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Abstract: Six Sigma was developed in 1980’s in manufacturing industry & became popular as process improvement 

method. Although Six Sigma has been implemented in the manufacturing & other services industries, it is still relatively 

a new concept in the road construction industry. This paper includes the detailed methodology of Six Sigma. The market 

survey about need of process improvement is done particularly to know concepts of quality, cost, productivity, 

productivity time, customer satisfaction and use of Six Sigma within road construction industries and a case study on 

how Six Sigma can be implemented on construction work of a public building to minimize defects and thereby to 

improve quality of work. 

Particularly Six Sigma can provide a broader quality concept, detailed performance measurement, coordinated & 

repeatable performance improvement. Six Sigma is discussable within construction context due to differences of 

manufacturing & construction industry. Taking everything in consideration, it is obvious that Six Sigma has a lot in 

order to accelerate fundamental & cultural challenges construction industry needs. 
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I. INTRODUCTION 

Construction management and technology are the two key factors influencing the development of the construction industry. 

The productivity of the construction industry worldwide has been declining over the past 40 years. One approach for 

improving the process is using Six Sigma concepts in construction. Six Sigma is a quality improvement technique based 

on statistics was used firstly by Motorola in 1980s by Bill Smith of Motorola to decrease cost, increase quality by improving 

process and reduce the production time. It received little publicity until late 1990s. Six Sigma results the application of a 

new form of management technique to construction. In general, six sigma projects are easier to manage, safer, completed 

sooner, and cost less and are of better quality. Sigma within construction context becomes an interesting research question 

considering quality, performance and management aspects. Six Sigma is a quantitative approach for improvement with the 

goal of limiting defects from any process, specially a numerical goal of 3.4 defects per million opportunities (DPMO). Six 

Sigma is reportedly easier to apply than many other quality management programs because it provides information about 

the change needed and the programs to execute the change. The strategy it uses is a five step improvement process: Define 

Measure, Analyze, Improve and Control (DMAIC). This process is deeply integrated with the overall goals of the 

organization and as such, requires top down implementation. Six Sigma is more intense, focused and detail than any other 

quality improvement techniques.  

1.1 Purpose & Objective of the Research 

1. To study the Six Sigma concept 

2. To check the awareness of process improvement (Six Sigma) in market. 
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3. Applying DMAIC technique of Six Sigma methodology on road construction work. 

4. Compare Six Sigma value results of regular method of working and Six Sigma methodology. 

1.2  Scope of the study  

Six Sigma can be implemented in different types of construction   projects and site environment such as: Industrial and 

residential projects, transportation, water, power plant, structure, etc. That’s why; this study will attempt to cover site and 

office based operations of construction project. Considering the mentality differences between various contractors, 

builders, consultants, project managers, site and office engineers, it is important to reflect their ideas and perspectives about 

process improvement. 

II. LITERATURE REVIEW 

 

 Harry and Schroeder (2000), who are the key developers and proponents of the Six Sigma program at Motorola, 

defined Six Sigma as ‘‘a disciplined method of using extremely rigorous data gathering and statistical analysis to 

pinpoint sources of errors and ways of eliminating them.’’[1] 

 Snee (2000) indicated that ‘‘Six Sigma should be a strategic approach that works across all processes, products, 

company functions and industries.’’[2] 

 Chowdhury (2001) explained that Six Sigma represents a statistical measure and a management philosophy that 

teaches employees how to improve the way they do business, scientifically and fundamentally, and how to maintain 

their new performance level. It gives discipline, structure, and a foundation for solid decision-making based on simple 

statistics.[3] 

 Pande et al. (2000) defined Six Sigma as (1) a way of measuring processes, a goal of near perfection represented by 

3.4 defects per million opportunities (DPMO) ; and more accurately, (2)  a comprehensive and flexible system for 

achieving, sustaining, and maximizing business success. It is uniquely driven by a close understanding of customer 

needs, disciplined use of facts, data, and statistical analysis, and diligent attention to managing, improving, and 

reinventing business processes.[4] 

 Pande and Holpp (2002) defined Six Sigma as (1) a statistical measure of the performance of a process or a product; 

(2) a goal that reaches near perfection for performance improvement; and (3) a system of management to achieve 

lasting business leadership and world-class performance.[5] 

 

2.1 SIX SIGMA METHODOLOGY: DMAIC  

The standard Six Sigma methodology consists of five phases: Define Measure, Analyze, Improve and Control (DMAIC). 

It sequences the steps that are essential to achieving results and briefs as follows: (1)Define: this phase is to define the 

requirements of customers, the scope of processes to be investigated. Project targets then set based on the customer’s 

requirements.  

(2)Measure: identify the key metrics, possible factors that affect the key metrics, the data collection plan, and execute the 

plan of data collection. And also preliminarily analyze the causes that result of variation.  

(3)Analyze: Analyze the data collected and the process to determine the root causes of the problem that need to be 

improved.  
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(4) Improve: verify the relationship of key root causes that affected the variation of the key metrics. Then, aim the key 

factors and develop solutions to improve the process or production tools. Plot them on a small scale to determine if they 

positively improve the process performance, Successful improvement methods are then implemented on a wider scale. 

Results of process changes are quantified. 

(5)Control: develop and implement a control plan to ensure that performance improvement re-mains at the    desired level. 

The process have to be monitored to prevent abnormal changes occurred.  

 

2.2 DPMO 

The sigma concept of measuring defects was started by Motorola in the early 1980s as a way to develop a universal quality 

metric that applied regardless of product complexity or dissimilarities between different. products or processes. Higher 

sigma values indicate better products or processes with fewer numbers of defects per unit of product or service. Products 

produced at a Six Sigma level of quality operate virtually defect-free by definition, with only 3.4 defects per million 

opportunities (DPMO) as shown in Table-1. Through Six Sigma, every measurable can be compared on the same platform 

through converting yields or DPMO to sigma level, no matter how different they may be. All the organization needs to do 

is to set out guidelines in determining measurable during implementation. 

Table-1: Basic Six Sigma Conversion Table [6] 

 

   

 

 

            

 

 

 

 

 

III.       CASE STUDY 

A) Market survey about need of process improvement: 

To know need of process improvement in market the survey is taken of 60 people within construction context at Dhule and 

nearby zones (Maharashtra). The questions regarding quality, cost, productivity, productivity time, customer satisfaction 

and need of Six Sigma are asked and average ratings are calculated and shown in the form of graphical representation 

shown below; 

 

Basic Sigma Conversion Table 

Yield=Percentage of items 

without defects 

Defects per million 

opportunities (DPMO) 

Sigma Level 

30.9 690 000 1 

69.2 380 000 2 

93.3 66 800 3 

99.4 6 210 4 

99.98 320 5 

99,9997 3.4 6 
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Graph 1- Market survey about need of process improvementin construction 

 

B) Applying Six Sigma for Four laning project of NH-6 from Fagane-Songarh Expressway: 

An example of how Six  Sigma may be applied for improving the quality of construction of “ Four laning project of NH-6 

from Fagane-Songarh Expressway” is now described. It comprising of total 141 km distance from Fagane (Maharashtra) 

to songarh (Gujarat). Amongst that 5 km on left of camp location & 5 km on right of camp location are selected for study. 

A checklist is prepared for four layers of road construction i.e. Subgrade, Sub Base, Base course, Wearing course 

preparation work, which covers various points whose quality needs to be checked. The checklist as shown in table is 

prepared. The data is filled in the checklist for 5 km on left side of camp location i.e. before application of Six Sigma. the 

one which confirms to standards over 85% are marked as ‘‘√’’ else who’s standards are below 85% are marked as ‘‘×’’. 

The number of ‘‘×’’ leads ‘o’ defects and the total number of checks leads to opportunities. To reiterate, the architectural 

elements associated with internal finishes are most visible to the naked eye. It is necessary to reduce the incidence of defects 

associated with quality of road in order to eliminate the number of complaints relating to poor performance of road by 

users and to reduce the number of accidents due to poor quality of road. For this purpose following components are selected 

as prominent zones. 

i.  Regular method of Four laning project of NH-6 from Fagane-Songarh Expressway: 

For 5 km on Left 

Quality

Cost

Productivity

Productivity time

Customer
Satisfaction

WEARING COURSE 

STEPS OF ROAD CONSTRUCTION 

FOR 

SUBGRADE 

PREPARATION 

FOR SUB BASE 

COURSE 

FOR BASE 

COURSE 

FOR WEARING 

COURSE 

CLEANING & 

GRUBBING OF SITE 
×  ×  

LEVELING OF 

SURFACE 
    

WATER SPREADING 
 

 
   

QUALITY OF 

MATERIAL USED 
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Calculations for Sigma value: 

The DPMO (defects per million opportunities) formula is used: 

DPMO= (No. of defects) / (No. of opportunities*No. of units)*1,000,000 

The DPMO relating to the internal finishes of building A unit recently completed by Contractor was then calculated based 

on the data collected and presented in Table1. 

DPMO= (No. of ‘‘X’’ in the data collection sheet)/ (No. of opportunities of defects*No. of units) *1,000,000 

DPMO= (14)/ (58*1)*1,000,000=241379 

MATERIAL TESTING 

& SAMPLING 
    

PARTICLE SIZE OF  

MATERIAL 
 

×   

MIX PROPORTION 
     

SPREADING OF 

MATERIAL/MIX 
×     

THICKNESS OF 

LAYER 
 

×   
 

NUMBER OF PASSES 

COMPLETED BY 

ROLLER 

× × × × 

 

DESIRED 

COMPACTION VALUE 
× × ×  

 

CBR VALUE 
    

PROVISION OF 

PRIMER COAT 
- - -  

PROVISION OF 

DRAINAGE LAYER 
- - × - 

TEST ON BITUMEN - -  × 

TOLERANCE FOR TOP 

OF  LAYER 
    

PROVISION OF 

CAMBER 
- -   

NO. OF DEFECTS 04 04 04 02 

NO. OF CHECKS 13 13 16 16 

TOTAL NUMBER OF DEFECTS                                        14 

TOTAL NUMBER OF CHECKS/OPPORTUNITIES 

FOR DEFECTS 
58 
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Based on the sigma conversion table in Table-1, the equivalent sigma for 241379 DPMO was approximately 2.2σ and 

according to belt holders it was decided that 2.2σ was not acceptable where quality of internal finishes is concerned. So a 

decision was made to apply Six Sigma on Building B which is identical to building A to improve the quality of work. 

ii. Applying Six Sigma methodology for Four laning project of NH-6 from Fagane-Songarh Expressway: 

For 5 km on Right 

WEARING COURSE 

STEPS OF ROAD CONSTRUCTION 

FOR 

SUBGRADE 

PREPARATION 

FOR SUB BASE 

COURSE 

FOR BASE 

COURSE 

FOR WEARING 

COURSE 

CLEANING & 

GRUBBING OF SITE 
    

LEVELING OF 

SURFACE 
    

WATER SPREADING 
 

 
   

QUALITY OF 

MATERIAL USED 
    

MATERIAL TESTING 

& SAMPLING 
    

PARTICLE SIZE OF  

MATERIAL 
 

×   

MIX PROPORTION 
     

SPREADING OF 

MATERIAL/MIX 
     

THICKNESS OF 

LAYER 
    

 

NUMBER OF PASSES 

COMPLETED BY 

ROLLER 

    

 

DESIRED 

COMPACTION VALUE 
×  ×  

 

CBR VALUE 
    

PROVISION OF 

PRIMER COAT 
- - -  

PROVISION OF 

DRAINAGE LAYER 
- -  - 

TEST ON BITUMEN - -  × 
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Calculations for Sigma value: 

 

DPMO= (03)/ (58*1)*1,000,000=51724 

Based on the sigma conversion table in Table-1, the equivalent sigma for 55000 DPMO was approximately 3.31σ  

 

Remark: By comparing both the above processes we get the increase of 1.11σ in building B by application of DMAIC 

technique of Six Sigma methodology. 

IV. CONCLUSION 

1. The market survey shows that, there is a desperate need of process improvement where the quality concept is 

concerned.  

2. Although Six Sigma is a relatively new quality initiative in the road construction industry, the results of this case 

study show that it can be implemented and can minimize the defects.  

3. By comparing the regular method of working for road construction work of 5 km on Left side of camp location 

with DMAIC technique of Six Sigma methodology applied for 5 km on Right side of camp location, we get the 

increase of 1.11σ on Right side of Camp location. 
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TOLERANCE FOR TOP 

OF  LAYER 
    

PROVISION OF 

CAMBER 
- -   

NO. OF DEFECTS 01 01 01 00 

NO. OF CHECKS 13 13 16 16 

TOTAL NUMBER OF DEFECTS                                        03 

TOTAL NUMBER OF CHECKS/OPPORTUNITIES 

FOR DEFECTS 
58 
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