of the average Nusselt number on several flow and 

geometric parameters was investigated. These include: convective parameter, λ, Darcy number, Da, 

thermal conductivity ratio, Kr, and porous-insert thickness to gap ratio (H/D). It was found that, in 

general, the heat transfer enhances by the presence of porous layers of high thermal conductivity 

ratios. It was also found that there is a critical thermal conductivity ratio on which if the values of 

Kr are higher than the critical value the average Nusselt number starts to decrease. Also, it found 

that at low thermal conductivity ratio (Kr ≈ 1) and for all values of λ the porous material acts as 

thermal insulation.                                                                                                                                   

Kumar et al., 2011. studied the effect of Dusty fluid on MHD free convection flow past a vertical 

porous plate with heat and mass transfer taking Viscous and Darcy resistance terms into account 

and the constant permeability of the medium numerically and neglecting induced magnetic field in 
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comparison to applied magnetic field. The velocity, temperature, concentration and skin friction 

distributions are derived. It is observed that velocity of dusty fluid and dust particles increases with 

the increase in Gr (Grashof number), K (Permeability parameter), B (Dusty fluid parameter) and B1 

(Dust particles parameter), but it decreases with the increase in M (Magnetic parameter).  

In the present work an experimental and numerical investigation had been done to study the 2–

dimensional laminar convection heat transfer in an annulus of two concentric vertical cylinders with 

clean or dusty air as working fluid. The annulus contains porous media (glass beads) and the inner 

cylinder heated to a constant wall temperature using constant heat flux. The outer cylinder kept at 

atmospheric temperature. In the numerical method the finite difference approximation is applied 

and a MATLAB program is built to solve these equations.                                                                                                      

 

EXPERIMENTAL STUDY 

The test section in the present work is indicated diagrammatically in Fig.1. A centrifugal blower 

(AUGUSTO CATTANI) of (2.5 cm) diameter was used to supply the air to the system. The dust 

concentrations were determined during tests by using electronic balance with an accuracy of 0.001 

g. Dust concentration was calculated by measuring the difference in glass wool weight before and 

after test.    
The dust was stored in a storage tank with a capacity accommodate a large amount of dust. The 

storage tank has three holes, One of these holes is used for air to inter the tank and then to balance 

the pressure between the test pipe and the dust storage tank which is called equilibrium pipe, the 

second hole used to feed the test system with fine dust, while the last one was closed tightly and 

used to refill the storage tank with dust. The storage tank is connected with a dust control valve to 

control the concentration of dust before entering the test system. The glass wool filter is a 

cylindrical vessel shaped of 2 cm thick and 12 cm inside diameter and 15 cm height. Glass wool 

filter was used to retention dust and to determine the concentration of dust. A flow meter was used 

in the range of (0 – 10 m
3
/hr.) and linked with a plastic tube with a diameter of (1.9812cm). Dusty 

air valve opened after measuring the dust concentration and the dusty air allowed passing to test 

section. 

The test section consists of a Aluminum outer cylinders of (82 mm) outside diameters, (4 mm) thick 

and (260mm) long to which Aluminum inner cylinders of (27mm) outside diameter, (260 mm) long 

and (5 mm) thick; yield into radius ratios of 0.365 mm  Aluminum was chosen because of its high 

thermal conductivity, available, cheap and for its easy machinability. The holder and the test rig are 

connected together and balanced to be vertical so that the inclination angle indicates to read zero. 

The inner cylinder was heated by passing an alternating current through a (0.25 mm) in diameter, 

(5m) long, 97 – ohm Nichrome wire coiled as spiral inside glass tube where glass tube was of 

(8mm) in diameter and (250 mm) long. The heater (i.e. the glass tube and the Nichrome wire) was 

mounted concentrically by two Teflon pieces. Teflon piece drilled to pass the working fluid and 

thermocouples wires, The inner cylinder was heated by passing an alternating current to a heater 

inside the inner cylinder and the outer cylinder was subjected to the surrounding temperature. The 

inner cylinder surface temperatures were measured at six locations using thermocouples type (K). 

The investigation covered values of input power of (6.3, 4.884, 4.04 and 3.26 W), Reynolds number 

values of (300, 700, 1000, 1500, and 2000) and dust ratio values (density number N) of (2 to 8).    
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MATHEMATICAL MODEL 

The geometry and coordinate system of the problem considered are shown in Fig. 2. Convective 

heat transfer through a saturated porous media with dusty air flow is considered. The research is 

based on a series of concepts; such concepts include porosity, permeability of the porous medium, 

speed of dusty air through porous media, and the quantity of dust particles (called density number) 

in the fluid flowing through the medium. In order to model the incompressible flow in the porous 

medium of the steady-state equations. The governing equations are given as follow:  

 

Mass conservation 

The properties of both the fluid and saturated solid matrix are taken as constant, except the fluid 

density which defined the buoyancy in the momentum equation. Then the mass conservation can be 

written as Shyamanta, 1998.                                                                                                                                                

 

                                                                                                                           (1) 

              

Momentum Equation 

The equations of motion of a steady viscous incompressible fluid with uniform distribution of dust 

particles in a porous medium are given by, Shyamanta, 1998 and AL-Sumaily et al., 2011.         
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In z direction 
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 Energy Equation: 

The most important law applied here is the first law of thermodynamic, and according to the 

assumptions the energy equation is , AL-Sumaily et al., 2011.        :                                                  

 

 (4) 

 

Where 

Cp is specific heat of fluid at constant Pressure ( ). 
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Dimensionless Governing Equations 

The advantage of non dimentionalization is that the minimum number of characteristic parameters 

results. Also the problem variables may be at the same time normalized. All spatial dimensions are 

nondimensionalized with respect to the gap D as follow ,Shyamanta, 1998:      

                                 

                 ,                   

  ,        , ,  

Where: 

C = dust particle concentration. 

=  relaxation time parameter of dust particle, Shyamanta, 1998. 

Taking curl of momentum equations to eliminate pressure terms, the momentum and the energy 

equation will be:                                                                                                                                      
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Dimensionless Hydraulic Boundary Conditions for stream lines 
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Dimensionless Thermal Boundary Conditions 

 

At   R=                           1, ki
 

At   R=                 

At   Z=0                        

At   Z=L                       

 

 

Calculation of Average Nusselt Number 
The average Nusselt number on the walls cylinder can be calculated from the equation below: 

 

 

                                                                                               (10) 

 

Computational Technique 

Eqs.(5, 6 and 9) were transformed into the finite difference equations, where the upwind differential 

method in the left hand side of the energy Eq. (6) and the centered – space differential method for 

the other terms were used, and solved by using (SOR) method ,Wang and Zhang 1990. A 

computer program was built using MATLAB to meet the requirements of the problem. The value of 

the stream line will be calculated at each node, in which the value of stream line is unknown, the 

other node will appear in the right hand side of each equation. As an initial value of iteration, zero is 

chosen for the stream line field, while a conduction solution is adopted for temperature field. The 

index (n) was used to represent the nth approximation of temperature denoted by Ѳ
n
 and substituted 

into the approximated equations, which were solved to obtain the nth –approximation of vorticity   

then substituted Eq.(5) to obtain stream line Ψ, then Ψ was substituted into Eq. (6) to obtain Ѳ
n+1 

. A 

similar procedure is repeated until the prescribed convergence criterion given by inequality:              

 

 
 

The number of grid points used was 41 grid points in the R– direction and 301 in the Z – direction 

which seems reasonable and will be used in the present study. Fig.3 illustrates the numerical grid in 

two planes. 

 

Calculation of Local Nusselt Number 

The local Nusselt number (Nul) on the walls can be found from the equation below: 
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The value of (h) can be found by making heat balance in the wall ,Singh, 2003 as follow 

.. convcond qq 
(12)                             

 

 

                    (12) 

 

Then: 

From Nusselt number definition and dimensionless  magnitudes: 
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The local Nusselt number Nu on the inner walls was expanded in form of finite difference 

approximation using backward difference scheme, Anderson et al., 1984.  
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RESULTS AND DISCUSSION 

Fig.4 shows the temperature distribution for the case of clean air (N=0) through porous media for 

different values of Re. This figure illustrates that the temperature decreases with the Increase of 

(Re) and this is because increasing (Re) yields faster flow through the porous media over the heated 

wall .When the case of dusty air flow (for different values of dust ratio (N)) through porous media 

in the annulus and it is clear increase the temperature and increasing the dust ratio (N) leads to an 

additional increase in temperature. The porous medium affecting flow and heat transfer 

characteristics and it represents an additional resistance to the flow when compared with clear fluid 

flows.                                                                                                                                                       

Fig.5 shows the Z – component of the streamlines, in the (R-Z) plane for the cases of clean air and 

dusty air respectively. it is clear that intensity of streamlines increases in upper and lower surfaces 

of the annulus due to increase in Reynolds number (Re) and the intensity of streamlines decrease 

when the concentration of dusty air increase. Contours of velocity field in the (R-Z) plane are 

illustrated in Fig.6 along the length of the annulus in (Z) direction. Flow illustrates symmetry in 

both sides of annulus and it is clear that its value in the bottom of the annulus is positive and in the 

upper is negative.                                                                                                                                                  

Fig.7 illustrates the case of dusty air flow through porous media in the annulus and it is clear that 

increasing the Reynolds number for constant dust ratio leads to increase the temperature and 

increasing the dust ratio (N) leads to an additional increase in temperature.                                          
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Fig.8, shows that the average Nusselt number for clean air increase with the increase of Reynolds 

number Re at constant heat flux. The average Nusselt number for dusty air decrease with Re and 

increasing the dust ratio cause an addition decrease in Nu as discussed previously.                              

The local Nusselt number depends on the temperature distribution along the cylinder length. Fig.9 

show that the local Nusselt number decreases gradually with the axial distance of the heated wall to 

about halve the length then became constant. The local Nu begin with high value at the inlet of 

entry length region due to the high difference between the air and the heated wall temperature, then 

progressively the difference between air and heated wall decreases. In experimental results Fig.10 

illustrates for the dusty air flow in annulus that the Nusselt number decreases with the increase of 

Reynolds number at constant heat flux and dust ratio. as well as the Nusselt number decreases with 

the increase of dust ratio at the same value of Reynolds number for constant heat flux.and  it is clear 

that the Nusselt number increase with the increase of Reynolds number at constant dust number for 

different heat flux values and it is clear that as the heat flux increase the Nusselt number increase. 

In Fig.11 a comparison between the experimental and numerical results of the present work had 

been done for the variation of the Nusselt number with Reynolds number for clean air and dusty air 

with different dust ratios. The results of comparison show that the present experimental results 

follow the same behavior as the numerical results, with a deviation of (12%).                                      

 

 

CONCLUSIONS 
1. When clean air flow the wall temperature in the radial direction decreases as Reynolds number increases 

and the heat transfer decreases. For dusty air the wall temperature in the radial direction increase as 

Reynolds number increases and an addition increase was observed when dust number N increase. 

2. The maximum percent reduction in heat transfer is 14.1 for N=8 at Re=2000. 

3. The local Nusselt number decrease gradually along the length of the cylinder.  

4.  The average Nusselt number increases as the Reynolds number increases for clean air flow at constant 

heat flux. 

5. The average Nusselt number decrease as the Reynolds number increases for dusty air flow at constant 

heat flux. 

6. Comparison shows good agreement between the present and previous works.  
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        NOMENCLATURE 

Letter Description Units 

Cp Specific heat at constant pressure  J  g  K 

do Outer diameter of the inner cylinder M 

dg Diameter of glass bead mm 

Da Darcy number Da=K/Dh
2 

- 

Di Inner diameter of the outer cylinder m 

Dh Annulus diameter (Di_ do) m 

hi The convection heat transfer coefficient on the 

inner cylinder (hot surface) 

W/m
2
K 

Keff. Effective thermal conductivity of the porous media W/m K 

kf Thermal conductivity of the fluid W/m K 

http://www.elsevier.com/
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ks Thermal conductivity of the solid W/m K 

K Permeability m
2 

l Cylinder length m 

L Dimensionless cylinder length - 

N Dust ratio g/min 

 Dimensionless dust ratio - 

Nu1 Local Nusselt number on the inner cylinder 

1

1 













R
Nu


 

- 

 

 

p Pressure N/m
2 

P Dimensionless pressure - 

Q Input power W
 

Q Convective heat transfer rate W 

Qcond. Heat loss by conduction W 

r Radial coordinate m 

rin Radius of the inner cylinder m 

rout Radius of the outer cylinder m 

R Dimensionless radial coordinate m 

Re Reynolds number 
 

Rr Radius ratio Rr=rin/rout - 

Pr Prandtl number(Pr=ν α) ــــــ 

T Temperature K 

T∞ Ambiant temperature K 

T1 Temperature of the inner cylinder surface K 

T2 Temperature of the outer cylinder surface K 

Tave Average temperature((T1+ T2)/2) K 

u Radial velocity component m/s 
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      Greek Letters 

Letter Description Units 

 Thermal diffusivity m
2
/s 

eff. Effective thermal conductivity of the porous 

media 

m
2
/s 

 Volumetric thermal expansion coefficient 1/K 

ε Porosity - 

θ Dimensionless temperature - 

 Dimensionless kinematic viscosity - 

 Dimensionless thermal conductivity - 

μf Dynamic viscosity of fluid N.s/m
2 

ρf density of fluid kg/m
3

 

t Time s 

υf Kinematic viscosity of the fluid m
2
/s 

ψ Streamline - 

ω Dimensionless vorticity - 

ΔR, ΔZ Distance between the grid points - 

v Axial velocity component m/s 

 Velocity of air in Axial direction m/s 

U Dimensionless velocity component             in R - 

direction 

- 

V Dimensionless velocity component             in Z - 

direction 

- 

w Gap width (rout – rin) m 

x, y, z Cartesian coordinate system m 

Z Dimensionless axial coordinate - 
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Figure 1. Schematic diagram of experimental apparatus. 

 

 

 
      Figure 3 . A Plot of two dimensional  discretized  

    domains. 

 

 

Figure 2 . Geometry and coordinates system.                              
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Re=1500, N=0                               Re=300, N=2                             Re=1000, N=4 

 

 

 

 
Re=1000, N=6                     Re=300, N=8                             Re=200, N=8 

 

Figure 4. Temperature distributions. 
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Re=1500, N=0                               Re=1000, N=2                                  Re=300, N=4 

 
 

Re=1500, N=6                                Re=1000, N=8                              Re=2000, N=8 

 

Figure 5. Contours of streamlines (ψ). 
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Re=200, N=0                                        Re=300, N=2                                 Re=1500, N=4 

 
 

Re=1000, N=6                                 Re=1500, N=8                               Re=2000, N=8 

 

 

Figure 6 .Velocity field (V) in axial direction. 

 



Journal of Engineering    Volume    20    September    -   2014 Number  9 
 

 

999 

 

 
Figure 7.Variation of ( ) with (N) and with (Re). 

 

 
 

Figure 8. Variation of ( ) with (N) and with (Re). 

 
      

  Local Nusselt number(N=0, Re=1000)         Local Nusselt number(N=0, Re=2000)    

  

Reynolds Number 
Dust ratio (N) 

Nu 

Reynolds Number 
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Local Nusselt number(N=4, Re=700)                      Local Nusselt number(N=8, Re=1000) 

 

Figure 9.Variation of local Nusselt number in (Z – Direction) along the hot cylinder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          Q=6.3W                                          

                                     Q=4.884W                              

   
Q=6.3W                                                                                             clean air (N=0)           

Figure 10. Experimental variation of average Nusselt number with Reynolds number and Dust 

ratio. 

Nu 

Dust ratio (N) 



Journal of Engineering    Volume    20    September    -   2014 Number  9 
 

 

999 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Comparison of Experimental and Numerical Results. 
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ABSTRACT 

     Experimental tests were conducted to investigate the thermal performance (cooling effect) 

of water mist system consisting of 5μm volume median diameter droplets in reducing the heat 

gain entering a room through the roof and the west wall by reducing the outside surface 

temperature due to the evaporative cooling effect during the hot dry summer of Baghdad/Iraq. 

The test period was Fifty one days during the months May, June, and July 2012. The single test 

day consists of 16 test hours starting from 8:00 am to 12:00 pm. The results showed a reduction 

range of 1.71 to 15.5℃ of the roof outside surface temperature and 21.3 to 76.6% reduction in 

the daily heat flux entering the room through the roof compared with the case of not using water 

mist system. Also the results show a reduction range of 1.3 to 18.8℃ in the wall outside surface 

temperature. Finally numerical simulation with ANSYS-FLUENT.14 was conducted to compare 

its results with the experimental results of the roof and wall tests. 

 
Keywords: energy saving, water spraying, water mist, evaporative cooling techniques, air conditioning 

  

  دراسة الاداء الحراري لمنظىمة ررار الماء و تاثيرها في استهلاك الطاقةدراسة الاداء الحراري لمنظىمة ررار الماء و تاثيرها في استهلاك الطاقة
 الذكتىر  نجم عبذ جاسمالمساعذ الأستار 

 جبيعت بغذاد \قسى انهُذست انًٍكبٍَكٍت 
 المهنذس فراس عادل عبذ الكريم حارس

 جبيعت بغذاد\قسى انهُذست انًٍكبٍَكٍت \طبنب يبجسخٍش يىائع و حشاسٌبث

 

 الخلاصة

يبٌكشوٌ , فً حقهٍم  5اجشاء اخخببساث عًهٍت يٍ اجم دساست الاداء انحشاسي نًُظىيت سرار انًبء بقطٍشاث بًعذل قطش  حى

بخفض دسجت حشاسة انسطح انخبسجً َخٍجت انخبثٍش   انحًم انحشاسي انذاخم انى غشفت يٍ خلال انسقف و انجذاس انغشبً نهب

فخشة الاخخببساث كبَج نًذة  واحذ و خًسىٌ ٌىيب . و انجبف فً بغذاد/انعشاق خلال فخشة انصٍف انحبسانخبشٌذي انخبخٍشي 

سبعت يٍ الاخخببساث ابخذاءا يٍ انسبعت  11, و حضًٍ ٌىو الاخخببس  2012خلال اشهش اٌبس و حضٌشاٌ و حًىص يٍ انعبو 

دسجت يئىٌت فً حشاسة   15.5 انى 1..1س هبىط بًقذا انعًهٍت انُخبئجاظهشث  و حخى انسبعت انثبٍَت عششة نٍلا. انثبيُت صببحب

و كزنك  .% يٍ انحًم انحشاسي انٍىيً انذاخم نهغشفت يٍ انسقف 1.1. انى 21.3انسطح انعهىي نهسقف, و هبىطب بًقذاس 

 اخٍشادسجت يئىٌت فً حشاسة انسطح انخبسجً نهجذاس.  11.1انى  1.3هبىطب بًقذاس  ببنُسبت نهجذاس انغشبً فقذ اظهشث انُخبئج

يٍ اجم يقبسَت انُخبئج انعًهٍت نهسقف و انجذاس يع انُخبئج  ANSYS-FLUENT.14حى اسخعًبل بشَبيج انًحبكبة انهُذسً 

 .انُظشٌت انًخىنذة يٍ هزا انبشَبيج

 
 .ٍف هىاءٍكٍُبث انخبشٌذ انخبخٍشي, ححىفٍش انطبقت, حزسٌت انًبء, سرار انًبء, حق:  الكلمات الرئيسية
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1- INTRODUCTION   
One of the most important problems that face the HVAC engineers is how to overcome the cooling load 

that is penetrated through the roof and the outside walls specially the ones that are exposed to the sun for 

a number of hours during summer days. In a country like Iraq where the weather is so hot and the 

temperature can exceed 50 ℃ in many days during summer, it is so important to find any new solutions 

to reduce the effect of these loads, and because the weather is dry beside it is hot in summer, it is very 

axiomatically to think that the evaporating cooling can be the most effected solution for this problem. 

Furthermore, by attacking at the roof surface, evaporative cooling is utilized where temperatures are 

highest (due to greater exposure to radiation) and relative humidity is lowest (air will hold more water 

vapor at higher temperatures). As a result, solar impacts on the roof surface can be negated before any of 

the other building's defense mechanisms come in to play, Bachman1985. By evaporating just enough 

water on the roof to drive the air to saturation (100% RH), the roof surface and the air film against it 

approach the wet bulb temperature. The radiant energy which raised the roof temperature (sensible heat) 

has been relieved by causing a phase change (latent heat) from liquid to vapor. The only issue then, is 

control of spray sufficient to maximize evaporative cooling of the building skin yet not so much as to 

allow standing water. And this control is largely what distinguished the successfully designed systems. 

Evaporative roof systems are not without drawbacks, however, unlike insulation, roof spray contributes 

to comfort and energy conservation only during the cooling season. Final evaluation of the alternatives 

should take a lifecycle look at all of the assumptions of cost and benefit, energy savings and roof life. 

Perhaps the most important objection to roof spray systems is the attendant consumption of water, an 

increasingly depleted natural resource.  

In 1940 interest in (roof spray cooling) had grown sufficiently to merit an ASHRE, study at the 

Pittsburgh Experiment Station. "Summer Cooling Load as Affected by Heat Gain through Dry, Sprinkled 

and Water Covered Roofs" by Houghton et al 1940, they compared time and heat flow relationships 

through nine different roof constructions for dry, sprinkled and ponded surfaces. Their conclusions 

indicated that the sprinkler system was, in all constructions, the most effective measure of reducing heat 

flow into the building. The results for concrete asphalt roof were as in Table 1. 

Carrasco et al. 1986, performs an experimental study of the use of a roof spray system. The study was 

done on a building belong to A&M university in the hot and humid weather of central Texas USA in July 

1986. The roof was of wood with thin layer of tar and gravel on top. The experimental results showed 

that there was a 60 % reduction in the heat transfer through the roof and 20 % (13.8℃) reduction in the 

roof top surface also a 2.3 to 3.4℃ reduction in the inside air temperature. 

Narumi et al. 2007, conducted experimental tests and numerical simulations in order to investigate the 

effect of misting technologies on reducing urban heat flux and saving energy. An apartment house in 

Osaka Japan was used as the test building in an investigation of three types of evaporative cooling 

techniques: "Rooftop spraying", "Veranda spraying" and "Spraying to the outdoor unit of room air 

conditioner". The test period was from 10 August to 27 September 2007. For Rooftop spraying, the 

experiments show that a lowering effect was obtained even after cessation of spraying, with the whole-

day average falling by 16.4°C. The indoor environment showed a fall of 1.2°C at 120 cm above floor 

level, while a larger temperature lowering effect was obtained closer to the ceiling.  

 

2- EXPERIMENT PROCEDURE 
1) Test Building, The experimental tests were carried out in the room located in the second story of a 

house in alkarkh Baghdad/Iraq. The house was built at the beginnings of the seventeenth of the 20
th
 

century. The room inside dimensions were (5.5m length ,4m width, 2.85 height) it has two (1.18m 

height, 0.96m width) Iron frame windows one at the east wall and the other is at the west wall, and 

one wooden door with dimension of (1.97m height by 0.98m width) at the north partition Fig.1. 

 

2) Test Period, The roof and wall experiments days were conducted during the months of May, June & 

July 2012 which represent the starting of summer in May, till reaching the peak temperatures of 

summer in Baghdad / Iraq in July. The days of experiments types were divided as in Table 2; Fifty 

one days of experiments were done to study these effects. The single experiment day consisted of 
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generally pump operation from 8:00 am to 9:00 pm with some exceptions when the stopping time 

was earlier (7:00 pm - 8:00 pm) especially in May when the water flooded over the upper roof 

surface at evening because of low temperature which caused reducing of evaporating. Taking the 

readings of the thermocouples and other measuring instruments was from 8:00 am to 12:00 pm 

generally. 

 

3) Test Apparatus, An experimental test Apparatus has been built, in a way that give a flexibility in 

changing the parameters to be suitable for different types of the tests that is expected to be done. The 

components of this apparatus can be seen in Fig.2 to Fig.4. The main parts are High pressure 

reciprocating pump 10 to 100 bar, specialized mist nozzles (size 0.006", which can give droplets of 

median diameter of 5 μm), piping network.  

The parameters to be tested, consisted of Different pump operation methods (continuous or by 

intervals), different pump pressures, Different mist direction (upward or downward) and different 

levels from the surface. 

 

4) Test Procedure The main idea of this research is using a high pressure water pump (reciprocating 

pump) to force the water liquid through a very small orifice nozzle (special mist nozzle), with 

pressure that can reach 100 bar, to get the water in a very small droplets (can be less than 5µm in 

Volume median Diameter VMD) that can be effectively evaporate without wetting the surface or 

body that it is expose to it (flash evaporating). This process of evaporation requires energy to be 

completed. The energy is taken from the air in the form of heat. The result is a temperature 

reduction, depending on the ambient temperature and the relative humidity of the air. Concerning 

the roof and the wall tests, Experiments were done to investigate the effects of changing controlling 

parameters on the important variables which are: 

a) Room Roof outside surface temperature. 

b) Room Roof inside surface temperature. 

c) Room wall outside surface temperature. 

d) Room wall inside surface temperature. 

e) The room temperature Fig.5. 

The tests were conducted by using a network of twelve (size 0.006") mist nozzles as shown in Fig.4. 

The inside and outside temperatures of the roof and the west wall were used to calculate the heat 

flux through the roof and the west wall during the day hours were calculated by the Eq.(1) and 

Eq.(2) 

 

 

 

 

3- RESULTS AND DISCUSSION 
a) From the roof tests of different months a comparisons have been made between wet and dry test 

days which are of close dry temperatures during the day long (specially the peak temperature), and 

close relative humidity. The Fig.6 to Fig.8 shows comparison between two days 12-May (dry test) 

and 20-June (wet test) for the roof top temperatures and heat flux cross the roof in each case. We can 

see the reduction in the roof  heat flux curve in Fig.8, and how it came to the negative values 

(cooling effect) earlier than the case of dry ones Fig.7. Another comparison where made between 

the dry and wet part of the same roof at the same day. Fig.9 shows a sample of this comparison for 
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the roof top temperatures of the test day 2-July. Fig.10 shows a comparison for the roof test day's 

heat flux during June and July. The final conclusions for the roof tests were as listed in Table 3. 

b) From  the wall tests  of different months, a comparisons have been made between wet and dry test 

days which are of close dry temperatures during the day long (specially the peak temperature), and 

close relative humidity. Fig.11 shows comparison of two wet days' 29-May, and 9-June with dry test 

13-May for the west wall outside surface temperatures. Fig.12 shows a comparison for the west wall 

test day's heat flux in July. The low insulated wall behaved as a cooling surface during most of the 

test days. The final conclusions for the west wall tests were as listed in Table 4. 

c) The downward misting operation for the roof (from 90 cm height) is more effective in cooling the 

roof than that of upward misting (mist network on roof surface) by 7.37%. The result of down 

misting caused the roof to be a cooling surface for more Time (hours) than upward misting. 

d) The interval operating methods of the pumps (2-min on and 2- min off) reduce the water consuming. 

Although that the continuous operating method or semi continuous operating method (continuous 

operating for an hour time and then interval operating for a half an hour)  can increase the cooling 

effect but it can cause bad effect on  the building construction because of water specially at the 

evening and at the high level of relative humidity, and more water consuming. The best method of 

operating is the continuous or semi continuous operating method at the peak temperature time (from 

11:00 am to 4:00 pm) and interval operating during the other hours. This caused in a thin film of 

water (only fog during peak temperature) over the roof surface to produce the cooling effect without 

the harmful effect of water spilling. 

e) The using of mist water reduces the outdoor air temperature, the experimental tests shows a 

reduction of 12.4 to 21.2℃ during the day hours. The number of temperatures reduced depends on 

the relative humidity and the pump pressure, which will increase the water being misted. 

f) This method can be used safely in buildings because most of the water mist will evaporates directly 

(flash evaporating) and don't spilled on the surface, therefore do not cause any damage of any type 

to the building. Although a surface humidification can happen during the high relative humidity 

days or at the morning and the evening, but this effect can be reduced by using the interval operating 

and the changing the intervals time. 

g) Concerning the use of ANSYS-FLUENT.14 software, Two days for each test type (roof or wall) 

were selected to compare the results of the experimental work with the fluent software results, and 

to compare the wet and dry results generated by FLUENT. The simulation was conducted by using 

the software to solve three dimensions transient heat transfer problem. The results were in the form 

of static temperature contours of two surfaces at the middle of the room. The deviation between 

experimental and fluent results is 0.2 to 5.8%. Fig.13 shows a comparison between the experimental 

and fluent results for the days 20-July (dry) and 15- July (wet) wall tests .Fig.15 shows the contours 

of these cases generated by Fluent for the hour 11:00 pm. 

 

4- COMPARISON OF THE PRESENT WORK RESULTS WITH A PREVIUOS WORK 

RESULTS 
Comparison can be made with Carrasco et. al. 1986 experimental results in July 1986 in Bryan city, 

Texas they reported that the roof evaporating cooling can reduce the roof-top temperature by up to 25  F 

(13.89℃) or about 20%. To make a comparison with the present work, we can compare Carrasco results 

of 19 July 1986 which was one of the biggest reduction values that was conducted during the 

experiments as it shown in the result curves of Carrasco paper (5 to 10℃ reduction of the roof top 

temperature for the period from 1:00 pm to 4:30 pm), with a chosen roof test day in July of the present 

work which is 4 July 2012 (clear sky with moderate temperature of July in Baghdad).Fig.14 shows that 

The present test results show a reduction of the top surface temperature for the same time period  of 

range 5.1 to 11℃,  and this is a close result to Carrasco one, although that the weather of Texas is less in 

temperature levels from that of Baghdad according to (National Oceanic and Atmospheric 

Administration in the United tate of America) which shows a maximum temperature of 29 July 1986 in 

Bryan city was 38℃, compared with the temperature of 4 July 2012 of Baghdad which was 44℃. But the 

high relative humidity of Bryan city that day (average 50%, max 96% and compared with Baghdad in 4 
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July which was about max. of   27%) may have been the reason of the close results (increasing the 

humidity will decrease the evaporating process). Knowing that, the wind speed was almost the same for 

the two cases of the present and Carrasco (about 3m/s). 

 

5- CONCLUSIONS 
1) From the experimental work we can confirm that the water mist system can reduce the outside surface 

temperature of the roof and the west wall of the room by 1.71 to 15.5℃ for the roof and 1.3 to 18.8 
℃ for the wall.  

2) The tests confirm that this system can reduce the heat gain entering the building throughout the roof 

and the west wall by 21 to 76%. 

3) The tests showed that, the using of mist water can reduce the outdoor air temperature by 12.4 to 

21.2℃ during the day hours. 
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6- NOMENCLATURES 
k : thermal conductivity of the roof or the wall materials W/m℃ 

n: the number of the roof or wall layers
 

qr :heat flux through the roof at the wet part (sprayed part) W/m
2

 

qrd :heat flux through the roof at the dry part (not  sprayed part) W/m
2

 

qw :heat flux through the west wall at the wet part ( sprayed part) W/m
2
 

qwd : heat flux through the west wall at the dry part ( not  sprayed part) W/m
2
 

t : roof or Wall Layer Thickness  m 

Tri : roof  inside surface temperature ℃ 

Trm : room average temperature ℃ 

Tro : roof outside surface temperature at the wet part ( sprayed part) ℃ 

Trod :roof outside surface temperature at the dry part ( not  sprayed part) ℃ 

Twi : wall inside surface temperature ℃ 

Two : wall outside surface temperature at the wet part ( sprayed part) ℃ 

http://www.ncdc.noaa.gov/
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7- TABLES AND FIGURES 
 

Table 1. The Results of Houghton et al. for Concrete Asphalt Roof. 

 
With 

spray 

Without 

spray 

Max. heat flow, w/m
2 

6.6 56.7 

Min. heat flow, w/m
2
 -12.9 -7.24 

Avg. heat flow, w/m
2
 

over 24 hour 
-3.84 18.3 

Length of time with zero 

or negative heat flow hour 
16 8 

 
Table 2. The roof and wall experimental days. 

No. Test name No. of days 

1 Dry test 9 

2 
Wet roof test (nozzle 

misting up) 
18 

3 
Wet roof test ( nozzle 

misting down) 
7 

4 Wet wall test 17 

Total  test days 51 

 
Table 3. Final conclusions of roof tests. 

 Range Average 

Tro  peak reduction at 

2:00Pm,  ℃ 

4 – 

11.14 
7.57 

Tro  day hours range 

reduction  ℃ 

1.71 – 

15.5 
8.6 

Tri  peak reduction at 

8:00Pm,  ℃ 

0.5 – 

1.91 
1.2 

Tri  day hours range 

reduction  ℃ 
0.2 - 2 1.1 

Roof heat flux day 

hours range reduction 

w/m
2
 

1.1 - 

22 11.55 

Daily total roof heat 

flux range reduction 

% 

21.3 – 

76.6 48.95
*
 

* This result is for upward spraying, the daily total roof heat flux becomes negative (cooling) in many case with 

downward spraying 
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Table 4. Final conclusions of wall tests. 

 Range Average 

Two  peak 

reduction at 3:00-

4:00Pm,  ℃ 

2.2 – 

18.75 
10.5 

Two  day hours 

range reduction  

℃ 

1.3 – 

18.8 
10 

Twi  peak 

reduction at 

7:00Pm,  ℃ 

2.54 – 

5.83 
4.2 

Twi  day hours 

range reduction  

℃ 

0.8 – 

6.83 
3.8 

Daily total wall 

heat flux range 

reduction % 
** ** 

** The daily total wall heat flux became negative (cooling) 
 

 

 

 

 
Figure 1. Test room dimension. 

 

  
 

 
Figure 2. Mist nozzle. 
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Figure 3. The test apparatus. 

 

 

 

Figure 4. Piping network. 

 
 

 
Figure 5.Main thermocouples places. 
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Figure 6.The outside roof surface temperature for the days 12-May (dry),20-June (wet). 

 

 

 

Figure 7. Heat flux throughout the roof and the west wall of the test room  for the day 12-May (dry test). 

 

 

 

Figure 8. Heat flux throughout the roof and the west wall of the test room  for the day 20-June (wet test). 
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Figure9. The inside roof surface temperatures (tri), outside roof surface temperatures at misted part (tro) 

and the roof outside surface temperature at the dry part (trod) curves for the day 2-July. 

 

 

 

 

 

Figure 10. Daily total heat flux throughout the roof at the misted part (qr), the dry part (qrd) at June and 

July tests. 

 

 

 
Figure 11.Wall outside surface temperatures of the day's 13- May (dry), 29-May (wet), 9- June (wet). 
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Figure 12. The heat flux throughout wet west wall part (qw), dry west wall part (qwd) of July tests. 

 

 
Figure 13.Comparison curves of the daily room temperatures measured experimentally and generated by 

ansys-fluent.14 software for dry (20/7/2012) and wet (15/7/2012) cases of wall tests. 

 

 
         Figure 14. The temperature curves of 29 July 1986 by Carrasco and 4 July 2012 by Firas. 
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Figure 15.Temperature contours for the dry (20/7/2012) and wet (15/7/2012) wall cases at 11:00 pm. 
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ABSTRACT 

The aim of research is to show the effect of Ferric Oxide (Fe2O3) on the electricity 

production and wastewater treatment, since 2.5% of Ferric Oxide (Fe2O3) (heated and non 

heated) nanoparticles has been used. Characterization of nanoparticles was done using X-ray 

Diffraction (XRD) and Scan Electron Microscopy (SEM). The influence of acidity was also 

studied on both wastewater treatment on the Chemical Oxygen demand (COD) and Biological 

Oxygen Demand (BOD) and voltage output was studied. From the results, it was infused that 

the dosage of 0.025 g/l and an initial pH 7 were founded to be optimum for the effective 

degradation of effluents. The results concluded that the treatment of anaerobic sludge 

wastewater using Ferric Oxide (Fe2O3) in combination with microbial fuel cell technology is an 

efficient method for the treatment of anaerobic sludge wastewater. 

Key words: Microbial fuel cell, nanoparticles, wastewater treatment. 

في تىليذ الكهرباء ومعالجة المياه باستخذام تكنىلىجيا خلايا الىقىد ( Fe2O3ذيذيك )أوكسيذ الح تأثير

 الميكروبية.
 كانا بريا قصي جعفر رشيذ 

 هذرس  هساعذ  هذرس

 هرمز الذراسات الوحقذهة فً علن الٌبات  قسن الهٌذسة النٍوٍاوٌة

 خاهعة هذراس, الهٌذ الداهعة الحنٌلىخٍة, العراق 

 الخلاصة

( على إًحاج النهرباء وهعالدة هٍاٍ الصرف الصحً،  Fe2O3هذف هي البحث هى إظهار جأثٍر أمسٍذ الحذٌذٌل )ال

الٌاًىٌة  جحذٌذ خصائص الورمبات( الٌاًىٌة. وقذ جن هسخيي وغٍر هسخ( وقذ اسحخذم )Fe2O3٪ هي أمسٍذ الحذٌذٌل )5.2

أٌضا  الحاهضٍة (.جوث دراسة جأثٍر SEMهر الإلنحروًً )( والوسح الضىئً الودXRDباسحخذام حٍىد الأشعة السٌٍٍة )

الطلب على ًسبة ( وCOD)سدٍي النٍوٍاوي موالطلب على الاًسبة على حذ سىاء هعالدة هٍاٍ الصرف الصحً على 

 غرام / لحر (0.025)أى خرعة هي جبٍي ( واًحاج الحٍار النهربائً جن دراسحها. هي الٌحائح، BODمسدٍي البٍىلىخً )والأ

.خلصث الٌحائح إلى أى هعاهلة هٍاٍ الصرف الصحً فً هعالدة هٍاٍ الصرف فعالة الأهثللحنىى  (7درخة الحاهضٍة )و

( بالاشحراك هع جنٌىلىخٍا خلاٌا الىقىد الوٍنروبٍة هى وسٍلة فعالة Fe2O3اللاهىائٍة باسحخذام أمسٍذ الحذٌذٌل ) الرواسب

 ٍة.اللاهىائالرواسب لعلاج هٍاٍ الصرف الصحً 

.هعالدة الوٍاٍ, الوىاد الٌاًىٌة, خلاٌا الىقىد الوٍنروبٍة : رئيسيةالكلمات ال  
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1. INTRODUCTION 

Efficiently making use of biological processes to recover useful energy from organic wastes is 

always a goal for the wastewater treatment industry. In the study, microbial fuel cells (MFCs) 

are considered to be a very popular and promising bio-electrochemical power source for directly 

recovering electrical energy from carbohydrates as well as organics in wastewater. The 

application of MFCs in a wastewater treatment process has several advantages over existing 

processes. In addition to energy recovery as electricity in a wastewater treatment process, MFCs 

generate less excess sludge in a more stable condition than the aerobic treatment process 

Greenman et al., 2009. 
  The goal of waste water treatment facility is to reduce organic and inorganic materials in 

wastewater to a level that no longer supports microbial growth and to eliminate other potentially 

toxic materials. The efficiency of treatment is expressed in terms of reduction in BOD the 

relative amount of dissolved oxygen consumed by microorganisms to completely oxidize all 

organic and inorganic matter in the water sample. The higher the levels of oxidizible organic 

and inorganic material in the wastewater it will result in high BOD Kargi et.al 200. 

Nanoparticles are materials having a size in the range of 1–100 nm. Iron oxide, titanium 

dioxide, fullerenes and carbon nanotubes have been made into nanoparticles Boxall A.B. et. al 

2007, and Christian.P. et. al 2008. Fe2O3 is an effective reducing agent and catalyst for various 

applications in environmental remediation. 

The heterogeneous reaction using Fe2O3 involves five steps: (i) mass transfer of the reactant to 

the Fe2O3 surface from the bulk solution; (ii) adsorption of the reactant on the Fe2O3 surface; 

(iii) chemical reaction at the Fe2O3 surface; (iv) desorption of the reaction product from the 

Fe2O3 surface; and (v) mass transfer of the product into the bulk solution Lin. A. et. al 2008.  

The disposal of wastewater containing toxic organic compounds by the industrial community 

has been increased significantly in the recent past. So the treatment of such wastes generated 

from the industries is considered necessary as well as important in every aspect. Untreated 

wastewater if allowed to accumulate, leads to the decomposition of organic material and 

production of toxic gases. In industrial wastewater treatment, the objective is to remove or 

reduce the concentration of organic and inorganic compounds Concetta and Cristina et. al 

2005. 

In this study the use of (0.025gm) of Fe2O3 nanoparticles in enhancing the power output and 

wastewater treatment using microbial fuel cell technology was investigated. It proves to be a 

eco-friendly method along with the renewable source for generating electricity. The 

nanoparticles are characterized using X-ray Diffraction (XRD) and Scan Electron Microscopy 

(SEM), while the voltage and current was measured using Multimeter. 

 

2.METHODS AND MATERIALS 

2.1. Wastewater Characteristics 

Wastewater (Anaerobic sludge) was obtained from Koyembedu sewage treatment plant, 

Chennai, Tamilnadu, India. Sample was stored in deep freezing unit at -20°C during the 

investigation. Initial values of the characteristics of wastewater are presented in Table1. 
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2.2. Preparation of Fe2O3 Nanoparticles 

The Fe2O3 nanoparticles were synthesized by the well known liquid phase reduction method. 

32.31 g of Fe(NO3)3.9H2O was completely dissolved in 400 ml of deionized water to form a 0.2 

M solution and 28.77 g of NaOH was completely dissolved in 1200 ml of deionized water to 

form a 0.6 M solution. This solution was added drop wise into the above solution. After 

addition, this reaction continued with constant stirring. The solution was washed with deionized 

water and then dried in vacuum. The reaction is as follows: 

Fe (NO3)3.9H2O + 3NaOH + H2O  FeOOH + 3NaNO3+ 10 H2O   (1) 

 

2.3. Construction of Microbial Fuel Cell (MFC) 

A sequential anode-cathode two chambered microbial fuel cell (MFC), in which the Fe2O3 

(heated and non heated) of anode chamber was used as continuous feed for an aerated cathode 

chamber, was constructed in this experiment to investigate the performance of brewery 

wastewater treatment in conjugation with electricity generation. using autoclavable bottles each 

with diameter 30 mm and 100 mL capacity were taken. Two holes of diameter 5.5 mm and 1.5 

mm were made on each of the lids for the insertion of the salt-bridge and electrodes. In the 

anode container, 100 mL of the Anodic Inoculation was used and in the cathode container 100 

mL Potassium permanganate (0.1M) solution was used. The container lids were closed and 

sealed with tape. Salt-bridge was made with potassium chloride and agar in a 5 mm diameter 

level tube. Graphite sheets of 0.2 mm (thick) X 50 mm (length) X 12.5 mm (breadth) were used 

as electrodes. The electrodes were first soaked in 100% ethanol for 30 min. After that the 

electrodes were washed in 1 M Hydrochloric acid followed by 1 M Sodium hydroxide, each for 

1 hr. They were then stored in distilled water before use. The electrodes were suspended using 

copper wires which were used to connect the conducting electrode and the multimeter. The cell 

was connected with a 10 ohm resistor to complete the circuit. The voltage and current where 

measured using UNITYDT-830D mutlimeter. 

All operations were carried out at room temperature of 28°C. The variation in pH where (3, 5, 7 

and 10) of the wastewater sample and was carried out by using 1N (HCl) and 1 N (NaOH).  

 

2.4. Analytical Methods 

Voltage (U) yielded from MFC for long time operation was recorded automatically by a 

computer and converted to power density Wang et. al 2008, according to: 

P (W m
2
) = U *j          (2)  

Where j is current density (A\ m
2
), which is calculated by: 

 j = U/(R*A)           (3) 

Based on external resistance R (Ω) and projected surface area of cathode, 

Total Surface area = 2 (L*B + L*T + B*T)) A (m
2
)      (4) 

 

2.5. Analysis of Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD) 

The BOD analysis was done using Young, J.C. procedure with 5 days incubation. COD 

analysis was done using open reflux method. 

The % COD remaining was calculated by the following equation. 








 
 100100% X

CODinitial

CODfinalCODinitial
remainingCOD      (5) 
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3.RESULTS AND DISCUSSION 

   3.1. Characterization of Fe2O3 

Fig.1 (a) shows the X-ray diffraction pattern of the as-prepared Fe2O3 sample and Fig.3 (b) 

shows the X-ray diffraction pattern of Fe2O3 annealed at 300°C. It can be indexed as the 

orthorhombic system by comparison with data from JCPDS NO: 81-0463 (α-FeOOH). The 

diffraction peaks at 2θ ≈ 21.2, 33.3, 34.7, 36.6, 52.9, 58.9, 61.3 correspond to (110), (130), 

(021), (111), (221), (151), and (250) planes of sample respectively (JCPDS no: 84-0713). The 

information on the particle size was obtained from the full width at half maximum (FWHM) 

of the diffracted beam using Debye–Sherrer formula. Qusay J. Raaheed et. Al, 2011: 

Dp =   0.89 λ          

 (6) 

           β cos θ  

The sample displayed an average crystalline size of 5.65 nm. The application of 

scherrer’s formula to the (313) reflection peak at 2θ = 35.6  indicated the formation of 

maghemite nanoparticles with approximately ≈ 24nm in mean diameter for the sample annealed 

at 300°C for 3h and annealed in an air atmosphere at 300 C for 3 h, to get dark brown coloured 

nanocrystalline -Fe2O3 powders.  

The scanning electron microscopy (SEM) image of synthesized Fe2o3 particles is shown 

in Fig 2. Results indicate that the synthesized Fe2O3 particles are almost spherical. Fig.2 (a) 

shows evenly distributed spherical particles approximately 30 µm in size, and Fig.2 (b), under 

higher magnification, confirms the spherical shape and the size range of each particle. On the 

spherical particles there were threads-like or tube-like structures clearly visible in Fig.2 (b). 

These structures increased the available surface area of reaction. 

 

3.2. Voltage and Current measurements: 

Aerobic sludge is used to construct a MFC (Cell 1). The cells are connected with a constant 

load of 10 Ω and periodically monitored for the voltage and current outputs and tabulated. The 

power density and current density area were calculated respectively. 

Similarly there are two other cells constructed as above using aerobic sludge with heated and 

non heated and designated cell 2 and cell 3 respectively. 

The following are the results obtained. In a normal double-chamber MFC, the highest current 

was observed at neutral pH (between 6.5 and 8) Jadhav and Ghangrekar et.al, 2009. In this 

study using Fe2O3 (heated and non heated) the current was higher at pH 5 and pH 10 

respectively. This difference is due to the influence of the chemical substance added to the 

wastewater. The current density and power density too show the same pH and give best results 

as that of the current and voltage. 

 

4.DISCUSSION 

Large part of energy carried by the organic contaminants in wastewater is converted into 

electricity; MFC might produce less excess sludge, when used as a wastewater process, than the 

conventional aerobic process. For this reason MFC is a novel wastewater treatment process. 

Kim et.al, 2004. During operation, both the fuel cells anode chamber were continuously 

monitored for substrate (as COD) removal to enumerate the potential of fuel cell to act as 

wastewater treatment unit. Both the systems showed their potential for substrate removal 

indicating the function of selectively enriched mixed microflora in metabolizing the carbon 

source as electron donors. Relatively higher substrate removal efficiency and substrate 
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degradation rate (SDR) was documented with ferricyanide cathode. During the stable phase of 

operation, COD removal efficiency of 74.20% and 74.15% a ccounting for SDR of 0.559 kg 

COD/m3 day and 0.464 kg COD/m3 day was observed for FC and AC respectively. Time taken 

for carbon exhaustion was relatively more in aerated cathode. 

The voltage and current were measured at regular intervals and plotted for each pH Figs. 

3.a and 3.b. Power density was then calculated and plotted against current density Figs. 4.a 

and 4.b. As show in (fig 5.a and 5.b) a reduction of more than 50% was observed in both the 

cases.  

The MFCs might produce a far less excess sludge when used in the wastewater treatment 

process, than the conventional aerobic process. In view of this advantage, the MFC was 

proposed as a novel wastewater treatment process. Kim et al., 2004.  

 

5. CONCLUSION 

In the present investigation, electricity could be successfully generated from wastewater 

treatment as it provides a new technology in making the wastewater treatment more affordable 

for both the developing and the countries. Thus, this combination of wastewater treatment along 

with electricity generation offers a technology that is affordable and is ecofriendly which might 

fulfill the needs of the developing nations in the present scenario. The Fe2O3 particles prepared 

through a liquid-phase reduction method the calculated cell parameters are. According to the 

scherrer’s equation the average crystallite size of the product was calculated to be about 35.6 

nm as prepare and 24nm for the sample annealed at 300°C for 3hr. The precipitation method led 

to the formation of α-FeOOH. At temperature around 300°C α-FeOOH decomposes and 

diffraction peaks corresponding to Maghemite appeared. crystallinity increases. SEM analysis 

shows that the particles are spherical shape. Further the wastewater with nanoparticle was 

adjusted at various pH levels revealed that the optimum initial pH for better degradation was 

found to be pH 5 showed best results for power output and pH 7 showed best reduction in BOD 

and COD proving high wastewater treatment efficiency percentage. A high current density and 

power density was obtained at pH 5 and pH 10 for the non heated and heated Fe2O3 

respectively. But the reduction in BOD and COD was obtained at pH 7 in case of non-heated 

Fe2O3 and COD reduction was obtained at pH 3 and BOD at pH 7 for heated Fe2O3. A large 

part of the energy stored by the organic contaminants in the wastewater is converted into 

electricity. 
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        NOMENCLATURE 

 COD - chemical Oxygen Demand. 

 BOD - Biological Oxygen Demand. 

 XRD - x-ray Diffraction. 

 SEM -  scanning electron microscopy. 

 Dp - average crystallite size. 

 Β - Line broadening in radians (FWHM of diffraction peak). 

 θ - diffraction angle. 

 λ - x-ray wavelength. 

 j - current density. 

 R - resistance. 

 U - voltage. 

 p - power density. 

 W - watt. 

B   -  breath. 

L  - length. 

T  - width. 

A  - Amper. 
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Figure 1. X-ray diffraction pattern of the as-prepared Fe2O3 sample.  

 

Figure 2. SEM Image of heated Fe2O3and non heated Fe2O3. 
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Figure 3.a. Maximum current and voltage produced at different pH using 2.5% (0.025 gm) of 

the nanoparticle. 

 

Figure 3.b. Maximum current and voltage produced at different pH using 2.5% (0.025 gm) of 

the nanoparticle. 
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Figure 4.a. Maximum current density and power density produced at different  

pH using 2.5% (0.025 gm) of the nanoparticle. 

 

Figure 4.b. Maximum current density and power density produced at different  

 pH using 2.5% (0.025 gm) of the nanoparticle. 



Journal of Engineering    Volume    20    September    -   2014 Number  9 
 

 

129 
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Figure 5.a. BOD and COD reduction at different pH using 2.5% (0.025 gm) 

of the nanoparticle. 
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Figure (5.b) . BOD and COD reduction at different pH using 2.5% (0.025 gm). 

of the nanoparticle. 
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Table1. Characteristics of wastewater.  
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 القسم العربي:
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11 – 1                                              تأثير الفلدسبار المحلي على خواص الخرسانة ذاتية الرص  
 

 د. ندى مهدي الجيلاوي
  هديل ابراهيم احمد
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 عمى خواص الخرسانة ذاتية الرص الفمدسبار المحميتأثير 
 

 
 
 

 

 الخلاصة
 

نسببة ( % ك 15,  10,  5بمقدار )إنتاج خرسانة ذاتية الرص استعمال الفمدسبار في تم في ىذا البحث          
  الخواص الطرية لمخرسانة الذاتية الرص الحاوية عمى الفمدسبار دراسة تم . استبدال جزئي من وزن السمنت 

و قببدرا الممببس باسببتخدام اببندور الختبببار عمببى  V) انسببياا اليطببول باسببتخدام اختبببار القمببح عمببى  ببكل حببر  
( لمخمطات الخرسانية و ايضا تم دراسة الخواص المتابمبة لمخرسبانة الذاتيبة البرص الحاويبة عمبى  U كل حر  
ان لمفمدسببببار تبببل ير سبببمبي عمبببى  اظيبببرت نتبببائث البحبببثو  ) مقاومبببة النضبببماط و مقاومبببة الن نبببا  ( .الفمدسببببار

 ة ذاتية الرص و لكن لو تل ير ايجابي عمى خواص الخرسانة ذاتية الرص المتامبة  .الخواص الطرية لمخرسان
واص ببببواص الطرية لمخرسانة ذاتية الرص, خبببالخرسانة ذاتية الرص , الفمدسبار , الخالكممات الرئيسية : 

  الخرسانة ذاتية الرص المتامبة
 

 

Effect of Local Feldspar on the Properties of Self Compacting 

Concrete 

  

 

 

 
 

ABSTRACT 

    This research of using Feldspar in the  production self compacting concrete (SCC) 

( 5,10,15 )% as partial replacement by weight of cement .In this research some of 

fresh properties of SCC ( slump flow used V-funnel test and filling ability used ( U-

box test )  for concrete mixes and also some of the harden properties of SCC ( 

compressive and flexural tests ). The research results showed that negative effect of 

Feldspar on the fresh properties of self compacting concrete but the positive effect of 

Feldspar on the harden properties of self compacting concrete . 

 

Keywords :  Self compacting concrete , Feldspar , The fresh properties of self 

compacting concrete , The harden properties of self compacting concrete .  
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 المقدمة  -1
( ىي واحدا من أحدث  SCC( و يرمز ليا )  Self Compacting Concreteالخرسانة ذاتية الرص ) 

البتكارات في تكنولوجيا الخرسانة , إذ أَخذت بالنت ار في جميح أنحا  العالم لِما ليا من خاائص و مميزات 
في حالتيا الطرية و كذلك بعد التاما, وىي ذات قابمية ت ميل عالية حيث تنساا خلال التسميح الك ي  او 

تل ير وزنيا الذاتي فقط عمى نحو كافي لتملأ الفراغات بدون أي العناار الإن ائية المعقدا ىندسياً تحت 
  ( ,Ravindrarajah,2003) انعزال او نضوح متجاوز الحد دون الحاجة الى تسميط الىتزازات عمييا 

  (Tviksta,2000  ( , )Vachon,2002 ) ( وان لمخرسانة ذاتية الرص .SCC  ( لزوجة ت بو العسل )Honey 
( , حيث تلخذ  كل معين وىذا بسبا  Placingالخرسانة سطحاً مستوياً  بعد الاا         ) ( وتمتمك ىذه 

نيا  انسيابيا السريح, وىي ذات سطح اقيل بحيث يكون ليا  كل نيائي أفضل من الخرسانة التقميدية , وا 
 .( Dehn,2000)       (,  Ravindrarajah,2003)تمتمك افة عدم النعزال وعدم ميميا إلى الإعاقة 

 استخدام الخرسانة ذاتية الرص  -2
الخرسانة ذاتية الرص تطورت أول مرا في اليابان كوسيمة لخمر نوعية منتظمة من الخرسانة بواسطة التحكم في 
دا أي م كمة ناتجة عن الرص غير الكافي مببببببن قببببببل القببببببوى العامبببمة كنتيجة لقمة الأيدي العاممة الماىرا و زيا

التااميم المعقدا و تفاايل التسميح في الأعضا  الإن ائية الحدي ة ويمكن تحقير مميزات الخرسانة ذاتية 
( من خلال خواايا الفريدا في حالتيا الطرية, فان انسيابيا يكون تحت تل ير وزنيا الذاتي فقط  SCCالرص) 

يعيا ومن خلال حول التسميح الك ي  . اما وبذلك تحافظ عمى التجانس , في حين تملأ ب كل كمي الفراغات جم
في حالتيا المتامبة, فإنيا تفور الخرسانة التقميدية فيما يتعمر الأمر من حيث المقاومة 

اغما أنواع الخرسانة تعتمد عمى الرص حتى تضمن القوا والمتانة , وان  (. Ravindrarajah,2003)والديمومة
من  م نقاان في مقاومة النضماط و تؤ ر أيضاً تل يراً قوياً في الرص غير الكافي يؤدي الى حدوث فجوات و 

اليزاز  محماية حديد التسميح التي توفرىا الخرسانة . ومن النتائث السمبية أيضاً لمخرسانة التقميدية أنيا تَستخد
 لرص الخرسانة و ىذا ينتث عنو مستوىً عال من الضوضا  فيعد ىذا احد ماادر التموث البيئي 

     (Wallevik,1998 ) . 

 خصائص المواد الأولية و الإعمال المختبرية -3
 السمنت  3-1

( المانح من قبل  ركة السمنت  Type Iالسمنت المستخدم في ىذا البحث ىو سمنت بورتلاندي اعتيادي )
بازيان ( . و خوااو الفيزيائية و الكيمائية مطابقة لممواافة العراقية   -المتحدا المعرو  تجاريا باسم ) طاسموجة

 . ( 1984/  5) م.ر.ع /
 الركام الناعم  3-2

 ( . 1984/  45/ تم استخدام الركام الناعم ) الرمل ( وىو مطابر لممواافة العراقية القياسية ) م.ر.ع

 -الركام الخ ن : 3-3
 45ممم ( وىو مطابر لممواافة العراقية القياسية    ) م.ر.ع / 10تم استخدام حاى مكسر مقاسو الأقاى ) 

 /1984  . ) 
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 الممدن المتفوق  3-4
يوضح و  Glenuim 51 ))  استخدم في ىذا البحث مضا  مقمل لمما  بدرجة متفوقة والمعرو  تجاريا

 .الخاائص التقنية لمممدن المتفور المستخدم في ىذه الدراسة  4الجدول
 الفمدسبار  2-5

 Al2O3الفمدسبار من المعادن الرئيسية المكونة لماخور النارية كالبازلت . والايمة الكيميائية لمفمدسبار ىي )  

. y SiO2 . n MO : إذ ان ) M   ( قد تكون :Ca , Na , K ويمكن ان يتحول . )  ىذا المعدن عبر العاور
كيمائية الى معدن الكاؤلين. و يتكون كيمائيا من السيميكا و اللومينات و يبين -الجيولوجية و بفعل عوامل فيزيائية

الفمدسبار المستخدم في ىذا البحث ىو التحميل الكيمائي و الفيزيائي لمفمدسبار المحمي المستعمل .  3و  2الجدول 
منطقة  بحر  النج   في  محافظة النج  ال ر  وكان بداية عبارا عن حبيبات اميرا  فمدسبار عراقي أخذ من
( وعمى مرحمتين حيث Blaine/غم 2سم 12000ممم( تم طحنو الى نعومة عالية ) 4 -2يتراوح أقطارىا بين)

حديدية ( كرا 15( باستخدام )Los Angeles machineطحن في البداية باستخدام ماكنة لوس انجموس     ) 
 دوره( تقريبا .ومن  م طحن بواسطة طاحونة الكرات السيراميكية أذ 18000ساعات( أي ما يعادل ) 8ولمدا )

) ( ساعة وذلك لمواول الى أعمى نعومة ممكنة18يوضح كيمو غرام واحد في وعا  الطاحونة ويطحن لمدا )
درجة سيميزية في  650بدرجة حرارا مقدارىا ر ولمحاول عمى فعالية بوزولنية جيدا تم حرر الفمدسبا ( 2005حسين,

 . (  2006) الجيلاوي ,فرن كيربائي مختبري لأجل تن يطو لمدا ساعتين و نا  الساعة 
 الخمطات الخرسانية  2-6

لأجل تحقير اليد  من الدراسة تم تقسيم التجارا المختبرية الى تسح خمطات ما عدا الخمطات المرجعية فيي 
 Theعبارا عن  لاث خمطات فقط و تم استخدام طريقة المنظمة الأوروبية لمخرسانة جاىزا الخمط ) 

EMRCO,2005  4( في تاميم ىذه الخمطات كما في الجدول . 

 -ذاتية الرص : ةاص الطرية لمخرسانطرق اختبار الخو  2-7
  Vاختبار القمع عمى شكل حرف 2-7-1

ان ىذا الفحص يقيم الخواص الطرية لمخرسانة ذاتية الرص بلسموا يختم  عن فحص انسياا اليطول . وال كل 
من  موتم خلال ىذا الفحص قياس الزمن اللاز ( .  Vاختبار القمح عمى  كل ) الجياز المستخدم في يبين  1

لحظة فتح بوابة القمح الى لحظة خروج كل الخرسانة من القمح وىي لحظة رؤية الضو  من خلال فتحة البوابة 
  انية  12-6( . وتعتبر الخرسانة ذات خواص رص ذاتي إذا كان ىذا الزمن ضمن حدود T5minويعبر عنو ا )

  Uصندوق الاختبار عمى شكل حرف  7-2

مكانية انسياا الخرسانيختص ىذا الفحص بالتحقر من  ذاتية الرص المحتوية عمى مختم  أنواع  ةقدرا الممس وا 
الركام من خلال قضبان حديد التسميح بدون حدوث انفاال حبيبي أو انسداد . يتم حساا قيمة الفرر في ارتفاع 

فرر اقرا ممم ، وكمما كان ال 30( ويجا إن يكون اقل من أو يساوي H1 – H2سطح الخرسانة بين الحجرتين)
 لمافر كمما كانت الخرسانة ذات درجة انسياا عالية وليا مقدرا عالية عمى النسياا بين قضبان التسميح .
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 اختبار خواص الخرسانة المتصمبة طرق  2-8 
 مقاومة الانضغاط  2-8-1

وتم استخدام نماذج (  BS1881-part116∕1983اجري فحص مقاومة النضماط بموجا المواافة البريطانية) 
تم تسميط الحمل عمى النموذج مح تسجيل  ( ممم لمخمطات الخرسانية100× 100 ×100 ) بإبعادمكعبة ال كل 

الحمل المسبا لمف ل , و تستخرج مقاومة النضماط من حاال قسمة الحمل عمى مساحة الوجو المعرض 
 .لاث مكعبات( يوم واخذ معدل   90,  60,  28لمحمل, و تم الفحص بلعمار) 

 مقاومة الن نا   2-8-2
بموجا المواافة  ممم لمخمطات الخرسانية (100×  100 ×400) لعتاا بلبعاد فحص مقاومة الن نا  تم 

السطوح الجانبية و  عمما بان النموذج وضح داخل الجياز بحيث تكون(  ASTM C 293-07)  الأميركية 
سة لممساند عمودي عمى اتجاه الاا .يؤخذ معدل مقاومة الن نا  الفحص ملام القالا إ نا  المواجية لجوانا

(  ²( يوم و يعبر عنو بميكا باسكال) نيوتن / ممم 90,  60,  28ل لا ة نماذج لكل خمطة و تم الفحص بلعمار) 
 :  ةو يتم حسابو وفقا لممعادلة الآتي

 (1       ............. )  R = 3PL ∕ 2 bd² 
 إذ ان 

R  ميكا باسكال (  = مقاومة الن نا (. 
P  =( . نيوتنحمل مسبا لمف ل )  أعمى 
L  ( ممم . ) 300= المسافة بين نقطتي الرتكاز 
b  ( ممم . 100= العرض ) 
d  ( ممم . 100= الرتفاع ) 
 النتائج و مناقشة البيانات  -3
 -الخواص الطرية لمخرسانة ذاتية الرص : 3-1 

( % كاستبدال جزئي من وزن السمنت مح  15,  10,  5اضافة نسا مختمفة من الفمدسبار)  تمت دراسة تل ير
(  5, 4,  3كما موضحة بال كال )  ³( كمم / م 190, 180,  170 لاث محتويات مختمفة من الما  و ىي ) 

ة الولى و ( لخمطات الخرسانة ذاتية الرص لممجموع Tv 5min( و قيم )  Tvالتي تم ل زمن النسياا   )
( التي تم ل نتائث ارتفاع الممس لاندور الختبار عمى  8,  7,  6ال انية و ال ال ة عمى التوالي . اما ال كال ) 

 لخمطات الخرسانة ذاتية الرص لممجموعة الولى و ال انية و ال ال ة عمى التوالي .  U كل حر  

( و زيادا فرر ارتفاع الممس ب كل كبير   Tv , Tv5min)فان اضافة الفمدسبار أدت الى زيادا في زمن النسياا 
( الحاويببة عمببى السببمنت بببدون اضببافة المببادا البوزولنيببة .حيببث  R1,R2,R3مقارنببة بالخمطببات المرجعيببة       ) 

لمخمطبات الحاويبة عمبى الفمدسببار  ³كمبم / م 170كمما تزداد نسا الستبدال  لممجموعة الولى ذات محتوى المبا  
( و يبزداد فبرر ارتفباع الممبس يعبود السببا البى لزوجبة الخمطبات   Tv , Tv5minزداد زمبن النسبياا لمبب )كممبا يب

الخرسانية التي تزداد في الخمطات الحاويبة الفمدسببار والسبمنت نتيجبة لزيبادا المبواد الناعمبة و البى قابميبة النسبياا 
الكببلام ينطبببر عمببى المجموعببة ال انيببة ذات  لمخرسببانة مببن مقطببح الببى أخببر و الببذي يكببون أبببط  و ااببما . و ىببذا

 ³كمم / م 190وال ال ة ذات محتوى الما   ³كمم / م 180محتوى الما  
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لمخمطات الحاوية عمى الفمدسبار يقمل من زمن النسياا لكل  ³( كمم / م 190-170اما زيادا محتوى الما  من ) 
و يؤدي الى زيادا سرعة  لتقميل لزوجة الخمطة ( و ذلك يعود الى سرعة النسياا نتيجة  Tv , Tv5minمن )

النسيابية ليذه الخمطات الذي يؤدي الى تقميل من الحتكاك الداخمي بين حبيبات الركام او بين الخرسانة و السطح الملامس 
 ليا.

فرر لمخمطات الحاوية عمى الفمدسبار فيؤدي الى زيادا  ³( كمم / م 190-170اما لزيادا محتوى الما  من ) 
ارتفاع الممس وذلك بسبا نقاان قابمية الت ميل لمخمطات و نقاان سرعة النسياا لممقطح الآخر من دون 

 . حاول أي انعزال او نضوح لمخمطات الخرسانية
 مة الانضغاط و مقاومة الانثناء مقاو  3-2 

مح زيادا نسا الستبدال  يلاحظ زيادا مقاومة النضماط و مقاومة الن نا  لمخمطات الحاوية عمى الفمدسبار
.  ³كمم/م 170( % من وزن السمنت لممجموعة الولى ذات محتوى الما   15,  10,  5الجزئي لو و بمقدار ) 

و ىذا السموك يعود الى الفعالية البوزولنية الفمدسبار حيث تتفاعل ىذه المواد البوزولنية مح ىيدروكسيد الكالسيوم 
التك ي  في المنطقة البينية و من  م يزيد من مقاومة الربط  ذا التفاعل يقود الى زياداالناتث من اماىة السمنت و ى

و ال ال ة ذات  ³كمم/م 180الداخمي وتقميل ال قور المجيرية وىذا ينطبر عمى المجموعة ال انية ذات محتوى الما  
 (, ,Khaleel, 2007 : Ali Hussian, 2008) و ىذا ي ابو ما توال إليو الباح ون   ³كمم/م 190محتوى الما  

( . وكذلك زيادا مقاومة النضماط و مقاومة الن نا  لمخمطات  16,  12و ىذا مبين بال كل )   (2005) حسين, 
تعود الى زيادا   ³كمم/م 170الحاوية عمى الفمدسبار مح تقدم زمن الإنضاج لممجموعة الولى ذات محتوى الما  

زيادا تفاعميا مح مركا ىيدروكسيد الكالسيوم و الذي ينتث من عممية اماىة السمنت و نسبة السميكا مما يؤدي الى 
وكذلك زيادا مقاومة النضماط و مقاومة الن نا  لمخمطات  ( C-S-Hمن  م تتكون كمية اكبر من المركا ) 

تعود الى زيادا   ³كمم/م 170الحاوية عمى الفمدسبار مح تقدم زمن الإنضاج لممجموعة الولى ذات محتوى الما  
نسبة السميكا مما يؤدي الى زيادا تفاعميا مح مركا ىيدروكسيد الكالسيوم و الذي ينتث من عممية اماىة السمنت و 

( وىو مركا مستقر و كمية اقل من مركا ىيدروكسيد  C-S-Hمن  ببببببم تتكون كمية اكبر من المركا ) 
بمورات افائحية كبيرا تحيط بجزيئات الركام ) السطح البيني ( ويكون الكالسيوم وىذا المركا يكون عادا ب كل 

الرتباط ضعيفا بالركام مما يؤدي الى احتمالية الف ل في المنطقة البينية بين الركام وعجينة السمنت بسبا ضع  
عة ال انية ذات ىذا ينطبر عمى المجمو  المنطقة لذلك فان ىذا التفاعل يؤدي الى زيادا ك افة المنطقة البينية و

و ىذه النتائث متوافقة لما توال إليو  ³كمم/م 190و ال ال ة ذات محتوى الما    ³كمم/م 180محتوى الما   
 (.  2008(, ) الجميمي, 2005الباح ان )حسين,

 ( التبي توضبح العلاقبة 11,  10,  9يلاحظ من نتائث مقاومة النضماط و مقاومبة الن نبا  المبينبة فبي ال بكال ) 
 بين مقاومة النضماط و زمن النضاج لمفمدسبار لممجموعة الولى و ال انية و ال ال ة عمى التوالي اما ال كال

(  توضح العلاقة بين مقاومة النضماط و زمن النضاج لمفمدسبار لممجموعة الولى و ال انية  15,  14,  13)  
ة الن نا  لمخرسانة الحاويبة عمبى الفمدسببار تتنباقص مبح زيبادا و ال ال ة عمى التوالي بان مقاومة النضماط و مقاوم

و ىببذا يعببود الببى ان زيببادا كميببة مببا  الخمطببة تعمببل عمببى تحسببين قابميببة  ³( كمببم/م 190-170محتببوى المببا  مببن ) 
الت ميل لكنيا تعمل عمى أضبعا  بنيبة عجينبة السبمنت و ىبذا يبؤدي البى انخفباض فبي مقاومبة النضبماط و زيبادا 

 (.2001الخمطة و ىذا ي ابو ما توال إليو الباحث )البدري, نفاذية
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 الاستنتاجات -4
( % مبببن وزن السبببمنت أدى البببى زيبببادا زمبببن  15,    10,  5ان اضبببافة الفمدسببببار بنسبببا اسبببتبدال جزئبببي )  -أ

بزيبادا  ( زيادا في فرر ارتفاع الممس مح زيادا نسا الستبدال الجزئي . و لكبن Tv5min( و )  Tvالنسياا  ) 
 ( ويزداد فرر ارتفاع الممس. Tv5min( و)  Tvمحتوى الما  يقل زمن النسياا ) 

( % لمنسببا  60, 35, 27زيبادا مقاومبة النضبماط مبح زيبادا نسببا السبتبدال الجزئبي الفمدسببار يتبراوح ببين )  -ا
و تقللق قلللي   ³م/مكمبب 170يببوم و ذات محتببوى المببا   90( % مببن وزن السببمنت و بببزمن إنضبباج  15,  10,  5) 

 بزيادة محتىي الماء.                                                                            

 5( % لمنسا ) 17, 16, 7زيادا مقاومة الن نا  مح زيادا نسا الستبدال الجزئي الفمدسبار يتراوح بين )   -ج
و تقق قلي  بزيادة  ³كمم/م 170يوم و ذات محتوى الما   90( % من وزن السمنت و بزمن إنضاج  15,  10, 

 . محتىي الماء
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المصادر العربية      

"تقييم الخرسانة عالية الأدا  بطرر غير إتلافية" اطروحة ماجستير، جامعة  فاضل فراس، البدري -
 .2001بمداد 

خفيفببة الببوزن وذات الببرص العببالي  " الجببيلاوي ، نببدى ميببدي فببوزي " خببواص ألببواح الفيروسببمنت  -
 . 2006رسالة دكتوراه ، قسم اليندسة المدنية ، جامعة بمداد ،آا 

الجميمي , لمى احمد عداي .," الخواص الفيزيائية لمخرسانة الحاوية عمى الميتاكاؤولين المحمي "  -
 .  2009, رسالة ماجستير , قسم اليندسة المدنية , جامعة بمداد , اذار,

جعفببببر سببببممان مكطببببو  " خببببواص الخرسببببانة عاليببببة الدا  المسببببمحة بالليببببا  الفولذيببببة ين ,حسبببب -
وباستخدام دقير الفمدسبار المحمي " ،رسالة ماجسبتير ،قسبم اليندسبة المدنيبة ،جامعبة بمبداد  حزيبران 

2005. 
 

 .الخاائص التقنية لمممدن المتفور المستخدم في البحث .1الجدول
      

 سائل لزج الشكل
 بني فاتح المون

 °C 20 @ 1.1 الكثافة النسبية

 6.6 (pH) قيمة الحامضية

 °CPS @ 20 C 30 ± 128 المزوجة

 liters per100 kg of cement 0.8-0.5 المحتوى الطبيعي     
 

 التحميل الفيزيائي لمفمدسبار. 2الجدول 

 

 

 

 

 الفمدسبار الخواص الفيزيائية
 مسحوق المظهر الفيزيائي

 برتقالي فاتح المون
 2.46 الوزن النوعي

 12000 / غم ²(  سم Blaineالمساحة السطحية ) طريقة 
 97 ( S.A.Iدليل فعالية المقاومة ) 
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 التحميل الكيمائي لمفمدسبار .3الجدول 
 

 C ASTMـ 618/  03المواصفة  المحتوى % المركبات
SiO2 89.35  

 Al2O3 3.24 %70الحد الأدنى 
CaO 0.5  
MgO 0.11  
SO3 0.1  4الحد الأعمى% 

Na2O 0.94  
K2O 1.14  

L.O.I. 0.64  10الحد الأعمى% 
 
 
 

 تفاايل الخمطات المستخدمة . . 4الجدول

 

 

 

 

 

 

 

 

 

 

 

 

 

 

رهز 

 الخلطة

 السوٌت

 ³كغن/ م

 الفلذسبار

 ³كغن/ م

 الرهل

 ³كغن/ م

 الحصً

 ³كغن/ م

 الواء

 ³لتر/ م

هحتىي الولذى 

 100الوستخذم لتر لكل 

 كغن هي السوٌت 

الولذى 

 الوتفىق

 ³لتر/ م

 

w∕Cm 

R1 500 - 825 850 170 0.9 4.5 0.34 

R2 500 - 825 850 180 0.9 4.5 0.36 

R3 500 - 825 850 190 0.9 4.5 0.38 

Fel 1 475 25 825 850 170 0.9 4.5 0.34 

Fel 2 450 50 825 850 170 0.9 4.5 0.34 

Fel 3 425 75 825 850 170 0.9 4.5 0.34 

Fel 4 475 25 825 850 180 0.9 4.5 0.36 

Fel 5 450 50 825 850 180 0.9 4.5 0.36 

Fel 6 425 75 825 850 180 0.9 4.5 0.36 

Fel 7 475 25 825 850 190 0.9 4.5 0.38 

Fel 8 450 50 825 850 190 0.9 4.5 0.38 

Fel 9 425 75 825 850 190 0.9 4.5 0.38 
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 . Vاختبار القمح عمى  كل حر   .1الشكل 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Uاندور الختبار عمى  كل حر  .  2الشكل 
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 . ( لخمطات الخرسانة ذاتية الرص لممجموعة الولى Tv5min( و قيم )  Tvزمن النسياا )  .3الشكل 
 
 

 . ( لخمطات الخرسانة ذاتية الرص لممجموعة ال انية Tv5min( و قيم )  Tvزمن النسياا )  . 4الشكل 
 

 . ( لخمطات الخرسانة ذاتية الرص لممجموعة ال ال ة Tv5min( و قيم )  Tvزمن النسياا )  . 5الشكل 
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 لخمطات الخرسانة ذاتية الرص Uنتائث ارتفاع الممس لاندور الختبار عمى  كل حر   . 6الشكل 

 لممجموعة الولى .

  
 لخمطات الخرسانة ذاتية الرص Uنتائث ارتفاع الممس لاندور الختبار عمى  كل حر   . 7الشكل 

 لممجموعة ال انية .

 

 لخمطات الخرسانة ذاتية الرص Uنتائث ارتفاع الممس لاندور الختبار عمى  كل حر   . 8الشكل 
 ال ال ة .لممجموعة 
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            الع قت بين مقاومت الانضغاط و زمن   .10الشكل الع قت بين مقاومت الانضغاط و زمن الانضاج للفلدسبار             . 9الشكل 

 للفلدسبار للمجمىعت الاولً                                                           للمجمىعت الاولًضاج الان

 

 
 العلاقة بين مقاومة النضماط و زمن النضاج         . 11الشكل 

 لمفمدسبار مح لممجموعة ال ال ة                                                              
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العلاقة بين نسا الستبدال لمفمدسبار و مقاومة                   . 12الشكل 
 النضماط
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                               و زمن  الن نا العلاقة بين مقاومة  . 14الشكل العلاقة بين مقاومة الن نا  و زمن النضاج لمفمدسبار             . 13الشكل 
 لممجموعة الولى                                                                الإنضاج لمفمدسبار لممجموعة ال انية

 

 
العلاقة بين نسا الستبدال لمفمدسبار  . 16العلاقة بين مقاومة النضماط و زمن النضاج          ال كل  . 15الشكل 

 الن نا مقاومة  و                                مح لممجموعة ال ال ة                    لمفمدسبار 
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