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ABSTRACT:

Early stage cost estimate plays a significant role in 
the success of any construction project. Cost is 
probably the first to be considered when it comes to 
construction projects. Accurate estimation of 
quantities and costs incurred in a construction 
project is a crucial factor in its achievement. 
Because of the complexity of the construction 
industry and individuality of every project 
undertaking, several factors may affect the overall 
project cost. A number of objects, such as the 
structural, architectural, sanitary, electrical and air-
conditioning system workings conclude the total 
cost of buildings. Meanwhile, the structural casing 
covers 25% of total construction cost in a multi-
storey reinforced concrete residential building. All 
parties involved in the construction of a project; 
owners, contractors, and donors are in need of 
reliable information about the cost in the early stages 
of the project, where very limited drawings and 
details are available during this stage. This research 
aims at developing a model to estimate the cost of 
building construction projects with a high degree of 
accuracy and without the need for detailed 
information or drawings by using Artificial Neural 
Network (ANN). ANN is new approach that is used 
in cost estimation, which is able to learn from 
experience and examples and deal with non-linear 
problems.  
 

I. INTRODUCTION 
Cost is one of the three main challenges for the 
construction manager, where the success of a project 
is judged by meeting the criteria of cost with budget, 
schedule on time, and quality as specified by the 
owner (Rezaian, 2011). In which, poor strategy or 
incorrect budget or schedule forecasting can easily 
turn an expected profit into loss (Cheng, et al., 
2010). Therefore, effective estimating is one of the 
main factors of a construction project success (Al-
Shanti, 2003). Accordingly, cost estimate in early 
stage plays a significant role in any construction 
project (Ayed, 1997), where it allows owners and 
planners to evaluate project feasibility and control 
costs effectively (Feng, et al., 2010).In addition, the 
cost of a building is significantly affected by 
decisions made at the early phase. While this 

influence decreases through all phases of building 
project (Gunaydın & Dogan, 2004). 
 
Due to this prominence of cost estimate in early 
stage and limited availability of information during 
the early phase of a project, construction managers 
typically leverage their knowledge, experience and 
standard estimators to estimate project costs. As 
such, intuition plays a significant role in decision-
making. Inasmuch the essential needs of project 
owners and planners to a tool to help them in their 
early decisions; researchers have worked hard to 
develop cost estimate technique that maximize the 
practical value of limited information in order to 
improve the accuracy and reliability of cost 
estimation work (Cheng, et al., 2010). Thus, many 
methods either traditional or artificial intelligence 
methods were studied and examined for their 
validity in estimating the project cost at conceptual 
stage. 
 
In the last years a new approach, based on the theory 
of computer systems that simulate the learning effect 
of the human brain as Artificial Neural Networks 
(ANNs) has grown in popularity (Cavalieri, et al., 
2004). 
One major benefit of using ANN is its ability to 
understand and simulate more complex functions 
than older methods such as linear regression 
(Weckman, et al., 2010). In addition, it can 
approximate functions well without explaining 
them. This means that an output is generated based 
on different input signals and by training those 
networks, accurate estimates can be generated. 
(Verlinden, et al., 2007). 
 
PROBLEM STATEMENT 
In preliminary stage of a construction project in 
Gaza Strip, there is a limited available data and a 
lack of appropriate cost estimate methods, where 
most of common estimate techniques that are used 
in Gaza Strip are still inadequacy traditional 
methods (Al-Shanti, 2003). 
 
All parties involved in construction project are in 
need of reliable information about the cost of a 
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project in the early stages. Therefore, many 
researchers are still searching and developing a new 
technique that is capable of dealing with very 
limited data and giving more accurate cost estimate. 
However, many researchers in recent years applied 
ANN approach in various fields of engineering 
prediction and optimization, but the authors reckon 
that the researches and studies on utilizing neural 
networks to estimate the cost of construction 
projects at various stages are very limited until now 
(Arafa & Alqedra, 2011; Gunaydın & Dogan, 2004; 
Harding, et al., 1999; Adeli & Wu, 1998; Sonmez, 
2004). 
 
METHODOLOGY OUTLINE 
 
The objectives of this study will be achieved through 
performing the following steps: 
 

 Conduct a literature review of previous 
studies that are related to construction cost 
estimate and paying special attention of 
using ANN. 

 
 Conduct quantitative and qualitative 

surveying techniques to ldentify the 
influential factors on cost of building 
projects in Gaza Strip.  

 
 Conduct exploratory interviews with all 

engineering institutions to obtain the 
relevant data of building projects; to be 
used in building the model. 

 
 Select the application Neurosolution 

software to be used in modeling the neural 
network. 

 
 Examine the validity of the adopted model 

by using statistical performance 
measurements and applying sensitivity 
analysis. 

 
II LITERATURE REVIEW 

 Cost estimating is an essential part of 
construction projects, where cost is considered 
as one of the major criteria in decision making 
at the early stages of building design process 
(Gunaydın & Dogan, 2004). The accuracy of 
estimation is a critical factor in the success of 
any construction project, where cost overruns 
are a major problem, especially with current 
emphasis on tight budgets. Indeed, cost 
overruns can lead to cancellation of a project. In 
some cases, a potential overrun may result in 
changing a project to a design-to-cost task 
(Feng, et al., 2010). 

 Subsequently, the cost of construction project 
needs to be estimated within a specific accuracy 
range, but the largest obstacles standing in front 

of a cost estimate, particularly in early stage, are 
lack of preliminary information and larger 
uncertainties as a result of engineering 
solutions. As such, to overcome this lack of 
detailed information, cost estimation techniques 
are used to approximate the cost within an 
acceptable accuracy range (Verlinden, et al., 
2007). 

 
 Cost models provide an effective alternative for 

conceptual estimation of construction costs. 
However, development of cost models can be 
challenging as there are several factors affecting 
on project costs. There are usually various and 
noisy data available for modeling (Sonmez, 
2011). 

 The other functions of cost estimate; that it 
allows the designer and engineer to be aware of 
the cost implications for the design decisions 
they make while still in the design phase. 
Reliable cost estimates also allow management 
to make an informed decision as to what items 
will be profitable and what items should be 
redesigned (Weckman, et al., 2010). 

 Moreover, cost estimate is of great importance 
in tendering phase, for example, Carty and 
Winslow (cited in (ElSawy, et al., 2011)), have 
considered that cost estimate as a key function 
for acquiring new contracts at right price and 
hence providing gateway for long survival in 
the business. Therefore an accurate estimate of 
the bid price for a construction project is 
important to securing the project contract and 
achieving a reasonable profit, where in practice, 
the available bid-estimation time is often 
insufficient (Akintoye & Fitzgerald, 1999). 

 
 ANNs is one of these new approaches that is 

able to perform tasks involving incomplete data 
sets, fuzzy or incomplete information and for 
highly complex and ill-defined problems. 
ANNs can learn from examples and able to deal 
with non-linear problems. One of the distinct 
characteristics of ANN is its ability to learn 
from experience and examples and then to adapt 
to changing situations. It has a natural 
propensity for storing experiential knowledge 
and making it available for use (Doğan, 2005). 

 

 

 According to Kim, et al., (2004), ANN is an 
applicable alternative for predicting 
construction costs because it can find a good 
cost estimating relationship that mathematically 
describes the cost of a system as a function of 
the variables that have the most effect on the 
cost of that system. Weckman, et al., (2010) see 
that, the major benefit of ANN is its ability to 
understand and simulate complex functions 
including those dimensions, attributes, and 
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other factors. In concerning of the structure of 
ANNs, they are inspired to the human brain 
functionality and structure which consist of a 
set of neurons, grouped in one or more hidden 
layers connected by means of synapse 
connections. The connections between neurons 
are called synapses and could have different 
levels of electrical conductivity, which is 
referred to as the weight of the connection. This 
network of neurons and synapses stores the 
knowledge in a „„distributed‟‟ manner: the 
information is coded as an electrical impulse in 
the neurons and is stored by changing the 
weight (i.e. the conductivity) of the connections 

(Cavalieri, et al., 2004). 
 

III CONCEPTUAL COST ESTIMATING 
 
A conceptual estimate is also known as a top-down, 
order of magnitude, feasibility, analogous, or 
preliminary estimate. It is the first serious effort 
made to predict the cost of the project. A conceptual 
estimate is usually performed as part of the project 
feasibility analysis at the beginning of the project. In 
this way, the estimate is made with limited 
information on project scope, and is usually made 
without detailed design and engineering data. The 
conceptual estimate is also defined as approximate 
estimate and used to know the budget for a project. 
Considerable experience and judgment are required 
to obtain a dependable approximate estimate for the 
cost. 
Conceptual cost estimating definition  
A “conceptual estimate” is an estimate prepared by 
using engineering concepts and avoiding the 
counting of individual pieces. As the name implies, 
conceptual estimates are  generally made in the early 
phases of a project, before construction drawings are 
completed, often before they are hardly begin. The 
first function of a conceptual estimate is to tell the 
owner about the anticipated cost, thus presenting 
useful information for the owner in contemplating 
the project feasibility and further development. A 
conceptual estimate is also used to set a preliminary 
construction budget, and to control construction 
costs at the most critical stage, during the design. 
Conceptual cost estimating is defined as the forecast 
of project costs that is performed before any 
significant amount of information is available from 
detailed design and with incomplete work scope 
definition, with the purpose of using it as the basis 
for important project decisions like go/no-go and the 
appropriation of funds decisions. 
 
Conceptual cost estimating characteristics  
The first recognized characteristic of conceptual 
estimating, like all other estimating, is the 
inexactness in the process. With the absence of data 
and with shortage of time, there may be no other way 
to evaluate designs but to use opinion. Conceptual 

estimating is a mixture of art and science; the 
science of estimating tells the cost of past work. The 
art is in visualizing a project and the construction of 
each detail, selecting comparative costs from past 
projects and adjusting them to new conditions.  
 
The second characteristic of conceptual estimating 
is that its accuracy and validity are highly related to 
the level of information provided by the project 
scope. The availability of a good, complete scope 
definition is considered the most crucial factor for 
conceptual estimating.  
The third characteristic of conceptual estimating is 
that it is a resource restricted activity. The main 
resources for conceptual estimating are information, 
time, and cost. Due to the fact that conceptual 
estimating is performed in the early stages of the 
project, the scope information available is usually 
restricted in detail as well as in precision. In 
addition, the time and cost available for making the 
estimate is restricted. Conceptual estimating is used 
to determine the feasibility of a project quickly or 
screen several alternative designs. Therefore, the 
estimate, although important, cannot be given much 
time and resources. 
 
Importance of conceptual cost estimates  
Preliminary estimate assists the overall cost-control 
program by serving as the first check against the 
budget. It will indicate the cost overruns early 
enough for the project team to review the design for 
possible alternates. Since preliminary estimate is 
made prior to the completion of detailed design, the 
margin of error will be relatively large. Then, the 
larger contingency should be applied. The 
contingency varies with the amount of design 
information available and the extent of cost 
information obtainable from similar projects. 
 

Preparation of conceptual cost estimates  
 
A generic conceptual cost estimating preparations is 
shown in Figure, the preparations begins with a 
request made by management to estimate the cost of 
a new project. The most important part of the request 
is the project scope. The first task for the estimator 
is to study and interpret the project scope and 
produce an estimating plan. The next task is to 
collect historical data related to similar past projects. 
The selection and usage of these data is crucial for 
the estimating preparations because inappropriate 
information will negatively affect the estimate. The 
outputs from this stage are the project conceptual 
cost estimate and a documented estimating basis 
used to develop this cost. It is very important to 
describe in detail all the information, assumptions, 
adjustments, and procedures considered in the 
estimate. The resulting conceptual cost estimate is 
then submitted to management for decision-making. 
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To prepare an elemental cost plan the following 
information should be assembled:  
• A cost analysis of a previous similar building  
• Sketch plans and elevations of the proposed project  
• Outline specification/levels of services installation, 
etc. for the proposed project. 

 
Fig.: Conceptual Cost Estimating Preparations 

 
IV DATA COLLECTION AND RESULTS 
 
FACTORS AFFECTING COST OF THE 
BUILDING PROJECTS 
 
In fact, one of the most significant keys in building 
the neural network model is identifying the factors 
that have real impact on the cost of building projects. 
Depending on this great importance of selecting 
these factors, several techniques were adopted 
carefully to identify these factors in Gaza Strip 
building projects; as reviewing literature studies and 
bill of quantities (BOQ), surveying a questionnaire, 
and Delphi technique by conducting expert 
interviews. 
 
QUESTIONNAIRE ANALYSIS 
Eighty questionnaires were distributed to various 
engineering institutions, where, fifty-seven 
questionnaires, as a response rate 71% of the total 
number of questionnaires, have been correctly 
answered and submitted. These questionnaires were 
cleaned, and some of them were omitted due to 
incomplete or inaccurate data. More details and 
analysis are discussed in this section for the 
questionnaire results. 

 Type of company 
 
 
 
 
 
 
Table Distribution of questionnaire according to 

company type 

 
 Job title 

Table Distribution of questionnaire according to 
job tittle 

 
 Years of experience in construction 

projects 
Table: Distribution of questionnaire according 

to number of experience years 

 
 Experience in Building Projects 
  

Table Distribution of questionnaire according to 
experience in building projects 

 
The total number of respondents=57 respondents 
 
Regarding to the experience of the respondents, it is 
found that high percent of them have good 
experience in construction field, and have advanced 
positions in job level, which gives more logic and 
reality of surveyed results to some extent. 
 
Skeleton phase cost factors 
As known, building project passess through two 
basic phasis; skeleton and finishing phase, each one 
has its influential factors that affects on total 
project,cost. Table  includes 13 skeleton factors, 
where most of respondents see that the area of 
typical floor and number of floors are the most 
influntial factors on building cost, while area of 
retaining wall, type of building, type of foundation, 
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number of elevators and type of slab have a 
moderate influence. For remaining parameters as, 
length of span between columns, number of 
columns, number of rooms, location of project, 
number of stair cases, and type of contract have 
lower influence on the project cost. 
 
Table Influence of skeleton factors on building 

cost 

 

 
FIG.: INFLUENCE OF SKELETON 

FACTORS ON BUILDING COST 
 
 
 

V  CONCLUSION AND 
RECOMMENDATIONS 

CONCLUSION 
 
This study aimed at developing a new technique for 
early cost estimate of building projects in Gaza 
Strip, through developing a model that is able to help 
parties involved in construction projects (owner, 
contractors, and others) in obtaining the total cost 
information at the early stages of project with 
limited available information. 
 
Several steps and procedures were conducted in 
order to achieve this aim as following: 
 
 
1- A questionnaire survey, expert interviews 
and exploratory search of previous studies were used 
to identify the cost effective factors on building 
projects. Eleven key parameters were adopted as 

most influential factors on building costs which are 
use of building, area of typical floor, number of 
floors, type of foundation, type of slab, number of 
elevators, type of air conditioning, external 
finishing, type of tile, type of electricity, and type of 
sanitary. 
 
2- Historical data of building projects were 
collected. The projects were executed between 2009 
and 2012 in Gaza Strip, from government ministries, 
UNRWA, engineering institutions, contractors and 
consultants. The data was analyzed and some of data 
were excluded due to some basic conditions. The 
final available data were 169 projects which were 
divided randomly into three sets as training set (116 
projects), cross validation set (27 projects), and 
testing set (26 projects). 
 
3- Developing ANN model passed through 
several steps started with selecting the application to 
be used in building the model. The Neuro 
solution5.07 program was selected for its efficiency 
in several previous researches in addition to its ease 
of use and extract results. The data sets were 
encoded and entered into MS excel spreadsheet to 
start training process for different models. 
4- Many models were built but the best model 
that provided more accurate results was Multilayer 
Perceptron network model (MLP) which structured 
from one input layer included 11 input neurons, one 
hidden layer contained 22 hidden neurons, one 
output neuron, tanh transfer function, and Moentum 
learning rate which belongs to Backpropagation 
algorithm. 
 
5- The accuracy performance of the adopted 
model recorded 94% where the model performed 
well and no significant difference was discerned 
between the estimated output and the actual budget 
value. The acceptable error rate in early stage of 
building projects as mentioned in researches and 
studies is ranging between (20-50%) while the 
average percentage error of this model is 6%. 
 
6- In order to ensure the validity of the model 
in estimating the cost of new projects, many 
statistical performance measures were conducted 
i.e; Mean Absolute Error (MAE), Mean Absolute 
Percentage Error (MAPE), Total Mean Absolute 
Percentage Error (Total MAPE), and Correlation 
Coefficient (r). The results of these performance 
measures were acceptable and reliable, where the 
mean percentage error of the model was 6%, and the 
total mean absolute percentage error was 10%. 
 
7- Sensitivity analysis was performed using 
Neurosolution tool to study the influence of adopted 
factors on building costs, the concept of calculating 
sensitivity analysis of input factors based on 
determining the standard deviation of each. 
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However, the performed sensitivity analysis was in 
general logically where the area of typical floor and 
number of floors had the highest influence, then 
number of elevators, sanitary type, number of 
elevators, electricity type, type of external finishing, 
type of electricity, type of foundation, type of 
building, type of slab, and type of tilling respectively 
had less effect respectively. 
 
8- The approach as presented is capable of 
providing accurate estimates of project cost by using 
eleven parameters at the early design phase. 
 
9- Some assumption and limitation were 
assumed in the study according to available 
collected data. These limitations include the 
available choices of each factor as Area of typical 
floors for example, has limited area between 60 m2 
to 1000 m2, as well as the other input factors. 
Recommendations 
 
The current study showed very promising results in 
predicting the cost of building projects, and this 
approach will continue to make impressive gains 
especially in civil engineering field. However, some 
recommendations should be presented for decision-
makers in the construction sector and future studies 
to support the findings of this study; 
 
All construction parties are encourged to be more 
aware about cost estimation development and pay 
more attention for using this developed technique in 
estimation process. 
 
Government and engineering assosiations are 
recommended to establich a database for executed 
projects for researchers to develop cost estimation 
process. 
 
For future studies, it is recommended to obtain more 
training data from newly projects and add them to 
the training data. This will improve the training 
process and produce more input choices. 
 
Finally, Cost estimates in neural network models are 
related to the input costs that the model was built 
upon, so changing time or cost will increase the 
estimate error or make the model unusable. 
Therefore, It is recommend to link the model with 
price changes through cost index technique. 
 
 
REFERENCES 
 

 AACE International Recommended 
Practice, 2010. Cost Engineering 
Terminology, TCM Framework: No. 
10S-90, pg 24. 

 

 AACE International, 2007. Cost 
engineering terminology, recommended 
practice. 

 

 [Online] Available at: www.aacei.org 
[Accessed 5 May 2012]. 

 

 AACE Recommended Practice and 
standard, 1990. Standard cost 
engineering terminology., s.l.: AACE, 
Inc. No.10s-90, . 

 

 Abdal-Hadi, M., 2010. Factors 
Affecting Accuracy of Pre-tender Cost 
Estimate in Gaza Strip., Gaza strip. 
Master thesis in construction 
management, The Islamic University of 
Gaza Strip. 

 

 Adeli, H. & Wu, M. Y., 1998. 
Regularization neural network for 
construction cost estimation. Journal of 
Construction Engineering and 
Management-Asce, 124(1), pp. 18-24. 

 

 Akintoye, A. & Fitzgerald, E., 1999. A 
survey of current cost estimating 
practices in the UK,. Construction 
Management and Economics, 18(1), pp. 
161-172. 

 

 Al-Najjar, H., 2005. Prediction of 
Ultimate Shear Strength of Reinforced 
Concrete Deep Beams Using Artificial 
Neural Networks, Gaza strip. Master 
thesis in construction management, The 
Islamic University of Gaza Strip.. 

 

 Al-Shanti, Y., 2003. A Cost Estimate 
System for Gaza Strip Construction 
Contractors, Palestine, Master thesis in 
construction management, The Islamic 
University of Gaza Strip. 

 

 Al-Thunaian, S., 1996. Cost estimation 
practices for buildings by A/E firms in 
the eastern province, Saudi Arabia. 

International Journal of Scientific Research and Review

Volume 7, Issue 7, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/335



 

 

Unpublished master thesis in 
construction engineering and 
management, Dhahran, Saudi Arabia. 
Master thesis in construction 
engineering and management. King 
Fahd University of Petroleum and 
Minerals. 

 Aneja, N., 2011. Neural networks 
approach v/s Algorithmic approach : A 
study through pattern recognition. An 
International Journal ( ACIJ ), 2(6). 

 

 Arafa, M. & Alqedra, M., 2011. Early 
stage cost estimation of buildings 
construction projects using ANN. 
Journal Of Artifical Intelligence, 4(1), 
pp. 63-75. 

 

 Attal, A., 2010. Development of Neural 
Network Models for Prediction of 
Highway Construction Cost and 
Project Duration, USA: Ohio 
University. 

 

International Journal of Scientific Research and Review

Volume 7, Issue 7, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/336


