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Abstract Safety-conscious design on site is required for site constructions because of the introduction of the design
for safety, but it still leaves much to be desired. This study compared the site where the design was applied and
the site where it was not applied. The applied case examined the underground wall construction during frame
construction, which corresponds to the skeleton of the building construction. The underground wall construction is
quite risky due to the exposure to exterior environments and involvement of various stages, such as scaffolding,
formwork, reinforcing work, and concrete casting work. Therefore, the risk factors for each stage were identified and
a risk assessment was carried out to select an alternative method to reduce the risk. The risk factors of the selected
alternative construction method were also identified and a risk assessment was conducted. The risk assessment weight
was calculated by comparing the site where the construction method was applied and the site where it was not,
explaining the necessity of the design for safety in reducing the risk. In addition, an actual case where an alternative
construction method was used was studied to highlight the necessity for a design for safety.
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1.4 = 79E A5} RS BHHE AT Q1] Aol
= Q9] a55F0] SR wet Fujel 2RAEo]

L1 A7) w7 R =y 3D A% A4 7191 @4l Azl 5la, gl m¥A
AHAYE BRI 0 RN A2 5B A U ATHeR 9UE 047t B F4713 daER
gel AEFF A, SO0l A, AHeE A 4 53D HFS FHOE /|9l g waste] 9

*

Corresponding author : Byong-Jeong Choi(Kyunggi Univ.)

Tel: +82-031-249-9702 e-mail: bjchoi@kgu.ac.kr

Received October 8, 2018 Revised February 7, 2019
Accepted April 5, 2019 Published April 30, 2019

56



3l

I

oM,
X

AN
sl
o
o
Hd
2
X
o
fru
J

53 9rH2]. AHl3
22 F 5247

507 o v

ol
o
I
o _[Lé
2

¢ 2 o

o AN

-
a8 p
|
il

o oo fu
&
=
T
to
>,

Ir

t

32
=

[}
oy F
o
o= A
=)
™
-
0
o o
>

yo ff 2 o

=

e e o
2oL A e

N
i o Mo o

ol
ol
2

40 12 ob ol ol
ox
tlo
o o
ich
>

ol
ol
jinA

N

Y
N, o

gy

ool
o
L = A =Y

%
2o

f
o gt
to
¢
o

ol
-

d
L)
x
B

ofr

ol
OWI
of

>
>

o,

o

w flo

oX,
[

o

N
sk

ofr

ol

o 2

o o

e

o

r >

o

2012956 2016714 597 1A AsiAee Het
24,464, A& 0.82% 2 AANE Asle
0.54%E 1} o Abgales 519902 AR A
A} 27.6%E AFASHL QT3] 2018 64 7]
o2& AN A AT 12,289 0 &
WA AFFelA 25.5%, AFEAEE AA AFERRRS
25.2%%1 270785 A8kl ATH4]. A=7H19] Ata
o g Alsl el 4, 1A 22A; ekdefA 9 g

A% orln AE 52 B 2 e deke A

o

>

N FI'E =
\\)
re
-4
Lo
oL
ule]
e
o
L

o X

ro

o fUomE
O
2 o

=
4
o

o
ol
—

r2 ok of
32 off —
>,

4 ol

57

DFSY &g, 4-gAldlE W27 E5to DFSY
84S AFsta, Hite g AAE FHS

A AEE A EaAR g

2. AANH YA RS APz
2.1 AARMAAHE =97

=] S & C1e] o
AL A AL H-Aolgke Q12e] Hulsit). 1
H, AG T AAGA
45%, N FEA L] ¥lo] 37.6%E Holi
AAGA A kA
4 AtH7]. Gibb et
al.(2004)2] Aol w2 AAWMA whe} Al A7t
o] gel¥l Zo| 47%0]H[8], Behm(2005)2] Aol =
22474 0] APRAE ZALste, o] FollA 47%% AAIM
ARAEE A4t 9T £ Je Augee ddn
[9]. 1S HE-= DFS W29 AdAAPAMAY 7P
AZE 20161 59 7A7ERSH A= Al7529 2
o A FAPAE D A0z A
Agletsict. ol SAR AAGA /R
a1 A Al R AR AR A S
A =Ja, 20173 5YE FEFM=
AEel kg Al FaS 98 A HHRHE
TS AT et ehdBe = Al
= Ao A Bloju} whEa)
T FEUZRE A disE
Stk 20149 AFFFAR AT AEE
W Fe Adae 2y
T2 0.58, 42 0.19, 5420
AL tHIAF AL v SR .
0.10]t}H{10]. Azl=relA] 71 vk

et
o

>
>

o0 {0 mn

©
~

BN

0.8, U A &<
Z15etal 9l dehs 9eeR deehindd (HSE:

Health and Safety Executive) 1994d%-E CDM
(Construction Design Management Regulations 1994)
g AES =9dste] B, AR FrE A

ANE PHAYE Qs Ak 19815 2002

il



a7 83w A] A209 A4, 2019

742 ek 20 7F

(e}
PIac

ZulobAA (AL A7) 49 o) Ate] o
) 1.

A3k Ak Telgo] 1994 o] el Hlg) 1.5w)
SAbE ] 7t Bkl i CDM 4-&-0]%F 61 d 7t =
ojxxt} 40% 7HAstoich. CDMFA <l
WAk A9 b7 A AL A A

< 7130 S AR BT
Aol tH11], A7HEZ ] A% 20164 A7FE £
4-(Department of statistic Singapore 2016) o 2]}
DFS AEE =95t7] Al=Hek 2008'd9] 74 Al
&o] 0291, DFSE =913 ol 87k it A

akel &2 0.230% 20%7HF 7HAakeivH12].

lo

&
)

=g
Y
2

ot & & mx
ox ox i

it
ro
Ru
)
=
fru

g#
9 i
1

ko o H oo

to
[
re
>,
[o

9o O
=T =

o
S
o oL >, }‘>’
A ol j% il
op % L

}-}%%:\in;‘iﬂﬁ
o

A AHE ARl Y

whe} A7k e
bz|

i—"‘
)
1
o
fr
Hd
>
oty
o
=
N
1Py 0%
1
o
fr

58

o 93 YFdF7} EYASE e
Foo] 919 kol Sgove AYetn A
< A% ik FUHE et AN s
S g0 R YeillE 24, A

$
£
>,
e
i

%}\ =
3

e}

L
T

2 = Qo ozl oo o

o827l disiM = AdE ARE

A~ 8t

[e}
3

A7k A Festolol di14]

2 M oo fo
~
d
ox
fo
o,
o
rl
ol
oo
e
NS
fru
o
NS
o
2
=5
LU

o

Table 1. Risk Evaluation(4x4 Matrix)

Likelihood(L)
1 2 3 4
Severity(S)
1 1 2 3 4
2 2 4 6
3 3 6
4 4
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Table 2. Project Description (Projcet No. 1)

Project K Building construction
Cost About 300 billion won
Period 2018.1 ~ 2019.8 (20month)
Type Office
Designer I. B. Lee and others
Design company G company
Owner H company
Constructor L company
Supervisor P company
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Table 3. Risk Evaluation(risk by score)

Step Score
Low risk 1~4
Usually risk 4-8
Risk 8~12
High risk 12~16
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Table 4. Scaffold construction risk assessment table

Grade
Action | COD | Hazardous. risk factors
steps and E and risk S L R
content
BOL Scaffold subsidence, 4 3
collapse
Pan pipes carrying: crash,
X B02 fall, non-Rae 4 8
Installation -
. Installation of the gap not
disassembly N
B03 |compliant: collapse, 4 8
evangelism
Installation, disassembly
BO4 of the materials fall 3 6
Installationd | pos Not a niche foothold 3 6
isassembly interval: material falling
(Safety The balance of the work
footrest B06 |lost chocks installed, 4 4
safety dismantled, crash
railing BO7 Scaffolding dlsmant}lng, 4 3
safety crashed when working
footrest Scaffoldi hed
moving | B08 thca ° mgdcg'fl © 3 6
path rough an
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At the dissolution of the

B09 |ascent installation to 1 4 4
install: crash
In the upper part of the

B10 |on-the-go safety first 1 4 4

signed: crash

The walls are well
outside the scaffold

Saf,e,ty Bl falling and collapse the 3 4 12
facility ..
regulatory  mijunsuro
Now loads and wind
B12 |loads of a scaffold 1 4 4
collapse
BI3 Scaffold improves 2 3 6
balance, go on crash
Bl4 Scaffolding ?rfished ) 4 4
through a railing
Avr 1.71 | 3.71 | 6.34
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Table 5. Installation of retaining wall formwork,
dismantling risk assessment
Action COD| Hazardous. risk factors and Grade
steps and E risk S L R
content
Retaining wall dies when
DO1 |assembling equipment 2 4 8
collision, stenosis
D02 The amount of water falling 2 3 6
in excess of the spec
D03 Sling belt broken: volume of ) 4 4
E " water fall
orm\a]fi)lr Vertical and lower part of the
3SSEMOY | D04 |control of concurrent 2 3 6
operations, rogue, fall
D05 Llne-Pendlng exceeds the safe 2 3 6
working load
The dice fell short of
D06 |dismantling the State-in-a-row | 2 4 8
hook fixed: Evangelism, fall

Table lift (T/L) at the same

D07 |time by manipulating the 1 4 4
evangelism
Table lift the ball dropped
D08 |into the upper tool away 2 3 6
from the collision
Avr 1.75 [ 3.50 | 6.12
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Table 6. Rebar installation risk assessment
St[:c:(:; a| cope Hazardous. risk factors and Grade

i risk s|L|R

content
Unplanned work,
Lot enforcement: fall, crash 3 4 12
L02 Crane 0V§rload device 1'5 2 4 3
non-functional: Evangelism
Unloading L03 Weather COndltlf)nS (strong 3 3 9
and wind), etc., equipment falling
Moving L04 Does not 09nﬁol the work 3 4 12
up the area: stenosis
Reinforce L0S Outrigger does noF fully 3 4 2
ment extended: Evangelism
L06 Lme-'bendmg exceed§ the safe 3 4 12
working load: dropping
And weight carrying cows
LO07 |and the workforce: 3 3 9
Evangelism, conflict
Avr 2.85[3.71]10.57
Hang up-stroke joints
Mol reinforced by prodding 2 3 6
He slipped and fell during
MO02 |the move reinforced 2 3 6
Rebar .
Assermbl convicted
Y1 mo3 pierced on dowel bar 2 3 6
The building end crashed
MO04 |when assembling the end 2 4 8

HOOP reinforcement

60



MOS Materials distributed load fell ) 4 4
short: the meltdown
Salvage, openings, fell short
MO06 |of the protective measures; 2 3 6
crash
Hand cutting machine in use,
Mo7 reinforced this flop ! 3 3
M08 Rebar} caps do not pass: 2 3 6
prodding crowned
The gang forms on the upper
M09 |reinforced neglect: the 2 4 8
downfall
Inadequate control of the
MI10 |navigator when moving the 4 3 12
table lift: stenosis, collision
Mi1 Walls rélnforced Sltlppol't bad: 2 3 6
Evangelism, stenosis
Avr 2.0 |3.27| 6.54
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Table 7. When pouring concrete Risk assessment

Action Grade
steps | COD . .
H: k fact k
and E azardous, risk factors and ris| slolr
content
Geotechnical ground subsidence
BO1 |caused by the lack of history: the | 2 3 6
equipment falling
The use of access control
B02 |equipment fell short: collision, 2 3 6
) stenosis
X 100% of the unexpanded
i B03 2| 4 8
Equqt)m Outrigger: Evangelism
en - -
Installat | Bog |Cauipment spec overtime: 2|3 |6
ion Evangelism
At the same time: structures
B0S |damaged, crash for the boom, 2 3 6
evangelism
Boom after expansion by
B06 2| 4 8
Outrigger: Evangelism
Avr 2.00( 3.33 | 6.66
col Luck narrowing the mls@atch 3 4 12
between workers power signal:
cm Ir'lst'allat'lon }nﬁtallatlon of the 3 2 6
piping is eliminated: fall, non-Rae
o3 Installation: plumbing-Jim in 3 3 9
danger: non-Rae
3 After a stop at the teleportation:
pouring | C04 op ep ’ 3|1 4|12
crash remicon, stenosis
The remnants of the water
€03 installation of DAP to: non-Rae 3 3 o
Boom vs. Java LAGAN release:
€06 fall, non-Rae 2 3 6
Avr 2.83/3.16] 8.93
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Table 8. Project Description (Projcet No. 2)

Project J Building construction

Cost About 600 billion won
Period 2018.1 ~ 2019.10 (22month)
Type Plant

Designer I. C. Kim and others
Design company G company

Owner H company

Constructor L company

Supervisor P company
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Client Designer Constructor Expert
Fig. 1. Group Interview career
3.4.1 AAGA A
Table 9. Evaluation for Alternatives
Item Weight Alt 1 Alt 2
Safety Mng. 1 A 3 C 1
Aesthetics 1 B 2 B 2
Function 1 A 3 B 2
Technology 1 A 3 A 3
Cost 1 B 2 B 2
Time 1 A 3 B 2
Environment 1 A 3 B 2
Total 19 14
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Table 10. Risk assessment during MDW member entry
and installation
i Grads
Asittem COD | Hazardous, risk factors and ade
steps and E e
content S L R
Quantity  of absence caused
B0l by dropping a tool connected 2 3 6
Unloading The standoff between the neck
material | B02 [and the absence of finger 2 2 4
occlusion
Avr 2.00 | 2.50 | 5.00
With  the belt hole in the
CO1 |[corner of the sling falling 2 4 8
friction
The absence of rotation
C02 |[caused by technology and 2 3 6
narrowing the conflict
) The absence of liver or fixed
Material | C03 |peulreng trail between finger 2 2 4
Installation cocclusion
When working with the upper
C04 ISling belt off: sky falling 2136
Before the dissolution of the
CO05 [complete equipment Sainsbury | 2 3 6
belt caused by stenosis
Avr 2.00 | 3.00 | 6.00
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Table 11. Risk Assessment of MDW Plate Reinforcement

Action steps | COD Hazard,risk factors and risk Grade
and content | E S L R
Between Quantity of absence caused
member and| CO1 |by a hook connected to 2 3 6
member give the downfall
Installation When working with the
of C02 |technology crash at sky 1 4 4
reinforcing heights
bars Avr 1.50 | 3.50 | 5.25
MDW 33t wrbt A Al 34" 7= Bl
Ao BAL FF A 7|eAH] F5, FF 20| A
A EFoE Q9 i A 3l 2710l S Bl MDW -
oM Zd Al 7EQl FE, BT AR A E7F 719
$e) AW Aglon) Wit 52590 WE
o7 H7hE AT

3.5.3 MDW £ E e g3 7}

o}Z] (Table 12)= MDW ZIZE A 934
7he 6,075 HEFFEOE 37HE St MDW 23 E
B Al Q1847 7.5002 7o) RFEoR
37k Ak

Table 12. Risk assessment for MDW concrete pouring

ste][::t:::cll nE Hazardous, I'i'Sk factors and Grade
content risk S| LR
Pump kata installation
01 |[technology, access control 2 3 6
fell short: collision, stenosis
?. pumpcar BO2 Pump 100% car Outljigger ) 4 4
installation unexpanded: Evangelism
BO3 Peok [Tetit Ka boom aﬁer 2 4 3
expansion by: Evangelism
Avr 1.66 | 3.66 | 6.07
Installation of the footrest
CO01 |installation, demolition: 2 4 8
crash crash
Installation of the footrest
C02 |upper fixed finger occlusion | 2 3 6
3. concrete MDW
pouring o3 Installation of scaffolqing 2 4 3
crashed at the same time
Pump car crashed as a
C04 |result of the bumps on the 2 4 8
boom
Avr 2.00| 3.75 | 7.50
MDW ZaZE B A H=Z7} 4] A Al 994
A7k epgls) Ao e REo e Qa Held

=
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Table 13. Comparison of risk assessment when existing
quay exterior wall formwork and MDW

improvement
The risk assessment before an After conducting a risk
improvement assessment to improve
Work step score | items | Work step | Score | items
Installation of
scaffold and form MDW
Scaffoldin and Material
disman%ling 6.28 140 unloading 500 20
Material
installation 6.00 30
Formwork
assembly 6.00 8.0
Avr 6.14 11.0 Avr 5.50 3.5
Rebar MDW Plate
Assembly reinforcement
Material
pick-up and 10.17 7.0
transportation
Rebar Assembly | 6.80 10.0
Avr 8.68 8.5 Avr 5.00 2.0
Concrete Concrete
pouring pouring
Equipment Equipmnet
Inital]iation 6.29 70 in:taﬁation 6.00 30
Concrete pouring | 8.29 7.0 Conc'rete 7.50 4.0
pouring
Avr 7.29 7.0 Avr 6.75 3.5
Total avr 7.37 8.83 Total avr 5.75 3.0
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