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Abstract - In recent times, construction defects have
become prevalent and frequently observed in construction
projects, particularly in those with inadequate management
or supervision at the site. A construction defect is considered
a significant error in the construction industry, which can
negatively impact the cost and reduce the value of a building
over time. These defects incur substantial costs, defined as the
expenditure required for rework resulting from such errors.
Resources such as work time, materials, and equipment usage
are consumed to rectify the defects. Additionally, time is lost
due to delays caused by these issues.In multi-storied
construction sites, defects are notably common during
construction activities. Therefore, it is crucial to identify
defects associated with substandard quality in construction
projects, whether they relate to architectural, structural, or
construction standards. Furthermore, various improvement
methods should be proposed to enhance the quality of
buildings by minimizing defects. One such method is Six
Sigma, a quality improvement approach widely implemented
in manufacturing and other industries. However, its
application is relatively new to the construction sector. This
paper delves into the foundational concepts of Six Sigma, its
principles, methodologies, and various mechanisms employed
to reduce defects. The findings indicate that adequate
training, management support, and minor adjustments to
current work procedures can significantly enhance quality,
ultimately boosting customer satisfaction, which is
paramount.

Key Words: Building defects, Construction defects, six
sigma, construction delay, DMAIC, poor workmanship.

1. INTRODUCTION :

A construction defect refers to the inadequacy or weakness
in a building, structure, or its components, resulting from a
failure to construct it in a reasonably skillful manner or to
function as intended by the manufacturer or anticipated by
the buyer. These defects often lead to structural damage
and have become increasingly common, particularly in
projects characterized by inadequate management or
insufficient supervision at construction sites.

Construction defects are recognized as a significant issue in
the construction sector, potentially diminishing both the
value and cost efficiency of buildings over time. They
impose substantial financial burdens, defined as the
resources consumed for corrective work, including labor,
materials, and equipment, as well as downtime resulting
from the defect. Regardless of who bears the expenses, the
costs are measurable and impactful.

The causes of construction defects typically stem from poor
design, substandard workmanship, failure to adhere to the
design specifications, exposure to unforeseen factors during
construction, or inadequate oversight. These deficiencies
not only compromise the quality of the project but also lead
to delays, cost overruns, and reduced building value. When
defects are visibly apparent, they exacerbate the project’s
challenges by extending timelines beyond contractual
agreements and increasing expenditures.

Moreover, construction defects can affect society at large by
posing safety risks and incurring significant repair costs,
higher-than-expected maintenance demands, and disputes.
They can even result in the potential loss of the building.
Despite their widespread impact, only a limited number of
studies have been conducted to investigate the root causes
of construction defects in building projects.

Previous research has highlighted several contributing
factors to these defects, including insufficient design quality,
subpar workmanship, deviation from design standards,
external factors not accounted for in the planning stages,
and inadequate supervision. These flaws not only
compromise the structural integrity of buildings but also
hinder the overall value that construction projects are
meant to deliver.

2. RELEVANCE:

Construction defects are unique errors that are often
inevitable. Studies indicate that reworking and repairing
defective components—discovered either late in the
construction process or during building maintenance—
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accounts for approximately 15% of overall construction
costs. By swiftly identifying these defects, significant
amounts of time and money could be saved on a
construction project.

Current quality-control mechanisms are inadequate for
effectively detecting flaws. The requirements for producing
components are detailed and complex, making itimpractical
to manually verify every criterion for each element.
Additionally, inspections may not occur frequently enough
to detect defective parts immediately after construction.
Most construction defects tend to arise in multi-story
buildings, highlighting the importance of identifying issues
that compromise quality in terms of architectural,
structural, and construction standards.

To achieve superior quality in both design and construction,
a systematic approach is necessary. Methodologies such as
the Six Sigma quality management system and the
Construction Quality Assessment System can offer effective
solutions. Six Sigma, a statistical approach to quality
improvement, provides a holistic view of quality, precise
performance tracking, coordinated efforts, and the ability to
eliminate redundant processes, thereby reducing
variability.

Quality control in construction involves ensuring high-
quality workmanship and minimizing the use of inferior
materials to ensure that a structure functions as intended.
During all phases of the construction process, Six Sigma
establishes process targets measured in parts per million
(PPM). As a tool for improving organizational efficiency, Six
Sigma emphasizes productivity, cost reduction, and quality
assurance, making it highly applicable to the construction
sector. For instance, it can be used to reduce defects in
internal finishes.

The primary factors impacting construction quality include
a lack of industry knowledge, errors in assessing material
quality, and reliance on substandard tools and equipment.
By addressing these variables and implementing systematic
quality management techniques like Six Sigma, construction
projects can achieve higher standards while reducing
defects and associated costs.

3. LITERATURE REVIEW:

Hamraz MP, Hameed Faiz NH & Basima Parveen TP
[06](2023): Emphasize the pivotal role of construction in
driving a nation's economic development. This project
focuses on adhering to quality benchmarks and achieving
customer satisfaction. The objective is to assess the quality
standards of a multi-storey building using Six Sigma
principles. By leveraging Six Sigma methodologies,
variations are minimized, and the underlying causes of
defects are addressed. Data derived from defect assessment
sheets, based on a study of a residential building, are
analyzed to evaluate the quality of brickwork, concrete

work, plastering, flooring, and painting.Although Six Sigma
has been widely utilized in manufacturing and service
industries, this research presents its application as a quality
improvement tool within the construction sector. The study
delves into Six Sigma principles, processes, and
performance metrics. The research further demonstrates
the use of Six Sigma in enhancing the quality of interior
finishes during construction. A case study of a residential
building is conducted to identify and analyze defects in
brickwork, concreting, plastering, painting, and flooring.
These defects are systematically examined using the DMAIC
(Define, Measure, Analyze, Improve, Control) methodology
of Six Sigma. This structured approach aims to improve the
current process quality by identifying defects, determining
their occurrence rates, analyzing their causes and effects,
and proposing solutions to mitigate them.

Fayera Tolera & M. Vignesh Kumar [09](2020):

Ethiopia as one of the developing nations where numerous
projects are currently underway. However, construction
defects are prevalent and frequently occur, particularly in
projects with inadequate management or supervision on-
site. This study was undertaken to investigate the types,
causes, and impacts of construction defect issues in
Nekemte Town. The research employed a mixed-methods
approach, incorporating both quantitative and qualitative
frameworks, with a case study methodology. The study
identifies the types, root causes, consequences, and
corrective measures for building defects in public
construction projects within Nekemte Town. Ultimately, the
research concludes by providing recommendations based
on findings aligned with specific objectives to enhance the
quality performance of public building projects in the area.

Patrick Schober, Christa Boer & Lothar A. Schwarte
[17](2018):

In its broadest definition, correlation is a measure of the
relationship or connection between variables. When data
are correlated, a change in the size or magnitude of one
variable corresponds to a change in the size or magnitude of
another variable, either in the same direction (positive
correlation) or in the opposite direction (negative
correlation). The term correlation is most often used to
describe a linear association between two continuous
variables and is typically represented by the Pearson
product-moment correlation. The Pearson correlation
coefficient is generally applied to data that are jointly
normally distributed (i.e., following a bivariate normal
distribution). For continuous data that do not follow a
normal distribution, for ordinal data, or for datasets
containing significant outliers, the Spearman rank
correlation is a suitable alternative for measuring
monotonic relationships. Both correlation coefficients are
standardized to fall within the range of -1 to +1, where 0
signifies no linear or monotonic relationship. As the
coefficient approaches an absolute value of 1, the
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association strengthens, becoming nearly a perfect straight
line (in the case of Pearson correlation) or a consistently
increasing or decreasing curve (in the case of Spearman
correlation).Statistical significance of these relationships
can be evaluated using hypothesis testing and confidence
intervals.

Sandeep Bodke, Snehal Nikam, Yogita Phad, and Kiran
Kangane[21](2017] :

The study explored Six Sigma and its application to quality
improvement in building construction by employing the Six
Sigma framework. Using the DMAIC (Define, Measure,
Analyze, Improve, Control) methodology, the approach
helps evaluate the quality of existing structures by
identifying defects and proposing changes in DFSS (Design
for Six Sigma) for ongoing projects. The Six Sigma
methodology provides a structured approach to analyzing
and optimizing the current construction process.

Jemima A. Ottou, Bernard K. Baiden & Joseph K Ofori
[07](2016):

This study examines emerging trends in Six Sigma and their
use as tools for enhancing construction performance. A
review of prior research identified 18 distinct Six Sigma
applications, which were classified into three main trends:
Six Sigma Off-Shoot, Six Sigma Hybrid I (combining Six
Sigma with one additional concept), and Six Sigma Hybrid I
(integrating Six Sigma with two other concepts).The review
found one application under Off-Shoot, ten applications
under Hybrid I, and seven applications under Hybrid II.
Among these, the most widely adopted trend is Hybrid I,
with Lean Six Sigma being the most prominent application.
The newest trend is Hybrid II, with Lean Six Sigma and
Project Management emerging as the latest combined
approach. The analysis concludes that 17 of the 18
applications are viable as performance improvement
strategies within the construction sector, with the exception
of one application: Six Sigma and Capability Maturity Model
under Hybrid 1.

K.-L. Lee, S. Yang, Y. Su, and S. Yang[08](2013) :

The proposed Supplier-Input-Process-Output-Customer
(SIPOC) diagram, which highlights the inputs and outputs of
work processes along with customer expectations, is
employed to clarify the process mapping for road
construction. The data is analyzed using the Relative
Importance Index (RII). Moreover, a cause-and-effect
diagram is utilized to identify potential root causes of
specific impacts, while Failure Mode and Effects Analysis
(FMEA) is applied to plan strategies and evaluate processes.
The final step in enhancing quality and minimizing waste in
construction operations involves implementing control
mechanisms to effectively reduce or eliminate the
recurrence of various critical factors.

Lawson, R. [10] (2013):

Itis observed that the building sector played a crucial role
in driving the growth of the national economy. Developing
robustinfrastructure enhanced productivity and generated
employment opportunities. To guarantee that all activities
align with the defined project procedures—previously
reviewed against set criteria—project data from the
construction phase is recorded during the implementation
stage. Risks are assessed as outlined in the initial
framework. Similarly, economic development and
expanding business opportunities can further enhance the
growth potential of the construction industry.

Pihl, P.[19](2013) :

The Define, Measure, Analyze, Improve, and Control
(DMAIC) Six Sigma methodology is applied in this study.
This approach is the most effective for addressing problems
with uncertain causes and solutions. When the causes are
known but the solutions remain unclear, the Define,
Explore, Develop, Implement, and Control (DEDIC) roadmap
is utilized. For situations where both the causes and
solutions are well understood, the Define, Deliver, and
Control (DDC) framework is employed. The DMAIC method
was integrated into a structured Six Sigma design process to
establish procedures that ensure the elimination of errors
and defects by defining, measuring, analyzing, improving,
and controlling operations. The successful implementation
of Six Sigma resulted in fewer work cycles, enhanced
product quality, cost and time optimization, assured
profitability, and increased market share. According to Six
Sigma experts, the cost savings achieved through this
approach are just as significant as the benefits gained from
its application.

4. OBJECTIVES:

1. To identify & enlist the various types of defects that
affects on housing construction projects.

2. To study causes & effects of defects in construction
projects through Questionnaire survey.

3. To Apply six sigma technique for construction projects.

4. To determine the challenge in implementing six sigma
technique as well as the improvement of the
manufacturing process through the DMAIC (Define,
Measure, Analyze, Improve, Control).

4. METHODOLOGY:

In order to accomplish the objectives, the project work has
been divided into five major parts. They are:

1. Tostudy of current status & make literature review on
construction defects.
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2. Collection of data by using Questionnaire survey for
selected existing housing construction projects.

3. Identifying the causes & their effects on existing
housing construction projects by collecting data.

4. Six sigma methodology is used to improve the
construction performance.

5. The six sigma DMAIC Technique, six sigma project
management & six sigma implementation these are the
success factors which will use in study as framework.

4., Defects in Construction:

Construction defects are a common issue in the
construction industry, frequently arising in projects with
inadequate management or supervision on-site. These
defects are considered a significant problem, as they can
lead to a gradual decline in the value of a building over time.
Answering the question "What is a construction defect?"
isn't straightforward, as there is no single, concise
definition. Generally, construction defects in a project stem
from two primary factors:

1. Workmanship Defects: Flaws caused by poor
construction practices or substandard quality
control.

2. Land Movement: Problems related to shifting or
unstable ground conditions, which may lead to
structural issues.

Proper management, supervision, and adherence to quality
standards are essential to mitigate the risks of construction

defects.
4.1 Defect & Deterioration:

Problems and failures in buildings may stem from defects or
natural deterioration. Defects typically arise due to errors,
omissions, or negligence by designers or contractors. In
contrast, deterioration is often an unavoidable natural
process, though its impact can be minimized through
careful design and material selection. Excessive rates of
deterioration, however, may indicate a defect. For instance,
the use of unsuitable materials or an event like a water leak
leading to fungal decay could accelerate deterioration. Such
defects can result from errors or negligence during
construction or repair, as well as from failure by building
owners or tenants to adequately maintain the property or
promptly address damage caused by accidents or severe
weather conditions. By addressing these factors through
proper care, design, and maintenance, many potential
problems in buildings can be mitigated.

4.2 Problem Statement:

Construction defects can arise from various causes,
including inadequate design, poor workmanship, and
insufficient maintenance. Some defects worsen over time
due to being initially undetected by builders or occupants.
These invisible defects can significantly impact a building’s
appearance, the health and safety of its occupants, the
reputation of the construction industry, and even the
economy of a country. Further more, construction defects
often lead to dissatisfaction among occupants and are a
common source of delays, claims, and disputes in projects.
They also contribute to increased construction costs,
making them a pervasive issue in the industry.

4.3 Types of Defects:

Construction defects typically refer to any inadequacy in the
design, planning, supervision, inspection, construction, or
observation of construction for a new home or building.
These defects occur when a structure is not constructed in a
reasonably workmanlike manner or fails to perform as
intended by the buyer. In the construction industry, various
methods exist for classifying defects, including
categorization by severity, construction stage, type, or
cause. Western countries generally classify construction
defects into one of four main categories:

Design Deficiencies: Errors or flaws in the architectural or
engineering design.

Material Deficiencies: Use of substandard or inappropriate
building materials.

Construction Deficiencies: Poor workmanship or
inadequate construction practices.

Subsurface Deficiencies: Issues with the ground or
foundation, such as unstable soil or improper site
preparation.

Proper identification and classification of defects are
essential to address and resolve construction-related issues
effectively.

4.3.1 Patent and Latent defects:

Defects, regardless of their qualitative nature, can be
categorized as either patent or latent, with varying
consequences depending on their classification.
Understanding these distinctions is crucial for determining
the appropriate course of action.

A patent defect is generally defined as one that is open and
visible to the eye. However, the degree of visibility plays a
critical role in identifying such defects. A defect is
considered patent if it is observable, regardless of whether
it has been noticed or reported. By contrast, latent defects
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are hidden and may not become apparent until much later,
often requiring more extensive investigation to uncover and
address.

4.3.2 Structural and Non-structural defects:

A structural defect refers to any flaw in a building's
structural components caused by faulty design, substandard
workmanship, or the use of defective materials, often
involving a combination of these factors. Structural
elements typically include components like earth-retaining
walls, columns, beams, and flat slabs.

On the other hand, a non-structural defect in a residential
building pertains to flaws in non-structural elements
resulting from defective construction practices. These
defects affect areas unrelated to the building’s core
structure but still impact its functionality or aesthetics.

4.3.3 Dampness:

Dampness can pose significant challenges, especially for
buildings exposed to water. It not only weakens and
degrades structural elements but also causes damage to
interior furnishings. Moisture, however, is an inevitable
factor in buildings, as its presence and movement are
natural and frequent phenomena that affect various
building components.

4.3.4 Foundation Defect:

The base of a structure, commonly referred to as the
foundation, must be engineered to bear the loads of the
building while accommodating the specific ground
conditions. While the detailed design and calculations of
foundations are beyond the scope of this discussion, the
focus is on identifying and diagnosing foundation-related
issues that may emerge during investigations into building
defects.

4.3.5 Settlement & Subsidence:

The distinction between settlementand subsidence failures
is not always clearly understood, even though their differing
causes are crucial for determining appropriate remedial
measures. Settlement refers to the natural compaction of
the supporting soil as the weight of a building is applied to
its foundations. Some degree of settlement is expected
during construction, with additional settlement or creep
often occurring after completion. Settlement is generally
accounted for in design but can pose risks due to uneven
weight distribution. External walls, internal walls, and solid
floors exert varying loads, resulting in differential
settlement. This uneven settling can cause visible damage to
the building, such as an increase in floor height or the
sinking of heavily loaded external walls relative to internal
partition walls. These variations highlight the importance of

addressing settlement during the design and construction
process.

4.3.6 Tree root damage:

Damage caused by tree roots is most evident when roots
infiltrate masonry or extend beneath foundations, leading to
fractures as they grow. This type of damage is typically easy
to identify through excavation and requires little additional
explanation, apart from considerations regarding the
appropriate safe distance between trees and buildings.

4.3.7 Floor Defect:

Floors can present various shortcomings related to their
intended performance. The primary roles of flooring include
ensuring structural stability, transferring all loads (static
and dynamic) to the ground or supporting walls and
foundations without excessive deflection, resisting water
infiltration, minimizing thermal losses, and providing a
secure and durable surface. Additional requirements may
include fire resistance and effective control of sound
transmission. Floors may fail to meet expectations in any or
all of these areas, compromising their overall functionality.

4.3.8 Wall Defect:

The primary purpose of a building’s wall is to separate the
interior from external conditions. Simply having a wall in
place is often enough to fulfill this function to a satisfactory
degree, as evidenced by the effectiveness of a well-
constructed shelter. However, the performance of walls can
be significantly enhanced to better prevent dampness and
provide thermal insulation for the interior.

4.3.9 Door & Window Defect:

The design of windows and doors in construction is a
multifaceted aspect and is not the focus of this research.
Instead, this study reviews issues commonly associated
with windows and doors, aiming to provide insights that
can aid in diagnosing defects on-site. Windows are arguably
the most susceptible component of a building's exterior.
Cracked glass panes should always be replaced promptly.
Typical issues with traditional steel-framed windows
include corroded frames and the degradation or failure of
putty or sealant used to secure the glass panels.

4.3.10 Roof Defect:

Roofs are among the most challenging components of a
building to inspect when defects arise. These challenges
often contribute to inadequate maintenance. Broadly
speaking, pitched roofs tend to cause fewer issues, while flat
roofs are associated with more frequent problems. The
most practical advice is to opt for a pitched roof whenever
possible. However, for wide-span buildings, incorporating a
pitched roof may resultin an excessive overall height, which
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can be undesirable both aesthetically and financially. In
such cases, a flat roof might be the only viable option.
Conversely, using flat roofs for smaller structures, such as
residential buildings, is generally not recommended.

4.3.11 Cladding Defect:

Cladding is a common choice for wall finishes in most
modern non-residential and many residential buildings.
However, issues such as water penetration caused by joint
failure or surface deterioration remain prevalent and are
likely to persist as the primary defects associated with
cladding systems.

5. Research Methodology:

Cladding is widely used as a wall finish in contemporary
non-residential and numerous residential buildings.
Nevertheless, challenges like water infiltration due to joint
failures or surface wear continue to be widespread and are
expected to remain the predominant issues affecting
cladding systems.

5.1 Research design:

Two primary research methodologies are commonly
employed in studies: quantitative and qualitative
approaches. The quantitative method focuses on collecting
objective data, analyzing relationships between variables,
and assessing how these align with established theories and
previous research findings. In contrast, the qualitative
method aims to explore perspectives, gain deeper insights,
and understand how individuals or groups perceive and
interpret "the world."

For this research, both qualitative and quantitative
methodologies were utilized to achieve a comprehensive
analysis.

5.2 Data collection:

This research incorporated both primary and secondary
data. Primary data were obtained through observations,
checklists, and questionnaires involving study participants
such as consultants, contractors, clients, and building users.
Secondary data included literature, reference books,
journals, and prior studies on related topics.

A checklistand questionnaire, designed to identify common
types of construction defects and their causes, were key
tools for data collection. The questionnaire, which was
close-ended and general in nature, was distributed to
consultants, contractors, clients, and building users. It also
served as a supplementary guide during inspections.

Site visits were conducted on active construction projects
wherever feasible, enabling direct observation of processes.

The study utilized these data sources to produce the
following core documents:

Respondent Documents: Collected via questionnaires
from clients, end users, contractors, and consultants.

Case Study Documents: Derived primarily from both
completed and ongoing projects, with data gathered
through site observations.

5.3 Questionnaire approach:

A survey was designed to evaluate the perspectives of
clients, end users, consultants, and contractors on the
significance of factors contributing to construction defects
and their consequences in buildings. The study began by
examining and identifying the types, causes, impacts, and
mitigation strategies for construction defects through a
thorough review of relevant literature. Following this, the
findings were assessed in the context of building projects
using the prepared questionnaire.

5.4 Questionnaire design:

The literature review explored the various types, origins,
impacts, and mitigation strategies for construction defects
in building projects across different countries and over
various periods. However, it did not encompass all possible
types, causes, effects, or preventive measures related to
construction defects in buildings.

Table 5.1: - Scales that represent level of agreement

Chances of | Strongly Agree | Neutral Disagree | Strongly
occurrence | Agree Disagree
Scale 5 4 3 2 1

Table 5.2: - Scales that represent level importance

Chances of | Very Important | Modera | Less Not
occurrence | Impor tely Importa | Important

tant Importa | nt
nt
Scale 5 4 3 2 1

5.5. Analysis and Interpretation:

The data gathered through checklists, questionnaires, and
reports were thoroughly analyzed. Based on this analysis,
detailed discussions were conducted, leading to the
formulation of conclusions derived from the findings.
Recommendations were subsequently provided to mitigate
construction defects. Additionally, potential areas for future
research were proposed.
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6. Data Analysis:

The findings and discussion of the case study and
questionnaire survey addressed the types, causes, impacts,
and mitigation strategies for construction defects in
residential building projects in Sangli, as viewed by
contractors, consultants, and clients. The effects of
construction defects on stakeholders, the construction
industry, and the national economy were also examined.
Finally, a list of recommended measures to minimize
construction defects was included.

The case study involved surveying a total of seven
residential buildings in Sangli, comprising four completed
and three under-construction projects. The sampling
methodology is detailed in Chapter Three (with their
profiles attached in Appendix B). A checklist was developed
to collect data on the types and causes of construction
defects. During the study, comprehensive site inspections
were conducted for each building, along with an evaluation
of the start of construction, construction methods, project
completion timelines, and maintenance schedules. These
aspects were considered because construction defects are
influenced by a building’s age, flawed construction
techniques, and inadequate maintenance.

For the survey component of the research, a questionnaire
was created and distributed to clients, contractors,
consultants, and end users of residential building projects.
Their experiences with construction defects were explored
in detail. Lastly, a comparative analysis was conducted
between the findings from the case study and the survey
results.

6.1. Respondent’s organization:

In this study, 27.02% (9) of owners and end users, 40.54%
(9) of contractors, and 32.43% (9) of consultants
participated in the questionnaire survey. The selection
methodology is outlined in Chapter Three. The overall
response rate for contractors, owners, and consultants was
72.97%, with a total of 27 respondents out of the 37 initially
targeted.

The response rate by category was as follows: 60.00% for
contractors (9 out of 15),90.00% for owners and end users
(9 out of 10), and 75.00% for consultants (9 out of 12).

Table 6.1: - Respondent organization

Responces

3333 _ 33.33

M Client &end users
Contractor

H Consultant

33.33

Fig 6.1: Percentage of Respondents
6.2 Causes of construction defect:

The types, causes, impacts, and recommended strategies to
minimize building defects were identified through the
questionnaire survey, based on respondents’ feedback
regarding each category of construction defect. While
construction defects highlighted in various books and
research studies, as reviewed in the literature section of this
thesis, may differ from those occurring in residential
building projects, it was crucial to gauge respondents’
agreement on the relevance of each defect type.

6.2 Causes of defect from client & end users,
consultant & contractor point of view

Client and | Contrac | Consult | Overall
Causes of defect | Endusers(%) | tor (%) | ant(%) | Analysis
Design error 19.36 18.54 15.19 17.69
Workmanship 44.38 56.57 49.09 50.01
error
Defective 32.84 21.77 32.54 29.05
material
Poor subsurface | 3.42 3.12 3.18 3.24
investigation

Causes of Construction
defect

2034 49.09

32.54

44.38
32.84

19.36 "42

18.54 21.77 15.19

B.12 3.18 2.49

Owner/ Customer Consultant Overall

customer

Name of | Questionnaire | Questionnaire | Response Rate ] " .
Respondent Distributed Returned —— P <ror
company M Defective material Poor surface investigation
Clientand End | 10 09 90.00%
users
Contractor 15 09 60.00 %
Consultant 12 09 75.00 %
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7. Six Sigma:

Six Sigma is a data-focused approach aimed at enhancing
process quality by identifying and removing flaws while
reducing inconsistencies in manufacturing, business
operations, or other workflows. Originally developed by
Motorola in 1986 and later popularized by General Electric
(GE) in the 1990s, Six Sigma strives for excellence with the
objective of achieving near-flawless performance.

7.1 DMAIC:

Define: Establish customer expectations and identify any
issues that fail to meet these expectations, which are
considered defects. Pinpoint problems impacting quality
and articulate the project's purpose and requirements.

Measure: Construction involves numerous interrelated
activities. Determine the process performance criteria
concerning its defect attributes.

Analyze: Examine and evaluate the data collected in the
previous step to uncover the root causes of defects.

Improve: Enhance processes to eliminate defects. Identify
methods to eradicate existing issues and formulate effective
solutions.

Control: Monitor the performance of the improved process
under a structured plan to maintain the quality standard.
Aim to elevate the sigma level.

7.2 Utilization of recommendation and its results:

The following is a list of recommended actions to minimize
construction defects in building projects. Based on your
experience, please mark the appropriate cell to indicate
how effective you find each recommendation in reducing
defects in residential building projects.

Important Scale :

1 - Not Significant, 2 - Slightly Significant, 3 - Moderately
Significant, 4 - Significant, 5 - Highly Significant.

The analysis reveals that both contractors and consultants
place great importance on recommendations emphasizing
effective communication, project management, design
integrity, workforce management, and skill development.
These areas received the highest scores (above 4.5),
signifying their pivotal role in minimizing construction
defects.

Moderate ratings (4.0-4.5) were assigned to suggestions
concerning consistent site inspections, material and
equipment appropriateness, managing time and budget
constraints, weather considerations, and the involvement of
subcontractors. While deemed beneficial, these

recommendations may need more tailored approaches to
maximize their effectiveness.

Contractors rated the role of subcontractors as the least
impactful recommendation, suggesting it has a relatively
minor effect on defect mitigation compared to other factors.

Contractor's View on Usefulness of
Recommendation

9%

27% ‘

B Highly Helpful
B Moderately Helpful

Less Helpful

Contractor’s view on usefulness of Recommendation

Consultant's View on Usefulness of
Recommendation

® Highly Helpful
B Moderately Helpful

Less Helpful

Consultant’s view on usefulness of

Recommendation

In summary, the results highlight the importance of
prioritizing clear communication, efficient management,
robust quality assurance, and ongoing skill development as
core approaches to reducing construction defects.
Additionally, emphasis should be placed on maintaining a
balance between project schedules, budgets, and addressing
less predictable external influences.

8. Conclusion:

The investigation of defects in construction projects and the
integration of Six Sigma methodologies offer valuable
perspectives on enhancing the quality and effectiveness of
construction processes. Based on findings from case studies
and respondent feedback, conclusions were drawn with
close alignment to the study's objectives. The research
aimed to propose strategies to reduce the frequency of
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construction defects in residential building projects in
Sangli. The results of the study identified 13 measures for
mitigating construction defects.

The most critical strategy identified was conducting regular
and systematic site supervision. Following this, the
implementation of an extensive quality control framework
emerged as a highly effective measure. Additionally,
fostering seamless coordination among all building
systems—f{rom planning stages to incorporating feedback
from stakeholders—and providing ongoing on-site training
were deemed vital.

The DMAIC (Define, Measure, Analyze, Improve,
Control) methodology offers a structured framework for
enhancing processes. Using this approach, construction
projects can define issues, measure defects and
inefficiencies, examine underlying causes, implement
corrective actions, and establish controls to ensure
sustained improvements. This method was utilized in the
current study by defining defects and their impacts,
evaluating their significance, analyzing data using
Spearman'’s rank correlation, offering recommendations for
improvements, and assessing the application of these
recommendations through a questionnaire survey to inform
future projects.

In summary, understanding the nature of defects, their root
causes, and the advantages of Six Sigma can lead to
substantial advancements in the quality and productivity of
construction projects. Although challenges may arise in
adopting Six Sigma practices, the DMAIC framework
provides a methodical pathway to addressing these
obstacles and fostering continuous progress within the
construction sector.
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