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Abstract- In the present scenario, different sectors wants to increase the productivity by reducing the unnecessary operation, 
barriers, losses and environmental pollution that can help them for winning the trust of customers. They began to pay more 
attention towards procurement. Implementation of procurement will result in significant improvement in all of these areas, 
material and help to achieve the goal of the industry. Procurement is one of the important factors for saving cost, by 
procuring better product at right place having good quality in right time for continuous work of any organization or 
company. Procurement decision generally involves make or buy decision. With data examination, it becomes easy to make 
use of economic analysis method such as cost-benefit analysis or cost utility analysis. In the present study various parameters 
which are affecting the project procurement process in construction sector are considered. Design of experiments based on 
Taguchi methodology is applied to determine the optimal parameter setting for steel and stone which are used in any 
construction work. Response table for different parameters is also discussed in this paper. 
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I. INTRODUCTION 
 
In this 21st century manufacturing industries based on 
the automated machine or equipments are used to 
minimize the human interference. It has been noticed 
that, there has been a drastic change in the manner in 
which industry works now compared to many years 
ago. Due to the technological improvement, we can 
observe development in all the areas of various 
industries. The procurement is a one of the important 
part of business, but in construction work the 
procurement of construction material and handling 
machine or equipment for the construction work 
involves large number of suppliers with different cost 
and material properties. So, it is difficult to decide the 
most appropriate proposal for a project. It is 
necessary to understand the effect of various 
parameters on the project procurement process with 
respect to cost, lead and quality of the material being 
purchase. 
 
These days a lot of public construction works are 
carried out in private partnership. Thus, it is 
necessary for the government agencies to obtain 
better equipment and material at optimal cost from 
the private suppliers. Suppliers situated at various 
locations from the construction sites directly 
influence on the material cost as well as time of 
transportation. It is very difficult and challenging for 
the construction project client to use the procurement 
process. Procurement depends on the type of work, 
and its sequence. Customer wants speedy work with 
early start of construction work with good 
performance in terms of material handling time, 
material quality, material cost [1]. In order to decide 
the affecting parameters and obtain the optimal 
parameter setting, design of experiment based on 
Taguchi methodology is an effective tool. In this 

study Taguchi methodology is implemented to select 
the best combination for the mixture machine, steel 
and stone which are used in construction work. 
 
II. LITERATURE REVIEW 
 
Taguchi experimental design based on orthogonal 
array is an alternative method for optimization and is 
widely used in industrial and research applications. 
This methodology is economic as lesser experiments 
are needed to determine the optimum level of process 
parameters. Additionally, this method helps to make a 
product/process robust against the environmental 
sources/conditions of noise, thus improves its field 
performance. In particular, parameter design 
approach leads to attain high quality of component or 
product at low price. In their study Chulia and Das 
reported [2] Taguchi’s parameter design methodology 
is an efficient tool for optimizing the performance 
characteristic of a process/product. The aim of a 
parameter design experiment is to design and identify 
the settings of the process parameters that optimize 
the selected quality characteristic and are least 
sensitive to uncontrollable or noise factors. 
 
Several authors [1, 3-8] had used Taguchi 
experimental design to identify the optimum 
parameter setting of a process/product. Warudkar et 
al. [1] reported some parameters are very important in 
the construction procurement such as material 
handling time, quality of material, and cost of 
material. The major problem in construction industry 
is related to poor quality of material and about 
customer satisfaction. Verma and Sikarwar [3] 
conducted experiments based on Taguchi 
experimental design with L9 orthogonal array. The 
study was focused on optimizing the turning process 
under various machining parameters. Authors 
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determined the optimal value of surface roughness 
and material removal rate of AISI 1045 steel with 
coated cemented carbide tool under dry condition in 
turning operation. Moore and Joshi [4] studied the 
optimization of procurement process parameters for 
modern construction material in which they had 
considered cement, contract labour and elevator. 
They predicted that Taguchi method is good method 
for optimization of various procurement process 
parameters as it reduces the number of experiments. 
Noorwali [5] introduced lean in food processing 
system and highlighted seven types of wastes. Later 
author had applied Taguchi as a framework in the 
simulation model. The study reported from the 
correlation results that the percentage waits and 
percentage blocking as high variables. Kundu et al. 
[6] applied Taguchi optimization approach for 
production of activated carbon from phosphoric acid 
impregnated palm kernel shell by microwave heating. 
Wang et al. [7] conducted experiments to obtain the 
optimum electrophoretic conditions for the deposition 
of carbon nanofiber on carbon fibers for use in carbon 
epoxy composites.  Wang et al. [8] worked on the 
optimization of plastic injection molding process 
parameters for manufacturing a brake booster valve 
body. The parameters considered for optimization 
were gate size, number of gates, molding 
temperature, switch over by volume filled, resin 
temperature, curing time , and switch over by 
injection pressure. Authors reported an improvement 
of 12% in the compressive strength of the valve body 
produced using the optimal PIM process parameters. 
From the literature review it has been observed that 
the several authors had used Taguchi experimental 
design method very effectively in order to determine 
the optimal parameter setting for different processes/ 
products. Very less work has been reported in 
utilizing this methodology for project procurement 
process in construction industry. 
 
III. PHILOSOPHY OF THE TAGUCHI 
METHODOLOGY 
 
The philosophy of Taguchi approach is based on 
three fundamental concepts and has greatly caused 
the better application and development of techniques 
and technology in numerous industries. These 
concepts are [9]: 
• Quality should be designed into the product and not 
in its inspection. 
• To achieve the quality it is best to minimize the 
deviation from the target and product shall be 
designed to be insensitive to the uncontrollable 
environmental factors. 
• The cost of quality is measured as a function of 
deviation from the standard and the losses should 
measure the system-wide. 
 
 
 

IV. METHODOLOGY 
 
The steps involved in optimization of process 
parameters using Taguchi methods are mentioned 
below:  
Step-1: Find out main function, face effect and way 
of failure. 
Step-2: Find out the noise factors, condition where 
testing is performing and quality characteristic. 
Step-3: Identify the purpose to be optimized. 
Step-4: Find out the controllable factor and their 
levels. 
Step-5: Select the orthogonal array matrix 
experiment. 
Step-6: Conduct the experiment. 
Step-7: Then data is analyzed; predict the optimum 
levels and the performance quality for responses. 
The responses of experimental run are used to 
determine the corresponding S/N ratio. The S/N ratio 
is characterized into three:  
 

 
 
5.1 Use of Taguchi Methodology for Optimization 
Analysis of Procurement Process of Construction 
Industry: 
1.  Iron bar 
The control factors along with its level for iron bar 
are mentioned in Table 5.4. The factors considered 
for the analyses are cost of iron bar (A), 
transportation cost (B) and strength of iron bar (C). 
Each factor has three levels. 

 
Table 5.1 Variables (factors) and their levels used 

in Taguchi's Method for Iron bar 

 
 
Table 5.2 shows the Taguchi orthogonal array for the 
steel/iron bar. In the table, 1st column of   shows the 
number of experimental run, 2nd column shows the 
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cost of iron bar per quintal which is procured, 3rd 
column indicates the transporting cost of the iron bar, 
4th column shows the strength of iron bar, 5th column 
of the table represents the response of the each 
experimental combination and the last column shows 
the calculated signal to noise ratio for each trail. Each 
row of the table indicates the combination of factor 
levels for individual test. The S/N ratio is calculated 
on the basis of larger is better for the satisfactory 
rating of the governing body. 

Table 5.2 Taguchi orthogonal table for Iron bar 

 
 

The main effect plot of iron bar parameters for 
satisfaction rating of governing body is shown in 
Figure 5.1. The average value of S/N ratio for the 
parameters is 37.630 dB. It is observed from the 
figure that factor combination of A2B3C3 (A2= 3300 
Rs, B3=800 Rs, C3=500 N/݉݉ଶ) will results in 
maximum satisfactory rating of the governing body. 

 

 
Figure 5.1: Effect of Process Parameter on Average S/N Ratio 

for iron bar 
 
The S/N ratio response analysis is represented in 
Table 5.3. Table indicates the hierarchical order of 
the control factors as cost of iron bar per quintal (A), 
strength of iron bar (C) and transporting cost (B) in 
decreasing order according to their relative 

significance on the satisfaction rating of the 
governing body. 

Table 5.3 Response of satisfaction rating of 
governing body (%) for each level of process 

parameter of iron bar 

 
 
3. Stone  
The control factors along with its level for iron bar 
are mentioned in Table 5.4. The factors considered 
for the analyses are cost of stone per trolley (A), 
waste/defect (B) and life cycle of stone used (C). 
Each factor has three levels. 
Table 5.4.Variables (factors) and their levels used in 

Taguchi's Method for stone 

 
 
The table 5.5 shows the Taguchi orthogonal array for 
stone. In this table, 1st column shows the number of 
experimental run, 2nd column shows the cost of the 
stone used which is procured, 3rd column shows the 
waste/defect % per trolley, 4th column shows the life 
cycle of the stone used, 5th column indicates the 
response of each experimental combination and the 
last column represents the signal to noise ratio 
obtained for each trail. Each row of the table indicates 
the combination of factor level for individual test. 
The S/N ratio is calculated on the basis of larger is 
better for the stone procured. 

Table 5.5 Taguchi orthogonal table for stone 
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The main effect plot of stone procurement parameters 
for satisfaction rating by the governing body is shown 
if Figure 5.2. The average value of S/N ratio for the 
parameters is 37.500 dB. It is observed from the 
figure that factor combination of A3B1C3 (A3=1700 
Rs, B1=2 %, C3= 90 yrs.) will results in minimum 
loss born by the governing body or Satisfaction rating 
by building owner. 
 

 
Figure 5.2 Effect of Process Parameter on Average S/N Ratio 

for stone 
 
The S/N ratio response analysis is represented in 
Table 5.6. It indicates the hierarchical order of the 
control factors as life cycle (C), waste/defect % per 
trolley (B) and cost of stone per trolley (A) in the 
decreasing order according to their relative 
significance on the loss born by the governing body. 
 

Table 5.6. Response satisfaction rating of 
governing body (%) for each level of process 

parameter of stone 

 
 
CONCLUSION 
 
The Taguchi method is a quite effective and powerful 
technique in determining the optimal parameter 
setting from the available data. The response study 
helps in finding the influence of factors on a 
particular response. The following conclusions are 
drawn from the study: 

 

1. From the analysis it has been found that 
optimal parameter setting with cost of iron bar 
= 3300 Rs, transportation cost =800 Rs, 
strength of iron bar = 500 N/݉݉ଶ will result in 
maximum satisfaction ration of governing 
body. The response study clearly shows that 
the cost of iron bar per quintal has larger 
influence on satisfaction rating followed by 
strength of iron bar and transporting cost. 

2. The optimal parameter setting having cost of 
stone trolley = 1700 Rs, wastage/defect % per 
trolley = 2 % and life cycle of stone = 90 yrs 
will help in obtaining the maximum 
satisfaction rating of governing body. The life 
cycle has the most influencing effect on 
governing body satisfaction rating which is 
then followed by waste/defect % per trolley 
and cost of stone per trolley. 
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