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Abstract— Construction industry is one of the most vast and rapidly growing industries of today. A large part of the income of the society 
goes into construction of various infrastructures. Hence it is of utmost importance that capital is spent effectively, avoiding the chances for 
wastage. For this purpose, proper forecasting of cost that maybe incurred would effectively help in assessing the feasibility of a project. 
Various forecasting methods are now available in the engineering industry.  In this paper, the forecasting method used is regression 
analysis. The construction parameter used here for cost estimation is quantity. 10 various types of construction project details were 
collected. The various construction phases were grouped into 10 important parameters. The cost and quantity values of these parameters 
were noted and their relationship was found using regression analysis. Bootstrapping was carried out to increase the validity of models 
obtained. The models thus produced would help in cost estimation of future projects accurately in the early stages itself. The coefficient of 
determination (R2) of the developed models is ranging from 0.5 to 0.99 after bootstrapping. This indicates that the relationship between the 
dependent and independent variables of the developed models is good. 

Index Terms—Bootstrap Approach, Cost, Estimation, Regression Analysis, Quantity.   

——————————      —————————— 

1 INTRODUCTION                                                                     

he Construction industry is one of the most vast and 
rapidly growing industries of today. A large part of the 

income of the society goes into construction of various in-
frastructures. Hence it is of utmost importance that capital 
is spent in an optimized manner. This could be carried out 
effectively if the capital to be spent can be predicted before 
the commencement of the project. Proper prediction of cost 
to be incurred in a project may help contractors to assess its 
feasibility, decide whether to accept or reject the project, 
take corrective measures to reduce the expenditure, proper 
scheduling, etc. There are many methods to forecast the 
overall cost of projects at various stages. Out of the various 
methods, most accuracy is obtained in predicting cost from 
the detailed architectural and structural drawings of the 
project.  

In this thesis, regression analysis is used to attain 
suitable cost prediction-models. Regression analysis is a 
statistical approach to find the relation between variables. It 
helps to determine the nature of relationship between de-
pendent variable and independent variables. It is effective 
because it is a well-defined mathematical approach. In the 
present study, the variables used are quantity and cost of 
various items in the construction project. Here, cost is the 
dependent variable and quantity is the dependent variable. 
Since the number of sample projects that can be considered 
is limited, bootstrapping of regression model is to be em-
ployed to obtain the desired accuracy. 

Bootstrapping is a general approach to statistical 
inference based on building a sampling distribution for a 
statistic by resampling from the data at hand. Once a re-
gression model has been constructed, it is important to con-
firm the goodness of fit of the model and the statistical sig-
nificance of the estimated parameters. Model validation is 

an important step in the modeling process and helps in as-
sessing the reliability of models before they can be used in 
decision making. Bootstrapping is a model-validation ap-
proach. The bootstrap is a computer based method for es-
timating the standard error of a sample. The bootstrap es-
timate of standard error requires no theoretical calculations, 
and is available no matter how mathematically complicated 
the estimator is. This method will help to increase the accu-
racy of the results obtained. 

 
2 RESEARCH OBJECTIVE 
The cost and quantity per item of 10 building projects were 
determined by calculating the estimate of the projects. The 
objective of the paper was to find the relation between 
quantity and cost per item using regression analysis, apply 
bootstrap to increase the validity of the results obtained and 
hence obtain the most apt model for cost-prediction. 

3 METHODOLOGY 
3.1 Data collection 

Estimation requires extensive historical data. The data 
collected comprises of 10 building construction projects in 
Kerala. The data were either in the form of prepared esti-
mates or drawings (architectural and structural) from 
which, detailed estimates were prepared. 

 
3.2 Tabulation 

The data collected was grouped and sorted into 10 
main and common construction parameters for each project 
namely: 

• Earth excavation 
• Foundation 
• Superstructure wall 
• Reinforced concrete for columns 

T 
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• Reinforced concrete for beams 
• Reinforced concrete for slabs 
• Steel reinforcement 
• Wooden joinery 
• Plastering and painting 
• Flooring 
These factors were selected based on their rate-analysis 

and percentage of participation in the overall cost of the 
project. The various items used for construction in the con-
sidered projects were grouped into the above determined 
factors and the corresponding quantities and cost incurred 
were calculated and tabulated.  
3.3 Analysis 

Analysis of tabulated values and selection of appropri-
ate analysis model was the next step. One of the widely 
used models is the regression estimation model. It is effec-
tive due to a well-defined mathematical approach, as well 
as because of being able to explain the significance of each 
variable and relationship between independent variables. 
The main idea of regression analysis is to fit a curve for the 
given data while minimizing the sum of squared error and 
maximizing the coefficient of determination (R2). The mod-
els developed in this study are of this type. Linear regres-
sion was carried out for each parameter.  
3.4 Model Validation 

Model validation is an important step in the modeling 
process and helps in assessing the reliability of models be-
fore they can be used in decision making. Analysis models 
are validated to minimize the model prediction error.  

Validating regression model was implemented in this 
paper by bootstrapping approach. The bootstrap is a com-
puter-intensive statistical technique that plays an increas-
ingly important role in modern statistical analysis and ap-
plications. By this method, the adjusted R2 values were not-
ed. If the value was less than 0.5, then quadratic and cubic 
regression analysis were carried out. The model with high-
er R2 value was adopted for that parameter. 

 
4 RESULTS AND DISCUSSIONS 

After carrying out linear regression analysis for each 
parameter, the R2 values obtained are listed in table 1. The 
next step after analysis was validation. The results of model 
validation using bootstrap approach are shown in table 2. 
From table 2, it is proved that linear regression model does 
not fit for the construction parameters namely steel rein-
forcement and joinery work. Hence next step for validation 
was carried out. These parameters were analysed using 
quadratic and cubic regression analysis. The analysis re-
sults are shown in table 3. 

 
 
 
 

 
 

TABLE 1 
CONSTRUCTION PARAMETERS AND THEIR R2 

VALUES 

 
 

TABLE 2 
BOOTSTRAP RESULTS 

 
 

TABLE 3 
ADVANCED REGRESSION RESULTS 

 
Hence the results are summarized in table 4. 

 
TABLE 4 

FINAL RESULTS 

 
 
Table 5 shows the regression model equations that can 

be used to predict the cost that could be incurred in future 
building projects. 
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TABLE 5 
REGRESSION MODEL EQUATIONS 

 

 

5 CONCLUSION 
In this paper, the costs of the major construction operations 
were predicted by regression analysis of historical data. For 
this purpose, data of 10 building construction projects were 
collected. The quantity and cost of each parameter were 
calculated after a systematic sorting. Regression analysis 
was carried out on each construction parameter. The results 
were validated using Bootstrap approach to find the most 
apt regression model for the parameter.  
The regression model equations eventually formed may 
help in the forecasting of the costs that may be incurred in 
future construction projects upto a limit. The forecasted 
values may only give an approximate knowledge of the 
cost that can be incurred since it may vary based on the 
market rates of material and labour, location of site, availa-
bility and variability of resources, etc. Even though the 
models developed are affected by these limitations, they 
can help contractors effectively to forecast the feasibility of 
projects and schedule the operations based on detailed 

study of the models. It may hence, effectively help contrac-
tors in decision making, planning and scheduling of future 
projects. 
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