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Kim, Dae Young This research addresses the types and causes of defects in seismic retrofitting projects of school
Tel : 82-51-510-8129 facilities, which, following the Gyeongju and Pohang earthquakes in September 2016 and November
E-mail : 2017 respectively, have been identified as having comparatively lower seismic resilience among public
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buildings. The incidence of seismic retrofitting has notably increased in the subsequent years, raising
concerns about the potential for defects arising from these efforts. The government has committed to
enhancing the seismic resilience of all public facilities by 2035, with a specific focus on completing
Received : November 27,2023 ypgrades for educational establishments by 2029. Although prior investigations have explored
Revised :January 8,2024 construction defects in school facilities, there exists a gap in research specifically targeting defects
Accepted : February 5, 2024 within seismic retrofitting processes. Thus, this study aims to catalog the defects associated with
seismic retrofitting efforts and analyze their underlying causes to identify crucial management
strategies for defect mitigation. Furthermore, by examining the interplay between defect types and
their causative factors, the study seeks to pinpoint essential management practices that could preempt
defects during the construction phase, ultimately aiding in the reduction of future maintenance
expenditures.
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Figure 1. Research methodology framework
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Table 1. Overview seismic Reinforcement techniques

Seismic Retrofit Purpose of Retrofit
On-site wall
Precast Wall

Concrete block wall

Steel Plate
On-site Wing wall
Precast wing wall

Buttress
Enhancing the strength and Extension of the Buttress frame Wall Extension Increased strength
ductility of existing structures Rahmen extension
Welding & Wired
Wrapping iron plate

Overlapping

Steel and RC Braces

Extended Foundation

Expansion of seismic walls Increased strength and ductility

Extension of the wing wall Increased strength

Retrofit of columns Increased strength and ductility

Brace Extension Increased strength and ductility

Retrofit of foundation An extension of Pile An improvement in support
Reinforcement of piles
Using Seismic Isolation and Retrofit of vibration control Damper installation Reduced seismic force
Earthquake Resistance Devices Retrofit of seismic isolation Seismic Structure Reduced seismic force
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Table 2. Trend in seismic retrofit defect research

Author Year Topic Main issue
Kan A study on the Seismic Retrofit Techniques of ~ After deriving the causes of defects in the construction of window’s
Jong 2012 School Buildings Constructed in Accordance  hardware, the distribution according to the size of the designer and the
& with Standard Design in 1980s contractor and the effect on the construction quality were checked.
A Study on Comparing and Analyzing Seismic By analyzing the cases of condensation defects that adversely affect
Na 2019 Retrofit Method Guideline of the Existing psychologically and physically, the anti-condensation performance of
Young Ju Education Facilities between South-Korea and ~ windows and doors in the household was checked, and improvement
Overseas measures were derived and the improvement effect was evaluated.
B icall lyzing the selection of seismic reinfi
Seismic Performance Evaluation and Seismic y.milmerlca Y a.n avzing t, ¢ selection 0 ?e].s mie re}n orcemént .
Song o L buildings that relied on the judgment of existing engineers, seismic
. 2010  Retrofit of School Building Considering . . . -
Jin-Kyu Lo performance evaluation was proposed in consideration of the degree of
Deterioration. .
aging.
Son A Comparative Study on Seismic Retrofit Through the analysis of defects in the aluminum window construction,
& 011  Technique for Seismic Retrofit of Existing improvement measures were suggested to reduce the occurrence of
Woo Young . i
Low-Rise Building defects.
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Table 3. Trend in general construction defect research

Author Year Topic Main issue
The Stud the Selection of Pri . .
© SHdy on e. clection ot rimary study was conducted on the selection of major management targets for the
Bae Management Objects for Defect . . L .
2013 . L prevention of defects in the finishing construction of apartment houses, and the
Seong In Prevention of Finishing Works on .
main causes were analyzed.
Apartment House
By analyzing the main leakage status of middle schools, the cause and path of
Lee 2004 An example of repair works and leakage were analyzed, and appropriate waterproof and repair materials and
Jae Bum leakage analysis for school facility construction methods were proposed to maintain and repair long-term school
buildings.
Rvoo Analysis on Quality Defect Status in ~ Basic data for the establishment of an efficient quality management system in the
Y 2008 the Construction Site of Domestic future are presented by investigating the current status of quality defects at the
Jong Hyuk . i . . - Lo
Educational Facilities domestic educational facility construction site.

The main issues and improvement measures of the construction plant defect
dispute were examined on the priority dispute between negligence judgment and
defect repair, focusing on the Supreme Court precedent and FIDIC contract
conditions, and theoretical and empirical consideration was conducted on defects

Major Issues and Improvement
2022  Measures in the Construction Plant
Defect Dispute
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Table 4. Frequency of defect types in in seismic retrofit project

Number Defect type Count Ratio
@) Crack Defect 8 12.90%
@ Leack Defect 35 56.45%
©) Painting Defect 3 4.83%
@ Subsidence Defect 9 14.51%
® Finishing Material Loss Defect 7 11.29%
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Table 5. Identified causes of defects in seismic retrofit

Defect category Defect cause
Unreasonable shortening of the construction period
Construction management Poor management of the preceding process
factors Interference of other processes

Lack of defect education
Poor management of construction materials
Insufficient material specification review

Consturuction material factors . .
Lack of material performance review

Insufficient care transporting and lifting materials
Poor connection between new and existing structures
Lack of construction capacity of worker
Insufficient maintenance after construction
Non-compliance with work specifications

Factors of construction
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Table 6. Survey methodology summary

Category Component
Period 2023.09.01.~2023.10.30.(2 month)
The number of people Survey personnel : 40 / Number of respondents : 34
Target Managers, supervisors, and functional workers in construction sites
Respondent CM : 6/ Construction : 18 / Contractor : 6 / Office of Educatioon : 4
Method Survey, Interview
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n : Frequency of responses
A : Highest weighting

N : Total Number in the responses
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Table 7. Relative importance of defect factors

Defect factor category ERIA; Defect cause gRIB; Relatl(VAeXIgl f :;;t ance Rank

Unreasonable shortening of the construction period 0.5647 0.3189 6

Construction 0.5647 Poor management of the preceding process 0.5412 0.3056 8
management factors Interference of other processes 0.5529 0.3122 7
Lack of defect education 0.6000 0.3388 5

Poor management of construction materials 0.5176 0.2756 11
Consturuction 0.5324 Insufficient material specification review 0.5647 0.3006 10
material factors Lack of material performance review 0.5765 0.3069 9
Insufficient care transporting and lifting materials 0.4706 0.2505 12

Poor connection between new and existing structures 0.8000 0.5153 1

Factors of 0.6441 Lack of construction capacity of worker 0.6353 0.4092 2
construction Insufficient maintenance after construction 0.5882 0.3789 3
Non-compliance with work specifications 0.5529 0.3562 4
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Table 8. Relative importance of defect factors

Defect factor category th; Defect cause ?BI; Relatl(\:xllran 5 ;))rt ance Rank
Unreasonable shortening of the construction period 0.5294 0.2849 7
Construction 05382 Poor management of the preceding process 0.5529 0.2976 5
management factors ’ Interference of other processes 0.5176 0.2786 8
Lack of defect education 0.5529 0.2976 5
Poor management of construction materials 0.4824 0.2539 12
Consturuction 0.5265 Insufficient material specification review 0.5529 0.2911 9
material factors Lack of material performance review 0.5529 0.2911 9
Insufficient care transporting and lifting materials 0.5176 0.2725 11
Poor connection between new and existing structures 0.7059 0.4588 2
Factors of 0.6500 Lack of construction capacity of worker 0.7176 0.4665 1
construction Insufficient maintenance after construction 0.5765 0.3747 4
Non-compliance with work specifications 0.6000 0.3900 3
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Table 9. Relative importance of defect factors
RII RII Relative Importance
Defect factor category A) Defect cause ®) (AxB=q) Rank
Unreasonable shortening of the construction period 0.7059 0.4443 2
Construction 0.6294 Poor management of the preceding process 0.6824 0.4295 4
management factors ’ Interference of other processes 0.5882 0.3702 6
Lack of defect education 0.5412 0.3406 8
Poor management of construction materials 0.4706 0.2478 12
Consturuction 0.5265 Insufficient material specification review 0.5529 0.2911 10
material factors ’ Lack of material performance review 0.5647 0.2973 9
Insufficient care transporting and lifting materials 0.5176 0.2725 11
Poor connection between new and existing structures 0.5529 0.3578 7
Factors of 0.6471 Lack of construction capacity of worker 0.6824 0.4415 3
construction ’ Insufficient maintenance after construction 0.7176 0.4644 1
Non-compliance with work specifications 0.6353 0.4111 5
4.7 WRISZBA XIBHEISH 51 21010] HTHE Z2
A|akA s} sl wAge] AT - w ke 291 Al EA a91e] 4714 G o 2 Sl gin. 7] Hafe} AR A
HFBH0.3779)3 AAAA 1F50.3441)2 S SA7F AT U9Le ool 2utel H7ko 2 QIgt HE FAl
Aoz ARGk, T BFO HFS7] WG Tkl A FE Hokr ol o2 Belweiet. 71| thEelg]
H 2Hh} FREzto g Qlsto] Hu|--7] 9F :7He] " Zpol & QlI5to] B Z5h7t dojub= Zio] 7Y 2 Hle|nr 5
QE7} A A AEE Ao PRI 18] oA B4 ol o] ATEE WARZGEA ] SE A& AT
ARgA 0] ] B T FA T} 7P e A0 2 BARLOP] UL§-L Table 109} e,
Table 10. Relative importance of defect factors
RII RII Relative Importance
Defect factor category A) Defect cause ®) (AxB=q) Rank
Unreasonable shortening of the construction period 0.5412 0.2451 5
Construction 0.4529 Poor management of the preceding process 0.4706 0.2131 6
management factors ' Interference of other processes 0.4000 0.1812 7
Lack of defect education 0.4000 0.1812 7
Poor management of construction materials 0.3412 0.1254 12
Consturuction 03676 Insufficient material specification review 0.3647 0.1341 11
material factors ’ Lack of material performance review 0.3882 0.1427 9
Insufficient care transporting and lifting materials 0.3765 0.1384 10
Poor connection between new and existing structures 0.6588 0.3779 1
Factors of 05735 Lack of construction capacity of worker 0.5647 0.3239 3
construction ’ Insufficient maintenance after construction 0.4706 0.2699 4
Non-compliance with work specifications 0.6000 0.3441 2
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Table 11. Relative importance of defect factors

RII RII Relative Importance

Defect factor category A) Defect cause ®) (AxB=q) Rank
Unreasonable shortening of the construction period 0.5647 0.3438 7
Construction 0.6088 Poor management of the preceding process 0.6588 0.4011 4
management factors ' Interference of other processes 0.7176 0.4369 1
Lack of defect education 0.4941 0.3008 8
Poor management of construction materials 0.4471 0.2117 12
Consturuction 04735 Insufficient material specification review 0.4588 0.2173 11
material factors Lack of material performance review 0.5176 0.2451 9
Insufficient care transporting and lifting materials 0.4706 0.2228 10
Poor connection between new and existing structures 0.6588 0.4147 3
Factors of 0.6204 Lack of construction capacity of worker 0.6235 0.3925 5
construction Insufficient maintenance after construction 0.6706 0.4221 2
Non-compliance with work specifications 0.5647 0.3554 6

SFo] RII(A), RII(B) 3t =& 5Hh. shA
A AlR.0.219| RI(B) ZE 2L 9151] si2rq@d Alaslo] ﬁ% el 99l AR 29, AT 9919 R
RI(A) gH& 7HE 02 388 819 AThA SR = ()& A& AT o F 3138 Al 8.1 o] Al
S o) Mgt ol A a.9lo] skl FaTel aglo 2 Agstgln A WRATA shat 4@ ST
8912 Table 129} Ztt.

=
)
5
0.
o off
>
1o
=
D)
o
ol
e
ojN
jub)
r
)
o
o
o
Y
o
_o'Lx
4o
el
z
M
Dy
mlo
OHﬂ

Sl 01 /1 R ol el SR A /I HA9 A 203700, A el
S0.4415), A1 HEFA S50 3747, AL A1) 5] 2203900 4712 10] g1 o o1 el 9

S 71 A R A AEEO) B AR SO 71E 15E0 S wlelsh o] /Y Fasit o]
B0 2 WARAFAL Al 71 A% BT A5F A SRS BANES DA ARSI AFS AN Bast Uk 19
s A gl o] WAlste] Sl FAR 957k ARste] WSk, AAE WA A ABHE HS

FHoA BRI o) 5 AL AsiAE ZAAES ol dA R o] Aot A S-S s & %37} ATt

Theo =2 o olate] A 71 520 A5 B9 e E550.5153), 2FEAHY] SR 5% 1]3(0.4092), A5 & HOF2F
A 115(0.3789), A 7415%194 A]+(0.3562) 47HA] Y lo] A7 =] Y. sl SRS oot flsiAl= lé ASER A=
FA A2 A A E Fpote] 2HdS -aistolof it TR ofid 2ol % Q= ZHAREE vl A]she] 39 ARt

Journal of The Korea Institute of Building Construction 63



Kim, Moon Sik - Jung, Dae Gyo - Park, Hyun Jung - Kim, Dae Young

Table 12. Consolidation of principal factors affecting in seismic retrofitting

Importance factors considering Defect of Seismic Retrofit(AxB=a)

Defect factor

@ @ ® @ ® Rank
Unreasonable shortening of the construction period 0.3189 0.2849 0.4443 0.2451 0.3438 6
Poor management of the preceding process 0.3056 0.2976 0.4295 0.2131 0.4011 5
Interference of other processes 03122 0.2786 0.3702 0.1812 0.4369 7
Lack of defect education 0.3388 0.2976 0.3406 0.1812 0.3008 8
poor management of construction materials 0.2756 0.2539 0.2478 0.1254 02117 12
Insufficient material specification review 0.3006 0.2911 0.2911 0.1341 0.2173 10
Lack of material performance review 0.3069 0.2911 0.2973 0.1427 0.2451 9
Insufficient care transporting and lifting materials 0.2505 0.2725 0.2725 0.1384 0.2228 11
Poor connection between new and existing structures 0.5153 0.4588 0.3578 0.3779 0.4147 1
Lack of construction capacity of worker 0.4092 0.4665 0.4415 0.3239 0.3925 2
Insufficient maintenance after construction 0.3789 0.3747 0.4644 0.2699 0.4221 3
Non-compliance with work specifications 0.3562 0.3900 04111 0.3441 0.3554 4
Average 0.3391 0.3298 0.3640 0.2231 0.3304
: Key management factors
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