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Abstract— In the present scenario  all the industry wants to 

increase the productivity by reducing the unnecessary 

operation, barriers, losses and environmental pollution can 

help for winning the trust of customers and have 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 in the one most factor for saving cost 

by procure better product in right place for good quality 

product for  right time in right place for continuous work of 

our organization or company. In procurement decision 

generally involved making buying decision under condition 

of scarcity. With the help of data analysis, it becomes easy 

to make use of economic analysis method such as cost-

benefit analysis or cost utility analysis. The ANOVA test 

analysis for mixture machine, labour, steel and stone gives 

significant result of three procurement parameters i.e. Cost, 

Quality, Time are considered in which to draw plot graph 

and mathematical calculation and the result highly quality 

by help of Taguchi method in order to optimize the 

procurement process parameters for reducing the total cost 

of project. 
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I. INTRODUCTION 

In this 21st century manufacturing industries based on the 

automated machine or equipment to minimize the human 

interference. It has been noticed that, there has been a 

drastic change in the manner in which industry is 

works many years ago and now. Due to the improvement in 

the technology, you can see all the areas of industry have 

been developed. 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 involved large number of 

supply/supplier source is available with the different cost 

and other liabilities of material property while reach at most 

effective proposal. The number of parameter is introduced in 

procurement when procurement decision is taken with 

respect to cost, lead and quality of the material being 

purchase. The optimal level of process parameter 

characteristic level is assumed for analysis and calculation 

of S/N ratio generated. The ANOVA test gives the 

significant result of parameter of the work piece such that 

the Taguchi Method is used as technique to robust design to 

process parameter [1]. 

II. LITERATURE REVIEW 

The challenge of modern machining industries is mainly 

focused on the achievement of high quality, in terms of 

work piece dimensional accuracy, surface finish, high 

production rate, less wear on the cutting tools, economy of 

machining in terms of cost saving and increase the 

performance of the product with reduced environmental 

impact. The ratio between costs and quality of products in 

each production stage has to be monitored and immediate 

corrective actions have to be taken in case of Deviation from 

desired trend [2]. Taguchi method stresses the importance of 

studying the response variation using the signal-to-noise 

(S/N) ratio, resulting in minimization of quality 

characteristics variation due to uncontrollable parameter. 

The procurement process was considered as the quality 

characteristics with the objective of minimizing the Costs 

involved in the process of procurement [3]. 

To determine the optimal setting of procurement 

parameters for a construction industry using Taguchi 

Method (DEO) and explained the importance of 

construction industry is mainly depend on process parameter 

and purchase strategy [4]. It improve the development of 

engineering design for information of variation in process 

and also cost and quality. They do their work on three 

different parameter of procurement process there are i.e. 

time, quality, and cost [5]. There are some waste which are 

reduced by this method as process time waste, waiting time 

waste, level of inventory, transportation, motion, over 

production, and defect they are the waste which is reduced 

by this methodology by using Taguchi Methodology [6]. 

The Taguchi method is help to investigating how 

different element of parameter is affected mean value and 

variation of the process characteristic and decide in which 

way it flourish to produce high quality product. Taguchi 

method is applied for design the orthogonal array and factor 

which affect the process with regarding level of data which 

are collected by the process work conditions [7]. To find the 

optimal parameter to create the signal – noise ratio and 

mean ratio with ANOVA test and the result is as following 

by analysis data [8]. Many problem in faces by author for 

this the use for the solve problem and optimized the turning 

parameter by Taguchi Method, it is a power full technique to 

optimized the process parameter. The experiment is 

continuing by Minitab16 and the S/N ratio is obtained the 

optimum parameter setting to carry out the ANOVA test 

then the corresponding significant parameters [9]. 

III. PHILOSOPHY OF THE TAGUCHI METHODOLOGY 

1) A product quality should be designed, not inspected 

into it; the product quality is designed of the product in 

this method for specific target of the qualitative 

product, but this case not inspection if performed. 

2) The ratio of signal to noise is high means the quality of 

product and uncontrollable factor both ratio is always 

high. 
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3) The cost of poor quality product is incurred by the 

customer or society is measured as loss function. 

IV. ANALYSIS OF VARIANCE (ANOVA) 

1) Analysis of Variance (ANOVA) is a method for testing 

the hypothesis that there is no different between two or 

more factor means (usually at least three). 

2) Often used for testing the hypothesis that there is no 

difference between a number of treatment.  

3) Used to test for significant differences among sample 

means. 

4) An ANOVA test is show there one or more sample 

means are significantly different from each other. 

V. METHODOLOGY 

The methodology shown below will provide the details that 

which element is required to procurement to get the better 

result and thus in this way the cost of the construction 

reduces. A Quality engineering tool that is “Taguchi 

Methodology” is the important part of “Design Of 

Experiment” and ANOVA test is performed to get the 

significant factors which shown below in the methodology. 

To optimize three (cost, quality and time) basic parameters 

and the material (Mixture Machine, Labour, Steel and 

Stone) used in the construction work for that related data 

collected and the methodology used is given below:  

 
Fig. 1: Details of Methodology 

A. Use of Taguchi Methodology for Optimization Analysis 

of Procurement Process of Construction Industry: 

1) Mixture Machine 

Process Parameter of Mixture Machine 

Level 
Cost 

(A) 

Maintenance Cost Per 

Year (B) 

Salvage Life In 

Year 

1 60000 700 4 

2 70000 1000 5 

3 90000 1500 8 

Table 1: Level and Parameter Setting Table 

The above table 5.1 shows that procurement of mixture 

machine has taken for three parameter that is cost of the 

procure machine, maintenance cost of machine in a year, 

and the salvage life of machine in year.  For this parameter 

data collected for the three level cost of machine is 60000, 

70000, 90000 and the maintenance cost for 700, 1000, 

1500,and the salvage life is around the 4, 5, 8 year. 

2) Observation of Run 

The above table 5.2 is the Taguchi method table which for 

the observation run by the Taguchi method, the first column 

of the table is the experiment number the total number of 

experiment is 9th number of different-different parameter 

and level combination table, the second column of the table 

is cost of the  mixture machine, the 3rd number of column is 

the maintenance cost of the machine of every year spent by 

the contractor and the 4th number table is the salvage life in 

the year and the fifth table is the response table by given the 

owner or contractor of work project and the last column of 

the table is signal to noise ratio which is followed by the 

Minitab software. 

Number 

of 

experim

ent run 

Cost 

of the 

machi

ne (A) 

Maintena

nce cost 

of the 

machine/ 

year (B) 

Salva

ge life 

in 

year 

(C) 

Loss 

born by 

contract

or (D) 

SRN

A1 

1 60000 700 4 73 

-

37.26

65 

2 60000 1000 5 76 

-

37.16

63 

3 60000 1500 8 55 

-

37.80

73 

4 70000 700 5 71 

-

37.02

52 

5 70000 1000 8 60 

-

35.50

30 

6 70000 1500 4 79 

-

37.95

25 

7 90000 700 8 63 

-

35.98

68 

8 90000 1000 4 98 

-

39.82

45 

9 90000 1500 5 78 

-

37.84

19 

Table 2: Taguchi orthogonal table 

3) Optimal Parameter Setting 

In this table 5.3 shows the responses in which smaller is 

better and figure 5.1 shows the main effect plot for S/N 

ratios given below 

Level A B C 

1 -36.56 -36.76 -38.35 

2 -36.85 -37.67 -37.49 

3 -37.88 -36.87 -35.45 
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Delta 01.32 00.91 02.90 

Rank 2 3 1 

Table 3: Response for signal to noise ratios 

 
Fig. 2: Effect of Process Parameter on Average S/N Ratio 

In the above Fig. 5.1 in which “smaller is better” is 

selected for mixture machine optimization, it is clear that the 

graph of mixture machine is the increase the cost machine in 

Rs.90000 to Rs. 70000 and again it increase to third point 

means Rs. 70000 to Rs. 60000 so the concluded is that the 

60000Rs. is suitable cost of procure the mixture machine 

and also for the maintenance cost of mixture machine is 

show that the maintenance cost is decrease the Rs. 700 to 

Rs. 1000 and it’s again increase to third point of Rs. 1000 to 

Rs. 1500, so the concluded is find that 700 is suitable price 

for maintenance. 

For the process parameter of third salvage life the 

graph of S/N ratio is clear that the 8 year of salvage life if 

better for procurement of machine because the 8 year of 

salvage is higher point in S/N ratios in show the graph. So 

the final output result of mixture machine optimal parameter 

setting of Taguchi Methodology is concluded as A1, B1 and 

C3 is the best result for the procurement of mixture machine 

of construction industry. 

4) Analysis Of Variance (ANOVA) 

The analysis of variance is help to find out which parameter 

of process is significantly affect the process of procurement 

of mixture machine mainly; the contribution of all parameter 

is also shown the table. The test of ANOVA is show the 

below table: 

Source DF Adj SS Adj MS F-value P-value 

A 2 233.56 116.78 8.28 0.108 

B 2 137.56 68.78 4.87 0.170 

C 2 890.59 445.44 31.57 0.031 

Error 2 28.22 14.11   

Total 8 1290.22    

Table 4: ANOVA Result for mixture machine 

5) Regression Equation 

Response = 72.56-4.56*A-6000-2.56*A-70000+7.11*A-

90000-3.56*B-700+5.44*B-1000-1.89*B-1500+10.78*C-

4+2.44*C-5-13.22*C-8 

The analysis of variance (ANOVA) is tests which 

show that the parameter is significantly affect the process of 

selection of machine in construction industry. The result of 

ANOVA shown in Table 5.4 ANOVA result is clearly show 

that the factor C* is the significantly affect the process of 

mixture machine so can always take care this factor that is 

the cost pay due to maintenance and some other factors.  

a) Steel 

It is the base material of construction industry because it is 

the highly cost procured material of construction industry. 

So the optimization is needed in the selection of steel 

procured parameter. 

B. Process Parameter for Steel/Iron Bar 

Level 

 

Cost per 

quintal (A) 

Transporting 

cost (B) 

Strength of 

iron in N/𝒎𝒎𝟐 

(C) 

1 3100 500 400 

2 3300 600 450 

3 3500 800 500 

Table 5: Selection of Parameter & Level 

The above Table 5.9 is the process parameter of 

procurement of steel or iron bar. The optimization of iron 

bar procurement is most important factor because it is highly 

cost material of the all construction material so the selection 

of right quality product at right process is most important. 

The above table has three parameter of construction side 

with three different level data the first parameter of table is 

cost of iron bar of per quintal that is 3100, 3300, 3500. The 

second parameter is transporting cost of procured material 

that is 500, 600, and 800. And the third parameter is strength 

of iron bar that is 400, 450 500. The response of quality and 

strength of iron bar is show below table 5.10 according to 

performance of iron reliability. 

1) Observation Run 

Number 

Of 

experim

ent 

run 

Cost 

of 

Iron 

bar 

per 

quint

al 

(A) 

Transpor

ting 

cost (B) 

Qualit

y 

/stren

gth 

of 

iron 

bar 

N/

𝒎𝒎𝟐 

(C) 

Satisfact

ion 

rating of 

contract

or 

(D) 

SNR

A1 

1 3100 500 400 55 
34.80

73 

2 3100 600 450 63 
35.98

68 

3 3100 800 500 70 
36.90

20 

4 3300 500 450 88 
38.88

97 

5 3300 600 500 95 
39.55

45 

6 3300 800 400 84 
38.48

56 

7 3500 500 500 85 
38.58

84 

8 3500 600 400 75 
37.50

12 

9 3500 800 450 79 
37.95

25 

Table 6: Taguchi Orthogonal array 

The above table is the Taguchi orthogonal array table of L9 

orthogonal experimental design in which there are 9th 

experimental combination of different-different parameter 
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and their level. Total row of table in 9 and column if 6 with 

adding of SNRA1 

2) Optimal Parameter Setting 

Table 5.11 shows the Responses for Signal to Noise ratios in 

which larger is better and figure 5.3 shows the related main 

effect plot for S/N ratios 

Level A B C 

1 35.90 37.43 36.93 

2 38.98 37.68 37.61 

3 38.01 37.78 38.35 

Delta 03.08 00.35 01.42 

Rank 1 3 2 

Table 7: Responses for Signal to Noise ratios 

 
Fig. 3: Effect of Process Parameter on Average S/N Ratio 

In above figure 5.3, the graph shows the main 

effect plot of Signal to Noise ratio shows that the parameter 

cost of the construction iron bar is increase from Rs.3100 to 

Rs.3300 and again it decease to third level that mean 

Rs.3300 to Rs.3500. from it concluded that the suitable price 

of iron bar is Rs.3300 is right optimal setting of procure iron 

bar and also for the transporting cost of iron bar in graph is 

increase the first level of Rs.500 to Rs.600 and again it 

increase to third level of Rs.800. from it concluded that the 

prise of Rs.800 is the suitable rate of procured iron bar. 

The third parameter of iron bar procurement is the 

relative strength of iron bar is increase to respectively level 

one to two and again two to third so the concluded is that the 

strength of iron bar for procure is 500 N/𝑚𝑚2. So the final 

output of iron bar procurement optimal parameter setting is 

A2, B3, C3 (cost of the iron bar=A = Rs.3300, B= 

transporting cost = Rs.800, C= strength of iron bar =500 

N/𝑚𝑚2. 

3) Analysis Of Variance (ANOVA) 

Source DF Adj SS Adj MS F-value P-value 

A 2 1069.56 534.778 370.23 0.003 

B 2 0005.56 002.778 001.92 0.342 

C 2 0216.89 108.444 075.08 0.013 

Error 2 0002.89 001.444   

Total 8 1294.89    

Table 8: ANOVA result for iron bar 

4) Regression Equation  

D (satisfaction rating) = 77.111.14.444*A-3100+11.889*A-

3300+2.556*A-3500-1.111*B-500+0.556*B-600+0.556*B-

800-5.778*C-400-0.444*C-450+6.222*C-500 

The analysis of variance (ANOVA) is Give an 

analytical data which help to find out that which parameter 

is significantly affect the process parameter selection. The 

above table 5.12 shows the factor A* and C* is the most 

significantly affect the overall process. So select the quality 

iron bar which is always minded to the cost of iron bar and 

the strength for procurement process. 

C. The Factors Affected By the Construction Work 

The factors affect the overall construction work are 

observed through analysis are shown in the table 5.17 is 

obtained through the ANOVA test, now it become easy to 

select the parameters to reduce the overall cost of the 

construction work. 

Sources/ materials A B C 

Mixture Machine unaffected unaffected affected 

Labour affected unaffected unaffected 

Steel affected unaffected affected 

Stone affected Affected affected 

Table 9: Factors affected the construction material 

VI. CONCLUSION  

1) From the analysis it has been found that optimal 

parameter setting with cost of mixture machine = 60000 

Rs, Maintenance Cost per Year = 700 Rs, Salvage Life 

In Year = 8 years, will result in maximum satisfaction 

ration of contractor.  

2) The response study clearly shows that the salvage life 

of machine has larger influence on loss born by 

contractor followed by cost of the machine and 

maintenance cost of the machine. 

3) ANOVA study revealed that the salvage Life (C) of the 

mixture machine has significant effect on the loss born 

by the contractor. 

4) The optimal parameter setting with cost of iron bar = 

3300 Rs, transportation cost =800 Rs, strength of iron 

bar = 500 N/𝑚𝑚2 will result in maximum satisfaction 

ration of contractor.  

5) 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. 

6) ANOVA analysis indicates that the factors, cost of iron 

bar and strength of the iron bar has significant effect on 

the satisfactory rating of the contractor for iron bar 

selection. 
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