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ABSTRACT 

For the duration of the last few many years many improvement in computer technology, 

software program programming and application production had been followed with the aid of 

diverse engineering disciplines. Those trends are on the whole focusing on synthetic intelligence 

strategies. Therefore, a number of definitions are supplied, which recognition at the concept of 

artificial intelligence from exclusive viewpoints. This paper shows current applications of 

artificial intelligence (AI) that facilitate cost management in civil engineering tasks. An 

evaluation of the artificial intelligence in its precise partial branches is supplied. These branches 

or strategies contributed to the creation of a sizable group of fashions such as difficulty 

evaluation, interpretation and prediction of various parameters. A list of decided on, updated 

fashions is provided, that challenge cost control for civil engineering initiatives. The models are 

analyzed in keeping with the pastime, discipline of operation, enter and output statistics and the 

techniques and strategies they implant. It will become clean that arterial   Intelligence may be the 

destiny vital tool for each engineer and it's going to lead to sizable upgrades within the 

construction area. 
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 الخلاصت

 

اصبحج ػذة حطٕساث في ػهى انحاسٕب , انبشيدياث ٔحطبيق ٔاَخاج ْزِ انبشايح حى اػخًادِ ىًٍ  انًاضيت انقهيهت انؼقٕد طٕال

خؼاسيف قذ حى لاصطُاػي , نزنك ػذ يٍ انقبم حخصصاث ُْذسيت يخُٕػت حشكز ْزِ انخطٕساث ػًٕيا ػهى حكُهٕخيا انزكاء ا

حقذيًٓا ٔانخي حشكز ػهى يفٕٓو انزكاء الاصطُاػي يٍ ٔخٓاث َظش يخخهفت . يؼشض ْزا انبحث حطبيقاث يٕخٕدة نهزكاء 

الاصطُاػي ٔانخي حقٕو بخسٓيم اداسة انخكانيف في يشاسيغ  انُٓذست انًذَيت . ححهيم انزكاء الاصطُاػي في فشٔػّ اندزئيت 

انفشٔع ٔانًُاْح اسًٓج في ابخكاس يدًٕػت كبيشة )أ ْايت( يٍ انًُارج انخي حٓخى ) أ حخؼهق( انخاصت قذ حى حقذيًّ . ْزِ 

بانخحهيم ,انخفسيش ٔ انخُبؤ نًخغيشاث يخؼذدة, نقذ حى حدٓيز ًَارج يُخقاة حذيثت ٔانخي حخؼهق باداسة انخكانيف نًشاسيغ انُٓذست 

انؼًهياث , بياَاث الادخال ٔالاخشاج ٔانُظشياث انخي قايٕا بخشسيخٓا . نقذ . انًُارج حى ححهيهٓا ٔفقا نُشاط , ييذاٌ انًذَيت 

اصبح ٔاضحا اٌ انزكاء الاصطُاػي سيكٌٕ الاداة الاساسيت انًسخقبهيت نكم يُٓذس ٔسٕف يقٕد انى حطٕساث كبيشة ٔيًٓت في 

   قطاع الاَشاءاث . 

 

 .انكهفت اداسة ذَيت،انً انُٓذست. انصُاػي انزكاء حطبيقاث :الزئيسيت  الكلماث
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1. INTRODUCTION 

Cost estimate is the most essential preliminary process for any construction project. So, 

construction cost estimations have the largest part of the research work in construction 

management. Estimation of cost is the important initial process to any construction project. For 

the construction industry, cost estimation is the process of predicting the costs required to 

perform the work within the scope of the project Holm at el., 2005. Accurate estimation for cost 

is crucial to confirm the successful completion for a construction project. Estimating 

construction cost is an example of a knowledge-intensive engineering task French at el., 2003. 

That is, it depends on the expertise of the human professional. Engineers require several years 

for developing the required expertise to conduct the process of cost estimation. Here the main 

problem is that the expertise of engineers is often not authenticated or documented. Hence, this 

expertise is disposed to subjectivity (i.e., it is defined to an extent for one’s personal opinion). 

So, according to Shane et al., 2009, the accuracy and comprehensiveness for cost estimation are 

delicate subjects and can be simply affected by several different parameters; furthermore, each 

parameter must be well addressed in order to keep an acceptable level of the accuracy during the 

process. So, estimating construction cost to a reasonable degree of accuracy is generally 

impossible to achieve manually. 

On the other hand, many problems are got by the inaccurate cost estimation, such as construction 

delay Parmee, 2003. Change order, or even business bankruptcy with the worst scenarios. The 

two factors, first the impossibility to conduct the cost estimation manually and second the effects 

of the incorrect cost estimation so encourage researchers besides construction companies to 

investigate smart solutions to handle the cost estimation problem. 
 

2. CONSTRUCTION COST ESTIMATING 
 

Good estimate depends on various factors including estimator’s experience, time given to the 

estimator, and the wide range of assumptions regarding the project Jrade and Alkass, 2007. 

Construction cost estimating includes collecting, analyzing, and summarizing for all available 

data of a project Holm et al., 2005. 

The  construction cost estimate is a forecast of the whole cost for  a construction project also  it’s 

estimator’s responsibility for  helping the owner of project to plan and to  budget for the project 

construction Choi, 2004. At different stages of construction, three different types of estimates 

are used: conceptual, semi-detailed, and the detailed cost estimates Holm et al., 2005. The 

difference between the three methods of estimating is explained in Table2. 

This paper will focus on conceptual cost estimating. Major difficulties which arise as conducting 

cost estimation through the conceptual phase are the lack of preliminary information, the lack of 

database of costs for road works, and lack of limited date cost estimation methods. Additional 

difficulties arise as a result of larger uncertainties caused by engineering solutions, 

environmental issues, and socio-economical. Parametric cost estimation or the estimation based 

on the historic database is extensively used in developed countries during the conceptual 

estimate phase. However, developing countries meet difficulties related to the creation of 

database of a road work costs that may be used for the cost estimation in either the conceptual 

stage or in the feasibility study to a project cycle Jamshid, 2005. 

3. PURPOSE OF COST ESTIMATE  

The early planning process is an important factor leading to project success. In recent decades, 

researchers and participants in construction industry have recognized the potential impact of 
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early planning to final project outcomes. Therefore, they started to put more emphasis on early 

planning process, where the project definition in Wang, et al., 2012. 

The cost estimate becomes one of the main elements of information for decision making at 

preliminary stage of construction. Thus, the improving of cost estimation techniques will ease 

more effective control of costs and time in construction projects Kim, et al., 2004. 

Actually, estimates are made and used for several different purposes including tendering phase, 

feasibility studies, and avoidance misuse of funds through the project, etc. The first purpose of 

cost estimation is to make an accurate and a reliable cost prediction of the construction project.  

On the other hand, the cost which is predicted depends on requirements of customer and upon 

the information besides data available. Stated that the purpose of an estimate is to postulate the 

costs required to complete project in accordance with the contract plans and specification Abdal-

Hadi, 2010. 

Likewise and Weatney cited in Jitendra, et al., 2011 outlined the purpose of cost estimate 

through the following points: 

1. Provides an assessment of capital cost for a specified piece of project. 

2. It can help to prioritize and classify projects of development with respect to a complete 

business plan. 

3. Through defining the scope for work besides its associated estimation cost the base for 

planning and control is formed 

4. Determines what resources to commit to the project with providing much of the basic 

information (hours, resources, tasks, and durations) which is needed for preparing a 

schedule. 

5. When resources are well matched to actual needs, projects can be easily managed and 

controlled. 

6. Provides the financial input required to prepare a cash flow curve. 

7. Customers expect actual development costs to be in line with estimated costs. 

8. Can be used to assess the impact of changes and support re-planning. 
 

4. CONSTRUCTION COST FACTORS 

According to Shane et al., 2009 and Ahiaga-Dagbui and Smith, 2012, any construction cost 

estimation should be developed based on specific parameters such as type of project, material 

costs, size of project, likely design with scope changes, ground conditions, type of client, 

duration, and tendering method. So, in this paper these factors have been introduced as a 

measure to compare between the cost estimation plans. 

Various different factors which affect cost estimation when constructing projects can be 

clustered into two distinct groups Akinci and Fischer,1998 :  

1) Estimator-Specific Factors and  

2) Design and Project-Specific Factors. 
 

4.1 Estimator Specific Factors 

A cost estimator is one of the three gatherings: contractor, consultant, or owner. Based on the 

estimator’s background and experience, cognitive biases or errors in cost estimates may occur 

accordingly Akinci and Fischer, 1998.  In many cases, a cost estimator makes decisions 

established on the probable gains, or losses, of a project and not necessarily established on the 

actual outcome of the decision. Moreover, the individual estimator may customize pricing based 

upon best local practices, which differ from country to country.  
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4.2 Design and Project-Specific Factors 

The factors are project size, ground conditions, type of project, material costs, type of client, 

expected design and scope changes, tendering method duration, Shane et al., 2009 . 
 

5. THE COST ESTIMATING METHODS 
 

Estimates are done by humans not by tools; tools are means that are used by the analysts while 

dependable expert systems which can estimate the costs are still unfound. The estimates are 

based on the comparisons and they are based on the company data base. A handbook on costs 

that may allow the creation of a data base related to its activity still does not exist. In order to 

estimate, the technical knowledge of background, tools, products, technologies and the used 

means for production must be acquired. A number of estimating methods distinguished mainly 

by level of accuracy that is desired for the results, these include: 

1. Analogy method  

2. Parametric method 

3. Analytical method 

The method is not chosen randomly, so there must be a logic of the information clearly available, 

and it is worth considering progress of the project then what method may require for starting 

function. 
 

5.1 Analogy Method  

5.1.1 General principle  

Analogy method of estimating of cost functions by comparing the suggested project to priory 

similar completed projects that the cost and functional definition is known.  

So by comparison, a judgment must be got through the characteristics for two completed 

projects. Then this judgment must be worked out in a way which can be explained in terms of 

cost and the method must decrease the maximum of subjectivity. 

This method has a principle that is implementing an extrapolation of like cases (source case) and 

a present case (target case). A source cases are abstracted by historical databases of project.  

The construction of the target case may be different from source case.  The case basis must be 

improved continuously by some new treated cases. 
 

5.1.2 Conclusion on analogy method 

As the use of Analogy method gives increase to certain concerns it is worth for stating its 

weaknesses  

a. Analogy method leaves room to subjectivity, and such observation is largely hard, by 

putting the trust on the detailed level that limited enough in comparison with 

accomplishment which is finished and known. 

b. Analogy method supposes that the comparisons that are made are valid, and such fact 

leads, to search for recent projects owing to the need of keeping pace with the rapidly 

developing technologies, but, this is not at all times attainable on one hand, so on the 

other hand, uniformity of projects stands a difficulty to find local completions to 

standardized the data on other hand.  

c. It suggests that the progress and production logics must be the same to capable to assess 

the different; this is a serious problem in the measuring where an advanced level of 

estimate is required for the study. However, there exist no magic methods that can avoid 

asking such kind of question!  

In fact, this method provides in a timely and responsive manner accurate estimate via low costs 

when it is rigorously applied. Also it allows having quick studies of sensitivity while it is worked 
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on coefficients of analogy. It can therefore be used as input for comparison of principles for 

solutions studied in the analysis of value. However, one must not expect extraordinary precision. 
 

 

5.2 Parametric Method  

5.2.1General principle and classification of parametric methods  

Estimating of cost model that is used in design phase needs to be in coherence with project 

definition report. It is then better to consider the concept of product architecture. It is not known 

yet how these products will be produced, but a number of physical characteristics or parameters 

like the mass, the volume, the energy absorbed or number of input-output can be accessed and 

this is obtained for the information purposes at beginning of development phase.  

Parametric estimate has been built specifically to create the costs to estimate from these 

parameters. For management, it must go from the high techniques that characterizes product and 

owned with the engineering design to economic necessary data.  

The two types of parametric methods that are highlighted are distinguished both through their 

design and their usage.  

a. Cost list. 

b. Statistical models or the cost estimates formula. 

This method includes more complex calculations than calculations for analogy method.  

This method only works on the family products (or projects) with identical structure that is 

differing only in size. Here calculations are computerized on a spreadsheet for example Excel. 

The application of parametric assessment can be used or reached within an unskilled operator on 

the contrary, the development of cost estimation formula is complex and requires an expert 

experienced in statistical calculation 
 

5.2.2 Conclusions on the parametric method 

 It is more complex calculations than analogy method.  

 It works on family products (or projects) with identical structure different only in size.  

 The calculations are computerized on a spreadsheet for example Excel. 

 The application of parametric assessment can be usde within an unskilled operator, on the 

contrary, the development of cost estimation. 
 

5.3 Analytical Method  

5.3.1 General principle  

The analytical method is the oldest, the most classic and the most widespread among other cost 

estimating methods. It requires very detailed information on the product to encode and on its 

development process.  

The most complex form for this method is to decompose each activity into the elementary tasks 

so that the time is known. This method makes it possible to calculate the actual cost of past 

achievements and to build up a data bank.  

The projects that have already been completed must be a source of experience for better 

anticipation and management of costs and risks of a new project.  

5.3.2 Conclusions on analytical method 

The method permits to have accurate estimate of costs. However, it requires much detailed 

information on both the product and tools used in a given operative range. The analytical method 

is therefore focused on as being chosen to be the subject of our studies although it requires the 

manager to be rigorous, since it is more detailed than others and it does not represent any 

subjectivity. 
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6. INTELLIGENT CONSTRUCTION PROJECT COST ESTIMATION METHODS  

In this section, analysis of the surveyed intelligent construction cost estimation methods was 

conducted. These methods have been categorized into five groups, based on the intelligent 

technique that is used in each group: 

1) Machine-learning (ML).  

2) Knowledge -based systems (KBS).  

3) Evolutionary systems (ES).  

4) Agent-based system (ABS).  

5) Hybrid systems (HS). 

At the first step, each group is explored to highlight their strengths and weaknesses. 

Subsequently, the methods are analysed in depth in terms of coverage of construction cost 

estimation techniques. In each proposal, four key questions have been highlighted for analysis. 

These questions are: 

(1) Which intelligent technique is used?  

(2) How the input datasets are collected? 

(3) How the proposed method is validated? 

(4) Which construction cost estimation factors are covered? 

In the following subsections, firstly, the intelligent techniques employed are discussed, where the 

findings of which are considered as an answer to the first question. Secondly, each proposal is 

analysed individually, which answers question 2. The content of Table 2, illustrates the answer 

of question 1, while the content of Table 3 illustrates the answer of question 2.  
 

6.1 Machine Learning (ML) Systems  

ML systems have been defined as a construction of a system that can learn from data. In general, 

the main strengths of ML are (i) the ability to deal with uncertainty, (ii) the ability to work with 

incomplete data, and (iii) the ability to judge new cases based on acquired experiences from 

similar cases. On the other hand, the main weakness of ML is the lack of technical justification; 

that is, the causes beyond the decision are not available. This type of decision is called a black 

box decision. However, in the construction management, the artificial neural network (ANN) and 

the support vector machine (SVM) are the most common ML techniques. In the next paragraph, 

the construction cost estimation proposals that are based on ML are analysed.  

One of the earliest papers to introduce the benefits and the implementation of ANN in the civil 

engineering community is published by, Flood and Kartam, 1994. This research has opened the 

door for many proposals that suggest ML as the preferred method to tackle various challenges in 

the construction industry.,Petroutsatou et al., 2012 introduced the ANN as a technique for early 

cost estimation of road tunnel construction. The data collection strategy of this research was 

based on structured questionnaires from different tunnel construction sites. Wilmot and Mei, 

2005 introduced an ANN model for highway construction costs. This research used the 

following factors as a base for cost estimation: price of labor, price of material, price of 

equipment, pay item quantity, contract duration, contract location, quarter in which the contract 
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was let, annual bid volume, bid volume variance, number of plan changes, and changes in 

standards or specifications. The main contribution of this work was that it covered all required 

factors. ,Jafarzadeh et al., 2014 proposed the ANN method for predicting seismic retrofit 

construction costs. This study selected data from 158 earthquake-prone schools. The validation 

of this method is not clear. An et al., 2007 proposed SVM for assessing conceptual cost 

estimates. Although this proposal is introduced as an assessment tool, still it might be considered 

as a cost estimation method. The method was developed on the basis of data from 62 completed 

building construction projects in Korea. Furthermore, Hola and Schabowicz, 2010 developed an 

ANN model for determining earthworks’ execution times and costs. Basically, this model was 

developed on the basis of a database created from several studies that were carried out during 

large-scale earthwork operations on the construction site of one of the largest chemical plants in 

central Europe.  

Son et al., 2012 developed a hybrid prediction model that combines principal component 

analysis (PCA) with a support vector regression (SVR) predictive model for cost performance of 

commercial building projects. They used 64 related variables to define the pre-project planning 

stage. They developed their dataset based on information from 84 building projects in South 

Korea. Cheng and Hoang, 2014 developed cost estimation at completion technique using least 

squares support vector machine. The data sets that are used in this research were collected from 

13 reinforced concrete building projects executed between 2000 and 2007 by one construction 

ompany headquartered in Taiwan. 
 

6.2 Knowledge - Based Systems (KBS) 

This category includes any technique that uses logical rules for deducing the required 

conclusions. The main strengths of KBS are (i) the ability to justify any result and (ii) 

uncomplicated methods (i.e., it is relatively easy to develop (KBS). On the other hand, the 

limitations of KBS are (i) the difficulty of self-learning and (ii) time consumption during the rule 

acquisition process. Expert system and case-based reasoning are the common techniques used in 

KBS. The accuracy of case-based reasoning is highly dependent on the number of selected cases. 

Recently, KBS has been combined with other techniques to handle the limitation of the self-

learning process. However, this mixture will be discussed in more details in the section of this 

paper that deals with hybrid systems. 

Ji et al., 2012, proposed case-based reasoning to prepare strategic and conceptual estimations for 

construction budgeting. The data for this project were collected from 129 military barrack 

projects. Choi et al., 2014 proposed a cost prediction model for public road planning. The 

research data had been collected from a total of 207 real public road projects. Choi et al., 2014 

used rough-set theory to control the data collection and a genetic algorithm to optimize the 

rough-set model. Their work was classified as CBS since the authors implemented the case-

based reasoning component in their cost estimation. Kim K. J. and Kim K., 2010 developed a 

cost estimation model using KBR. This research overcomes the uncertainty in choosing the 

correct case by using a genetic algorithm. For this research, data were collected from 65 projects 

that constructed 585 bridges over a 5-year period.  

Kim, 2013 developed a cost estimation model based on case-based reasoning and analytical 

hierarchy process (AHP). In this project, data have been selected from literature and only 13 

studies have been analyzed. Kim, 2013 developed his model based on data from high-way 

construction projects. The validation has been conducted based on case study that contains data 

from 48 construction projects. 
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6.3 Evolutionary Systems (ES) 

ES is a group of intelligent systems concerned with continuous optimization with heuristics. As 

the results of ES are generated based on specific heuristics, they are very difficult to generalize, 

which is considered to be the main limitation of ES. The ability to solve complicated and 

uncertain problems is the main motivation for researchers to use ES. Evolutionary systems are 

used mainly as optimization tools where there are many solutions; however, the ES algorithm 

assists in obtaining the correct solution. Rogalska et al., 2008 proposed a method based on 

genetic algorithm to deal with the problem of construction project scheduling. De Albuquerque 

Et Al., 2012 developed a tool for estimating the cost of concrete structures. This tool is 

developed based on genetic algorithm. The cost has been estimated in all construction phases, 

such as manufacture, transport, and erection. Afshar et al., 2009 developed a multicolony ant 

algorithm to solve the time/cost multiobjective optimization problem. This method estimated 

both direct and indirect costs. Zhang and ng, 2012 developed a decision support system (DSS) 

for cost estimation based on ant colony system, Zhang and Ng, 2012 used synthetic data to 

develop their DSS and they do validate their system by comparing it with a standard academic 

project. However, validation is done. Still validation with real projects provides more accurate 

results. 

6.4 Agent- Based Systems (ABS) 

ABS has been considered as one of the main tracks in artificial intelligence, simulating the 

actions and interactions of autonomous agents with a view of assessing their effects on the 

system as a whole. In ABS, the generalization of extracted results is the main challenge. 

Karakas et al., 2013 developed a multivalent system (MAS) that simulates the negotiation 

process between contractor and client regarding risk allocation and sharing of cost overruns in 

construction projects. This MAS was tested by interviewing eight professionals from the 

construction industry. In addition, Rojas and Mukherjee, 2006 developed a general multivalent 

simulation framework that can be used as an effective training environment. This framework 

could be used to estimate direct and indirect costs for construction projects. 

6.5 Hybrid Systems (HS) 

HS is defined as a collection of techniques used together to solve a specific problem. Usually, 

researchers use HS to overcome the techniques’ individual limitations. Implementation of HS 

could represent a challenge, due to the unavailability of computational tools that could support 

its implementation. Cheng et al., 2013 proposed a hybrid intelligence system for estimating 

construction cost. This hybrid system was developed based on support vector machine (SVM) 

and differential evolution (DE). In this proposal, data were collected across a number of public 

projects in Taiwan. Kim et al., 2005 proposed hybrid models of ANN and GA for cost 

estimation of residential buildings, in order to predict preliminary cost estimates. In Kim et al.’s 

proposal, data were collected from residential buildings constructed in the years between 1997 

and 2000 in Seoul, Korea. Yu and Skibniewski, 2010 proposed integrating a neurofuzzy system 

with conceptual cost estimation to discover cost-related knowledge from residential construction 

projects. The data used in this proposal was based on historical data from previous construction 

projects collected by the ministry of construction of PRC in the years between 1996 and 2002. 

Most recently, Cheng et al., 2009 proposed web-based conceptual cost estimates for 

construction projects, using an evolutionary fuzzy neural inference model. Data were collected 

from 28 construction projects spanning the years from 1997 to 2001 in Taiwan.  

Table 2 shows the comparison of surveyed proposals, based on two issues. The first issue is the 

intelligent technique used in a proposal. The second issue is the type of validation that is used to 
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prove the applicability of the proposal. Table 3 shows the comparison of surveyed proposals, 

based on design and project-specific factors used to estimate construction cost in each proposal. 

The letter “y” means that this factor has been considered in this proposal, while the letter “N” 

means that this factor has not been considered. It is very obvious that there is no proposal that 

satisfies all the design and project-specific factors. 

7. HISTORICAL COST DATA   

The preparing of cost estimates normally requires usage of historical data on the construction 

costs. The data historical cost will be valuable for cost estimation only when they are collected 

then organized in a technique that is compatible with the future applications. Organizations that 

are engaged in estimation of cost continually ought to keep a file for the own use. The 

information need to be updated with the respect to changes which will inevitably occur. The 

format of the cost data, such as the unit costs of various items, must be organized according to 

current standard of the use in the organization. 

The data historical cost must be used cautiously and changes in relative prices that may have 

substantial impacts on the construction costs that have increased in the relative price. Unluckily, 

systematic changes over the long period of time and for such factors are hard to predict. The 

errors in analysis serve to introduce uncertainty in the cost estimates. Of course it is difficult, to 

forecast all problems that may occur in construction as well as operation of facilities. Some 

evidence to estimate costs of construction and operating have tended to persistently minimize the 

actual costs. So this is by reason of the effects in costs for greater than anticipated increases, 

changes in design through the construction process. A lot of data is required to construction cost 

estimating on building elements, equipment, material, labor, as well as other related information. 

These data need to be organized in a way that they can be easily accessed. One way to solve the 

problem is to use a database for storage of the data. A database is a storage facility or a 

collection of related records or documents.  

Databases are designed, constructed, and populated with information data for a specific purpose 

then has an intended group for users and some applications by which the users are interested. 

The estimating software is designed to estimate adopts database technology for storing all the 

information that necessary for the estimating.  

Some of the reasons for using databases are Phuwadol, 2010:  

1. Compactness: The Databases help for maintaining the large quantities of data, and 

therefore completely replace voluminous the paper files. 

2. The Speed: Searches for a specific piece of information or data in the database are faster 

than the sorting through paper piles.  

3. Less drudgery: It is dull work to keep files by hand; so by using a database fully 

eliminates such maintenance.  

4. Currency: Database systems can easily be updated and so provide accurate information all 

the time and on demand.  
 

8. CONCLUSIONS  

This centered evaluation of the continuing strategies screen the prolonged and growing adoption 

of AI within the management of Civil Engineering initiatives and particularly task cost 

management. It has become obvious inside the previous couple of years that each software of AI 

has its strong and susceptible points. As quickly as those factors had been identified, the brand 

new methods are targeted on hybrid structures. The latter ones are structures which integrate two 

or more one-of-a-kind AI. The preceding analysis, concluded that the most commonplace and 
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appropriate processes of artificial intelligence, which can be used to expand fashions for 

production projects are Fuzzy good judgment, Neural Networks, support vector machine and 

Genetic Algorithms. Those techniques combined with data and particularly regression evaluation 

may want to produce predicting fashions easy to use, and at the equal time green and correct. 

Subsequently, because the hardware is becoming extra robust and green, and at the same time 

applications aim at a total integration, the resulting systems will exhibit remarkable overall 

performance. 

In this paper, a survey and analysis have been done on extraordinary proposals as a way to 

address the trouble of growing production cost estimation based totally on clever techniques. A 

systematic methodology has been designed to enforce this survey. The method of the offered 

paper becomes based on parts. The first component turned into worried with a literature survey 

to have a look at the present day nation of sensible answers in the construction industry. 

Concerning this relies, the journals that specialize in both statistics technology and construction 

management are chosen solely. Period is enough to surround the instructions of research in a 

selected place. The second one part became involved with analysis of the proposals accrued 

inside the first element. Four key questions were selected to analyze every concept. This paper 

offers contributions to this vicinity of understanding: (1) an analysis of construction price 

estimation proposals and (2) a well-known survey methodology that may be utilized in any 

destiny surveys that deal with construction price estimation. Consistent with the effects of this 

studies paper, the studies gaps which have been deduced from this survey are as follows. (1) 

there may be a critical necessity for a price estimation method that covers all estimation elements 

from each type; that is, there's a need for one approach that includes all “estimator precise” and 

“design and challenge-particular” elements. In desk 1, it is obvious that no proposal has a 

complete row of “Y.” (2) there is a real need for a widespread validation method which can be 

used to determine the accuracy stage of a value estimation proposal. (3) there are many proposals 

that be afflicted by a loss of medical justification for the consequences, that is, loss of describing 

how technically the outcomes had been executed. 
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Table 1.Three types of construction cost estimating methods. 

Type of Estimate Construction Development Expected Error 

Conceptual Programming and schematic design ± 10-20% 

Semi-Detailed Design development ± 5-10% 

Detailed Plans and specification ± 2-4% 

 

Table 2. Comparison of proposals based on technique and validation 

Proposal          Technique    Validation 

Wilmot and Mei ML, ANN Comparison with methods for 

assessing conceptual cost estimates 

An et al ML,SVM Comparison with methods for 

assessing conceptual cost estimates 

Petroutsatou et al. ML, ANN By comparison with other models in 

literature 

Jafarzadeh et al. ML, ANN Have not been mentioned 

Hola andSchabowicz ML, ANN Have not been mentioned 

Son et al. ML,SVM Comparison with other techniques 

such as ANN and a decision tree 

(DT) 

Cheng and Hoang ML,SVM Have not been mentioned 

Ji et al KBS: case-based 

reasoning 

Using case study 

Choi et al. KBS: case-based 

reasoning 

By comparison with previous 

conceptual cost estimation studies 

K. J. Kim and K. KBS: case-based Have not been mentioned 
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Kim reasoning 

Karakas et al. ABS: MAS Interview with expert 

Rojas and 

Mukherjee 

ABS: multiagent Have not been mentioned 

kim KBS: case-based 

reasoning and 

analytical 

hierarchy process 

Case study 

de Albuquerque et 

al. 

ES: genetic algorithm Have not been mentioned 

Rogalska et al. ES: hybrid genetic 

evolutionary algorithm 

By comparing the result with case 

studies from literature 

Afshar et al. ES: ant colony By comparing the results with case 

studies in construction optimization 

Zhang and Ng ES: ant colony By comparing the results with an 

academic benchmark 

Cheng et al. HS: SVM and DE By comparing the result with other 

methods 

Kim et al. HS: ANN and GA Have not been mentioned 

Yu and Skibniewski HS: ANN and fuzzy 

system 

By using a case study of residential 

building construction projects in 

China 

Cheng et al. HS: ANN, GA, and 

fuzzy system 

Have not been mentioned 

 

Table 3. Comparison of the proposals based on design and project-specific factors. 
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Wilmot and Mei Y Y Y Y Y Y Y Y N 

An et al Y Y Y Y Y N N N N 

Petroutsatou et al. Y Y Y Y Y Y Y N N 

Jafarzadeh et al. Y Y Y Y Y N N N N 

Hola 

andSchabowicz 

Y Y Y N N N Y Y Y 

Son et al. Y Y N Y Y N N Y N 

Cheng and Hoang Y Y Y N N N N Y N 

Ji et al Y Y Y N Y N Y N N 



Journal of Engineering Volume   22  August  2016 Number 8 
 

 

15 

 

Choi et al. Y Y Y Y N N N N N 

K. J. Kim and K. 

Kim 

Y Y Y Y N N N N N 

Karakas et al. N N Y Y Y N Y N N 

Rojas and 

Mukherjee 

Y Y Y N N N N N N 

kim Y Y Y N N N N N Y 

deAlbuquerque  Y Y Y N N N Y N N 

Rogalska et al. Y Y Y N N N N N N 

Afshar et al. Y Y Y N N Y Y Y Y 

Zhang and Ng Y Y Y N N N N N N 

Cheng et al. Y Y Y N N N Y Y N 

Kim et al. Y Y Y N N N Y Y N 

Yu and 

Skibniewski 

Y Y Y Y N N Y Y N 

Cheng et al. Y Y Y Y N N Y Y N 
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ABSTRACT 

         In this research a theoretical study has been carried out on the behavior and strength of 

simply supported composite beams strengthened by steel cover plate taking into consideration 

partial interaction of shear connectors and nonlinear behavior of the materials and shear 

connectors. Following the procedure that already has been adopted by Johnson (1975), the basic 

differential equations of equilibrium and compatibility were reduced to single differential 

equation in terms of interface slip between concrete slab and steel beam. Furthermore, in order to 

consider the nonlinear behavior of steel, concrete and shear connectors, the basic equation was 

rearranged so that all terms related to materials are isolated in the equation from the main 

variable (interface slip). The exact solution was obtained by considering appropriate boundary 

conditions according to load types and location. A computer program has been written using 

MATLAB R2013a to simplify the process of computation of section properties where the load 

applied iteratively from zero to ultimate capacity of the beam, and the results are compared with 

available experimental results which show good agreement.  

As the composite section reaches its ultimate capacity in bending and lower flange start yielding 

due to excessive loading, cover plate are furnished in order to increase load carrying capacity of 

beam. In the process of strengthening, using of cover plate as a percent of the area of lower 

flange of steel section equal to 41%, 82% and 164% will increase the beam carrying capacity by 

15%, 30% and 43% respectively; also using the same above mentioned area of cover plate will 

reduce the central deflection by 59%, 72% and 80% respectively. 

Keywords: composite beams, partial interaction theory, nonlinear materials. 

 

  رباطاث القص باستخذامالتصرف اللاخطي للعتباث المقواة والمركبت مه الحذيذ والخرساوت المتصلت جزئياً 

 
 شاهو محمود حمه      د. علي احسان صلاح الذيه 

 جاهؼح الاًثاس -ولُح الهٌذسح                       وشوىنجاهؼح  -ولُح الهٌذسح 

 الخلاصت

الفىلارَح, أخزاً تٌظش  الصفائحالومىاج تاسرخذام و َمذم الثحس ًوىرجاً ًظشَاً لسلىن الؼرثاخ الوشوثح الثسُطح الإسٌاد  

)الخشساًح والفىلار وستاطاخ المص( تالإضافح إلً اػرواد ًظشَح الرذاخل  الاػرثاس الرصشف اللاخطٍ لؼٌاصش الومطغ الوشوة

ذن اخرصاس الوؼادلاخ الرفاضلُح الشئُسُح للرىاصى والرىافك تُي ػٌاصش الومطغ هرثؼا ًظشَح جىًسىى  لشتاطاخ المص.  الجضئٍ

تالاضافح الً رله ، ذن فصل الورغُشاخ الورؼلمح  إلً هؼادلح ذفاضلُح واحذج تذلالح الاًضلاق تُي الحذَذ والخشساًح.الوشوة 

 خطٍ للوىاد تٌظش الاػرثاس.لااخز الرصشف ال اجل الومطغ الوشوة هي خصائصت

لشفح السفلً للؼرثح الفىلارَح ا ذصل هادجػٌذ وصىل الومطغ الوشوة إلً ذحوله الألصً ًرُجح الأحوال الوسلطح ػلُه   

 R2013aذن وراتح تشًاهج تلغح الواذلاب تٌسخح  الخضىع لزا َرن إضافح الششائح الفىلارَح أسفل الؼرثح لضَادج لاتلُح ذحولها.الً 

ىسج الذساسح الحالُح هغ الٌرائج الؼولُح الوٌش هيذود هماسًح الٌرائج الوسرحصلح حُس  الوىاد حساب خصائصذسهُل هي اجل 

إى ذمىَح الشفح السفلً فٍ همطغ الحذَذ تضَادج السوه َؤدٌ الً صَادج فٍ همذاس . ثحىز ساتمح  ولذ وجذ ذماسب جُذ هؼهاالفٍ 

ذحول الؼرثح الوشوثح واًخفاض فٍ لُوح ولٍ هي الاًضلاق الألصً فٍ الٌهاَح الؼرثح والهطىل فٍ هٌرصف الؼرثح الوشوثح فٍ 

 % ,74فىلارَح( تومذاس ال صفائحالهساحح همطغ حذَذ الرمىَح ) صَادجحُس وجذ اى  )تذوى الرمىَح(.ًفس الوسرىي هي الرحوُل 
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% ػلً 76% و 63% ,48َؤدٌ إلً صَادج ذحول الومطغ تٌسة ( وٌسثح هي هساحح همطغ الشفح السفلً)% 497% و5;

  % ػلً الرىالٍ.3;% و5:%, >8الرىالٍ, واًخفاض فٍ الهطىل ػٌذ هٌرصف الؼرثح الوشوثح تومذاس 

 

1. INTRODUCTION  

            Composite construction, especially for multi-store buildings and bridges, has achieved a 

high market share in several European countries, USA, Canada and Australia. This is mainly due 

to a reduction in construction depth, to savings in steel weight and to rapid construction 

programs. The simplest form of composite steel – concrete beam consists of steel I–beams and 

an upper concrete slab connected together by shear connectors as shown in Fig. 1.  

A fundamental point for the structural behavior and design of composite beams is the level of 

connection and interaction between the steel section and the concrete slab. The term “full shear 

connection” relates to the case in which the connection between the components is able to fully 

resist the forces applied to it. Partial composite action occur when the number of shear 

connectors is less than required to achieves full interaction between slab and steel beam. 

Mechanical shear connectors are required at the steel-concrete interface and these connectors are 

necessary to transmit longitudinal shear along the interface, and to prevent separation of steel 

beam and concrete slab at the interface. The first interaction theory that takes account of slip 

effects was initially formulated by Newmark in 1951, based on elastic analysis of composite 

beams assuming linear material and shear connector behavior. Using the same element 
presented by Newmark, Johnson in 1975 proposed a partial interaction theory for simply 

supported beams, in which the analysis was based on elastic theory. The composite beam was 

assumed to be in linear elastic materials. The discrete connection was assumed to be smeared 

along the beam, so that the connector strength and stiffness can be quoted per unit length of 

beam. In 1985, Roberts tackle the problem of incomplete interaction for composite beams in 

more details. The solution arrived at the four simultaneous differential equations in terms of four 

independent displacements which are the horizontal and vertical displacements in each 

component of the composite section. In 1990, Al-Amery and Roberts made a new development 

in this field where allowance has been made for the simultaneous slip and separation at the 

interface and the nonlinear behavior for the concrete, steel and connectors. 

The researches in this field was continued to cover sandwich composite beams. In 2007 Al-

Amery et al presented two researches on behavior of multi-layer composite beams with partial 

interaction of shear connectors, while Sayhood and Mahmood (2011) tackle the problem of 

non-linear behavior of composite slim floor beams with partial interaction. The main differential 

equations were written in term of interface slip while Dogan and Roberts (2010) drive the basic 

equations in term of axial forces that transmitted between composite section layers. 

The aim of this research is developing analytical solution for nonlinear behavior of simply 

supported composite beam with partial connection. 

 

2. ASSUMPTIONS 

 The basic assumptions of conventional beam theory were used in which plane sections 

are assumed to remain plane after bending. The connection is assumed to have negligible 

thickness and possess finite normal and tangential stiffness, and it will resist the uplift forces and 

prevent the separation between the steel and concrete. Also, the concrete is assumed to have no 

tensile strength and all the tensile forces beyond neutral axis are transmitted through connectors 

to steel beam. 
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3. THE MODELS 

 In this study non-linear analysis of composite beam subjected to different loads has been 

adopted. The reason for choosing typical composite beam is that it is one of the most common 

flexure elements, and at the same time is simple enough to allow for closed-form analysis. 

The second order differential equations obtained by Johnson in 1975, were derived as follows. 

The material properties are isolated in separate terms in order to simplify the process of 

computing the inelastic properties of these components.  

 

3.1 Equilibrium Equations 

 An element of a composite steel and concrete beam, length (dx), shown in Fig. 2, is 

subjected to moments (M), shear forces (V) and axial forces (F). Subscripts (c) and (s) denote the 

concrete and steel respectively, and the local (x-z) axes pass through the centroids of the two 

materials.  

Longitudinal equilibrium of either the steel or concrete gives,  

dF
   q 

dx
                                                                                                                                       (1) 

Taking moments about the center of the concrete element alone gives, 

c c
c 

dM h
   V    q . 

dx 2
                                                                                                                        (2)  

The term (dvc/2) has been neglected because it very small value.  

Similarly for the steel element 

s s
s 

dM h
   V    q . 

dx 2
                                                                                                                         (3)                                                                                                                       

Also, the term (dvs/2) has been neglected for the same reason above mentioned. Hence, 

Vc + Vs = N                                                                                                                                   (4) 

Where N is the total vertical shear at a section, distance (x) from the support 

From Eq. (2), Eq. (3) and Eq. (4), 

s
1

cdM dM
 + 

dx dx
  + N = q. d                                                                                                             (5) 

in which (d1) is the distance between the centroids of the two components. The applied external 

moment (M) is equal to the sum of the individual moments that each element can carry together 

with the composite couple, so, 

c s 1M = M + M + F.d                                                                                                                       (6) 

 

3.2 Compatibility Equations 

Assuming equal curvatures for the two materials gives, 
2 2 2

c s

2 2 2

d w d w d w
 =  =  

dx dx dx
                                                                                                                 (7)       

From elastic beam theory, 
22

c c

2 2

c c

d w Md w
 =  = 

dx dx E I
                                                                                                                   (8) 

22

s s

2 2

s s

d w Md w
 =  = 

dx dx E I
                                                                                                                    (9) 



Journal of Engineering Volume   22  August  2016 Number 8 
 

 
 

19 

 

Differentiating Eq. (8) and Eq. (9) once with respect to (x) and substituting for ( c
dM

dx
 ( and ( s

dM

dx
) 

in Eq. (5), and rearranging gives, 
3

c c s s 13

d w
.(E .I + E .I ) + N = q 

d
  . d

x
                                                                                                (10) 

The shear flow q is related to the slip (ucs) by the equation, 

csK .
  =

 u
q 

S
                                                                                                                                 (11) 

Substituting for q into Eq. (10) and rearranging, give, 
3

cs 1

3

c c s s

K . u . dd w 1
 =   - N

dx (E .I + E .I )  S
 

 
 
 

                                                                                     (12) 

Strains of the concrete and steel, (εc) and (εs), at the interface can be expressed as, 
2

  2

c c

c c   ε
1 d w F

=  h  - 
2 dx E .A

.                                                                                                             (13) 

2

  2

s s

s s   ε
1 d w F

=  h  + 
2 dx E .A

.                                                                                                            (14) 

The interface slip strain ( cs
du

dx
) is given by, 

c s
cs ε - 

du
= 

x
ε

d
                                                                                                                                (15) 

Eq. (13) and Eq. (14), give, 
2

cs
1 2

c c s s

du d w 1 1
 = d .  - F( + )

dx dx E .A E .A
                                                                                           (16) 

 

Differentiating Eq. (16) once with respect to (x), yield into; 
2 3

cs
12 3

c c s s

d u d w dF 1 1
 = d .  -  ( + )

dx dx dx E .A E .A
                                                                                    (17) 

Substituting for (
3

3

d w

dx
) and (

dF

dx
) from Eq. (12), Eq. (1) and Eq. (11) and rearranging Eq. (17) 

becomes. 

cs

c c s s

2 2

cs 1 1

2

c c s s c c s s

K . u

S (E .I +

d u d d1 1
 - + + = -

 E .I ) (E .I
 N.

dx + E .E .A E I ).A

 


 
 



 

                                  (18) 

Let, 

     

                                                                               (19) 

 

1

c c

2

s s

1

1(E .I +

d 1
β  = 

I )
.

. α E
                                                                                                               (20) 

 Hence, substituting in Eq. (18), will give the basic differential equation in terms of 

interface slip:- 

c

2
2 1
1

c c c ss s s

dK 

S (E .I + E

1 1
α  = + +

E .I ).A E .A
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2
2 2cs
1 cs 1 12

d u
 - α .u = -α .β .N

dx
                                                                                                             (21) 

 The iterative solution of this equation considering material non linearity will give the 

values of the interface slip along the beam span. 

In which (
1α ) and (

1β ) are functions of the section and material properties, (N) is the 

vertical shear force in the beam at a distance (x) from the support. 

 

4.  THE SOLUTION OF THE DIFFERENTIAL EQUATION 

 The general solution for the differential Eq. (21) can be obtained mathematically as 

usual; then, the constants can be defined after specifying the suitable boundary conditions. 

 

4.1 Case1: Point Loads: 

 For a simply supported beam subjected to a point load (P) applied at distance (L1) and 

(L2) from the ends of the beam, as shown in Fig. 3. 

 The differential equation obtained by Johnson can be solved after expressing the shear 

forces to the left and right of the load, as given below: 

L 2L
N = - P

L
         (to the left of point load)                                                                                 (22) 

R 1L
N = + P

L
        (to the right of point load)                                                                              (23) 

where superscripts L and R denote left and right of the load. Solving Eq. (21) for the two parts of 

the beam (to the left and right of the point load) gives=       

L 2
cs 1 1 2 1 1

L
u = K .sinh(α .x)+K .cosh(α .x) - β .P( )

L
                                                                           (24) 

R 1
cs 3 1 1 4 1 1 1

L
u = K .sinh(α (x-L ))+K .cosh(α (x-L )) + β .P( )

L
                                                            (25) 

in which (K1) to (K4) are arbitrary constants of integration. The four boundary conditions needed 

to determine these constants are= 

cs

L R

csu = u                        when x = L1                                                                                             (26) 
L R

csdu du
= 

dx dx

cs                 when x = L1                                                                                             (27) 

L

csdu

dx
= 0                        when x = 0                                                                                             (28)              

R

csdu

dx
= 0                        when x = L                                                                                             (29)                           

Applying these boundary conditions, (K1) to (K4) can be determined as follows: 

K1 = 0                                                                                                                                          (30) 

1 2
2 1

1

sinh(α .L )
K = β .P

sinh(α .L)
                                                                                                                  (31) 

1 1 1 2
3 1

1

sinh(α .L ).sinh(α .L )
K = β .P

sinh(α .L)
                                                                                                (32) 

1 1 1 2
4 1

1

sinh(α .L ).cosh(α .L )
K = -β .P

sinh(α .L)
                                                                                              (33) 
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Substituting for (K1) to (K4) into Eq. (24) and Eq. (25) gives the final solution for a simply 

supported beam subjected to concentrated load, as shown below: 

1 2
1

1

L 2
cs 1 1

sinh(α .L )
β .P

sinh(α .L

L
u = .cosh(α .x) - β .P(

)
)

L
                                                                             (34) 

1R

cs 1
1 2

1 1

1

sinh(α .L ) L
β .P β .P( )

sinh(α .
u = - .cosh(α (L-x)) +

L) L
                                                                      (35) 

 

4.2 Case2: Uniformly Distributed Loads: 

 Using Johnson’s approach for a simply supported beam of span (L) subjected to a 

uniformly distributed load (ρ) , the vertical shear force at distance (x) from the left hand support  

as shown in Fig. 4, is given by, 

 
L

N = ρ.x - ρ
2

                                                                                                                             (36) 

Substituting for (N), the general solution of the differential Eq. (21) can be obtained as: 

cs 5 1 6 1 1

L
u = K .sinh(α .x)+K .cosh(α .x) + β .ρ(x- )

2
                                                                          (37) 

 

in which (K5) and (K6) are arbitrary constants. The boundary conditions can be expressed in 

terms of the slip (ucs) as the axial strains and curvature equal to zero at supports: 

    csdu

dx
 = 0                 when x = 0 and x = L                                                                               (38) 

Alternatively due to symmetry, one of the conditions expressed by Eq. (38) can be replaced by: 

    ucs = 0                     when x = L/2                                                                                            (39) 

Substituting these boundary conditions into Eq. (37), the constants K5 and K6 can be determined 

and the particular solution for this case is: 

1 1 1
cs 1 1

1 1

β .ρ β . α .L
u = - + tan

ρ
 sinh h( ).cos(α h(.x) α

2
.x

α α
) 1

L
+ (.ρ x-β )

2
                                              (40)     

 

5. BASIC DIFFERENTIAL EQUATIONS 

 When the material properties (E) are considered to be constant (linear analysis) Eq. (40) 

can be solved directly. The equation can be used to get the slip and axial force along the beam. 

Alternatively, if the material properties are non-linear functions of strain, the above equations 

require specifying these properties at each loading stage. This can be achieved by dividing the 

cross sectional area of the concrete and steel shape into a number of layers having areas ( i

c
A ) and 

( j

sA ) at a distance ( i

c
z ) and ( j

s
z ) from the origin of coordinates, respectively, and using the 

summation over the appropriate area. The appropriate values of ( i

c
E ) and ( j

s
E ), for the layers ( i

c
A

) and ( j

sA )  are the secant values determined from the assumed stress-strain curves, 

corresponding to the strains ( i

c
ε ) and ( j

s
ε ) in center of layers ( i

c
A ) and ( j

sA ), respectively. 

Therefore, for concrete, ( i

c
E ) corresponds to a strain ( i

c
ε ) at the center of the corresponding layer 

and is given by, 

1

2
i i

c c n2
i i

c c

i=1

d w F
ε = z  . -

dx
E .A

                                                                                                             (41) 
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Similarly for steel shape, 

2

2
j j

s s n2
j j

s s

j=1

d w F
ε  = - z  .  + 

dx
E .A

                                                                                                       (42) 

in which n1 and  n2 are the total number of layers in the concrete and steel shape respectively.  

 The corresponding stress (σ) for each layer can be obtained using appropriate secant (E) 

values at the center of each layer. Hence, 
i i i

c c cσ  = E .ε                                                                                                                                    (43) 
j j j

s s sσ  = E .ε                                                                                                                                     (44) 

 The non-linear behavior of the stud connectors has been introduced in this formulation 

through Eq. (53) in which shear stiffness of the connectors (Ks) can be defined from the relative 

value of the slip. After substituting Eq. (41) and Eq. (42) into the basic equilibrium and 

compatibility equations Eq. (18)  and rearranging them, the new form of the differential Eq. (21), 

in term of interface slip including the influence of the non-linear material and shear connector 

behavior is,  

1 1 1 2

2 2

cs s cs 1 1

n n22 n n nn2
j ji i i i j j i i j j
s sc c c c s s c c s s

j=1i=1 i=1 j=1 i=1 j=1

d u K .u d d1 1
 - . + + = N .

dx S
E .AE .A E .I + E .I E .I + E .I

   
   
   
      
      
         

    

               (45) 

 

 

 

 

Now letting 

 1 2 1 2

2
2 s 1
2 n n n n

i i j j i i j j
c c s s c c s s

i=1 j=1 i=1 j=1

K d1 1
 α  = . + +

S
E .A E .A E .I + E .I

 
 
 
  
  
   
   

                                                          (46) 

1 2

1
2 2n n

2i i j j

c c s s

i=1 j=1

d 1
 β = .

α
E .I + E .I

 
 
 
  
  
   
 

                                                                                                  (47) 

 Then, the final form of the differential Eq. (21) becomes,  
2

2 2cs
2 cs 2 22

d u
 - α .u = -α .β .N

dx
                                                                                                             (48) 

and Eq. (40) becomes, 

2 2
2 2 2

2 2

2
cs

α .L L
u = - + tanh( ).cosh(

β .ρ β .ρ
 sinh(α .x) α ) + (x- )

2
x β .ρ

α α 2
.                                 (49)                                                                 
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6. MATERIAL PROPERTIES 

 The performance of any structure under load depends to a large degree on the stress-

strain relationship of the material from which it is made. In the following a description of the 

constitutive relationships for the materials comprising composite beams is given. 

Concrete 

In American code for structural concrete, the compressive strength of the concrete is usually 

based on standard (150 mm * 300 mm) cylinders cured under standard laboratory conditions and 

tested at a specified rate of loading at 28 days of age. Another widely used model for the stress 

strain relationship of the concrete in compression is that proposed in the BS8110, as shown in 

Fig. 5 where the variation of the curved portion of the stress-strain relationship is given by, 
6 2

cuσ = 5500 f . ε -11.3*10 .ε   (fcu is in N/mm²)                                                                     (50) 

The above equation is used in this study 

Steel section 

    Hot rolled steel sections were used extensively as structural material because of their 

significant properties such as high strength as compared to any other building material and also 

ductility which is the ability to deform substantially in either tension or compression before 

failure. Fig. 6 shows a suitable mathematical model for representing the behavior of structural 

steel as a practical strain limit. This model which is proposed by BS8110, consists of elastic, 

perfectly plastic portions. In the present study the strain hardening is not taken into account. 

Shear connectors 

 In composite beam design, headed stud shear connectors are commonly used to transfer 

longitudinal shear forces across steel-concrete interface. Present knowledge on the load–slip 

behavior and the shear capacity of the shear stud in composite beam is limited to data obtained 

from the experimental push-off tests, Lam, and El-Lobody, 2005. 

 Al-Amery, and Roberts, 1990, developed a model for shear connectors and carried out  

parametric study to end up with the following exponential form in which one point on the load-

slip curve is required (values of slip and corresponding load) to model that curve as follows,  

 cs- .u

uQ = Q  . 1- e


                                                                                                                     (51) 

 cs u u = 1/u . ln Q / (Q - Q)                                                                                                         (52) 

in which (ϕ) is a constant and ( Q ) is the midrange load from experimental curve and (
cs

u ) is the 

corresponding slip. The tangent stiffness, Ks, is given by differentiating Eq. (51) once with 

respect to slip value, 

 cs- .u

s cs uK  = dQ/du  = Q . 1- e


                                                                                                    (53) 

This model has been used in the present study, as shown in Fig. 7. 

 

7. APPLICATIONS   

 In order to validate the theoretical representation of the partial interaction behavior of 

simply-supported composite beam, the formulation presented in the previous sections has been 

applied to a practical section and the results are compared with the experimental values reported 

by previous researchers. 

    The computer program presented in this study for non-linear analysis of composite beams with 

partial connection is used to investigate various loading conditions. Also, a convergence study is 

carried out since a numerical method has been employed in the solution. A computer program 

has been written using MATLAB R2013a to simplify the process of computation the section 
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properties. The full loading history was covered in the program to describe the complete 

behavior of the composite beam from zero to full yielding loading of strengthened beam. 

 

7.1 Example 1 

 The example which is presented by Al-Amery, and Roberts, 1990 was used herein for 

validating the accuracy of the proposed method of analysis and to examine the effect of some 

properties on the behavior of simply supported composite beam. 

 A study was made on the behavior of 9 m span simply supported composite beam having 

the cross-section dimensions shown in Fig. 8 and Fig. 4. For simplicity, the beam was assumed 

to be supported during construction, so that the construction strains εc, was zero, and subjected to 

a uniformly distributed load. The free strains εf, were also assumed zero. 

 Concrete slab: Width of concrete slab = 1800 mm, depth of concrete slab = 150 mm, 

cross sectional area = 270000 mm
2
, d1 =281 mm, initial modulus of elasticity = 30000 MPa, 

ultimate compressive strength=30 MPa. 

 Steel beam: Flange width = 153mm, flange thickness = 16 mm, web height = 380 mm, 

web thickness = 9.4 mm, cross sectional area = 8500 mm
2
, initial modulus of elasticity = 200000 

MPa, yield stress = 280 Mpa. 

 Shear connector: The connection between the concrete slab and steel beam was assumed 

to be produced by pairs of headed studs of 19-mm diameter, l00-mm long, with a spacing of 240 

mm. The ultimate shear strength of a single stud, Qu, was taken as 100 kN while the slip 
csu  

corresponding to a shear force Q = 62 kN was taken as 0.5 mm (see Fig. 7). This gave an initial 

tangent value of Ks = 1.935 kN/mm. 

 It should be noted that the concrete slab was divided into ten equal strips. Each flange of 

the steel beam was divided into eight equal strips and the web of the steel beam was divided into 

twenty equal strips.  

 To illustrate the application of the formulation that was developed at the previous 

sections, a comparison is made between current study model and Al-Amery and Roberts model. 

Load-deflection relationships and slip distributions between the concrete slab and steel beam 

obtained from analysis are shown in Fig. 9 and Fig. 10, respectively, for a simply supported 

composite beam with partial interaction. 

 These curves show good agreement between two types of analysis of composite beam 

where the method developed by Al-Amery and Roberts depends on four independent variables 

(tow horizontal displacement uc and us) and (two vertical displacement wc and ws) while Johnson 

approach depends on only one independent variable that is slip ucs. 

 From the examination of load-deflection curve in Fig. 9 conclusion can be made that 

beam behaves in almost linear shape up to 50 kN/m, then partial yielding starts in the steel 

section from lower stand which causes respective increasing in deflection with small increasing 

in beam load carrying capacity, maximum load recorded was (ρu=78 kN/m), at 0.93%ρu 

deflection equal to 175 mm at mid span. 

          Examination of Fig.10 represents the relation of applied external load with maximum slip 

which occurs at the end of span. The vertical applied load is converted to horizontal shear flow 

that is transmitted between steel section and concrete slab according to traditional beam theory. 

In the beginning the connector shows linear response to applied load until ρ = 60 kN/m then the 

nonlinear effect starts between ρ = 60 kN/m and 78 kN/m. 

 Strain and stress profiles throughout the depth of the simply supported composite beam 

corresponding to different levels  of the applied  uniformly  load are  shown  in  Fig. 11  and   



Journal of Engineering Volume   22  August  2016 Number 8 
 

 
 

25 

 

Fig. 12.The load increments are taken as percentage of ultimate load (78 kN/m) as; 90% and 

93%. 

 The discontinuous strain profiles indicate the existence of slip at the interface between 

the concrete and steel, while the stress profiles indicate the spread of plasticity. 
 

7.2 Example 2 

 Chapman and Balakrishnan, 1964 tested a series of simply supported composite 

beams. EII is one of the tested beam, with 5.5 m, which was used herein to carry out a second 

validation test of the proposed analysis method and Fig. 13 illustrates the cross-section of this 

beam.  

 Concrete slab: Width of concrete slab = 1220 mm, depth of concrete slab = 153 mm, 

cross sectional area = 186660 mm2, d1 = 162.9 mm, Initial modulus of elasticity = 26700 MPa, 

ultimate compressive strength = 50 MPa. 

 Steel beam: flange width = 153 mm, flange thickness = 18.2 mm, web height = 268.6 

mm, web thickness = 10.16 mm, cross sectional area =8300 mm
2
, initial modulus of elasticity = 

205000 MPa, Yield stress = 265 Mpa. 

 Shear connector: the connection between the concrete slab and steel beam was assumed 

to be produced by pairs of headed studs of 12.5mm diameter, 50mm long, with a spacing of       

110 mm.  

 The concrete slab was divided into ten equal layers. Each flange of steel beam was 

divided into eight equal layers and web of steel beam was divided into twenty equal layers.  

 Fig.14 shows the load-deflection curves for the beam. The results show very good 

agreement between the experimental test and the theoretical nonlinear analysis as the difference 

is less than 5% in ultimate load carrying capacity or corresponding deflection. 

           On the other hand examining the slip behavior along the beam as shown in Fig.15   

clarifies obvious difference between theoretical and experimental test results. This can be 

explained due to the behavior of point load, where both maximum values of shear force (equal to 

P/2) and bending moment (equal to pL/4) occur at the region of mid-span simultaneously 

resulting in high principle stresses. At the early stage of loading, the connectors show almost 

equal horizontal displacement as the equal shear force is transmitted in the interface of concrete 

and steel. As the load increases the maximum principle stresses occur in the inclined axis 

depending on the value of two types of stresses (shear and bending), therefore the inclined 

principle forces which slope up ward will bend the connector in the experimental tested beam 

and may cause crashing of concrete at the region of mid-span. Therefore this difference between 

experimental and theoretical analysis is recorded as shown in Fig. 15. 

 

8. DESCRIPTION OF THE BEHAVIOR OF COMPOSITE BEAM OF EXAMPLE 1  

      After the proposed method has been checked by comparison of results with another model 

the full behavior of simply supported composite beam can be described as follows.   

 

8.1 Deflection  

  The deflection along the composite beam can be computed taking into account the 

nonlinear behavior of steel, concrete, connector, and partial interaction theory. The differences 

are computed at different load increments. The load increments are taken as percentage of 

ultimate load capacity of beam (ρu =78 kN/m) as follows; 87% and 93%, in order to clarify the 

result in different scales; the results are shown in the Fig. 16.      
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 The maximum deflection is located at mid span. The central deflection is increased with 

increasing applied uniform load as 122.7 and 175.1 mm for 87% and 93% ρu percentage of 

ultimate load, respectively. 

 

8.2 Interface Slip 
 The distribution of slip is computed for different load increments. The load increments 

are as follows; 87% and 93% ρu as shown graphically in Fig. 17. 

 The value of maximum slip occurs at the supports and it increases with increasing of 

applied uniform load as, 4.12 and 11.1 mm for load 87% and 93% ρu. 

 

 

9. BEHAVIOR COMPOSITE BEAM OF EXAMPLE 2 STRENGTHENED WITH 

COVER PLATE 

  In some circumstances as, after designing and using a structure for many years it is 

required to increase load carrying capacity due to different reasons. In the other hand yielding of 

beam may occur due an expected additional loading. In both cases strengthening of composite 

beam is required by any available producers to withstand the new conditions taking in 

consideration the load history of the composite the existing pre-slip at interface and yielding the 

bottom flange of steel beam which is indicate the failure of composite structure. 

In the design of composite structure according to related design code, the design is often 

made of the section in the bases of tension failure of steel component of the cross section. The 

tension failure allows for high ductility of structure members and prevents sudden failure of the 

beams. Therefore if it is required to strengthen any member, it is essential to increase the area of 

steel in the process of increasing load carrying capacity of the beam. Different techniques of 

strengthening of structure members have been used such as using CFRP sheets that are glued to 

the lower flange of the steel section by special type of epoxy or using external prestressing 

technique of composite member applying force on straight or inclined strand and provide 

required anchorage at the ends of the beams.  

 In this research the strengthening of composite member was carried out by welding steel 

cover plate to lower flange of steel beams. The steel beam and plate are fully connected while 

partial interaction of the shear connector is considered in the analysis of overall section. Also it’s 

assumed that the plate is attached to the beam after the full yielding of lower flange and the 

welded plate while the web is the elastic zone. 

 A computer program is designed to stop temporarily after reaching yield stress and strain, 

and then the required thickness of plate is added along the beam taking into consideration the 

transverse dimension to the centroid of cross section. After that the program will continue 

running taking in consideration all previous loading steps, strains and stresses in the member. 

The results are shown in Fig. 18. 

 Load-deflection curve for simply supported composite beam had already been tested by 

Chapman, and Balakrishnan, 1964. The original load carrying capacity of beam was 530 kN 

with central deflection equal to 76.41 mm. Strengthening the beam with cover plate of (153 x 

7.5), (153 x 15) and (153 x 30) mm will increase beam capacity by 15 %, 30%, 43% 

respectively, as shown in Fig. 19   

 Also the distribution of slip with the applied point  load  (530 kN) is found for different 

thicknesses of cover plate as shown graphically in Fig. 19 The maximum  slip at the support 

decreases with increasing of  thickness of cover plate as follow:  0.577,  0.511, 0.473,  0.446 and 

0.424 mm for 0, 7.5, 15, 22.5  and  30 mm, respectively. 
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10. CONCLUSIONS   

 Based on results of the present study, the following conclusions can be drawn, 

1. Nonlinear analysis of steel, concrete and shear connecter has been derived for 

strengthened simply supported composite member, and verified with experimental work. 

2. In the process of strengthening, using area of steel equal to 41%, 82% and 164% of the 

existing lower flange area will increase the beam carrying capacity by 15%, 30% and 

43%. 

3. Also using the same above mentioned area of steel cover plate will reduce the central 

total deflection by 59%, 72% and 80%. 

4. It is found by increasing the area of cover plate at the same applied load value of 530 kN. 

The value of maximum deflection will reduce by, 76.4 , 67.76 ,61.57 and 52.94mm for 

plate thickness  0 ,7.5 ,15 and 30 mm respectively  

5. Also it is found by increasing the area of cover  plate at the same applied load value of  

530 kN the value of maximum slip will be reduced as fallows; 0.5772,  0.5113, 0.4732  

and 0.4239 mm respectively. 
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NOMENCLATURE 

Ac cross section area of concrete slab. 
As cross section area of steel beam.  
d1 distance between centroids of concrete and steel section in a composite beam. 
Ec , Es young modulus of the concrete and steel beam respectively. 
fcu cubic compressive strength of concrete.  
fy yield strength of steel. 
hc total depth of concrete beam. 
hs total depth of steel beam. 
I second moment of inertia. 
Ic second moment of inertia of concrete.  
Is second moment of inertia of steel beam.  
K shear stiffness of the connection in the composite beam.  
K1-K6 constant of integration. 
Ks normal and shear stiffness per unit length  
L span of composite beam.  
M applied bending moment. 
Mc bending moment in the concrete.  
Ms bending moment in the steel beam.  
N applied shear force at a section of the composite beam. 
n1 number of layers of concrete.  
n2 number of layers of steel beam.  
P applied point load.  
q longitudinal shear force per unit length at the interface.  
S spacing of shear connectors  
T normal force per unit length at the interface.  
ucs slip at the interface.  
V applied shear force.  
Vc shear force at the concrete slab. 
Vs shear force at the steel beam.  
w displacement in z direct ion  
α  & β function of section and material properties of a composite beam. 
ε strain. 
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εcu ultimate concrete crushing strain. 
εo strain at maximum stress.  
εy steel yield strain. 
ϕ constant. 
ρ applied load per unit length. 
σ stress. 
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Figure 1 .Typical composite beam consist of steel section and concrete slab.
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Figure 3. Typical composite beam subjected to point load. 
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Figure 2 Elevation of element of composite beam 
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Figure 4 Typical composite beam subjected to uniformly distributed load. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 BS 8110 compressive stress-

strain curve for concrete. 

2.44*10-4  

0.67fcu 

0.0035 

  5500  

  
S

tr
es

s 
M

P
a 

 Strain 

Compressive 

Figure 6 Idealized stress-strain curve for 

steel. 



Journal of Engineering Volume   22  August  2016 Number 8 
 

 
 

32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Load-deflection of the beams of example one. 

 

Figure 10 Load-slip curve of the beams of example one. 

Figure.7 Shear force versus slip curve for shear 

connectors. Al-Amery, and Roberts, 1990 
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Figure 8 Composite beam-cross-section   

dimensions of example one 
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Figure 11 Strain and stress profiles at 

load levels 90% ρu. 

 

Figure 12 Strain and stress profiles at 

load levels 93% ρu. 
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Figure 14 Load-deflection curve of beam EII (Chapman and Balakrishnan, 1964). 

 

Figure 13 Composite beam cross-section 

dimensions of example two 
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Figure 15 Slip along the span at load 450 kN for the second example. 
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 Figure 18 Load-deflection curve of strengthened composite beam of example two with 

various cover plates. 

Figure17 Slip of example one along span at 87% ρu and at 93% ρu. 
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Figure 19 Slip distributions along beam of example two with various plate thicknesses at 

load 530 kN 
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ABSTRACT 

This research is concerned to investigate the behavior of reinforced concrete (RC) deep beams 

strengthened with carbon fiber reinforced polymer (CFRP) strips. The experimental part of this 

research is carried out by testing seven RC deep beams having the same dimensions and steel 

reinforcement which have been divided into two groups according to the strengthening schemes. 

Group one was consisted of three deep beams strengthened with vertical U-wrapped CFRP 

strips. While, Group two was consisted of three deep beams strengthened with inclined CFRP 

strips oriented by 45
o
 with the longitudinal axis of the beam. The remaining beam is kept 

unstrengthening as a reference beam. For each group, the variable considered was the center to 

center spacing between strips (orthogonal spacing) which are (100 mm, 125 mm and 150 mm). 

Based on the experimental results it is found that the strengthening deep beams with CFRP strips 

by the two strengthening schemes, the mid-span deflection was decreased and both first cracking 

and ultimate loads capacities were increased compared to reference deep beam. For beams 

having the same spacing between strips, the enhancement occurred by using vertical U- wrapped 

scheme was somewhat better than using inclined scheme but it needs to use additional numbers 

of CFRP strips. The percentages increase in first cracking and ultimate loads were (50.0%, 

46.0% and 20.5%) and (14.6%, 13.3% and 12.2%) respectively for beams strengthened with 

vertical U-wrapped scheme. While these percentages were changed to (36.5%, 18.0% and 

12.5%) and (12.5%, 10.4% and 8.6%) for beams strengthened with inclined scheme. These 

results were obtained for center to center spacing between strips of (100 mm, 125 mm and 150 

mm) respectively. The analytical part of this research was also adopted using the ACI 440 Code 

provisions to calculate the additional shear resistance carried by the CFRP strips. Good 

agreement was obtained between the experimental and analytical results.   

 

Key words: carbon fiber reinforced polymer, strengthening, deep beams, strips 

 

العميقت المقواة بأشرطت الألياف الكاربونيت المسلحت سلوك العتباث الخرسانيت  

 
   ي           محمذ حازم محمذ الجبور                                                                                         حمذ  أل اد. علي حسين علي          

                ٍاخظرٍز اّشاءاخ                                                                                                 ٍذرص                                            

                                                                                                                                                                                         ٗسارج اىرعيٌٍ اىعاىً ٗاىثحث اىعيًَ                                                                                                                                                                               ميٍح اىْٖذطح / خاٍعح تغذاد        

 

 الخلاصت

ذضَِ اىداّة اىعَيً ٍِ الاىٍاف اىنارتٍّ٘ح.   تاشزطحاىعٍَقح اىَق٘اج  اىخزطاٍّحطي٘ك اىعرثاخ  تاىرحزي عٌِٖرٌ ٕذا اىثحث  

ذٌ ذقظٍَٖا اىى ٍدَ٘عرٍِ حظة َّظ اىرقٌ٘ح. ذاىفد ٕذا اىثحث فحص طثعح عرثاخ عٍَقح ىٖا ّفض الاتعاد ٗحذٌذ اىرظيٍح ٗ

. تٍَْا ذاىفد Uاىَدَ٘عح الاٗىى ٍِ ثلاثح عرثاخ عٍَقح ذٌ ذقٌ٘رٖا تاشزطح الاىٍاف اىنارتٍّ٘ح اىشاق٘ىٍح عيى شنو حزف  

45اىَدَ٘عح اىثاٍّح ٍِ ثلاثح عرثاخ عٍَقح اٌضا ٗىنِ تاطرخذاً اشزطح الاىٍاف اىنارتٍّ٘ح اىَائيح تشاٌٗح 
o

عِ اىَح٘ر الافقً  

اىَرغٍز اىذي ذٌ اعرَادٓ ىنو ٍدَ٘عح ٕ٘ َقارّح. اىلأغزاض معرثح ٍزخعٍح ا اىعرثح اىَرثقٍح فرزمد تذُٗ ذقٌ٘ح ىيعرثح. اٍ

ٍيٌ (. ٗخذ ٍِ اىْرائح  150ٍيٌ ٗ  125ٍيٌ,  100اىَظافاخ اىَرعاٍذج تٍِ ٍزامش اشزطح الاىٍاف اىنارتٍّ٘ح اىرً ماّد ت٘اقع )

ح اُ ذقٌ٘ح اىعرثاخ اىعٍَقح تاطرخذاً اشزطح الاىٍاف اىنارتٍّ٘ح ىَْطً اىرقٌ٘ح قذ قيو ٍِ اىٖط٘ه فً ٍْرصف اىعرثاخ اىعَيٍ
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ٗمذىل اسداد حَو اىرشقق الاٗىً ٗق٘ج اىرحَو الاقصى ىيعرثاخ اىعٍَقح ٍقارّح ٍع اىعرثح اىَزخعٍح. مذىل ٗخذ تأّ ىْفض 

تاشزطح الاىٍاف اىنارتٍّ٘ح عيى  اىنارتٍّ٘ح اُ اىرحظِ اىحاصو تاطرخذاً َّظ اىرقٌ٘ح اىَظافاخ اىَرعاٍذج تٍِ اشزطح الاىٍاف

تاشزطح الاىٍاف اىنارتٍّ٘ح اىَائيح ٗىنْٖا ذحراج  تاطرخذاً َّظ اىرقٌ٘ح ماُ امثز ّ٘عا ٍا ٍِ اىرحظِ اىحاصو Uشنو حزف 

شٌادج فً حَو اىرشقق الاٗىً ٗاىحَو الاقصى ماّد ّظة اى اىى سٌادج فً عذد اشزطح الاىٍاف اىنارتٍّ٘ح اىَظرخذٍح.

تاشزطح الاىٍاف  عْذ اطرخذاً َّظ اىرقٌ٘ح ( عيى اىر٘اى12.2%ًٗ  13.3%, 14.6%( ٗ )20.5%ٗ  46.0%, 50.0%)

( %8.6ٗ %10.4 , %12.5( ٗ )%12.5ٗ  %18.0, %36.5. تٍَْا ذغٍزخ ٕذٓ اىْظة اىى )Uاىنارتٍّ٘ح عيى شنو حزف 

تاشزطح الاىٍاف اىنارتٍّ٘ح اىَائيح. ذٌ حظاب ٕذٓ اىْظة ىيَظافاخ اىَرعاٍذج تٍِ ٍزامش  طرخذاً َّظ اىرقٌ٘حعيى اىر٘اىً عْذ ا

ٍيٌ ( عيى اىر٘اىً. ذثْى اىداّة اىرحيٍيً ٍِ ٕذا اىثحث اطرخذاً  150ٍيٌ ٗ  125ٍيٌ,  100اشزطح الاىٍاف اىنارتٍّ٘ح )

ىرعشٌش اىحاصو ىق٘ٓ اىقص اىْاخٌ ٍِ اىرقٌ٘ح تاطرخذاً الاىٍاف ىحظاب ا ACI 440 Codeعلاقاخ اىَذّٗح الاٍزٌنٍح 

 اىنارتٍّ٘ح حٍث ٗخذ اُ ْٕاىل ذقارب خٍذ تٍِ اىْرائح اىعَيٍح ٗاىرحيٍيٍح.

 

 ، اشزطحعٍَقحذقٌ٘ح، عرثاخ الاىٍاف اىنارتٍّ٘ح, : الكلماث الرئيسيت 

 

1. INTRODUCTON  

Reinforced concrete (RC) deep beams are very useful members and are widely used in buildings, 

bridges and infrastructures. The deep beam is a beam having a large height (h) comparable with 

its span length (l). To consider a beam is deep, the span length to height ratio (l/h) should be less 

than a certain value. The ACI-318 Code, 2014, considers a beam is deep if (l/h) ratio is less than 

or equal to 4. 

In the continuous development in science and technology, strengthening of RC structures 

may be needed due to additional loads that may be imposed or due to deterioration of RC 

structures as a result of steel corrosion or concrete cracking. There are many ways that may be 

used to improve this traditional concept in different structural members such as using fiber 

concrete instead of normal concrete, coating beams with bonded steel plates or fiber reinforced 

polymer (FRP) materials, Shanafel, and Horn, 1985; Neale, 2000.  

Uses of FRP materials becomes an acceptable solution for strengthening and repairing in 

the field of civil engineering across the globe and are widely used for strengthening and 

retrofitting of RC structures because they have different properties such as light weight, 

resistance to chemicals and non-corrosive non-magnetic nature. Also, the formability of FRP 

produces their enforcement technique which is very simple to install, Alkhrdaji, et al., 2000; 

Neale, 2000; Li, et al., 2002; Ludovico, 2002.  
 Three types of FRP are mainly used for strengthening and rehabilitation of RC 

structures, Glass Fiber Reinforced Polymer (GFRP), Aramid Fiber Reinforced Polymer (AFRP) 

and Carbon Fiber Reinforced Polymer (CFRP). Among these three types, CFRP is found to be 

most efficient to increase the capacity of RC beams, Li, et al., 2002, Abdel-Jaber, et al., 2003; 

Feng, and, Yuan, 2008. Using CFRP sheets or strips is more suitable for applications that have 

complex geometrical arrangement like curved beams or beams having higher level of 

reinforcement. These are typically fattened with an epoxy resin in-situ, which likewise acts to 

bind the fibers to the structure. The comparatively high modulus of the carbon fiber materials 

makes them more suitable to promote the serviceability of steel structures, Barros, and Dias, 

2003; Mitali, and Gajjar, 2012; Liu, et al., 2012. 

 

2. EXPERIMENTAL PROGRAM      . 

2.1 Introduction 

The main purpose of this research is to investigate the behavior RC deep beams strengthened 

with CFRP strips. The primary variables considered are the strengthening schemes of CFRP 

strips and the center to center spacing between strips. Two schemes of strengthening using CFRP 
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strips were adopted. These schemes are vertical U-wrapped CFRP strips and inclined CFRP 

strips oriented by     with the longitudinal axis of the beam. 

  Standard tests were carried out to determine the properties of materials used in this 

research. In addition, instrumentation, experimental setup and testing procedures adopted 

throughout this investigation are presented. 

 

2.2 Deep Beams Details 

In this research work, seven simply supported RC deep beams were cast and tested up to failure 

by applying two-point loading. Six of these beams were strengthened with CFRP strips (strip 

width= 50 mm). While, the remaining deep beam (denoted as DB1) is kept unstrengthening as a 

reference beam. All tested beams having the same dimensions [total length =1100 mm, width (b) 

= 150 mm and height (h) =240 mm].  The center to center distance between supports (span=l) 

was 950 mm which results a span to height ratio (l/h) equals to 3.96 which lies within the ACI 

Code limits. All beams were designed to fail in shear. These deep beams were reinforced with 

2ϕ16 mm and 1ϕ12 mm steel bars at the bottom side of beams. While, ϕ 6 mm is used as stirrups 

spaced each 100 mm. In addition, a skin reinforcement of 1ϕ6 mm was added at mid height of 

the beam cross section at both side faces. Also, 2ϕ6 mm steel bars were located at the top of 

beams. Fig. 1 shows full details of a typical tested beam. 

  The strengthened deep beams were divided into two groups according to the 

strengthening schemes. Group one was consisted of three deep beams denoted as DB2, DB3 and 

DB4 strengthened with vertical U-wrapped CFRP strips having spacing of (100, 125, and 150 

mm) center to center between strips respectively. While, Group two was consisted of three deep 

beams denoted as DB5, DB6 and DB7 strengthened with inclined CFRP strips oriented by     

with the longitudinal axis of beam having the same spacing above orthogonal to strips as shown 

in Fig. 2. Also, Table 1 presents the description of tested beams conducted in this study.    

 

2.3 Materials Used for Casting Beams  
2.3.1 Cement  

Ordinary Portland cement type (I) was used for concrete mix. This cement was tested chemically 

and physically according to the Iraqi Specifications No. 5, 1984 for Portland cement. 

 

2.3.2 Fine aggregate 

Natural sand from Al-Akhaidher quarries was used throughout this study. This sand has a 

maximum particles size of (4.75mm). The sand washed with water and then dried and it was 

confirmed to the Iraqi specification No.45, 1984. 

 

2.3.3 Coarse aggregate  

Crushed gravel from Al-Sodor region with maximum size of 15 mm was used throughout this 

research. The crushed gravel was washed and it was conform to the Iraqi specification No.45, 

1984. 

         

2.3.4 Steel reinforcement 

Three sizes of deformed steel bars were utilitied in the investigation having diameters of ϕ6 mm, 

ϕ12 mm and ϕ16 mm. These steel bars were tested according to the ASTM standard A615, 

2001. The yield stress (fy) for ϕ6 mm steel bars was 420 MPa. While for ϕ12 mm and ϕ16 mm 

steel bars, the yield stress was 460 MPa. 
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2.3.5 CFRP strips 

CFRP type Sika Wrap Hex-230 and epoxy based impregnating resin of type Sikadur-330 were 

used in this study for externally strengthening the deep beams. The CFRP strips having width of 

50 mm and thickness of 0.15 mm. Based on a data sheet given by the manufactured company, 

the ultimate tensile strength and the modulus of elasticity for the CFRP strips used throughout 

this research were 3400 MPa and 230000 MPa respectively.    

               

2.4 Concrete Compressive Strength  
In the present study, normal weight concrete was used for casting the specimens. After several 

trial mixes, the cylindrical compressive strength (  
 ) was 17.3 MPa. This value is slightly larger 

than the minimum recommended value that mentioned in the ACI-318 Code, 2014. 

 

2.5 Preparation of Specimens  
For casting the specimens, seven wooden molds were prepared and fabricated into the required 

beam dimensions. These molds were oiled and then the reinforcement cages were put into the 

required positions as shown in Fig. 3. After 28 days of curing, all specimens were white painted 

to recognize cracks during the test. Scraper machine was used to rough the surface of the beams 

at specified location of CFRP strips to make good cohesion between concrete surface and CFRP 

strips. The epoxy mix has been applied to the surface of concrete, and then the CFRP strips were 

pasted on the concrete surface as shown in Fig. 4.  

 

2.6 Test Rig Components and Loading Procedure 

All deep beams were tested up to failure by using a hydraulic testing machine available at the 

Civil Engineering Department Laboratory of the University of Bagdad. All beams were mounted 

on two steel rollers (supports) available at the laboratory and attached to the bottom face of the 

beams with distance of 950 mm measured center to center between supports. After mounting the 

specimens on the supports, a single dial gauge was fixed on the lower bed of the testing frame 

and attached to the bottom face of the beams at mid span. 

  A special system was achieved for applying two-point loading. This system was 

fabricated by welding two stiff steel angles with the bottom flange of IPE200 section. Then 2ϕ25 

mm steel bars with distance of 300 mm center to center between them were also welded with 

these angles as shown in Fig. 5. A hydraulic jack having a capacity of 500 kN was put on the top 

flange of IPE200. Then a load cell with capacity of 200 kN was used with a hydraulic jack and 

the system was attached the testing frame at the top. Small amount of external load was applied 

until the specimen got stable on the supports. After that, reading of the load cell is reset and load 

was statrted to be applied gradually with a step of 5 kN. At each load step, mid span deflection 

was recorded. Also a magnifier was used to note the appearance of first crack for all tested 

beams. Fig. 6 shows the setup of tested beams with devices used throughout the test. 

 

3. EXPERIMENTAL RESULTS 

3.1 Cracking and Ultimate Loads Test Results 

All tested beams were characterized by the formation of diagonal shear cracks near supports. 

These diagonal cracks were propagated with an angle of 45
o
 until they reached the top surface of 

beams then failure occurred.  At stages of loading close to failure load, debonding of some CFRP 

strips where the cracks passed through occurred. Fig. 7 shows all tested deep beams after failure.  

 Table 2 summarizes the experimental first cracking and ultimate loads results. From this 

table it can be noticed that strengthening deep beams with CFRP strips has a significant effect on 

increasing the first cracking load and slightly increases the ultimate load compared to reference 
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deep beam. For the first scheme of strengthening (vertical U-wrapped strips) which is 

represented by beams of group one, the maximum percentage increase in first cracking and 

ultimate loads were 50.0% and 14.6% respectively for deep beam DB2 which has been 

strengthened with 10-U wrapped strips spaced each 100 mm center to center of strips. While, for 

the second scheme of strengthening (inclined strips) which is represented by the beams of group 

two, the maximum percentage increase in first cracking and ultimate loads were 36.5% and 

12.5% for deep beam DB2 which has been strengthened with 6-inclined strips spaced each 100 

mm center to center orthogonal to strips. Also, from this table it can be noticed that as the 

spacing between strips is decreased, the percentages increasing in first cracking and ultimate 

loads are increased for both schemes of strengthening.  

 By comparing the results obtained from Table 2 for both strengthening schemes, it may 

be noticed that for the same spacing between strips there is a small different in percentage 

increase in ultimate load compared to reference deep beam. Hence, for the same spacing between 

strips U-scheme of strengthening need more amount of CFRP strips than inclined scheme of 

strengthening. So that, the inclined scheme of strengthening may be more economic than the U-

scheme of strengthening.  

   

3.2 Load-Mid Span Deflection Response 

Figs. 8 & 9 show the load-mid span deflection response for beams of Group one (deep beams 

strengthened with vertical U-wrapped CFRP strips) and beams of Group two (deep beams 

strengthened with inclined CFRP strips) respectively compared to reference deep beam (DB1). 

From these figures, it can be noticed that the deflection is decreased as the center to center 

spacing between strips is decreased for the entire range of loading of each group. This is because 

of increased stiffness for beams strengthened with CFRP strips when the spacing between strips 

was decreased. Table 3 summarizes the experimental deflection values at mid-span of tested 

beams corresponding to a load level of (96 kN) which represents the ultimate load of the 

reference deep beam (DB1). From this table it can be noticed that the percentages decrease in 

deflections were 24.76%, 19.05% and 13.33% for beams strengthened with U-wrapped strips 

spaced at 100 mm, 125 mm and 150 mm respectively. While, the percentages decrease in 

deflection were 20.00%, 12.38% and 7.62% for beams strengthened with inclined strips having 

the same spacing above compared to reference deep beam. 

 Figs. 10, 11 & 12 were plotted to show the load-mid span deflection response for 

strengthened beams having the same spacing center to center between CFRP strips but differ in 

strengthening scheme (i.e U-wrapped and inclined strips). These figures correspond to center to 

center spacing between strips of 100 mm, 125 mm and 125 mm respectively. From these figures, 

it can be noticed that for beams strengthened with vertical U-wrapped CFRP strips had stiffer 

response than beams strengthened with inclined strips. This is because the U-wrapped 

strengthening scheme might made beams more confined than the inclined strengthening scheme. 

 

4. ANALYTICAL INVESTIGATION BASED ON THE ACI-440 CODE PROVISIONS  

The ACI-440 Code, 2008 provides an expression to calculate the additional shear strength 

provided by the FRP strips (Vf) as given by Eq. (1). Also Fig. 13 reveals the dimensional 

variables used in this equation. 

 

   
         (         )     

  
      (N)                                                                                              1 

where  
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    area of FRP strip within spacing (  ) given by Eq. (2) 

     effective stress in FRP strip given by Eq. (3) 

α = angle of FRP strip orientation about x- axis  

     effective depth of FRP strip (distance from center of flexural reinforcement to the extreme 

fiber of strips 

    spacing center to center between strips in the horizontal direction 

 
                  (mm

2
)                                                                                                          2 

 

where 

    FRP strip thickness (mm) 

    FRP strip width (mm) 

 

                       (MPa)                                                                                                          3 

 

where 

     effective strain in FRP strip given by Eq. (4) 

    modulus of elasticity of FRP strip (MPa)  

 

           ≤ 0.004                                                                                                                    4 

 

where 

     rupture strain of FRP strip given by Eq. (5) 

    bond dependent coefficient given by Eq. (6) 

 

    
   

  
                                                                                                                                     5  

 

where 

     ultimate tensile strength of FRP strip (MPa) 

 

   
      

        
                                                                                                                                6 

 

where 

    modified concrete factor given by Eq. (7) 

    modified FRP scheme factor given by Eq. (8) 

    active bond length of FRP strip given by Eq. (9) 

 

   (
  
 

  
)
 

                                                                                                                                         7 

   
       

   
   for two sides bonded                                                                                             8-a 

   
      

   
   for U-wrapped bonded                                                                                           8-b 

   
         

(         )
          (mm)                                                                                                            9 
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where 

    modular ratio of elasticity given by Eq. (10) 

 

   
   

  
                                                                                                                                         10 

 

where 

    modulus of elasticity of concrete given by Eq. (11) 

 

       √        (MPa)                                                                                                               11 

 
  Eq. (1) is applied to reference deep beam DB1 to compute the percentage increase in ultimate 

load for both U-wrapped and inclined strengthening schemes. A comparison between the 

experimental and the analytical results is listed in Table 4. From this table it can be noted that good 

agreement between the experimental and the theoretical results is obtained by using the ACI 440-

Code provisions. Also, this table reveals that for both strengthening schemes having the same 

orthogonal spacing center to center between CFRP strips, the experimental and analytical results 

showed a convergence in the ultimate load results. As the U-wrapped strengthening scheme have 

more number of CFRP strips than the inclined strengthening scheme, so that it may be concluded that 

using inclined strips is more economic than using U-wrapped strips. 

   

5. CONCLUSIONS  

1. Based on experimental results it is found that strengthening deep beams by two schemes of 

strengthening using CFRP (vertical U-wrapped scheme and inclined scheme oriented by 45
o
), the 

mid-span deflection was decreased and both first cracking load and ultimate load capacities were 

increased compare to the reference deep beam. 

2. For strengthening beams having the same spacing between strips, the enhancement occurred 

using vertical U- wrapped scheme was somewhat better than using inclined scheme but it needs 

to use more numbers of CFRP strips.  

3. When using U-wrapped CFRP strengthening scheme, the percentages increase in first 

cracking loads were (50.0%, 46.0% and 20.5%) for deep beams having center to center spacing 

between strips of (100 mm, 125 mm and 150 mm) respectively compared to reference beam 

without strengthening. While when using inclined CFRP strengthening scheme, the percentages 

increases in first cracking loads were (36.5%, 18.0% and 12.5%) for deep beams having the 

same spacing above compared to reference beam. 

4. The percentages increase in ultimate loads were (14.6%, 13.3% and 12.2%) and (12.5%, 

10.4% and 8.6%) for U-wrapped strengthening scheme and inclined strengthening scheme 

respectively compared to reference beam without strengthening. These results were obtained for 

center to center spacing between strips of (100 mm, 125 mm and 150 mm) respectively. 

5. Under a load level representing the ultimate load of reference deep beam DB1, the percentages 

decrease in deflections were 24.76%, 19.05% and 13.33% for beams strengthened with U-

wrapped strips spaced at 100, 125 and 150 mm respectively. While, the percentages decrease in 

deflections were 20.00%, 12.38% and 7.62% for beams strengthened with inclined strips having 

the same spacing above compared to reference deep beam. 

6. Based on theoretical analysis according to the ACI 440 Code provisions, good agreement was 

obtained between the experimental and theoretical results. 

7. From the experimental and analytical results it is found for the same center to center spacing 

between strips there is a convergence in ultimate results for both styles of strengthening. Also, as 
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U-scheme of strengthening needs more amount of CFRP strips than inclined scheme of 

strengthening. Hence, the use of inclined scheme of strengthening may be more economic than 

using the vertical U-scheme of strengthening.  
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NOMENCLATURE 

Afv  area of FRP strip within spacing (  ) 

CFRP  carbon fiber reinforced polymer 

dfv  effective depth of FRP strip  

Ec  modulus of elasticity of concrete 

Ef   modulus of elasticity of FRP strip 

  
 
  cylindrical compressive strength of concrete 

ffe  effective stress in FRP strip 

ffu  ultimate tensile strength of FRP strip  

fy   yield stress of  steel reinforcement 

h   overall depth of the section 

K1  modified concrete factor 

K2  modified FRP scheme factor 

kv  bond dependent coefficient  

l   span center to center of beam 

Le active bond length of FRP strip 

nf   modular ratio of elasticity 

RC  reinforced concrete 

sf   spacing center to center between strips in the horizontal direction 

tf    thickness of FRP strip 

Vf   additional shear force carried by FRP strips 

Wf  width of FRP strip 

ɛfe   effective strain in FRP strip 

ɛfu   rupture strain of FRP strip 

α   angle of FRP orientation about x-axis 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Layout of a typical tested deep beam (all dimensions are in mm). 
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DB2 (Group 1) 
(10 U- wrapped CFRP strips) 

Center to center spacing 

between strips=100 mm  

DB3 (Group 1) 
(8 U- wrapped CFRP strips) 

Center to center spacing 

between strips=125 mm  

DB4 (Group 1) 
(6 U- wrapped CFRP strips) 

Center to center spacing  

between strips=150 mm  

DB5 (Group 2) 
(6 Inclined CFRP strips) 

Center to center spacing  

between strips=100 mm  

DB6 (Group 2) 
(4 Inclined CFRP strips) 

Center to center spacing  

between strips=125 mm  

DB7 (Group 2) 
 (4 Inclined CFRP strips) 

Center to center spacing  

between strips=150 mm  

Figure 2. Strengthening schemes and tested beams designations (all dimensions are in mm). 
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Figure 3. Mold fabrication and reinforcement cage of a typical tested beam. 

Figure 4. Roughing concrete surface and applying epoxy at CFRP strips location of a typical 

tested beam. 
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Figure 5. Fabricated system used for applying the load on tested beams. 
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Figure 6. Setup of typical tested beams. 
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Figure 7. Tested beams after failure. 
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Figure 7. Continue. 

DB4 (U-wrapped) 
Center to center spacing between 

strips=150 mm 
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Figure 8. Load-mid span deflection for beams of Group one. 
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Figure 9. Load-mid span deflection for beams of Group two. 
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Figure 10. Load-mid span deflection for beams with center to center spacing between strips= 100 mm. 
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Figure 11. Load-mid span deflection for beams with center to center spacing between strips= 125 mm. 
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Figure 12. Load-mid span deflection for beams with center to center spacing between strips= 100 mm. 
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Table 1. Tested beams designation and strengthening schemes.
 

 

Group No. 
Beam 

designation 
Beam type CFRP Strengthening scheme 

Center to center spacing 

between CFRP Strips 
(mm) 

- DB1 Reference - - 

Group 

one  

DB2 Strengthened U- wrapped (10 strips) 100 

DB3 Strengthened U- wrapped (8 strips) 125 

DB4 Strengthened U- wrapped (6 strips) 150 

Group 

two 

DB5 Strengthened Inclined with    (        ) 100 (orthogonal inclined) 

DB6 Strengthened Inclined with    (        ) 125 (orthogonal inclined) 

DB7 Strengthened Inclined with    (        ) 150 (orthogonal inclined) 

 

 

Table 2. First cracking and ultimate loads of tested deep beams. 
 

Beam designation 
Center to center spacing 

between Strips (mm) 

First 

cracking 

load Pcr 

(kN) 

% Increase 

in first  

cracking 

load 

Ultimate 

load Pu 

(kN) 

% 

 Increase 

in ultimate 

load 

Reference DB1 - 20.0 - 96.0 - 

Group one 
(U-wrapped strips) 

DB2 100 30.0 50.0 110.0 14.6 

DB3 125 29.2 46.0 107.8 13.3 

DB4 150 24.1 20.5 105.7 12.2 

Group two 
(Inclined strips) 

DB5 100 (orthogonal inclined) 27.3 36.5 107.1 12.5 

DB6 125 (orthogonal inclined) 23.6 18.0 104.6 10.4 

DB7 150 (orthogonal inclined) 22.5 12.5 102.3 8.6 
  

  % Increase = 
 (            )  (         )

 (         )
   x 100 

 

 

 

 

 

 

 

 

Figure 13. Illustration of the dimensional variables used for calculating the additional shear 

strength provided by FRP strips, ACI 440 Code, 2008. 
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           Table 3. Mid span deflection values at ultimate load level of tested deep beams. 

 

Beam designation 
Center to center spacing 

between Strips (mm) 
Mid-span

*
 

deflection (mm) 

% Decrease in 

mid-span 

deflection 

Reference DB1 - 1.05 - 

Group one 
(U-wrapped strips) 

DB2 100 0.79 24.76 

DB3 125 0.85 19.05 

DB4 150 0.91 13.33 

Group two 
(Inclined strips) 

DB5 100 (orthogonal inclined) 0.84 20.00 

DB6 125 (orthogonal inclined) 0.92 12.38 

DB7 150 (orthogonal inclined) 0.97 7.62 

 

* Corresponding to a load level of (96 kN) which represents the ultimate load of the reference deep beam (DB1)  

 

% Decrease = 
          (            )           (         )

          (         )
   x 100 

 

 

 

           Table 4. Experimental and analytical percentages increase in ultimate load. 
 

Beam designation 
s

*
 

(mm) 

sf
**

 

(mm) 

 Vf
***

 

(kN) 

% 

 Increase in
†
 

ultimate load 

(analytically) 

Experimental 

ultimate load Pu 

(kN) 

% 

 Increase in
††

 

ultimate load 

(experimentally) 

Reference DB1 - - - - 96.0 - 

Group one 
(U-wrapped strips) 

DB2 100 100 5.97 12.44 110.0 14.6 

DB3 125 125 4.78 9.96 107.8 13.3 

DB4 150 150 3.98 8.29 105.7 12.2 

Group two 
(Inclined strips) 

DB5 100 141 5.56 11.58 107.1 12.5 

DB6 125 177 4.43 9.23 104.6 10.4 

DB7 150 212 3.70 7.71 102.3 8.6 
 

* Orthogonal spacing center to center between strips 

** Horizontal spacing center to center between strips 

*** By applying Eq. (1) 

 † % Increase in ultimate load (analytically) = 
    

  (                   )
  x 100 

  

†† % Increase in ultimate load (experimentally) = 
  (            )   (         )

  (         )
   x 100 

 



Journal of Engineering         Volume   22  August  2016 Number 8 
 

 

45 
 

Performance Evaluation of the Investment Projects during the 

Implementation Phase 

(Najaf province as a case study) 

 
Kadhim Raheem Erzaij Dhefaf Madlool Aljanabei 

   Asst.prof  

               Baghdad University-College of Engineering Baghdad University-College of Engineering 

 Baghdad email: Kadhum69@yahoo.com email:dhefafaljanaby@yahoo.com 

ABSTRACT 

The construction project is a very complicated work by its nature and requires specialized 

knowledge to lead it to success. The construction project is complicated socially, technically and 

economically in its planning, management and implementation aspects due to the fact that it has 

many variables and multiple stakeholders in addition to being affected by the surrounding 

environment. Successful projects depend on three fundamental points which are cost-time, 

performance and specifications. The project stakeholder's objective to achieve best specifications 

and the cost-time frame stipulated in the contract. 

The question is, was the optimum implementation accomplished? The provision for the success 

of the project is how are the daily activities managed by the three stakeholders of the project 

(contractor, owner, and consultant) and their technical and practical capability to attain the 

balance of the project fundamental points (cost, time and quality) taking into account the project 

objectives that were set by the owner. Despite the way, logical framework management and 

project’s major steps there is a group of elements which become major measures to determine 

the success or failure of the project, the research interested in these elements by a thorough study 

of references related to the success of a constructional project. To reinforce the theoretical study 

a field assessment of the housing project; this led to the recognition of the major elements that 

caused breaches of the evaluation criteria.  

The closed questionnaire and the regular forms based on the data and information collected 

through the theoretical review and the closed questionnaire to conclude and examine some 

concepts related by assessing the quality of building materials used in residential investment 

projects through the stages (planning - design-implementation) 

Through the research a lot of deductions were made, the most important is that there cannot be 

an evaluation system without having a holistic monitoring system in Iraq. It was also deduced 

that the most important source of project failure is not allocating enough time to the planning 

phase. Some other recommendations and suggestions for future studies were made also. 

Key words: evaluation, investment, Implementation, performance …etc.  
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 (حالة دراسية النجف محافظة)
 كاظم رحيم رسيج ضفاف مذلول الجنابي

 اسخبر يسبػذ ببدزت   

كهٍت انُٓذست  جبيؼت بغذاد - كهٍت انُٓذست  جبيؼت بغذاد -

email:dhefafaljanaby@yahoo.com Baghdad email: Kadhum69@yahoo.com 

 الخلاصة

. فبنًششٔع الإَشبئً يؼقذّ حبجَُذٕ انإٌ انًششٔع الإَشبئً بطبٍؼخّ ْٕ ػًم يؼقذّ جذاً، ٌٔخطهب يؼشفت يخخصصت نخقٕدِ 

حأرشِ بشكم يببشش ػٍ  فعلاإجخًبػٍبً ٔحقٍُبً ٔإقخصبدٌبً فً انخخطٍػ ٔالإداسة ٔانخُفٍز ٔرنك نكزشة انًخغٍشاث ٔحؼذد الأغشاف 

 ٓذف أغشافحببنبٍئت انًذٍطت بّ.حؼخًذ انًشبسٌغ انُبجذت ػهى رلارت يشحكضاث أسبسٍت ًْ انكهفت ٔانٕقج ٔحذقٍق انًٕاصفبث. 

ٔنكٍ ٌبقى انسؤال انقبئى، ْم حى  انًششٔع انى حذقٍق انًٕاصفبث ٔالأداء انٕظٍفً الأفعم ظًٍ انٕقج ٔانكهفت انًخؼبقذ ػهٍٓب



Journal of Engineering         Volume   22  August  2016 Number 8 
 

 

44 
 

َشبغبث انًششٔع ٔبكٍفٍت  ظًٍنخُفٍز انًششٔع ؟ إٌ َجبح انًششٔع ٌبقى سٍُْت ببنؼًم انٍٕيً  انًزبنٍتٕصم انى انذبنت خان

إداسة ْزِ انُشبغبث يٍ الأغشاف انزلارت انًشخشكت )انًقبٔل، صبدب انؼًم، الإسخشبسي( ٔيقذسحٓى انؼهًٍت ٔانؼًهٍت فً 

انزلارت )انكهفت ٔانٕقج ٔانُٕػٍت(، يغ الأخز بُظش الإػخببس الأْذاف انشئٍست انخً ٔظؼٓب  ّانٕصٕل انى حٕاصٌ يشحكضاح

ت ، إٌ ٍؼًم ٔإداسحّ ٔبغط انُظش ػٍ ػذد انخطٕاث انشئٍسانًششٔع. بغط انُظش ػٍ انطشٌقت أٔ إغبس نهصبدب انؼًم 

إْخى انبذذ بذساست ْزِ  نزات ٍيؼبٌٍش سئٍس حًزميجًٕػت يشخشكت يٍ انؼٕايم انخً  ٌؼخًذ ػهىيششٔع أٔ فشهّ  اي َجبح

ش َجبح انًششٔع الإَشبئً. ٔنغشض دػى انذساست انُظشٌت حى انًؼبٌٍش ٔرنك يٍ خلال دساست شبيهت نلأدبٍبث راث انصهت بًؼبٌٍ

ٔانخؼشف ػهى اْى انؼٕايم انخً حسببج فً دذٔد  يششٔع سكًُإجشاء دساست يٍذاٍَّ حًزهج يٍ خلال يسخ يٍذاًَ نـ 

 جًغ هى يبػ ببلاػخًبد انُظبيٍت قهانًغ الاسخبٍبٌ اسخًبسة حصًٍى رىم ٍهٔحذ يغهق ببسخبٍبٌ انقٍبو انخجبٔصاث ػهى أْذاف انخقٍٍى،

 انبُبء يٕاد َٕػٍت حقٍٍى بٕاقغ قتهانًخؼ الايٕس بؼط يٍ ٔانخذقق خؼشفه،ن انُظشٌت انذاسست خلال يٍ ٕيبثهٔيؼ بٍبَبث يٍ

انى  خٕصمانحى  يٍ خلال انبذذ (.انخُفٍز-انخصًٍى - انخخطٍػ) يشادم خلال انسكٍُت الاسخزًبسٌت ًشبسٌغان  فً انًسخخذيت

 ٔاسخُخج انبذذ انىكًب انؼذٌذ يٍ الإسخُخبجبث أًْٓب9 إَّ لاًٌكٍ إٌ ٌكٌٕ ُْبنك َظبو نهخقٍٍى دٌٔ ٔجٕد َظبو يخببؼت يخكبيم. 

يجًٕػت يٍ انخٕصٍبث ٔانًقخشدبث  ، فعلا ػٍ  انؼًهٍت انخخطٍطٍت انٕقج انكبفً إٌ أْى يصبدس فشم انًششٔع ْٕ ػذو يُخ

 نذساسبث ٔبذٕد يسخقبهٍت.

1. INTRODUCTION 
The Iraqi economy is one of the economies of the developing countries which depend on one 

resource for income (oil). After the large economic transformations produced by going towards 

the market economy and not depending on one origin of fund, the variety of the origins of the 

income, such as investment was directed to. 

Any economic project starts with an idea designed to add new value to the national capital by 

directing part of the financial and human resources to create a unit of new economic able to 

create other values in order to achieve the interests of the owner of the project on the one hand 

and on the other hand increase the national income and that which drives the economy national 

forward in terms of the interaction of the project with its own environment, public and activation 

of all economic sectors associated with the project and the availability  of  the basic principles of 

investment which should be available in order to polarize the investors through issuing law of 

investment No.13 of the year 2006 for the sake of developing the process of economic and social 

development to bring the modern scientific experiences, develop the staff, find work 

opportunities for the Iraqis through encouraging the process of investment and widening its base 

and supporting the process of erecting the investment projects of the economic and development 

profits . 

2. EVALUATION AND INVESTMENT  

2.1 Definition of Evaluation 
Evaluation, as a concept, can be defined as “a set of processes conducted in order to compare 

between the results obtained with the preset objectives of the project, so that future decisions can 

improve the remaining part of the project or other future projects. No doubt, this requires that 

project objectives should be clearly determined during planning stage. A comparison should be 

made between the results of the work activities and these objectives using scientific and practical 

measures "One of the main objectives of project evaluation is to compare between results and 

preset objectives. This sheds the light on a major problem in project assessment that is project 

objectives should be well-understood and specified as they were set during the planning stage. 

Project objectives should satisfy the following requirements, RPS &INAC, R., 2000. 

2.2 The Role of Evaluation in a Project Life Cycle 

The process of evaluation consists of consecutive steps for a certain project as shown below, 

Westland, 2006.  

1. The project planner should have good knowledge of the project objectives which have to be 

measurable quantatively, by time and qualitatively. 

2. Upon defining the objectives a comprehensive plan should be made for the project. Before 

adopting, the plan should be evaluated through the feasibility studies of the project. 
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3. During the project implementation, the work should be supervised, followed up and assessed 

in order to make the required changes timely. 

4. After the completion of project, the results are evaluated against objectives; the figure below 

shows the role of assessment in project life cycle. 

2.3 Relation between Performance Evaluation and Planning 

Planning, as defined by (Weick, 1995) is a vision of the desired future and the means required to 

achieve it, Weick,1995. 

Planning also is defined by (Simon and Schuster, 1994) as a set of formal actions aiming to 

achieve clear results in the form of an integrated system for decisions, Simon, and Schuster, 

1994. 

2.4 Relation between Performance Evaluation and Monitoring 

Monitoring involves making sure whether everything is carried out according to the preset plan, 

regulations and principles. Monitoring aims at highlighting the weakness points and errors to 

deal with them and to make sure they will not occur again. The monitoring is applicable to many 

things including laborers and operations. 

Dervavux and Coulaud (1999) considered that the purpose behind supervision is to ensure that 

the decisions taken by the top management are followed effectively and efficiently in order to 

improve the company performance, Westal , and Joy Frechtling, 2002. 

Elements of monitoring include quantity, methods, cost, and time. Process of monitoring 

involves the following steps, Simon, and Schuster, 1994. 

1. Defining of supervision criteria and measures. 

2. Measuring performance and comparing it with criteria. 

3. Correction of any deviation from criteria and plans. 

2.5 Relation between follow up and Evaluation 
Assessment during implementation is (the comparison between the current situation and the 

planned path for project). Also, evaluation is the final resultant of what follow up system has 

reached. Following up process can be defined as a function that is carried out by the 

administration of project in order to validate that work proceeds according to the preset 

objectives efficiently and sufficiently and within the time schedule, O'Reilly, 2005. It is also has 

been defined as “the activity carried out by the management to follow up the implementation 

policy previously set up and evaluating it and finally to correct any weakness it might undergoes 

so that the desired objectives are achieved”. 

Based on the above, follow up generates the performance criteria which will be used to measure 

the progress towards reaching the objectives. That is through the determination whether the 

resources of the project are used in a proper way that leads towards achieving the objectives, 

O’Reilly, 2005. 

2.6 Reasons of Construction Project washout 

Many studies have been performed to tackle such question   in order to answer it. These studies 

have reached too many conclusions which focus on two reasons, project management and human 

factors. In general, most of the studies have classified the causes of failure of construction 

projects into three groups: 

1. There is no realistic estimation of cost and duration of the project as well as wrong 

distribution of resources because of the weak planning of the project, Vorster, and Michael, 

2005. 

2. Project objectives are not clear neither realistic? Moreover, there is no agreement on project 

delivery. 

3. The project is not well studied. This includes weakness in the implementation support, lack 

of expertise as well as the lack of pursuance by project owner. 
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4. Voster, Michael C (2005) defined the reasons of project failure in addition to the percentages 

of their effects on the project failure as shown in Table (1).     

2.7 Success Factors of a Construction Project 

The success factors of any construction project are: time, cost, and quality which together 

represent the corners of the project management triangle which are shown in Fig.1, Smith, 2002.  

2.8. INVESTMENT 

Foreign investment is a term that is usually used when a normal person or juristic person utilizes 

its expertise, efforts or money to perform economic project either alone or jointly with a natural 

or juristic person, with local or foreign investor, or jointly with government or its citizens. The 

host country has the right to direct investors towards certain economic activities according to its 

needs. In Iraq, this direction comes through the Modified Investment Law No (13) of 2006, Iraqi 

Law, 2006, which deal with several sectors?  The sectors included in the mentioned law are; 

housing, tourism, industry, health, education, agriculture, and recreational sectors. This happens 

together with other relevant legislations such as Article (15) of tax law of 2006 related to 

exemption from tax which designed to attract and encourage foreign capitals to invest in several 

diverse fields. 

Investment can also be defined in another way as (the transfer of foreign capital, knowledge and 

advanced technical and administrative technology so as to generate economic, social, and 

administrative development that can lead to develop and revive the host country through the new 

companies and in participation with national capital. 

The research will cover investment and development experienced in Egypt and Iraq. 

2.9 Investment and its Objectives in Egyptian Law 

Egypt had a law No. 65 of 1977 "Arab Investment Law" but was not active because of the 

socialist orientation at that period and the political system instability, The Investment Egyptian 

Law, 1977. The latest investment law which is still working in Egypt was PRESIDENTIAL. M. D, 

No. 4455 of 2002, PRESIDENTIAL. M. D, 2002. 

In an attempt to encourage Arab and foreign investment operating in Egypt, the law offered 

guarantees to the investor against changes in the country social system and the changes in the 

economic policy. The investor irrespective of his nationality or place of residence enjoyed these 

guarantees.  

These guarantees were as follows: 

1. The project real estate cannot be expropriated either wholly or partially unless for public interest 

and according to the law. Compensation should be fair and according to market value. 

2. Companies that invest foreign or Arab monies were considered private companies even if the 

Egyptian money used in the investment belongs to the public sector, that is, the newly 

established companies were subjected to legislations on private companies, in other words, the 

law on private properties even if the Egyptian money used in the investment belongs to the 

public sector, thus facilitating the measures and providing flexibility to ensure project success. 

3. Among the guarantee was the project invested money cannot be sequestrated, frozen, confiscated 

or placed under receivership without court order. In other words, these measures were limited to 

extrajudicial punishment. Any court order was valid. 

In addition, the Egyptian law on investment introduces a number of exemptions for the benefit of 

investors as stipulated in Article (20) of Law No 230 0f 1989 as shown below:  

1. Investment projects enjoyed exemptions from the Company Establishment Law. 

2. The number of board members was not limited, therefore according to this exemption projects 

were not bounded by a certain number of members of the board. 

3. Exemption from the provision requiring the participation of employees in project management as 

stated by Article 82 of the Company Law  
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4. Exemption from the provision requiring a majority of Egyptians in management board as stated 

by Article 93 of the Company Law. 

Additional exemptions that mentioned herein were only given as examples. 

Among the factors which encouraged investors to invest in Egypt which were contained in Law 

4455 of 2002 on investment were a number of tax exemptions granted to investors as shown 

below. 

1. 15-year tax exemptions for housing projects. The exemption can be extended for another five 

years on the recommendation of Investment Board. 

2. 10-year tax exemptions for project set up in new areas and new urban communities. This 

exemption can be extended for another two years on the recommendation of Investment Board. 

3.  Tax exemptions for already existing projects in order to increase their productivity which is 

covered by tax exemptions if the development and expansion were achieved. 

4. 3-year tax exemptions for already existing projects in order to correct financial position 

according to the terms to be laid down by Investment Board. 

5. Income tax exemption was made to encourage investment in corporations. 

6. Tax exemption for land reclamation projects and for some project with special importance to 

Egyptian economy. 

A brief exposition of the Egyptian legislations as mentioned above aims to attract Arab and 

foreign investment to Egypt. The investment was encouraged through several impetuses 

including guarantees and tax exemptions.  All objectives and the legislator aims were analyzed 

and concluded from issuing Law 4455 of 2002 and the manner to realize them as follows, 

PRESIDENTIAL. M. D, 2002. 

The Egyptian investor was granted the same privileges as those granted to Arab and foreign 

investors. 

1. The investor would have to deal with only one body through the newly established Board of 

Investment which was assigned to deal with all matters related to newly established or existing 

projects 

2. Investment in the field of priority are encouraged and upheld. 

3. The Egyptian legislator aimed to reduce unemployment and encourage investment which recruits 

a large number of employees   

4. The Egyptian legislator aims to advanced management, technical, and technological systems. 

5. Freeing the Egyptian economy from dependence of the public sector and directing towards 

privatization so that foreign investors would have confidence in Egyptian investors and thus they 

cooperate. 

6. The Egyptian legislator aimed to reduce the deficit in the balance of payment, Law No. 8 of 

1997.  

These targets are reached from analyzing Law 4455 of 2002 which will be helpful to countries 

which intend to invest in developing countries. 

2.10 Investment and its Objectives in Iraqi Law 

The Iraqi Investment Law No. 13 was issued in 2006.The Iraqi Investment Law explained the 

advantages and guarantees for each investor and facilities for all investment projects in all 

sectors as follow: 

The investor irrespective of his/her nationality shall enjoy all privileges, facilitations and 

guarantees and will be subject to the obligations stated in this law. The Iraqi and foreign investor 

shall have the right for, the purposes of housing projects, the use of the land for a sum to be 

determined between him and the land owner without land speculation according to conditions set 

forth by the National Commission for Investment and the approval of the Council of ministers.   
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The Commission will facilitate the allocation of the required lands for the housing projects. The 

housing units shall be allocated for ownership by the Iraqis after the completion of the project. 

The factors which encouraged investors to invest in Iraq are as follows: 

 2.10.1 The project that has obtained an investment license from the Commission shall enjoy 

exemption from taxes and fees for a period of (10) ten years as of the date of commencing 

commercial operations in accordance with the areas of development defined by the Council of 

Ministers at the suggestion of the national commission for Investment based on the degree of 

economic development and the nature of the investment project. 

2.10.2 The Council of Ministers shall have the right to propose draft laws to extend or grant 

exemptions in addition to the exemptions stipulated in paragraph (First) of this Article, or 

provide incentives, guarantees or other benefits to any project or sector or region and for the 

years and percentages it deems appropriate in accordance with the nature of the activity, its 

geographical location and its contribution to manpower employment and its effect on driving the 

economic development, and for considerations of national interest. 

2.10.3 The National Commission for Investment has the right to increase the years of tax and 

fees exemption in a way directly proportional to the increase in the Iraqi Investor share in the 

project to reach fifteen years if the Iraqi Investor share in the project was more than 50%, The 

Investment Iraqi law, 2006. 

2.11 Methods of Comparison between Projects 

2.11.1 Economic Methods 

The economic methods used in comparison vary depending upon the target of project which in 

turn varies with whether the project is public or private. With respect to public projects, 

comparison depends on some factors among which are: 

2.11.1.1 The importance of the project in line with the national economy  

Projects can be differentiated according to project importance to the national economy: 

1. The importance of the project in economic development:   

     The importance of the project and its relation with economic development vary with the project 

nature, target and size. Industrial projects are typically more effective on national development 

than agricultural ones.  Industrial projects in turn vary in importance and effect on national 

development. Heavy industries are more important than food or textile industries although all 

industries play a role in the increase in national income, productivity and employment  

2. The importance of the project in national security: 

    Sometimes, economic and technical factors as well as the principle of profit and loss are 

overlooked in comparison in favor to security factor regardless the cost. For example a priority is 

usually given to an agricultural project for wheat production because wheat is considered as a 

strategic product and hence represents an important element in the nation security. 

3. Project importance during use: 

     If creating job opportunities is regarded as one of main goals of development, then the 

authorities are responsible for planning to create a large number of new jobs through the use of 

certain quantity of the capital., In other words, it attempts to use the smallest amount of the 

capital necessary to provide new job opportunity. 

2.11.1.2 The importance of the project in terms of balance of payment  

Among the problems which must be looked into when comparing public sector projects is the 

effect on balance of payment through finding out the extent the proposed project depends on 

local raw materials or imported one. If the state policy is to curb the deficit in balance of 

payment, priority should be given to projects that depend on local services or to projects that 

produce imported goods or to projects that produce goods for export so that hard currency is 

obtained, Nowak, Maciej, 2005.  
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2.11.2 Technical Procedure 

Establishing of large and modern projects not only help in developing staff’s efficiency and skill 

but also  help in changing traditional values and creates the spirit of investment and interest in 

setting up projects in the society. Also such projects can support the desire for improving living 

conditions and discipline at work, resulting in radical changes in pattern and principles of 

economic development.  

2.11.3 Financial Procedure 

In addition to comparing project based on economic and technical standards it is vital to carry 

out financial and audit comparison which involves calculation of cost, revenues, profit and net 

returns from money spent on the project. This is considered the main restriction on investment 

especially in private sector. 

This research tackles investment projects in Iraq (housing sector) especially housing investment 

in Najaf Province. The map below shows the master plan of Najaf province. 

3. CASE STUDY OF THE INVESTMENT REALITY AND HOUSING INVESTMENT 

PROJECTS DURING THE IMPLEMENTION  

The housing project in Najaf Province executed in the time period from 2010 -2014. Data and 

information were obtained from Najaf Investment Commission and from Investment Companies 

which were carrying out the projects. The number of projects whose data were adopted is three 

housing projects. Below is a description of one sample shown table (2). 

This research tackles investment projects in Iraq (housing sector) especially housing investment 

in Najaf Province.  
3.1 Overview of Najaf Province 

Najaf is a cultural, religious, commercial and agricultural center with area of 27.845 km
2
. Its 

main cities are, National Investment Commission, 2013.  

1. Najaf City 

2. Kufa  City  

3. Al Manathera City  

According to the Ministry of Planning, the population is between (2006-2020) and is shown in 

table (3). 

3.2 Al- Hassan Investment Housing Projects 

It is considered one of the important housing projects. The complex consists of (112) housing 

units in vertical buildings. Table (4) shows the building details. The project has very high 

technical specifications compatible with modern housing projects, Najaf Investment 

Commission,  4102 . 

3.1.1 Project Construction Stages  

Al- Hassan Housing Project is service project financed by local and foreign investors as well as 

payments from prospective buyers because the units were sold out before the start of the project. 

Payment is paid in installments. The project is located in Al Manathera area in Najaf. It was 

planned to be completed within 24 months at a cost of (ID 11.647, 554,000) to be paid in two 

stages. The sums of stages are (ID 6.735, 000,000) and (ID 4.912, 554,000). The idea of the 

investor to complete the project in two stages is considered good as the investor will be able to 

reduce the amount he invests to half because at the end of the first stage he will be able to fund 

the second stage from the repayments from the first stage shown Fig.2 investment license. The 

investor should carry out 70% of the housing complex infrastructure. But the project 

requirements should be prepared in full. 
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3.1.2 Specifying the Requirements and Preparation of Feasibility Study 

3.1.2.1 Project Objective: Housing and real estate are considered as a fundamental sector in the 

economy all over world. In Iraq housing there is an urgent need for housing. 

3.1.2.2 Project Description: Residential quarter and stores. 

a. Houses more than (700) people with the necessary facilities. 

b. Six shopping centers, a health care center, two primary schools and two secondary schools and 

health center, a kindergarten, a nursery and swimming pool. 

3.1.2.3 Project justification: The Province stands in need of housing units to alleviate the housing 

problem.  

Notes:  

1. It does not need foreign experience nor imported raw materials. They are available in the local 

markets. The working days are 25 per month. 

2. The project is to be completed within two years in two consecutive stages. 

    The project plot was received officially from Najaf Municipality on 05/03/2013 so that work 

could be completed within the specified time period and cost; after getting the license, the 

investor faced some problems among which are: 

1. The complicated administrative measures in government departments especially in Najaf 

Municipality which result in delaying the completion of most housing projects by not proving 

the land for these projects. 

2. The legal measures with Relics and Heritage Office as regards issuing a certificate the specified 

area does not contain relics 

3. There are hurdles in the area represented by high tension poles and large water pipes.  

3.1.3 Design and Preparation of Bills of Quantities (BOQ) 

It's one of the important stages undergone by the project where was reflecting the basic needs of 

the project is in line with the modern with modern residential Complex. 

 As a consultant designed for schemes and the preparation of an initial bill of quantities as well 

as the contract with the consultant / University of Kufa office by the Provincial Council 

Resolution (17) in 2012 on the supervision, follow-up and receive the report of residential 

projects in the province at all stages of the project started on 10 /4/2013 and be responsible for 

the work because of its experience, a good reputation and rehabilitation. The firm providing 

engineering consultancy services for the project in three phases as follows: 

3.1.3.1 Provide BOQ for construction works and project services (electrical, mechanical and 

health) and the actual proportions of achievement of each item. 

3.1.3.2 By taking the test samples for materials used for residential project then give the results 

of the test and others count corresponding to international specification then re-examined again. 

3.1.3.3 Daily general inspection on the progress of work at the site to secure the implementation 

of specifications, general designs  then provide bi-monthly reports for the quality, the percentage 

of completion of each item and continue the process under the program for the implementation 

of 24 months. 

3.1.4 The Investment Opportunity 

Najaf Municipality advertised the project as an Investment Opportunity with area of (37,500 m
2
) 
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A number of investors both local and foreign submitted their offers directly to the Investment 

Commission which checked them to find out their qualifications in terms of capability for the 

work, and their executive, financial, technical, and administrative abilities as well as their 

readiness to work within the specified time period. After the survey was completed, the license 

was awarded to Company. 

3.1.5 Implementation 

The execution style was done by general contractor method which the site has been contributed 

hand by hand to the contractor on 05/03/2013. The report recorded site location, advantages, 

limitations, the dimensions and constraints, real estate or signs or traces. The application of the 

time-table to examine all the items of implementation and functioning of each type of business is 

calculated theoretically. The plan would follow the imposition of labor, tools and materials are 

all equipped to work without interruption and crises fills in the site according to the effective 

functioning of the stages of implementation, work progress and steps under the supervision of 

engineer as well as the actual daily stop and delayed of construction such as materials, supplies, 

rainy days, holidays and emergency conditions. After the location have been taken then the 

preparing of the construction will start immediately by testing the soil to determine soil effort 

and bearing degree of soil surface pressure at a certain level loads, the contractor begins work by 

construction the overnight engineers and workers living sites then identify suitable locations for 

the raw materials storage and leaves enough space for the passage of motor vehicles which will 

supply raw materials of the site the Contractor shall take the necessary procedures to deliver 

water and electricity to the site. The researcher tried to record the most prominent obstacles and 

problems through in site study of the project, the Investment Authority, the project manager and 

site engineers in order to identify the problems which occur during the implementation, resulting 

from both the administration and planning in the first phase that precedes the implementation 

process and the following are some points: 

1. When an investor for investment opportunity has been relying on the BOQ while this is not true 

of the fact that the real amounts vertebrae work is matching to the first phase, which applied to 

70% the proportion of the infrastructure of the project is during the implementation period. 

2. Work programs progress made by the investor are not dependable, because there is a difference 

between programs progress and the fact the port of residential project. 

3. Despite the presence of a permanent contract between the investor competent laboratory tests, 

but the committee did not adopt these tests while investment correspondence immediate and pay 

wages at the same time, causing a waste of time, effort and reduces the interest point of the tests. 

4. Delay from some directories approvals for the implementation of the project including the 

general department of housing, the municipality of Najaf, the General Authority for Antiquities 

and Heritage, Department of Education, Najaf Health directory, so provide all the paperwork for 

the project. 
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4. FIELD SURVEY  

4.1 EVM performance analysis and forecasting  
Table (5) shows what EVM performance measures indicate about a project in regard to its 

planned work schedule and resource budget. It will examine Global standard, 2005.  

1. Variances: schedule variance (SV); (CV); and Variance at completion (VAC). 

2. Indices: schedule performance index (SPI); cost performance index (CPI); to complete 

performance index (TCPI). 

3. Forecasts: Time Estimate at completion (EAC t); Estimate at completion (EAC); and Estimate to 

complete (ETC). 

From the basic three values three kinds of deviation can be calculated from the following 

equations, PMI, 2011.   

 

Cost variance CV= EV - AC                                                                             (1) 

 

Cost performance index (CPI) =  
  

  
                                                                            (2) 

 

Schedule variance SV= EV -PV                                                                         (3) 

 

Schedule performance index (SPI) =
  

  
                                                                         (4)  

where: 

CV: Cost variance. 

EV: Earned value. 

AC: Actual cost. 

CPI: Cost performance index. 

SV: Schedule variance. 

PV: Planned value. 

SPI: Schedule performance index. 

 

4.2Analysis of data information about the cost and time of housing projects 

After data on the cost of project with the research sample was collected, their cost was analyzed 

by using earned value and illustrative drawing by using Sigma Plot program to find out the 

magnitude of deviation between the planned cost and planned percentage of performed work for 

every activity through the main three values of (planned, earned, and actual) after the 

Cumulative total is obtained as shown in Table (6), (7) results of calculation of basic values 

acquired by the percentage of completion. Tables (8  ( as well as the balance value set for the first 

stage of the project (BAC), Global, 2005. The percentage of deviation in every housing project 

is shown in Fig.3 with the estimated cost of planned work. The reduction in cost appears in the 

first stage of project. This is the difference between the planned value and actual cost. The 

percentage of the work performed for each project (27%) respectively. The amount of money 

spent is not compatible with planned cost. The reason for this is financing the project depends on 

the deposits which were drawn from the purchasers' monthly installments. Even so the investor 

cannot receive any money unless Investment Commission agrees and special committee decides 

on the project performed work.  

4. 3 Cost variance (CV) and Cost performance indicator (CPI) 

The ratio of deviation in cost is positive because it ranges between (5% - 22%) in table (5) and 

Eq. (1) and (2). This deviation is an example to show that the contractor had to wait for long 

time to get machinery or raw materials because they were unavailable at the time they were 



Journal of Engineering         Volume   22  August  2016 Number 8 
 

 

55 
 

needed, therefore the volume of work increased in general. The deviation shows less was spent 

than what was expected in the project, Fig.4 Cost performance index of the project. 

4. 4 Schedule variance (SV) and Schedule performance index (SPI) 

It can be seen that time deviation (SV) is negative and ranges between ((-20) % - 16%) for 

project shown table (9) and Eq. (3) and (4). The survey has shown that among the major reasons 

for time deviation is the increase in work volume in some areas under study, making it difficult 

to get machinery and workforce, resulting in long wait to get them. Because of sudden stoppage 

in work either on order of Investment Commission being a representative of the Government in 

these buildings or because of security situation in addition, foundations cannot be cast without 

making sure of the accuracy of their reinforcement which the consultant or his representative 

should endure the compatibility of design with reality. This applies also to the project planning 

because reducing the period for items completion during project planning will certainly cause 

confusion in work. 

Thus time performance index SPI is less than in project. The means that there is time delay from 

what is expected but the spending is less than what is expected on the work in project while the 

actual cost has exceeded what is planned in project, Fig.5 is a graph of the time performance 

index for the first stage in housing project. 

The estimated values of the remaining works (ETC) in housing project executed and from Fig.6 

graph of estimated value of the remaining works in project .The worst estimated value table(9) 

Art Gowan,2006.They were calculated by using the following equations.  , (used Eq.(5),(6 

 

Estimate To Complete (ETC1) =
      

   
                                                      (5) 

Estimate To Complete (ETC2) =
      

       
                                                      (6) 

Where: 

ETC1: Estimate To complete (the most likely) 

ETC2: Estimate To complete (the worst) 

BAC: Budget At completion. 

EV: Earned value. 

CPI: Cost performance index. 

SPI: Schedule performance index. 

5. CONCLUSIONS 
1. Prepare a dedicated staff of residents with experience in various engineering disciplines and who 

have extensive experience in their field of specialty. 

2. The exchange of experiences between projects and programs through the data and information 

assessment, especially the rare cases of a failure of the project or implementation of the project 

as planned in absolute terms and for the purpose of benefiting from lessons learned from the 

projects implemented. 

3. The issuance of legal legislation imposing the existence of evaluation systems for projects and 

accompany it to all stages of the implementation of the project. 

4. In order to achieve the quality specifications of the housing project and get the project advanced 

degrees in the evaluation of the quality, the parties involved are characterized in the project 

competence and expertise needed to achieve those standards, and this was confirmed by the 

answers to the questionnaire categories through the granting of this factor is the degree of high 

importance. 

5. weak role of supervision and follow-up on residential projects in the progress of work in 

residential projects as well as related activities oversight role in planning and guessing for 

business projects.  
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6. RECOMMENDATIONS 

1. Reconsider manner hauling projects up costs and extended implementation. 

2. The middle and senior management of the executive branch on the transfer of residential projects 

in accordance with the standards of good. 

3. The need to apply strict supervision by supervisors during execution. 

4. Focus on the receiving process to be procedures in advance and specific enough to ensure the 

lowest level allowed flaws and mistakes. 

5. Development of laws relating to land acquisition and transfer of ownership. 

7. Activating proliferation policy in the implementation of the residential cities to include all 

provinces. 

8. Organizing efforts of the various agencies involved in housing activity and activation of 

coordination among them for future planning. 

9. Inactive the tax system at the companies in the construction works. 

10. Authentication board of investment plans and maps for residential projects before beginning 

construction work so as to avoid any failures and overlaps in business. 

7. SUGGESTIONS FOR FUTURE STUDIES  

1. Assessment of construction projects and their impact on long-term (value-added of the project). 

2. A detailed study to assess the actual costs of the project and compare cost planned and the 

various phases of the project. 

3. The adoption of modern concepts in the development of evaluation systems, as an application of 

neural networks in building evaluation systems. 
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A= area, acre, m2, km
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Figure 1. Success factors of project management. 
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Figure 2. Investment license. 

 
Figure 3. Provides work for the project 
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Figure 4. Main three values of (PV, EV, and AC) for the first housing project. 

 

 
 

Figure 5. Cost performance index of the project. 

 

 
Figure 6. Schedule performance index for the first stage in housing project. 
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Figure 7.Graph of estimated value of the remaining works (ETC) in project. 
 

Table 1.  Reasons of project failure and the percentage of their effects. 

Cause of Failure Percentage of effect on project 

Lack in integration of project requirement. 13.1% 

Opinion of project users is not considered 12.4% 

Insufficient resources 10.6% 

Unrealistic estimations 9.9% 

Inefficient administrative support  9.3 % 

Changing in requirements 8.7% 

Poor planning 8.1% 

Real need is not well estimated  7.4% 
 

 

Table 2. Description of research sample. 

 

 

Table 3. Showing the population between (2006-2020) in Najaf. 

 

Year Population 

2006 1, 081, 210 

2010 1,204,730 

2020 1,574,201 
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al building 

11,086,0
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47%  05 
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Table 4.The type of building, number of units and built area. 

 

Type Area No. 

Unit 

Unit area Floor area Building area 

Ground 1
st

 Total 

A 250 38 90511 077 20 418 70912 

B 250 38 90511 077 1 077 60746 

C 200 18 20611 028 22 070 20178 

D 200 18 20611 028 1 028 40282 

      SUM 410094 

Table 5. Interpretations of Basic EVM performance Measures. 

Performance 

Measures 

Schedule 

SV>0 & SPI>1.0 SV=0 & SPI = 1.0 SV<0 & SPI< 1.0 

Cost 

CV > 0 & 

CPI > 1.0 

Ahead of schedule 

under Budget 

On schedule 

under Budget 

Behind schedule 

under Budget 

CV = 0 & 

CPI = 1.0 

Ahead of schedule on 

Budget 

On schedule 

on Budget 

Behind schedule on  

Budget 

CV < 0 & 

CPI < 1.0 

Ahead of schedule 

over Budget 

On schedule 

over Budget 

Behind schedule 

over  Budget 

 

Table 6. The results of calculation of basic values acquired by the percentage of completion. 

 

Actual Cost Performance Data Baseline Data Activity Measurement 

Time 

AC  

(ACWP) 

Actual 

Cost 

EV  

(BCWP) 

% 

Complete 

PV 

(BCWS) 

Budget 

Cost 

% 

Complete 

  

30523200 

 

76308000 

 

34224000 

 

40% 42780000 

 

85560000 

 

50% A 
MONTH (1) 

30523200 

 

 34224000 

 

 42780000 

 

   
Accumulative 

68677200 

 

76308000 

 

77004000 

 

90% 85560000 

 

85560000 

 

100% A 

MONTH (2) 
76505200 191263000 

 

78264000 40% 64567800 195660000 33.3% B 

145182400 

 

 155268000 

 

 150127800 

 

   
Accumulative 

76308000 

 

76308000 

 

85560000 

 

100% 85560000 

 

85560000 

 

100% A 

MONTH (3) 
153010400 191263000 

 

156528000 80% 129135600 195660000 66.6% B 

120649500 402165000 

 

165000000 30% 137500000 550000000 25% C 

349967900 

 
 

407088000 

 
 

352195600 

 

   Accumulative 

76308000 

 

76308000 

 

85560000 

 

100% 85560000 

 

85560000 

 

100% A 

MONTH (4) 

172136700 191263000 176094000 90% 195660000 195660000 100% B 
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180974250 402165000 

 

247500000 45% 275000000 550000000 50% C 

130380800 325952000 

 

182380800 40% 150464160 455952000 

 

33.3% D 

559799750 

 

 691534800 

 

 706684160 

 

   Accumulative 

76308000 

 

76308000 

 

85560000 

 

100% 85560000 

 

85560000 

 

100% A 

MONTH (5) 

191263000 

 

191263000 

 

195660000 100% 195660000 195660000 100% B 

241299000 

 

402165000 

 

330000000 

 

60% 412500000 

 

550000000 75% C 

244464000 325952000 

 

341964000 75% 300928320 455952000 

 

66.6% D 

133521500 381490000 

 

165491700 

 

35% 165491700 

 

501490000 

 

33.3% E 

131824000 1647800000 135104000 8% 118216000 1688800000 7% F 

1018679500 

 

 1253779700 

 

 1278356020 

 

   Accumulative 

76308000 

 

76308000 

 

85560000 

 

100% 85560000 

 

85560000 

 

100% A 

MONTH (6) 

191263000 

 

191263000 

 

195660000 100% 195660000 195660000 100% B 

321732000 

 

402165000 

 

440000000 80% 550000000 550000000 100% C 

293356800 

 

325952000 

 

455952000 

 

90% 455952000 

 

455952000 

 

100% D 

286117500 381490000 

 

376117500 75% 330983400 501490000 

 

66.6% E 

197736000 1647800000 202656000 12% 236432000 1688800000 14% F 

77124050 1542481000 

 

85336900 5% 119471660 1706738000 

 

7% G 

1443637350 

 

 1841282400 

 

 1974059060 

 

   Accumulative 

76308000 

 

76308000 

 

85560000 

 

100% 85560000 

 

85560000 

 

100% A 

MONTH (7) 

191263000 

 

191263000 

 

195660000 100% 195660000 195660000 100% B 

361948500 

 

402165000 

 

495000000 90% 550000000 550000000 100% C 

325952000 

 

325952000 

 

455952000 

 

100% 455952000 

 

455952000 

 

100% D 

343341000 

 

381490000 

 

451341000 

 

90% 501490000 

 

501490000 

 

100% E 

329560000 1647800000 337760000 20% 354648000 1688800000 21% F 

185097720 1542481000 

 

20480760 12% 23894220 1706738000 

 

14% G 

39534330 1317811000 

 

46524000 3% 85294000 1550800000 

 

5.5% H 
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1853004550 

 

 2088277760 

 

 2252498220 

 

   
Accumulative 

        

MO (NTH 8) 

76308000 

 

76308000 

 

85560000 

 

100% 85560000 

 

85560000 

 

100% A 

191263000 

 

191263000 

 

195660000 100% 195660000 195660000 100% B 

382056750 

 

402165000 

 

522500000 95% 550000000 550000000 100% C 

325952000 

 

325952000 

 

455952000 

 

100% 455952000 

 

455952000 

 

100% D 

362415500 

 

381490000 

 

476415500 

 

95% 501490000 

 

501490000 

 

100% E 

411950000 1647800000 422200000 25% 472864000 1688800000 28% F 

308496200 1542481000 

 

341347600 20% 358414980 1706738000 

 

21% G 

131781100 1317811000 

 

155080000 10% 170588000 1550800000 

 

11% H 

2190222550 

 

 2654715100 

 

 2790528980 

 

   Accumulative 

76308000 

 

76308000 

 

85560000 

 

100% 85560000 

 

85560000 

 

100% A 

MONTH (9) 

191263000 

 

191263000 

 

195660000 100% 195660000 195660000 100% B 

402165000 

 

402165000 

 

550000000 100% 550000000 550000000 100% C 

325952000 

 

325952000 

 

455952000 

 

100% 455952000 

 

455952000 

 

100% D 

381490000 

 

381490000 

 

501490000 

 

100% 501490000 

 

501490000 

 

100% E 

477862000 1647800000 489752000 29% 591080000 1688800000 35% F 

354770630 1542481000 

 

392549740 23% 477886640 1706738000 

 

28% G 

171315430 1317811000 

 

201604000 13% 255882000 1550800000 

 

16.5% H 

2381126060 

 

 2872567740 

 

 3113510640 

 

   
Accumulative 

76308000 

 

76308000 

 

85560000 

 

100% 85560000 

 

85560000 

 

100% A 

MONTH (10) 

191263000 

 

191263000 

 

195660000 100% 195660000 195660000 100% B 

402165000 

 

402165000 

 

550000000 100% 550000000 550000000 100% C 

325952000 

 

325952000 

 

455952000 

 

100% 455952000 

 

455952000 

 

100% D 

381490000 

 

381490000 

 

501490000 

 

100% 501490000 

 

501490000 

 

100% E 

659120000 1647800000 675520000 40% 709296000 1688800000 42 % F 

385620250 1542481000 

 

426684500 25% 597358300 1706738000 

 

35% G 
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210849760 1317811000 

 

248128000 16% 341176000 1550800000 

 

22% H 

2632768010 

 

 3138994500 

 

 3436492300 

 

   
Accumulative 

 

Table 7.Values of the acquired values, with values related in cost deviation. 

 

Table 8. Deviations show cost, time and overall performance index. 

 

 

BAC  

Cost   variance 
Baseline Metrics Measurement  Cumulative 

M
o

n
th

 

CPI %CV CV 
AC EV PV 

EV/ 

AC 

CV/ 

EV 

EV-AC 

6735000000 1.12 11% 3700800 30523200 34224000 42780000 
1 

6735000000 1.07 6% 10085600 145182400 

 

155268000 

 

150127800 

 
2 

6735000000 1.16 14% 57120100 349967900 

 

407088000 

 

352195600 

 
3 

6735000000 1.24 19% 131735050 559799750 

 

691534800 

 

706684160 

 
4 

6735000000 1.23 19% 235100200 1018679500 

 

1253779700 

 

1278356020 

 
5 

6735000000 1.28 22% 397645050 1443637350 

 

1841282400 

 

1974059060 

 
6 

6735000000 1.13 11% 235273210 1853004550 

 

2088277760 

 

2252498220 

 
7 

6735000000 1.21 17% 464492550 2190222550 

 

2654715100 

 

2790528980 

 
8 

6735000000 1.21 17% 491441680 2381126060 

 

2872567740 

 

3113510640 

 
9 

6735000000 1.19 16% 506226490 2632768010 

 

3138994500 

 

3436492300 

 
10 

EV Index EV  deviation 

M
o

n
th

 

CPI SPI CV% SV% CV SV 

EV/AC EV/PV CV/EV SV/PV EV-AC EV-PV 

1.12 0.80 11% -20% 3700800 -8556000 1 

1.07 1.03 6% 3% 10085600 5140200 2 

1.16 1.16 14% 16% 57120100 54892400 3 

1.24 0.98 19% -2% 131735050 -15149360 4 

1.23 0.98 19% -2% 235100200 -24576320 5 

1.28 0.93 22% -7% 397645050 -132776660 6 

1.13 0.93 11% -7% 235273210 -164220460 7 

1.21 0.95 17% -5% 464492550 -135813880 8 

1.21 0.92 17% -8% 491441680 -240942900 9 

1.19 0.91 16% -9% 506226490 -297497800 10 
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Table 9.  Remaining business value (ETC) in the project each quarter for estimating the most 

likely, and estimate the worst for the Estimate to complete of project  

To Complete Performance 

Index 

TCPI (BAC) 

 

Estimate To Complete ETC 
M

o
n

th
1

 

2 1 

1.00 7470237480 5976189984 1 

1.00 5948663170 6152338429 2 

0.99 4706477288 5440018065 3 

0.98 4999378324 4892205437 4 

0.96 4540714300 4453419332 5 

0.92 4113545938 3836865821 6 

0.95 4447450557 4123205073 7 

0.90 3538583361 3366361987 8 

0.89 3470188453 3201643596 9 

0.88 3301925006 3016076723 10 
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ABSTRACT 

The need to create the optimal water quality management process has motivated researchers to 

pursue prediction modeling development. One of the widely important forecasting models is the 

sessional autoregressive integrated moving average (SARIMA) model. In the present study, a 

SARIMA model was developed in R software to fit a time series data of monthly fluoride 

content collected from six stations on Tigris River for the period from 2004 to 2014. The 

adequate SARIMA model that has the least Akaike's information criterion (AIC) and mean 

squared error (MSE) was found to be SARIMA (2, 0, 0) (0,1,1). The model parameters were 

identified and diagnosed to derive the forecasting equations at each selected location. The 

correlation coefficient between the actual and predicted values for fluoride concentration at the 

six locations, Al-Karakh, East Tigris, Al-Wathbah, AL-Karamah, Al-Rashid and Al-Wahda 

WTP intakes, was 0.93, 0.82, 0.86, 0.90, 0.83 and 0.89, respectively. Model verification results 

indicated that the model forecasting outputs rationally estimated the actual monthly fluoride 

content in the selected locations.  

Keywords: water quality management, time series analysis and prediction, SARIMA model, R software.  

 

 (R) في برًاهجهوديل  (SARIMA) ايذ الشهري في ًهر دجلة باستخذامرولالتٌبؤ بوحتوى الف

 م.م. رشا عطواى فرج أ.م.د.  باسن حسيي خضير أ.م. د. عواطف سؤدد عبذالحويذ

 قسى انُٓذست انًذَٛت

 كهٛت انُٓذست/خايعت بغذاد

 قسى انُٓذست انًذَٛت

انُٓذست/خايعت بغذادكهٛت   

 قسى انُٓذست انًذَٛت

 كهٛت انُٓذست/خايعت بغذاد

 

 الخلاصة

انخُبؤ  ًَارجٔاحذ يٍ انخُبؤ.  ًَارجانًٛاِ قذ حفزث انباحثٍٛ نًٕاصهت حطٕٚش  َٕعٛتافضم لاداسة َظاو انحاخت لابخكاس 

نًٕافقت  (Rبشَايح )( بؤسخخذاو SARIMAحى حطٕٚش ًَٕرج )(. فٙ ْزِ انذساست, SARIMA)انًًٓت ٔانٕاسعت الاَخشاس

قذ ٔخذ ٔ(. 2014-2004خلال انفخشة انزيُٛت يٍ ) انفهٕساٚذ انشٓش٘ نسخت يٕاقع فٙ َٓش دخهتنًحخٕٖ انسلاسم انزيُٛت 

( 0،1،1نخكٌٕ ) (SARIMAٔقًٛت ) (MSE)قًٛت يعذل يشبع انخطؤ ( ٔ AIC)قًٛت  عهٗ أقمّ ئَسب لاحخٕالأا ًُٕرجان

يعايم الاسحباط بٍٛ انقٛى انفعهٛت يعانى انًُٕرج قذ عشفج ٔشخصج  لاشخقاق يعادلاث انخُبؤ فٙ كم انًٕاقع انًحذدة. . (2،0،0)

، 2..0، 3..0ٔانًخٕقعت نخشكٛز انفهٕسٚذ فٙ انًٕاقع انسخت، يآخز انكشخ، ششق دخهت، انٕثبت، انكشايت، انششٛذ ٔ انٕحذة كاٌ 

قذ قذسث يحخٕٖ انفهٕساٚذ  ًُٕرج بؤٌ َخائح انخُبؤ نهًُٕرجَخائح أخخباس انقذ بُٛج انٙ. عهٗ انخٕ ...0ٔ  3..0،  0..0، 0..0

 انشٓش٘ انفعهٙ فٙ انًٕاقع انًخخاسة خٛذا.

 . Rبشَايح ، SARIMA ًَٕرج سة َٕعٛت انًٛاِ، ححهٛم ٔانخُبؤ نهسلاسم انزيُٛت ،ااد الكلوات الرئيسية:

mailto:d.alsaqqar@yahoo.com
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1. INTRODUCTION 

Water quality is a critical subject of the ongoing environmental concerns. Impairment of water 

quality has motivated researchers to develop methods to monitor water characteristics.  Usually 

monitoring water quality in lakes, streams and rivers is performed through the conventional 

methods which involve field measurements and laboratory analysis. The conventional methods 

are useful for small water surfaces. However, for large areas, the conventional methods are 

expensive and incapable for monitoring and evaluating of regional water quality when numerous 

sampling locations need to be evaluated periodically , Hirsch et al., 1982. Therefore, thoughtful 

water quality management efforts have been taken into consideration in many countries to be 

utilized in conjunction with conventional methods.  

Water quality management includes modeling, forecasting and analysis of water bodies’ quality. 

Developing precise forecasting model of future water parameter is the essence of optimal water 

quality management. Modeling methods have been improved with the continued development of 

computer science and statistics particularly for discovering time series data patterns. Time series 

prediction is ongoing area of forecasting approaches. Past collected observations of the same 

parameter are investigated to create a model that describes the underlying relationship. 

Afterwards, the developed model is used to estimate the parameter in the future.  

One of the most useful and important time series prediction models is the autoregressive 

integrated moving average  (ARIMA) model , Sowell, 1992. The advantages of the ARIMA 

model can be attributed to its statistical characteristics, represented by the famous Box–Jenkins 

methodology ,Harvey, 1990 in the model building process. Moreover, ARIMA models can be 

performed to represent several exponential smoothing applications including environmental 

applications ,Williams and Hoel, 1999. The development of ARIMA models have continued 

over decades. The basic ARIMA model has been implemented to include pure autoregressive 

(AR) or pure moving average (MA). Then, it was developed to combine both autoregressive and 

moving average (ARMA) compounds. To implant this model for non-stationary time series data, 

the integrated compound was included in the model to be the ARIMA model. Afterwards, studies 

have investigated the effect of seasonality on fitting an accurate ARIMA model and found that 

seasonality causes weakly stationary condition. Therefore, seasonal compound was added to the 

original ARIMA model to decompose a time series data uniquely into equally independent 

additive seasonal, trend, and irregular noise components  Hillmer and Tiao, 1982, Williams and 

Hoel, 2003. Recently, the seasonal ARIMA (SARIMA) model has been used for water quality 

management applications, Lehmann and Rode, 2001, Kurunç et al., 2005.  

Various programing languages and statistical software were utilized to build SARIMA models 

such as Matlab language, SAS and Stata software. To date, R software is rarely used in modeling 

processes of water management applications. R is a language and environment similar to the S 

language which is used for statistical applications. R offers a variation of statistical techniques 

that can be utilized for linear and nonlinear modelling, statistical tests and time series analysis. 

Unlike the other statistical software and environments, R software is a free software which gives 

the advantage of being an open source in the modeling methodology.  

In the present study, Time series analysis of monthly fluoride content was carried on using R 

software. Also, R software was used to code and construct a SARIMA model to forecast monthly 

fluoride concentration in Tigris River.   
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 2. MATERIALS AND METHOD 

2.1 Study Area and Data Collection 

The study area in this work is Tigris River in Baghdad City. This river is considered the 

main source for Baghdad City water supply systems. Sample collection locations were chosen to 

represent water quality in the main flow stream, including upstream, downstream and between at 

different water treatment plant intakes. Al-Karakh and East Tigris WTP intakes represent the 

upstream flow locations, Al-Wathbah and AL-Karamah WTP intakes represent in between 

upstream and downstream location, and Al-Rashid and Al-Wahda WTP intake represent 

downstream locations. The data used in this study were provided from Baghdad Mayoralty 

(Amanat Baghdad)–Water office which represents the fluoride content at the selected locations 

which were measured monthly according to the standard methods for water and wastewater 

examination , APHA et al., 2005. Monthly time series data of fluoride concentration from 2004 

to 2014 was used in this study.  

3. MATHEMATICAL STRUCTURE OF SARIMA MODEL 

This model assumes that the predicted value of a variable is a linear function of multi 

previous observations with random errors, Box et al., 2011. The model structure is identified as 

the below expression: 

ARIMA (p, d, q)(P, D, Q)s 

This expression can be broken down into two terms, non-seasonal and seasonal terms and the 

mathematical formula of a SARIMA is presented in Eq. (1):  

 

  ( )   ( 
 )    

      ( )  ( 
 )                                                   (1) 

Where:  

p and   : the order of auto-regressive (AR) and the AR operator of order p, respectively. 

P and   : the order of seasonal auto-regressive and the seasonal AR parameter of order P, 

respectively. 

B: the backshift operator of   .  

d and   : the order of integration and the differencing operator, respectively. 

D and   
 : the order of seasonal integration and the seasonal differencing operator, respectively. 

q and   : order of moving average and the MA operator of order q, respectively. 

Q and   : order of seasonal moving average (MA) and the seasonal MA parameter of order Q, 

respectively. 

s : The seasonal period. 

   : The value at time point t. 
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   : The white noise (random walk) of the stochastic model. 

 

To fit predictive equations for fluoride content in the selected locations, a SARIMA model was 

constructed by proceeding multi steps, model identification, parameter estimation, diagnostic 

checking and model validation. 

 

3.1 SARIMA Model Development 

As mentioned above a SARIMA model was constructed for fluoride concentration at 

each location. An R software code was developed to construct the SARIMA model. Time series 

inputs for fluoride concentration from 2004 to 2012 were used to develop the SARIMA model. 

Data from 2013 to 2014 was used to validate the constructed model. To fit the optimal SARIMA, 

model parameters, p, P, d, D, q, Q, s, were identified. Parameter identification was performed 

based on examining the autocorrelation (ACF) and partial autocorrelation (PACF) functions of 

the transformed data. Additionally, it was examined to give the minimum Akaike's information 

criterion (AIC) and mean squared error (MSE). After identifying the model, the model was 

diagnosed and verified for being appropriately fitting the series. The diagnostic process was 

conducted by examining the model residuals based on its ACF, normal quantile-quantile plot (Q-

Q plot) and Ljung–Box statistics results (Box et al., 2011). Validation of the model was 

performed by running correlation analysis to determine whether predicted and actual data are 

significantly different or not.  

 

4. RESULTS AND DISCUSSION: 

Fig. 1 shows monthly data variation of fluoride concentration at each location for the 

study period. The monthly data was examined for its stationary condition. This was achieved by 

performing Augmented Dickey-Fuller test to decide if transformation of the data is neede , 

Harvey, 1990.  The time series input was found to be not stationary (p>0.05). Seasonality could 

result in nonstationary condition. Mainly, this is possible due to the difference between the 

average values at some particular times within the seasonal period and the average values at 

other times. Therefore, the monthly data was differentiated to yield stationary input series with 

respect to yearly periodicity by seasonally transformation.  

 4.1 SARIMA model construction 

To fit the optimal SARIMA model parameters for fluoride data series, several trails were 

performed. The model parameters were chosen based on the statistical residual diagnostic test. 

Time series inputs from 2004 to 2012 were used for model calibration and to find the adequate 

model that fits fluoride content in each location. Data from 2013 to 2014 were used for model 

verification. The data was differentiated to overcome seasonal effects.  

To identify and find the persistence model structure, the ACF, PACF, MSE and AIC were tested. 

The best fitted model was chosen to give the least ACF, PACF, MSE and AIC values. The most 

appropriate SARIMA model included non-sessional and sessional compounds. The model 

parameters, p, d, q, P, D, Q, s, were 2, 0, 0, 0, 1, 1, 12, respectively, for all locations. The 
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SARIMA (2, 0, 0) (0, 1, 1)12 equation was derived from equation 1 based on the selected model 

compounds. Equation 2 is the SARIMA (2, 0, 0) (0, 1, 1)12 equation 

 

 
t
    t-     t-   t-  -   t-  -         t-   et   et-                                              (2) 

 

To compute the model parameters, the computational steps proposed by  , Box and Jenkins, 

1976. were followed. The residuals of the computed parameters were diagnostic to make sure 

that the adequate model was selected for their independence, constant variance and normality. 

Fig. 2 shows the results of the statistical residual diagnostic test for the selected model of the 

monthly fluoride content collected at the East Tigris WTP intake. This test showed similar 

results for the other locations. According to, El-Din and Smith, 2002, to estimate a decent 

prediction model, the residuals of the fitted model should satisfy the white noise method 

requirements which should be uncorrelated and normally distributed around a zero mean. The 

statistic test showed that the ACF values of the residuals and p value were adequately distributed 

within confidence limits (98%) and no significant “spikes” among 35 lags which confirms the 

normality of the residuals. Also, the results exhibited no significant correlation between the 

residuals of the fluoride content at each location. Moreover, the normal quantile-quantile plot (Q-

Q plot) exhibits that the residuals were laying closely on the theoretical line, which obviously 

supports the normality of the residuals. The diagnostic test showed that the selected SARIMA 

model is appropriately fitting the time series data. 

Based on the above analyses, the model parameters were selected. Table 1 demonstrates the 

sessional compounds as well as the MSE and AIC for the selected model at each location. The 

results exhibit that the fitted model for fluoride content at Al-Wathbah WTP intake has the 

highest MSE among the other location.  The forecasting equation for each location can be 

determined by substituting the corresponding computed parameters to each location from Table 

1 in Eq. (2).  

4.2 Monthly Fluoride Content Prediction and Verification 

Using the fitted SARIMA model, monthly fluoride concentration at each location was predicted 

for the period from 2013 to 2016 as shown in Fig. 3. Predicted data from 2013 to 2014 was 

compared to the actual data to verify the fitted model. Fig. 4 shows the correlation between the 

actual data and the predicted data at each location. The correlation coefficient between the actual 

and predicted values for fluoride concentration at Al-Karakh, East Tigris, Al-Wathbah, AL-

Karamah, Al-Rashid and Al-Wahda WTP intakes was 0.93, 0.82, 0.86, 0.90, 0.83 and 0.89, 

respectively. These values are acceptable in common model applications,  Faruk, 2010, Zhang, 

2003, Nourani et al., 2011. Model verification results state that the model forecasting outputs 

reasonably estimated the actual monthly fluoride content in the selected locations.  

5. CONCLUSIONS 

In the last few decades, time series analysis and prediction have been considered a 

dynamic study area. Researchers have never stopped to improve the accuracy efficiency of 

prediction models of water quality. Using R software, an effective SARIMA model was 
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developed for monthly fluoride concentration in Tigris River. The model validation 

demonstrated that the fitted model is adequately forecasting monthly fluoride content. The 

outcomes of this study are necessary in the environmental applications especially with the raised 

concerns regarding water bodies impairment phenomenon.    

 

REFERENCES 

 APHA, AWWA and WEF, 2005, Standard methods for the examination of water and 

wastewater, American Public Heath Association, Washington, DC. 

 

 Box, G.E. and Jenkins, G.M., 1976, Time series analysis: forecasting and control, 

revised ed, Holden-Day. 

 

 Box, G.E., Jenkins, G.M. and Reinsel, G.C., 2011, Time series analysis: forecasting 

and control, John Wiley & Sons. 

 

 El-Din, A.G. and Smith, D.W., 2002, A combined transfer-function noise model to 

predict the dynamic behavior of a full-scale primary sedimentation tank, Water 

Research 36(15), 3747-3764. 

 

 Faruk, D.Ö., 2010,  A hybrid neural network and ARIMA model for water quality time 

series prediction,  Engineering Applications of Artificial Intelligence 23(4), 586-594. 

 

 Harvey, A.C., 1990, Forecasting, structural time series models and the Kalman filter, 

Cambridge university press. 

 

 Hillmer, S.C. and Tiao, G.C.,1982, An ARIMA-model-based approach to seasonal 

adjustment, Journal of the American Statistical Association 77(377), 63-70. 

 

 Hirsch, R.M., Slack, J.R. and Smith, R.A., 1982, Techniques of trend analysis for 

monthly water quality data, Water resources research 18(1), 107-121. 

 

 Kurunç, A., Yürekli, K. and Çevik, O., 2005, Performance of two stochastic 

approaches for forecasting water quality and streamflow data from Yeşilιrmak River, 

Turkey, Environmental Modelling & Software 20(9), 1195-1200. 

 

 Lehmann, A. and Rode, M., 2001, Long-term behaviour and cross-correlation water 

quality analysis of the river Elbe, Germany, Water Research 35(9), 2153-2160. 

 

 Nourani, V., Kisi, Ö. and Komasi, M., 2011, Two hybrid Artificial Intelligence 

approaches for modeling rainfall–runoff process, Journal of Hydrology 402(1–2), 41-

59. 

 

 Sowell, F., 1992, Modeling long-run behavior with the fractional ARIMA model, 



Journal of Engineering Volume   22  August  2016 Number 8 
 

 

81 

 

Journal of Monetary Economics 29(2), 277-302. 

 

 Williams, B.M. and Hoel, L.A., 1999,  Modeling and forecasting vehicular traffic flow 

as a seasonal stochastic time series process. 

 

 Williams, B.M. and Hoel, L.A., 2003, Modeling and forecasting vehicular traffic flow 

as a seasonal ARIMA process: Theoretical basis and empirical results. Journal of 

transportation engineering 129(6), 664-672. 

 

 Zhang, G.P., 2003, Time series forecasting using a hybrid ARIMA and neural network 

model, Neurocomputing 50, 159-175. 

 

  

 

 

Table 1. Summary of the statistical parameters of the selected SARIMA model fitted to fluoride 

concentration at all locations. 

Plant          AIC MSE 

AL_KARAKH 0.4974 0.3788 -1 -7.0644 0.000261 

EAST TIGRIS 0.4413 0.327 -0.9999 -6.5953 0.00041 

AL-WATHBAH 0.4458 0.2069 -1 -4.8524 0.00235 

AL-KARAMAH 0.461 -0.0879 -0.7834 -6.0299 0.00074 

AL_RASHID 0.2707 0.0539 -0.7947 -6.0299 0.0013 

AL_WAHDA 0.3943 -0.0758 -0.775 -6.1358 0.00082 
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Figure 1. Box plots of monthly fluoride concentration data from 2004 to 2014 at different WTP 

intakes. a) Al-Karakh WTP intake. b) East Tigris WTP intake. c) Al-Wathbah WTP intake. d) 

Al-Karamah WTP intake. e) AL-Rashid WTP intake. f) Al-Wahda WTP intake.  
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Figure 2. The residual statistical results of the fitted model for monthly fluoride content at the 

East Tigris WTP intake. 
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Figure 3. Prediction of monthly fluoride content at various locations in Tigris River. Black solid 

line is the actual data from 2004 to 2012 used to calibrate the model. Blue solid line is the 

predicted data for the period from 2013 to 2016. Gray areas shows the upper and lower limits of 

the predicted values based on 95% confidence intervals. a) Al-Karakh WTP intake. b) East Tigris 

WTP intake. c) Al-Wathbah WTP intake. d) Al-Karamah WTP intake. e) AL-Rashid WTP 

intake. f) Al-Wahda WTP intake. 
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Figure 4. Actual versus predicted fluoride concentration data for correlation analysis at the 

selected locations. a) Al-Karakh WTP intake. b) East Tigris WTP intake. c) Al-Wathbah WTP 

intake. d) Al-Karamah WTP intake. e) AL-Rashid WTP intake. f) Al-Wahda WTP intake. 
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ABSTRACT 

In real conditions of structures, foundations like retaining walls, industrial machines and platforms 

in offshore areas are commonly subjected to eccentrically inclined loads. This type of loading 

significantly affects the overall stability of shallow foundations due to exposing the foundation into 

two components of loads (horizontal and vertical) and consequently reduces the bearing capacity.  

Based on a numerical analysis performed using finite element software (Plaxis 3D Foundation), the 

behavior of model strip foundation rested on dry sand under the effect of eccentric inclined loads 

with different embedment ratios (D/B) ranging from (0-1) has been explored. The results display 

that, the bearing capacity of strip foundation is noticeably decreased with the increase of inclination 

angle (α) and eccentricity ratio (e/B). As well as, a reduction factor (RF) expression was appointed 

to measure the degree of decreasing in the bearing capacity when the model footing is subjected to 

eccentric inclined load. It was observed that, the (RF) decreases as the embedment ratio increases. 

Moreover, the test results also exhibit that, the model footing bearing capacity is reduced by about 

(69%) when the load inclination is varied from (0
°
 to 20

°
) and the model footing is on the surface. 

While, the rate of decreasing in the bearing capacity was found to be (58%), for both cases of 

footing when they are at embedment ratios of (0.5 and 1.0). Also, a comparative study was carried 

out between the present results and previous experimental test results under the same conditions 

(soil properties and boundary condition). A good agreement was obtained between the predicted 

bearing capacities for the two related studies. 
 

Keywords: strip foundation, inclined loads, eccentricity ratio, finite element method. 

 

ًُعرَض لأحًال يائهة غير يركزية بأستخذاو طريقة انعناصر انًحذدة تقييى قابهية تحًم الأساس انشريطي ان  

 
 احًذ يجيذ عهي

 يذسط يغاعذ

 قغى هُذعت انبُاء والإَشاءاث, اندايعت انخكُىنىخٍت/ بغذاد
 

 انخلاصة
انًكائٍ انصُاعٍت و يُصاث فً يُاطق بسشٌت حكىٌ يُعشضت إنى  ‚انغاَذةفً انظشوف انسقٍقٍت لأعظ انًُشآث يثم اندذساٌ 

. هزا انُىع يٍ انخسًٍم ٌؤثش بشكم يهى عهى كايم إعخقشاسٌت الأعظ انضسهت َخٍدت حعشُض الأعاط أزًال يائهت بشكم غٍش يشكضي

 إنى يشكبخٍٍ يٍ الأزًال )أفقٍت وعًىدٌت( وبانخانً حقهم يٍ قابهٍت انخسًم.

فئٌ حصشف  ‚(Plaxis 3D Foundation)طشٌقت انعُاصش انًسذدة بشَايح ٌعخًذ عهى أَُدض بؤعخخذاو  اً عهى حسهٍم عذديإعخًاد

يخخهفت حخشاوذ يٍ  (D/B)ًَىرج الأعاط انششٌطً انًغخُذ عهى سيم خاف و حسج حؤثٍش أزًال يائهت غٍش يشكضٌت وبُغب غشص 

قذ حى انخسشي عُه. حظهش انُخائح بؤٌ قابهٍت حسًم الأعاط انششٌطً حقم بشكم يهسىظ بضٌادة صاوٌت انًٍلاٌ و َغبت  (0-1)

يصطهر يعايم انخقهٍم قذ أعُخًذ نقٍاط دسخت انُقصاٌ فً قابهٍت انخسًم أثُاء حعشض الأعاط إنى زًم يائم غٍش  ‚أٌضاً  .انلايشكضٌت

علاوة عهى رنك, حظهش َخائح انفسىصاث بؤٌ قابهٍت حسًم ًَىرج  ٍم ٌقم عُذيا حضداد َغبت انغشص.يشكضي. وقذ نىزع إٌ يعايم انخقه

( وًَىرج الأعاط ٌكىٌ عهى انغطر. بًٍُا, وُخِذ أٌ َغبت ° 20-0عُذيا ٌخغٍش يٍلاٌ انسًم يٍ )%( 69الأعاط ٌقم بُغبت زىانً )

 (.1.0 -0.5غشص ) انزي عُذيا ٌكىٌ فٍها الأعاط عُذ َغبو %( ورنك نكلا انسانخ58ٍٍفً قابهٍت انخسًم هً )انُقصاٌ 
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حى زانت انسذود(.  ‚انظشوف )خىاص انخشبت عابقت حسج َفظ يخخبشٌتائح فسىصاث بٍٍ انُخائح انسانٍت وَخدساعت يقاسَت  أَُدضث

 انسصىل عهى حىافق خٍذ بٍٍ قابهٍاث انخسًم انًخًُت نهذساعخٍٍ انًقصىدحٍٍ.

 طشٌقت انعُاصش انًسذدة,: أعاط ششٌطً, ازًال يائهت, َغبت انلايشكضٌت انكهًات انرئيسية

 

1. INTRODUCTION 
Based on the review of the existing literatures related to the bearing capacity of shallow foundations, 

it seems a limited attention has been paid to predict the ultimate bearing capacity when the 

foundation is subjected to eccentric and inclined loads. Hence, the paucity of the numerical and 

experimental studies concerning the eccentrically inclined loads gives the impulsion to carry out 

numerous researches in this field. 

However, loads on footings are normally eccentric and inclined, as shown in Fig 1. Loading a 

footing eccentrically will reduce the bearing capacity of the footing. An off-center load will increase 

the stress (edge stress) on one side and decrease it on the opposite side. Purkayastha and Char, 

1977 analyzed the method of the stability of slip surfaces that used for computing the bearing 

capacity of eccentrically loaded footing. A close agreement was noticed between the theoretical and 

experimental values for the plane strain case.  

Saran and Agarwal, 1991 theoretically assessed the bearing capacity of strip footing under 

eccentricity and inclined loads. The derived equation from that analysis is expressed as:          

 

          ) = D γ Nq       α) + 1/2 B γ Nγ       α)                                                                                         (1)                                           

 

Where 

 Nq       α) and Nγ       α) are the bearing capacity factors which are in terms of inclination angle (α) 

and eccentricity load (e). They are available in tubular and graphical form in the original paper. 

Gottardi and Butterfield, 1993 used an alternative approach using "interaction diagram" to relate 

different loading components at failure for strip footing subjected to eccentrically inclined load on 

sand. They revealed that, the sign of the eccentricity is important in relation to the direction of the 

horizontal load.  

Loukidis et.al, 2008 employed the finite element method to determine collapse load of a rigid strip 

footing placed on a uniform layer of purely frictional soil subjected to inclined and eccentric 

loading. Two series of analyses were performed, one using an associated flow rule and the other 

using a non-associated flow rule. The results showed that, the inclination factor depends on the 

value of the friction angle, whereas the effective width (B΄) does not. Also, laboratory model tests 

were carried out by Pritam Dhar et.al, 2013 to investigate the load-inclined and eccentric load 

under different shapes of model footing. 
 

2. FINITE ELEMENT ANALYSIS AND MESH DESICRETIZATION  

A numerical analysis using (Plaxis 3D Foundation) software has been employed to separately 

characterize the load- settlement relationships of model strip footing. Geometry of mesh generated 

has planer dimensions of 0.5m (width), 1m (long) and 0.65m in depth. The model foundation 

dimensions are (500mm) in length and (100mm) in width and has a thickness of (30mm), simulated 

as mild rigid steel material. The type of soil element used is 15-nodes wedge element, composed of 

6- triangular nodes in horizontal direction; and 8- quadrilateral nodes in vertical direction.  

The mesh modeled in this case consists of (4026 and 1316) for number of nodes and elements 

respectively. The choice of 15-noded wedge element was made because the later demonstrates a 

higher rate of convergence and superior numerical performance than the other types of nodes (i.e. 6 
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node elements) especially for the dense sand where the intense of strain localization exists, Loukidis 

et.al, 2008. Layout of mesh geometry at different positions of footing is illustrated in Fig. 2. 

Plaxis automatically imposes a set of general fixities to the boundaries of geometry model. These 

conditions are generated according to the following rules: 

Vertical model boundaries with their normal to x-direction (parallel to y-z directions) are fixed in x-

direction and free in y and z directions. Also, vertical model boundaries with their normal in z- 

direction are fixed in that direction and free in xy plane. While model boundaries neither in x- nor in 

z- direction are fixed in x and z- direction (displacements in these direction equal to zero) and free in 

y- direction. The model boundaries for bottom and ground surface are fixed and free respectively in 

the all directions. 

To get a better representation of the interaction between the soil and the foundation, reduction factor 

Rint was used as a value of (0.8). The soil mechanical behavior is modeled using an elastic – 

perfectly plastic constitutive model following the Mohr– Coulomb failure criterion. Since all the 

calculations are based on the main input parameters; stiffness and shear strength materials, it can be 

emphasized in Table 1. 

 

2.1 Definition of Problem to be analyzed 
This research is concerned with the study of the bearing capacity of a model strip footing of width 

B, supported by dense sand and located at different depths (Df/B i.e. 0, 0.5 and 1) at and below the 

ground level, under the action of eccentric inclined loads. The effect of inclination angles which are 

varied from (α=0  5  10  15 to 20). Eccentricity ratio (e/B) was chosen as (0  0.05  0.1 and 0.15) to 

satisfy the safe design criterion (e< B/6) so as to avoid tension between the foundation and soil. All 

soil properties and foundation details used and the boundary condition in this study have been 

adopted from Atalar et.al, 2013. 

 

3. COMPARATIVE STDY WITH PREVIOUS EXPERIMENTAL RESULTS 

Since, the present study has employed the same boundary conditions and the soil properties that 

were used by Atalar et.al. 2013 but, the objective is extremely different. So, the comparison 

between the present numerical test results and the experimental ones in the form of ultimate bearing 

capacity has been done and listed in Table 2. In most cases, the deviations as demonstrated in col. 

(3) are less than  15. The summation of these deviations value was about (7.65%), which is mean 

the degree of convergence between the numerical and experimental results is (92.35%) and provided 

an excellent agreement in estimating the ultimate bearing capacity of model strip footing subjected 

to eccentrically inclined load. The correlation between the previous experimental work and the 

present numerical is better clarified in Fig.3. 

4. ANALYSIS AND DISCISSION OF TEST RESULTS 
Bearing capacity of model strip footings for all tests conducted in this study has been obtained. The 

coupled effect of combined loads and the eccentricity on the behavior of footing was clarified. As 

well as, the mechanism of failure under different conditions of loading has also been implied. The 

criterion adopted in this study is that proposed by Terzaghi, 1943 by which the failure load is 

defined as the load required to cause a settlement corresponding to 10% of footing width.  

4.1 Effect of Load Eccentricity 

Obviously when the load is directly applied at the center of footing, it will be subjected to a vertical 

displacement almost equal at each point below the footing (i.e. footing is rigid). Fig. 4 represents the 

relationship between the pressure and settlement for centrally loaded footing at different embedment 

ratio (Df/B). 
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As shown in Fig. 4, it can be observed that, as the eccentricity ratio increases the bearing capacity of 

model footing to sustain the imposed loads decreases. This issue is true for all off-centrally loaded 

footing, at which the model footing is confronted to rotating moment about the edge. The model 

footing will tilt toward the side of the eccentricity and the contact pressure increases on the side of 

tilt and decreases on the opposite side. As though the failure resulted in the supporting soil on the 

side at which the load is acted. The ultimate capacities of model footings for different cases are 

presented in Fig.5. 

It is noticed that, and according to the loading curves explained above, the type of failure is general 

shear failure even for the tests carried out at off-central loading. This observation is compatible with 

Murthy, 2002 who stated that if the eccentricity is small (e<B/6), the load required to produce this 

type of failure is almost equal to the load desired for producing a symmetrical general shear failure. 

However, the moment counteracted about the foundation has a direct proportion with the 

eccentricity value and its effect is listed in Fig. 6. 
  

Clearly, the values of moment that work against rotating action is increased as the distance from the 

center of gravity of foundation is increased. Since, the mobilized moment which tries to prevent the 

footing to topple is a function of vertical component of inclined load (i.e. M= v. e) thus, it is 

deduced that, the increase in moment when the model footing was placed at embedment ratio of (0.5 

to 1) at eccentricity ratio of (0.15) was (80 and 136%) respectively in the comparison with the case 

of surface footing (Df/B= 0). 

This condition is justified to the fact that, installing the footing at a nominated depth and restricted 

by surrounding soil and which the footing will be resisted by the passive forces exerted by soil 

bounded the footing. Therefore, presence of the soil at the both sides of footing causes to intensify 

the passive region which in turn push against the active region below the footing directly and 

consequently, the footing will contain more external loads, than of the case when the model footing 

is placed on the surface. Fig. 7 is presented to understand the failure mechanism and what happens 

when the model footing is loaded by a vertical eccentric loading (e> 0 and α= 0). 

According to Bransby and Randolph, 1998 the collapse mechanism when the footing is loaded by 

off-center vertical load consists of wedge and rotation parts. The wedge has two components: a 

passive wedge and a fan region. The wedge part lies to the side of footing, on the side upon which 

the load is applied. Plastic shearing occurs in side of the fan and the passive wedge. In contrast, the 

plastic strains in the rotation part located on the other side of mechanism tends to occur along the 

single shear band bounding the rotating part, with only minimal plastic deformations developing 

inside the rotating part. 

4.2 Effect of Load Inclination 

Exactly (15) model tests were conducted to investigate the influence of centrally inclined loads 

(e/B=0) at different inclination angles (α) changing from (0
°
, 5

°
, 10

°
, 15

°
 to 20

°
) and embedment ratio 

(Df/B= 0, 0.5 and 1.0). The effects of these parameters on the values of bearing capacity are shown 

in Fig. 8. As was expected, the maximum value of load that the model footing can be reached is at 

the case of (i.e. α=0). It is noticed that  the ultimate bearing capacity decreases as the inclination 

angle increases.  

The test results also exhibited the model footing bearing capacity is minimized by about (69%) 

when the load inclination is varied from (0
°
 to 20

°
) and the model footing is on the surface. 

However, the rate of decreasing in the bearing capacity was recorded as (58%), for the both cases of 

footing when they are at embedment ratios of (0.5 and 1.0). From the findings mentioned above, it is 
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observed that, the bearing capacity of footing is affected with the embedment ratio in addition to the 

inclination angle. This justification is attributed to the fact that, the amount of reduce in the bearing 

capacity of surface footing is larger than that of the cases when the model footing is installed at 

deeper distance (Df/B> 0).  
 

Normally, the surface footing that subjected to inclined load will be exposed into two components of 

loads, vertical and horizontal forces. The vertical component is already checked for the bearing 

capacity purposes. As for the horizontal force, the model footing will be subjected to sliding effect, 

causing to reduce of entire stability of footing. Since the footing on the surface is free and 

unbounded from all the direction of the planer area, the horizontal resistance is a function of vertical 

load according to the expression (H= V tanδ)  meaning that horizontal force is mainly dependent on 

the friction between the soil and the foundation and the vertical component of loading.  

 

When the model footing is constructed at a certain depth into the ground, the model footing will be 

confined by the surrounding soil, and the footing will be considerably withstand against sliding 

action. This may refer to the presence of passive forces exerted on the footing base resulting from 

the adjacent soil. Therefore, the horizontal force beneath the footing base can be formulated as 

shown: 

 

H= V tanδ+ Pp                                                                                                                                     (2) 

                                                                                               

Where the (H) is the horizontal resistance of footing  (V) is the vertical component of loading  (δ) is 

a coefficient of friction and (Pp) is the passive force exerted on the footing which depends upon the 

friction angle (φ) and the soil density (γ). For these reasons, it may be said that, the sliding action is 

started to minimize as the embedment ratio increases. 

In the case of central inclined loading (e= 0  α> 0) as shown in Fig. 9, there is no rotation part in the 

failure mechanism, which is largely one-sided containing a passive wedge, fan and a rigid tapered 

wedge below the footing base that pushes against the fan region. A very small passive wedge is 

observed on the side of mechanism opposite the side of footing where the inclined load points. 
 

4.3 Effect of Eccentrically Inclined Load on Bearing Capacity 
In this section, the combined effect of the inclination angle and eccentricity ratio at different 

embedment ratios was together analyzed. A total of 31 model tests were performed (with regardless 

of the cases of eccentric and inclined vertical loading which have been mentioned before) for 

identifying the coupled influence of eccentrically inclined load on the behavior of bearing capacity 

of model strip footing. The influence of these factors is illustrated in Fig. 10.  

As seen in these plots, the bearing capacity of footing has an inverse proportion with the eccentricity 

ratio and the angle of inclination. This principle is consistent for all the values of embedment ratio. 

The complicated interaction between these parameters is required using reduction factor concept. 

The term "RF" is used to express and compare the test data from different loading condition. So, the 

change in the term of bearing capacity is expressed and displayed as the following: 
 

  =  
q(

 f

B
 
e

B
  α)

q ( f/B   e/B= 0  α=0)
                                                                                                                                      ) 

 

Where RF is reduction factor, q ( f/B  e/B  α) is the ultimate bearing capacity of footing with different 

values of eccentricity ratio and the angle of inclination at a specific embedment ratio, q ( f/B  e/B=0  α=0) 
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is a bearing capacity of footing subjected to centric vertical load and placed at a certain depth. A 

reduction factor has been proposed to estimate the variation of the bearing capacity when the model 

footing is exposed to eccentrically inclined load and the degree of reduction with respect to the 

reference case (e= 0  α= 0) at similar embedment ratio.  
 

It can be noted that, the embedment ratio has a significant effect on the bearing capacity of model 

footing at different values of the eccentricity and inclination. All curves nearly trend to have the 

same behavior when the footing is loaded under eccentrically inclined loads. According to 

calculations which have been carried out to assess the decrease of bearing capacity using RF, the 

magnitude of reduction in the bearing capacity starts to increase with the increase of eccentricity 

ratio. 

Also, in general speaking, the reduction factor is decreased as the depth where the model footing 

placed is increased especially for the case of load inclination of (10
°
) and thereafter to (20

°
). Details 

of the reduction factor of the model footing at different conditions are displayed in Table 2. It is 

found that, the decreasing of bearing capacity is raised as the eccentricity and the inclination angles 

are increased. As well as  attaining from the (α= 10)  the reduction factor at an eccentricity ratio of 

(0.15) is converted from (63.8 to 49.3%) when the embedment ratio increased from (0 to 1), and for 

the same ratio, the reduction factor is varied from (73.0 to 61.2%) and (82.9 to 65.6%) when the 

load is applied at an angles of 15
°
 and 20

°
) respectively.  

This state can be justified to placing the model footing at a certain depth will increase the bearing 

capacity by reducing the ability of model footing to slide or to overturn due to the eccentric inclined 

load. Therefore, presence of the footing below the ground level can minimize these effects by the 

increase of base resistance to the horizontal forces and reduce the upheaval of soil at the side of 

footing where the point of load is applied at which the model will be supported by stronger region. 

Consequently, the amount of decreasing in the bearing capacity or by other words the reduction 

factor is decreased. 

5. CONCLUSIONS 

Based on the results of this investigation, the following main conclusions can be drawn: 

1. Bearing capacity of model footing is separately reduced with both of the inclination angle (α) and 

eccentricity ratio (e/B), and this effect appears largely when the model footing is exposed to 

eccentrically inclined load directly. 

2. A pronounced influence of the inclination angle on the ultimate capacity of footing presents that, 

the footing capacity is decreased by (8, 31, 51 and 70%) for (α=5°  10°  15° and 20°) respectively 

and at Df/B= 0 and e/B=0. For the case of Df/B= 0.5 and e/B=0, the ultimate capacity is minimized 

by (8, 25, 39 and 58%) for Df/B= 0.5 and e/B=0. Also, the footing capacity is reduced by (9, 30, 50 

and 57%) for the case of Df/B= 1 and e/B=0. 

3. The increase of mobilized moment (M= v. e) was obtained about (80 to 136%) at maximum 

eccentricity ratio (0.15) and embedment ratio of (0.5 to 1.0) respectively, as compared with the 

surface footing case. 

4. The reduction factor (RF) trends to decrease as the embedment ratio increases, and decrease 

significantly with the eccentricity ratio and inclination angle. 

5. The effects of sliding and overturning due to eccentric inclined load are minimized when the 

model footing is placed at a certain depth below ground level.  
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NOMENCLATURE 
 

B and B
־
= actual and effective footing width, m. 

Cu= cohesion of soil, kPa. 

Df = excavated footing depth, m. 

Df/B = embedment ratio, dimensionless. 

Es = modulus of elasticity, kPa. 

e = eccentricity, m. 

e/B = eccentricity ratio, dimensionless. 

H = horizontal resistance of footing, kN. 

M = applied moment, kN.m. 

Nq and Nγ = bearing capacity factors, dimensionless. 

Pp = passive force of soil, kN. 

RF = reduction factor in bearing capacity, dimensionless. 

Rint = interface reduction factor, dimensionless. 

R
2
 = coefficient of regression, dimensionless. 

V = vertical applied load, kN. 

α = inclination angle  degree. 
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γ = unit weight of soil  kN/m
3
. 

δ = angle of wall friction  degree. 

φ = angle of internal friction  degree. 

ψ = angle of dilation  degree. 

 

 

 

 

 

  

 
 

 

 

 

 

 

 
 

 

 

  

 
 

 

 

 

 

 

Figure 1. Footing loading condition where R, V and H are resultant, vertical and horizontal loads 

respectively. 
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Figure 2a. Geometry of mesh boundary when footing is installed at Df/B=0 

 

Figure 2b. Geometry of mesh boundary when footing is installed at Df/B=0.5 
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Figure 2c. Geometry of mesh boundary when footing is installed at A) Df/B=1 

 

Figure 3. Comparison between bearing capacity values for present and previous studies. 
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Figure 4. Pressure-settlement relationship of eccentrically vertical loaded model footing at values of 

embedment ratio of A) Df/B =0, B) Df/B =0.5 and C) Df/B =1.0. 

  

A)  /B= 0  α= 5°
 B)  /B= 0  α= 10°
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D) D/B= 0.5  α= 10
°
 

 

 

Figure 5. Stress- settlement curves for all models that have been analyzed at different conditions of loading. 
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E) D/B= 1.0  α= 5
°
 F)  /B= 1.0  α= 10°

 

  

G)  /B=0  α= 15°
 H)  /B=0  α= 20°

 

  

I)  /B=0.5  α= 15
°
 J) D/B=0.5  α= 20

°
 

Figure 5. Continue. 
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K) D/B= 1.0  α= 15

°
 L) D/B= 1.0  α= 20
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Figure 5. Continue. 

 

 

Figure 6.  Maximum moment vs. eccentricity ratio relationship of vertically eccentric footing. 

  

 

  

 
 

 

 

 
 

 

 

Figure 7. Mechanism of failure of eccentric vertical loaded footing A) e<B/6 and B) e>B/6. 
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Figure 8. Effect of load inclination on the bearing capacity at different embedment ratio. 

 

  

  

 
 

 

 

 
 

 

 

Figure 9. Mechanism of failure of centric inclined loaded footing A) α= 10
°
 and B) = 20

°
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Figure 10. Effect of inclination angle and eccentricity ratio on the bearing capacity of model footing at 

different embedment ratios A) Df/B = 0, B) Df/B = 0.5 and C) Df/B = 1.0. 
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Table 1. Parameters of soil model adopted in present study. 

parameter Index 

Type of Material Sand 

Material Model Mohr coulomb 

Modulus of elasticity ES (kN/m
2
) 36000 

Poisson's ratio, ν 0.30 

Angles of internal friction φ  41° 

Angle of Dilatincy ψ 11° 

Cohesion Cu (kN/m
2
) 0.001 

Dry unit weight γ (kN/m
3
) 14.36 

Interface reduction factor Rint 0.8 

Stiffness of footing material (kN/m
2
) 65000000 

 

Table 2. Reduction factor and bearing capacities obtained from the present and previous studies at different 

cases. 

 

No. Df/B α e/B 

qu (present 

study) 

(kPa) (1) 

qu (Atalar. et. 

al., 2013) 

(kPa) (2) 

(Col.1-co12)/col.2 

Deviation 

(3) 

(RF) % 

1 0 0 0 146 166.77 -12.45 0 

2 0 0 0.05 138 133.42 3.43 5.5 

3 0 0 0.1 128 109.87 16.50 12.3 

4 0 0 0.15 108 86.33 25.10 26 

5 0 5 0 135 128.51 5.05 7.5 

6 0 5 0.05 119 103.01 15.52 18.5 

7 0 5 0.1 101 86.33 16.99 30.8 

8 0 5 0.15 83 65.73 26.27 43.2 

9 0 10 0 101 96.14 5.06 30.8 

10 0 10 0.05 80.4 76.52 5.07 44.9 

11 0 10 0.1 64.6 62.78 2.89 55.8 

12 0 10 0.15 52.9 51.99 1.75 63.8 

13 0 15 0 73.2 66.71 9.72 49.9 

14 0 15 0.05 64.3 53.96 19.16 56 

15 0 15 0.1 48 44.15 8.72 67.1 

16 0 15 0.15 39.4 35.12 12.18 73 

17 0 20 0 44.6 43.16 3.33 69.5 

18 0 20 0.05 38.5 34.83 10.53 73.6 

19 0 20 0.1 35 29.43 18.92 76.02 

20 0 20 0.15 24.9 23.54 5.77 82.9 

21 0.5 0 0 234 264.87 -11.65 0 

22 0.5 0 0.05 211 226.61 -6.88 9.8 

23 0.5 0 0.1 199 195.22 1.93 15 

24 0.5 0 0.15 195 164.81 18.31 16.7 

25 0.5 5 0 215 223.67 -3.87 8.1 

26 0.5 5 0.05 191.5 193.26 -0.91 18.2 

27 0.5 5 0.1 163.8 165.79 -1.20 30 

28 0.5 5 0.15 142 140.28 1.22 39 

29 0.5 10 0 176 186.39 -5.57 24.8 

30 0.5 10 0.05 158 160.88 -1.79 32.5 

31 0.5 10 0.1 130 137.34 -5.34 44.4 

32 0.5 10 0.15 117 116.74 0.22 50 

33 0.5 15 0 143 151.07 -5.34 38.9 

34 0.5 15 0.05 123.6 129.49 -4.54 47.2 
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35 0.5 15 0.1 109.8 111.83 -1.81 53.1 

36 0.5 15 0.15 96 94.18 1.93 59 

37 0.5 20 0 97.4 115.76 -15.86 58.4 

38 0.5 20 0.05 90.3 98.1 -7.95 61.4 

39 0.5 20 0.1 84 85.35 -1.58 64.1 

40 0.5 20 0.15 76.8 72.59 5.79 67.2 

41 1 0 0 381 353.16 7.88 0 

42 1 0 0.05 341 313.92 8.62 10.5 

43 1 0 0.1 309 278.6 10.91 18.9 

44 1 0 0.15 255 245.25 3.97 33.1 

45 1 5 0 346 313.92 10.21 9.2 

46 1 5 0.05 320 277.62 15.26 17.6 

47 1 5 0.1 237 241.33 -1.79 37.8 

48 1 5 0.15 204 215.82 -5.47 46.5 

49 1 10 0 265 264.87 0.04 30.4 

50 1 10 0.05 214 239.36 -10.59 43.8 

51 1 10 0.1 206 212.88 -3.23 45.9 

52 1 10 0.15 193 188.35 2.46 49.3 

53 1 15 0 190 225.63 -15.79 50.13 

54 1 15 0.05 180 206.01 -12.62 52.8 

55 1 15 0.1 171.6 179.52 -4.41 55 

56 1 15 0.15 148 155.98 -5.11 61.2 

57 1 20 0 159 183.45 -13.32 58.2 

58 1 20 0.05 145 166.77 -13.05 61.9 

59 1 20 0.1 138 143.23 -3.65 63.8 

60 1 20 0.15 131 126.55 3.51 65.6 

 ∑|value|=7.65%   

=0.9235 
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ABSTRACT 

         This study involves the design of 24 mixtures of fiber reinforced magnetic reactive 

powder concrete containing nano silica. Tap water was used for 12 of these mixtures, 

while magnetic water was used for the others. The nano silica (NS) with ratios (1, 1.5, 2, 

2.5 and 3) % by weight of cement, were used for all the mixtures. The results have shown 

that the mixture containing 2.5% NS gives the highest compressive strength at age 7 

days. Many different other tests were carried out, the results have shown that the carbon 

fiber reinforced magnetic reactive powder concrete containing 2.5% NS 

(CFRMRPCCNS) had higher compressive strength, modulus of rupture, splitting tension, 

stress in compression and strain in compression than the corresponding values for the 

carbon fiber reinforced nonmagnetic reactive powder concrete containing the same ratio 

of NS (CFRNRPCCNS). The percentage increase in these values for CFRMRPCCNS 

were (22.37, 17.96, 19.44, 6.44 and 25.8) % at 28 days respectively, as compared with 

the corresponding CFRNRPCCNS mixtures.  

Key word: nano silica, magnetic water, reactive powder concrete, carbon fiber, tap water    

ىاوى الالحاوٌة على  الكاربىن الفعالة الممغىطة المسلحة بألٍاف لمساحٍقا خىاص خرساوةبعض 

 سٍلٍكا

 زٌىب هاشم مهدي 

هذسس     

الوسطي الحقٌيةالجاهعة -الكلية الحقٌية الهٌذسيةبغذاد  

ًرافع هاشم السهٍل   

 اسحار

جاهعة بغذاد-كلية الهٌذسة  

زٌه العابدٌه رؤوف   

 اسحار

جاهعة بغذاد-كلية الهٌذسة  

 

 خلاصة ال

الوسممل ة يريممش الوسممل ة الووغٌطممة الفعالممة  الوسمماقي خشسمماًة   همميخلطممة  42جضمموٌث هممزٍ الذساسممة ج مموين          

في  خلطة الأخشى فقذ أسحخذم الواء الووغٌظ 24خلطة هٌها أها الـ  24 اعذادسالة في بألالياف، قيث جن أسحخذم هاء الإ

يبيٌمث الٌحما إ  ى  لجويع الخلطات السوٌث هي يصى %(3ي 4,5، 4، 2,5، 2خلطها ، جن اسحخذام الٌاًو سيليكا بٌسب )

هخحلفمة أخمشى جشيمث ف وامات أ .أيمام 7% ًاًو سيليكا أعطث أعلي هقايهة اًضغاط بعوش 4,5الخلطة ال ايية علي 

اًفعما  الضمغظ, يعلي الٌوارج، يبيٌمث الٌحما إ أى ف موق هقايهمة الاًضمغاط , الاً ٌماء, فمذ الاًفمد ,  جهماد الضمغظ 

 الخشسماًة% ًاًو سمليكا أعلمي همي  4,5يال ايية علي  الكاسبوى الفعالة الووغٌطة الوسل ة بالياف الوساقي لخشساًة  

mailto:zainabhashim@it.baghdad
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, 24,22, 22,41, 44,32) بٌسمب للخشسماًة الووغٌطمة فمي يمين الف وامات صيماد   لٌحما إأبمذت اقيمث الغيمش هوغٌطمة 

 .يوم علي الححابع هقاسًة بٌفس الخلطات الخشساًية الغيش هوغٌطة 43عٌذ العوش %  (45,3ي  1,22

 الة, هاء الاس, الياف الكاسبوىالفعالة الوساقي خشساًة  5 ًاًو سليكا، الواء الووغٌظ، مات الدالةالكل

1- INTRODUCTION 

1-1 General   
 

      Recently, nano technology attracted considerable scientific interest due to the new 

potential uses of particles in nano (10
-9

 m) scale. The use of nano-scale size of particles 

can result in dramatically improved properties from conventional grain-size materials of 

the same chemical composition. Thus, industries may enable to reengineer many existing 

products and design new and novel ones that function at unprecedented levels. Few 

researches are available in literature about mixing nano particles in cement- based 

building materials, Bauer, et al., 1996,  Lau and Hui, 2002, Fuji Chimera Research 

Institute, 2002 and Li et al., 2004. 

      Qing et al., 2006, stated that the pozzolanic activity of nano-SiO2 was much greater 

than that of silica fume and with a small amount of nano-SiO2, the Ca(OH)2 crystal at the 

interface between hardened cement paste and  aggregate at early ages may be effectively 

absorbed in high performance concrete.  

      Collepardi et al., 2002, investigated the combination of silica fume, fly ash and 

amorphous nano silica in super-plasticized high performance concretes. They found that 

concrete with ternary combination of silica fume, fly ash and amorphous nano silica 

reduced amount of silica fume about 15 to 20 kg/m
3
 perform as well as silica fume alone 

content 60 kg/m
3
 in result of strength and durability 

      An investigation was carried out by Jo et al., 2007 to study the characteristics of 

cement mortar with nano-SiO2  particles. Five different water/cementitious ratios were 

used, including 0.23, 0.25, 0.32, 0.35, and 0.48 with four contents of NS (3, 6, 9, and 12) 

% by weight of cement. The compressive strengths of cement mortar specimens with the 

addition of silica fume were also evaluated at w/cm ratio of 0.35 to compare with mortar 

containing nano silica particles and three contents of silica fume 5, 10, and 15% by 

weight of cement. The experimental results showed that the compressive strengths of 

mortars with NS were all higher than those of mortars containing silica fume at 7 and 28 

days.  

       Remzi. and Meral., 2008, had studied the effect of nano powders on cement paste, 

mortar and concrete and found that the use of nano powders in concrete technology 

affects the cement kinetics and accelerates hydration significantly due to larger surface 

area, stronger electrostatic forces of nano powders, and improvement in the 

microstructures of concrete having nano powders. 

       Roddy et al., 2008, applied particulate NS in oil well cementing slurries in two 

specific ranges of particles sizes, one between 5 to 50 nm, and the other between 5 to 30 

nm. Also they used NS dry powders in encapsulated form and concentrations of 5 to 15% 
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by weight of cement. The respective test results for the slurries demonstrated that the 

inclusion of NS reduced the setting time and increased the strength (compressive, tensile, 

Young’s modulus and Poisson’s ratio)  

      Abbas, 2009, carried out an investigation to study the influence of nano-silica 

addition on properties of conventional and ultra-high performance concretes and found 

that the addition of both silica fume and nano-silica by total amount of 10%, may lead to 

an increase in the 28-day compressive strength of low cement content and high cement 

content concretes up to 40% and 50%, respectively, over the strength of comparable 

concretes. It was observed that the pozzolanic contribution of nano-silica becomes 

significant from the very early age, compared to silica fume, which begins its pozzolanic 

reactivity at the age of 7 days or later. This mechanism explained the outstanding 

mechanical performance of nano-silica concrete. 

      An experimental work was carried out by, Skripkiunas, and Javavicius, 2010, on the 

effect of nano Na2O·nSiO2 dispersion on the strength and durability of Portland cement 

matrix and the principles of nanostructures formation in the cementitious materials 

consisting of several binding components. Three-component binding system consisting of 

colloidal sodium silicate solution, super-plasticizer suspension and Portland cement was 

used. The different contents of nano sodium silicate, namely (0, 0.2, 0.5 and 0.8) % by 

weight of cement were used. They observed that hardened cement with 0.5% nano 

sodium silicate admixture have high amount of amorphous (irregular shape) phases, 

which are coating the C-S-H and CH crystals. This factor has high influence on the 

porosity   of hardened cement by the increasing of hardened cement close porosity. The 

capillary pores are closed with amorphous masses in the hardened cement paste.            

       Furthermore, the most important challenge for concrete technologists is to improve 

the properties of concrete. In Russia and China, a new technology, called magnetic water 

technology, was used in the concrete industry. In this technology, passing water through a 

magnetic field, some of its physical properties change and, as a result of such changes, 

the number of molecules in the water cluster decrease from 13 to 5 or 6, which causes a 

decrease in the water surface tension. Using magnetized water in concrete mixtures 

causes an improvement in the workability and compressive strength of concrete, Afshin 

et al, 2010.  

        Ahmed, 2009, investigated the influence of magnetic water on compressive strength 

and workability of concrete. The results showed that the compressive strength of concrete 

samples prepared with magnetic water increases 10-20% more than that of the tap water 

samples. The results also showed that an increase in compressive strength of concrete is 

achieved when the magnetic strength of water is 1.2 T, and velocity of water current that 

passes through magnetic field is of 0.71 m/s. He also found that magnetic water improves 

the workability of fresh concrete. 
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       Afshin et al., 2010, had studied the effects of magnetic water on some mechanical 

properties of high strength concrete, such as workability and compressive strength. For 

the production of magnetic water, a magnetic treatment device was used.  

      The results of tests showed that, in most cases, concrete made with magnetic water 

(magnetic concrete), has higher slump values than those of control concrete (up to 45%). 

Also in some cases, the compressive strength of the magnetic concrete samples was 

higher than that of the control concrete samples (up to 34%), but in other cases, with the 

same slump and compressive strength, cement content can be reduced by 28% in the case 

of magnetic concrete. 

        Arabshahi, 2010, investigated to examine the effect of magnetic water on concrete 

parameters. Strength parameters of concrete were obtained for more than 104 concrete 

samples, (including the ordinary water) and magnetic samples (made by magnetic water), 

with slump and compressive strength experiments. Based on slump experiments, 

magnetic samples were 7 centimeters more than nonmagnetic group and the average 

compressive strength of samples made by magnetic water was 23% more than that of 

samples made by ordinary water. The experimental results show the advantages of 

magnetic samples in concrete industry because of increase in plasticity, the efficiency and 

quality of concrete boosts in comparison with nonmagnetic samples. 

1-2 Research Significance  

       The use of nano silica with 99.8% SiO2 content in nano scale and average particle 

size 12 nm is a new approach. The nano silica reacts rapidly with the calcium hydroxide 

in the cement paste converting it into stable cementitious compounds. These refinement 

processes will strengthen the micro structure and reduce the micro cracking. On the other 

hand, the use of magnetic water and high range water reducing admixture (HRWRA) 

with nano silica is expected to improve the properties of concrete due to substantial water 

reduction of the nano silica – cement mixtures, which improves the dispersion of cement 

and other material particles with the breakdown of their agglomerations by the action of 

HRWRA and magnetic water.   

1-3 Objectives  

        The Primary objectives of this research are:  

 To present the possibilities of using nano silica for reactive powder concrete 

including micro materials. Due to unavailability of studies that tackled the effect of 

nano silica in RPC. 

 To evaluate the effect of water dosage, nano silica (NS), micro carbon fiber addition, 

and technical requirements for reactive powder concrete. The key factors of materials 

proportion are investigated systematically through a series of experiments to 

investigate the influence of each the individual constituent material properties on 

overall behavior. 
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 To investigate the effect of magnetic water on the mechanical properties of reactive 

powder concrete containing NS with and without micro carbon fibers. Because of 

unavailability of research about using magnetic water in reactive powder concrete.  

 To understand the axial stress-strain relationship of RPC reinforced with micro carbon 

fibers in compression. Due to rarity of research that investigated the axial stress-strain 

relationship of reactive powder concrete reinforced with micro carbon fibers.  

2- MATERIALS 

2-1 Cement 

      Ordinary Portland cement (Lebanon cement, Torabat Alsabia) type I was used 

throughout this research. It was stored in a suitable way to avoid any exposure to hazard 

conditions. The chemical properties of cement used throughout this research are shown in 

Table 1. Test results were indicated that the adopted cement was conformed to the Iraqi 

specification No.5/1984.  
      Particles size distribution was acquired by a SHIMADZU SALD-2101 LASER 

DIFFRACTION PARTICLE SIZE ANALYSIS instrument. The instrument used is 

attached to a computer that gives data about the amount of particles according to the 

diameter and plot as shown in Fig. 1.     

     From Fig. 1, it can be seen that 90% of particle is less than 8 µm. 

  

2-2 Natural Sand 

      Al-Ekhaider natural sand was used throughout this research as the fine aggregate with 

particle size distribution smaller than 600 µm and greater than 150 µm.  

 

2-3 Nano Silica (NS)   
      The nano silica used in this research named as CAB-O-SIL is made in Germany. It 

has a specific surface area 200 m
2
/g. The chemical composition of this material is shown 

in Table 2. The NS used in this work conforms to the chemical and physical 

requirements of ASTM C1240-03. Tables 3 and 4 show the chemical and physical 

requirements, respectively. According to the manufacture company average primary 

particle size is 12 nanometers. X-ray diffraction diagram shows that nano silica 

amorphous and has the ability to reacts as shown in Fig. 2.  

2-4 Mixing water  
     Two types of water were used in this research, the first one is tap water and the second 

is magnetized water. The magnetized water was produced by passing the tap water in a 

magnetic funnel 

 

2-5 High Range Water Reducing Admixture 

      The super-plasticizer used was a modified polycarboxylates based polymer 

manufactured and supplied by SIKA
®
 under the commercial name Sika

®
 Viscocrete

®
 Hi-

Tech 36.  
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2-6 Carbon Fibers 
      The micro Carbon fibers used in this research was brought from Alibaba Company. 

It has small diameter 0.001mm and a length 8.5mm. 

  

2-7 Materials Proportion 
       To determine the optimum mixtures of the RPC that give compressive strength   

higher than 100MPa, various mixtures were tried by using Al-Ekhaider natural sand, 

glass sand, tap or magnetized water as follow: 

 

1- The first stage   

       Sand to cement ratio (S/C) in mortar and type of sand were expected to have 

significant effect on compressive strength. Hence, it
s
 effect was investigated using five 

mixtures; 

a- Sand to cement ratios (S/C) was (2:1, 1.75:1, 1.5:1, 1.25:1 and 1:1). 

b- Al-Ekhaider natural sand and glass sand. 

c- Water cement ratio W/C of 0.44. 

      Results indicated that the mixture with S/C (1:1) using Al-Ekhaider natural sand gave 

compressive strength higher than other mixtures containing glass sand as shown in Fig. 3. 

This may be due to the roughness of surface texture of Al-Ekhaider sand that lead to a 

stronger bond between this sand and the cement paste than the bond between smooth 

surface texture of glass sand and the cement paste.   

 

2- The second stage  

      The optimum ratio of the nano silica (NS) additive was obtained as follows:  

1-By using tap water; 

a- The used ratios of the additive NS are (1, 1.5, 2, 2.5 and 3) % by weight of cement. 

b- S/C ratio of 1. 

c- W/C ratio of 0.17. 

d- Dosage of super-plasticizer of 7% by weight of cement. 

e- Dosage of super-plasticizer of 7.3% by weight of cement for mixtures incorporated 

micro-carbon fibers. 

     The results indicated that the compressive strength increases with NS increase up to 

2.5%, while it decreases when the NS increased to 3% as shown in Table 5. This can be 

justified by the fact that the additional quantity of NS particles (pozzolan) present in the 

mixture is higher than the amount required to combine with the liberated lime during the 

process of hydration, this leads to leaching out  of non-reactive silica, leave space which 

causes a lack in strength. 

2- By using magnetized water: 

      Using the same previous procedure but with magnetized water, the results indicated 

increasing in compression strength. It was obvious that the percentage increase varies 

from 17.8% to 23.3% as shown in Table 6. This is mainly due to the fact that the 

magnetic field has a considerable effect on clusters of water molecules which causes the 

decrease of such a mass from 13 molecules to 5 or 6 molecules. Such a decrease of 
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molecules causes more participation of water molecules in the cement hydration reaction. 

When water is mixed with cement, cement particles are surrounded by water molecule 

clusters. In the case of magnetic water in which the clusters have a smaller size and lower 

density, the thickness of the water layer around the cement particle is thinner than in the 

case of normal water. 

 

 2-8 Casting and Curing of Test Specimens  

      The specimens were demoulded after 1 day immersion in tap water saturated with 

Ca(OH)2 at laboratory temperature (20-23)
o
 C  up to test. 

 

 3- RESULTS AND DISCUSSION       
A parametric study was carried out to investigate the effect of HRWRA (SV-Hi-Tech-

36), 2.5% of nano silica, 2 % of micro carbon fibers by weight of cement, tap and 

magnetic water, on properties of reactive powder concrete. 

 

3-1 Compressive Strength 

      The compressive strength values of various types of RPC are given in Table 7 and 

Fig. 4. It can be seen that the compressive strength considerably increases with the age 

progress up to 90 days, with slight increase at ages between 180 and 360 days. The 

compressive strength improvement of a nonmagnetic reactive powder concrete containing 

HRWRA (SV-Hi-Tech-36) is also shown, whereas that the percentages of increase were 

68.2% and 34.73% at 28 and 360 days respectively with respect to reference RPC. This 

behavior is mainly due to the significant water reduction caused by incur-porating 

HRWRA which leads to the reduction in capillary porosity. In addition, the super-

plasticizer   surfactant tends to disperse the cementitious particles uniformly throughout 

the mix, therefore improving the uniformity of the microstructure.      

     The compressive strength of a nonmagnetic mixture containing 2.5%NS-HRWRA 

reactive powder concrete is higher than that of reference RPC, the percentages of increase 

were 88.4% and 52.1 % at 28 and 360 days respectively. This can be explained by the 

high pozzolanic reaction of NS, particles with calcium hydroxide released from cement 

hydration leading to pore size and grain size refinement processes which can strengthen 

the microstructure and reduce the micro cracking. The compressive strength of the 

2.5%NS-HRWRA-CF nonmagnetic reactive powder concrete with respect to reference 

RPC was 92.2% and 55.38% at 28 and 360 days respectively. It is well known that the 

fibers embedded inside a cement mortar or concrete act as a link among the cracks caused 

by heavier loads and, as a consequence, this leads to an increase in the materials strength. 

This may also be related to the uniform dispersion of micro Carbon fibers throughout 

reactive powder concrete.          

     The influence of magnetic water on compressive strength is also illustrated in Table 7 

and Fig. 4. The results show that when using magnetic water in mixing materials of RPC, 

RPC-HRWRA, 2.5%NS-HRWRA, 2.5%NS-HRWRA-CF reactive powder concrete, it 

causes significant increase in the compressive strength. The percentages of increase in 

compressive strength were (16.04, 13.38), (21.51, 21.76), (24.0, 22.33) and (22.37, 



Journal of Engineering       Volume   22  August  2016 Number 8 
 

 

 

110 
 

21.99)% at 28 and 360 days respectively, compared to the same mixtures using tap water, 

This is mainly due to the reasons mentioned in article 2-7. 

 

 3-2 Modulus of Rupture 
     The modulus of rupture for each of the RPC mixtures was determined; results are 

shown in Table 8 and Fig. 5.    

     These results indicated that all types of RPC exhibit continuous increase in modulus of 

rupture with age progress. However, the rate of modulus of rupture gain of concretes at 

early ages is higher than those at later ages.     

     HRWRA (SV-Hi-Tech-36) nonmagnetic reactive powder concrete shows a significant 

improvement in modulus of rupture at all ages relative to the reference RPC. The 

percentages of increase were 37.1% and 41.60% at 28 and 360 days respectively, this 

behavior is as mentioned above.  

     Nonmagnetic 2.5%NS-HRWRA reactive powder concrete demonstrates further 

increase in modulus of rupture. The percentages of increase relative to reference RPC 

were 66.74% and 69.2 % at 28 and 360 days, respectively. The results indicated also a 

considerable increase in modulus of rupture due to the adding of micro carbon fibers to 

the nonmagnetic 2.5%NS-HRWRA reactive powder concrete. The percentages of 

increase in modulus of rupture with respect to the same unreinforced mixtures were 

62.97% and 60.82% at 28 and 360 days, respectively. This behavior may be due to the 

chopped fibers reinforcing the RPC at the micro-crack stages and enhances the response 

during crack-initiation whereas the large fibers provide the toughness at the stages of 

larger crack opening.       

      The influence of magnetic water on modulus of rupture of various types of RPC is 

illustrated also in Table 8 and Fig. 5. The results show that the use of magnetic water in 

mixing will cause a significant increase in the flexural strength. From Table 9, it can be 

observed that the percentages increase in the modulus of rupture at all ages for all various 

types of magnetic RPC with and without micro carbon fibers with respect to the same 

nonmagnetic mixtures.  

 

3-3 Splitting Tensile Strength      
      The effect of HRWRA (SV-Hi-Tech-36), NS, MCF and the age using tap or magnetic 

water on the splitting tensile strength for various types of RPC are presented in Table 10 

and Fig.  6.     

      The results indicate that all types of RPC show continuous increase in splitting tensile 

strength up to 360 days, but this increase is extremely slight at ages above 90 days. This 

may be attributed to the increased fineness which leads to increased activity at early ages. 

Additionally, because of (SV-Hi-Tech-36), a good dispersion of the cement grains 

throughout the mixing conduces to gain strength at early ages. The percentages of 

increase in splitting tensile strength of nonmagnetic HRWRA-RPC calculated with 

respect to reference RPC were 79.35% and 28.97 % at 28 and 360 days respectively. This 

behavior may be ascribed to the significant reduction in capillary porosity of the cement 

matrix because of the reduction in water/cementious ratio.   
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     The percentages of increase in splitting tensile strength for 2.5%NS-HRWRA 

nonmagnetic reactive powder concrete with respect to reference RPC at 28 and 360 days 

were 158.15% and 87.16% respectively. 2.5%NS-HRWRA-nonmagnetic reactive powder 

concrete reinforced with 2% micro carbon fibers show continuous improvement in tensile 

strength at all ages. The percentages of increase in splitting tensile strength with respect 

to the same unreinforced mixtures were 50.00% and 48.14% at 28 and 360 days 

respectively.  This increase in splitting tensile is attributed to the nature of binding fiber 

available in concrete. When the reinforced concrete is forced to split apart in the tensile 

strength test, the load is transferred into the fibers as pullout behavior when the concrete 

matrix begins to crack as it exceeds the pre-crack state.  

     The effect of using magnetic water in all types of the RPC mixtures is presented in 

Table 10 and Fig. 6. The results revealed that for various types of the magnetic RPC 

mixtures an increase was observed in splitting tensile strength at all ages with respect to 

the same nonmagnetic mixtures. The percentages of increases in the splitting tensile 

strength relative to the same nonmagnetic mixtures are illustrated   in Table 11. 

 

3-4 The Axial Stress-Strain Relationship of RPC in Compression 

       This research shows the actual effect of age and the main variables (HRWRA (SV-

Hi-Tech-36), nano silica admixture, 2% micro carbon fibers and magnetic water) on the 

axial stress-strain relationship of RPC in compression. The effect of each variable is 

shown in a separate figure that contains a set of curves constructed to cover all ages of 

test.  

       The compression stress-strain curves for various types of magnetic or nonmagnetic 

reactive powder concrete are shown in Figs. 7, 8 and Table 12      

      Fig. 7 (a and b) shows that the ascending portion of the stress-strain curves of the 

reference RPC and HRWRA-RPC specimens is steep and almost a straight line at later 

ages, whereas the descending portion has almost vanished. Therefore, plain composite 

reactive powder concrete fails violently and suddenly. 

       For 2.5%NS-HRWRA nonmagnetic reactive powder concrete, the shape of the 

ascending portion of the stress-strain curve is steeper than that of HRWRA-RPC at all 

ages as shown in Fig. 7 (c). This may be attributed to the ability of NS to produce high 

strength concrete.  Consequently more brittleness is produced by the addition of this 

admixture to HRWRA-RPC.  

       Fig. 7 (d) shows the effect of the micro carbon fibers on the compression stress-strain 

curve of 2.5%NS-HRWRA nonmagnetic reactive powder concrete with age progress. 

The figure shows only slightly variations during the ascending portion while the 

descending portion is modified significantly.  

       At 28 days, the maximum strain reached at the peak stress was 0.00357 for 2.5%NS-

HRWRA-CF-RPC-TW and decreased with age progress to reach 0.00349 at 360 days as 

shown in Fig. 7 and Table 12. This behavior may be attributed to the ability of micro 

carbon fibers to arrest and slow down the progress of propagation of micro cracks, thus 

producing noticeable increase in the strain at the peak stress, ductility and improve the 

integrity of the composite  
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      The effect of magnetic water on the compressive stress-strain curves of various types 

of reactive powder concrete is shown in Fig.8 from (a to d). It can be seen that by using 

magnetic water two advantages were achieved. First, it increases compressive strength for 

various types of reactive powder concrete   at all ages. Second, it reduces the slope of the 

descending portion and results in an increase in ductility as seen in Fig. 8 (d). The 

percentages increase for stress and strain of various types of magnetic composite reactive 

powder concrete in comparison with the same nonmagnetic mixtures at 28 and 360 days 

are shown in Table 13.  

4- CONCLUSIONS  
     According to the results obtained from the experimental work of this investigation, the 

following conclusions can be deduced:  

 HRWRA-RPC, 2.5%NS-HRWRA and 2.5%NS-HRWRA-CF nonmagnetic RPC 

have shown considerable increase in compressive strength, modulus of rupture and 

splitting tensile strength. The percentages increase relative to reference RPC were (68.2, 

34.9 and 79.35), (88.4, 66.74 and 158.15) and (88.4, 62.97 and 52.67) % at 28 days 

respectively.  

Two advantages of magnetic water were observed. First, it increases compressive 

strength, modulus of rupture and splitting tensile strength for various types of RPC at all 

age with respect to the same nonmagnetic mixtures.. The percentages of increase range 

between (16.04 to 24.0), (17.96 to 18.90) and (15.30 to 19.44) % at 28 days respectively  

      Second, it reduces the slope of the descending portion for reinforced mixtures and 

results in an increase in ductility. The percentages increase in the axial stress-strain 

relationship in compression related to the same nonmagnetic mixtures range between 

6.44 to 9.58% at 28 days.  
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Table 1. Chemical composition and main compounds of cement
* 

Oxides composition Content 

% 

Limits of Iraqi specification No.5/1984 

CaO 62.2 --- 

SiO2 20.1 --- 

Al2O3 5.89 --- 

Fe2O3 3.08 --- 

MgO 2.31 <5.00 

SO3 2.01 <2.80 

L.O.I. 2.53 <4.00 

Insoluble residue 1.03 <1.5 

Lime Saturation Factor, 

L.S.F. 
0.87 0.66-1.02 

Main compounds (Bogue's equations) 

C3S 50.68 - 

C2S 19.474 - 

C3A 10.3 - 

C4AF 9.55 - 

* Chemical analysis has been conducted by the National Center for Construction Laboratories and Researches. 

Table 2. Chemical analysis of nano Silica 
*
 

Oxide composition Oxide content % 

SiO2 99.8 

Al2O3 0.05 

Fe2O3 0.003 

Na2O 0.05 

K2O 0.03 

MgO 0.01 

TiO2 0.03 

HCl 0.025 

                   *Chemical analysis has been conducted by National Center for Geological Survey and Mining. 
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Table 3. Chemical requirements of nano Silica ASTM C 1240-03 

Oxide composition NS Limit of specification requirement ASTM C 1240 

SiO2, min. percent 99.8 85.0 
Moisture content, max. percent 1.5 3.0 

Loss on ignition, max 1 6.0 

 

Table 4. Physical requirements of nano Silica ASTM C 1240- 03 

Physical properties NS 
Limit of specification requirement 

ASTM C 1240 

Percent retained on 45-µm (No.325) sieve, max. - 10 

Accelerated  pozzolanic Strength Activity Index with 

Portland cement at 7 days, min. percent of control 
210.58 105 

Specific surface, min., m
2
/g 200 15 

Table 5. Details of the RPC mixtures proportion (kg/m
3
) used throughout this investigation     

using tap water 

Mixtures 

C
em

en
t 

  
  

S
a

n
d

  
  

  
  

 

A
d

d
it

iv
e
 

M
a

te
r
ia

l 

W
a

te
r
  

  
  

 

H
R

W
R

A
  

  
  

 

F
ib

er
  

  
  
 

C
o

m
p

. 
S

tr
en

g
th

 

(M
P

a
),

 7
d

a
y

s 
RPC Tap Water (TW) 875 875 _ 385 _ _ 42.6 

HRWRA-RPC-TW 1100 1100 _ 188.7 61 _ 85.32 

1% NS–HRWRA–RPC–TW 960 960 9.6 164.81 67.86 _ 92.3 

1% NS–HRWRA–CF–RPC–TW 950 950 9.5 163.1 70 19 94 

1.5% NS–HRWRA–RPC-TW 920 920 13.8 158.74 65.36 - 93.78 

1.5 NS–HRWRA–CF–RPC–TW 910 910 13.65 157 67.4 18.2 95.2 

2% NS–HRWRA–RPC-TW 880 880 17.6 152.59 62.83 _ 94.88 

2% NS–HRWRA–CF–RPC-TW 870 870 17.4 150.85 64.78 17.4 96.41 
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Table 6.  Details of the RPC mixtures proportion (kg/m
3
) used throughout this investigation 

using magnetized water 

Mixtures                      
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a
n

d
 

 A
d

d
it

iv
e 

M
a
te

ri
a
l 

  W
a
te

r 
 

 H
R

W
R

A
 

  F
ib

er
s 

 C
o
m

p
. 

S
tr

en
g
th

 

(M
P

a
),

 7
d

a
y
s 

RPC Magnetic Water (MW) 875 875 - 385 - - 48.9 

HRWRA -RPC- MW 1100 1100 - 188.7 61 - 99.45 

1% NS -HRWRA - RPC - MW 960 960 9.6 164.81 67.86 - 108.1 

1% NS-HRWRA - CF- RPC- MW 950 950 9.5 163.1 70 19 110.64 

1.5% NS - HRWRA - RPC- MW 920 920 13.8 158.74 65.36 - 109.5 

1.5 NS - HRWRA - CF - RPC- MW 910 910 13.65 157 67.4 18.2 112 

2% NS - HRWRA - RPC- MW 880 880 17.6 152.59 62.83 - 110.9 

2% NS - HRWRA - CF- RPC - MW 870 870 17.4 150.85 64.78 17.4 113.76 

2.5% NS - HRWRA - RPC- MW 840 840 21 146.34 60.27 - 113.05 

2.5% NS - HRWRA - CF - RPC- MW 830 830 20.75 144.6 62.1 16.6 115.9 

3% NS-HRWRA-RPC- MW 810 810 24.3 141.83 58.4 - 112.86 

3% NS - HRWRA - CF - RPC - MW 800 800 24 140 60 16 114.43 

  

 

 

 

2.5% NS–HRWRA–RPC-TW 840 840 21 146.34 60.27 _ 95.92 

2.5% NS–HRWRA–CF–RPC-TW 830 830 20.75 144.6 62.1 16.6 97.84 

3% NS–HRWRA–RPC-TW 810 810 24.3 141.83 58.4 _ 95.2 

3% NS – HRWRA–CF– RPC -TW 800 800 24 140 60 16 96.9 
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Table 7. Compressive strength for various types of mixtures 

Mixtures 
Compressive strength MPa 

7 days 28 days  90 days 180 days 360 days 

RPC Tap Water (TW)  42.6 57.48 72.24 73.3 74 

HRWRA-RPC-TW 85.32 96.7 99.4 99.66 99.7 

2.5%NS-HRWRA-RPC-TW  95.92 108.3 111.86 111.95 112.56 

2.5%NS-HRWRA-2%CF-RPC-TW  97.84 110.48 114.6 114.84 114.98 

RPC Magnetic Water (MW) 48.9 66.7 82.9 83.2 83.9 

HRWRA-RPC-MW 99.45 117.5 120.77 120.9 121.4 

2.5%NS-HRWRA-RPC-MW  113.05 134.3 136.7 136.9 137.7 

2.5%NS–HRWRA-2%CF-RPC-MW  115.9 135.2 140.3 141.5 142.2 

 

Table 8. Modulus of rupture for various types of mixtures 

Modulus of rupture (MPa) 

Mixtures 

 
360 

 days 

180  

days 

90 

 days 

28 

 days 

7  

days 

10.24 10.23 10.2 9.2 6.45 RPC Tap Water (TW) 

14.5 14.2 13.84 12.61 9.69 HRWRA-RPC-TW 

17.33 17.1 16.7 15.34 12.6 2.5%NS-HRWRA-RPC-TW  

27.87 27.1 26.69 25 20.45 2.5%NS-HRWRA-2%CF-RPC-TW  

12.11 12.08 12.05 10.88 7.65 RPC Magnetic Water (MW) 

17.15 16.81 16.4 14.95 11.49 HRWRA-RPC-MW 

20.51 20.26 19.85 18.24 14.99 2.5%NS-HRWRA-RPC-MW  

32.63 31.78 31.38 29.49 24.1 2.5%NS–HRWRA-2%CF-RPC-MW  
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Table 9.The percentages increase in the modulus of rupture for various types 

of magnetic mixtures with respect to the same nonmagnetic mixtures 

 

The percentages of increase in the modulus of 

rupture 

mixtures 
Age(days) 

360 180 90 28 7 

18.26 18.08 18.14 18.26 18.60 RPC Magnetic Water (MW) 

18.28 18.38 18.50 18.56 18.58 HRWRA -RPC- MW 

18.35 18.48 18.86 18.90 18.97 2.5% NS - HRWRA - RPC- MW  

17.08 17.27 17.57 17.96 17.85 2.5% NS–HRWRA–2% CF–RPC-MW 

 

Table 10. Splitting tensile strength for various types of magnetic and nonmagnetic mixtures. 

Splitting tensile strength (MPa) 

mixtures Age(days) 

360 180 90 28 7 

5.45 5.42 5.16 3.68 2.13 RPC Tap Water (TW) 

7.029 7.02 6.96 6.6 5.78 HRWRA-RPC-TW 

10.2 10.2 10.11 9.5 8.6 2.5% NS-HRWRA-RPC-TW 

15.11 15.11 14.98 14.25 12.9 2.5% NS-HRWRA-2%CF-RPC-TW 

6.36 6.32 6.01 4.28 2.476 RPC Magnetic Water (MW) 

8.13 8.11 8.03 7.61 6.65 HRWRA-RPC-MW 

11.97 11.96 11.85 11.31 10.23 2.5% NS-HRWRA-RPC-MW  

17.69 17.67 17.53 17.02 15.4 2.5% NS-HRWRA-2%CF-RPC-MW 
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Table 11. The percentages increase in the splitting tensile strength for various types of 

magnetic mixtures with respect to the same nonmagnetic mixtures. 

The percentages of increase in 

splitting tensile strength % Mixtures 

Age(days) 

360 180 90 28 7  

16.69 16.61 16.47 16.30 16.24 RPC Magnetic Water (MW) 

15.66 15.53 15.37 15.30 15.05 HRWRA -RPC- MW 

17.35 17.25 17.21 19.05 18.95 2.5% NS - HRWRA - RPC- MW 

17.06 16.94 17.02 19.44 19.38 2.5% NS–HRWRA–2% CF–RPC-MW 

 

          Table 12. Peak Compression Stress and Strain values for various types of mixtures 

Mixtures 

 

Age (days) 

7 28 90 180 360 

RPC Tap Water (TW) 

 

C 35 48.4 61.5 62.4 62.9 

S 0.0029 0.00271 0.00263 0.00258 0.00254 

HRWRA-RPC-TW 
C 73.72 85.5 88.5 88.74 90.36 

S 0.00271 0.00265 0.00258 0.00256 0.00255 

2.5% NS–HRWRA–RPC-TW 

 

C 83.42 96 99.76 99.85 100.5 

S 0.0026 0.00255 0.0025 0.00245 0.00241 

2.5% NS–HRWRA–2% CF–RPC-TW 
C 85.14 98.08 102.3 102.54 102.88 

S 0.0036 0.00357 0.00348 0.00345 0.00349 

RPC Magnetic Water (MW) 
C 40.5 58.5 74.8 75.15 75.9 

S 0.0031 0.0029 0.00286 0.0028 0.00272 

HRWRA -RPC- MW 
C 86.15 104.4 107.72 107.9 108.3 

S 0.0031 0.002845 0.00283 0.00278 0.00274 

2.5% NS - HRWRA - RPC- MW  

 

C 98.6 117.3 122.8 123.9 124 

S 0.0028 0.00275 0.0027 0.00268 0.0026 

2.5% NS–HRWRA–2% CF–RPC-MW 
C 101.1 120.8 126 137.4 128.1 

S 0.0039 0.0038 0.00379 0.00375 0.00373 
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Compressive strength  (MPa) = C, Strain = S 

Table 13. The percentages increase in stress-strain for various types of magnetic mixtures                    

with respect to the same nonmagnetic mixtures 

The increasing percentage at 

age (days) % 
Mixtures  

360  28  

20.67 20.87 C RPC Magnetic Water (MW)                                             

 7.08 7.01 S 

19.85 

22.11 C HRWRA -RPC- MW 

7.45 7.36 S 

23.38 22.19 C 2.5% NS - HRWRA - RPC- MW 

 

7.88 

7.84 S 

24.5 23.16 C 2.5% NS–HRWRA–2%CF–RPC-TW 

6.88 6.44 S 

 

 

 

 

 

 

 

 

 

Figure 1. Particle size distribution of cement. 
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  Figure 2. X-Ray diffraction patterns of NS. 

 

 

 

 

 

 

 

                                                                                                          

Figure 3. Relationship between compressive strength and percent of Cement/ Natural or 

Glass sand. 

 

Figure 4. Effect of magnetic and nonmagnetic mixtures containing HRWRA,  

2.5%NS-HRWRA and 2.5%NS-HRWRA on the compressive strength with age.  
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Figure 5. Effect of magnetic and nonmagnetic mixtures containing HRWRA,  

2.5%NS-HRWRA and 2.5%NS-HRWRA on the Modulus of Rupture with age.  

 

 

 

 

 

 

 

Figure 6. Effect of magnetic and nonmagnetic mixtures containing HRWRA, 2.5%NS- 

HRWRA and 2.5%NS- HRWRA-MCF on the splitting strength with age. 
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           ( c ) 2.5% NS-HRWRA-RPC-TW                             (d)   2.5% NS-HRWRA-2%CF-RPC-TW                                 

Figure 7. Effect of nonmagnetic mixtures (a) RPC, (b) HRWRA,  ( c ) 2.5% NS-

HRWRA and (d)  2.5% NS-HRWRA-2%CF on the axial stress – strain behavior with 

age progress. 
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     ( c ) 2.5% NS-HRWRA-RPC-MW                    (d) 2.5%NS-HRWRA-2%CF-RPC-MW 

Figure 8. Effect of magnetic mixtures (a) RPC, (b) HRWRA, ( c ) 2.5% NS-HRWRA 

and (d) 2.5% NS-HRWRA-2%CF on the axial stress – strain behavior with age progress. 
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ABSTRACT 

This paper introduces an experimental study on the behavior of confined concrete filled 

aluminum tubular (CFT) column to improve strength design, ductility and durability of concrete 

composite structures under concentrically loaded in compression to failure. To achieve this: 

seven column specimens with same concrete diameter 100mm and without steel reinforcement 

have been examined through experimental testing, which are used to study the effects of the 

thickness of the aluminum tube encased concrete ( thickness : 0mm, 2mm, 3mm, 4mm and 5mm 

with same length of column 450mm), length of column (thickness 5mm and length of column 

700mm) and durability (thickness 5mm and length of column 450mm) on the structural behavior 

of  (CFT) columns.  

It is concluded from this work that the compression force capacity is affected by thicknesses of 

the aluminum tube with respect to reference specimen. Where the used of aluminum tube 

thicknesses in column specimens led to increased in load carrying capacity in range (16% for C2 

-224% for C5 ). The specimen has a length of 700mm with 5mm thickness the decreased of 

strength was 0.06% than the specimen with 5mm thickness and length 450mm. For slender 

column the overall buckling was observed while the local buckling for the short column is the 

dominant failure shape. Regarding durability, no apparent difference has been found between the 

structural behavior of the specimen that immersed in aggressive solution and specimen in air. 

 

Keywords: circular, column, aluminum, CFT, confinement 

 

 السلوك الإنشائي للأعمذة الخرسانيت الذائريت والمحاطت بالألمنيوم تحت تأثير حمل محوري

 
 م.د. احمذ جبار حسين الشمري                                                                         

 لسى انهُذست انًذَُت                                                    

  كهُت انهُذست / جايعت بغذاد  

                                                                   

 الخلاصت

نخحسٍُ انًماويت خشساٍَ  ايلاء رو الأنًُُىو اَبىب يٍ ًكىَتان انذائشَت الأعًذة نخصشف عًهُت دساستَمذو هزا انبحث 

بمطش خشساٍَ ثابج  يخخبشَا ُك رنك حى فحص سبع عُُاثمنخح .يحىسٌ اَضغاط حًم ححجو انذًَىيت   انًطُهُتوانخصًًُُت 

 5يهى و  4يهى , 3يهى , 2يهى ,  0)سًك :انًغطٍ نهخشساَت  الأنًُُىوسًك اَبىب  اثنذساست حأثُش يهى وبذوٌ حذَذ حسهُح100

عهً  يهى( 450يهى وطىل  5وانذًَىيت )سًك  يهى( 700يهى وطىل  5, طىل انعًىد )سًك يهى(  450يهى بطىل ثابج 

  .نلأعًذة الإَشائٍانخصشف 

حُث عُذ اسخخذاو سًك اَبىب الانًُُىو  ،الأنًُُىو أَبىبسًك  عهً حعخًذ نلاَضغاط الأعًذة يماويت أٌ بُُج انًخخبشَت انُخائج

يهى  5وعُذ اسخخذاو سًك اَبىب الانًُُىو الاعهً % 16بًمذاس يٍ خحًُم انعُُاث انعًىد أدي إنً صَادة فٍ ن يهى 2 الالم

يهى اَخفضج انمىة بًمذاس 5اث انسًك ريهى و 700انعُُت انخٍ طىنها  . %224نعُُاث انعًىد أدي إنً صَادة فٍ انخحًُم بًمذاس 

 .يهى5اث انسًك ريهى و 450عٍ انعُُت انخٍ َبهغ طىنها  0.06%

وفٍ يا َخعهك  .يحهٍ اَبعاج يٍ عاٍََ انمصُش عًىدان بًُُا كهٍ باَبعاج فُه انفشم َكىٌ انُحُف انعًىد أٌ يلاحظت حى

 بانذًَىيت, نى َظهش فشق بٍُ انخصشف الإَشائٍ نهعُُت انًغًىسة فٍ انًحهىل انًهحٍ انماسٍ وانعُُت فٍ انهىاء.
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1. INTRODUCTION 
Concrete-filled steel tubes (CFTs) are practical and economical structural elements that permit 

rapid construction because the steel tube serves as formwork and reinforcement to the concrete 

fill, negating the need for either. The deformation capacity of the system is increased by the 

combined action of the concrete fill with the thin steel tube. The concrete fill significantly 

increases inelastic deformation capacity and the compressive stiffness and load capacity of the 

CFT member. The fill also increased global buckling resistance by increasing the slenderness 

ratio; KL/r value, where K is effective length factor, L is the column length and r is the radius 

gyration of the column section. This increased deformation capacity benefits the use of CFT 

components for blast resistance and seismic design, Roeder, et al., 2010 also durability of 

concrete.  

It is well understood that lateral confinement can enhance both the strength and ductility of 

concrete. CFTs owe their improved deformation capacities to the confinement action provided by 

the surrounding FRP tube, Ozbakkaloglu, 2013. 

CFTs are circular or rectangular composite members. Shear stress transfer is needed between the 

steel and concrete to develop composite action. Researches, Yu, et al., 2007 and Han, and 

Yao,2004 showed that circular CFTs provide greater bond stress transfer, better confinement, 

and greater shear reinforcement to the concrete fill than rectangular CFTs.  

Confining reinforced concrete (RC) columns can significantly increase their strength and 

ductility Wu and Jiang, 2013. There are a number of situations where it may become necessary 

to increase the load-carrying capacity of a structure in service. These situations include change of 

loading or usage, and the cases of structures that have been damaged. Deterioration of reinforced 

concrete (RC) columns due to corrosion of the reinforcing steel and spalling of concrete has been 

a major problem for the aging infrastructure, Arya, et al, 2002. In this study aluminum alloy 

6061- T6 was used as a circular tube to confining column concrete. The strength to unit weight 

ratio of the aluminum alloys is more than of the steel, the aluminum alloy 6061- T6 have good 

resistance to corrosion without any protective covering, the aluminum structure are light in 

weight and the column structure have better appearance and require less maintenance, Kissell 

and Ferry 2002. 
To study the effects of thickness, length and durability on the structural behavior of column, 

seven concrete-filled aluminum tubes (CFT) column specimens with same concrete diameter 

100mm and without steel reinforcement were examined through experimental testing. 

 

2. ADVANTAGE OF CONCRETE - FILLED ALUMINUM TUBE 

The concrete-filled aluminum tube (CFT) column system has many advantages compared with 

the ordinary steel or the reinforced concrete system. The main advantages are: 

 The strength of concrete is increased by the confining effect of aluminum tube. 

 The aluminum tubes can be used as the formwork for casting concrete and the shoring system 

in construction, thus labor for forms and reinforcing bars is omitted. This efficiency leads to a 

cleaner construction site and a reduction in manpower, construction cost, and project length. 

 Better cost performance is obtained by replacing reinforced concrete column with a concrete 

filled aluminum tubular CFT column. 

 The environmental burden can be reduced by omitting the formwork.  

3. EXPERIMENTAL PROGRAM 

3.1 Materials: 

3.1.1 Aluminum 

Concrete filled aluminum tubes (CFT) are composite structures of aluminum tube and in filled 

concrete. The combination is ideal since concrete core has high compressive strength and 
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stiffness while the aluminum tube has high strength and ductility Mursi, and Uy, 2004. The 

CFT columns have high strength, high ductility and high energy absorption capacity. 

One myth is that aluminum is not sufficiently strong to serve as a structural metal. The fact is 

that the most common aluminum structural alloy, 6061-T6, has a minimum yield strength of 35 

kpsi [240 MPa], which is almost equal to that of A36 steel. This strength, coupled with its light 

weight (about one-third that of steel), makes aluminum particularly advantageous for structural 

applications where dead load is a concerned, Kissell and Ferry 2002. In this study circular tube 

made of aluminum alloy; 6061- T6 was used to encase column concrete. The aluminum alloy; 

6061- T6 and A36 steel were tested in the laboratory by taking the specimens according to 

ASTM E8, 2003, which is a standard test method for tension testing of metallic materials and 

ASTM B557, 2003, which is standard test methods of tension testing wrought and cast 

aluminium and magnesium alloy products. The tensile testing is carried out by applying axial 

load at a specific extension rate to a standard tensile specimen till failure.  Fig. 1 shows the 

results of the stress strain curves for A36 steel and 6061-T6 and this figure showed converge 

between two metals especially in the elastic region between them. Table 1 shows the properties 

of the aluminum alloy 6061-T6 

Aluminum is inherently corrosion-resistant. Carbon steel has a tendency to self-destruct over 

time by virtue of the continual conversion of the base metal to iron oxide, commonly known as 

rust, Kissell and Ferry 2002. Properties that affect the performance of the aluminum alloy; 

6061- T6 and A36 steel of structural members are summarized in Table 2. 

 

3.1.2 Concrete material properties and mix proportions 

Type I Portland cement, fine aggregate with (4.75mm) maximum size, coarse aggregate with 

(10mm) maximum size, water are used in casting columns.  All the concrete of column are made 

from a single mix proportion (Cement: Sand: Gravel) of 1:1.5:3 by weight with a water /cement 

ratio 0.45, average compressive strength of concrete for three cylinder (150mmx300mm) at the 

time of column tests was 28.5 Mpa. 

  

3.2 Test Specimens 

A series of tubular concrete columns were manufactured and tested under concentric 

compression. The columns were prepared from the same batch of concrete. The experimental 

program is consisted of testing seven column specimens with same concrete diameter 100mm 

and without steel reinforcement and have been examined through experimental testing. Details of 

the columns are given in Table 3; four of them have aluminum tube thicknesses 2mm (C1), 3mm 

(C2), 4mm (C3)  and 5mm (C4) which have the same length 450mm and the fifth specimens 

(CR) unconfined concrete column which is the reference specimen to study the effect of the 

thicknesses on the structural behavior of column as shown in Fig. 2 and Fig. 3, the sixth 

specimens has thickness 5mm and length 700mm C7 to study the effect of length on the 

structural behavior of column as shown in Fig. 4(a) and the seventh specimen has thickness 

5mm and length 450mm  to study the effect of durability on the structural behavior of column 

the specimen exposed to aggressive solution for 120 days as shown in Fig. 4(b). For the study 

the effects length and durability on the structural behavior of column the reference specimen was 

C5 which has thickness 5mm and length of 450mm.  

 

3.3. Instrumentation and Testing 

A total of 7 test specimens were constructed and tested under concentric axial compression 

loads. The columns were instrumented with dial gauges to measure axial deformation as well as 

circumferential strains. 
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Six electrical strain gauges were placed on the exterior surfaces of each column specimens to 

measure the vertical deformations and the perimeter expansion of the aluminium tubes in the 

mid-height region at symmetric locations, bonded either on the concrete surface in the case of 

unconfined column or on aluminium tubes in the case of confined columns, as shown in Fig.5.  

The column specimens were placed directly into the testing machine for compression tests. A 

typical column test layout and instrumentation location is shown in Figs. 6 and 7. Prior to 

testing, all columns were capped with wood - bearing plate at both ends to ensure uniform 

distribution of the applied pressure. The columns were tested under axial compression using a 

5000 kN-capacity universal testing machine. The specimens were loaded continuously until 

failure. A load interval of less than one-tenth of the estimated carrying load capacity was used. 

The progress of deformation, the mode of failure and the maximum load taken by the specimens 

were recorded.  

 

4. TEST RESULTS AND DISCUSSION 

The variable parameters in this study are the aluminum thickness that covered the columns from 

outside, the length of the column and durability 

 

4.1 Aluminum Thickness 
 Five column specimens with same length 450mm are used to study the effect of the thicknesses 

on the structural behavior of column, four specimens have aluminum tube thicknesses 2mm 

(C1), 3mm (C2), 4mm (C3)  and 5mm (C4) and the fifth specimen (CR) unconfined concrete 

column which is the reference specimens. For all five column specimens axial deformation and 

ultimate load were measured. Table 4 and Fig. 8 show the ultimate load - axial deformation 

curves. These curves and table show that the strength of concrete is increased by the confining 

effect of aluminum tube for C2, C3, C4, C5 by 16%, 74%, 105%, 224% with respect to reference 

specimens CR respectively. 

To the study the effect of columns thicknesses on the strength, the impact of the failure was as 

follows: reference specimen CR failure was by crushing the concrete at mid height, while C3-

C4-C5 specimens have failed by buckling. It is therefore concluded that the use of aluminum 

tube with high resistance to confine the concrete from abroad led to a column thinness affected 

and thus led to the failure by buckling as shown in Figs. 9, 10, 11 and 12. 

While C2 column has 2mm thickness failed by local buckling, as shown in Fig. 13. This is 

because the thickness of aluminum tube did not achieve the width thickness ratio for the tube, 

which is according to Table 5 where the sections are classified as compact, noncompact, or 

slender-element sections. If the width thickness ratio D/t compression elements less than λp the 

section is compact. If the width thickness ratio D/t compression elements exceeds λp, but does 

not exceed λr the section is noncompact. If the width-thickness ratio of any element exceeds λr, 

the section is referred to as a slender-element section, from table B4.1in the steel construction 

manual, AISC MANUAL, 2014.  

 

4.2 Length of the Column 
To the study the effect of columns length on the strength, the specimen C6 has a length of 

700mm with 5 mm thickness the decreased of strength was 0.06% than the specimen C5 with 5 

mm thickness and length 450mm. The failure of the specimen C6 with a length of 700 have been 

affected by failure buckling substantially as shown in Figs. 14 and 15 and Table 6. The 

specimens C6 has length of 700mm with thickness 5mm, the decreased of strength was 0.01% 

than the specimen C5 with same thickness and 450mm length. 
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4.3 Durability 

The specimens C7 has length of 450mm with thickness 5mm, the decrease of strength was 

0.06% than the specimen C5 with same thickness and length. The failures of two specimens (C7 

and C5) have been affected by buckling failure. Therefore; no apparent difference has been 

found between the structural behavior of the specimen C7 that immersed in aggressive solution 

for 120 days and specimen C5 in air as shown in Figs. 16, 17 and 18 and Table 7. 

 

5. CONCLUSIONS 
This study deals with seven column specimens with same concrete diameter 100mm and without 

steel reinforcement. From experimental test results the following conclusions can be listed: 

1. The greatest increase in axial compression load at the column has tube thickness 5mm and the 

lower increase in axial compression load the column has tube thickness 2mm in range (16% for 

C2 -224% for C5 ) if compared with reference specimens CR. 

2. The specimens C6 decreased in strength by 0.01% than the specimen C5. 

3. The specimens C7 decreased in strength by 0.06% than the specimen C5. 

4. Five column specimens (C3, C4, C5, C6, C7) fail by buckling, one column specimen (CR) 

fail by crushing in concrete at mid height and one column specimen (C2) fail by local buckling. 

5. It can be found that, the deformation of the top part of aluminium tube becomes more obvious 

for the specimen C2 with thinner thickness 2mm, in other words the local buckling occurred in 

the this specimen on the position near the top to outside of the specimen, thus can be concluded 

that the interaction between the aluminum tube and concrete is delayed by the restraint of the 

concrete to inside of the specimen but it is not delayed by the restraint of the concrete to outside 

of the specimen; therefore, it can be concluded in CFT column, local buckling may occur but in 

the research of, Morino and Tsuda ,2014, it was concluded that the local buckling of the steel 

tube is delayed by the restraint of the concrete to outside and inside of the specimen. Thus, in 

this work it was proved that possible occurrence of local buckling in CFT column even if there 

was a significant correlation between the concrete and material blocking confined. 

6. The aluminum ratio in the filled aluminum tubular CFT cross section is much larger than in 

reinforced concrete and concrete-encased steel cross sections. Because of the aluminum of the 

CFT section is well plastified under bending and it is located most outside the section therefore; 

the strength of CFT columns increase. 

7. Because of the Confining concrete filled aluminum tubular (CFT) columns can significantly 

increase their strength, ductility and durability thus, the confining concrete filled aluminum 

tubular (CFT) columns may be used in marine structures, pier of bridges and bearing bored piles 

in sand soil. 

8. The aluminum tubes can be used as the formwork for casting concrete, thus Labor for forms 

and reinforcing bars is omitted. 
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Figure 1. Comparison of the stress strain curve of A36 steel and 6061-T6 
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Table 1. Results of tensile test on Aluminum Alloy 6061-T6 

Aluminum 

Alloy 

Yield 

strength 

Tensile 

strength 
Elongation 

Poisson’s 

ratio 
Unit weight 

Modulus of 

Elasticity, E 

6061-T6 230Mpa 290 Mpa 8% 0.33 
27.10 

kN/m
3
 

72000 MPA 

 

Table  2 . Comparing common structural shapes and grades of two metals[7]&[9] 

PROPERTY ALUMINUM 6061-T6 CARBON STEEL A36 

Corrosion resistance good fair 

Tensile yield strength 230 MPa 275 MPa 

Modulus of elasticity, E 72 GPa 207 GPa 

Elongation 8% - 10% 20% 

Density 27 kN/m
3
 78 kN/cm

3
 

Fatigue strength (Plain metal, 5million 

cycles) 
10.2 ksi 24 kpsi 

Relative yield strength - to – weight 

ratio 
2.8 1.0 to 1.4 

Poisson
’
s ratio 0.33 0.29 

Thermal expansion coefficient, α 10
-6 

mm/(mm°C) 11.7 mm/(mm°C) 

 

 

 

Table 3. Details of columns specimens 

Specimen 

symbol 

Aluminum 

tubular 

thickness, mm 

Description 

Length of 

columns, 

mm 

Exposed to 

aggressive 

solution Yes 

CR 0 Plain concrete 450 - 

C2 2 Plain concrete - Aluminum tube 450 - 

C3 3 Plain concrete - Aluminum tube 450 - 

C4 4 Plain concrete - Aluminum tube 450 - 

C5 5 Plain concrete - Aluminum tube 450 - 

C6 5 Plain concrete - Aluminum tube 450 Yes 

C7 5 Plain concrete - Aluminum tube 700 - 
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   (a)                                                                                          (b) 

 

Figure 2. Mould for specimens: (a) – CR and (b) - C2, C3, C4, C5, C6, C7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Specimens CR, C2, C3, C4, and C5 
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Figure 4. Specimens: (a)-C6 and (b)- C7. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Test for columns 
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Figure 6. A typical column test layout and instrumentation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Longitudinal and transverse electric strain gauges 

 

Table (4). Ultimate Load and mode failure for column specimens C2,C3,C4,C5 and CR 

Specimen 

symbol 

Ultimate 

Load (kN) 

C2,C3,C4,C5 / CR 

Pu / Pco 

Mode failure 

CR 190
*
 190/190=1.00 crushing 

C2 220
**

 220/190=1.16 Local buckling 

C3 330
**

 330/190=1.74 buckling 

C4 390
**

 390/190=2.05 buckling 

C5 426
**

 426/190=2.24 buckling 
  *

Pco : the ultimate load of unconfined concrete. 
**

 Pu : the ultimate load of the hybrid column.  
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Figure 8. The ultimate load - axial deformation curves for CR, C2, C3, C4, C5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 9. Reference column CR ,t=0mm (mode failure) Figure 10.  C3 ,t=3mm (mode failure) 
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Figure 11 C4 ,t=4mm (mode failure)   Figure 12.  C5 ,t=5mm (mode failure) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. C2 ,t=2mm (mode failure) 
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Table 5. Limiting width-thickness ratios for compression elements 

Limiting Width-Thickness Ratios for Compression Elements 

Description of 

Element 

Limiting Width Thickness Ratios  

Width Thickness 

Ratio 

λp 

(compact) 

λr 

(noncompact) 

In uniform 

compression 
D/t NA 0.11 E/Fy 

D/t =102/2=51 > λr = 0.11x E / Fy=0.11x72000/230 = 34.435 , therefore, The section is 

referred to as a slender-element section 

D = outer diameter of aluminum tube 

t  = thickness of aluminum tube 

  

Table 6. Ultimate Load and mode failure for column specimens C5 and C6 

Specimen 

symbol 

Ultimate 

Load (kN) 

C5,C6 / CR 

Pu / Pco 
Mode failure 

C5 426
*
 426/426=1.00 buckling 

C6 422
**

 422/426=0.99 buckling 
*
Pco : the ultimate load of hybrid column C5. 

**
 Pu : the ultimate load of the hybrid column C6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. C7 , t=5mmwith length 700mm (mode failure) 
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Figure 15. The ultimate load - axial deformation curves for C5 and C7. 

 

Table 7. Ultimate Load and mode failure for column specimens C5 and C7 

Specimen 

symbol 

Ultimate 

Load (kN) 

C5,C7 

Pu / Pco 

Mode failure 

C5 426
*
 426/190=2.24 buckling 

C7 398
**

 398/190=2.09 buckling 
*
Pco : the ultimate load of hybrid column C5. 

**
 Pu : the ultimate load of the hybrid column C7.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. C6 ,t=5mm (mode failure)                Figure 17. C6 ,t=5mm, in aggressive solution 
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Figure 18. The ultimate load - axial deformation curves for C5 and C6. 
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ABSTRACT 

           In this research, the preparation of a chemically activated carbon from date stones by using 

electric and microwave assisted K2CO3 activation was studied. The effect of radiation power, 

radiation time, and impregnation ratio on the yield and Iodine number on the activated carbons was 

investigated. The activated carbon characterizations were examined by its surface area, pore 

structure analysis, bulk density, moisture content, ash content, iodine number, FTIR, and scanning 

electron microscopy (SEM). The adsorption capacity was also studied by adsorption of 

fluoroquinolones antibiotics, CIP, NOR, and LEVO, by the prepared activated carbon. 

Key words: Activated carbon, Date stones, fluoroquinolones antibiotics, Microwave. 

 

نصالفلوروكوينولو لأمتساز ملوثات ون المنشظ الكارب وتوصيف تحضير  

 

محمذ درويش طيبة                                    صالح عباش          عمار   

 باحث                                   اضخار يطاعذ                          

 جايعت بغذاد-كهُت انهُذضت                               جايعت بغذاد                -كهُت انهُذضت       

 

  ةالخلاص

باضخعًال كاربىَاث انبىحاضُىو  انًُكروَف و حى ححضُر انكاربىٌ انًُشظ يٍ َىي انخًر بأضخخذاو انفرٌ انكهربائٍ و

 . تيُشط ةكًاد

قُى رقى الاَىدٍَ  عهً اَخاج انكاربىٌ انًُشظ و لاشعاع و زيٍ الاشعاع و َطبت انخغطُصحًج دراضت حاثُر طاقت ا

ويحخىي  تانًطاياث و انكثاف حجى و تبانًطاحه انططحُ تنهكاربىٌ انًُشظ. خصائص انكاربىٌ انًُشظ انخٍ حًج دراضخها يخًثه

 . انًجهر الأنكخروٍَو صىرة  انطُفٍ بالأشعت ححج انحًراءححهُم  رقى الاَىدٍَ و يحخىي انرياد و و تانرطىب

ايخساز انكاربىٌ انًُشظ يٍ خلال ايخساز انًضاد انحُىٌ انفهىروكىَُىنُُص )انطبروفهىكطٍ وانُىرفهىكطٍ حى قُاش ضعت 

 و انهُفىفهىكطٍ(.

 

 الكاربون المنشط, نوى التمر, مضادات الفلوروكوينولونس, مايكروويف.:  ةسييالكلمات الرئ
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1. INTRODUCTION 

         Many precursors can be used successfully for the preparation  of low cost activated carbon 

such us sugar beet bagasse Demiral, and Gündüzoğlu, 2010, coal Teng, et al., 1998, fruit peel 

Kartika, et al., 2008, Waste tea Yagmu, et al., 2008, olive stone Blázquez, et al., 2005, date stone 

Foo, and Hameed, 2011, and rice husk Tyagi, et al., 2011. Two processes are used for preparation 

of activated carbon: physical activation and chemical activation. Physical activation includes 

carbonization of carbonaceous content and then activation of resulting char by activation agent such 

as steam or CO2 Bouchelta, et al., 2008. Chemical activation involves the impregnation of raw 

material by an activation agent such as KOH, H3PO4, ZnCl2, etc. and then heated in an inert 

atmosphere. Chemical activation is more preferred than physical activation because of the higher 

yield, shorter time, simplicity, and lower temperature needed for activating material Li, et al., 2010. 

The preparation of activated carbon by microwave heating has many advantages. The important one 

is the reduction in activation time which results in lower energy consumption. There are many 

applications in using microwave heating for prepared activated carbon by KOH activation Foo, and 

Hameed, 2011, ZnCl2 activation Wang, et al., 2009, phosphoric acid activation Liu, et al., 2010.  

      The fluoroquinolones are a series of synthetic antimicrobial agents which have a broad spectrum 

of activity against organisms King, and Lan, 1986. It is used in the treatment of several infections 

in human and animals. Hospitals and drug manufactures are the main sources of wastewater 

containing drug contamination. Also in wastewater treatment plants, antibiotics are partially 

eliminated and their main amount kept to the aquatic ecosystem. The presence of drug antibiotics in 

surface water and wastewater, even at low concentrations is considered an environmental hazard and 

can cause antibiotic resistance in bacteria Bhandari, et al., 2008. 

 In previous century, many techniques were enhanced to get rid of contaminants from the 

wastewaters, where they present at high concentrations in order of µg L
-1

 to mg L
-1

. The best 

drinking water treatment and wastewater treatments were found on coagulation, filtration, 

flocculation, biological degradation, and sedimentation methods that exposed ineffective removing 

for drugs counting antibiotics Chayid and Ahmed, 2015. 

       The aim of this work is to prepare a low cost activated carbon from natural precursors (date 

stones) for the adsorption of fluoroquinolones antibiotics from aqueous solution. The effect of 

impregnation ratio, radiation power, and radiation time are also investigated to obtain a high yield 

and adsorption capacity.   

 
2. MATERIALS AND METHODS 

  2.1 Materials 

      In this study, date stones were used as precursor for the preparation of activated carbon. Firstly 

the stones were washed with tap water to get rid of impurities, washed with distilled water, dried in 

oven for 24h at 110◦C, and crushed using disk mill, with the average particle size of 1 to 2 mm.  
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      In this research, two chemical activators for preparation two types of activated carbon, K2CO3 

(provided by Didactic Company, Espuma) of purity 99.9%. Three types of fluoroquinolones 

antibiotics were used: CIP of purity 99.9% are provided by Nanjing Huaxin Biofarm. Company 

Ltd., China, and NOR with purity 99.9% are provided by Ajanta Pharma Limited Company, India. 

 

2.2 Preparation and Characterization of Activated Carbon 

       20 g of dried date stones was put in a stainless steel reactor (3 cm diameter * 15 cm length). 

The reactor was closed in one end and the other end had a removable cover which contains a 1mm 

hole in the middle to allow the escaping of the pyrolysis gases. The reactor is put in the middle of an 

electric furnace and heated at 500ᵒ C for 1 h. After that the reactor was taken out of the furnace and 

allowed to cool.  Each 2g of the above sample was mixed with 10ml of K2CO3 solution with 

impregnation ratio (0.4 to 1.5 g/g) for 24h at room temperature. Then, these samples were dried in 

an oven at 110◦C until well dried and stored in desiccators. In the activation step of dried 

impregnated samples, quartz glass reactor (3 cm diameter and 13 cm length) was used. The reactor 

closed at one end and the other end was opened to a stainless steel pipe with 5mm inside diameter. 

The reactor was put in a modified microwave heating oven (MM717CPJ, China), Fig.1, and run at 

different radiation power for different radiation time. At the end of activation step the samples were 

withdrawn from the oven and allowed to cool. After that the samples were socked with 0.1 M HCL 

solution (10ml/g liquid to solid ratio). The mixture left at room temperature for 24 h and then 

filtered and washed with distilled water until the pH of solution reaches (6.5-7). Finally dried for 

24h at 110◦C and then the samples were weighed to calculate the yield of product and finally the 

activated carbon was stored in tightly closed bottles. The yield of prepared activated carbon is equal 

the ratio of final weight of product to the weight of precursor initially used which is based on this 

equation: 

 

      
  

  
                                                                                                                   (1) 

 

      where Wf and Wₒ are the weight of activated carbon product g and the weight of date stone, g, 

respectively. 

       The characterization of activated carbon was represented by surface area, bulk density, ash 

content, moisture content, iodine number. 

        A set of batch mode experiments were carried out to study the uptakes of each antibiotics.  0.1g 

of prepared activated carbon was mixed with 100 ml samples of CIP, NOR, and LEVO with initial 

concentration 150 mg/l. The mixtures were shaken at 200 rpm for 24hours, and then the mixtures 

filtered. The concentrations of each antibiotic in filtrate was analyzed using UV- Visible 

Spectrophotometer with wave length 274, 272, and 290nm for CIP, NOR, and LEVO respectively.   

The adsorbed capacity or uptake of antibiotics qt was calculated by: 



Journal of Engineering Volume   22  August  2016 Number 8 
 

 

 

143 

 

qt 
(Cₒ-Ce) 

W
                                                                                                                                (2) 

          

where Ce (mg/l) is the concentration of antibiotics at equilibrium, mg/l, V (ml) is volume of 

antibiotic solutions, and W (mg) is weight of activated carbon. 

 

2.2.1 Bulk density 

    Apparent or bulk density was determined by this simple method, a 10 ml cylinder filled to a 

specified volume with prepared activated carbon that had been dried in an oven at 80◦C for 24 h 
Ahmedna, et al., 1997, and then calculated as follows: 

 

             
  

  
                                                                                                                  (3) 

 

    where Wc is the weight of dried carbon (g), and Vc is the cylinder volume (ml) filled with dried 

carbon. 

 

2.2.2 Ash content 

    The ash content was calculated as follows: 0.1 g of activated carbon with particle size of 250µm 

was dried at 80◦C for 24h and put into weight ceramic crucibles. The sample was heated in an 

electric furnace at 650◦C for 3h. Then it was left to cool to room temperature and then weighed. 

Then by using this equation, the percent of ash was determined ASTM Standard, 2000. 

 

     
       

   
                                                                                                                (4) 

 

       where Ws1 is the weight of activated carbon (g), Ws2 is the weight of ceramic crucible (g), and 

Ws3 is the weight of ceramic crucible containing ash (g).  

 

2.2.3 Moisture content 

      Oven drying method was used to calculate moisture content Adekola, and Adegoke, 2005. 0.1 

g of prepared activated carbon with particle size 250µm was put into weighed ceramic crucible. The 

sample were dried at 110◦C to constant weight, and then cooled to room temperature and weight. 

 

          
       

   
                                                                                                   (5) 

 

    where Wm1 is the weight of activated carbon sample (g), Wm2 is weight of ceramic crucible with 

dried sample (g), and Wm3 is the weight of ceramic crucible with original activated carbon used (g). 
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2.2.4 Iodine number 

   It is a measure of micropore content of activated carbon. It was calculated by standard method 

Lubrizol Standard Test Method, 2006. 10ml of 0.1 N iodine solution in a conical flask was 

titrated with 0.1N sodium thiosulfate solution with two drops of 0.1N starch solution as indicator, 

until the color of solution become colorless. 0.1g of activated carbon was added to 15ml of 0.1N 

iodine solution, and then the solution was shaken for 4minutes and then filtered. 10 ml of the filtered 

solution was titrated with 0.1N sodium thiosulfate in the presence of two drops of 0.1N starch 

solution as indicator. Then by using this equation: 

 

              
(     )   (     ) (

  

  
)

 
                                                                           (6) 

 

        where Vb (ml) is the volume of blank sodium thiosulfate solution, Vs (ml) is the volume of 

titrated sodium thiosulfate solution, N1 (mol /L) is the normality of sodium thiosulfate solution, and 

M (g) is the mass of activated carbon used. 

 

3. RESULTS AND DISCUSSION 

3.1 Characteristics of Activated Carbon  

      The characteristics of prepared activated carbon were shown in Table 1. The surface area is the 

most important characteristics, 852 m
2
/g for activated carbon impregnated with K2CO3. This result 

may be in agreement with that prepared by Foo, and Hameed, 2011, who prepared an activated 

carbon from date stones by microwave induced chemical activation with surface area of 856 m
2
/g, 

Bamufleh, 2009, prepared activated carbon from date stones by chemical activation with ZnCl2 with 

surface area 802- 1270 m
2
/g, and Hameed, et al., 2009, who showed a surface area of activated 

carbon by chemical activation of KOH of date stones was 763.4 m
2
/g. This may be due to the ability 

of K2CO3 to produce an activated carbon which had high micropore content. 

 

3.2 SEM Image      

          The scanning electron microscope image in Fig.2 of activated carbon with optimum 

operating conditions (t=8min, P=540W, IR=0.8g/g) for activated carbon activated by K2CO3. From 

SEM image, there were clear changes in the surface of date stones particles before and after 

chemical activation.  It can be found that the surface of date stone is very flat and dense with loss of 

any pore, while the microwave irradiation forms a lot of pores structure with thin boundary. 

 

3.3 FT-IR Analysis       

Fourier transform infrared spectroscopy (FTIR) was used to show the carbons of any adsorbent in 

the range of (400-4000) cm
-1

 wave number to get information about functional group and chemical 
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structure Speight James, 2005. Fig. 3 shows the FT-IR analysis of activated carbon, from this 

figure the band between the range (3400-3500) cm
-1

 for prepared activated carbon is assigned to the 

O-H hydroxyl groups, the hydrogen bonding may be because of the adsorbed water from the 

surroundings Vinke, et al., 1994. The double peak at (2850–2950) cm
-1

 may be due to the C-H 

stretching vibrations Jia, and Thomas, 2006. The band at (1050–1200) cm
-1

regin is probably 

assigned to C-O stretching in phenols and alcohols Phussadee, et al., 2008. Also the peak at 1650 is 

the (-COOH and –COOCH3) stretching vibration of nonionic carboxyl group, this may be due to 

carboxylic acids or esters Li, et al., 2007. The peak near 2360 cm
-1

 may be due to the band 

consideration of CO2 Gascoin, et al., 2008. The bond occurring near 1400 cm
−1

 due to C=O 

stretching, C–O stretching in carboxylate moieties and carboxylic groups Lua, et al., 2005. The 

bands near 1750 cm
-1

 C=O group in configurations such as Quinone, lactones, and COOH groups 

which indicates the presence of ester and acetyl group that present in hemicelluloses 

Chandrasekaran, et al., 2014. 

 

4. IODINE NUMBER, YIELD AND UPTAKE OF ACTIVATED CARBON 

4.1 Effect of Radiation Time 

       The relation between the yield and time is shown in Fig. 4. From this figure the yield of 

activated carbon decreases when time increases from 4 to 12 minutes. After 10 min, a slow decrease 

occurred in yield during activation because of rapid formation of volatile material which form stable 

structure Foo, and Hameed, 2012a. 

       Fig. 5 also shows the relation between iodine No. and time. The iodine no. range 631.89 to 

854.91 for prepared activated carbon. The optimum time of 8 min gave a higher iodine no. for 

activated carbons. It’s higher than prepared by Haimour, and Emeish, 2006, 495mg/g for activated 

carbon that prepared from date stones and phosphoric acid by chemical activation. This is may be 

because of the ability of K2CO3 to form high micropore content in the active carbon. 

       The adsorption of fluoroquinolones antibiotics, CIP, NOR, and LEVO by activated carbon are 

shown in Fig. 6, where the uptake of all antibiotics increase when time increases and reach 

maximum at time of 8 min, then decreases until the time increase. The maximum uptake of 

fluoroquinolones antibiotics were 97.4, 93.9, 99.8 mg/g for CIP, NOR, and LEVO respectively.  In 

this study the activation time of 8 min may be considered as a best time for preparation of both type 

of activated carbon. Ahmed and Thydan, 2013, showed that 8 min is the best time for preparation 

of activated carbon prepared from albizia lebbeck seed pods by microwave activation. 

 

4.2 Effect of Radiation Power 

     The yield of activated carbon versus radiation power is shown in Fig. 7. From this figure it can 

be see that the yield decreased with the increase in power from 380-700W. This decrease may be 

due to loss in volatile materials with high power value. Also, after 620W a steep decrease in yield 
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occurs because of formation of stable structure. Fig. 8 also shows the relation between Iodine no. 

and radiation power. 540W power gave higher iodine no. for activated carbon activated by K2CO3. 

The antibiotics uptake, Fig. 9, also shows the similar behavior as above. Its increase with increase in 

radiation power, reached maximum at 540 W for activated carbon promoted by K2CO3 and then 

increased with increasing radiation power. The maximum uptake of fluoroquinolones antibiotics 

were 97.4, 93.9, 99.8 mg/g for CIP, NOR, and LEVO respectively.  This decrease at high power 

may be due to sintering effect followed by the shrinkage of the char, then realignment in the 

structure of the carbon that lead to reduce the pore areas and then volume Foo, and Hameed, 

2012b.   

 

4.3 Effect of impregnation ratio 

Impregnation ratio of activator/precursor is an important factor in the chemical activation process 

Ahmadpour, and Do, 1996. The relation between yield and impregnation ratio is shown in Fig. 10. 

It can be seen that, as the impregnation ratio increases, the yield decreases. This is may be because 

of rapid removal of tar component from the pore. After 1g/g, a steep decrease in yield occurs due to 

stable structure. Fig. 11 shows the relation between iodine no. and impregnation ratio. 0.8g/g ratio 

gave a higher iodine no. for activated carbon. The uptake of fluoroquinolones antibiotics also 

increases with increasing impregnation ratio, and reached maximum uptake at 0.8 g/g then 

decreased as shown in Fig. 12. The maximum fluoroquinolones antibiotics uptake were 97.4, 93.3, 

99.8 g/g for CIP, NOR, and LEVO respectively. Foo, and Hameed, 2012c  showed the same 

behavior, where the yield and uptake increased when increasing the impregnation ratio (0.25 to 2) 

g/g , reaching a maximum value, then decreased for their prepared activated carbon from empty fruit 

bunch waste by microwave heating.   

 

4. CONCLUSIONS 

      A simple method is used in this work for preparation of activated carbon with high surface 

area and heterogeneous structure from date stones by conventional and K2CO3 microwave 

heating activation. The effect of different parameter such as radiation time, radiation power and 

impregnation ratio on the yield, iodine number, and fluoroquinolones antibiotics adsorption were 

studied. The maximum yield were 44%, 37.8%, 40% for optimum conditions of 8 min. radiation 

time, 540 W radiation power and 0.8 g/g impregnation ratio. The iodine no. for optimum 

condition was 854.91. The surface area is 852 m
2
/g and pore volume 0.761cm

3
/g.  A good 

adsorption of fluoroquinolones antibiotics was obtained by the prepared activated carbon. CIP 

uptake of 97.4 mg/g, NOR uptake of 93.9 mg/g and LEVO uptake of 99.8 mg/g for AC- K2CO3 

that obtained at optimum conditions. 
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NOMENCLATURE 

Ce Equilibrium condentration of each antibiotics, mg/l 

Cₒ Initial concentration of each antibiotics, mg/l 

M Mass of activated carbon, mg 

N1 normality of sodium thiosulfate solution, mol/l 

qt Uptake of antibiotic at equilibrium, mg/g 

V Volume of antibiotic solutions, ml 

Vb volume of blank sodium thiosulfste solution, ml 

Vc Cylinder volume, ml 

Vs volume of titrated sodium thiosulfste solution, ml 

Wc Weight of dried carbon, mg 

Wf Weight of activated carbon product, mg 

Wm1  weight of activated carbon sample, g 

Wm2 weight of ceramic crucible, g 

Wm3 weight of ceramic crucible with original activated carbon used, g 

Wₒ Weight of date stones, g 

 

ABBREVIATIONS 

CIP Ciprofloxcin 

LEVO Levofloxcin 

NOR Norfloxcin 
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Figure 1, Schematic diagram of microwave unit for preparation of activated carbon. 

 

    
(a)                                                          (b)                   

Figure 2. SEM images of (a) date stone and (b) activated carbon, respectively. 
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Figure 3. Activated carbon activated by K2CO3 

 

 

 

 
Figure 4. Effect of time on the yield of activated carbon. 
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Figure 5. Effect of time on Iodine number 

. 

 

 
Figure 6. Effect of time on the uptake of antibiotics. 
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Figure 7. Effect of radiation power on the yield of activated carbon. 

 

 
Figure 8. Effect of radiation power on Iodine number. 
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Figure 9. Effect of radiation power on the uptake of antibiotics. 

 

 

 

 
Figure 10. Effect of impregnation ratio on the yield of activated carbon. 
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Figure 11. Effect of impregnation ratio on iodine number. 
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Figure 12. Effect of impregnation ratio on the uptake of antibiotics. 

 

 
Table 1. Characterization of activated carbon. 

Characteristics AC-K2CO3 

Surface area, m
2
/g 852 

Pore volume, cm
3
/g 0.671 

Ash content, % 3.88 

Moisture content, % 4.9 

Bulk density, g/ml 0.352 
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ABSTRACT 

Galvanic corrosion of stainless steel 316 (SS316) and carbon steel (CS) coupled in 5% wt/v 

sulfuric acid solution at agitation velocity was investigated. The galvanic behavior of coupled 

metals was also studied using zero resistance ammeter (ZRA) method. The effects of agitation 

velocity, temperature, and time on galvanic corrosion current and loss in weight of both metals in 

both free corrosion and galvanic corrosion were investigated. The trends of open circuit potential 

(OCP) of each metal and galvanic potential (Eg) of the couple were, also, determined. Results 

showed that SS316 was cathodic relative to CS in galvanic couple and its OCP was much more 

positive than that of CS for all investigated ranges of operating conditions. A sharp increase in 

galvanic current from CS to SS316 was noticed in the first 20 min and then decrease with time. 

Increasing the agitation velocity led to increase in galvanic corrosion rate. The decrease in 

galvanic current is attributed to metal passivation due to the formation of a protective film which 

grows with time. The minus sign in galvanic current means that the current is flow from CS 

(anode) to SS316 (cathode). The galvanic current of CS-SS316 couple shifts to the negative 

direction with increase agitation velocity.  

Keywords: Galvanic current; corrosion rate; potential; passivation film. 

 في حامض الكبريتيك تحت تاثير الجريان والحديد المقاوم للصدأ للحديد الكاربونيالتاكل الكلفاني 
 

   سَس سؼدي حسٍِ      ّصٍس ػث٘د اىحث٘تً       .دً..ا             تاسٌ ػثٍد حسِ .دً. .ا
 اىْٖسٌِ جاٍؼح/ مٍٍَاٌٗح ْٕدسح         اىْٖسٌِ جاٍؼح/ مٍٍَاٌٗح ْٕدسح          اىْٖسٌِ  جاٍؼح/ مٍٍَاٌٗح ْٕدسح

 

 الخلاصة

 .حاٍض اىنثسٌتٍل(   (wt/v %5ت٘ج٘د سسع فً ىيصدأ اىَقاًٗ ٗاىحدٌد اىنازتًّ٘ ىيحدٌد اىنيفاًّاىتامو  تٌ دزاسح 

ٗدزجح  اثٍس اىسسػحت . (ZRAاىنٖستائً ذٗ اىَقاٍٗح صفس )ٍقٍاض اىتٍاز اىنيفاًّ ىيَؼدٍِّ اٌضا دزض تاستؼَاه  اىسي٘ك

حساب جٖ٘د  .فً حاىح اىتامو اىحس ٗاىتامو اىنيفاًّ ػيى تٍازاخ اىتامو اىنيفاًّ ٗاى٘شُ اىَفق٘د ىيَؼدٍِّ ٗاىصٍِج اىحساز

ٕ٘ اّ٘د فً  اىحدٌد اىنازتًّٕ٘٘ ماث٘د  اىحدٌد اىَقاًٗ ىيصدأ ٍِ اىْتائج ّلاحظ اُ .اىَؼادُ فً اىحاىح اىحسج ٗاىستظ اىنيفاًّ

 .اىحدٌد اىنازتًّ٘فً جٍَغ اىظسٗف اىَدزٗسح ماُ امثس خَ٘لا ٍِ  ىيحدٌد اىَقاًٗ ىيصدأاىجٖد اىحس . حاىح اىستظ اىنيفاًّ

 ٕٗرا اىصٍِ ٍغ ٌقو ثٌ دقٍقح ػشسٌِ اٗه فً ىيصدأ اىَقاًٗ اىحدٌد اىى اىنازتًّ٘ اىحدٌد ٍِ اىنيفاًّ اىتٍاز فً حادج شٌادج

ثٍس طثقح اىحَاٌح ٗذىل تسثة تا ىيحدٌد اىَقاًٗٗمرىل ٍؼده اىتامو اىحس ّقصاُ ٍؼده اىتامو اىنيفاًّ . اىسسػح شٌادج ٍغ ٌصداد

 اىحدٌد اىى اىنازتًّ٘ اىحدٌد ٍِ اتجآ اىتٍاز تؼًْ اىتٍازاىنيفاًّ فً اىساىثح الاشازج .اىصٍِ ٍغ تَْ٘ اىتً ػيى سطح اىَؼدُ

 ٗاىحدٌد اىَقاًٗ ىيصدأ ٕ٘اّ٘د  اىحدٌد اىنازتًّ٘تصداد قٍَح اىتٍاز اىنيفاًّ ىيَؼدٍِّ ٍؼا تاتجآ اىساىة )ٗذىل ٌؼًْ .اىَقاًٗ

 .ماث٘د( ٍغ شٌادج اىسسػٔ
 . طثقح اىحَاٌح  ,اىجٖد, ٍؼده اىتامو  ,اىنيفاًّ ٍازاىت :اىسئٍسٍح اىنيَاخ
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1. INTRODUCTION 

Galvanic corrosion occurs when two dissimilar metals, with different potentials, in 

electrical contact are exposed to an electrically conducting corrosive liquid, because the metals 

have different natural potentials in the liquid, a current will flow from the anode (more 

electronegative) metal to the cathode (more electropositive), the less noble metal in general 

suffers more corrosion and the more noble metal suffers less than if they were isolated in the 

same medium Talbot, and Talbot, 1998. 

Acidic solutions of hydrochloride acid and sulfuric acid have wide industrial applications, 

the most important fields being acid pickling, acid descaling, industrial cleaning and oil-well 

acidizing. In aqueous solutions of acids, the surface of metals and alloys are covered with highly 

protective oxyhydroxide passive film affecting its corrosion behavior Singh, and Ray, 2007. 

The corrosion behavior of carbon steel in acidic solution is significant considering its 

widespread applications, namely, in the manufactures of pipe lines for petroleum industries. Acid 

solutions are frequently used in the removal of rust and scale-developed in industrial process. 

Since the steel is the major structural material utilized in the construction industry, there have 

been considerable efforts focused on the prevention of steel corrosion. As most steels are stable 

in neutral or alkaline media, acidic environments are the major concern. However, a group of 

materials that could serve as substitutes of steel are the inter metallic compounds when exposed 

to acidic solutions because these compounds possess good corrosion and oxidation resistance in 

media, containing not only oxygen but also sulphur, good abrasion resistance, and small density 

Greene et al, 1961; Guo et al, 1986; Higginson et al, 1989; Hermas et al, 1995. 

Since stainless steels are passive and exhibit a noble potential, they can be coupled 

successfully to metals that are either passive or inherently noble. This includes metals and alloys 

like silver; silver solder; copper; nickel; 70% Ni − Cu alloy; 76% Ni, 16% Cr, 7% Fe alloy; and, 

usually, aluminum in environments in which it remains passive. Stainless steels are best 

employed under fully aerated or oxidizing conditions, which favor the passive state. Whether 

used in handling chemicals or exposed to the atmosphere, the alloy surface should always be 

kept clean and free of surface contamination Revie and Uhlig, 2008. 

Stainless steels are more resistant to concentrated sulfuric acid than carbon steels. 

Because the passive film on stainless steel is harder and much more resistant to flow-induced 

corrosion than is the iron sulfate film which form on carbon steels, use of corrosion resistant 

alloys for components such as valves, inlets, outlets, and wear plates is advised in the standard. 

Application for stainless steel in sulfuric acid production is in towers, pumps, tanks, mist 

eliminators, acid coolers, and piping Grubb, 2009.  

To control the corrosion, good understanding of the effect of operating conditions on the 

corrosion behavior is required. Therefore, this work aims to study free corrosion and galvanic 

corrosion behavior of carbon steel and stainless steel in sulfuric acid for ranges of temperatures 

and agitation speed. Then, galvanic current between each couple of these metals will be 

investigated under the same conditions by using zero resistance ammeter and also by weight loss. 

Potential measured of each metal to study the free corrosion behavior, whereas,   the galvanic 

currents will be measured using zero resistance ammeter (ZRA). The galvanic coupling effect on 

the corrosion behavior of metal is important to be investigated. The loss in weight of coupled 

metals is necessary to be determined before and after coupling. 
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2. EXPERIMENTAL WORK 

The free corrosion rate for specimens CS and SS316 was determined by weight loss 

method under agitation velocity of 0, 400, and 600 rpm, and temperatures 30, 40, 50 and 60 ºC, 

in a solution of 5% wt/v H2SO4. And the galvanic corrosion rate of CS-SS316 couple was 

evaluated under isothermal (T=40 °C) and agitation velocity 0, 400, and 600 rpm. 

Fig. 1 shows the connected experimental apparatus that was used in galvanic 

experiments. The corrosion rate for two dissimilar metals was calculated by measured weight 

loss before and after experiment. 

  
The electrode specimens were mechanically press-cut into coupons of 20 mm ×40 mm 

dimensions with a total specimen surface area of 800 mm
2
. The specimen were connected to a 

plastic board through a very small holes made in the center using fine screw. The effect of screw 

was ignored. The chemical composition of specimen is shown in Table 1 and 2.    

Before each experiment the specimen was abraded with glass emery paper of grade 

numbers; 120, 180, 220, 400 and 2000 respectively, washed continuously with brushing by 

plastic brush in running tap water, followed by distilled water, dried with a clean tissue, followed 

by ethanol for 30 second dried with clean tissue, and then dried by using electrical oven to 

temperature of about 110 ºC for 10 minute Mahato et al., 1980. The specimen then was stored in 

the desiccator over high activity silica gel until use. 

Then the specimen was weighed to the 4th decimal of gram by using digital balance. 

After that one face of the rectangular coupon was exposed to corrosion environment for 1 h by 

immersion in acid solutions, while the other face was completely insulated by insulating tape. So 

that the corrosion rate of each specimen was determined for two cases: free corrosion and 

galvanic corrosion. 

At the end of weight loss experiment, the specimen was washed by tap water with 

brushing to remove the corrosion products that may still stick to  surface, washed with distilled 

water, dried with clean tissue, rinsed in ethanol and dried by using electrical oven to a 

temperature about 110 ºC for 10 minute. Then the specimen was kept in the desiccator to cool 

and then weighted. The change in the open circuit potential of specimen as function of time was 

measured at the all weight loss experimental run. 

In galvanic corrosion experiments, before each experiment, the specimens were weighed 

by accurate balance. After the solution had reached the required isothermal temperature and 

velocity, the two dissimilar metals were connected together to measure galvanic currents 

variation with time by using Zero Resistance Ammeter (ZRA). The carbon steel specimen was 

connected to the (+ve) and the stainless steel to the (-ve). The distance between the specimens in 

the test solution was maintained at 10 mm in all experiments. The coupons were mounted by 

connecting them on hold board using a small screw. 

During each experimental run, galvanic potential variation with time was measured by 

using Saturated Calomel Electrode SCE bridged by a Luggin capillary at a distance of 1- 2 mm 

from the working electrode, and connected to personal computer for data recording. The 

specimens were immersed in the acid solution for 1 h. During this time period, the galvanic 

current and potential were measured with time.  After each run, the couple specimens were 

weighed by high accuracy balance. Each run was repeated twice, a third run was conducted in 

case of any doubt in the results. 
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3. RESULTS AND DISCUSSION 

3.1 Free corrosion  

Fig. 2 and 3 illustrates the variation of corrosion rate of carbon steel (CS) and stainless 

steel 316 (SS316) that expressed in gmd with temperature and flow velocity for a 1 h of 

immersion time.  

From Fig. 2 it is clear that the corrosion rate increases with increasing temperature for 

both metals at the stationary condition. The effect of temperature on the corrosion rate is 

governed by changing two parameters affecting the corrosion rate in conflicting ways that are the 

O2 solubility and diffusivity. Increasing the temperature will increase the rate of oxygen 

diffusion to the metal surface by decreasing the viscosity of aqueous solutions resulting in 

enhanced corrosion rate. On the other hand, increasing temperature decreases the oxygen 

solubility the factor that restrains the corrosion Mahato et al, 1980. It is also evident from Fig. 2 

that the increase in the CR of SS is very little with increasing temperature. This agrees with 

previous works Okamoto, 1973; Grubb, 2009; Ibrahim et al, 2015. 

From Fig. 3, it is clear that increasing the flow velocity leads to an increase in the 

corrosion rate of CS while the influence on the SS corrosion is negligible. This can be attributed 

to the increase in the concentration of oxygen close to the metal surface by eddy transport. The 

rate of oxygen reduction reaction is generally limited by the speed at which oxygen can reach the 

surface of the metal. Previous studies Foroulis, 1979; Scheers, 1992; Shreir et.al, 2000; 

Slaiman and Hasan, 2010; Hasan and Sadek, 2014 indicated that the greater the turbulence 

due to high velocities results in more uniform O2 concentration near the surface.  Figs 2 and 3 

reveal that the corrosion rate of CS exhibited high corrosion rate compared to stainless steel. In 

addition, their corrosion rates increased appreciably with temperature. Stainless steel exhibited a 

clear corrosion resistance under most investigated conditions even at high temperature and high 

rotational speed. This is due to the increased anodic polarization and a possibility of passivation.  

 

Fig. 4 and 5 shows the corrosion potential (open circuit potential) versus time for carbon 

steel and stainless steel respectively in 0.52 M H2SO4 solutions at four different temperatures of 

30, 40, 50, and 60 ºC, for stationary condition. From Fig. 4 for CS, it is clear that the potential at 

30 and 40 ºC shifts to more negative and reaching asymptotic values of -0.566 and -0.524 V 

respectively after about 10 min.  

At 50 and 60 ºC, the potentials show a decrease of the corrosion potential value and then 

after 4 and 10 min respectively the potential shifts towards more positive until reach stable value 

is -0.524 and -0.507 V after 1 h. This shift can be ascribed to the formation and growth of a 

Fe2O3 film on the corroding surface. The ennoblement of the potential observed in Fig. 4 is 

attributable to healing of the pre-immersion air-formed oxide film and further thickening of the 

oxide film as a result of the interaction between the electrolyte and the metal surface Evan, 1960. 

The growth of the oxide film continues until the film acquires a thickness that is stable in the 

electrolyte. During this step the alloy oxidation is under anodic control and the reduction of 

oxygen is the cathodic reaction Abd El Kader, and Shams El Din, 1979.  

http://www.sciencedirect.com/science/article/pii/0010938X73900310
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Fig. 5 for SS316, at 30 ºC the potential shifts to the negative values in the first 13 min 

and then slow increase in potential. At 40 ºC the potential decreases in the first 4 min and then 

shifts to the positive value in the four minute and tends to more positive in the 20 min. At 50 ºC 

the potential decrease in the first 5 min and then increases until it reaches stable value (Ecorr= -

0.46 V) in 30 min. At 60 ºC initial potential increases in the first 8 min and then reaches stable 

value at Ecorr= -0.405V. The asymptotic values (steady state values) and the OCP increases with 

increasing temperature. The potential profiles can be explained by assuming that the potential 

rise indicates the formation of an insoluble layer product, probably oxide phase on the electrode 

surface. The anodic shifting of Ecorr can be attributed to the product layer thickening process and 

to an increase in the resistance of this layer. These results are in agreement with Alain et al., 

2013 for 316L stainless steel in HCl aqueous solution, Azambuja et al., 2003 for Fe and AISI 

304 stainless steel in tungstate aqueous solution, and with Bore et al., 2006 for 304 stainless 

steel in sulfuric acid. 

The temperature favors the cathodic reaction and more specifically, it favors the 

hydrogen evolution reaction (HER) which leads to an increase of H2 evolution. In other words, 

an increase of temperature decreases the cathodic overpotential as a result of decreasing the 

activation overpotential of hydrogen evolution reaction. Moreover, temperature also favors the 

kinetics of the corrosion reactions, and especially the anodic dissolution of the alloy, since the 

corrosion current densities are high for each alloy as temperature increases Ibrahim et al, 2015. 

It is worth to mention that the passive region appeared on the anodic region of the 

polarization curves for iron and steel was due to the formation of iron oxides and/or corrosion 

products on their surfaces as shown by Equations (1) and (2) Sherif, 2014.  

 

Fe + ½ O2 + H2O = Fe(OH)2                                                          (1) 

3Fe(OH)2 +½ O2 = Fe3O4 +3H2O                                        (2) 

 

where, the formed ferrous hydroxide reacted with more oxygen to form the top layer of 

magnetite corrosion product, Fe3O4. The presence of such oxide partially protects the iron 

surface from further dissolutions and led to the appearance of the passive region Sherif, 2014. 

Shams El Din et al., 1994 demonstrated that the surface of high molybdenum containing 

stainless steel immersed in seawater at high temperatures becomes rich with molybdenum ions 

due to outward diffusion of molybdenum ions through the oxide film as confirmed by X-ray 

surface analysis. Therefore, the behavior indicated in Fig. 6 can be attributed to the dissolution of 

the passive film on the steel in the temperature ranging from 30 to 40 °C and 50 to 60 °C is under 

mixed control (anodic and cathodic). While in the range of 40 to 50 °C, the oxygen solubility in 

the solution decreases with increasing temperature, so the passivation process becomes under 

cathodic control.  

Fig. 7 and 8 shows the effect of agitation speed on the corrosion potential curves vs. time 

of carbon steel and stainless steel 316 respectively, in 0.52 M H2SO4 solution at isothermal 

temperature T=40 ºC  for 1 h immersion time. 
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Fig. 7 for CS reveals that when the velocity increases from 0 to 400 rpm, the potential 

shifts to more negative. This is due to increased arrival O2 to the metal surface which leads to an 

increase in the polarization resistance to more negative values. The corrosion potential shifts to 

more positive (higher than 400 rpm) when the velocity up to 600 rpm.  

Fig. 8 for SS316 shows that the potential shifts to more positive values with increasing 

velocity due to the increased O2 transport to the surface. This agrees with previous findings 

Foroulis, 1979; Mahato et al, 1980; Silverman, 1984; Hasan, 2003; Hasan et al, 2011. 

Therefore, the corrosion potential in aerated and oxygen-saturated solutions is flow dependent 

since the cathodic process, i.e., oxygen reduction reaction, is mass transfer controlled, i.e., at a 

constant bulk temperature the corrosion potential (Ecorr.) increases as the flow rate increases. The 

anodic kinetics (dissolution of metal) is not mass transfer dependent as it is under activation 

control. The oxygen reduction reaction is dictated by the limiting values of mass transfer control. 

This may explain the noble trend of the corrosion potential as the flow rate (rpm) is increased as 

in Fig. 8. This behavior is in agreement with previous findings Hubbard and Lightfoot, 1966; 

Chin and Nobe, 1977; Nesic et.al, 1995; Ross et al, 1966. Ross et al., 1966, stated that the 

increase in Ecorr with velocity is due to the increase in oxygen transport to the metal surface and 

when the system is free from oxygen, velocity has no effect on corrosion potential (Ecorr).  

 

3.2  Galvanic corrosion 

Fig. 9 shows corrosion potential with time of CS, SS316, and CS–SS316 couple in a 

H2SO4 solution at 40 ºC for stationary conditions (u=0 rpm). It is clear that the OCP of CS and 

SS316 free reveals that the corrosion potential decreases and then increases after 5 min and more 

increases at 20 min decreases with time while the CS-SS316 couple initial rises in first few 

minutes and reaching almost steady value.  Some of literature found the same tendency such as 

Azambuja et al., 2003 for Fe & AISI 304 stainless steel in tungstate aqueous solution, Bore et 

al., 2006 for 304 stainless steel in sulfuric acid, Alain et al., 2013 for 316L stainless steel in HCl 

aqueous solution. Fig. 9 reveals that OCP of CS is nobler than SS316 in the first 5 min. and 

reverse after that time. However, the galvanic potential of CS–SS316 couple is nobler than OCP 

of CS  and SS316. The degree of passivity, the nature of the redox couples in the solution, and 

the stability of the system, all determine the polarity and its variation with time Gilbert, 1948.  
During the OCP test the passive film containing Cr2O3 grew on the electrode surface, 

shifting the OCP value to higher potentials Lothongkum et al, 2003. 

 

Fig. 10 and 11 shows a comparison of the potential variation with time for CS, SS316, 

and CS- SS316 couple in H2SO4 solution for agitation velocity of 400 and 600 rpm at T=40ºC 

respectively.  

Fig. 10 for CS indicates that the OCP of CS and the galvanic potential become more 

negative with time. It reveals that OCP of SS316 is nobler than OCP of CS, whereas the galvanic 

potential of CS-SS316 couple is between the OCPs of the two metals. 

Fig. 11 shows the galvanic potential of CS- SS316 couple and OCP of SS316 decrease 

and then increase in positive direction and the values of potentials are almost equal. However, 

the OCP of CS shifts to more negative direction.  



Journal of Engineering Volume   22  August  2016 Number 8 
 

 

164 

 

 

Fig. 12 shows the effect of agitation speed on galvanic potential (CS- SS316 couple) at 

T=40ºC. It is clear from figure that the galvanic potential shifts toward the negative direction 

with increasing agitation velocity from 0 to 400 rpm. This indicates that the Eg is affected by the 

CS potential more than by SS316 potential. Eg goes to the positive direction when increasing the 

velocity from 400 to 600 rpm and that revels the Eg is affected by the SS316 potential due to 

passivation layer on SS316 surface at velocity 600 rpm higher than at 400 rpm. Table 3 shows 

the corrosion rate of CS when coupled with SS316, at velocity 400 rpm it is less than that at 600 

rpm suggesting that due to the galvanic potential at 600 rpm higher than 400 rpm.  

Fig. 13 shows the variation of galvanic current of CS-SS316 couple with time for 

different agitation velocity at T=40 ºC. The minus sign in galvanic current means that the current 

is flowing from CS (anode) to SS316 (cathode). The figure reveals that there is a sharp increase 

in galvanic current from CS to SS316 in the first 20 min and then it decreases with time. It can 

be seen that the galvanic current increase with increasing velocity. The decrease in galvanic 

current is attributed to metal passivation due to the formation of a protective film which grows 

with time Guenbour, 2010 this film increases with velocity.  

The corrosion data for carbon steel-stainless steel 316 couple are summarized in Table 3. 

The direction of the galvanic currents shows that carbon steel is anodic (electronegative or 

corroding) pole of CS-SS316 couples immersed in 0.52 M H2SO4 solution. Since the open circuit 

potential of SS316 is higher than the open circuit potential of CS, the current flows from CS to 

SS316. 

Table 3 lists the values of corrosion rate obtained from weight loss of CS and SS316 in 

both free and coupling cases for range of agitation velocity at constant temperature T=40 ºC. The 

values of corrosion rate reveal that the corrosion rate of SS316 is lower than that for CS and that 

indicate the SS316 is cathodic and CS is anodic in the galvanic couple. In addition, when 

coupling CS with SS316, the corrosion rate of SS316 decreases and that of CS increases due to 

the galvanic action. Under flow conditions, the corrosion rate of CS increases due to the galvanic 

effect produced by coupling with SS316, while the SS316 is protected. Under flow conditions at 

600 rpm, the corrosion rate of carbon steel coupled to stainless steel 316 is lower than free 

corrosion of carbon steel. This may be attributed to the formed protective oxide film on carbon 

steel and become the sacrificial anode. Moreover, the galvanic potential of couple at 600 rpm is 

higher than that at 400 rpm. That justified the decrease in the galvanic current with increased 

velocity (from 400 rpm to 600 rpm). 

 

4. CONCLUSIONS 

1- The free corrosion rate for SS316 is lower than CS due to its passivity. 

2- The galvanic current of CS-SS316 couple shifts to the negative direction with increase 

agitation velocity.  

3- When coupling CS with SS316, the corrosion rate of SS316 decreases while the CS increases 

at stationary with negligible effect at agitation velocity. 
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4- The open circuit potential for CS shifts to more positive with increasing temperature and time 

(especially at high temperature) and, in general, to more negative with increasing agitation 

velocity. 

5- The open circuit potential for SS316 shifts to more positive with increasing temperature, time 

and agitation velocity. 
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NOMENCLATURE 

Symbol                    Meaning                                                                            Units  

A  surface area of specimen     mm
2 

CR                   corrosion rate  gm/m
2
.day

 

Eg                   galvanic potential                                                                    V                         
 

Ecorr.  corrosion potential  V 

t                       immersion time   h                       

T                    temperature                                                                           
o 
C 

u                    revolution per minute                                                            rpm 

http://www.sciencedirect.com/science/article/pii/0010938X73900310
http://www.sciencedirect.com/science/journal/0010938X
http://www.sciencedirect.com/science/journal/0010938X/13/6
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∆W     weight loss            gm 

 

 

 
Figure 1.  Galvanic experiment set-up: 1- Reference Saturated Calomel Electrode (SCE), 2- 

Working electrode (specimen), 3-Motor, 4- Stirrer, 5- Thermometer, 6- Voltmeter, 7- Water 

bath, 8- Glass shift, 9- Holder of specimens, 10- Rubber, 11- Luggen capillary tube, 12- Zero 

Resistance Ammeter (ZRA). 

 

 

 
Figure 2. Variation of corrosion rate with temperature at stationary condition. 
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Figure 3. Corrosion rate vs. velocity of CS and SS at T=40 ºC.  

 

 

Figure 4. Corrosion potential vs. time of carbon steel specimen at stationary condition at 

different temperature. 
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Figure  5. Corrosion potential vs. time of stainless steel specimen at stationary condition at 

different temperature. 

 

 

Figure 6. Variation of Ecorr with temperature at stationary condition. 
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Figure 7. Corrosion potential vs. time of CS at different velocity and 40 ºC. 

 

 

Figure 8. Corrosion potential vs. time of SS316 at different velocity and 40 ºC. 
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Figure 9. OCP and galvanic potential versus time of carbon steel and stainless steel at const. 

temperature (T=40 ºC) and stationary (u=0 rpm). 

 

 
Figure 10. Potentials of CS, SS316, CS-SS316 couple under u=400 rpm. 
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Figure 11. Potentials of CS, SS316, CS-SS316 couple under u=600 rpm. 

 

Figure 12. Effect of agitation velocity on the galvanic potential (CS-SS316). 
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Figure 13. Effect of agitation velocity on the galvanic current (CS-SS316). 

 

Table 1.  Analysis of carbon steel specimen 

 

 

Table 2 Analysis of stainless steel specimen 

Stainless steel 

316 

0.08% 

C 

2% 

Mo 

16 

% Cr 

2% 

Mn 

0.08% 

P 

0.03% 

S 

0.75% 

Si 

0.1% 

N 

Balance 

Fe 

 

Table 3 Corrosion rate of carbon steel and stainless steel 316 in free and coupling at different 

agitation velocity and T=40 ºC. 

 

u, rpm 

CR, gmd 

CS free SS316 free Cs(coupled to 

SS316) 

SS 316(coupled to 

CS) 

0 993.4 86.3414 1148.43 22.2996 

400 1803.48 9.4736 1803.786 0 

600 1980 51.2195 1896.296 8.3623 
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ABSTRACT 

In Iraq most of the small buildings deployed a conventional air conditioning technology which 

typically uses electrically driven compressor systems which exhibits several clear disadvantages 

such as high energy consumption, high electricity at peak loads. In this work a thermal 

performance of air conditioning system combined with a solar collector is investigated 

theoretically. The hybrid air conditioner consists of a semi hermetic compressor, water cooled 

shell and tube condenser, thermal expansion valve and coil with tank evaporator. The theoretical 

analysis included a simulation for the solar assisted air-conditioning system using EES software 

to analyze the effect of different parameters on the power consumption of compressor and the 

performance of system. The results show that refrigeration capacity is increased from 2.7 kW to 

4.4kW, as the evaporating temperature increased from 3 to 18 ºC. Also the power consumption is 

increased from 0.89 kW to 1.08 kW. So the COP of the system is increased from 3.068 to 4.117. 

The power consumption is increased from 0.897 kW to 1.031 kW as the condensing temperature 

increased from 35 ºC to 45 ºC. While the COP is decreased from 3.89 to 3.1. The power 

consumption is decreased from 1.05 kW to 0.7kW as the solar radiation intensity increased from 

300 W/m
2
 to 1000 W/m

2
, while the COP is increased from 3.15 to 4.8. A comparison between 

the simulation and available experimental data showed acceptable agreement. 

Keywords: solar assisted air conditioning system, solar collector, thermal performance, 

simulation program, EES. 

 

ريا  نظ   العراق في الشوسيت الطاقت بوساعذة تعول هواء تكييف لونظوهت الحراري الاداء تقيين  

                                                          هحوذ عبذالحسن عبذ                                                                           جاسن نجن عبذ أ.م.د 

                                                     قسن الهنذست الويكانيكيت                                                          سن الهنذست الويكانيكيت              ق

جاهعت بغذاد                                                                                   جاهعت بغذاد         

 الخلاصت:

ِؼظُ اٌّببٍٔ اٌصغُشة واٌّخىسطت فٍ اٌؼشاق حؼخّذ ػًٍ أظّت اٌخبشَذ راث اٌضبغظ اٌىهشببئٍ واٌزٌ ِٓ ػُىبه الاسخهلان 

اٌّشوبت اٌؼبٌٍ ٌٍطبلت اٌىهشببئُت ػٕذ حًّ اٌزسوة. فٍ هزا اٌؼًّ حُ اٌخحمك ٔظشَب ِٓ الاداء اٌحشاسٌ ٌّٕظىِت حىُُف اٌهىاء 

ِغ ِجّغ شّسٍ. َخىىْ ِىُف اٌهىاء اٌهجُٓ ِٓ ضبغظ شبه ِمفً، ِىثف ٔىع الاسطىأت والأبىة اٌّبشد ببٌّبء، صّبَ 

حّذد حشاسٌ وِبخش ٔىع اٌخضاْ واٌٍّف. شًّ اٌخحًٍُ إٌظشٌ ِحبوبة ٌّٕظىِت حىُُف اٌهىاء اٌخٍ حؼًّ بّسبػذة اٌطبلت 

بُٕج إٌخبئج اْ  .حأثُش ػىاًِ ِخخٍفت ػًٍ اسخهلان طبلت اٌضبغظ وأداء إٌّظىِت ٌخحًٍُ  EESاٌشّسُت ببسخخذاَ بشٔبِج 

دسجت ِئىَت ووزٌه فبْ اٌطبلت  88اًٌ  3وٍُى واط ِغ صَبدة دسجت حشاسة اٌخبخُش ِٓ  4,4اًٌ  7,7سؼت اٌخثٍُج لذ صادث ِٓ 

. اْ 4,887اًٌ 3,968بًِ اداء إٌّظىِت ِٓ وٍُى واط , واٌزٌ ادي اًٌ صَبدة ِؼ 8.98اًٌ  9.89اٌّسخهٍىت لذ صادث ِٓ 

mailto:najmosawe@yahoo.com
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دسجت ِئىَت.  45اًٌ  35وٍُى واط ِغ صَبدة دسجت حشاسة اٌخىثُف ِٓ   8,938اًٌ  9,897اٌطبلت اٌّسخهٍىت لذ اصدادث ِٓ 

صَبدة وٍُى واط ػٕذ  9,7اًٌ  8,95. اْ اٌطبلت اٌّسخهٍىت لذ أخفضج ِٓ 3,8اًٌ  3,89بُّٕب ِؼبًِ الاداء لذ أخفض ِٓ ِٓ 

َ\واط 8999اًٌ  399الاشؼبع اٌشّسٍ 
7

. واظهشث اٌّمبسٔت بُٓ 4,8اًٌ  3,85, بُّٕب ِؼبًِ اداء إٌّظىِت لذ اصداد ِٓ 

 إٌخبئج اٌخجشَبُت وإٌظشَت احفبق ِمبىي بُٕهّب.

 , بشٔبِج ِحبوبة . حشاسٌ اداء,  شّسٍ ِجّغ ، اٌشّسُت اٌطبلت بّسبػذة هىاء ِىُف :رئيسيت كلواث

 

1. INTRODUCTION: 

The increasing consumption of energy in buildings on air-conditioning systems has initiated a 

great deal of research for energy savings. With the consolidation of the demand for human 

comfort, around 48% of energy is consumed in commercial and public buildings due to air 

conditioners, usually by driving electrical vapour compression chillers Lamberts, 1999. The use 

of solar thermal energy for air-conditioning in hot and sunny climate is a promising application 

of solar collectors in buildings. The main advantage of the solar air conditioning system is that in 

solar air conditioning applications solar gains and cooling loads occur at the same time and on 

the seasonal level. Figures 1 and 2 show the main variations of solar radiation and maximum 

temperature and relative humidity for Baghdad station , Al-Salihi Ali et al, 2010. Iraq is one of 

the countries with the highest electricity production from oil during 2008 IEA, 2011. 

Vakiloroaya et al. 2012 described and studied a newly-developed solar-assisted air-conditioning 

system. They proposed a new discharge bypass line connected with an inline solenoid valve, 

installed after compressor to regulate the refrigerant flow rate passing through a hot water 

storage tank. Experimental test results show that the daily energy saving is about 38.6%, while 

the indoor temperature and relative humidity are within comfort ranges. Ha et al. 2012 analyzed 

the performance of a newly solar-assisted direct expansion air conditioner and demonstrate the 

capability of energy savings and ecological conservation. They equipped a flat collector storage 

system as well as immersed piped coil with the direct expansion evaporator to raise the superheat 

temperature entering the variable speed compressor, causing the smaller duty cycle of the 

compressor and the slight increase in the suction pressure, and hence, reduce the energy 

consumptions. Water in the solar collector is in a contact with the collector absorbing surface so 

the heat is transferred to the water, then to the refrigerant in an immersed heat exchanger. Once 

the space has achieved the desired temperature, the compressor turns off while space cooling will 

continue till the pressure of the refrigerant at the circulation loop fails for saving the desired 

temperature. The advantage of the system is that the heat can be imparted in the refrigerant via 

the flat plate collector and therefore the compressor can remain off longer. The process justifies 

up to 40% of energy savings.  
In the current study the thermal performance of solar assisted air conditioning system was 

investigated theoretically under Iraqi climate conditions. Theoretical tests were studied by 

varying the parameters to investigate their effects on the thermal performance of the solar 

assisted air conditioning system such as cooling water flow rate, heating water flow rate, ambient 

temperature and solar radiation intensity. 

 

2. THE MATHEMATICAL MODEL  

The following general assumptions have been adopted: i. Quasi-steady state conditions are 

approximated within the chosen time interval. ii. Pressure drop and heat loss in the connecting 

pipes are neglected. iii. Frictional losses in the evaporator and the condenser are negligible. iv. A 

good thermal insulation over the refrigerant loop is assumed, i.e. thermal loss to the surroundings 
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is neglected. v. Kinetic and potential energy changes are assumed to be insignificant. vi. The 

refrigerant undergoes polytrophic compression with a constant polytrophic index (n). Vii. 

Isenthalpic expansion process is considered. The main components covered in the model are 

compressor, expansion valve, water-refrigerant condenser, evaporator and liquid solar collector. 

Fig.3 shows the system configuration used in the simulation. 

 

2.1 Compressor 

The various equations are expressed as follows from Stoecker and  Jones, 1982. 

Piston Displacement volume per cylinder is calculated as: 

                            
        

 
                                                                                                ( )               

Volumetric efficiency of compressor is calculated as: 

                                 (
  
  
)

 
 
                                                                                  ( )              

where C is the clearance volume ratio and obtainable from the manufacturer’s data. 

Refrigerant mass flow rate can be evaluated such that: 

                          ̇   
       
     

                                                                                                   ( )                 

Compressor work input can be written as: 

                                   
        ̇ 

     
 (
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)

   

 
  ]                                                      ( )  

where       is the compressor mechanical efficiency. 

Refrigerant discharge temperature and specific volume are determined such that: 

                                        (
  

  
)

   

 
                                                                                          ( )   

                                  (
  

  
)

 

 
                                                                                                  ( ) 

2.2 Water Cooled Condenser 

The water condenser is a shell and tube heat exchanger, with water in the tube and the refrigerant 

around it. Refrigerant releases heat to the water in the condenser, and becomes saturated or sub-

cooled. Cold water is also supplied to the condenser and hot water flows out to maintain the 

water temperatures and allows for more hot water production.                 

The heat rejected by the refrigerant is given as: 

                               ̇ (         )                                                                                        ( )  
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The heat absorbed by the water is given as: 

                                     
   
  

   ̇      (         )                                               ( )    

where the first term refers to the heat gain by the water in the storage tank, while the second term 

refers to the heat gain by the circulating water. The first term would be zero if there is no change 

of water temperature in the tank over time, while the second term would be zero if there is no 

water supplied or discharged from the tank. 

Assuming negligible heat loss from the water tank to the ambient, the heat transfer from the 

refrigerant to the water should be balanced as follows: 

 ̇ (         )         
   
  

   ̇      (         )                           ( ) 

The heat released by the condenser can be written as: 

            (         )                                                                            (  ) 

where      is the inlet temperature of the hot fluid and     is the inlet temperature of the cold 

fluid. In present work,      refers to the temperature of superheated refrigerant and      refers to 

the temperature of feed water. Effectiveness-NTU method is used to determine the effectiveness 

of condensing coil. Effectiveness, ε, is the ratio of actual heat transfer rate of a heat exchanger to 

the maximum possible heat transfer rate. ε can be expressed as follow: 

      
                    

                              
 

          

     (         )
                               (  ) 

      is the heat capacity of the fluid with the lowest value. Two different heat capacities 

   and    can be defined for hot or cold circulating fluid respectively such as      is determined 

as follows: 

     ̇                                                                                                           (  ) 

      ̇                                                                                                            (  )  

If     >    ,         =       and         =    . However, if     >   ,         =     and         =     . 

In heat exchanger equations, it is useful to describe heat capacity ratio, C as: 

  
      
      

                                                                                                      (  ) 

2.3 Thermostatic Expansion Valve 

The thermostatic expansion valve is used to bring the pressure and temperature of the refrigerant  
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from  a high  pressure  and  high  temperature state  to  a  low  pressure  and  low temperature 

state. The expansion valve is also used to regulate the flow rate of the refrigerant to control the 

level of superheat and to ensure complete evaporation of the refrigerant in the evaporator. 

An isenthalpic expansion process is assumed for the thermostatic expansion valve as there is no 

heat or work input or output, given as: 

                                                                                                                 (  ) 

 

2.4 Evaporator 

The heat transferred through the evaporator was determined by calculating the refrigerant 

enthalpy increase, and energy lost by the water as seen below: 

       ̇    (         )                                                                     (  ) 

         ̇ (         )                                                                              (  ) 

where       and       correspond to the inlet and outlet temperatures of water in the evaporator, 

and      and      are the enthalpies of the refrigerant at the outlet and inlet on the refrigerant side 

of the evaporator. In order to find the heat transfer through the evaporator, the greatest heat 

transfer must be calculated, which is dependent on the greatest temperature difference between 

both sides of the heat exchanger, then limited by the minimum capacitance rate, i.e., 

     (  ̇   )   (         )                                                                    (  ) 

 

2.5 Water-in-glass Evacuated Tube Solar Collector 

The heat transfer in this collector is driven purely by natural circulation of water through the 

single-ended tubes. Water in the tubes is heated by solar radiation, rises to the storage tank and is 

replaced by colder water from the tank as shown in fig.4. 

The heat rate gained by the water is given by: 

   ̇    (     )                                                                                                         (  ) 

The collector efficiency can be defined as the useful heat output from the collector to the input 

solar irradiation (I) received on the surface of the collector, and is: 

  
 ̇    (     )

    
                                                                                                          (  ) 

 

2.6 Cooling Tower  

Cooling towers are heat exchangers which are used to dissipate large heat load to the 
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atmosphere. They are equipment’s used to reduce the temperature of a water stream by 

extracting heat from water and rejecting it to the atmosphere. They are used in a variety such as 

power generation and refrigeration. Cooling towers are designed for industrial plants for various 

purposes and sizes to provide cool water. 

 

3. EES SOFTWARE 

Engineering Equation Solver is thermodynamic based software developed by William Beckman 

and Sanford Klein of the University of Wisconsin and is academically and commercially 

available from F-Chart Software. EES will solve for enthalpy. The enthalpy at the different states 

can be used to solve for quantities like heat transfer, power consumption and system 

performance as shown under the System Equations section. 

Parameters of interest for solar assisted air-conditioning system: there were four system inputs 

that were explored when using EES. Table (1) below depicts all the parameters that were 

bracketed when exploring the possibility of the working fluids. By allowing the values to vary 

over a large range, the capability of the solar assisted air-conditioning system can be found.  

As mentioned, the high temperature of the cycle will be determined by the performance of the 

solar collectors. The condenser temperature will depend on where the excess heat of the system 

is going to be rejected to. The program flow chart and the P-h diagram are presented in fig.4 and 

Fig.5 respectively.  

4. RESULTS AND DISCUSSION  

4.1 Effect of Evaporating Temperature on Compressor Work and Refrigerating Effect  

The range of evaporating temperatures used was (3℃ to 18℃) all with constant condensing 

temperatures at (40℃) as shown in figs.6 and 7. 

Fig.7 shows the relation between evaporation temperature and refrigeration capacity. It is seen 

that the refrigerating capacity was increased with increasing the evaporating temperature. This is 

due to the increase of evaporation pressure which will definitely increase the evaporator 

temperature the enthalpy of the refrigerant at the evaporator outlet is increased. Also the pressure 

ratio is decreased with increasing the evaporation pressure, which will definitely increase the 

volumetric efficiency and refrigerant vapour density consequently higher values of refrigerant 

mass flow rate was achieved.  

The refrigeration capacity is increased from 2.7 kW to 4.4kW, as the evaporating temperature 
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increased from 3 to 18℃.  

In case of studying the effect of evaporating temperature on the compressor power consumption, 

it was found that the power consumption increases with increasing the evaporating due to the 

increase of refrigerant mass flow rate as discussed in previous paragraphs which overcomes the 

decrease of enthalpy difference with increasing the evaporation pressure the power consumption 

is increased from 0.89 kW to 1.08 kW as the evaporating temperature increase from 3 to 18℃. 

Consequently due to the reasons the COP of the system was increased with increasing the 

evaporating temperature as shown in fig.6. The coefficient of performance of the system is 

increased from 3.068 to 4.117, as the evaporation temperature increased from 3 to 18℃.   

4.2 Effect of Condensing Temperature on the Compressor Work and Refrigerating Effect  

Condensing temperature (Tcon) is also an important operating parameter that influences the 

system performance. Evaporating temperature is kept constant at values of (9 ºC) and the 

condensing temperature was ranged from 35 ºC to 45 ºC.as shown in figs.8 and 9. 

Fig.9 shows the relation between condensation temperature and refrigeration capacity. It is seen 

that the refrigerating capacity was decreased with increasing the condensation temperature. This 

is due to the increase of condensation pressure which will definitely increase the pressure ratio, 

which will definitely decrease the volumetric efficiency and refrigerant vapour density 

consequently lower values of refrigerant mass flow rate was achieved. 

In case of studying the effect of condensing temperature on the compressor power consumption, 

it was found that the power consumption increases with increasing the condensing due to the 

increase of refrigerant mass flow rate as discussed in previous paragraphs which overcomes the 

decrease of enthalpy difference with increasing the evaporation pressure the power consumption 

is increased from 0.8966 kW to 1.031 kW as the condensing temperature increased from 35 ºC to 

45 ºC as shown in fig.8. Consequently due to these reasons the COP of the system was decreased 

with increasing the condensation temperature as shown in fig.8. The coefficient of performance 

of the system is decreased from 3.89 to 3.1, as the condensation temperature increased from 35 

to 45℃. 

4.3 Effect of Refrigerant Mass Flow Rate on Compressor Work and Refrigerating Effect  

The rate of refrigerant mass flow rate was used in all experiments (83, 75, 66, 58, 50 and 41) 

kg/hr, the condensing temperature was kept constant at 40℃ and the evaporating temperature 

was kept constant at 9℃. The results are shown in fig.10 and fig.11. 
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Fig.11 shows the refrigerating capacity is increased with increasing the refrigerant mass flow 

rate. This result trend can be explained according to the eq.16. Also the pressure ratio is 

decreased, which will definitely increase the volumetric efficiency, the refrigerant mass flow rate 

higher values. The refrigeration capacity is increased from 1.6 kW to 3.34kW as the refrigerant 

mass flow rate increase from 41 to 83 kg/hr.  

In case of studying the effect of refrigerant mass flow rate on the compressor power 

consumption, it is found that the power consumption increases with increasing the refrigerant 

mass flow rate, the power consumption is increased from 0.48 kW to 0.97 kW as the refrigerant 

mass flow rate increase from 41 to 83 kg/hr, which is in the better agreement with eq.4. The 

COP is equal theoretically as shown in fig.10. 

4.4 Effect of the Solar Radiation on the Compressor Work and Thermal Performance 

Since the solar radiation intensity plays a major role on the collector heat gain, the effect of this 

parameter on the system performance is analyzed and presented in this section. The solar 

radiation intensity was used in all experiments (300, 400, 500, 600, 700, 800, 900 and 1000) 

W/m
2
, the condensing temperature was kept constant at 40℃ and the evaporating temperature 

was kept constant at 9℃. The results are shown in fig.12 and fig.13. 

Fig.12 shows the variation of collector useful heat gain with the radiation intensity. It is seen that 

as the solar radiation is increased the useful energy gain is increased. 

As shown in fig.13 the power consumption is decreased from 1.05 kW to 0.7 kW as the solar 

radiation intensity increased from 300 W/m
2
 to 1000 W/m

2
, while the COP is increased from 

3.15 to 4.8. 

4.5 Comparison between Theoretical and Experimental Works 

Figs.14 to 16 shows comparisons between the experimental and the theoretical results of power 

consumption and the coefficient of performance of the system. Fig.14 shows a comparison 

regarding the influence of the evaporator water temperature on the power consumption and the 

coefficient of performance of the system. The deviation between the experimental and theoretical 

power consumption and the performance of the system is about 0.03 and 0.12 respectively.  As it 

is clear from this figure the measured and the predicted values are in a reasonable agreement. 

In Fig.15 the measured power consumption and the performance of the system regarding the 

variation of with condensing temperature are compared to the predicted results. The deviation 

between the experimental and theoretical power consumption and the coefficient of performance 
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of the system is about 0.17 and 0.25 respectively.   

Fig.16 shows a comparison between the measured and predicted values regarding the influence 

of refrigerant mass flow rate on power consumption, cooling capacity and COP of the system. 

The deviation between the experimental and theoretical power consumption, cooling capacity 

and the performance of the system is about 0.35, 0.07 and 0.43 respectively.   

These figures show that there is a reasonable agreement between the measured and predicted 

power consumption and cooling capacity as well as between the measured and predicted COP. 

Generally, this theoretical work indicates that EES software is a good tool to predict the 

performance of solar assisted air conditioning system. 

5. CONCLUSIONS 

According to the discussed results, several conclusions can be extracted, these are: 

1- Evaporating temperature is an important operating parameter that influences the system 

performance. An increase in evaporating temperature affects the COP of the system negatively. 

The refrigeration capacity is increased from 2.7 kW to 4.4 kW as the evaporating temperature 

increased from 3 to 18℃. The power consumption is increased from 0.89 kW to 1.08 kW as the 

evaporating temperature increased from 3 to 18 ℃.  Consequently the COP of the system was 

increased from 3.068 to 4.117, as the evaporation temperature increased from 3 to 18℃. 

2- The refrigerating capacity was decreased from 3.5 kW to 3.225 kW with increasing the 

condensation temperature from 35 to 45℃. The power consumption is increased from 0.897 kW 

to 1.031 kW as the condensing temperature increased from 35 ºC to 45 ºC. Consequently the 

COP of the system is decreased from 3.89 to 3.1. 

3- Increasing the collector heat gain leads to decrease the compressor power consumption from 

1.05 kW when the heat gain of 0.255 kW at a solar radiation of 300 W/m
2
 to 0.7 kW when the 

heat gain of 1.9 kW at a solar radiation of 1000 W/m
2
, consequently the COP increased from 

3.15 to 4.8. 
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NOMENCLATURE 

A= area, m
2
.           

Cp= specific heat at constant pressure , kJ/kg 
o
C.                                         

C= clearance volumetric ratio, dimensionless.          

D= Bore of compressor, m. 

FR= collector heat removal factor, dimensionless.           

H= specific enthalpy, kJ/kg.                    

I= solar radiation, W/m
2
.  

L= Stroke of compressor, m. 

 ̇= mass flow rate, kg/hr.  

N= Rotational speed of compressor, rpm. 
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n= polytropic index of compressor, dimensionless.                

P= pressure, Pa.              

Qu= useful Energy gain/rejected, Watt.  

T= temperature, 
o
C.                

Wcomp= compressor power consumption, kW.                                                 

U = Overall heat transfer coefficient, W/m
2 o

C. 

Greek letter                                                                                                                   

= Specific volume, m
3
/kg. 

Efficiency, dimensionless.                                                                                                                  

ϵ= Effectiveness, dimensionless.                                                                                                
𝜌= Density, kg/m

3
.                                                                                                                          

= Transmitance – absorptance, dimensionless. 

Sub-Script                                                                                                                                         

i  Inlet , inner                                                                                                                            

o Outlet , outer                                                                                                                           

r Refrigerant                                                                                                                           

w Water                                                                                                                                    

m Mean                                                                                                                                     

u Useful 

 

 

 

 

Table 1. Governing Factors for Parametric Study. 

Parameter to be 

explored 
Minimum value Maximum value 

Governing 

element 

Refrigerant 

mass flow rate 

kg/hr 

40 80 
Air-conditioning 

loop 

Set room 

temperature ºC 
15 30 

Air-conditioning 

loop 

Ambient 

temperature ºC 
40 50 

Air-conditioning 

loop 

Radiation 

intensity W/m
2
 

400 1000 Solar collector 
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Table 2. Temperature distribution for the studying apparatus 

Symbol Meaning 

1 Compressor suction 

2 Compressor discharge 

3 Condenser inlet 

4 Condenser outlet 

5 Evaporator inlet 

6 Evaporator outlet 

7 Water outlet of the storage tank 

8 Water inlet of the storage tank 

9 Water outlet of the condenser 

10 Water inlet of the condenser 

11 Water outlet of the evaporator 

12 Water inlet of the evaporator 

 

 

 

 

Figure 1. Monthly mean variation of a global solar radiation, bright sunshine, 

 clearness index and S/Smax for Baghdad station 

 AL-Salihi Ali et al, 2010. 
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Figure 2. Monthly mean variation of  maximum temperature, relative 

and relative humidity for Baghdad station 

Al-Salihi Ali et al, 2010. 
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Figure 3.  System configuration used in the simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

Part Device and Specification 

T1-T12 Thermocouple (K-type) 

P1,P2 Bourdon Tube pressure gauge 

F1-F3 Flow meter 

W Digital power meter model DW-6163 

PID Heater temperature controller 
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Start 

Input Data: 

�̇�𝒓  , Tin room  , Tambient , Ir , Plow ,Phigh   

Calculation of 

T1, T2, T3, T4, T5  

Calculate: 

h1 , h2, h3, h4, h5 

Calculate: 

Qcond , Qevap ,Wcomp , Qgain 

Calculate: 

COP 

End 

Figure 4. Program Flow Chart. 
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Figure 5. The P-h diagram of Solar Assisted air conditioning system 
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Figure 6. Variation of compressor power 

and COP with evaporator temperatures. 
 

 

Figure 7. Variation of condenser heat 

transfer rate and cooling capacity with 

evaporator temperatures. 
 

 

 

 

 

 

Figure 8. Variation of compressor power 

and COP with condensing temperatures. 

 

 

 

Figure 9. Variation of condenser heat 

transfer rate and cooling capacity with 

condensing temperatures. 
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Figure 10.Variation of compressor power 

and COP with refrigerant mass flow rate. 

 
 

 

Figure 11. Variation of condenser heat 

transfer rate and cooling capacity with 

refrigerant mass flow rate. 

 

 

 

 

Figure 12. Variation of heat gain with solar 

radiation intensity. 

 

 

 

Figure 13. Variation of power consumption 

and thermal performance of the system with 

solar radiation intensity. 
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A. The power consumption 

 

B. COP 

Figure 14. Comparison between the 

experimental and theoretical regarding the 

influence of evaporator water temperature 

on: A. The power consumption   B. COP 

 

 

 

 

 

A. The power consumption 

 

B.COP 

Figure 15. Comparison between the 

experimental and theoretical regarding the 

influence of condensing temperature on: 

A. the power consumption   B. COP 
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A. Power consumption 

 

 

B. COP 

 

 

C. Cooling capacity 

Figure 16. Comparison between the experimental and theoretical regarding the influence of 

refrigerant mass flow rate on: A. the power consumption   B. COP   c. the cooling capacity 
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Investigation of Factors Influencing Dispersion of Liquid Hydrocarbons in 

Porous Media 
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ABSTRACT 

 An experimental work has been done to study the major factors that affect the axial dispersion of 

some hydrocarbons during liquid-liquid miscible displacement. Kerosene and gas oil are used as 

displacing phase while seven liquid hydrocarbons of high purity represent the displaced phase, three 

of the liquids are aromatics and the rest are of paraffinic base. In conducting the experiments, two 

packed beds of different porosity and permeability are used as porous media. 

The results showed that the displacement process is not a piston flow, breakthrough of displacing 

fluids are shown before one pore volume has been injected. The processes are stable with no 

evidence of viscous fingering. 

Dispersion model as adapted by Brigham et.al (1961) is used to determine the axial dispersion 

coefficient of displacing fluid. The results show an increasing in dispersion coefficient as the 

interstitial velocity and viscosity ratio increases. 

Key words: dispersion, viscosity ratio, interstitial velocity, axial  

حث الهيذروكاربىنات السائلة في الىسط المساميدراسة العىامل المؤثرة على جش  

 حسين علي باقر

  يذسط 

خايعت بغذاد-كهٍت انهُذست  

 الخلاصة

أخشٌج دساست يخخبشٌت نخسذٌذ انعىايم انًؤثشة عهى حشخج بعض انسىائم انهٍذسوكاسبىٍَت اثُاء الاصازت الايخضاخٍت فً انىسط 

كاطىاس يضٌست وسبعت يشكباث عانٍت انُقاوة كاطىاس يضازت. اسبع يٍ هزِ انًشكباث انًسايٍت.اسخخذو انُفط الابٍض وصٌج انغاص 

راث اساط بشافًٍُ وانثلاد انًخبقٍت راث اساط اسوياحً.أخشٌج انخداسب فً وسطٍٍ يسايٍٍٍ روا قٍى يخخهفت نهًسايٍت وانُفارٌت. 

نهطىس انًضٌر قبم زقٍ زدى يسايً وازذ يٍ رنك اظهشث انُخائح اٌ عًهٍت الاصازت لاحسصم بشكم يكبسً بم ٌظهش اخخشاق 

.حى زساب يعايم انخشخج ونىزع  كزنك بٍُج انُخائح اٌ الاصازت كاَج يسخقشة ولاٌىخذ دنٍم نسصىل ظاهشة انخصبع انهضج انطىس.

.انًضٌر صٌادة فً قًٍت هزا انًعايم بضٌادة انسشعت انًىقعٍت نهطىس انًضٌر وَسبت انهضوخت بٍٍ انطىس انًضاذ وانطىس  

.انخشخج. َسبت انهضوخت. انسشعت انًىقعٍت. انًسىسي: الكلمات الرئيسية  
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1. INTRODUCTION 

During miscible displacement a transition zone develops gradually across the sharp interface. The 

evolution of such zone is controlled by dispersion. Dispersion is described in terms of two 

components at right angel: 1-Axial dispersion. 2- Radial dispersion.   

Dispersion occurs in ground water flow, chemical engineering processes and miscible displacement 

in enhanced oil recovery. 

Von Rosenberg and Baker ,1956; Handy,1959; Brigham et al.,1961;Perkins and Johnston,1963; 

Shengkai and Wojtanowicz,2008; Mostaghimi et al.,2010  and Raman et al.,2011 studied 

dispersion mechanisms in porous media. The previous studies mostly depended on convection-

dispersion equation: 

 

   

   
  

  

  
 
  

  
                                                                                                                            (1)        

 

Brigham, 1961 solved Eq.(1) to calculate the concentration of displacing fluid as given by Eq.(2) 

 

  
 

  
    ⌊

   

      
⌋                                                                                                                   (2) 

 

Brigham 1961 showed that a graph of concentration of displacing fluid versus a volume modifying 

function U, on a probability paper yields a straight line and the dispersion coefficient K, can be 

determined as follows: 

 

  
 

   
[ 
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                                                                                                   (3)                                                                                                                           
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2. EXPERIMENTAL APPARATUS AND TEST PROCEDURE 

The equipment used to conduct the experiments is consisting of three sections. a- saturation-

displacing section, this section consists of two positive displacement pumps (Ruska 2248). b- test 

section: two  stainless-steel coils of 0.625 cm(ID) packed with glass beads of size range of 80-100 

mesh as porous medium. Table 1 indicates the properties of test section. c- Concentration 

measurement instrument. Fig.1 is a schematic diagram of experimental apparatus. 

The testing procedures can be summarized as follows: 

1- The coil is evacuated and then saturated with the desired displaced fluid. 

2- The coil connected to displacing pump and the displacement process is stared with the 

desired flow rate. 

3- The effluent sample is taken at each 0.026 of pore volume injected fore coil #1 and 0.0196 

pore volume for #2. 

4- The effluent is tested by Refractive index and the concentration of displacing fluid is 

measured, the measurements continued till the concentration become 100 % (vol/vol). 

All measurements are conducted at constant temperature of 20
0 

C. 

3.  MATERIALS USED 

Kerosene and Gas oil are used as displacing fluid and seven hydrocarbon liquids of high purity 

(spectroscopic grade) are the displaced fluids. The properties of these fluids are given in table 2. 

4. SCOPE OF THE EXPERIMENTS 

Two sets of experiments have been conducted to evaluate the major factors that affect the dispersion 

during liquid-liquid miscible displacement. The total number of test is 103. During the first set of 

expriments, coil#1 represents the porous media and kerosene is the displacing fluid. The second is 

accomplished with coil#2 and gas oil as a displacing fluid. The concentration of kerosene and gas oil 

is measured by refractive index apparatus. Six flow rates were applied during the experiments which 

are 2.6, 5.2, 10.4, 20.8, 31, 2 and 41.6 cc/hr. The experiments covers a wide range of interstitial 

velocities (0.00554-0.1173 cm/sec) and viscosity ratios of (o.106-0.71).Table 3 is a sample of results 

for Q = 5.2 cc/hr. and kerosene as a displacing fluid. 

5. RESULTS AND DISCUSSION 

5.1. CONCENTRATION- TIME PROFILE 

Fig.2 is a sample of displacing fluid concentration versus pore volume injected relationship. It can 

be considered as concentration-time profile. The main features of all concentration- pore volume 

injected are: 
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1- The transition zone between the displacing and displaced fluid follows the S-shape as the 

concentration increase from zero to 100%.This phenomena is attributed to continuous 

mixing rather than piston drive. 

2- The 50% concentration of the displacing fluid corresponds to one pore volume injected. 

3- The curve is symmetric around PV=1. 

5.2 DETERMINATION OF DISPERSION COEFFICIENT 

The volume modifying function U is calculated using Eq.(4) and correlated graphically with 

concentration of displacing fluid as illustrated in Fig.3. The dispersion coefficient is determined by 

Eq.(3). 

5.3 EFFECT OF INTERSTITIAL VELOCITY 

The results showed that dispersion coefficient increases as interstitial velocity increases due to 

increasing of mixing rate as viscosity ratio remain unchanged. 

5.4 EFFECT OF VISCOSITY RATIO 

The viscosity ratio is the ratio between viscosities of the displaced fluid to the displacing fluid. The 

results showed that the dispersion coefficient is influenced by this ratio. Table 4 and table 5 gave a 

clear ideas related to the effects of both viscosity ratio and interstitial velocity as represented by 

flow rates on dispersion coefficients 

5.5 EFFECT OF HYDROCARBON TYPE 

The results show an increase in magnitude of dispersion coefficients of both kerosene and gas oil  as 

the molecular weight of displaced fluid of paraffinic base  increase, same behavior does not appear  

for fluids of aromatic base. 

6. CONCLUSIONS 

1-Breakthrough of displacing fluid is shown before one pore volume is injected. 

2-All runs result in breakthrough of 50% concentration of displacing fluid as one pore volume is 

injected. 

3-The rate of mixing increases as the interstitial velocity of displacing fluid increases. 

4-The dispersion coefficient is influenced by viscosity ratio. 
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NOMENCLATURE 

C: Concentration of displacing fluid, Vol./Vol. 

Erfc: Complementary Error Function. 

K: Dispersion Coefficient, cm
2
/s. 

L: Length of Porous Media, cm. 

Q: Flow Rate cc/hr. 

T: Time Required to inject One Pore Volume. 

T: time. 

U: Volume Modifying Function,  

Vi: Volume Injected, cc. 

VP: Pore volume cc. 

Φ: Porosity, fraction.      
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Figure 1. Schematic diagram of experimental apparatus. 

 

Table 1. Properties of test-section 

 

 

 

 

 

 

 

length 

cm 

Porosity 

Fraction 

permeability 

Darcy 

Pore volume 

cc 

Coil #1 406 0.321 10 40 

Coil #2 406 0.425 12 53 
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Table 2.  Physical properties of displacing and displaced fluids at T= 20 
0
C. 

Fluid Dynamic Viscosity(Centi- Poise) Refractive  Index 

Kerosene 1.281 1.44 

Gas Oil 4.43 1.4737 

n-Decane 0.91 1.411 

n-Nonane 0.711 1.40561 

Xylene 0.69 1.498 

Benzene 0.652 1.5011 

Toluene 0.59 1.497 

Octane 0.542 1.39745 

Heptane 0.409 1.38764 

 

 

Table 3.  Displacing fluid concentration (Coil #1,Q=5.2 cc/hr) 

PV 

injected 
U Kerosene concentration(%) when the displaced fluid is 

Heptane  Octane n.Nonane n.Decane Benzene Toluene Xylene 
0.6955 2.3092 0 0 0 0 0 0 0 

0.7215 2.0736 0 0 0 0.5 0 0 0 

0.7475 1.847 0 0 0.8 0.97 0.58 0 0.65 

0.7735 1.6288 0 0 1.9 1.9 1.45 1 1.5 

0.7995 1.4182 0.3 0.6 3 4 2.8 2.5 3.4 

0.8255 1.2147 1.2 2 4.8 6.3 5.5 5 5.7 

0.8515 1.0178 3 4 6.5 10 9.2 9 10 

0.8775 0.827 5.9 7.65 11 15 15.1 15 16 

0.9035 0.6421 11 13 17 20.9 22.8 22.15 23 

0.9295 0.4625 19.1 21 24 28 31.9 30 32 

0.9555 0.2879 29 30 32.4 35.25 41.95 41.8 42 

0.9815 0.1181 42 41 42 44 53.4 52 54 

1.0075 -0.0472 54.7 52.37 52 53.11 62 62 63 

1.0335 -0.2084 66 63 62.1 61 72 71 72 

1.0595 -0.3656 77.66 73 70 68.4 79 79.22 79.83 

1.0855 -0.519 85 81.23 78 74 85.1 85.25 85.2 

1.1115 -0.6689 90 88 84 80.6 90 90 90 

1.1375 -0.8153 95 92 89 85.25 93.5 93.7 93.6 

1.1635 -0.9586 97.8 95.6 93 89 96.2 96.45 96 

1.1895 -1.0989 99 97.7 95 92 98 98.1 97.5 

1.2155 -1.2362 99.5 99 96.6 94.5 99.2 99 99 

1.2415 -1.3708 100 100 98.6 96.37 100 100 100 

1.2675 -1.5027   99 97.5    

1.2935 -1.632   100 98.5    

1.3195 -1.759    99.3    

1.3455 -1.8838    100    
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Figure 2. Kerosene concentration-pore volume injected(Coil #1-Displaced fluid n Decane – 

Q=2.6 cc/hr.) 

 

 

Figure 3. Volume modifying function versus kerosene concentration(coil#1,Q=2.6 cc/hr) 
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Table 4. Dispersion Coefficient of Kerosene (Coil#1) 

Displaced 

Fluid 

Viscosity 

Ratio 

Dispersion Coefficient 

Q=2.6 

cc/hr 

Q=5.2 

cc/hr 

Q=10.4 

cc/hr 

Q=20.8 

cc/hr 

Q=31.2 

cc/hr 

Q=41.6 

cc/hr 

Heptane 0.32 0.0089 0.0193 0.0416 0.0894 0.14 0.1923 

Octane 0.423 0.012 0.025 0.057 0.118 0.1875 0.2621 

n.Nonane 0.555 0.0157 0.0337 0.0726 0.156 0.2445 0.336 

n.Decane 0.712 0.02 0.046 0.098 0.205 0.321 0.441 

Benzene 0.509 0.0148 0.03 0.067 0.14 0.225 0.31 

Toluene 0.46 0.0132 0.0284 0.0612 0.132 0.206 0.29 

Xylene 0.538 0.015 0.031 0.071 0.15 0.2398 0.3295 

 

 

 

 

 

Table 5. Dispersion Coefficient of Gas oil  (Coil#1) 

Displaced 

Fluid 

Viscosity 

Ratio 

Dispersion Coefficient 

Q=2.6 

cc/hr 

Q=5.2 

cc/hr 

Q=10.4 

cc/hr 

Q=20.8 

cc/hr 

Q=31.2 

cc/hr 

Heptane 0.106 0.00303 0.00653 0.014 0.0302 0.0473 

Octane 0.14 0.00398 0.00856 0.0184 0.0396 0.062 

n.Nonane 0.1815 0.00513 0.011 0.0238 0.0511 0.08 

n.Decane 0.24 0.00693 0.0149 0.032 0.07 0.1078 

Benzene 0.1625 0.0046 0.01 0.0216 0.0464 0.0727 

Toluene 0.1516 0.0043 0.0093 0.019 0.043 0.0673 

Xylene 0.1758 0.005 0.0108 0.0232 0.049 0.0781 
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 عمميةتحري العوامل المؤثرة عمى التخمين الاولي لمكمف وتحميل العلاقة بينيا باستخدام 
 اليرمي التحميل

 
 هبه اكرم عطيت                                    د. مرفج رزاق ولي                    د. أحمذ محمذ رؤوف محجىب 

 مذرس مساعذ                                                مذرس                      مذرس                                  

 الجامعت العراقيت / كليت الهنذست                   جامعت بغذاد/ كليت الهنذست                   جامعت بغذاد/كليت الهنذست      

 

 الخلاصة
ان التخمين الدقيق لكمف الانشاء يؤثر  حيث في ادارة المشاريع الانشائية واجباتتعتبر عممية تخمين الكمف واحدة من اىم ال

ميمة جدا لفريق المشروع لأنو يمثل أحد العناصر  يعتبر التخمين الاولي مرحمةو المشاريع الانشائية.  وجودةنجاح  عمى
  . بناء واليندسةمحيث أنو يساعد في صياغة أساس لاستراتيجيات وخطط التنفيذ ل الرئيسية لممشروع،

عطي يتفاصيل المشروع بحيث لتكاليف البناء اعتمادا عمى الحد الأدنى  يقدرفي مرحمة مبكرة،  والذي يتم ، التخمين الاولي 
فضلا عن العلاقة  التخمين الاولي لمكمفالعوامل التي تؤثر عمى  يدرس ىذا البحثميم الأولية لممشروع. امؤشرا لمرحمة التص

. تم استخراج الاستنتاجات والتوصيات النيائية (AHPاليرمي ) التحميل عمميةبين ىذه العوامل باستخدام طريقة برنامج 
 لتحسين دقة التخمين الاولي في ادارة المشاريع.

 الهرمي التحليل عمليتالكلفت ، التخمين، العىامل المؤثرة،  -الكلماث الرئيسيت: 

Exploring the Factors Affecting the Elemental Cost Estimation with 

Relationship Analysis Using AHP 
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ABSTRACT 

Cost estimation is considered one of the important tasks in the construction projects 

management. The precise estimation of the construction cost affect on the success and quality of 

a construction project. Elemental estimation is considered a very important stage to the project 

team because it represents one of the key project elements. It helps in formulating the basis to 

strategies and execution plans for construction and engineering.  

Elemental estimation, which in the early stage, estimates the construction costs depending on 

minimum details of the project so that it gives an indication for the initial design stage of a 

project. This paper studies the factors that affect the elemental cost estimation as well as the 

relation between these factors using Analytic Hierarchy Process (AHP) method. Final 

conclusions and recommendations were extracted for better elemental estimation accuracy in 

project management. 

Key Words: - cost, estimation, affecting factors, AHP 
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 -المقدمة: 
و تحدث ىذه نقطة حاسمة في عممية التصميم والبناء.  ،التي تسبق عممية تقديم العطاءات، التخمين الاولي لمكمف عمميةتعتبر 

تصميم أو بعد أول  دراسة الجدوى ، أو كجزء من عممية صاحب العملالأولي  مع تصال الافي وقت مبكر بعد  عمميةال
 تصويري لممشروع يمثل الفكرة المطموبة من قبل صاحب العمل.

يير غير إذا كانت ىذه المعاف. مع التصميم المطموب التكمفة التي يجب أن تتفق معاييرلأنيا تحدد تعتبر ىذه المرحمة ميمة 
أن بعض عناصر التصميم إذا تم اكتشاف مراحل المشروع جاوز الميزانية في مراحل لاحقة من يتتقدير التكمفة قد  فانصحيحة 
لا قد  فإن ىذا قد يعني أن المشروع  الاوليةفي تقدير التكمفة في مرحمة  لمبالغةا اما. الاوليةمرحمة الفي تقديرات  مفقودةاللازمة 

 .(Raisbeck and Aibinu 2010 ) مضي قدماي
في مراحل التخطيط الأولى من المشروع المقترح لتتناسب مع احتياجات العملاء ومتطمبات  التخمين الاوليعادة يتم العمل عمى 

في  التخمين المشروع. تستخدم مقارنات  وتوقعات جودة البرامج المقررة، والقيود المفروضة عمى الميزانية من أجل تأسيس اطار
ىذه المرحمة في تقييم جدوى البدائل الاستراتيجية التي يجري النظر فييا لتمبية متطمبات المساحة الحالية والمتوقعة )مثل، البناء 

 .( الجديد مقابل التجديد، أو الإيجار
ان نجاح وجودة المشروع يعتمد عمى التخمين الدقيق لمكمف حيث ان ىذا  التخمين ىو أفضل مصدر لممعمومات حول اتخاذ 

وعميو يجب ان تكون العوامل المؤثرة في قرار بشأن سعر لمشروع و يساعد عمى تخطيط وتنظيم عممية البناء بشكل صحيح. 
ى الدقة المطموبة وتجنب الاخطاء التي قد تؤدي في بعض الاحيان الى فشل اعداد ىذا التخمين معرفة بشكل كامل لمحصول عم

 المشروع.
 

 -: دراسات السابقةال
سوف يتم في ىذا الجزء استعراض الدراسات والبحوث السابقة التي تناولت موضوع التخمين الاولي لمكمف والتي تنوعت بين 

 اٌخخّيٓ دلت ػًٍ أثرث اٌؼىاًِ ِٓ اٌؼظًّ اٌغبٌبيت اٌببحثىْ وجذحيث  سٕغبفىرة في ِشروػب 181 ي اٌخخّيٓ ححٍيً
(Gunner. and Skitmore1999) .وفي دراسة اخرى قام  Ling and Boo 2001) )َفي ِشروػب 24 ِٓ بيبٔبث ببسخخذا 

 ِسخمٍت ػىاًِ أربؼت حأثير درس( (Skitmore. and Picken 2000 . اِب ٌٍذراست الاوًٌ ِشببهت ٔخبئج وجذث سٕغبفىرة

 ِٓ بيبٔبث ببسخخذاَ الأربؼت اٌؼىاًِ اٌببحثبْ واخخبراٌخخّيٓ  دلت ػًٍ( واٌسٕت اٌّشبريغ لطبع اٌّشروع، وحجُ اٌبٕبء، ٔىع)

ػبِلا ِٓ  24 بخحذيذ(  (Oberlender and Trost 2001قام في دراسة اخرى و  . الأِريىيت اٌّخحذة اٌىلايبث في ِشروػب 412

 اٌّبىرة ّرحٍتاٌ اٌخخّيٓ في دلت في حسهُ اٌؼىاًِ اٌخي 

 

 -: أىداف البحث
لصاحب وفريق المشروع لمغاية. بالنسبة  لصاحب العملان دقة تخمين التكاليف في وقت مبكر لمشاريع اليندسة والبناء ميمة 

دراسة مشروع  فان تخمين التكاليف المبكر أمر حيوي لاتخاذ قرارات الأعمال التي قد تشمل استراتيجيات الاستثمار،العمل 
محتمل، و الموارد لتطوير مزيد من المشاريع. ان التخمين الأولي غير الدقيق يمكن أن يؤدي إلى إىدار الفرص، وضياع جيود 
التنمية ، وخفض العوائد المتوقعة. اما بالنسبة لفريق المشروع فغالبا ما يتم قياس الأداء ونجاح المشروع ككل من خلال مقدار 

ة مقارنة مع التكمفة التخمينية في وقت مبكر. غالبا ما يتوقع أن تتفق التخمين الأولي مع )أي تكون مساوية أو أقل التكمفة الفعمي
من( التكمفة المستقبمية ،ومع ذلك، غالبا ما تتجاوز التكمفة النيائية التقديرات الأولية. وفي كثير من الأحيان ،ىنالك تباين كبير 

وعميو فان ىذا البحث  خمين الأولي مع كمية المعمومات المتاحة عادة أثناء إعداد التخمين الاولي.عند المقارنة بين أىمية الت
 ييدف الى ايجاد العوامل المؤثرة عمى التخمين الاولي لمكمف وتحميل العلاقة بين ىذه العناصر.
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 -تعريف التخمين الاولي لمكمف: 
ىنالك تعريف واضح لمصطمح )التخمين الاولي لمكمف(. حيث ان كثير اصبح من الميم في ىذه المرحمة من البحث ان يكون 

بعد الكثير من )تقديرات أولية أو المفيومية، تخمين مبكر و تخمين التمويل الكامل(.  و  ــمن البحوث تشير الى ىذا المصطمح ب
 التخمينلتسميات، بخصوص النقاش والمداولة، خمص فريق البحث إلى أن كل شركة ومؤسسة لدييا مجموعة من التعاريف وا

تعريفا لمرحمة التخمين المبكر  (Serpell 2005)فقد قدم  التمويل الكامل في مراحل مختمفة من المشروع. مع وافقتيالأولي 
 ."التصميم"التنبؤ من تكمفة المشروع خلال  طور التخطيط  لمكمف عمى انو

( فقد عرفا التخمين في وقت مبكر عمى انو " أي تقدير أعد من بداية المشروع وبما  (Oberlender and Trost 2001اما 
فقد عرف التخمين المبكر بانو " التقدير الذي تم إعداده بعد  (Oberlender 2000)اما  .يصل إلى الموافقة عمى التمويل"

قد ان ىنالك منظمات مختمفة  (Oberlender 2000)دراسة وحدة العمل ولكن قبل الانتياء من التصميم التفصيمي". وقد بين 
متكمفة ل تقدمةمال الدولية جمعيةالالتكاليف من قبل  تخمين تصنيف ليذه المنظماتمثالين وكالتكاليف.  لتخمين عرفت تصنيفات

 مبين في الشكل كما   (International Association for Advancement of Cost Engineering AACE)ة ياليندس
. بشكل عام، يتم (2)ىو موضح في الشكل و  (Construction Industry Institute CII) الانشائيةصناعة الومعيد  (1)

قبل الانتياء من الأعمال اليندسية التفصيمية. وينطبق ىذا التعريف عمى  أعد الذي  التخمين الاولي عمى انو  التخمينتعريف 
-order-ofعمى ) الدولية. وينطبق ىذا التعريف أيضا  (AACE) يفلتصن 3، والدرجة الأولى 4، الدرجة 5الدرجة 

magnitude ( ايضا عمى  )factored estimates  )الموصوفة في المنشورات ((CII. 
  

 -منيجية البحث : 
 رئيسية اجزاءلغرض الوصول الى الاىداف المرجوة ، فقد تم تقسيم منيجية البحث الى ثلاثة 

 العوامل المؤثرة عمى التخمين الاولي لمكمفجمع وتصنيف  اولا :
تم انجاز ىذا الجزء من خلال مراجعة البحوث والدراسات السابقة لمتعرف عمى اىم العوامل المؤثرة التي تم جمعيا من قبل 

 (Oberlender( عاملا مختمفا من البحوث لكل من 55الباحثين وتصنيفيا الى مجموعات بحسب العلاقة بينيا. فقد تم جمع )
and Trost 2001 ) ,(Gunner and Skitmore1999) ,Ling and Boo 2001), )( Skitmore. and Picken 2000 )

 اساسية محاور اربعةومن ثم تم تصنيفيا الى  (Bhattad and Jain 2015) .و
 

 أيجاد الاىمية النسبية لكل عامل ثانيا:
لغرض ايجاد الاىمية النسبية لكل عامل.   يتضمن العوامل التي تم جمعياولغرض انجاز ىذا الجزء فقد تم اجراء استبيان مغمق 

(، وتم ايجاد الاىمية النسبية لكل 5 -1يتكون )  ليكرت الخماسي الذي عمى مقياس اىمية عاملوزن افتراضي لكل  تم اعتماد
 باستخدام المعادلة الاتية:  عامل

 

    
       

 
 

 -حيث ان: 
RI النسبية لكل عامل= الاىمية 
W(5 -1) = درجة تقيم الاجابة لفقرة الاستبيان 
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fiتكرار الاجابة لفقرة الاستبيان = 
Nحجم عينة الاستبيان = 

 اد( ميندسا من ذوي الخبرة ومن مختمف الاختصاصات. وبعد اجراء التحميل الاحصائي تم ايج35شممت عينة الاستبيان )
. بعد ضمن كل فقرةتنازليا الرئيسية الاربعة ومن ثم اعادة ترتيب العوامل  المحاور( لكل عامل ضمن RIالاىمية النسبية )

( وكانت 3الانتياء من ترتيب العوامل المؤثرة تنازليا تم استبعاد العوامل التي حصمت عمى اىمية نسبية اقل من المتوسط )
 (.1ف المشاريع الانشائية وكما مبين في الجدول )( عاملا مؤثرا عمى التخمين الاولي لكم38)المحصمة النيائية الحصول عمى 

 
 أجراء عممية التحميل اليرمي ثالثا
 Multi Attribute Decision) تعتمد التي القرارات اتخاذ في المعتمدة الأساليب إحدى (AHP)اليرمي  التحميل عممية تعد

Method –MADMالمعايير الاساسية والمفاضمة بينيا بوصفيا متعددة. ويمكن من خلاليا وصف شكل تحديد  معايير ( وفق
 -وبصفة عامة توجد خطوات اساسية لاستخدام ىذا التحميل وىي : . مشكمة اتخاذ قرار متعدد المعايير

 تعريف المشكمة والمعايير المؤثرة عمييا وبدائميا المقترحة. -1
 البعض وذلك بإيجاد وزنيا نسبة لميدف. المعايير الفرعية مع بعضياو المعايير الاساسية  وجود مقارنة ثنائية بين -2
( واخذ المتوسط اليندسي لكل مقارنة  2اخذ رأي من الخبراء من خلال تحديدىم للؤىمية النسبية الموضحة في الجدول)   -3

 بين معياريين.

 %.15والتي يجب ان لا تزيد عن  تساق اجراء التحقق من نسبة الا -4
 .ترتيب المعايير فيما بينيا من خلال استخدام اوزان المعايير  -5

 33)  استمارة الاستبيان عمى مجموعة من الخبراء توزيع فيو اجراء استبيان ثاني، تم  لغرض اجراء عممية التحميل اليرمي تم
قيد الدراسة, وفيما يمي اىم مراحل استخدام نظرية التحميل اليرمي  العواملمن اجل التعرف عمى مؤشر الأىمية لكافة  (مستبين

 لمحالة التطبيقية :
مرحمة تكوين اليرم الذي يضم اليدف الاساسي من التحميل مع تحديد اىم العوامل المؤثرة عمى ذلك اليدف  -المرحمة الاولى:

والاجوبة الموجودة في الاستبيان تم الحصول عمى الشكل  وتحديد استمارة الاستبيان الخاصة بالتحميل اليرمي .ونتيجة للآراء
 اليرمي المطموب لاختيار العوامل الرئيسية في عممية التحميل.

 عمى كمف التخمين المبكر لممشاريع الانشائية.لمؤثرة اختيار العوامل االمتمثل في المستوى الاول: اليدف 
 كمف التخمين المبكر لممشاريع الانشائية.عمى  المحاور الاساسية المؤثرة المستوى الثاني: 

 في المستوى الثاني.المحاور الاساسية المؤثرة  المستوى الثالث: المعايير وىي المستخمصة من 
 
( 1المبينة في الجدول رقم ) عمى كمف التخمين المبكر لممشاريع الانشائيةالاساسية المؤثرة  المحاورتصنيف  اعتماد تم
 :كما يميو 
 كيفية أعداد التخمين المؤثرة فيالعوامل  -1
 عمى التخمين المبكر لمكمف المعمومات المتوفره عن المشروعتأثير  -2
 تأثير العوامل التي تؤخذ في الاعتبار عند اعداد التقديرات عمى التخمين المبكر لمكمف. -3
 عمى التخمين المبكر لمكمف. التخمين المشتركين في أعداد تأثير -4
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 WWW. Superمن خلال ) Super Decisionقام فريق البحث بتطبيق نموذج التحميل اليرمي باستخدام برنامج 
Decision.com لاستخدام نموذج المقارنة الثنائية النسبية لمعرفة الاىمية الخاصة بكل عنصر في كل مستوى.. وتمت ىيكمة )

 النموذج من خلال البرنامج بما يمي:
 ن خلال تحميل المشكمة الى عناصر ي متكوين الشكل اليرم -1
جمع بيانات المسح الخاصة بالمقارنات الثنائية من خلال ايجاد الوسط اليندسي لكافة القيم وادخاليا في المقارنات الثنائية  -2

 بالبرنامج,
 الاتساقا يقوم البرنامج بعمل المصفوفة وحساب قيمة ايجن لحساب الاولويات من المصفوفة الناتجة والتحقق من نسبة -3

 %.15وىذه النسبة يجب ان لا تتعدى  دم وجود تناقض في اراء عينة الاستبيانالمطموبة لنجاح المقارنة الثنائية ،بمعنى ع
 وبعد اكمال ىذه الاجراءات تم الحصول عمى النتائج التالية:

 (3وكما مبين في الشكل رقم )الشكل اليرمي لمتحميل الشبكي  -
 (4وكما مبين في الشكل رقم ) الرئيسيواليدف  الاربعة الرئيسية المحاورالمقارنات الثنائية بين  -
 (5وكما مبين في الشكل رقم )واليدف  المحاور  المقارنات الثنائية بين المعايير الموجودة في ىذه  -
 وذلك عوامل ال بين العلاقة تبين التي الأولويات وتحميل وحساب تقييم مصفوفة المعايير المتعددة : حيث تم -

 .(6وكما مبين في الشكل رقم ) اليدف إلى النسبية أىميتيا تحديد من اجل
لمعايير الخاصة ا بين العلاقة تبين التي الأولويات وتحميل وحساب تقييم : حيث تم الثانويةمصفوفة المعايير  -

لممحور  (7) وكما مبين في الشكل رقم اليدف إلى النسبية أىميتيا تحديد وذلك من اجل بكل عامل عمى حدا
 .الاول كنموذج عام 

وكما مبين في  واستعراض للؤوليات الخاصة بيا نتائج المسح الخاص بالمقارنات الثنائية لمعوامل الرئيسية -
 (8الشكل رقم )

 (9وكما مبين في الشكل رقم ) الاربعة الرئيسيةالمحاور النيائية لكافة المعايير الموجودة في  الاولويات -
 

 - مناقشة النتائج:
 -الى النقاط التالية : التحميل اليرمي... توصل فريق البحث بعد اكمال نتائج عممية 
إن نتائج مقارنة الأىمية النسـبية لمعرفـة العوامـل المـؤثرة فـي التخمـين المبكـر تعتمـد بصـورة اكبـر عمـى العوامـل المـؤثرة عمـى  .1

امــل التــي تؤخــذ بالاعتبــار عنــد اعــداد التقــديرات عمــى % تمييــا العو 52.25كيفيــة اعــداد التخمــين حيــث بمغــت مقــدار اىميتيــا 
% .امـــا تـــاثير المعمومـــات المتـــوفرة عـــن المشـــروع  فبمغـــت اىميتيـــا بحـــدود 2558التخمـــين المبكـــر وبمغـــت اىميتيـــا بحـــدود 

% وىـي اىميـة ضـئيمة لاتتجــاوز 6.97%. امـا عامـل تـاثير المشـتركين فــي اعـداد التخمـين فقـد بمغـت اىميتــو بحـدود 14.95
% مــن الاىميــة الكميــة ويعتقــد الباحثــان ان ىــذه الاىميــة مناســبة ليــذا المعيــار الرئيســي لانــو اغمــب المشــاركين فــي 13.35

 ( . 3عمميات التخمين ىم من الميندسين والمختصين بعمميات التخميين.النتائج موضحة في الجدول ) 
لعوامل المؤثرة عمـى كيفيـة اعـداد التخمـين تحتـل اىميـة عاليـة اتفقت أغمبية أراء أفراد العينة المعتمدة في الاستبيان عمى ان ا .2

ووضــحت العينــة ان الاجــراء القياســي لتحديــد المعمومــات  والطريقــة القياســية المســتخدمة فــي اعــداد التقــديرات تشــكلان اىميــة 
قي المعــايير % عمــى التــوالي .. امــا بــا22.25% و 26.98كبيــرة فــي ىــذا المحــور وحــازت كــل منيمــا عمــى اىميــة مقــدارىا 

 ( . 5) الجدولاالفرعية فقد تقاسمت الاىمية فيما بينيا وكما موضحة في 
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العوامــل التــي تؤخــذ بالاعتبــار عنــد اعــداد التقــديرات عمــى التخمــين المبكــر الإنشــاء التــي جــاءت بــالمركز الثــاني وبخصــوص  .3
% تمييا العوامل 32.38ت ليا اىميو كبيرة بحدود نظرا لاىميتيا .فقد اتفقت العينة ان الخدمات الموجستية لميندسة والانشاءا

% وتستمر بـاقي المعـايير الثانويـة تسـاوية فـي 12.23% تمييا القوة العاممة بحدود 18.13المالية التي كانت اىميتيا بحدود 
 (. 5الاىمية وكما مبينة في الجدول)

جــاء فــي الاىميــة الثالثــة وتحديــد  ة عــن المشــروعمحــور تــاثير المعمومــات المتــوفر  واتضــح مــن خــلال إجابــات أفــراد العينــة إن .4
% عمـى التــوالي 24.35% و24.45اسـتراتيجية المشـروع والتقيــيم البيئـي ليمـا اىميــة كبـرى فـي ىــذا المحـور وبنسـب مقــدارىا 

% لتتســـاوى المعـــايير الثانويـــة  الاخـــرى بالاىميـــة وكمـــا موضـــحة فـــي 14.5تمييـــا التكنولوجيـــا المســـتخدمة وباىميـــة مقـــدارىا 
 ( .6الجدول)

%  مـن الاىميـة الكميـة الخـاص بتـاثير المشـتركين فـي اعـداد 6.97اما المحور الاخير الذي حار عمى اىمية ضئيمة بحـدود  .5
% تمييـا اىميـة 32.68( ان الخبـرة السـابقة لفريـق التخمـين  ليـا اىميـة كبيـرة تعـادل 7التخمين. فقد بينت النتائج في الجدول)

% ويتساوى المعيارين الفرعيين الخاص بتاثير الاطراف الاخرى وتكامل وانسجام 24.16نسبة الغرض من اعداد التخمين وب
% تقريبــا لكــل منيما.وتنــدرج الاىميــة الاخــرى لبــاقي المعــايير الثانويــة مــن مراجعــة 12.5فريــق التخمــين باىميــة مقاربــة الــى 

ر حيــال التغييــرات الــذي اعطتــو العينــة مقــدار % الــى اقــل اىميــة لممعيــار الخــاص بوجيــة النظــ9.15وقبــول التخمــين بنســبة 
 % تقريبا.2.1اىمية 

 

 الاستنتاجات

مــن الأســاليب ىــو   AHP التحميــل اليرمــينتــائج البحــث إن أســموب  مقــابلات العينــة و مــن خــلال لفريــق البحــثتبــين  -1
مـــن خـــلال إجــراء المقارنـــات الزوجيـــة بـــين ىـــذه وذلـــك  تقـــدير العوامـــل المــؤثرة فـــي عمميـــة التخمـــين المبكــر فـــي الميمــة 

 المؤثرة. المحاور الرئيسية 
، عمـى الـرغم المـؤثرة الحقيقيـة عمـى عمميـة التخمـين المبكـر المتطمبـات  محميـة حديثـة تسـعى لتحقيـق عدم وجود دراسات -2

 من اىميتيا الحقيقية في تخمين الكمفة والوقت.
درجة اىمية عالية عند اجراء التخمين الاولي لمكمف مـن خـلال نشـر نتـائج التأكيد عمى الاىتمام بالعوامل التي حصمت  -3

 .ىذا البحث كواقع حال لقطاع الانشاء العراقي
للاستفادة منيا في ,  ANPوالتحميل الشبكي   AHPضرورة مواكبة ادوات التحميل الادارية الحديثة  وخاصة تقنية التحميل اليرمي  -4

 في مجال التحميل الاداري. ومساعدة متخذي القرار والباحثين
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  (AACE) تصنيف تخمين التكاليف من قبل الجمعية الدولية المتقدمة لمتكمفة اليندسية (1شكل )
 

 

 

 

 CII )) تصنيف تخمين التكاليف من قبل معيد الصناعة الانشائية( 2شكل )
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  ( الشكل اليرمي لمتحميل الشبكي3شكل )

 

 

 

الرئيسية واليدف الرئيسي محاور( المقارنات الثنائية بين ال4شكل )  
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)مثال(واليدفثنائية بين المعايير الموجودة في المحور الاول ( المقارنات ال5شكل )  

 

 
 

( مصفوفة المعايير المتعددة6شكل )  
 

 

 
 



Journal of Engineering Volume   22  August  2016 Number 8 
 

 

10 

 

 
في المحور الاول)مثال ( ( مصفوفة المعايير الثانوية7شكل )  

 

 
الاربعة الرئيسية محاورملنتائج المسح الخاص بالمقارنات الثنائية ( 8شكل )  

 

 
  المحور الاولالموجودة في  الثانوية ممعاييرالنيائية ل ( الاولويات9شكل )
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( العوامل المؤثرة عمى التخمين الاولي لمكمف1جدول )  
 المشتركين في أعداد تأثير

 التخمين

أعداد التقديرات على التخمين المبكر 
 للكلف

 المحاور تأثير كيفية أعداد التخمين لمعلومات المتوفره عن المشروعا

 -1 حىبًِ ِؼٍىِبث اٌىٍف خطت اٌؼًّ اٌىٍف اٌّبٌيتاٌؼىاًِ  اٌخبرة اٌسببمت ٌفريك اٌخخّيٓ

ِسخىي اشران ِذير 

 اٌّشروع في اٌخخّيٓ

 -2 حطببك ِؼٍىِبث اٌىٍفٗ جذوٌت اٌّشروع اٌجذوي اٌزِٕي ٌٍّشروع حأثير

حأثير الاطراف الاخري في 

 اٌخخّيٓػٍّيت 

 -3 الاجراء اٌميبسي ٌخحذيذ ِؼٍىِبث اٌىٍفٗ اسخراحيجيت اٌّشروع أىاع اٌؼمىد حأثير

ِراجؼت ولبىي اٌخخّيٓ ِٓ 

 لبً الاطراف الاخري

حىبًِ ِٕهجيت اٌخخّيٓ ِغ ِؼٍىِبث  ِؼبيير حصّيُ اٌّشروع اٌحىىِيتاٌّخطٍببث  حأثير

 اٌّشروع اٌّخىفرٖ

4- 

حأثير حىبًِ وأسجبَ فريك 

 اٌخخّيٓ

 -5 اٌىلج اٌّسّىح بٗ لإػذاد اٌخخّيٓ اٌمذراث اٌؼبٍِتاٌمىٖ 

 -6 دلت وِىثىليت ِؼٍىِبث اٌىٍفت اٌخىٕىٌىجيب أخبجيت اٌؼًّ اٌغرض ِٓ اػذاد اٌخخّيٓ

 -7 اٌطريمت اٌّسخخذِت في اػذاد اٌخمذيراث اٌؼٍّيبث حأثير ٔىع اٌّشروع ِسخىي خبرة اٌّبٌه

ِسخىي خبرة اٌّهٕذس/ 

 اٌّصُّ

حىثيك اٌّؼٍىِبث في اسخخذاَ في اػذاد  ِىلغ اٌؼًّ ضرائب واٌخأِيٓ

 اٌخمذيراث

8- 

اٌخذِبث اٌٍىجسخيت ٌٍهٕذست  وجهت إٌظر حيبي اٌخغييراث

 والأشبءاث

 -9 اٌطريمت اٌّسخخذِت ٌخحذيذ اٌطىارئ ِصبدر إٌّفؼت وحبٌت اٌؼرض

 -10 طرق اٌّؼرفت لاػذاد اٌخخّيٓ ِخطط الاجهزة  

 -11  اٌخمييُ اٌبيئي  
 -12  لبئّت اٌّؼذاث والادواث  

 
 ثنائيةال لممقارنات الأساسي المقياس( 2الجدول)

  لميدف الاىمية مقدار بنفس النشاطان يساىم الأىمية في متساويان 1
 بسيطة بدرجة الآخر عمى طيننشاتفضيل احد ال أىمية معتدلة 3
 الآخر عمىكبيرة  بقوة احد النشاطين ليفضت كبيرة أىمية 5
بدرجة كبيرة  الآخر عمى بقوة احد النشاطين ليفضت اجد كبيرةأىمية  7

 جدا
 أعمى مثللي بيان تفضيل احد النشاطين عمى الأخر  قصوىأىمية  9

 تستخدم عند الحاجة ليا في المقارنة اىمية وسطية 2،4،6،8 التأكيد من ممكنة درجة
مقموب القيم 

 اعلاه
 أعلاه الصحيحة القيم إحدى لو ين النشاط احد كان إذا
  القيمة تمك مقموبالاخر  النشاط يأخذ حينئذ ،

 كوحدة العناصر أصغر باختيار مقارنة إجراء لزوم
 الوحدة تمك ضعف باعتبارىا الأكبر العناصر لتقدير

 

 

 ( نتائج الاولوية لممحاور الاساسية الاربعة3الجدول)
Name Normalized Idealized 

 1 0.522468 اٌؼىاًِ اٌّؤثرة في ويفيت اػذاد اٌخخّيٓ

 0.494289 0.25825 حبثير ػىاًِ اػذاد اٌخمذيراث

 0.286109 0.149483 حبثير اٌّؼٍىِبث اٌّخىفرة

 0.133594 0.069799 حأثير اٌّشخرويٓ في أػذاد اٌخخّيٓ
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 كيفية أعداد التخمين( العوامل المؤثرة فيالمحور الاول)الخاصة بالثانوية  ( نتائج الاولوية لممعايير4الجدول)
 Normalized Idealized اٌّؼبيير اٌفرػيت

 1 0.269824 الاجراء اٌميبسي ٌخحذيذ ِؼٍىِبث اٌىٍفٗ

 0.824673 0.222516 اٌطريمت اٌّسخخذِت في اػذاد اٌخمذيراث

 0.423539 0.114281 اٌطريمت اٌّسخخذِت ٌخحذيذ اٌطىارئ

 0.559183 0.150881 اٌىلج اٌّسّىح بٗ لإػذاد اٌخخّيٓ

 0.221412 0.059742 حطببك ِؼٍىِبث اٌىٍفٗ

 0.193223 0.052136 حىبًِ ِؼٍىِبث اٌىٍف

 0.165684 0.044706 حىبًِ ِٕهجيت اٌخخّيٓ ِغ ِؼٍىِبث اٌّشروع اٌّخىفرٖ

 0.0936 0.025256 حىثيك اٌّؼٍىِبث في اسخخذاَ في اػذاد اٌخمذيراث

 0.104546 0.028209 دلت وِىثىليت ِؼٍىِبث اٌىٍفت

 0.120262 0.03245 طرق اٌّؼرفت لاػذاد اٌخخّيٓ
 

 

 

 أعداد التقديرات عمى التخمين المبكر لمكمف(الثالث )الثانوية الخاصة بالمحور  ( نتائج الاولوية لممعايير5الجدول)
Name Normalized Idealized 

 1 0.323877 ٌٍهٕذست والأشبءاثاٌخذِبث اٌٍىجسخيت 

 0.559954 0.181356 اٌؼىاًِ اٌّبٌيت

 0.377618 0.122301 اٌمىٖ اٌؼبٍِت

 0.27881 0.0903 أخبجيت اٌؼًّ

 0.314507 0.101861 حأثير اٌجذوي اٌزِٕي ٌٍّشروع

 0.249344 0.080757 حأثير اٌّخطٍببث اٌحىىِيت

 0.149422 0.048394 حأثير أىاع اٌؼمىد

 0.095394 0.030896 حأثير ٔىع اٌّشروع

 0.062547 0.020258 ضرائب واٌخأِيٓ
 

 

 المعمومات المتوفره عن المشروع( الثانوية الخاصة بالمحور الثاني ) ( نتائج الاولوية لممعايير6الجدول)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Name Normalized Idealized 

 1 0.24052 اسخراحيجيت اٌّشروع

 0.846476 0.203595 اٌخمييُ اٌبيئي

 0.602869 0.145002 اٌخىٕىٌىجيب

 0.243445 0.058554 اٌؼٍّيبث

 0.335084 0.080595 اٌمذراث

 0.366647 0.088186 جذوٌت اٌّشروع

 0.186708 0.044907 خطت اٌؼًّ اٌىٍف

 0.141912 0.034133 لبئّت اٌّؼذاث والادواث

 0.162002 0.038965 ِخطط الاجهزة

 0.08291 0.019942 وحبٌت اٌؼرضِصبدر إٌّفؼت 

 0.102844 0.024736 ِؼبيير حصّيُ اٌّشروع

 0.086753 0.020866 ِىلغ اٌؼًّ
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 تأثير المشتركين في أعداد التخمين(الرابع )الثانوية الخاصة بالمحور  ( نتائج الاولوية لممعايير7الجدول)
Name Normalized Idealized 

 1 0.3268 اٌسببمت ٌفريك اٌخخّيٓاٌخبرة 

 0.616861 0.20159 اٌغرض ِٓ اػذاد اٌخخّيٓ

 0.385653 0.126031 حأثير الاطراف الاخري في ػٍّيت اٌخخّيٓ

 0.382005 0.124839 حأثير حىبًِ وأسجبَ فريك اٌخخّيٓ

 0.280047 0.091519 ِراجؼت ولبىي اٌخخّيٓ ِٓ لبً الاطراف الاخري

 0.156659 0.051196 ِذير اٌّشروع في اٌخخّيِٓسخىي اشران 

 0.104744 0.03423 ِسخىي خبرة اٌّبٌه

 0.069561 0.022733 ِسخىي خبرة اٌّهٕذس/ اٌّصُّ

 0.06445 0.021062 وجهت إٌظر حيبي اٌخغييراث
 

 


