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Abstract

Due to the increase of size and complexity of construction project, the frequency of serious accidents in construction
industry has been increased. Especially, the proportion of accidents in formwork of building construction site is very
high, and many previous studies have been conducted to preventing them in the viewpoint of the diverse approaches.
However, their effectiveness on accidents prevention was poor, and as a result, it is limited to consider the potential
risks because many workers and managers tend not to be concerned with unsafe factors in formwork. Therefore, in
this study, a realistic and proactive way for analyzing these potential risks was proposed in the manner of
quantitatively assessing the potentials resulted from the unsafe factors in formwork. To verify the applicability of the
proposed methodology, group survey was carried out, and the results were compared with those of the traditional
importance—performance analysis(hereafter IPA) technique. Through the use of the proposed methodology, unsafe
factors that were not found in the IPA but have potential risk were identified. Eventually, this study is expected to
contribute to the proactive prevention of construction serious disaster accidents in formwork by enabling a more

efficient management.
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Table 1. The number of injured and dead workers
(2014~2018) (Unit: persons)

Year 2014 2015 2016 2017 2018
injured workers 1,464 1,707 1,498 1,314 1,125
dead workers 14 17 14 18 14
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Figure 1. Categorical zone of IPA
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Table 2. Disaster factor classification of form collapse

Main factor Sub-factor

A-1 Safety training and safety measures not implemented
A-2 Insufficient safety review

Human  A-3 Provided by unlicensed companies

factors o )
(A A Insufficient structural safety review between formwork

installation

Construction not carried out according to the formwork
assembly drawing

B-1 Formwork structure review not implemented
Design B2 Work plan not prepared
factors
(B) B-3 Formwork assembly drawing not drawn up

B-4 Inadequate structure calculation and assembly drawing

C-1 Collapse due to side pressure in concrete
Constructio C-2 Non-compliance with the pouring plan
n factors
©) C-3 Poor installation of copper bars
C-4 No braces installed
D-1 Use of materials with poor standard specifications
D=2 Collapse due to dismantling before complete curing of
the structure
Other
factors  D-3 Collapse due to the payload on the top of the formwork
D)

Non-compliance with the retention period of the

D4 fomwork

D-5 Collapse due to structure cracking during dismantling
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Table 3. The summary of questionnaire respondents

The Number

Category (person) Ratio (%)
29 9 8.1
Age 30739 21 189
(vear) 40749 51 459
50~ 30 270
~10 14 12.6
Career ~
Gesy 1020 63 568
20~ 34 30.6
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Table 4. Cronbach alpha coefficient for importance and

performance
Main No.of Cronbach’s Alpha
factor  questions Importance Performance
A 5 0.855 0.741
B 4 0.821 0.755
C 4 0.841 0.821
D 5 0.731 0.880

Table 5. Performance ratings of each factors

Performance(%):

No. Sub factor strongly agree(%) +
agree(%)
_, Inadequate structure  calculation and
B-4 assembly drawing %50
B-2 Work plan not prepared 57.7
B-3 Egrmwork assembly drawing not drawn 577
4 Non-compliance with the retention period
D4 of the formwork 86
- Collapse due to structure cracking during
D-5 dismantling %86
_; Safety training and safety measures not
AT implemented 64.0
o Collapse due to the payload on the top
D-3 of the formwork 64.9
. Formwork structure review not
B-1 implemented 68
A5 Construction not carried out according to 685
the formwork assembly drawing )
C-3 Poor installation of copper bars 68.5
D=2 Collapse due to dismanting before 685
complete curing of the structure "
C-2 Non-compliance with the pouring plan 721
C-4 No braces installed 730
. Use of materials with poor standard
D-1 specifications 739
A-3  Provided by unlicensed companies 74.8
_; Collapse due to side pressure in
C concrete 748
A-2 Insufficient safety review 75.7
Al Insufficient  structural  safety  review 766

between formwork installation
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Table 6. Cross—tabulation of performance and importance ratings

for ‘A-2’
Importance (%)
Performance pr— pr— Row
Ton, ron!
(%) ) v disagree  Neutral agree % total
disagree agree
strongly
disagree 0.0 0.0 09 1.8 0.0 27
disagree 0.0 0.0 1.8 2.7 3.6 8.1
Neutral 0.0 0.0 1.8 36 8.1 135
agree 0.0 09 54 16.2 20.7 432
strongly
agree 0.0 0.0 36 15.3 135 R4
column total 0.0 0.9 135 39.6 459  100.0

Table 7. Potential risk assessment for each factors

No. Sub factor ::kti;i;al

B-1 Formwork structure review not implemented 10.8

A-2 Insufficient safety review 8.1

D-1 Use of materials with poor standard specifications 6.3

A5 Construction  not oarried_ out according to the 54
formwork assembly drawing

B-3 Formwork assembly drawing not drawn up 54

Al Insufficient  structural safety review between 45
formwork installation

B-4 Inadequate structure calculation and assembly 45
drawing

C-2 Non-compliance with the pouring plan 45

C-3 Poor installation of copper bars 36

D-3 Collapse due to the payload on the top of the 36
formwork

A-3 Provided by unlicensed companies 27

B-2 Work plan not prepared 27

C-4 No braces installed 2.7

D-4 Non-compliance with the retention period of the 57
formwork

C-1 Collapse due to side pressure in concrete 18

D=2 Collapse due to dismantling before complete curing 18
of the structure

D-5 Collapse due to structure cracking during dismantling 1.8

A-1 Safety training and safety measures not 09

implemented
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Table 8. Comparison of the priority of performance and
potential risks

Priority Performance Potential risk

1 B-4 55.0 B-1 10.8
2 B2 57.7 A-2 8.1

3 B-3 57.7 D=l 6.3
4 D-4 58.6 A-5 54
5 D-5 58.6 B-3 54
6 A-1 64.0 A-4 45
7 D-3 64.9 B-4 45
8 B-1 65.8 Cc2 45
9 A-5 68.5 C3 36
10 C3 68.5 D-3 36
1 D2 68.5 A-3 2.7
12 C2 72.1 B2 2.7
13 CH4 730 C4 2.7
14 D-1 739 D-4 2.7
15 A-3 74.8 C-1 1.8
16 C-1 74.8 D-2 1.8
17 A2 75.7 D-5 1.8
18 A-4 76.6 A-1 0.9
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Figure 2. Scatter graph of potential risk vs. importance
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Table 9. Description of four zone

Zone 2 Zone 1
High potential risk but low High potential risk + High

importance importance
Zone 3 Zone 4
Low potential risk + Low High importance but low potential
importance risk
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