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A Study on safety improvement of Underground wall construction to
Design for Safety
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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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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 IL R
content
BOI Scaffold subsidence, 5 4 g
collapse
BO2 Pan pipes carrying: crash, 5 4 3
X fall, non-Rae
Installation -
disassembl Installation of the gap not
Y B03 |compliant: collapse, 2 4 8
evangelism
B04 Installation, disassembly ) 3 6

of the materials fall

BOS Not a niche foothold ) 3 6

Installationd

isassembly interval: material falling
(Safety The balance of the work
footrest | BO6 |lost chocks installed, 1 4 4
safety dismantled, crash
railing BO7 Scaffolding dismantling, ) 4 3
safety crashed when working
footrest .
moving | BO8 Shcraffoldlngd c;alslhed 2 3 6
path through and fa
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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 By 3 6
balance, go on crash
Bl4 Scaffolding cAr‘ashcd | 4 4
through a railing
Avr 1.71 | 3.71 | 6.34
HIA] AR GAl M= 27] viA] 71 2w dA] Al
27t dEog AXNHER AE & FHYo] &/
BI7FE AL, PAWRE, ' AXAIE HAZE ngE Y
Holuz XA E thah e GAR Hr EAY
AR SAE ol WMol g F4u 2 A
HIAAA7E 23, 25 AbZE Bar Ay Al Az
of Wi A= A7 T 7P = B7F HH
AA Aoz wAEA, siA A 18R 7F Bt 6.34
2 HETEOE M.
3.3.2 HEZSA ALYt
o}g| (Table 5)= AFHTTY APLALE &I
A94S W Eolth. Asely A% A, A @
AdME 6.122 HE o2 H7t HA
Table 5. Installation of retaining wall formwork,
dismantling risk assessment
Action COD| Hazardous. risk factors and Grade
steps and .
E risk S IL, R
content
Retaining wall dies when
DOI1 |assembling equipment 2 4 8
collision, stenosis
D02 The amount of water falling 5 3 6
in excess of the spec
D03 Sling belt broken: volume of | 4 4
F K water fall
az‘s‘[:r:/t?lr Vertical and lower part of the
Y| D04 |control of concurrent 2 3 6
operations, rogue, fall
D05 Lme-lbendmg exceeds the safe 5 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
Aehel A% 4K, AA WANAE AFH 24
A ) FE, B2 A 292 A AFITe,
SYME sheo ¥ ek 4e FARYoR
et TE, E40] StAgste 23}, &40l aAl Al
AFH AR gk 5ol e, AFR A 52 Al
A Elol e E 24 vl%o A% 919 ek AF
B AR, A= AR 5 Hd A7) 6.12
2 BT FEs veha vk

3.3.3 HZHZSAL fIREEL

o
ol# (Table 6) Aul ¥F9] YPLALE &F
o AGHS BIAE Eoleh Abellel BTl ol
13molt}. At 319, &5 A= 1057502 Adsee
2 g7 HQa S vl Aol 6547 RE FroR
37} =9k,
Table 6. Rebar installation risk assessment
S;:cm::l 4| cope Hazardous. risk factors and Grade
e risk s|L|R
content
Unplanned work,
Lot enforcement: fall, crash 3 4 12
L02 Crane ov?rload device ?s 2 4 3
non-functional: Evangelism
Unloading L03 Weather COndltlf)nS (strong_ 3 3 9
and wind), etc., equipment falling
Moving Lo4 Does not C(?ntrol the work 3 4 12
up the area: stenosis
Reinfi i
einforce L0S Outrigger does no? fully 3 4 12
ment extended: Evangelism
Line-bending exceeds the safe
Lo6 working load: dropping 3 4 12
And weight carrying cows
L07 |and the workforce: 3 3 9
Evangelism, conflict
Avr 2.85(3.71]10.57
Hang up-stroke joints
MO1 2
0 reinforced by prodding 3 6
He slipped and fell during
MO02 |the move reinforced 2 3 6
Rebar .
Assembly convicted
MO03 |pierced on dowel bar 2 3 6
The building end crashed
M04 |when assembling the end 2 4 8
HOOP reinforcement
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MO5 Materials distributed load fell 1 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 Rebarl 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 rejinforced sl?.ppol‘t bad: 2 3 6
Evangelism, stenosis
Avr 2.0 [3.27] 6.54
A2 S, FF A 984 ooz S8R 4%
F vlnelgoz Ag @, A4 Awstk gom, AA%
s AR 8 A FE, ol vk 7L, AflEA
< A Ao A Hel, SEol itk AHdlew
st Al shpek A vAEoE Qg vl Fdo] el
& AR AT del, A2E Y A AeHoE F
= 5o 98497 9, Fe 1057 HERYC]
Aol 288 FEor Hrh HYrk
A it Aol AAel2 wkg o A% B,
AAAA BFor Qg 7ol Stk ZAE FolA
9 ol e A wEk A B B MFOoR AF WY,
A 2 Y& o]FA] A%, DOWEL BAR ©f 2|3 4
%, ©RE HOOPE W A 9192 F2 | AR et A
RAHA vFOR B3vh ek ER, QAT AT
WEEA) Mo A% F, AE Adslrge A
=R ALE F AT vE, AE AR AT AR
e Gk, FEAE oF A FEU EA VFOE 3
E, @3 5ol W7h H3ler Bt 6.54% HrhH o] HE
57 ek gk

3.3.4 Z32|EEIEZAI KIEMETL

olg] (Table 7)== ZAYEE FF9 9FerE
EEsa A4S 71% Folnk B A guAR] Al
AR H = 6.66H = HIIERIC B F 1949 %
7he 8.932 APFEL=E HFIHEHI
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Table 7. When pouring concrete Risk assessment

Action Grade
t D
Sa;}:is C(;:) Hazardous, risk factors and risk s| L R
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
; 100% of the unexpanded
Equlf m | BO3 Outrigger: Evangelism 2|4 8
en - -
Installat | B4 Equlpme_nt spec overtime: 23 6
ion Evangelism
At the same time: structures
BO5 [damaged, crash for the boom, 2 3 6
evangelism
BO6 BOOITI after cxpansAlon by 2| 4 3
Outrigger: Evangelism
Avr 2.003.33 | 6.66
col Luck narrowing the mlsm'atch 3 4|12
between workers power signal:
o2 Ir‘lst.allat‘ion lingtallation of the 3 5 6
piping is eliminated: fall, non-Rae
o3 Installation: plumbing-Jim in 3| 3 9
3 danger: non-Rae
pouring | C04 After a st?p at the téleportatlon: 3 4 12
crash remicon, stenosis
The remnants of the water
€05 installation of DAP to: non-Rae 3 3 o
o6 Boom vs. Java LAGAN release: 2 3 6
fall, non-Rae
Avr 2.833.16 | 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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Table 9. Evaluation for Alternatives

Ttem 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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A7 G Qe gk Ao g o3 72o] 270 Table 10. Risk assessment during MDW member entry
o] tlore AAEkT} and installation
St?;:‘;?] d COD | Hazardous, risk factors and Grade
E risk
- - IL, R
eTjjoH: PCE %¥-A]9] Mega Double Wall (°]3} content S
B AT Quantity  of absence caused
MDW ) SHOE ﬂ%' Bo1 by dropping a tool connected 2 3 6
° EHC\’_}ZZ tﬁﬁéy g% {‘)'—t,ﬂ o=z WA Unloading The standoff between the neck
material | B02 |and the absence of finger 2 2 4
occlusion
et 3} vijh2e] Hghel] gk H Aok gt Avr 2.00 | 2.50 | 5.00
}\] Eﬂ%_\?_.g] “}gﬁ] o} & A A E@j} UHT‘?OEJ”O 1;]_%_ With  the belt hole in the
e o CO01 |corner of the sling falling 2 | 4] 8
ARAH7} wale Bgatel tiot BrkE AN 3 fiction
= [ i P 5 The absence of rotation
Vo R ke, Vi, 71T, 1%, HE, AL & C02 |caused by technology and 2 3 6
B gEow Brh AAE Bl od FEAE 44 narrowing the conflict
- - _ The absence of liver or fixed
sle] F-o] =2 ek Z Alt 191 PCYH HA31 MDW IMatﬁ?l‘i?l C03 |peulreng trail between finger | 2 2 | 4
nstallation lusi
Yo WA Ag AAHY vtor NgH ‘ ey
o ~ 04 When working with the upper 5 3 6
MDW& & 7]E A8k o/ gAl Al A Gee] A+ Sling belt off: sky falling
2] ZALE NS 93 olal pr Before the dissolution of the
4 SRS ] S8 Precast Concrete( 3t PC’) CO05 |complete equipment Sainsbury | 2 3 6
el ZAAZ o Z AAEE A|Eolth MDW F7+= belt caused by stenosis
300~400mm Double Wall &< 7|22 dfo] vj7}Za Avr 200]300]600
A Asely 2 Fael ApA Y e AT
Hge B0 stetgith. MDWE 7 1,000mme] MDWARA S Al @437k Bl Ao 8
4, 30] 10molge] tBRARA, o 150mm FAe] A ARSI VTR SYPUE E= ool
PC HUS ATy ~EAZLY Aoujad = 4 ° T FFET AZ EFOE AT FA dat, AAE
5 Wall 2 3 Wall 92 Beam@ A B 3 gy ot F vhge] dielFs B4 MDWSR s 7
Wall EFdebs giolth viitdl P48 sare d  Artelel E7h 33, SYUE e sjojo) 5 2ol
AU mavEs a5 FAAA sEe dasn,  AAEEE 7 5oz g A 5o 9
1€ AR B 2aE PY §5@ pee JPEHENen B sHoR weseer WG
FEASE WEGS) S0 PO HA BARE  MDWRA 2 A 994 S90ES MDW A
9 FPRLS BU FA%0 5o A0S wad By ATl 90l Q% A ALY LA el &
oltH{15] [16]. EEw e LR MDWEHI G4} FEEZF A Hal, /I & E2ol7) 2o A4 3o
3 2YA FFEYH (Prefabricated  Voided-Slab = ¥ TEASE] T35, FHo] glod, RAlE FHo
] =
B

Bridge)7} 7 # i ATH{17). oheb3 g A gatmeny 2 kel AA A palet

Aol Mol AN siA, Aovlezd, AFdAx  OlE Abeld E7ige] @, AN SHME Al Al 27F
&

8 )
A g, 2age gade 300 Ao B Feom A9 43 5o AR H

2, MDWHAZE gt 17 : E e a3 u

AR AedE 9EeAs ARAA Aear. L BT 6HeR B FEoR FrHt
3.5 CHOHRIA| S MDWZt oSAm 7} 3.5.2 MDW EHEt HZIZ R dEI}
3.5.1 MDW Xixfiubel o 5t A| I3} obel| (Table 11)= MDW ¥ B 2] Al 919
olel (Table 10)& MDWAASI] A gy mvhe s 887k sHe= @7hssi.
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A

63




FAFE &8 = EA) A20d A4B, 2019

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 CO02 [technology crash at sky 1 4 4
reinforcing heights
bars Avr 1.50 | 3.50 | 5.25
MDW 3 w7t A3 Al 8497k Bl

#, 2 7]
|ow Hit 52580 % HE 7

27113}

AT
3.5.3 MDW E3Z|E EH S MT7}

o}Z] (Table 12)+= MDW ZIHE B[4 99
7= 6,072 HESFFOE H71EQch. MDW £
EPd Al 1A R 75002 e S19aE

o
F

[m o

cE
=R
o

7hE 9.
Table 12. Risk assessment for MDW concrete pouring
Acitm Hazardous, risk factors and Grade
steps and |CODE risk S 5 R
content
Pump kata installation
01 |technology, access control 2 3 6
fell short: collision, stenosis
2_. pumpear| oo, Pump 100% car quigger | 4 4
installation unexpanded: Evangelism
BO3 Peok Petit Ka boom aﬁer 5 4 g
expansion by: Evangelism
Avr 1.66 | 3.66 | 6.07
Installation of the footrest
CO1 |installation, demolition: 2 4 8
crash crash
Installation of the footrest
C02 |upper fixed finger occlusion | 2 3 6
3. concrete MDW
pouring 03 Installation of scaffolc}ing 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
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=, 82, 7} of2EHA 100% H]
b 3 3ol o3 A 59
Fon Hit 6,071 BE 59 99

MDW A E B Al 9184597 ePdds
MDW ‘-2 QIek Al o], AFgwdo R Yot WA
°of glow, W HA 8 AN TR FEH, B
MDW g 117 A 222} E7be @2, BS99
B o)F Al S B F eI ) fFeR A%
Fe 5o AYIFIPE loH Hit T5HeR v
ToR P

3.5.4 MM, £ 3 Hl

o}l (Table 13)2 7N A2 AFH 8 TAL 9
AT MDW o] $18487F nlas 89l
=] WMVH AP DA BirE 73752

N

2 H71 ¥, MDW=E W74 Al H7= AAHT 5.75
Ao FrEALh P F 7} F52 7EA A T
o] 749 AAH 8.837/M0]2L MDWHFHOZ WA A

Xdiﬂﬁéif% 3.02.2 AZEAC

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%]ing 628 14.0 unloading 500 20
Material
installation 6.00 50
Formwork 600 | 80
assembly
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
Installation 629 70 installation 600 30
Conerete pouring | 829 | 70 | €O | 750 | 40
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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Fig. 2. Risk assessment comparison before and after

improvement
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