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Abstract: In order to improve the productivity of construction projects and achieve reliable workflow, it is 
necessary to quantify the eventual goals for the target process assessment. This research explores the feasible 
solutions for the construction performance improvement by use of the six-sigma principle, which provides 
appropriate boundaries of controlling critical sources of the variability. Then, a case study is performed with an 
aid of a simulation tool toward the end of this paper. 
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1. INTRODUCTION 
 
In the pursuit of the construction productivity, it is 
important to ensure the quality of work processes and 
improve the overall performance. There have been a 
number of construction productivity improvement 
techniques such as lean production, just-in-time, pull-
scheduling, last planner, etc. However, most of the 
results fell short of our expectations due to the lack 
of practical techniques in estimating the defect rates 
of production activities. 
In order to estimate the defect rates in reasonably fast 
and accurate manners, this research introduces the 
six-sigma principle which is known as the innovative 
process management strategies at a corporate level in 
the manufacturing industry. The six-sigma principle 
may also be applied to construction projects. In 
construction industry, the use of the six-sigma 
principle for the performance assessment has started 
to appear early in 2000. However, the researches so 
far have been limited to the descriptions of the six-
sigma principle and almost no project-oriented 
construction case study has been reported. This study 
focuses on the development of the general 
methodology of using six-sigma principles for 
construction projects in terms of the productivity 
improvement and the methodology. This has been 
verified through a case study.  
Many researchers have so far developed various 
techniques for operation process improvement. Being 
partly and individually adopted for specific aims, 
they have been strategically utilized in combination 
with one another and recently are being designed to 
realize the innovative lean process. However, the 
techniques actually place their focuses more on 
effectiveness in the process of achieving project goals 

than on efficiency which has been an important issue 
in traditional production systems. This impedes our 
full grasp of definite distinction of the newly 
emerged notion, that is to say, the pursuit of process 
effectiveness from the existing efficiency-oriented 
consideration. 
Typical construction work is so fragmented that it 
needs to be performed in accordance with a 
predetermined schedule. For this reason, the highest 
priority is placed on the cost and time reduction using 
resource optimization techniques. It might be difficult 
to improve the process effectiveness without a 
substantial performance improvement through 
ensuring the process efficiency. Furthermore, a 
reasonable quantitative indicator for the performance 
improvement is needed to help the field manager set 
out a definite goal. The performance indicator also 
motivates field managers for the process 
improvement.  
Since construction projects are not repetitive while 
manufacturing industry has stable and repetitive 
processes, it is required to understand the differences 
in applying the six-sigma principles.  
It is noticed that the assembling process is found in 
both manufacturing and construction work. In this 
research, an assembling process has been chosen as a 
sample application to the lowest-level activities and 
the noticeable findings are presented.  
Three phases are presented in this research: (1) 
strategy and procedure development for applying the 
six-sigma principle; (2) experimental investigation 
through the simulation with a real case; and (3) 
discussions on practical advantages of the six-sigma 
application to the construction process. 
 



2. THE CONCEPT OF SIX-SIGMA 
 
Recently, customer satisfaction has never been 
recognized as important as before. High quality (low-
defect) products are the key for the customer 
satisfaction. The corporate-level efforts for 
maintaining low and stable defect rate become a 
major issue of the company-wide marketing strategy. 
The discussion on six-sigma as one of these tools, is 
vigorously going on in order to meet overall 
customer satisfaction through achievement of near-
perfection in product by using statistical 
methodologies. The conceptual diagram of six-sigma 
quality control is presented in Figure 1. If normal 
value for a process is located at the midpoint between 
upper and lower limit, each one is 6σ away from the 
normal value. In short, the range of no defect is ±6σ 
from the normal. 
 

 

Figure 1. The Concept of Six-sigma 

 
The six-sigma movement is to begin with setting six-
sigma quality as a company-wide goal and to 
implement it through utilizing the necessary tools for 
reaching it. 
 

The six-sigma movement is to begin with setting six-
sigma quality as a company wide goal and to 
implement it through utilizing the necessary tools for 
reaching it. The meaning of defect, which was 
confined just to a product containing a flaw in 
manufacturing sector, is recently being extended to a 
variety of industries such as customer dissatisfaction 
in service industry or accuracy level of 
documentation in office, and the scope of quality 
management sigma is also expanding to include not 
only quality control but also six sigma management 
(Ahn et al. 2000). Six-sigma initiatives are 
implemented through DMAIC (Define, Measure, 
Analysis, Improvement, Control) problem-solving 
framework in Table 2. 
As discussed above, existing (general) methods for 
improving work processes include many problems in 
improving productivity of construction projects, but 
six-sigma, on the other hand, is a statistical approach 
that enables to set a sigma level as a goal to achieve, 
and to take action accordingly. To date, construction 
industry has shortcomings in systemically managing 
productivity and other performance indicators, and 
setting the clear objective of improving them, which, 
in addition, has contributed to limitations to process 
innovation in the construction site. 
Accordingly, in an attempt to overcome these 
limitations, construction industry needs to utilize six-
sigma principles and pursue process innovation 
systematically and statistically. Due to many large 
scale projects in construction industry, sophisticated 
variation management is required in order to ensure 
conformance to project requirements including safety, 
quality and duration. Therefore, six-sigma, the 
objective data-based and statistical methodology, can 
show greater effects on management of such main 
indicators in construction than other industries. 

 

Table 1. DMAIC Framework 

Phase steps Step description Associated tools and techniques 

 
Define 
 

 
What problem needs to be solved? 
 

 
Process mapping, brainstorming 
 

Measure 
 
 

What is the problem? 
What is the current performance? 
 

Pareto chart, control chart, 
process sigma calculation 
 

Analyze 
 

When, where and why do defects occur?
 

Cause and effect diagram, benchmarking 
 

Improve 
 
 

How can the problem be solved? 
 
 

Regression analysis,  multi-variable chart, 
cost analysis  
 

Control 
 
 
 

How the sustainable quality 
improvement can be done?  
 
 

Institutionalization of the improved process 
Process monitoring for continuous process
improvement 
 

 



3. STRATEGY FOR SIX-SIGMA 
IMPLEMENTATION 
 
Different from manufacturing industry, fragmented 
and project-oriented work processes are unique to 
construction industry. For successful application of 
six-sigma, construction industry needs its own 
strategy for successful implementation of six-sigma.  
 
3.1 Integration of six-sigma and other innovative 
methodologies 
 
For successful application of six-sigma, construction 
industry needs to clearly define strong and weak 
points of existing techniques for process innovation.  
It is necessary to maintain their advantages, which 
make the established infrastructure and strategies 
reused, and to overcome limitations through 
employing new concepts. Steel Case, Co., U.S.-based 
company, achieved improvements in cost, quality, 
and time reduction in cost and through incorporating 
lean manufacturing system and statistical tools for 
improvement in manufacturing process (Steel Case 
Corp., 2002). In addition, Kroslid(2001) concluded 
that integration of both lean and six-sigma can result 
in better performance. Kroslid also emphasized 
integration of lean manufacturing system and six-
sigma principles including implementation steps 
(DMAIC) through case study. Lean construction, 
therefore, can show better accomplishment when 
combined with six-sigma concepts. 
 
3.2 Phased application of six-sigma 
  
Unlike the manufacturing process, many construction 
activities are being done at large open land.  In 
addition, they have more uncertainties in spite of 
repetitiveness in work process. Therefore, it is 
important to select the work process similar to a 
manufacturing process which is usually sensible 
enough to reflect the impact from adjustment of 
process orders, resource level, etc. Prudent and 
systemized approach is required in selecting an 
activity applied to six-sigma concepts. 
This research suggests two steps to the phased 
application of six-sigma. The first one of two steps 
deals with processes similar to ones of manufacture 
such as assembling works which are main parts of the 
plant construction or the equipment installation 
projects. The second step includes more complicated 
construction process than process similar to 
manufacture’s. Second step needs a discreet and 
careful attitude in applying six-sigma. 
Performance measurement system is one of the most 
important support systems for deploying six-sigma 
concepts through construction processes. Prior to 
adopting six-sigma, construction companies should 
design their own basic strategies and policies in 
consideration of their conditions. 
In determining the performance indicators for six- 

sigma application, it is required to consider the 
distinction between not only those of each process 
but also key factors critical to project success for 
each construction phase. At this time, six-sigma 
methodologies are aiming at the broad process 
improvement and are required to select the process 
related to the subject CTQ in order to avoid 
interrupting the continuous effect of process 
improvement not only those of each process but also 
key factors critical to project success for each 
construction phase. At this time, six-sigma 
methodologies are aiming at the broad process 
improvement and are required to select the process 
related to the subject CTQ in order to avoid 
interrupting the continuous effect of process 
improvement. 
CTQ (Critical Total Quality) means the key quality-
influencing element and the most related element to a 
process performance indicator in fact.  For instance, 
if productivity is used as its performance indicator, 
the reliability of resource flow can be set as a main 
CTQ due to the closest association with productivity.  
Generally, the mean and standard deviation of 
collected data are calculated, and then the present 
sigma level of the process is measured according to 
the defined performance standard after determination 
of process capability index CP with assumption of no 
skewness in data. 
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3.3 Basic Framework for the Six-sigma-based 
Management 
 
The six-sigma concept can be appropriately 
employed to the construction process control within 
the basic framework, as shown in Table 2, which is 
developed upon the previous fundamental researches. 
Closely associated with the existing techniques for 
the manufacturing process improvement, the six-
sigma-based management is applied in construction 
projects according to the strategies as depicted in the 
preceding sections. We repeat the consecutively 
organized steps of defining, measuring, analyzing 
and adjusting the input values so as to enhance the 
indices of process performance quality by 
continuously monitoring the outcomes and 
identifying potential problem areas. 
Considering the highly uncertain attributes immanent 
in construction processes, it is not so a practical way 
that the six-sigma level is strictly adopted for all 
cases when we control the variability of the above-
specified factors directly linked to process 
performance within a fixed narrow range. Provided 



with quantitative goals by the degree of the sigma 
level, therefore, proceeding with relevant efforts of 
process assessment and management, as such, need to 
be more emphasized than attaining the six-sigma 
quality. On the other hand, to describe important 

topics we consider last but not least when the general 
six-sigma application procedure, DMAIC, is 
imported into the construction process management, 
its special characteristics different from other 
industries should be fully incorporated at each phase.

 

Table 2. Basic Framework for the Six-sigma Application to Construction Projects 

Indicators influencing on 
process performance (input) 

Six-sigma application procedure 
( DMAIC ) 

Indices of performance 
improvement (output) 

 
Material quality 

Safety measures 

Buffer size 

Idle time of labor 

Idle time of equipment 

Variations in cycle time 

Earned value achieved 

 

 
Improvement achieved through minimizing
waste and establishing quantitative targets 
based on the six-sigma application strategy 

 
Cycle time reduction 

Efficiency improvement 

Productivity improvement 

Increased amount of works 

Buffer size optimization 

 
 

4. CASE STUDY: Iron-reinforced-bar 
Assembling Process 
 
To demonstrate the advantages of the six-sigma-
based management strategy suggested in the previous 
section, we targeted an assembly work at the lowest 
level of an entire construction process and did 
comparative analyses of its performance 
improvement with an aid of a simulation tool. Among 
the power line construction was an iron-reinforced-
bar assembling process selected for the case study, 
and EXTENDTM+BPR was employed to develop the 
simulation models. 
 
4.1 Definition of CTQ 
 
In this case, productivity improvement level was set 
as the principal indices of process performance 
quality to begin with. Then, we identified the factor 
which is most closely linked with productivity by 
observing process variations. Through a repeated 
analyses with various independent variables, the 
degree of variations in work process cycle time was 
found to be as CTQ. 
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σSubsequently, it was needed to determine the target 
CTQ in order to evaluate the current process status 
and establish the improvement goal. Figure 2 
displays the cycle time variations for a relatively long 
period of the assembly works. Reasonably guessing 
from this distribution with some extraneous points 
taken into account, we fixed 40 minutes as the target 
CTQ to achieve a desirable productivity. 
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Figure 2. Cycle Time Variations 
 

Based on the target CTQ, we found from the 
equations (1) and (2) that the current defect rate 
which assumes the possibility of cycle time over 40 
minutes was represented as 1.41-sigma level. This is 
yet far below the six-sigma level, thus it is required to 
set up the strategies to improve work flows and 
accordingly enhance the process reliability. 
 

  
(1) 

     
(2) 

 
 
On the other hand, further analyses revealed the 
buffer size had the most critical influence on the 
assembly work cycle time. Therefore, through the 
buffer size optimization we improve the sigma level 
in CTQ and make progress in the entire process 
performance. 



4.2 Improvement of CTQ 
 
The improvement has achieved in two phases: (1) the 
improvement by the modification of the assembling 
process; (2) the improvement by the resource buffer 
size optimization.  
Before the process modification and resource 
optimization, the resource level was 8.4, and sigma 
level was 1.41. After the process modification 
(Column 1 and 2 of Table 3) productivity has 
improved by 0.003 while sigma level reached only 
1.72, which is not a sufficient improvement both in 
terms of productivity and sigma level.  
After the buffer size optimization, the targeted result 
(six-sigma level) has been obtained. By increasing 
the buffer size from 11.5, 14.5, and 19.2, the 
productivity has improved to 0.055, 0.06 and 0.061, 
respectively. Sigma level has also improved as high 
as 6 when the buffer size is 19.2. However, the 
productivity has risen by only 0.001 by adding 4.7 
resource unit and 1700 cost unit.  
Therefore, it is suggested that 14.5 is the most 
economic buffer size, maintaining reasonable 
productivity and sigma level.  
 

Table 3. Performance Index by Buffer Size 

Buffer Size (ton) Item 
 8.4 8.4 11.5 14.5 19.2
 
Productivity (ton/min) 
 

 
0.049 

 

 
0.052 

 

 
0.055 

 

 
0.06

 

 
0.061

 
Total Cost (\10,000) 
 

940 
 

980 
 

1220 
 

1,440
 

1,610
 

Additional Cost 
(\10,000) 
 

350 
 
 

350 
 
 

550 
 
 

720
 
 

885
 
 

Throughput (ton) 
 

236 
 

252 
 

268 
 

288
 

290
 

Cycle Time (min) 
 

162 
 

150 
 

154 
 

159
 

160
 

Cycle Time 
Sigma Level 
 

1.41 
 
 

1.72 
 
 

2.58 
 
 

3.64
 
 

6 
 
 

 

4.3 Result Analysis 
 
According to the simulation results that depicted 
fluctuations in the sigma level, the process reliability 
in terms of variations in the various performance 
indices can be evaluated in the midst of productivity-
cost tradeoff relationships and about 20 tons of the 
total material stock is required to last during the 
targeted assembling work period in order that the 
process cycle time should not lapse into excessive 
volatility which assumes the defect rate of not 
reaching the degree of the six-sigma level. However, 
there exist spatial limitations to the sufficient 
inventory status and furthermore the maintenance 
cost escalates as the storage volume grows, thus it is 
recommended that we regulate the storage between 

14.5 and 19.2 tons so as to have the work efficiency 
remain as high as the process reliability is attained to 
a satisfactory level. 
The graph that describes the relationship of the sigma 
level in CTQ and productivity appears in Figure 3. 
We can find out the productivity gradually improves 
while the cycle time variation ranges are getting 
narrower from the 40-minute width which was set as 
a standard performance measuring criterion and it is 
also observed that around the 4 sigma level the 
improvement comes to its upper limit achievable 
through the control of variability in CTQ. 
To confirm this phenomenon from a different point 
of view, Figure 4 suggests the simulated plotting of 
the material storage-productivity relationship, which 
takes on almost the same curved shape as that in 
Figure 3. 
On the other hand, Figure 5 graphically shows the 
linear incremental relationship between the storage 
and the cost. This trend being compared with the 
previous results as to the process efficiency 
improving aspects, it is necessary to assess the 
optimum inventory level where we can expect a 
desirable productivity at a reasonable expense. 
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Figure 3. Relationship between Sigma Level 
in CTQ and Productivity 
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Figure 4. Relationship between Storage Volume and 
Productivity 
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We have concluded that the six-sigma-based 
management strategy can allow more enhanced 
benefits in real process improvement than do the 
existing techniques. The former provides especially a 
definite objective of the six-sigma level to ongoing 
process managerial measures while the latter requires 
quantifiable criteria to proceed with additional 
improvements. 
 
5. CONCLUSIONS  
 
The six-sigma concept is a corporate-level innovative 
management discipline currently prevalent in the 
manufacturing industry. This research explored the 
reasonable strategies for the improvement of 
construction process and productivity by combining 
the six-sigma with the idea of lean construction. 
In-depth comparative analysis was done on the 
existing methods for performance improvement and 
the advantages of the six-sigma principle over the 
traditional techniques were identified. Subsequently, 
a basic scheme promoting the practical applications 
of the six-sigma concept to construction projects was 
suggested along with a general framework 
incorporated with the strategies. Then, according to 
the proposed procedure of the six-sigma applications, 
the existing process was improved in various ways 
through a case study of the standard unit activity 
groups. 
The improvement levels targeted for the variations in 
the amount of resources and the indicators of work 
process performance were set in terms of the six-
sigma concept. Consequently, with the help of 
computer simulations, the overall construction 
performance improved as the degree of sigma level 
advanced through the control of CTQ. 
As a result, it is concluded that the six sigma 
principle has brought more benefits in generating the 
optimized solution sets from initial performance 
indices as the target processes become complicated 
and extended.  
In order to enhance the practical effectiveness of the 
six-sigma-incorporated strategy, it is required that 
various aspects of the process should be studied using 
more generic construction project cases for a long 
period of time. The framework suggested in this 
study can be continuously enhanced in accordance 
with resulting performance by differing input 
variables. Furthermore, the systematic guidelines on 
the CTQ control of various target factors need to be 
developed based on the diverse characteristics of 
various companies because the customization of the 
six-sigma strategy facilitate construction firms to 
achieve their own process evaluation paradigm. 
To achieve the aforementioned objectives, an 
advanced methodology for the financial feasibility 
analysis should be developed before the 
implementation of the six-sigma principle to a real 
project. It will provide the basis on which the 

improvement targets can be selectively chosen based 
on the practical benefits. 
Consequently, an integrated management system 
should be established to regulate the variations of all 
the process constituents through the overall 
performance quality assessment.  
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