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Abstract
A conventional Design for Safety (DfS), introduced to eliminate potential hazards in the design phase proactively,
has encountered persistent challenges, such as perfunctory risk assessments and hazard identifications based
on 2D drawings and inefficient workflow processes. This study proposes a BIM-based approach to Design for
Safety (DfS) to address the limitations of conventional methods, aiming to enhance efficiency and achieve
practical safety management benefits. The proposed workflow process for BIM-based DfS has been refined and
validated for on-site applicability through various case studies, including risk assessments during the design
phase and field applications for safety management activities during the construction phase. Specifically, the
critical process of risk assessment within the DfS methodology has also been transitioned to a BIM-based
approach. This BIM-based risk assessment process has been evaluated through case studies, encompassing
safety reviews for structural design, construction equipment operation, and construction methodology with
sequence in design projects. Additionally, the proposed BIM-based DfS has demonstrated exceptional on-site
applicability and efficiency, as validated by the application of a BIM deliverable embedded in DfS information
for CDE-based daily activity briefing, VR-based safety training, AR-based mitigation measures inspections, and
other safety management activities in the construction phase.

Keywords: BIM (Building Information Modeling), Design for Safety (DfS), Risk Assessment, VR/AR (Virtual
Reality/Augmented Reality), Safety Training

1.ME 3 71O AT 5 & Al A g
o2x Aol JYAAE AA - A BES
11 970 iz ¥ =5 Bk 871 AE Ao 2, A

AR Y Al A4 FHos FEIE AEA BAIIA EEAe] st AAMIdE
201790 =AUt AR/ HE (DS, Design for g2 ekl AA kel diet Y194 W7k
Safety)= AAANIM HE24E =5t A LA AARPIGHES 30 olF, GARE

2 OE SEUSEY U0 SENSHSY SRS R0 ARiS 2024HE HE0lmet MOiRT | 2H2lE ISt BIM 7|8
SIZHE JHLUAIRI(22RBIM-C158185-03)2] 72| X|£I0f| oJ5t ZmfQ.
L7t ESAIYEE MRUMLIX(FXAL jwhwang@hdec.co.kr)
PHSITHET SO HEHEESES M0
OB T | SOIPR HEARQISMIE] M7 & 2
HESIEAHET ST AU ESEE SMALA(WAKKE: ykpark@krri.re.kr)

Received: January 26, 2024 / Revised: March 11, 2024 / Accepted: March 22, 2024

*%

roh ofm rHT



AR BI4E FEHTelgo] AZsiel A%
£ W RE LR R AEsHe AR A
ik

T A0 A E AP AE AAT =
A2 TYH & A= AP gt AR
AR B3 A, AADA A PAdETF L
AlBARete] FJo] otk SHAIR Qe iAol
FEZ5 = A F o] 2|&54 0 2 7] =] 11 Qlek(E
AorAZEt, 2017). B3 @ ofo] HAAHRE
TYPH o0& HESIo P RAE TEfofsl= 9
4 71 o] A4 FHiS) 23t A=A E 7
WO & S3iof whel, Aol RE3 HEAR: ¢
Y 84 WFof| B i} Aj7to] A9 E 1, A3t
‘go] Aol W7t APt EEE= 5 ARl Al
2)/do] Aot ZAI7E WYkl ItH(Zhang et
al, 2015).

m

AN

=, A4 A AR AW B3 AR |
A Y] B 2209 ERO RN E Ao
AEjololi SIBAL Tete7] o1, ol 213t
CEkE 1 984S Ao Hag et 4%
o] Sick. 551, et 5o] B thefm B
2AE0| MY WS 3ol Atk eA
A AR Azte] $st7lol 1] 8 71 el
A7} ZARIT ofelet TR <8, B 2y
oflgt X153 hAFHo] 1L 4142 4RI} A Y
Zolx| 31 glom, AR AARIAES A

Asflof etth= 877 S7FstaL Qi

olof] & AtollA= A/ AS FEE FEs=
E3EZ.0 2 75347 Q1= BIM(Building Information
Modeling)Z &-8-5t0], AR HES] AF &
£ A7, AR kT BE AE
& = BIM 7[8E AP A E I E2 AIARE
t}. E3], AARPAAAHES] A9l 1848 M
BIM 7|52 = 213t BIM 7|5t 9184 71 L 2A|

&5 sl 27 Ao A8t AR 24E F

Ol

126 | Landand Housing Review Vol. 15, No. 2

2 AollAls T4 FE] 23 HAEH
T AAY Hof| ZAS] FYE AT 7]E9] HAIRE
ANAE AFE BIM 7|Hko 2 Hgkslo], BIM 7|4t
AEA B7F Z2A|AFBIM 7]HE AN HE
JTHE0] g HAE WGt BIM 7|5t A AP A
AE JF AAE e AQE BIM 7
’d B7F 22|21 BIM 7|5t A
£9] &8 Wk A ARer A% @
5ol 4835k Al 45 B9l &8 ATk
B9 A5otaA etk

ol fJaf, T Q] AP ATES 2AFsto] HAIRE
A3 HE] et BIM 2§ 75 d 2 o] tisf] 4k
W2} o], 23He] AA A 9F thH| == BIMO] &
FHE 5itA o 2 ghEsto] 919 /A UIESHIR
SHAAN A P2 BIA 0 & 5388 4= Q1= BIM
7|5 91973 B7F ZEAIAS AAREH: of&E, &
Q1% BIM A47HE-2 @79 hdwe] Esol &85t
= G EAE RHgste] 71E9] HARMIAEHE
55 BIM 7|9k0 & £=85l= JF HAAE A Aok
A} gk A|QtE BIM 716 $34 7t ZaAlAE
A ARo] A-gsto] Y 84 BNE AT
Z 0 g A&s, BIM 7| AP HE AT &
A= AlE @Y ] E5of 285t At

o
of W= ylodst @4 4.8 A

¢

17

=
)

2 ox
L oo
o &Lomot

®
o
o

I

filo



BIM 7[g SHRMHEHES] ¢

T

T EXIQL HE Lol

5
2

ron

e

2.\ HE

S A 0]
OEL‘I‘%]\‘E

DfS9] Hefetar
Design Management) A|=E 19945 € T¢st
Y= BIMO| B 53t 5717 BIMZ} CDM2] &
2-8of et st Aot Al =7} o] Foi FT Zou
etal.(2015)> A} #| 2]of] o]&sto] YA 7]
9] A9/ B 7o) BIM B At Vs i 5s
of A|ASF=] 1L Q= A 22 73 o] sl -zl o
™, Mzyece et al.(2019)-2 BIM 7]42] CDM 43S
913l BIMY} CDM O] A ©2-8/-2 1123 T
3£ A|°le}al, CDE(Common Data Environment,
S5 Ho|El3HE) & E-8-5F CDM =3 JIQES A A|5f
It} TS Zhang et al.(2015)2 B o] 3] Afaro]| ]
= BIM 7|49 E-AE T YL A (Rule- checking
Framework)Z 917L5}0], BIM &4 JHE -85t
oA Bk TR Felshct

UM = T A7} A= =T, 1A
F(2020)= AARMAZAE A7t Agsk=A] 5
SH=AE S5 S5l BIM
2= I3l E3L, o] X5 9 Y (2020)- DfS
o} BIM A3t A7t & A|AES 7lidsto]
o] Abaro] chiet A A 4=l A 8-sk3ict

o]%74 2](2019)= BIM 7|HHe] REE] U= A8
T L AEA-E A oA, H2-4 9](2013)
+BIMO] £ AF 712 B-85to] P Al A=A
E =0 tisf Ara3kE AEE astal BIM 7]t
9] Dfs2] A 71543 31015193t Kim et al.(2020)
< BIMO| &4 FHE 7|Ho 2 A R 4F Q145
AT & F7HE Aol HES AA
SHAE

AARPA S HE ] x|t &A1 Q] A9
2] &5 BIMZ &85k A% th= X = ik
A9 S 9](2023)+= CDEE &-g-5t0] 34 H7t o

OlHE FAolL B-role W= ANIBI e, 7

CDM(Construction and

A83+1 Q719

To=2 &

oA

Q14 9](2007)= A AA AN A 2] VR(Virtual
Reality) 3-80] T3t Q172 4:33}o], VR 7|50
2 2744 9% d&0) 153 A 2iske A2
A|259] A 7M54 S A|A8H9c Park and Kim
(2012)-& BIM 7]419] A12t8} A| A9 283 AX
Sae] 78S ASHEA, BIME HlE3lo] AR
(Augmented Reality) 7] %] QP Ze]o] fa}do

2 P89 5 9o ANsIgon, A HUA
(202002 AEZAIA S74EA7149] 84l
ZoiE AL ARSIk

oV o] A -5 At 23, BIM 7Rt

AT AAE B &38R} 5= A7) QIQIThe AS
ot 4= QIQith E3h, BIM 7]4te] MARFANAE A

T2 @ o 5
TS wogat A QIgirhe HolA i
HYATS] AE4L 7143 Yt Ak

3. BIM 7[dt 9I3A H}
3.1 BIM 7J8t I3 Ty} TEyA
20221 AFIAISIAGHEA (TR ER, 2023),
o

of AT Aol w2, ARl
A(3eh, HolE), BA0
o] 0.2 PRI/} WIS
Al Aol R 248
AS ZATO A A 3 o] Zsele). 1
Sl Zo] 22402 24el 2D Fefo] HAEA
(Paper-based 2D Design Deliverable)S &-&5}o]
Al Aol whet AHiehg o] Hslshe Ad Ao

A 4E AAA o & HhEstal, ofof Hfgt A7
AL pche tlols 7141 A7 ek E3,

LN
30] HYat b XAl

SIS

4 7 AEAE A
Sl AIZE ol Weiet oFo] 47 AaHeg A14s
A AEstel dAC ARS BP0l @Al

http://lhrith.orke | 127



29l ofetgo] gtk

ol A ol A A RS 33U
Aol aEste] 44 9 AZRA) ST 5 I
BIM 7120] 91384 W71o] = 5to] ol el %
F o] RSt AARE YA AE Q7S
S0 Sae & QS BIM 7%t 934 57
=2 AE Fig 13 720] ARttt

HARKS A7) 2719 BIM 7% TANE A4
91 847 H BIM AAE sielsto] 914
7l AR (EA T, QLA ), AR, A,
AR5 5)2 Wtk 02 B9, A ALE A
2450 2 WESH BAIO] BIM AR 44 AR
AAste] I EFo] e AR EE W as
S AAH 0 & slol 4 YES S5k

sotel 9@ el s FBRLT R
L Aele] £ mefele], VRS HIEe A7
5% 714, 4D A1 8014 52 B8 994 AE
2 S8k} o] TN BIM E 7]¥19] 94l
U} CDES 28 3}o] Dise] Hofshs FAE3 W)
e BIM 71 184 B7HE A ol2 B
o, S:X/3H 913 Solet olEstA] L, BIM)
clR JRE FH 0 Teste] 93240 3]

if
l:D" ra

-

o

-

BIM with Attributes
for Risk Assessment

Risk Assessment | «

Risk Analysis’
- Risk Analysis based i °

BIM-based i
on Attributes on BIM &

Hazard Identification

BIM-based
Risk/Hazard Review

- Methodology

I

1

1

1

BIM-based - 4D Simulation, VR, & | |
[ Risk Mitigation Realtime Rendering i
1

1

1

1

I

Planning

|
i BIM Workshoj
I 4 - Safety Facility . BIM-based CDE based Remote
Modeling Risk Assessment Collaboration
I Review based on
1 Pre-con. NO
1 — Allowability
|
I

............. O RN —

Fig. 1. BIM-based Risk Assessment Process

128 | Land and Housing Review Vol. 15, No. 2

87k oIS WY 4 S A E nfAslich

= 7)20] AAEA 7]gol 4
BIM 7]3ko.2 Agstel, @A) g 4t 9
2ES S5k ol
87 1 g90] 94 AL QPN B
o] 37 BIM 2.9 3o lo], A1 geA o] e
E7} okl Ao g 7|dEn:

202 994 W7} YR BAISHE BIM 7|30,
2 Agstel, G50 f4F ZRAECIA UL o
ol5E HHH 0 R BEY 4 UL IS 43}
Ack. o} B, BIM 7% Al e meAEC)
9194 W7 4R A 0 2 B8, BIM 7|3t
o] 9194 W7 AT A o 2 e ES S
=t

3.2 BIM 7|8 2I&d @7t &

ol

3.2.1 M 2M 1 X=X

A|FE BIM 7|9 919173 B7F Z2AAS AA A
5ol -8-5to] Y1E A HZo] GIHE S0

Fig. 2= EAEE A% 578739 off & 414
HALR] 25 = E A X[ k= FAMNA 71E9] 919
/4 B7} BIM 7|50 2 H3st Alo|th A =&
7|ito 2 o] Ao THES AESI] YHIAE
ot d S 9] JF A4S BIM 7|9 = gt
stof o 352 oFd e Aol =53 AEA
EE AT 8AE A&t E=2T 4= AT E3L
TH LS JAIH 02 T12fsto] 91 40 Ay
Hlwol H7HE Hrh gt o g mAgsile
LS B3RS DFSTE|RE, Al ZHE7ES] A7
A AE 9 AP AHB7F AF AEE A ESA
Zch

E3], 59 BIMEE7|Hlo 2 9 Q4 ol
ZE A 98 TEHoE Brleto, AledS
gt H A9 A S Y= 4= ATk ES

A BIM A 2 dlgsio] 33k M

K

2



BIM 7|8t HARIHMIHES| YT EXQt HE Yl &

ol

ot

‘Hazard lIdentification with Conventional Method

oYAIIE 22F WY NS

BIM-
Hazard I

dentification

Visualized Hazard Identification with BIM

and Risk Estimation
==
= e
Mitigation Measure with Conventional Method EstablishmentT)f‘Mitigation.MLTasure with BIM
\ g
BII\{I- based
S [ Mitigation Measure
Planning and Simulation
: e —]
SRR o .

Fig. 2. An Example of Work Process Transition from Conventional Method to BIM: Hazard Identification and

Establishment of Mitigation Measures
Source: Hyundai E&C (2021) (in Korean)
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Fig. 3. Data Integration and Management of Risk/Hazard Assessment and Mitigation Measure Effectiveness
Information on Design for Safety (DfS) with BIM Object’s User-defined Attributes

Source: Hyundai E&C (2021) (in Korean)
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Fig. 4. Safety Assessment of Construction Equipment
Installation and Operation Phases with BIM-
based VR Simulation

Source: Hyundai E&C (2022) (in Korean)

Fig. 5. Quantitative Assessment of Minimum Clear-
ance with Adjacent Facilities during Equip-
ment Operation through VR Simulation

Source: Hyundai E&C (2022) (in Korean)

Fig. 6. An Example of Design for Safety for Staircases in the Subway Station: Hazard Identification and Mitigation
Measure Planning for Construction Phases based on 4D Simulation
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Accident Types Cor;/\ll:tr;lt;cc)lnal p]\r/[?;ﬁzzd Remarks
Traffic Accident 6 6 -
Overturning Accident 11 13 2 additional identifications (Demolition, etc.)
Fall Accident 4 7 3 additional identifications (Staircase, etc.)
Fire, Electrocution A hazard does not identified (Electrocution)
Caught-between Incident 2 additional identifications (Heavy Equip., etc.)
Total 27 33 Efficiency of Identification: 122.2%
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Fig. 8. An Practical Implementation of CDE-based Safety Inspection for Staircase Work in the Railway Station:
Safety Issue Sharing, Visual Review for Inspection Items and Checklist for Field Inspection based on CDE
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Fig. 9. Mitigation Measure Simulation based on Real-
time Rendering Solution: A Case Study on
Temporary Lights for Night Work

Source: Hyundai E&C (2022) (in Korean)
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Fig. 10. BIM-based Monthly Safety Training for
Foreign Workers
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with DfS Information
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Fig. 12. AR-based Safety Facility and Risk Mitigation
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