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Abstract

Construction worker safety and safety training continue to be main issues in the construction industry. In order to
promote safety awareness among workers, it is imperative to develop a more effective and efficient safety training.
This study compared two methods in construction worker safety training: 1) a conventional lecture and 2) 3D
simulation through Building Information Modeling. Both training methods included the same contents, a selection of
safety standard and guide suggested by Occupational Safety and Health Agency and the Korea Occupational Safety
and Health Agency; the contents were then produced into two types of training methods. A survey was conducted
targeting on safety managers, in which the managers evaluated lifelikeness, active learning and enjoyment that each
of training methods can promote. The results of the survey showed that innovative method using 3D simulation was
more effective than conventional lecture method in terms of its lifelikeness, active learning and enjoyment. This study
will provide implications that innovative method using the virtual reality is more effective than conventional lecture

method.
Keywords : 3dimension simulation, construction worker safety, safety training contents, safety training delivery method
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Table 1. Studies of safety training using 3D simulation tool

Author Approach Technology Assessment
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[14] safety education
Li et al. 4D interactive safety Gaming Engine~ C\i\?grite”rjgi%n
assessment Unity 3D Engineérs
Li et al.  Multiuser virtual safety Gaming Engine—  Tower crane
[15] training system Torque 3D workers
3D game
Lin et al. environmental for ~ Gaming Engine- Non-workers
[16] construction safety Torque 3D /Students
education
3. A4 AR g wiA AA
3.1 334 sl 7Y £E&
3D Algdllold SPdulse] FRl=s 28 d 8243 ¢
Aus Ao A9 9sf PR 71e AR-(KOSHA

A

CODE ¥ GUIDE)} u] ARJSFIHEAH(OSHA) ] 744l
¥ oFA+4  (Construction Industry Standard,
29CFR1926)2] P 58 FA4 02 7ddA oA <]
Ak Afsl 73S melsteict. Al 18 EE2 oAl &
ST e I A S SHOE S om, He
A2} o] opd & LA} SHA ] 7Eo R 9Tt
KOSHA CODE ¥ GUIDE 7} 5558 71/t o]
g FJmo mlelr] ogrom KOSHA CODE ¥
GUIDE= AA=A] ¢iokort OSHAO A= TRl Sh=
S5 WA FELS Asl ol 1 oR gt
shoict,



Development of Safety Training Delivery Method Using 3D Simulation Technology for Construction Worker

THE sl ARl 7RI R AR R o
Afae] flHgt Jrg ojuletn #ElFR = (Management
Importance)= 7A@ ol WAsk= QFdAkLe] Qlo] e
SHoflA 11 aio] aEE xR Aojwrt

Serd AEgE R 9 IR SERRE
58 A Bl Al 9 AejFawe] et A
ERALE st on mEE AielEe] e ¢
2l Qw9 ghe AR SHARNE A2 Z47te] Aol
H ot o), AEXRARY] HelR= A AdEA
A Qb RS Hidshe HEIRIeR sk eH, 9
N2} BN 7 78 ] HIAE AR AES A
Aletict, 11 A AERARES] A 7 43 240, A
A Aol Ao et Wigo g ok k= & 631
o] Ao Zaton, PHTEEgAR= 10250] Ao
SISt & 16582 Aol tigh d7E=2 e 10,24
oft}, 9P A} It o] neEl== 2keE
1A 9 AeFa v oigh SE-S Wit 3,045 ‘|
5 olgks SHEIT Uit AExRAF A3t 35 A
e 9 Ae)Fa w0 Fgk Table 2 ¥ 2,

Table 2. Average of occurrence severity and management
importance by work type

W T oo eregoran
Temporary 297 3.68
Earth 2.76 342
Foundation 2.69 330
Structure 2.89 345
Masonry 275 3.28
Plaster 2.89 361
Water proofing 289 352
Roofing 3.19 3.90
Window/Door 281 350
Painting 3.00 377

Electric/Mech. 3.00 3.71
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Table 3. Occurrence severity and management importance of
structural work

Work ' ' Occurrence Management
Type Details Safety Accident types Severity  Importance
Falling objects by while
lifting material 2.867 3648
Collapse by unstable stack  2.806 3.309
Falling material by single
Prepara- ~ \yire while carrying 3.073 3715
tion materials
Collision with worker when
reversing truck without signal  2.939 3.3%4
person
Slipping while applying 2697 3061

grease on gang form surface

F Collapse of assembled gang
form by loading without 2.818 3.352

fabrica—
tion support beam
Fall by excessive working
while operating on gang 2.909 3.430
form  frame

Fall by non-installation of
safe guard rails on work
platform  for form 3.345 3.921
ingtallation

Fall by non-installation of
opening cover when 3.370 3.982

Form  installation  of form
Structure |talla- allatio of 10

tion Falling objects by rope or
(Gang hook rupture when lifting 3.055 3.697
form gang form

installa- ]
tion) Fall tools and materials

from work plate of gang 3.218 3.685
form

Fall by non-installation of
safe guardrails on corner 3.127 3.721
part of Gang form

Collapse of loaded rebar by
ground subsidence 2213 2.788

Falling rebar by bumping into
nearby structures while 2.352 2.848
unloading rebar

Collision with worker while
Rebar reversing construction 2.697 3218
Assembly equipment

Getting stabbed by rebar
while working without 3.012 3.497
wearing PPE

Falling rebar by rupture of
wire rope for lifting  rebar 2921 3612




Work Occurrence Management

Type Details Safety Accident types Severity  Importance
Collision with worker by
non-installation of safe 2.467 2.903
fence at rebar bending site
Fall by non-installation of
safe guardrails on 3.236 3.836
movable scaffolding
Collapse of assembled wall
and column rebar by poor 2812 3.352
preventive measure
Collision with shore while
not wearing PPE 3.024 3.521
Shore  Fall while working on the
installa- top of shore without safety 3.473 4,073
tion rope
Collapse of shore by poor
fixing and strength 3.133 3.776
Collision with worker while
reversing ready—-mix truck 2697 3.261
Fall from top of ready-mix
truck 2.188 2.624
Collision while working
without wearing PPE 2.588 3073
Concrete Coll £ sh il
Pour ollapse of shore while
pouring concrete 3.261 4.097
Fall by boom’s rupture while
pouring concrete 2673 3.303
Electric shock by contacting
high-voltage lines  while 2.558 3.309
rotating boom
Suffocation due to entering
concrete curing site  without  2.394 3.030
Concrete wearing respirators
Curing  Fall due to non-installation
of safety equipment for 2.824 3.436
openings concrete curing site
Falling form on the worker
when removing 3.303 3.764
Form
Removal Fall by placing excessive
strength while removing  3.248 3.685
form
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Figure 11. Opening on top slab  Figure 12. Opening on top

for an elevator room slab for bringing materials
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Table 4. Descriptive statistics by the experimental group

Variables  Group Mean N Std. Deviation
A 522 51 1.28
V1
B 482 51 1.26
A 545 51 1.02
V2
B 549 51 0.96
A 543 51 1.47
V3
B 490 51 1.22
va A 582 51 1.41
B 360 51 1.15
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Table 5. T-test for the significant between the conventional
training and 3D simulation training

Paired differences

sig.
. t stat af i
Mean Std. Deviat (2—tailed)
ion
Vi 039 0.02 3492 50 0.000
V2 -0.04 0.06 -0.813 50 0.209
V3 053 025 4538 50 0.000
V4 2.21 0.13 13.707 50 0.000
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