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As human factors are the most important cause of construction accidents, it is important to reduce
human error in construction work to reduce accidents. However, the error forcing context in
E-mail : shan@daegu.ac.kr organizational situations acts as a factor behind human error. Therefore, fatal construction accidents
were analyzed using the m-SHEL model, which can identify the factors behind human errors. Through
such analysis, it was found that there are differences in the detailed factors behind human errors
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2.1 FHO

AR S A HA U SO AL A 0] 71 S 2 3t Q1 F shubs QIxbe] ERPRt (1A aqholeta & 4= Sk
[12]. Frofl2fst Q17te] 2¢Het B8-S she TEAQ 99l 5 st A[13], QIkto] BT Z1E 2/t fisto] ?
A, o, oAEAR B A EShE 7, 2902 ARk EAIGlo]l HRE G RS w9 1A, T, A R TS T E

of Wt gIrk14].

QIHe] Hopoll 4 Falole]ol 7t Tl @el ] AnAshS oa}7] 915 el thALO R Q17ke] Belg S
91 0 7]7]) s1 0.910] FSI1A] Tt Ao] 24 Wo] £ gk 15], o] A AAANE oel7] sl qlzkel
FHol2]E Foli Ao] il Fasiths AL & 4 Qirk. T2, FHlolels qlgto] BAHA A 2E ANrhe T ge
Wi @ le] ojshA) MBS Zako] Qltk. 3, Figure 13} o] FlelelE §utshe 244 Ago] A4 23] SE(EFC,

Error Forcing Context)©] & @910 & 2}-85t0] FrH |27} @St ARt AsH| Hoh= 212 & 4= QI 10].

‘ Error Forcing Context ‘

— l \ worker
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Figure 1. Error Forcing Context[10]
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2.2 m-SHEL 2&
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Figure 2. m-SHEL model[16]

3. 1442 S Af2xtsholl et m-SHEL 2& 1%

AL 24 F0) AAlelE tie 2 FHoeE Qo7 HlF QS Hetel7] 9164 m-SHEL RS 285}
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At otaL, 37 AtAse o] gle 22 A skt Eot, 1/ AfatAfish 2 14 8.9 1671[2], 94+
vl o] Frrofls i 2.9l 1270[4], GA T4 Afare] o] 291 187][7] % 2342 Aisho] Freof= et =ehdet &
& 2170111 m-SHEL 22 ] 57 891 A AL 7ot o] %, SHE A ofu|7F AR Al 89152 S9tsoto] 4
2latalet. A=l W82 AU 2ot 271l 254 o= HERoF skt

of2{et 2 FolA EAFoIM= Table 137} Zo] AAH AfAs]o] Frio21E dor|= s AT 8291 34718 =&
SHET AlF-A 0 2 A H i, ZFdR 2ol ¥t @ (L) 87101H, ZFdAtet 2 AAME Zekohs 2] 3 iAo ¢
g 8RA(L-m)2 671, 2GRt W/ & |, A} 8l /A1 5 2T ESofofl TRt 8 RA(L-S)2 47H, ZrdAte} b A=
24F 71719k HoAg= 5 StEglofofl et 8 A(L-H)2 570, 2FdAreh 21 1 2ol gt 8 U(L-E)2 67, 31/ 21 Oﬂ
A 2 daret FH O] g = AR AR RIAh o] Aol of et R UL-L)2 57H= A =I5t

Table 1. Elements of factors behind human error according to the m-SHEL mode

Factors behind human error Elements

L-1 Physical decline(drowsiness, drinking)
L-2 Mental fatigue(stress)

L-3 Fear or anxiety
L L-4 Mistake
L-5 Misunderstanding
L-6 Violation(non-compliance)
L-7 Excessive certainty(unreasonable conviction)
L-8 Lack of concentration(concerns or distractions)
Lm-1  Understaffed(work division error)
Lm-2  Participate in other work
Lm Lm-3  Insufficient or absent work plan
Lm-4  Lack of supervision
Lm-5  Safety staff not deployed or insufficient
Lm-6  Insufficient management system
LS-1 Lack of education(Insufficient knowledge)
LS LS-2  Lack of training(Insufficient experience)
LS-3  Insufficient proficiency
LS-4  Insufficient or absent policies, regulations and procedures
LH-1  Safety facilities not installed or defective
LH-2  Safety gear not worn or defective
L-H LH-3  Improper operation of equipment(failure or faulty)
LH-4  Not using appropriate equipment(use of unsuitable equipment)
LH-5  Inadequate handling of hazardous materials
LE-1 Bad weather(strong wind, heavy rain, heavy snow, fog)
LE-2  Night work(poor vision)
LE LE-3  Insufficient tidying up
LE-4  Information signs not installed or defective
LE-5  Inappropriate work space(ex: simultaneous work of painting and welding, etc.)
LE-6  Delayed work with external factors(ex: civil complaints, traffic jams, etc.)
LL-1  Lack of cooperation with co-worker
LL-2  Unsafe behavior of co-worker's
L-L LL-3  Degradation of the organization's atmosphere

LL-4 Insufficient communication

LL-5 Provide incorrect information

418 F2AEAZEEX|



Analysis of Factors Behind Human Error in Fatal Construction Accidents using the m-SHEL Model

9 Aol 2Ee m-SHEL B2 758 %, m-SHEL B@:& A-gate] A4 Zof ALnajshe] falele s o
2 Bttt BaToAE 128604 e A4 SRAIIE R AT YAt oA AN s T Y
Asl Akl 20181 1956 2022 5U7HA AN H 64730) AL S B A0 2 shedrt. ik, e Tol A A WAy

-1, T

HRlof thet Az}o] =34 Q1 kS v A5 ] flote, S=rA AP B3 ehe] Ao Arlof| A Al Aokl = Aol 8
J E= P ARtS 71E 02 FHd2iE do]= ol E 211 welsiginh. Ao Al EXi= 415 At AR el
ot} 24> 1700l A 2o 57]9] Frrefle] vi$ aQlo] B¢ o = 2hg-sto] AR Ao E U071 A 0 &2 mpobw| gl o m(AHE
B 2.370), T 146709] FHoll2] viF 291-S m-SHEL 2 &of -85}

At el e ofl whet S ofl2] vl g Qlo] ko7t Q=] Elstr] oA WA 64719] 244 Folf ALLAsl A& A
1A Y EE A2otAT) Table 20014 ALAs] §3-2 AHEH, 7P & vHl5-S Aot Qs A2 Hojos
40.6%0°]H, J1th-2.0 2= Foj 1 Fi o] FUSH 15.6%E A5t l.oH, Z0] 9.4%, EA|of 9-20] 4.7%, 7] €}
714, 3K 5)7} 14.1%= 2R 5k Qlet.

Table 2. Number and ratio of factors behind human error by accident type

Accident type Fall Overturn Collapse Crush Hit Etc. Total
(No (%)) (No (%)) (No (%)) (No (%)) (No (%)) (No (%)) (No (%))
Case 26 (40.6%) 10 (15.6%) 10 (15.6%) 6 (9.4%) 3 (4.7%) 9 (14.1%) 64 (100%)
L 5 (7.9%) 0 (0.0%) 3 (14.3%) 1 (7.7%) 1 (16.7%) 3 (14.3%) 13 (8.9%)
L-m 26 (41.3%) 14 (63.6%) 10 (47.6%) 10 (76.9%) 3 (50.0%) 9 (42.9%) 72 (49.3%)
fact_ors L-S 3 (4.8%) 1 (4.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4(2.7%)
EEI;E: L-H 29 (46.0%) 5(22.7%) 8(38.1%) 2 (15.4%) 2 (33.3%) 6 (28.6%) 52 (35.6%)
error L-E 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (14.3%) 3(2.1%)
L-L 0 (0.0%) 2(9.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (1.4%)
Total 63 (100%) 22 (100%) 21 (100%) 13 (100%) 6 (100%) 21 (100%) 146 (100%)

m-SHEL X 9-& ARg-5tof At zfiof] -3 of whet Frfefl2] v 2 Q1S w413 At Table 22} 7*01 Atarzfisf] -3 of o
A FHo2lE dor]= HiE a]lo] Atol7t ok s ISkt Hold AtAfao] -9 stEg|ofof Tt a4l
(L-H)°] 46.0%= 7P A el Qi o0 & 2] 3 | A o] Tt 8 Q1(L-m)°] 41.3%= LFEFELT,. vhde], H
o] A L)t L 2] AL s el A= L-m &<10] 7H 27| vrehbar glom ohgo] L-H 8192 & = Stk AA|A o
2 E0=L-m 2210]493%% 7F¢ 2 H]8-2 U 9l oW, = ¥R 1L-H 8210] 35.6%, Al AR 2 2+ A} 2pAlof
gt 231(L)°] 8.9%2] Hl-&- L}Ehh = AS L =9l

28 TH AHaLAsh 64712 AHIE FrE el 1 5 A 2213470 E Ve 2 A-8-3 24 IS Table 30141 42513
Ch L R19] AIF a9l Aw T, HH}( J mlER)(L-6)°] 1122 L 8919 fiF-2= AA[skal Qlvk= 2= & 4 9l

oF. L-m 2212] A7 g2lo A= we|A 1= Dl% A(Lm-3), T2 0] F(Lm-4) 2t F2]A|A| v]F(Lm-7)°] H|52et vl&
H %

2 O RS A5 LoD, L-H Rl SHEA S ul AR A2RHLE-1)°] /1 Betow], 2 8e ] vk
B AL T80 2 BSOS, QHINOT wA LI DC] A A B2 A 4 U £, 2
B9, 24 90 YA 5 2LEolo] T 2.9(L-S), A T T A(L-E) L ] F= AR A
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Table 3. Number of behind human error by accident type

Factors Elements Fall Overturn Collapse Crush Hit Etc. Total

L-1  Physical decline(drowsiness, drinking) - - - - - 1 1
L-2  Mental fatigue(stress) - - - - - - -
L-3  Fear or anxiety - - - - - - -
L-4  Mistake - - - 1 - - 1
L L-5  Misunderstanding - - - - - - -
L-6  Violation(non-compliance) 5 - 3 - 1 2 11
L-7  Excessive certainty(unreasonable conviction) - - - - - - -
L-8  Lack of concentration(concerns or distractions) - - - - - - -
Sub total 5 - 3 1 1 3 13
Lm-1  Understaffed(work division error) - - - - - - -
Lm-2 Participate in other work - - - - - - -
Lm-3 Insufficient or absent work plan 11 6 5 3 - - 25
L-m Lm-4  Lack of supervision 8 5 2 4 1 4 24
Lm-5 Safety staff not deployed or insufficient - 1 - 2 - - 3
Lm-7 Insufficient management system 7 2 3 1 2 5 20
Sub total 26 14 1- 1- 3 9 72
LS-1  Lack of education(Insufficient knowledge) 1 1 - - - - 2
LS-2  Lack of training(Insufficient experience) - - - - - - -
L-S LS-3 Insufficient proficiency - - - - - - -

LS-4 Insufficient or absent policies, regulations and procedures 2 - - - - -

Sub total 3 1 - - - -
LH-1 Safety facilities not installed or defective 19 4 3 2 2 2 32
LH-2 Safety gear not worn or defective 6 - - - - 1 7
LH LH-3  Improper operation of equipment(failure or faulty) - - - - - 1 1
LH-4 Not using appropriate equipment(use of unsuitable equipment) 4 1 5 - - 1 11
LH-5 Inadequate handling of hazardous materials - - - - - 1 1
Sub total 29 5 8 2 2 52
LE-1 Bad weather(strong wind, heavy rain, heavy snow, fog) - - - - - 2
LE-2  Night work(poor vision) - - - - - - -
LE-3  Insufficient tidying up - - - - - - -
LE-4 Information signs not installed or defective - - - - - - -

L-E Inappropriate work space
LES (ex: simultaneous work of painting and welding, etc.) i i ) i i ! !
LE-6 Delay.eq work wi.th external factors i i ) i i i i
(ex: civil complaints, traffic jams, etc.)
Sub total - - - - - 3 3
LL-1  Lack of cooperation with co-worker - - - - - - -
LL-2  Unsafe behavior of co-worker's - - - - - - -
L LL-3 Degradation of the organization's atmosphere - - - - - - -
LL-4 Insufficient communication - 2 - - - - 2
LL-5 Provide incorrect information - - - - - - -
Sub total - 2 - - - - 2
Total 63 22 21 13 6 21 146
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