J. Korea Saf. Manag. Sci. Vol. 19 No. 4 December 2017
http://dx.doi.org/10.12812/ksms.2017.19.4.43

ISSN 1229-6783 (Print) 43
ISSN 22881484 (Online)

Fuzzy—FMEAE 83t AlFAe] 8lA3 271 F4
7]/\-]34_*
*Jedo]dx| ()

An analysis on risk factor of constructor with Fuzzy—FMEA
Seok Cheol Kim"

Cheng Yeon Engineering Co., Ltd.

Abstract

The purposes of this study are to analyze risks of construction step BIM(Building Information Modeling)

applied project and improve it. Recently, construction industry has emphasized an importance of BIM for

efficient utilization of various information. In the whole life cycle of huge construction project, there are
cases introducing BIM and projects applying BIM are gradually increased to the work of construction
step. However, the process of communication is not established, so the contents of BIM process of

construction step are just showing rough fields and concepts of working utilization, so it's restrictive to

utilize BIM actively on constructions step. Through results of case study in this research, constructor
risks of BIM business should be efficiently treated with Fuzzy—FMEA that is more precise than existing

danger evaluation.
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<Table 1> Questionnaires for analyzing BIM risk factors

Measurement
variables

Contents

Aspect of

organization

e[nsufficiency of BIM experts

eAbsence of measuring models such as BIM quality evaluation, etc.

eAbsence of BIM model manager and absence of exclusive
organization

eNecessity of horizontal cooperation system among participants

eRecognition of technical experts from a conservative angle

e[ncomplete establishment of combined process

Aspect of
technology

eTechnical limits of BIM software

e[nsufficient development of BIM server contents for combined

management of BIM information

eAbsence of BIM data management manual

e[ncomplete establishment of BIM library

eNecessity of constructability considering software development

e[nsufficient education of BIM

eVagueness of BIM working range and responsibility by participant

Aspect of
finance

e[nsufficient educational investment of BIM and periodical support

eBurdening of additional labor costs inserting BIM work

eBurdening of BIM hardware and software purchasing costs and
maintenance costs

eInsufficient connections with integrated computing system(ERP)

Aspect of
policy

eProblem of early cooperation by design - construction separated
ordering system

eNecessity of bidding system improvement for BIM application

e[nsufficient BIM ordering method and BIM applying standard

institutionalization

eNon—establishment of incentive method by BIM application

elnsufficient establishment of constructive material classification
system standardization

e[nsufficiency at early stage of standard guidance development
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[Figure 2] Triangle membership function for inputs fuzzy
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<Table 3> Fuzzy inputs
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2) 32 5249 (Inference Model)

HAgE S8l HA 48 #h(Fuzzy Inputs) & £%F

S el ddshs HA EE HA AHE wjo)
(Fuzzy Rule Base) 2458 FZ381H thah 2t

R51=1F O is M and S is M and I is M THEN
Risk is M

R52=IF O is L and S is M and I is H THEN
Risk is M

R61=IF Ois L and S is M and I is M THEN
Risk is M

R76=1F Ois M and Sis M and I is H THEN
Risk is H

olgAl TRl A ARNHEe] Aice] thgk MIN
ArLE TSt 7F AREE V|ZE 7 gFFHel| S

F-(the THEN Part) 2] A&5%5 Mindiks E3l =
=8 Z 717 AE5EE MAXAAS B3 #5329
shue] gho = s o 2

DR =
D76 ([R))

=uD51(R) V) #D52(R) V) D61 (R) V) D76 (R)
V)

max(#D51(R), uD52[R), -—pu

= [0.143/4.49, 0.143/4.94, 0.368/4.94,
0.556/6.04]
3) B]YX|3} 2 (Defuzzification Model)

MEA s SAFEe] TR o &
) 3EsE A Al A8 4 s o
AL oz viFs Aotk HFEE Almost
Unnecessary (AU), Minor (M), Very Low (VL),



J. Korea Saf. Manag. Sci. Vol. 19 No. 4 December 2017
http://dx.doi.org/10.12812/ksms.2017.19.4.43

ISSN 1229-6783 (Print)
ISSN 2288-1484 (Online)

49

Low (L), Moderate (M), High H),
High (MH), Very High (VH), Necessary N,
Absolute Necessary (AN) 10712 ddoj¥H-2 -8
sto] olef| tf-gsh= HlEA|EE fgt A% Tl =
e hﬁo 3.1.1e A X3S 9%

W sk
5”5‘-4 A=

Moderately

2= FlA~
i_l ?:]!—T

1~H

=

Bt

dgow wsAEE ¢

b

<Table 4> Results of the survey on outputs(dangerousness) membership function
AU MI VL L M H MH VH N AN
Rule
a b c a b c a b c a b c a b c a b c a b c a b c a b c a b c
L B 0 0.5 1 1 1.7| 25| 1.7| 3 4 3 4 4.5] 45| 5 5.5 5 6 6.5| 6.5 7 7.5 75| 8 9 85 9 10| 9.5 10| 10
2 | 0 1 2 1 1.5| 2 2 3 4 3 4 5 4 5 6 5 6 7 6 6.8] 7.8 7 7.8| 9 8 851 10| 9.2] 10| 10
2713 0 05 1 0.5 2 2.5| 1.5] 25| 3.5 25| 3 3.5| 3.5 4.5| 5.5| 45| 6 75| 6 7 8.5| 6.7 8 9.5 7.5] 9 10| 85| 10| 10
A4 0 1 1.5 1 1.5| 2 1.5| 3.2| 4 3.2| 4.2] 52| 42| 5 6 5.2 6.2| 7.2| 6 7.2] 82| 65| 8 8.7 82| 9 10| 9 10| 10
A5 0 1 2 1 1.5] 2 2 3 4 3 4 5 4 52| 6.2| 5 6 6.8| 5.5| 7 8 72| 82| 9 8 8.5 10| 87| 10| 10
B3 0 0.8| 1.5| 09| 1.6 2.2 1.7| 29| 3.9| 29| 3.8| 4.6| 4 49| 5.8| 49| 6 7 6 7 8 7 8 9 8 88| 10| 9 10| 10
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<Table 5> Results of inference based on fuzzy rule

Rule N. | (Occurrence) (Severity) (Influence) (Risk) Center
Moderate(M): | Moderate (M): . Moderate (M) :0.
R51 0.56 0.89 Moderate (M) :0.37 14
Moderate (M) : Moderate (M) :0.
R52 | Low(0.14 | Moderate(d High (H):0.56 oderate (M)
0.89 14
Moderate (M) : Moderate (M) :0.
R61 | Low():0.14 | Voderate®Dsl  erateq:0.37 | Moderate D 4.94
0.89 37
M M): M M):
R76 oderate (M) oderate (M High (H):0.56 High(H):0.56 | 6.04
0.56 0.89
0.37<4.94+0.56 <6.04
Defuzzification = 037 7056 =5.602
......................... (2 2)
4. NFALY) BIM 8123291 AEA3
T s A, o sk
Fuzzy—FMEA B3ks vl o2 =59 AlgAF 51

o] BIM A= 2Rl HAEY # == o
<Table 6> ¥} 7t}



J. Korea Saf. Manag. Sci. Vol. 19 No. 4 December 2017
http://dx.doi.org/10.12812/ksms.2017.19.4.43

ISSN 1229-6783 (Print)
ISSN 2288-1484 (Online)

51

<Table 6> BIM Risk Factors in the Aspect of Construction Companies

Risk rank
. ; P
Classification Risk Factors uzzy Rank | RPN
output
0—-1 e[nsufficiency of BIM experts 5.838 6 5
0-9 eAbsence of méasuring m.odels such as BIM 5 556 11 13
quality evaluation, etc.
0-3 eAbsence of BIM m-odel mane.lger. and absence L786 93 o1
Aspect of of exclusive organization
organization 04 eNecessity of horizontal.c.ooperation system 4811 99 19
among participants
0-5 eRecognition of techr.lical experts from a 5 884 3 1
conservative angle
O—6 | eIncomplete establishment of combined process 543 14 15
S—1 e Technical limits of BIM software 5.025 19 20
eInsufficient development of BIM server
S-2 contents for combined management of BIM 5.865 4 3
information
Aspect of S—-3 eAbsence of BIM data management manual 4.843 21 23
S—4 e[ncomplete establishment of BIM library 5.303 15 10
technology eNecessity of constructability considering
S=5 6.231 1 2
software development
S—6 e[nsufficient education of BIM 5.052 18 18
g7 eVagueness o'f 'B'H\/I Working .range and 591 16 16
responsibility by participant
e[nsufficient educational investment of BIM and
F-1 Lo 5.943 2 7
periodical support
eBurdening of additional labor costs inserting
F-2 5.626 10 9
Aspect of BIM work
finance r_3 OBurdenir.lg of BIM hardwa}re and software 5 850 5 g
purchasing costs and maintenance costs
Fo4 e[nsufficient conections with integrated 5 506 19 14
computing system(ERP)
p_1 elnsufficient long—term investment plan utilizing 5 699 3 4
BIM
p_9 e[nsufficient caseslof outcome measurement by 5,700 7 1
nvestment
P-3 eRecognition of economic risk avoidance 4.902 20 22
Aspect of :
) eProblem of early cooperation by
policy P-4 ) . ) 5.482 13 6
design - construction separated ordering system
p_s eNecessity of bidding sy.ster.n improvement for 5 657 9 12
BIM application
P_g OInsufﬁci('ent BIM orde'ring. m.ethocll an.d BIM 5143 17 17
applying standard institutionalization




52 Fuzzy—FMEAE 383 Al FALS] g2 Q91

oy
2
m}\ﬂ

4. A&

= A9 BIMEAE & Al ea =
5] 98l a&4l g =
g gaze] A 9 o3 rkE 9
Fuzzy—FMEA ®WH-& o835} EL/:EL Q &=
siolch HAeF mEle] qlew
W o), BIMEAF 53873 0] 3d ol M7t 57
A A Sk AAE Sl AEtdtE A s
AATh TEla 12789 AleAb iRk
eofl AR, AZE, Rl AEAdE EdE
Fuzzy—FMEAYH 2] Mamdani 2H-S o]&3t] A
.g;\}g FJZ:EL oo]g /x{x%;}oﬂljr
AlEAFS] Al QQd &W% #kol ‘%’4‘3 Rl
oxE AFAe e &
WEFA 9 AG7)A 2] Ub, B2 Ao 7]zt
5 o454, BIM AREE9E 93 BIM A8 A
= H‘?j_ v &2 BIM stEgo] 9 A Ego] 9]
Hl% 1 §AH S Hd o7 27 T|E AN, 42
o7 wEA EREa, RPNESIeF Blmsiyd
BIM wHFA 9 G714 A 5y BIM sk=go]
Yl A EQ o] Fiu]g W {AH]E- Fyo] g Aart
T Ao® YERT k9] o2 E BIM Y St
HERE FAel ddxd FA, AH4YR S AlA
g Azb A, BIM Hlole 9 vwiwd FA,
BIM 123k BIM A85F Axst An] w57
BIM A~XEo]9] 7]&4] shA| =02 YERTE Al
ATE B8 HE =29 ¥R WHERE EdE
Aol Altek= Fuzzy—FMEAWH Y 7|&
FMEAZ Bl %4 s}t
2 AT AT AdE Bl Altshke Rdo]
71 FMEA°IA 7t 71 352] X3to] tEol: &
Agk RPN+ 2t7] wiite] 783 & glald Q13 vk
£ RPN 7HA7] dwlitel] o] =HYH Q215 714
T eS¢ ATk ol 7S] 919
T WrpMEg Agddss guleb AlkkE
Fuzzy—FMEAYHo] #412] o] ¥+ BIMAKIS
YAraE g g T Uthes dEs 95 T
ATt

S
=

i o ﬂllo

S|
=
=

=°.L_'r4n_1

5. References

[1] Choi Jung Sik et al. “Application status and

development direction of opened BIM of
domestic construction industry :focusing on
planning office” , theses of Korea CAD/CAM
society,2009,p.358.

Choi Myung Suk, “Basic study on strategic
approach for vitalization of domestic BIM
introduction” , theses of Korea construction
management society,2009

Shim Jin Kyu, Lee Hye In, Kim Jae Jun, ‘A
study on the analysis of effects of BIM with
hierarchical analysis on construction
company’ ,theses of Korea ecological
environment construction society,Vol. 10 No.
4, 2010.

Kim Woo Young, Lee Young Hwan, Yu Wi
Sung, “A study on vitalization through the

case analysis on BIM's domestic/foreign

institution/policy” ,Constructio issue
focus,2011.

ChuckEastman,Paul Teicholz,RafaelSacks,Kathl
eenliston, "BIM
Sons,2008.

Handbook} , Wiley&

A & 2 0

Fopista AATEk 24739
ML AS T AA PAS
chshel 2113 hat wAka
==
K2
ol AN BAR, <)
Al



