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Park, Hyun Jung As the construction standards for energy-saving eco-friendly housing have recently been strengthened, the
Tel : 82-51-999-5724 proportion of window work has increased with the demand for high-efficiency housing. Windows have high
E-mail : phj@silla.ackr frequency of use, and there is the potential for many defects to occur depending on the characteristics of

construction. According to a government agency’s survey of defects in public rental apartment housing,
defects in the windows work accounted for the highest portion of complaints received. Accordingly, related

Received : October 7, 2021 previous studies were considered, and it was found that the existing studies in Korea lacked research that
Revised :October 18,2021 reflected the construction characteristics of window work and the importance of maintenance. In addition,
Accepted : October 18, 2021 existing overseas studies considered both the constructor and the resident's position, considering the cost

aspect together, and showed a trend of structuring the relationship between defects and causes. Therefore,
this study will analyze the causes of defects that can occur in the construction phase of the windows work,
reflect the construction characteristics, and derive major factors that consider the importance of
maintenance based on the possibility of recurrence after repairing defects. Ultimately, this research will
contribute to preventing defects in the construction phase and reducing maintenance costs by presenting a
highly effective defect management plan through selecting the major factors for each defect type that can
be intuitively judged by analyzing the causal relationship between defect types and causes.
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Figure 1. Annual contract costs for industries related to window construction[2]
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‘ 1. Literature review on defect
(1) Window construction (2) Construction
2. Domestic defect data within 36 months of completion
— Classification of defect type in window construction

‘ Data collection

Defect analysis of window construction

Defect Defect Relationship
type cause between cause and type
) ) 1. Survey for field managers, management supervisors, and functional workers
Selection of major factors —

(1) Cause effect of defect occurrence
(2) Possibility of a recurrence of defects after repair
2. Analysis of survey results through RII method
‘ Conclusion and suggestion of future research ‘ ‘(1;) Relative importance of defect causes
(2) Relative defect recurrence possibility — Importance of maintenance

Figure 2. Research methodology
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Table 1. Research trends on window construction defects

Author Year Topic Main issue

Analysis of the Causes of Defects in Fenestration — After analyzing the cause of defects in the construction of windows
Moon SD 2013  Construction and Their Impacts on Construction and doors, the effect of the size of the designer and contractor on the

Quality : Focused on Dor Hardware distribution and construction quality is confirmed

Case Study on the Diagnosis and Repair for After analyzing the case of condensation defects and checking the
Lee HH 2015  Window Condensation Problems in Apartment condensation prevention performance of windows, drawing

Buildings improvement measures and evaluating the effectiveness

A Study on the Analysis of Major Defect Types and
Lim IH 2020 Improvement Methods of Aluminum Window and
Door Construction

Defects in Different Phases of Multi-Unit
Dwellings’ Wooden Window Works and After analyzing the defects by dividing the wooden window

Shin JS 2017 Improvement Plans : Focusing on defects in phases construction process into raw materials, manufacturing, construction,
of raw materials, production, execution of work and before and after moving, for suggesting improvement measures
management before and after moving in

Improvement measures to reduce defects are suggested by analyzing
defects in aluminum window work
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Table 2. Research trends on construction defects

Author Year Topic Main issue

By analyzing defects in apartment houses in terms of design, material,
construction, and management, a defect management plan centered
on contractors is presented

A Study on Countermeasure and Analysis Defect

LeeGW 2015 Factor of Construction in Apartment Housing

Through the case analysis of defects, the types and causes of defects
for each type of construction are derived, and representative defect
factors are selected to prepare countermeasures accordingly

A Study on the Cause and Prevention of Defects in

Kang G 2019 Apartment House through Case Studies

Major defect types for each construction type are derived through
A study on the selection of primary management defect case analysis, and the types of key management defects for
Lee DH 2012 objects in Life-Cycle phases through analyzing the each planning, design, and construction stage are selected in

case of defect in constructing Apartment house consideration of defect repair cost, defect difficulty, and tenant
impact
The Study on the Selection of Primary Management Defects in finishing construction before moving in are analyzed by
Bae SI 2013 Objects for Defect Prevention of Finishing Works  type, time, and type of construction to present influencing factors, and
on Apartment House to propose focus management targets

22 =9 Zolud

ool A E BEFE 0] 407} Solupe], shAe} PalE A750] Sis] AaE 1 eg Slsigr. ATe 27 3
el Mol ool - 4sist QlatA o) 5 ] WEe Lhe & A9 P, Table 33} 2k,

Table 3. Research trends overseas

Author Year Topic Main issue
Biel Causes, Types and Evaluation of the The main causes of defects occurring during construction are analyzed,
. 2019  Diminished Value of Components as a Result of and the effect on the decline in the value of houses is quantified through
Sebastian . . . .
Construction Defects in Housing the analysis of the value of use.
CBA-Based Evaluation Method of the Impact
Milion 2021 of Defects in Residential Buildings: Assessing A method of supporting defect priority decision-making was developed
Raphael N Risks towards Making Sustainable Decisions by utilizing defect cases, resident satisfaction, and defect repair costs.
on Continuous Improvement Activities
The Concept of Method of Detecting and The criteria for determining defects were divided into management and
Zima K 2019  Analyzing Construction Defects in Residential ~ construction causes, and key management targets were selected using
Buildings case-based reasoning methods.
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ramework for building defects and their Through defect case analysis, the causal relationship between the type

Pamera S & identification technologies: case studies of
2020 . £ of defect and the cause was confirmed, and a framework was
Gurmu A domestic buildings in Melbourne, .
. established.
Australia
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Table 4. Analysis case overview

Complex Number of Household Defect Data Collection Period
A 1,384 2019. 08. 06~2020. 09(14 months)
B 1,531 2019. 07. 01~2020. 09(15 months)
C 988 2017. 10~2019. 06(21 months)
D 1,180 2018. 10~2020. 07(22 months)
E 707 2016. 07. 01~2020. 05(35 months)
F 1,068 2016. 09. 10~2020. 08(36 months)

Total 6,858 -
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Table 5. Defect rate based on 150 days

Number Defect type Ratio Before 150 days(a) After 150 days(B)
@) Open and close defect 25.96% 41.54% 58.46%
@ Sticks and scratches 20.57% 77.51% 22.49%
® Fixed defect 8.94% 57.57% 42.43%
@ Caulking defect 7.38% 61.05% 39.95%
® Vertical and horizontal defect 5.19% 52.20% 47.80%
® Lifted surface defect 4.85% 45.44% 54.56%
@) Breakage defect 4.66% 58.23% 41.77%
® Locking defect 4.62% 58.51% 41.49%
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Table 6. Defect causes of window construction

Defect category Defect cause ®©® o & ® 6 ® O
Excessive reduction of construction period o O O
c . Poor management of the preceding process O o O
C;lr;setsructlon management Nonconformity in the selection of construction methods O O
Interference between different work o O o O O O O
Lack of education related to defects O O O
Poor storage of incoming materials O o O O
) Insufficient material specification review O O ©)
Material causes . . . .
Insufficient performance inspection prior to carry O O O O
Careless when transporting and lifting materials O o O O
Noncompliance with design drawing O O O
Causes of construction Poor protective measures after construction o O o O O
capacity of subcontractors  Lack of construction technology O o O O o O
Lack of communication between workers O O O O
— =
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Table 7. Survey overview

Category Content
Period 2021.08.01.~2021.08.31.(1 month)

Personnel Survey personnel : 53 / Number of respondents : 49
Target Managers, supervisors, and functional workers in construction sites
Method Interview, Mobile survey
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Table 8. Relative importance of defect causes

RII RII Relative Importance
Defect catego Defect cause Rank
@ () (@b=1y)
Excessive reduction of construction period 0.8082 0.6564 1
. Poor management of the preceding process 0.8082 0.6564 1
Construction .. . .
MAnAsement CAUSes 0.8122  Nonconformity in the selection of construction methods 0.7714 0.6266 3
& Interference between different work 0.6694 0.5437 10
Lack of education related to defects 0.6939 0.5636 8
Poor storage of incoming materials 0.7469 0.5671 7
. Insufficient material specification review 0.6857 0.5206 11
M 1 0.7592
aterial causes s Insufficient performance inspection prior to carry 0.6653 0.5051 13
Careless when transporting and lifting materials 0.6735 0.5113 12
. Noncompliance with design drawing 0.7633 0.6075 5
Causes of construction . .
capacity of 07959 Poor protective measures after construction 0.7347 0.5848 6
sullzcorz/ractors ' Lack of construction technology 0.7714 0.6140 4
Lack of communication between workers 0.6898 0.5490 9
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Table 9. Importance of maintenance by defect type

After 150 days Relative defect recurrence Importance of maintenance
Defect type ®) Y Rank possibility(c) Rank P (Bxc=5) Rank
Open and close defect 58.46% 1 0.5918 1 0.3460 1
Sticks and scratches 22.49% 8 0.5551 5 0.1248 8
Fixed defect 42.43% 4 0.5592 4 0.2372 4
Caulking defect 38.95% 7 0.5551 5 0.2162 6
Vertical and horizontal defect 47.80% 3 0.5673 3 0.2712 3
Lifted surface defect 54.56% 2 0.5918 1 0.3229 2
Breakage defect 41.77% 5 0.5184 7 0.2165 5
Locking defect 41.49% 6 0.4612 8 0.1913 7
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Table 10. Major factors of window construction

Importance considering both construction and maintenance(axyx6= €)

©) ) ® @ ® ©® @ ®

Defect cause

Excessive reduction of construction period 0.0897  0.0866  0.0929

Poor management of the preceding process 0.0943 0.0866  0.0929

Nonconformity in the selection of construction methods =~ 0.0901 0.0856

Interference between different work 0.0781  0.0526 0.0718  0.0770 = 0.0798  0.0686  0.0609
Lack of education related to defects 0.0545 0.0744 0.0711

Poor storage of incoming materials 0.0549 0.0832  0.0715  0.0635
Insufficient material specification review 0.0748 0.0711 0.0583
Insufficient performance inspection prior to carry 0.0726 0.0690 0.0741 0.0566
Careless when transporting and lifting materials 0.0495 0.0750  0.0645  0.0572
Noncompliance with design drawing 0.0873 0.0830 0.0860

Poor protective measures after construction 0.0840  0.0566 0.0858  0.0737  0.0655
Lack of construction technology 0.0882 0.0839  0.0810  0.0869 0.0774  0.0687
Lack of communication between workers 0.0789  0.0531 0.0725 0.0692

Average 0.0832  0.0535 0.0804 0.0788  0.0871  0.0796  0.0708  0.0615

: Major factors
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