pISSN 1598-2033
elSSN 2233-5706

J. Korea Inst. Build. Constr. Vol. 21, No. 3 : 249-256 / Jun, 2021

https://doi.org/10.5345/JKIBC.2021.21.3.249 www.jkibc.org

HEY 2IAD F2 2908 F2E 24
Importance Analysis of Major Factors in Formwork Collapse Accident
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Abstract

Fatal accidents in the construction industry account for a higher proportion than other industries, and in particular,
the collapse accident of formwork is likely to lead to a serious accident like death. This study aim to derive the
importance ranking of formwork collapse factors using AHP technique for preventing fatal accident. The AHP survey
was conducted on field construction engineers, construction project managers, safety managers, and formwork
specialist foreman with 10 years on site experience. The results of AHP analysis is that the most importance factor
of formwork collapse accident is 'non—compliance with the formwork shoring assembly drawing’. Next it is important
in the order of 'poor installation of formwork shoring and accessories’, 'formwork shoring is not installed vertically’,
'non-compliance with the concrete curing period of the formwork shoring’, 'safety supervisor not designated and
negligent’. It is necessary to preferentially and intensively manage the high importance factors presented as a result
of this research for reducing formwork collapse accident. In addition, it will contribute to reducing construction safety
accidents if the factors of the formwork collapse accident suggested in this research are included in the formwork
inspection check list and checked step by step in formwork construction.
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Table 1. Previous researches on formwork collapse accident

Author Research topic
Kim Presenting the collapse causes by analyzing
(1995)[17] formwork collapse cases in Korea
Lee Presenting collapse causes by analyzing the
(1995)[18] cases of overseas formwork collapse
Choi Suggesting preventive measures and identify
(1999)(8] the causes of formwork collapse accidents
Kim et al. Analyzing the collapse causes by investigating
(2003)[19] the collapse cases of formwork shoring system
Park and Cases analysis of formwork accident by types
Lee of accident, work stage, and causes of
(2015)[5] accident
Ki Suggesting preventive measures of collapse
im ) !
based on the analysis of formwork shoring
(2016)[20] .
collapse accidents
Addressing whether safety in modern formwork
construction is still a problem and what are
Alan et al. . L e
(2018)21] the main causes to the injuries and fatalities

during formwork construction by analyzing
accident data regarding formwork construction
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Table 2. Korean formwork collapse accidents

) No. of
Working Dape of Project injured
stage accident
workers
Formwork Apartment 3 workers
assmbly/ 2016.12.  construction project, o
) ) X were injured
installation Busan City
Food factory
2018.10.  construction project, 6 wqu_ers
’ . were injured
Daejeon city
Complex town
C%r;c;:’ste 2019.03.  construction project, 3 V\é(i)ergers
P g Andong city
Elementary school 3 workers
2019.07.  construction project, o
) ) were injured
Gimhae city
1 worker
2015.03. Ro‘ad constrgcthn died & 8
project, Yongin city  workers were
injured
Formwork Bridge construction 1. worker
) 8 . died & 1
dismantaling  2019.12. project, Jecheon
: worker was
city -
injured
Apartment 1 worker
2020.06.  construction project, :
) X died
Sejong city

Table 3. Overseas formwork collapse accidents

' No. of
Working Date of ' L
) Project injured
stage accident workers
Ampang LRT
extension project, 2 workers
2014.12. Subang Jaya, died
Formwork Malaysia
assmbly
/ installation Steel Complex Port 1d4 g/ogr(kggs
2015.08. Pier cons(ruction ﬁorkers
project, Vietham were injured
BGG warehouse
2014.05. construction project, Wir\évczgkﬁrrg q
Welshpool, Australia !
Concrete
pouring ROHI’?GST Hotel
202002 renovations project, 3 workers
o Rottnest Island, were injured
Austraila
Building construction
Formwork ) 12 workers
dismantaling 017.05. project, Oakland, were injured

California
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Table 4. Factors of formwork collapse accident extracted from
previous research
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(Inadequate inspection, poor access control, H 230 - - - o
No supervisor) AHP *1_'J~\j1€ ‘?4?_]_' ﬂ 1:1] ‘6‘31]}‘]'—1_1 ﬁﬂ(Table S)E
No legal safety training ﬁ]%ﬁ}?l— 7_-]]% .5.151 7L Figure qu. %1—1‘4-
Safety supervisor not designated and negligent
(Insufficient safety training, Inadequate use of . .
signaling methods) Table 5. Factors of formwork collapse accident in AHP model
Management
factors Formwork shoring used is not adequate to legal First level
No safety measures for evacuation of workers factors Second level factors
Non-compliance with the concrete curing Al Loose management/supervision
period of the formwork shoring A Safety supervisor not designated and
(Collapse due to dismantling formwork shoring Management negligent
before complete curing of the concrete) factors a3 Formwork shoring used is not adequate to
Work plan not prepared (A) legal
: Non-compliance with the concrete curing
Inadequate formwork structural review A4 period of the formwork shoring
Formwork shoring assembly drawing not B1 Inadequate formwork structural review
prepared Desi B2 Formwork shoring structural review not
Design Formwork shoring structural review not esign implemented
factors implemented(Use ‘steel pipe support+steel pipe factors Formwork shoring assembly drawing not
support’, ‘steel pipe scaffold+steel pipe support) (B) B3 prepared
Safety assessment is not implemented B4  Safety assessment is not implemented
Not considered horizontal impact load ci Poor installation of formwork shoring and
Poor concrete pouring method Construction accessories
(Lateral and eccentricity load occurred) factors Cc2 Formwork shoring is not installed vertically.
Non-compliance with the formwork shoring © o3 Non-compliance with the formwork shoring
assembly drawing assembly drawing
Poor installation of formwork shoring and
accessories
Construction Mixed use of formwork shoring materials
factors Poor fixing of head and base of formwork shoring Factors of Formwork Collapse Accident
Poor connection between formwork shorings
Formwork shoring is not installed vertically.
Poor installation of formwork buttress Y — Desian factors FiTepe—
The formwork and the formwork shoring were not factors
perfectly fixed. (A)
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Table 6. AHP survey respondents

Occupation F(;i?:gr?;y Ratio(%)
Field construction engineer 8 25
Construction manager 8 25
Safety manager 8 25
Formwork specialist foreman 8 25
10 years <career < 20 years 20 62.5
career < 20 years 12 375
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Table 7. Weight of the first level factor in AHP model

Field construction

First level Construction manager

Safety manager

Formwork specialist Total

fact engineer foreman
actor
Weight Ranking Weight Ranking Weight Ranking Weight Ranking Weight Ranking
Ma?ageme”t 0.410 2 0.239 3 0213 3 0278 2 0.300 2
actors
fDeS'g” 0.108 3 0.244 2 0236 2 0.521 1 0233 3
actors
COPS””C“O“ 0.482 1 0517 1 0.550 1 0.202 3 0.467 1
actors
Table 8. The importance weight and ranking of the factors of formwork collapse accident
) Field ) Construction Safety Forqurk
First level construction manager manaqer specialist Total
factors Second level factors manager g g foreman
Wi R Wit R Wit R Wit R Wi R
Loose management/supervision 0.114 4 0.039 10 0.044 10 0.041 10 0.066 7
Safety supervisor not designated and 0.097 6 0.104 4 0.038 1" 0.057 9 0.079 5
negligent : ’ : : ’
Management - ;
factor Formwork shoring used s not 002 7 0029 11 0081 4 002 11 0057 9
adequate to legal
Non-compliance with the concrete 0.108 5 0.068 7 0.051 8 0.158 1 0.098 4
curing period of the formwork shoring ’ ’ : : ’
Inadequate formwork structural review  0.018 11 0.069 6 0.050 9 0.137 3 0.052 11
Formwork shoring structural review 05 49 0osa 8 0063 6 0112 5 0054 10
Desi not implemented
esign : :
factor Formwork shoring assembly drawing 0.008 9 0.041 9 0.059 7 0.151 > 0.059 8
not prepared
Safety assessment is not 0039 8 0070 5 0065 5 0120 4 0069 6
implemented
Poor installation of formwork shoring 0.138 3 0.128 3 0.265 1 0.074 6 0.150 5
. and accessories
cOr;ert%crnon Formwork shoring is not installed vertically. 0.154 2 0151 2 0124 3 0088 7 0142 3
Non-compliance with the formwork 495 0238 1 012 2 0060 8 0175 1
shoring assembly drawing
ojof ki 3 4 Qick Aol 7HITL Q7] wjie] ZhE AgArt ARFet

231991 % 49919 A9 AFY AEUA Y
A geAmeld ARY Bete] 2YE oAy, 1E
ARE ST, PR} AL AR Bake 7
HE ulAAZE 23,4, 223 5900 SISk A
AR ART GEATeIA QPABzE BlAAeh AR
23 YA vabo] 6912t 8910 91Xt Siet. of
of 2o AT A% TERUE B HEL 909
SPAAIA 24 oy BEEAe] A [l
AAZGHe] mgH glort o o] ARALAA

A BGEA) S A7} ofdrtele 22 T 5 9
o} mebd ARY HEQA HYW LD gl 4
ARNe] AL HARIY B2 Tt 8IS B

| 25
A7t 5ol A AEH BVl s €8 &
UE=E stojop & Zofo.

AlE-aslel ot AR SHARL 29108 APAE:
gt AR A A 2R vES
A &9, 22 AR sHkE | 7M7 IR AR
Fol 49 1, 2, 39011, T=IRRe] B9 AR
viE] 2 M7 IA A A =21 AT 2 g
A E70] 1, 2, 3910130tk AFH HEdA A=
AAH AR ZA Als 2] e 7A@
LERAAT A4 A7t A dite AT vE &

2T =
AR 2HE vE,

r

B oft vz

4 Bk g 7MdrIAA A
A g 2% 191 Ak £ £0% 7A

254



ek o A vt 2ol el
5 A%7} Aol A2 AAR
o % Sick. 2% Wolk el o)

ABE AN oI5 AA| ARioA E571 HA] ot

P} W AR B ARE 25T
% 9 welo] 472 Bast Utk

AR 9 391919 Aol BeldTol 4y 2 %
BES ekl g0 AZY, A3ET Solgltt
ARV 2 Aol7t At 71 A7) 299t Hol 1

12 9=

A Se A —‘%ﬂ‘%ﬂ} Addge] A7t Al Ak
EL, T&ﬂ% 72 W/ﬂ 501 *JEH SIS R
iel = 202 ARE]
U ddies *1%’—9LJL 140180 4 7R} Al

7 UERAT:. o] ol =0l A EY AF8] 1S
9}7} HAAL, AgAre] dgsol st *J‘:‘f“1 1]
A, o=l Z2AE HIFe] ¥ole 5 AleaRlel &
2oz FasH d o= s

6. 2 &

AAEAC] A S e ARI] AR e
B AR hed, BABA) A -8 &
17] 913l Ak Al JeE o Al we 7}

540 2 AFUBANE o Arlacle melsia
ahdeh. 53] ARYTA) Bul 2o AR o
29 7RsAo] A4 ARBA AR 55 Zo)7] S
AFY Bk gt 8913 njelelal 391& AAsH
A4 FaeReke Aol Basitt.

AR S 89s W] S8 V1€
2E 53 802 0L T AERE W= AHP
ABEZAIE AAskal ZF 8919] Mq]x% 71EAE A5t
ATt 1 29 AlELRl, #Ea]l, A8 &or Ve
A7 ZA UL, AIF-8.R1 WL Ard B 2

nE, AR Bk " 7HIRA A 29 e
=%, 74 s SRR viEs, RAEEAR vIAA
H AFAE0] 19~591E AAJshe 8Rl0 =EEn

b AR %ﬂ*}ﬂ—e— A M 2 Aol
A E=Ed 74 2RI VAT B2 802 IR ¢
Adeom el IRlER AAshal HFAoR SRlshk=

O

J

Ol

I 702 Amdnt ERF AT SARIA
@E% e e & Aol =2
HEEA] golx A= Hae Al
ALE Agsied 71ofd o e A

X,

e

o,

[e) mﬂ

o 9 ko
nZim

@)

o
rO oy
o o
_?L
i

< fo
jaka)
il
T
‘Lé

c
_|>:‘F%ﬂl
m—lm
iy 2

b

re
[ [
)

=l
&
ok

>~
=
[

ARG TP AHPY
I Agfoltt, IR G
S thgos MRS YA
7\}9} x}oqx]__ gpprog A
1':' 25310] 212
ax o A g
m e 97 2% qUEs

usto] S7b491 7S AN
B 5 74«:;14 RATEIEE

A=

rTj
H oo rlx
=
D)
W
N
o
m
:

ol
—_

2
2

o, [
ok
£
é i

0o M
~{
>~
E
i

fe o

of I

i

ilo
>
>,
ol
ol
oy

H1

ri

ol

=

N

o

,

i
mlo V—|>3 o,
>~ )ﬁ rOI' )

_\1

%
g 5
<

ol

A2 A F AELRA HFo] WS Ak AR
A A A e 918 B A7 AR AA
S QAR Al wdlols B8 et £4) o
31 9k, mebA] £ Aol AHP 719S B831e] A
4 B Q0 FAE B4 O T S

248 HskAt gk B4 A7t A3a9l, Belae)
AR 02 71EA7E ¥ Yehgeh, wteiA A]J-&OJ
S oxxoz FeEshd AZA By A dEst &
Ue Ao AlgEh
9"?’-] 7.[#_7([ 7-|d'_-'-_ %J_'_| A|—_T|_, A|-_T'__.C_.>_°,_|, =F —E‘&!,
olAEY HzEA
Funding

Not applicable

ORCID

Ji-Yeong Park, https://orcid.org/0000-0002-4078-2284
Gwang-Hee Kim, https://orcid.org/0000-0002-7715-9469

255



Importance Analysis of Major Factors in Formwork Collapse Accident

10.

11.

12.

References

. Korea Occupational Safety and Health Agency. Industrial accident

5in2019. Ulsan (Korea): Korea Occupational Safety and Health Age
ney. 2019. p. 1-27.

. Construction Safety Management Integrated Information. Status o

f risk factors derived by engineering type(Architecture) [Internet].
Jinju (Korea): Construction Safety Management Integrated Inform
ation; 2020~[cited 2020 Nov 13]. Available from: https://www.csi.g
o.kr/index.do

. Heo YK, KimDY, Ji SH, OhJH, Seol DK. A study on the Standard for

Determining the Optimal Air in Construction Projects. Ulsan (Korea):
Korea Occupational Safety and Health Agency. 2016. p. 1-154.

. Korea Occupational Safety and Health Agency. Death disaster prev

ention guide(construction Industry, manufacturing). Ulsan (Kore
a): Korea Occupational Safety and Health Agency. 2012. p. 2-11.

. Park §J, Lee CS. An accident case analysis for formworks. Korea Inst

itute of Construction Engineering and Management National Univ
ersity Student Conference; 2015 Nov 7; Suwon, Korea. Seoul (Kore
a): Institute of Construction Engineering and Management; 2018.
136 p.

. Lee CH. A study on the causes of grave accidents occurring in mo

ulding work and the improvement plans [master's thesis]. [Busan
(Korea)l: Donga University; 2006. 77 p.

. Kim]JO, Kim TH, Cho HH, Kang KI. Quantitative analysis of the cau

se of fatal accidents related to form work using the FMEA method.
Korea Institute of Construction Engineering and Management Nati
onal University Student Conference; 2008 Nov 7-8; Seoul, Korea.
Seoul (Korea): Korea Institute of Construction Engineering and Ma
nagement; 2008. p. 107-10.

. Choi §J. Preventive measures and causes analysis on the accident of

collapse in formworks. Magazine of the Korea Concrete Institute. 199
9 Jul: 1163): 26-36. http://chx. dot.org/10.22636/MKCL 1999.11.3.26

. KimFJ, Yang YH, Kim MH, Kim MK, Lee §J. A study on the preventio

n of collapse disasters of form supports-horizontal linked material.
Korea Institute of Construction Engineering and Management Nati
onal University Student Conference; 2018 Nov 10; Seoul, Korea. Se
oul (Korea): Korea Institute of Construction Engineering and Mana
gement; 2018, p. 72-5.

Korea Occupational Safety and Health Agency. Safety design guidel
ines for integrated work plate formwork. Ulsan (Korea): Korea Occ
upational Safety and Health Agency. 2011. p. 1-14.

Korea Occupational Safety and Health Agency. Guidelines for safet
ywork of formwork for small-scale reinforced concrete bridge con
struction. Ulsan (Korea): Korea Occupational Safety and Health Ag
ency. 2011. p. 1-11.

Korea Occupational Safety and Health Agency. Guidelines for safet
y of work trucks for demolition of bridge slab form. Ulsan (Korea):

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

256

Korea Occupational Safety and Health Agency. 2011. p. 1-14.
Korea Occupational Safety and Health Agency. Guidelines for safet
y and health work of steel beam-to-column bar{Deck plate metho
d). Ulsan (Korea): Korea Occupational Safety and Health Agency.
2012. p. 1-23.

Korea Occupational Safety and Health Agency. Structural review a
nd guidelines for safety and health work in formwork. Ulsan (Kore
a): Korea Occupational Safety and Health Agency. 2015. p. 1-16.
Hwang MK. A 40-year-old worker dies after a collapse of a constructi
onsite in an apartment building in Jeju [Internet]. Seoul (Korea): Chos
unIlbo; 2020-{cited 2020 Nov 13). Available from: https://www.chos
un.com/site/data/html_dir/2020/01/15/2020011501812. html?ut
m_source=naver&utm_medium~original&utm campaign=news
Lee FJ. 6 people were injured when the formation of a new housing
construction site in Cheonan hit workers [Internet]. Seoul (Korea): Yo
nhap News Agency; 2020-[cited 2020 Nov 13]. Available from: https:/
[www.yna.co.kr/view/AKR20200731122900063%input=1195m
KimYJ. Collapse cases of formwork in domestic sites. Magazine of
the Korea Concrete Institute; 1995 Aug;7(4):50-5. http://dx.doi.or
2/10.22636/MKCI.1995.7.4.50

Lee CD. Formwork failures in foreign countries. Magazine of the Ko
rea Concrete Institute; 1995 Aug;7(4):35-43. http://dx.doi.org/10.
22636/MKCIL.1995.7.4.35

KimGM, KimHS, Jung S, Kwak SS. Collapse situation investigation
and cause analysis in form-shore system Architectural Institute of Ko
rea Spring Annual Conference(Structural world): 2003 Apr 26; Yongi
n, Korea. Seoul (Koreg): Architectural Institute of Korea; 2003. 360 p.
KimH]. A study on the case analysis of collapse disasters of formsupp
orts and their preventative measures [master’s thesis]. [Seoul (Korea
)I; Seoul National University of Science and Technology; 2016. 86 p.
Haduong A, .KimJ]J, Balali V. Statistical results on incidents for form
work safety in concrete structures. Construction Research Congres
52018; 2018 Apr 2-4; New Orleans, Louisiana, United States of Ame
rica. Reston, VA (United States of America): ASCE; 2018. p. 645-55.
https://doi.org/10.1061/9780784481288.063

Construction Technology Information System. Formwork guide fro
m Planning to Construction. Goyang (Korea): Construction Techno
logy Information System. 2008. p. 1-546.

National Legal Information Center. Administrative Rules-Standard
Safety Work Guidelines for Concrete Construction [Internet]. Sejon
g (Korea): National Legal Information Center; 2020-[cited 2020 No
v 13]. Available from: https://www.law.go.kr/

An J, Song SH. Integrated safety risk assessment and response prep
aration on construction site formwork using FMECA method. Journ
al of Korea Safety Management and Science. 2012 Sep;14(3):39-48.
http://dx.doi.org/10.12812/ksms.2012.14.3.039

Lee HC. Collective decision making. Seoul (Korea): Sejong; 2000.
186 p.



