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Abstract : Safety management has been one of the most critical issues in the construction industry for a long time. Despite
continuous efforts, it still shows a higher accident rate than other sectors. To reduce the accident rate, a lot of studies have
been performed, mostly focused on contractors or construction phase. Although the initial stage of the construction project has
the most significant impact on construction safety and decision-makers at the initial stage play an important role, the safety
management system throughout the project entire life-cycle is still insufficient. In addition, although a great deal of information
is generated in the construction project and the value is increasing, while it shows an inefficient aspect. This is believed to
be due to insufficient information exchange and a lack of standards. In this context, this study aims to analyze the efficiency
of information handover in construction safety. For this purpose, a safety management framework for systematically and
efficiently managing and utilizing for construction safety information is referred to as ‘safety business functions’, ‘project life-
cycle’, and ‘industrial hierarchy’. The ‘safety business functions are classified into three levels. And then, in order to analyze
the efficiency of safety information handover, ‘importance of safety business function” and ‘efficiency of safety information
handover were evaluated by interviewing with experts. This study can be used as reference data for implementing systematical
and efficient safety management, and can also increase construction safety competency.
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Fig. 2. Comparison with previous studies
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Fig. 3. Safety management framework
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Table 1. Main business functions of construction safety

This study Previous study

« Psychological; Organizational (Sawacha et al., 1999)

« Increase management involvement; Increase competency of
supervision (Tam et al., 2002)

- Safety communication; Management-worker relationship;
Safety cooperation; Safety meeting (Fang et al., 2004)

« People's role; Industrial relationship (Tam et al., 2004)

« Personnel (Teo et al., 2005)

« Committee (Cheng et al., 2012)

« Personal; Relationship (Ismail et al., 2012)

« Leadership and commitment (Mahmoudi et al., 2014)

« Safety culture (Zhang & Chen, 2015)

« Impact of characteristic (Zhou et al., 2015)

« Leadership and worker participation (ISO 45001)

Safety
culture

« Procedural; Environmental; Historical; Technical (Sawacha et
al.,, 1999)

« Safety risk management; Safety implementation; Safety
inspection (BSI, 2000)

« Safety audit; Effective safety training; Establishment of safety
policy; Eradication of hazards (Tam et al., 2002)

- Safety regulation enforcement; Safety education; Safety
inspection (Fang et al., 2004)

« Organization and management; Technology (Tam et al., 2004)

« Process (Teo et al., 2005)

« Process; Information (Cheng et al., 2012)

+ Management (Ismail et al., 2012)

« Evaluation and risk management; Planning (Mahmoudi et al.,
2014)

« Regular safety program (Zhang & Chen, 2015)

« Safety management process (Zhou et al., 2015)

« Planning; Implementation; Management (Hong et al., 2016)

« Goal definition & action planning; Implementation of
improvements; Decision making and planning of improvement
(Awolusi et al., 2016)

« Planning; Operation (ISO 45001)

Safety
process

« Implementation and monitoring (Mahmoudi et al., 2014)
« Monitoring and cooperation (Zhang & Chen, 2015)
« Evaluation of performance (ISO 45001)

Safety
performance

« Auditing and reviewing (Mahmoudi et al., 2014)

Safety + Accident/incident data (Zhou et al., 2015)
improvement | « Activity observation & data analysis (Awolusi et al., 2016)
« Improvement (ISO 45001)

« Economical (Sawacha et al., 1999)

« Safety policy (BSI, 2000)

« Safety promotion (Tam et al., 2002)

« Safety resources (Fang et al., 2004)
Safety « Apparatus and equipment (Tam et al., 2004)

support « Policy; Incentive (Teo et al., 2005)

« Resources; HRM/incentive (Ismail et al., 2012)

« Policy and strategic goals; Organization, resources, and
documentation (Mahmoudi et al., 2014)

« Support (ISO 45001)
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Fig. 4. Safety business functions
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g 7fot0] YE 07 F46te E of 7] QIFoltt oSt
Ae 27IRK9] B, A, RRRNO] WIR7E, T2
EXMHO] SEeHESE] S0] @ 4 QUrh e AL
g 512 79 ¥ E4ote A8, JeE J) B gsoltt
(Vinodkumar & Bhasi, 2010). 257 9 &Y & WAl6H ]
QIst X7 = Zefof Qs o] O]FOAH Aeidds
Z0]=t| AIA] 11 SHEO|THCheng et al, 2012).

e A, S84, GAIEQl Aids 9nlsitt €
el AHH0] AESHA AZEH erdg st FAIE
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4= ATHGuo & Yiu, 2015). ZIAAIAollA] e Ql=o] ot
(Sunindijo & Zou, 2013), HS&H|9] Ak 2 HX|&= A4
CFHof QLojA] T EQTH FHEO|TE P2 H|= A9
7 9 o] whet APEE s AP TREE HE H]
80|H, &4akA AP AHE EXOF AlAEofo
Stal 71 Q9] 8x2&= AREO] BV, AFF71ES Holl
Olal HAJE O] AT

s7)50lE Engds 9t ds< MAISHL 01§ A%
ZO7 #5l= 10|11 (Luthans, 1981), AMHRIE7} 7FE
o] AFZELE AHAEE AFY = FoRIEA 57
g Foloto] g se Arioly] oIt Haines et al,
2001). AMHA|== Qloh s Aol thet HAlAA 7L il
TR otof otal, 20]9)& lujst| Qs AgE enst=
2717t 285 = A ERIsHof 5, AollA Hig =
U= FH0] % 0{0F SHEHSamson & Daft, 2009).

A

b YHO|Y 22 Tot

O] PFRVIsE M IR, 13709 E&F, 3274
O] ARFE FHELL 2 dAFtolkse ALYl ersde]
HHOILO ggde HVlal] fldl, oldst gF7lss 7l
FO2 7 JRVIsE UQE o= FHE TgEH HIE
g AHE xdolo] BAotIAL St &2 A4t 22HQI
LEO|A THEQ oL AAldE 7 7IR17] fl6l, FF71
S9 HERE 871 29 =% (Level of Detail; LOD)O]
HE =11, ARF= g7 i) =30 5 Wot grho)
FO2 ggalv|of FAF6ITE tetA] Bl HR71s9
SEF aigst= 137] g5e 7IEeR AASI 2
AofjF=7] TAOA ARVSE O|FEEE J1Hoto] AlA
ZQl &7} O|FOAH S88e S7HA1Z o= AUTHLee &
Jung, 2018).

A 2 Ao AAdLdolA obdde] FRO|
ol ggde Trlsly] st e EE AMokstlal, AE7t 9l
HFE AlAloto] o]of| thet A1 E TSI

4.1 HOHX| &

2 A AEURoA e deler dek o] 38E F
HS0] ofF7] Sotof 0|gEE s28s Brksh=t %l
on, ¥FrIsd SQEet FHoYe gad'9 = VI
oA B7HE D&l
Gsd EQk'E o 8ol QAoiM HA] 1l
of e AR, & olg et s=5es A8 Adle
Aash7] 1ot BEoMC] FEEeE LIERHTE
FAHOIYY 52 FHOIYS] oA b ¢

sE FH e, FHO #8%, T2]1l FHI

TaSEEE grielo] AHEE AR dadlite g

PR3 HHE O|FEEVE ALARY doliF7] St

BYEE HES JuSHt. nREZIA] oM gHOl 88

= O|FEREY E87IA & 9ulstal, gHOl 73

S dHE0] 0|dE w9 AAS E= 875} & F
£ Qngith

4.2 OHHH=E

AR50 £QE(D) (Fig. 5AY= I~587HK B716H= 5
H AL E AE5H0] BU16IR oM, 01E Fislsto] ThA|
1008 A== SHISITE 01714 10082 51t g1l SAl
ke LIEH, Btst 8 Ao 4 dRstte] At
A ZQLE UER 4= ArtJung & Gibson, 1999). 1008
£ 71E0Z Z1} 3o] 1008K 245 457159 A
A ZQ%7t =11, 1008 YeE AUE EQ%7 W
Ch= 2 gnjsitt.

AHO|ZO SEH(E) (Fig 5B)2 YF7IsE FHOl M
AHIE (2), AHO] F2% (D), 1)1 AR FRSEE ()
& S¢olo] griEnt 47159 £Q% B9 nRIA|
Z, Ao MUy, S8, PRSEE YA] 22 58 F
=& YIkekal T 1008 A2 Ffst ST ot FHO]
o] g8l oA A7 Al 7K Brier=Eo] At 7}
EX](w; Weigh)E B7I511, 1 &€ 100%2 A6t &
7tSith FEF O FHOIYO g8 Hee 24249 grt

=3t T10] sigchs 7ESAIE Hokal A2 ghiteto] A&
Em, A1) ZTh

E=axXw, +bXw,+c¢Xuw, (M
Importance of . .
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Effectiveness of
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Structuralization .
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Fig. 5. Assessment methodology



YES o

(Fig. 5C)0IA & 4= AAX0], YHES ¥F71s8 5852
LPEMJ_ X5 gisd g A8, g8k, 85
Seich ROl gEde LIERACE metA Jei=
EBP éol AFEH (Quadrant) & 0] €3510] Al 7*9}— =5 =gt
S it 7 Soll flaetE dise digh
L ARRHo] BY|Eto M, B 1 owymo} rhet 2k
SIE O S = ATHJung & Gibson, 1999).

o [‘

5. AlEEY

2 golie dE7t QERE Soll A Aetet E71eH
TS HIEOR 8712 HAlsIeltt 871 Eiks SAA 9]
E Foistrlol QIERY] 71 Mg o]7] [[Hv:oﬂ ARHIEA]
9] 9n| 2 siAISHAC.

Table 2. Interview respondents

Career (Years) Company characteristic Respondent
12 Academia 1
15 Project management organization 1
18 Research organization 1

51 0|E_.|_II§|1_ [HAI-

= oIE TRl AL BEOIA TR lom,
tfeta QIERe 54 20F] 7RI E& AJOFojlA] HE
thE o Qe AE7EE ez ddsiRint Jau &E7t
9] 7} RISHHO|ER, 2 AfollAle EFAF 4], B
&, Je1al s A2 THE Z2olof SAksh= JErtE
AOF AHRE AAIGIA AL, (Table 2)2F 20| 12~18 4
HOo| ME7He AAdsto] A2t AetE S St otalA} of

HAE7159 EQE0A A& (Policy:
119. 2)0 7}0 =2 H+E HELAL, B917](Climate:
108.3), & (Implementation: 108.3), A& (Check:
108.3), AV E ORI (Facility performance: 108.3), 7H&k
(Redesign: 108.3) =OF LIEIRITE HITHZ Z2A)A At
(Process performance: 75.8)7} ATHAORE 713 W &
QEE HoOH, TS O &2 119K Devising: 86.7), &7]H07
(Motivation: 86.7) T=O& LIERITY.

SR oz BA6] HH, ePRESHSafety culture), OF
74 (Safety improvement)0] 7A0FA 0] Njx]&= Ggko] o

DE ] JF7189 Sk HTE
12|
(@)

Table 3. Assessment result

Variables Weight
Frequency of information creation (a) 0.20
Degree of information utilization (b) 0.47
Degree of information structuralization () 0.33
Total 1.00
Safety business function Assessment result
Level 1 Level 2 (0] (@ (b) © (E)
Climate 1083 | 805 | 784 | 924 | 835
Safety culture
Leadership 975 | 92.0 | 100.9 | 104.0 | 100.1
Planning 975 | 978 | 100.9 | 104.0 | 1013
Safety process Devising 86.7 | 92.0 | 100.9 | 104.0 | 100.1
Implementation | 108.3 | 126.5 | 1009 | 924 | 103.2
Check 1083 | 1323 | 112.1 | 1156 | 1173
ety peggfne;@ 758 | 805 | 89.7 | 1098 | 945
performance Facilty 1083 | 863 | 1009 | 1098 | 100.9
performance
Safety Assessment 975 | 109.3 | 953 | 104.0 | 101.0
improvement Redesign 1083 | 978 | 953 | 809 | 91.0
Policy 119.2 | 1035 | 1233 | 924 | 109.1
Safety support Resource 975 | 1150 | 1233 | 109.8 | 117.1
Motivation 86.7 | 863 | 784 | 809 | 808
Total 1300 | 1300 | 1300 | 1300 | 1300

(I): Relative importance of safety business function
(E): Effectiveness of information handover=ax 0.20 + bx 0.47 + c¢x 0.33

< =71, 0lof| H|al OFRA 3K Safety performance)= ATHE
OF Hek 7} 7Va WE e LIERICH

5.2.2 YHo|Y¥o| 28

(Table 3)9] (B)= o] §F7)sH FHO|L &
A A4E UETE FRoIY9] S&/dollA FA(Check:
117.3)0] 7V =2 284& Holal, A (Resource:
117.1), A& (Policy: 109.1), :rLOJ(Implementationi 103.2)
9] =OF LIEHITE U2 S7]5%0f (Motivation: 80.8)
7h AtiEOZ 7HE We g84e Holl, ThEoR BY

7|(Climate: 83.5), /& (Redesign: 91.0), Z2A A A1}
O Z LIEISITE.
S840 =0

(Process performance: 94.5) <=
SR or BA6) HH, FHOI HoJ A QF
R T2 A(Safety process)?} 7VaF =11, QPRI R SHSafety

culture) @} QFRIZWA (Safety improvement)O] 71 WrES
oF 29It}

5.2.3 3%=EN
YIIENE HIECR (Fig 6)F 20| SeHEAls 2d
8}0111} 5 JHo] ARZHHigh-High)2 SUHCE =
77159 SQEe gHoIYY gads LERH, of
1 l sidste AR7lsole 78, Jd, AldE oy, 1
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