J. Korea Inst. Build. Constr, Vol. 17, No. 3 : 287-294 / Jun, 2017
https://doi.org/10.5345/JKIBC.2017.17.3.287

pISSN 1598-2033
elSSN 2233-5706

www jkibc.org

HEEN £3 NS M AY A HI
Almeloly B|lA3 Has o

A Risk Quantification Study for Accident Causes on Building Construction Site by
Applying Probabilistic Forecast Concept
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Abstract

Recently the construction project is becoming large-sized, complicated, and modernize. This has increased the
uncertainty of construction risk. Therefore, studies should be followed regarding scientifically identifying the risk
factors, quantifying the frequency and severity of risk factors in order to develop a model that can quantitatively
evaluate and manage the risk for response the increased risk in construction. To address the problem, this study
analyze the probability distribution of risk causes, the probability of occurrence and frequency of the specific risk level
through Monte Carlo simulation method based on the accident data caused at construction sites. In the end, this study
derives quantitative analysis by analyzing the amount of risk and probability distributions of accident causes. The
results of this study will be a basis for future quantitative risk management models and risk management research.

Keywords : building construction, risk analysis, monte carlo simulation method, accident cause analysis

. A &
1.1 el WY ¥ =5
2T A7 e e e aa Eele M= A

ol AEm glck, S5, 20094 74 E28} 7|70l
L IS0 31000251 ] - 903 9 A o] B}
of el2m10) e Bl ot Behasel Gaolei A
F) Aolsiglon, el Baje) A vl SiEe] et
SIS HIAOL YO FRSIE WSl o 7
ABFSH= Aolekin AFSACHL,

Received : January 17, 2017
Revision received : March 10, 2017
Accepted : May 8 2017
* Corresponding author : Kim, Ji-Myong
[Tel: 82-2-758-4655, E-mail: jimy6180@gmail.com]
(©2017 The Korea Institute of Building Construction, All
rights reserved.

287

B3 FT AR 7S]
3P} o]Fojx]= A A Ef
o]l FhAQ1
o] g|Ad FAo]
A2 ol glAae
o, @]ATof thal] Al (identification), H-4](analysis),
S{control)sh= ThRE A7} R|&SlA] o]FoA gt

olF gjAd A 9 BAe Z2AE AlE tAoA =3
Elojof IR 7 ZRAES] EAJAY B3P o g WAyt

= =9M 84E moldh = glom 7] Z=AE 7|7t
EoPA3E 24 ofefjo] o]Foizl
AR ZRAE S sl
TAAQ] of|Z0] o]Fo]xof
gha]&o]ar ZHHAQ
B2 g0 oS3l Ad E<
A Qlut A AAF R Frist 4= Q= SEES

O

|
.

ul



A Risk Quantification Study for Accident Causes on Building Construction Site by Applying Probabilistic Forecast Concept

= .
Arolres FE2H 4 Mde Bdiz A4
N

IR BR0] ag B A
B o] A Y QR
9 7% A2 o} Holck

285 A4 34 ER)
= 5857 $P3) theat 2

A ) st

< A2 Y.
SA, A dEARe] BlAaa 240 it o2 4 B =

Yol AT B B4 Erhe Ak,
S, RrE AL dlole) 43S Sla) A 121921 7
A saAlE WAl A AL Blolel 4

B S
H o
B

HEAY 7l

14 70l A WY e g
SEHRES 59 AT WY B8
AT ARelE e 2gE
T, HEHoR BERA AEdoloR S A
2Hgafo] At A9 SIE HE 5

- O

it

=

EBZAA] Hge 3 1
L 0 ] oisle] BAfehe
SRR o] WA et €]
B S]] AN mRAse) 1l 5
Ealo) doleE A% 47 R et gk, ol
HlolERs 23 7RI} e A et ol BaR
&3 gt A 34 o R BRE 4 gk

A 32} Hpre dlig EAke} dhato] g A 3119] Tiel,
ok sjsjel Tt wEAre] WAl Wak Eat 4

W

AN 7}E 50] Ao

45 Hol weh Al 24 BARS Hfa) .
QAN A FAL WOl el AfiLe] g
AEHom Totsl] g SAlslel BaE s
et aie,

Q31 3ol AbaLzh WAL

H T

288

N
Jok
1]
1]
X

2x 2o

Blan BA e QvboR wido] el o] we
22 Wi} SEEL YPYoR BEEY. 2YEL Y
e MR S she] ghol shte) AuiE AEehs
Wlolm), SIREA YL VSR S8 BE S| g
of SERIR BAPS UL 5 Urk

S3] SRR 24 WS Yk i mae) g
o] BEALSS LeRd 4 Qick R, Agge] Haat

BAHE W9IR Uehn, o]F Eriz ARelA] ekt
Bigo] GRS ASte] AP} hsolet. ARE
£ sjolslo] AR @]

e =1

2.3 [ HLEE

A4 glam BAS sl oA Bl B4
Sk BlAd S5 AAVE 8k, Z2AES] Eof wt
AAHORZ eAa Q1 F5Folk= Zlo] F8351] i)
o}, olggt A EAAlel Tk Al =] A 4t
ol oAl s=28=h Lot

15 Eo] ZjofA Kim et al, [3]-& CRMS(Construction
Risk Management System)ollA|2] 242 ZREE: SJaiiA
AR THAMRE R 2l @At HQIR Aofele] Bl &
FAARE AXBITE Kim{4]2 AZAR1 A& ARG+
£ 5ok F 1719 gaas wEslglon, Aokt
TR AREALS B3l I elAa ERAAE AASEH
et sielol= Sameh[57F 2l (IXE o 2l 9
kWi 2lam gRlo=m Fisto] WAL AR AlSA
(A=), sheaAl, 3a9Al, B2, ARkEs), A, 2V,
7[ef2 thmslolom, i AmEARE 9l 427149 Al
KI5 AAEIFLE, Dariusz[612 2|ATFE A, A, A
A, A, 75 o= skl ofF 571A] 7o 7t
19Tt Sun et al [T} 2lAT QA YA aae) oA
{48 FRsio] AHPEAS AAIFRO 24 257F119] A4
Ql gAia EFAAIE RAIBISIT Nasir et al, [8]2 =87}
E= AlElold= S8l SAF 7Tk dISs] flal, Bl
EAAE A9, B, = A, UL AA|, 8 s
107H9] thaFet 597H9] Al 7= skl ik Lee et
al.[9)= 8 RARE B3l 27709 & e ERAAE A
slglom, o= SA 7IRE Am A}, Ft AEERARE AA
10709 o34l 8Qlo =R w=Eslirt

k

-
[€)



Table 13} 7] 7]

Y
o
i
M
i
re
L
al
foke
o,
)
2

o] Atk SHAL,
AERRE SR 2O NS 71 Bl BRAAS 9
o

Table 1. Previous research analysis
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Table 2. Damage cause code

Code Damage cause No. Ave.
1 Stolen 4 124
2 Failure of construction 24 77
3 Fire & Explosion 22 165
4 Typhoon 38 63
5 Heavy rain 23 163
6 Heavy snow & Cold wave 2 17
7 Carelessness of worker 7 82
8 Flooding 7 120
9 Electric accident 2 23
10 Etc. 6 140
total 135 107
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Table 3. Analysis of frequency by accident causes

Code 1 2 3 4 5 6 7 8 9 10
Ave 04 24 22 38 23 02 07 07 02 06
Sta 09 20 21 49 27 06 08 12 06 12
Min 0 0 0 0 0 0 0 0 0 0
Max 3 6 8 16 9 2 2 4 2 4
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Figure 1. Cumulative distribution of frequency by accident
causes
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Table 4. Occurrence rate by accident causes
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Code 1 2 3 4 5 6 7 8 9 10
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Figure 2. Cumulative distribution of severity by accident
causes

2|aT o] HE 7, ARl Esfdllo] B, &

A XBAT A7 AL fos =4 Ugon, glAd
]“é]ol Ty B 7IER 9, 3, ARER A=
=7 Uehstth

423 AAFAEE HE-HNE FAHARY
A7] BA3E glofEE vge R A)(1)of fqﬁh‘i‘ﬁ AL
A1 WY Rl HES o] gslo] SRS e

it 2423, Figure 3¢t o] 2|2 o]
VAT AR AT, B 29 35
&0 3 ugton], 2lam o] #2405 29,
B AR VI B Aow HAE,
g g =AH2y e AN a2 EoA 2BYst 4~
ol o] stk 4= glon, G5 A
B8 o) A ALYl EAL ]’05'6]-3:-

5&74]7} E} “RW EEII7FE AlEdlolde

oA
SHA,

:l:‘

Construction risk by accident causes

01 0.2 0.3 0.4 0.5

Risk Level

wiy, w2 3 =4 =5 mg =7 =g =G =10

Figure 3. Cumulative distribution of construction risk



A Risk Quantification Study for Accident Causes on Building Construction Site by Applying Probabilistic Forecast Concept

Table 6. Descriptives analysis of simulation results by accident cause

Heavy

Failure of : Carelessn .
Statics Theft Congrt{ucti E>'<:;:|>r|gs<ig<sn Typhoon H;?Xy Srg(\)'\lld& \?Vsosrk%fr Flooding alacei(atgr?t Etc
wave

Trial 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000

Mean 0.3 1.8 1.7 29 1.7 0.2 0.5 0.5 0.2 0.5
Median 0.2 1.1 1.0 1.7 1.0 0.1 0.3 0.3 0.1 0.3
Standard
Deviation 0.4 25 2.2 39 23 0.2 0.7 0.7 0.2 0.6
Variance 0.2 6.0 5.1 15.1 55 0.0 0.5 0.5 0.0 0.4
Skewness 5.47 5.47 547 547 547 5.47 547 547 547 547
Kurtosis 55.01 55.01 55.01 55.01 55.01 55.01 55.01 55.01 55.01 55.01
Coeff. of
Variability 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36
Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maximum 6.7 40.2 36.9 63.7 38.6 34 1.7 1.7 34 10.1

Mean
Std. Error 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
424 AQVE HERE < B3 AlgEolds] Boitt ReplER /He B9 2

AEAR) WA 1R A e Tl Tl 2l

o] BalAAS 2213} 2= 9l g2 Hajo| TQsh)
T £ Ao $Ea0le] SERE U elad U
1 SIFI0] WA S} S WA MES BeEE /)Y

o
=3
8

o
=)
5

o
8

g

o
&
Aousnbaiy

&

Probability
o
2

o
=
@

o
8

©
Y

g

50 60

30 40

(a) Failure of construction

0.08

0.07

0.06 -

°
&

°
3

Probability

90 100 110 120 130 140

8.0

(C) Typhoon

Aousnbaiy

(Probability) 2} F2F] 4= (Random Number)E AR5}

2 A BASIo] AN A B4 AnkE =

ity
2 A

LYY
= o

A& 2= 14

AR

oA AlElold

U=

Probability
Aousnbaiy

30 40 5.0 6.0 70

(b) Fire & Explosion

g 8
Aousnbai4

Probability

12 14

1.0

(d) Flooding

00 02 04 08 08

Figure 4. Simulation results for key damage causes

292



3ZA]

= A}

T, ASER A
[e)

o= &flol] ARtE|R] o= B Akarof] gk AEFARRIE
T2 AladoldsliE Ao 7| E A= Table 63 At

Figure 4= F8 Aa1gel9] 3]AE 13 (Histogram)2>
= SEHS FE Ytk X5 Tsf] €919 #1d®
(@l WY Rl x wjaf Y Aw)E Ui, Y52 A
3+5 (Occurrence Probability) S LFERATE |5 E3) 1)
off ol SE R B Q=0 W), okaw 7t el
H A s 8l & o k. dlE =0, TASAE

Y= et vl F3, AR fdo] 7 2 A
g (2.9, A2 (1.8), #5- (1.7), 3 2 =2 (1.7)

=

O] HBlE-S & &= ql=, Adloli= B (3.9), Al AT
(2.5), &% (2.3), T 2 FH (2.2) o0& A9 IR
o] & Zo= Ueylth AR & = Ex
(Positive Skew, large tail to the right)= $J312] WAJo]
32 A (lower boundary)oll Ho| #a23ith= A& &
Hojzr}

F3h S|AETIH Wej] Zol= 119139

—

0]
YES

i), o2 Sof S4o] W] ol AU F 74
216 o} F47} e Alndeliict 3o} ARe] HHgEol

oo el HiE A7) Al Alglel 2 wejy)

7P AR ol 713 ARt EF AL <lof) wisf a1l
AfaLe] AES] Wag HolE, ol A AHE
- AT e B e e ot V1= A=t
2 o,

W oln Bele] it TAjo] Al
24 e elam welt wea) Bad
A QA A4 mRAES] S
FHOR WEl WE BEY 248 vk 5 gk
AL FEEH AEold o H
FAF @] Aol BAL Spsiolct

293

oIS P AR EFTARLE 7HIAE] Ty
HiolHE #2525 slalon, AdaAh fld= A A=
283t 2] 9 Wl 2RSS <)
AL Wi, A5 8l ZAESAIA =S Figure 1,2,3%F
o] FEFARES Sl Uehliglon, 24219 AlaL 212l
: cheatt o] el #do]] kel £

| Wi

A= o] e e,
/\].'1_’_7—‘]31- Z
o, =

7]
oA

>
of]
i)

ol

3) AUBAIREL Bl o] e A%, 2834
AR ATET, B, B, B I wo®

A Ugkon, elas dio] E24s
F ARET, N B 02 BARU,
B A ARIE B B Aol Al
mEe AReel] Qe e AL g

==

Y
= oX
N

r
)
E)

4 o

r_>u“: o

o [
3
T F

Zh Abal Q9T R 10,0003]2) A&
o o]F o]} FIAETIHS
AR Q1 BAE T HAS S
tiv] Al AER FrPt 7hsskal, ol E3l
A1 AFslE djZo] 7H53
S, AL FA EAoA BE2.9), Al A%
(1.8), Z(1.7), 3| 9 Z3H(1.7) -0 Haloo
RO, of= AAEol|A dAlsk= Alal eE 4
£ ek o= i} Eoh R H13(3.9), AlSEE
(2.5), &92.3), 3 9 29H2.2) =0 & YeRtom, o]
= ARl oI wigke] 3718 wed 4= ik

W Aqre] Avp= AM Z2AE A gAaas eksls)
7] 913t 712 dAoln, & A ZRAE| gt Ay
Q] =l 9 o] A St 7z ER 2ed
4 et ofgd, AR A ZRAE A8l AL
HE| A 7ksgh Akare] digh wjefiellE 9 T1of| ot of
nl, 378 SAME AfaL o ek =5 Fofl 7]ofg Aot

U= T g

©
b3
oy

e
oX oX
ol
=
8
2

>
£
fo

o

_

A

T



A Risk Quantification Study for Accident Causes on Building Construction Site by Applying Probabilistic Forecast Concept

ok
b |

8

22 Pz AlEs} gast Bastslo) 1 wel, 2
A elaa 0 Bege] G35k gk, 2718k

Sl 2 Bk QRS AHOR Wk Bl @
% Gl B e Sl
Qo] by WIS AEE ARSISHE A7k SAsolor
ik, olo] £ QoA AMRFON WA Al dlelg
g 7o Slof SlRaclel SERE 9 el A
9IFie] W Bt RO W NIES RepISR 7Ee
5ol ABeloldste, ABeole o Al 91o] 2t
£ B2 9 A U0 SRS BAjslo] AR 24 Al

4~ —

=
al
A

2 sasl}, 2 7o) Auks 5 A% gauery
W olTe] ATE 9at 7% AEtk F Aole
IS 1M BAL Bl23 24, BEIIEE J1Y, ATl
= A
=

Acknowledgement

This research was supported by a grant (NRF—
2016R1A2B4009909) from the National Research
Foundation of Korea by Ministry of Science, ICT and
Future Planning,

References

1., Kim JH, Park IJ, A study on the review of risk concepts, Journal
of the Korean Society of Safety. 2013 Oct;28(6):90—6,

2. Park JB, Cho Y, Kwon KB, Pack JH, Feasibility analysis model
study of realestate development: focused on construction project
development of apartment and stores. Journal of the
Architectural Institute of Korea (Structure & Construction), 2008
Mar;24 (3):179-86,

3. Kim CH, Kang LS, Park HT. Development of a risk management
procedure model for the construction project using construction
risk management system, Journal of the Korean Society of Civil
Engineers, 2010 July;30(4D):423-32,

4. Kim JH, A study of the risk reflection on the expansion of
construction insurance, Journal of the Korea Institute of Building
Construction, 2010 Jun;10(3):99—111.

5, Sameh MES, Risk assessment and allocation in the UAE

294

10.

11,

12,

13,

14,

15,

construction industry, International Journal of Project
Management, 2008 May;26(4):431-8,

Dariusz S, Identification and initial risk assessment of
construction projects in poland, Journal of management in
engineering, 2008 Jul;24(3):120-7.

Sun Y, Fang D, Wang S, Dai MD, Lv X, Safety risk identification
and assessment for Beijing olympic venues construction, Journal
of Management in Engineering, 2008 Jan;24(1):40-7.

Nasir D, McCabe B, Hartono L, Evaluating risk in construction—
schedule model :Construction schedule risk model, Journal of
Construction Engineering and Management, 2003 Oct;129(5):
518-27.

. Lee HS, Kim HS, Park MS, Teo EAL, Lee KP, Construction

risk assessment using site influence factors, Journal of
Computing in Civil Engineering, 2012 May;26(3):319—30,
Kim KS, A Study of the risk reflection on the expansion of
construction insurance [dissertation], [Seoul (Korea)]: Han—
yang university; 2009, 59 p.

Lee HS, Kim HS, Park MS, Lee KP, Lee SB, Construction risk
assessment methodology using site risk influence factors,
Journal of Construction Engineering and Project Management,
2009 Nov;10(6):117-26,

Muga H, Mukherjee A, Mihelcic J. An integrated assessment
of the sustainability of green and built—up roofs, Journal of
Green Building, 2008 Mar;3(2):106—27.

Kim TH, Choi JS, Park YJ, Son KY. Life cycle costing:
maintenance and repair costs of hospital facilities using monte
carlo simulation. Journal of the Korea Institute of Building
Construction, 2013 Dec;13(6):541-8,

Yu YJ, Son KY, Kim JM, Risk analysis using construction
insurance claim payouts, Journal of the Korea Institute of
Building Construction, 2016 Aug;16(4):349—357.

Project Management Institute, Project management body of
knowledge, Project Management
Institute; 2013, Chapter 11, Project risk management; p.
309-53,

5th ed, Pennsylvania:



