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Abstract : Estimation of the cost of road construction projects is an important task in the management of these projects. The 

quality of construction management depends heavily on their accurate cost estimation. Cost Estimating is one of the most 

significant aspects for proper functioning of any construction company. This paper contains Artificial Neural Network (ANN) 

approach to develop a parametric cost-estimating model for site cost estimation. An artificial neural network (ANN) is an 

analogy-based process, which best suits the cost forecasting domain. The primary advantages of ANNs include their ability to 

learn by examples (past projects), and to generalize solutions for forthcoming applications (future projects). ANNs do not require 

a prerequisite establishment of rules and reasoning which govern relationships between a desired output and its significant 

effective variables. 

 

IndexTerms – ANN, MATLAB, Hidden Layers, Output Layer, Input Layer. 

 

1. INTRODUCTION 

Artificial neural network (ANN) is a mathematical model 

for predicting system performance(i.e., system output) 

inspired by the structure and function of human biological 

neural networks. The ANN is developed and derived to have 

a function similar to the human brain by memorizing and 

learning various tasks and behaving accordingly. It is trained 

to predict specific behavior and to remember that behavior in 

the future like the human brain does. Its architecture also is 

similar to human neuron layers in the brain as far as 

functionality and inter-neuron connection. ANN has been 

successfully used in various applications. The knowledge of 

previous treatments in cultural preservation becomes more 

important in conservation. To avoid implementation of an 

improper conservation strategy and/or evaluate suitable re-

conservation, suitable materials should be chosen and criteria 

should be adopted. The conservation professional must strive 

to select methods and materials that, to the best of current 

knowledge do not adversely affect cultural property or its 

future examination, scientific investigation, treatment, or 

function‖. By using artificial neural network tool calculating 

the age of heritage building. For this ANN tool input 

parameters are required. 

An expert system is relying on human experts existing 

knowledge based on set up knowledge system; the expert 

system develops the earliest, the most effective in the 

artificial intelligence research field. The expert system is 

widely used in road and bridge, construction engineering, 

geotechnical engineering, underground engineering, disaster 

prevention project, material engineering, geological 

exploration and petroleum chemical industry, and so 

forth. The application of artificial intelligence simulates 

human experts in solving the problem of the thinking process 

in the field and reaches or approaches the level of experts. 

 

2. BACKGROUND 

 Construction Industry is an unorganized sector and 

it is the least researched industries even today. The system of 

reporting data about internal working and safety is also 

minimal. The manpower driven industry is facing regular 

accidents in daily working, which cause heavy losses in 

terms of men, money and time. The past studies show that on 

an average, 60 to 80 accidents occur per 1000 workers in the 

manufacturing sector while, construction sector averages 

around 160 to 250 per 1000 workers. In spite of all the 

extensive studies and efforts of various organizations 

working for the cause, nothing concrete has been established 

for the same. Throughout the world, the construction area of 

civil engineering is one of the most hazardous industries. The 

major causes of accidents are related to the unique nature of 

the industry, human behavior, difficult work site conditions 

and poor safety management which results in unsafe work 

methods, equipments and procedures. Preventing 

occupational illness and injuries should be a primary concern 

of all employers. Especially in developing country like India, 

there must be an effort to raise the level of awareness among 

both the employers and employees of the importance of 

health and safety at work sites. In the construction industry, 

the working environment is constantly changing, sites exist 

for relatively short time and the activities and inherent risks 

change daily. Within a short time of a hazard being identified 

and dealt with, typically the cork scene has changed, 

bringing new hazards. There is also a high turnover in the 

workforce, which means safety awareness is not always as 

good as it should be. It is a general observation that the large 

scale infrastructure projects command good safety checks 

and procedures due to statutory requirements of the tender 

contracts. But construction in everyday life comprises of 

large number of small scale projects which are local 

contractors undertakings lacking in compliance of safety 

requirements and labor laws. It is the high time that the 

awareness regarding the present scenario of safety and labor 

conditions should spread adequately. 

. 

3. ANN IN CIVIL ENGINEERING 

An Artificial Neuron Network (ANN) is a computational 

model based on the structure and functions of biological 

neural networks. Information that flows through the network 
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affects the structure of the ANN because a neural network 

changes - or learns, in a sense - based on that input and 

output. An Artificial Neural Network (ANN) is an 

information processing paradigm that is inspired by the way 

biological nervous systems, such as the brain, process 

information. The key element of  

A large number of articles have been published on civil 

engineering applications of neural networks. A neural 

network can be trained to learn to perform a particular task. 

The approach is particularly attractive for hard-to-learn 

problems and when there is no formal underlying theory for 

the solution of the problem. Engineering design and image 

recognition are two such problems. The great majority of 

civil engineering applications of neural net-works are based 

on the simple back propagation algorithm. The most 

common application of ANNs in the construction 

management area is prediction. 

Artificial neural networks have many advantages over the 

conventional methods of modeling due to their distinct 

features. The traditional regression methods require explicit 

representation of the relationship in statistical models. 

Further, they are not conducive for complex multi attribute 

nonlinear mappings. 

 

4.TYPES OF ANN IN CIVIL ENGINEERING 

Feed Forward Neural Network. 

A simple neural network type where synapses (connections) 

are made from an input layer to zero or more hidden layers 

and ultimately to an output layer. The feed forward neural 

network type is one of the most common neural networks in 

use. It is suitable for many types of applications. Feed 

forward neural networks are often trained via simulated 

annealing, genetic algorithms, or via one of the propagation 

techniques. To illustrate, annealing is a term used in 

metallurgy. If a metal is heated to a very high temperature, 

the atoms move about at high speeds. Yet, if they are cooled 

very slowly, they settle into patterns and structures, 

rendering the metal as being much stronger than before. This 

principle can be employed as an optimization technique in 

computer science. More specifically, simulated annealing 

can be used to aid a neural network to avoid local minima 

scenarios in its energy function. Simulated annealing 

basically involves perturbing the independent variables (the 

ANN weights) by a random value and keeping track of the 

value with the least error.  

 

Self-Organizing Map(SOM).  

Neural networks that contain two layers and implement a 

winner take all strategy in the output layer. Rather than 

taking the output of individual neurons, the neuron with the 

highest output is considered the winner. SOM's are typically 

used for clustering related problems where the output 

neurons represent groups that the input neurons are to be 

classified into. SOM's may employ a competitive learning 

strategy. 

 

Hopfield Neural Network. 

A simple single layer recurrent neural network. The Hopfield 

neural network is trained via an algorithm that teaches it to 

learn to recognize patterns. The Hopfield network will 

indicate that the pattern is recognized by echoing it back. 

Hopfield neural networks are typically used for pattern 

recognition. 

 

Simple Recurrent Network (SRN). 

A recurrent neural network that has a context layer. The 

context layer holds the previous output from the hidden layer 

and then echoes that value back to the hidden layer's input. 

The hidden layer then always receives input from its 

previous iteration's output. Elman or Jordan neural networks 

are generally trained by using genetic, simulated annealing, 

or one of the propagation techniques. Elman or Jordan neural 

networks are typically used for prediction related problems. 

. 

Feed forward Radial Basis Function (RBF) Network.  

A feed forward network with an input layer, output layer and 

a hidden layer. The hidden layer is based on a radial basis 

function. The RBF generally employed is the Gaussian 

function. Several RBF's in the hidden layer allow the RBF 

network to approximate a more complex activation function 

than a typical feed forward neural network. RBF networks 

can be used for pattern recognition. They can be trained by 

using genetic, annealing or one of the propagation 

techniques. Other means must be employed to determine the 

structure of the RBF's used in the hidden layer. 

 
Figure 1. Simple ANN example 

. 
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5. LITERATURE REVIEW 

1)Viren B Chandanshive and Ajay R. Kambekar 
presents a study which includes Public and Commercial 

Buildings and also residential buildings in Mumbai and 

nearby regions. Paper also states that in the present date, 

the traditional statistical methods for prediction of costs 

are replaced by the soft computing techniques. These 

techniques includes artificial neural networks, expert 

system, case based reasoning, fuzzy logic, genetic 

algorithms, decision trees etc. The researcher also says 

that these advanced computing techniques prove to be 

more effective than traditional systems. 

In this paper Artificial Neural Networks (ANN) is used 

for early stage cost prediction of various construction 

building sites. The database of 58 buildings is used in this 

study. The database and required documents were 

collected from the engineering consulting firms, 

architectural firms contracting companies, builder 

developers and owners of the buildings. 

The objective of this paper is to develop a model based 

on Artificial Neural Network to estimate the cost of the 

structural system of the buildings at early stages using 

limited available data. The Neural Network model is 

developed by using MATLAB R2013a. The ANN model 

works in three phases i.e. training phase, validation phase 

and testing phase. The database used for training, 

validation and testing was 70%, 15%, and 15% 

respectively. This paper finally concluded that the early 

stage construction costs of a building construction project 

can be satisfactorily predicted by a data mining approach 

of ANN. 

2)Isaac Mensah, Gabriel Nani, Theophilus Adjei-

Kumi The purpose of this study is to develop a working 

model for estimating the duration of prefabricated steel 

bridge projects on rural roads in Ghana. Data for 18 

completed bridge construction projects were collected 

from the Department of Feeder Roads. The data collected 

comprised of final payment certificates which included 

quantities of all work items completed under each project 

as well as the actual durations. Data relating to the 

prefabricated steel bridge components for each of the 

selected project were also collected through a 

questionnaire. 

 The artificial neural network (ANN) was then used 

to develop the model using the two independent items as 

input variables and the actual durations as output 

variables. The results show that the duration of a bridge 

project is strongly related to the bridge span and the 

formwork used for the reinforced in-situ concrete. The 

study has shown that the developed model is suitable for 

estimating the duration of a bridge project. 

3) M. Gopal Naik and V. Shiva Bala Radhika studied 

Time and Cost Analysis for Highway Road Construction 

Project Using Artificial Neural Networks. The database 

consists of data collected from completed projects.  

The models are trained, tested and validated using 

MATLAB R2013a Software. The results obtained are the 

ANN predicted outputs which are compared with the 

actual data, from which deviation is calculated.  

For this purpose, two successfully completed highway 

road projects are considered. The Nnftool (Neural 

network fitting tool) and Nntool (Neural network/ Data 

Manager) approaches are used in this study. Using Nftool 

with trainlm as training function and Nntool with trainbr 

as the training function, both the Projects A and B have 

been carried out. Statistical analysis is carried out for the 

developed models. The application of neural networks 

when forming a preliminary estimate, would reduce the 

time and cost of data processing. 

  4) Smita K. Magdum and Amol C. Adamuthe: 

studied construction cost prediction as multiple 

regression model with cost of    six materials as 

independent variables. The objective of this paper is to 

develop neural networks and multilayer perceptron based 

model for construction cost prediction. Different models 

of NN and MLP are developed with varying hidden layer 

size and hidden nodes. Four artificial neural network 

models and twelve multilayer perceptron models are 

compared. MLP and NN give better results than 

statistical regression method. As compared to NN, MLP 

works better on training dataset but fails on testing 

dataset.  

This study applied two techniques namely neural 

networks and multilayer perceptron for estimating 

construction costs. Four NN models and twelve MLP 

models are tested based on varying number of hidden 

layers and hidden nodes. Performance of NN on training 

and testing dataset with different hidden nodes varies 

significantly. Performance difference of MLP models on 

training dataset is not significant. MLP with ten and eight 

hidden nodes gives best training results. But, MLP 

models fail to give better results than NN with 8 hidden 

nodes on testing dataset.  

These methods are compared with statistical multiple 

regression method. RMSE values of NN and MLP 

models are consistently low for training data set. 

5) Anshul, Nitin Jain. Provides a general overview of 

software cost estimation methods including the recent 

advances in the respective field. Algorithmic models such 

as SLOC, function point size estimation and COCOM 

model .Non Algorithmic models such as analogy and 

expert judgment. Machine learning methods such as 

artificial neural networks and their techniques and fuzzy 

logic. This paper highlights the cost estimation models 

that have been proposed and used successfully and their 

comparison and applications. 

According to the results of several researches presented 

in this paper, the root cause for software project failures 

is inaccurate estimation in early stages of the project. So 

introducing and focusing on the estimation methods 

seems necessary for achieving to the accurate and reliable 

estimations. In current study most of the present 

estimation techniques have been illustrated analytically. 

As the software project managers are used to select the 

best estimation method based on the conditions and status 

of the project, describing and comprising of estimation 

techniques can be useful for decreasing of the project 

failures. 

6) Marijana Lazarevska, Milos Knezevic, Meri 

Cvetkovska, Ana Trombeva-Gavriloska, Studied some 

of the positive aspects of neural network’s model that 

was used for determination of fire resistance of 

construction elements. The main goal of this research was 

to explain the simplicity and the positive aspects of the 
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usage of neural networks for solving engineering 

problems. After the comparison of numerical methods 

and neural network’s prognostic model it can be 

concluded that artificial neural networks present an 

excellent tool for prognostic modelling and can be used 

for determination of the fire resistance of reinforced 

concrete columns, especially in those cases when there 

are no (or very few) experimental and/or numerical 

results. 

 

6. DATA COLLECTION 

The project data from Road projects were collected from 

different construction companies in Maharashtra 

especially in Pune. Following table no 1 shows the 

various parameters (factors) selected for model 

development. 

 

 

Table No 1 

Factors Affecting the Road Construction Cost 

 

SR.NO FACTORS 

1 Excavation 

2 Embankment 

3 Subgrade 

4 Strom water line 

5 Chambers  

6 Granular sub base (GSB) 

7 Wet mix macadam (WMM) 

8 Bituminous Bound Macadam (BBM) 

9 Bituminous Macadam (BM) 

10 Dense bituminous concrete (DBM) 

11 Bituminous concrete (BC) 

12 Kerb  

13 Footpath  

14 Utility line 

15 Thermoplastic paint  

16 Blinkers  

17 Signage boards  

 

The period of data collection as well as the time at which 

the cost estimation of the Roads was done, was not taken 

into consideration in this study. Doing so could have 

improved the results as inflation rates affect the cost of 

materials. From above data it is cleared that some 

parameters are missed during planning, designing, 

construction and maintenance of project. Due to this the 

cost estimation will be incorrect i.e. there is lot of 

difference between estimated cost of project before 

construction and actual cost of project after construction. 

ANN considers all these missing parameters and 

calculates the total cost of project. The difference 

between estimated cost and actual cost is minimum for 

developing the model of ANN MATLAB software is 

used. The algorithm is prepared and used. 

 

7. DATA ANALYSIS 

    Neural Network Model 

Artificial Neural Network Model is consisting or divided 

in to three parts i.e. training, Validation and testing. 

These sets are randomly selected in MATLAB. Multi-

layered feed forward neural network architecture was 

used to develop the early cost estimate model of building 

construction. A typical feed forward ANN commonly 

consists of input layer, one or more hidden layers and 

output layer Each neuron in one layer is connected to 

every neuron on the next layer. Hence information is 

constantly fed forward from one layer to the next and this 

explains why these networks are called feed-forward 

networks. It should be mentioned also that there is no 

connection among nodes in the same layer.  

In back-propagation, to achieve the desired outputs the 

weights, which represent the connection strength between 

nodes and biases are adjusted using a number of training 

inputs and the corresponding target values. The network 

error, which is the difference between the calculated and 

expected target, sets. This network error is then back 

propagated from the output layer to update the network 

weights and biases. This adjusting mechanism of weights 

and biases is repeatedly performed until the network error 

reaches at a certain level of accuracy.  

Each neuron receives input(s), processes the input(s), and 

delivers an output. The processing element computes a 

weighted sum, S (x), of its input signals, x i (i = 1, 2 ... m) 

and their corresponding weights (w i). The neuron 

generates an output through an activation function, F(s). 

Different types of activation functions are portrayed in 

following fig. In this project, the tan-sigmoid 

transformation function was applied in the hidden layer 

and a linear transformation function was used in the 

output layer. Following fig shows the tan-sigmoid 

function and different activation functions. 

The following sections present the steps performed to 

design the artificial neural network model, ANN-Model. 
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Neural network models are generally developed through 

the following basic five steps  

1. Define the problem; decide what information to use 

and what network will do;  

2. Decide how to gather the information and represent it;  

3. Define the network, select network inputs and specify 

the outputs;  

4. Structure the network;  

5. Train the network 

6. Test the trained network. This involves presenting new 

inputs to the network and comparing the network’s 

results with the real-life results.  
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