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Abstract

Background and Objective: Human error is the most common cause of
accidents involving operating cranes in the construction industry. Operator
errors are caused by various factors during crane loading operations. Success
Likelihood Index Model (SLIM) is used as a simple and effective way to
assess the probability of human error.

Materials and Methods: In this study, the SLIM method was used to
evaluate and manage the possibility of human error in loading operations by
tower cranes. After forming the expert team, the factors influencing the
errors in the operation of the cranes were identified in this study.
Subsequently, the rate and weight of these factors were determined, and the
probability of human error was calculated for each error using the total SLI.
Results: Initially, six effective Performance Shaping Factors (PSF)
influencing the operation of the tower cranes were determined by experts.
Out of the identified PSFs, training obtained the greatest impact on the
likelihood of human error. By calculating the probability of human error
based on the calculated SLlIs, it was found that the errors of obstacle
collisions (1.70x107°2), contact with power lines (1.69x10°%), and
overturns (1.62x10%) obtained the highest Human Error Probability in
descending order.

Conclusion: The results of this study showed that the highest probability of
human error in crane loading operations is related to obstacle collisions.
Moreover, the most effective PSFs in creating errors are training, conditions,
tools, and experience. Therefore, the reliability and overall safety of the
loading operations can be increased by planning and holding continuous
training courses, updating instructions, and appointing highly experienced
people as crane operators.
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Operations; Success Probability Index; Tower Cranes

Copyright © 2020 Journal of Occupational Hygiene Engineering. This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and
redistribute the material just in noncommercial usages, provided the original work is properly cite



http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3772-6780
http://orcid.org/0000-0002-2786-6248

$Y G OF Olrio TR oLl oY o,led Y 099

&8 o> Cblagy (owdigeo alxo

d- ). 10.52547/johe.7.2.54 gy dlio

P gy i 00wl b (2 9 S Julli 2 (5 sy 58 Sl sl Jix! b ) o
Cudd go Jloix

#Y - S oAl \ 1 . :

LS o ygs diloww 7 (goLT (e 25 o SAlaao
Oyl eolaed laen (Sig pale ol8ails ccilags oaSails « Jad cesl g Clilagy Clibod 35 e g (glad > oy s:;)'ye] e Clad Lol !
Q‘)'l‘ ‘le ‘QL\.@Jb é.u); ﬁjl.c oKl ‘wl_\.@‘; saSisly ‘Lgldéy w‘..\.e; JEENR 05; ‘Lg‘dé).> w‘..\.e; JEENRST A.;'s)l ‘SML;.:;,)lS 69""‘““’ v

75 VO I ¥ IS KO PR KON é—‘*’)—’ pole olfisls ccuilagy ouSaily «(glad > cdilagy (e 09,5 LS (guni > dilows 1 )gkmen oddum g
S.khorshidi@edu.umsha.ac.ir

ouSs
Sl s el caro 4o b i o s enl, 5l 36 @olex LYo o ials Sludl sllas 1 Ban g alile ATIMIT - callie <l yo &b

wiboe Jei 2 bawgi o)l p)l Sles (> s (it Jilge (L2 a5 gilnl slals adboe VYRAVNO iallie o pdy &)U
slas Jlas! Sb5)) slp 5o g oole i, olsie 4 «SLIM: Success Likelihood Index Model)

pole olRails (gly i aeh> seled
el Bgazme laen S5

Byl 0,8 gLl

Slbes s Slasl sl Jla| Sy o 5 b3l 2 SLIM g, 5l asdllas ol o i b9,y 9 Slge
2 Ay eams S Jelse cpmatite o JoSAT 5l ey ol odlital (2 ladkl o bawss 5)lo )k
990355 s Jelse 0l (039 9 €5 Ol e 0B (Qlulid b Lo > Sliles )0 )15 550 slalla>
Uz o slp Sl gl Jlias! ol (S (Success Likelihood Index) SLI acule b Ll jo
o> » S i > s pal; 5 138 5T (PSF: Performance Shaping Factor) PSF s lal (aaidly
Jleasl sl o 1y 283G cp i Ghyeel woad olulis sla PSF los 5l ol oot (maasis lawes
4 03,5 Laseioe i dmloee ls SLI Lululyy sles! sl Jlois| dlns b .zesls Sladl las
Human Ermor ) HEP ¢ s i 005 0555 5 Gt bskes ool calyo b 8,95 slallas
ilosls olaisl a3 4 VEYx Y+ g 1/« T AV ex) T Lslie b oo 5 4 |, (Probability
Glob Slles o Slal s Jlazs| o ity o5 wols olas ,ols adllas gl 56 5 dxaid
el b obml o o PSF (0 350 Geizman wilioe dlye b 9,055 slas & bayye ba i >
sHi3el soys0 5535 p 5 Sryelin szer (oSl Bl L g, cnl 5l s w25 g 1)l
SeblB Ol oe Jo 2 H5ilnl Glsre 4 YL )15 4,25 L 013 s g Lo Joallygis (Sl 39,0 pslie
S8 Gl 1y 6k Slabae IS rasl 5 lipabs!

sudbge Jlaxzl asls Hle g colo f o sla i > ¢ Sl slhas Jlas! b)) tgoeds 519
Ls)b)'.’)". QL.L:&

EVRY-N

[z_i] bl oo cdlad > y0 ke g cle Cato slaisu obie jo gleizle soejg, cole jo Lol il

ol sl > elgl 5l (o (2 r ez Ol cnl 0
sl (JSo pla placeend g o0 sl g ol cain (o
Sl 0l LS5 Sz68 693k 5 5530n! GlS oS e 555k
2 zp el oSlee (o5 odizg 4 425 b [0]
IS 5 oodle s 7, olas b ,> (pl 0 ol

Sliagas g ooly cpple cosel (> elnl 5 Slesle

IAYA

s i 5o el Cenl g (6 50h bl j0 oy 4 S n
S Ol bt > [1] o)l oSt oot 2 olral>
g Sl Calo ;o EVIGile 505 5 5 Cnpemlal )
5 o9 5 Jo Jgtue w03 S Jolie pled o 5l
5 a8 5050 Olllas gub s glasle Olyges 28
oled o 50 > il £45 VYOL e e ailyg, S el

VAR Lol o oyl (¥ 0590 ((glad yo Cablagy (owiigeo alxo


http://orcid.org/0000-0003-3772-6780
http://orcid.org/0000-0002-2786-6248

Syl 50 Sluil oz Jliml o5

5 &9 ol 8,50 10 w0l ppoual 45T Wsls ylas (Y-1F)
Oyl 4 e ol o Sleis bl Sl o i > olass
Sl g (ol 0 Shee (S 55k g 098 Gad Sole> 4
S 10 418,58 00 slo oy elal sl 8,50 Jis
sl By slagss, 5l cembiee Szl slaoss
o3l Jo 2 olasd g g8 Ll Sz (silme (510 iged
Suaio ;3 pliebl pac g )5 G (Sazs v azg b oS
25k g Eobe laojsp lnae yaslin 4 sl 5 2Sle
cwlie OBl Gl 5 cole gosls canys Sk
5 Sligas QB Cawys Bl g sl g el sla s,
@wid S8 00 Sldlas 4 azgs b [VA] el 5L oY Tale
slodeii > Slles )3 Gladl slallas glgil 23 5 lulis
here Sy 5 (b oGl Clls olnl 4 e oS (2
5 Sl Caio [y gl Co e ol G551 (S wed oo
Chls el g 4325 s salisee sla g, [1] wsbise jlo
B D Y
THERP: The technique for human error-rate )
HCR:) lul asls olaebl oLl (prediction
sles = ¢ 4355 (Human Cognitive Reliability
ATHENA: A Technique for Human Event ) L.l
sas &1,1 (SLIM) coddgo Jlois! jasls g, 5 (Analysis
s HCR .THERPA wus ol slagis, obe 5o ol
slo o0 g glas lio o glos 28 b 4 ATHENA
sl 5l B slaools 4y 0525 (I b slad 3 )18 ax g5 590
s bty onl b Slal laabl colls Jlos gl Sl
Sygo 4 Sedlbl i g (wyiws [0 ailawlie all e
el i o ol > 51l Slkes 3 o 5 LIS
D9lad p 4SS 4 ymie ol (nl gy Cnl 5l radlige S9uzme sla g
Slles ;o HRA g 5 450 atw) 5o Graasie
5 omiydllanl 5 (S SLIM 18] o5 oo o e
raazin Sgldd Gulul n HEP (oss 1y (B9, el
O3S s n she olialojl Cules b by, cnl [Y VY] ol
slp oaie SV slatan Sl)jhe @il graneS g
a5 ool Shas Sy 4y ol 5 55ll SLldl (g3l a8
Lz Gl a8 ol Jlgmal (28 Gl 2 SLIM (g, 09,5
Bl b 4 ol cansy S Sl sl
$1pl QUlg » a5 o Shes ouias S Jelge 5l (lacgae
Sl (St 0,138 o il SLoldl juelecisoe plxil ol
ilgi co 395 (G298 (anas, b maaie (nlplo o[ VY]
Oliee 4z & el colld S 6l PSF jo a8 aiS res
a5 po3l g oud plo Jlas 4 azgs b [YO] conl 1355
slodei > bl Sliles o Gl gl Jolos 4
L olrl )3 5be g cole oo o alie addlhae 355 5 (> 2
Jloisl oyl Gan b ol asdlas SLIM i, 5l eoliul

VAR Lwali oY o louds ¥ 090 ((glad yo Cublogy wiiieo alxo

g wBlie sl a5 sl g Sl Sole (035 59 S92
03SL [F-A] ssice (laiz) oz b S, slowl el
T2 Sl > gl oolag) il 4 (6 )l Slalllas
G5 bl e palls Jlid, o Sl Jale 401 -] wlazsls
F30 Ol 158 5uds a5 (g 9b 4 ‘[ﬁ] a5,ls Golg> 95 401,
Y18 gladle (b (YY) Can s szl s e
A SO550 mds j0 b il o 4y bgyye alol> OV 51 V-9
O olgx cpl IS 4 3e g 09y Slul gllas 5l LU adel>
A (6,50 asllle [LY] Al 00 s Yo yaudie VIO
09,5 ol e alxl Yoo Jlo 5o LSes 5 2]y bass
A 5o Gle g cole Caro 4 by o dlol> 5155 00 5l aS
slade I Sldes (> 50 15 slallas wolg> 5l sy
Jeif 2 slaysilyl glas Y] ol ooy Eolga sl oee
(S el Jelse ol il o silise Jelse 5l o3l
b BT & S cenlial 2STg 9 (SBL 28 o S s>
BUCIEHEC SR [\_\c] Sl gl sl Sldas (> j0 o0 it
b ploole g glae o529 9 Lz oS 50 oilnl o205
sleoslul s 035 b al)l lraly oz Hplnl calise JIS
9y ol 5l el T Gl oloil 4y s oo ails b alolé
AT Wlsioe Lz 5 silnl G Sewys Jalsd 392y pos
Sl 5 il Shhs 4 Cons 1) glnl (Sadse
s 5 VFA0] ws 2als 61k Sliles (> 53 canlis
e Slga g Sl )b sl e slaygilnl 0o
oS K0 5l gogy 1) aem codled el Gl g el LS
Vgl oo (S syl 5 il L 0 g 00,5 £5,0
sl b5 s plobs ae) o soaxie Slalllas [VF]
B ] M)JJJ O yg )Lw 9 clw LSLA‘))B)" B (ssl.u.u‘
sshie & (Y410) o )Sea s Mandal Lug a5 _iags
bolosleys 5 st Juiy> Leilnl glolbs  gloles
Systematic Human Error ) SHERPA 5, 5,54
«wd,5 w,90 (Reduction and Prediction Approach
G0k Slibos 5l Ll LolS Bis &y az g L aS 0l aseiee
5o e ool olass aseas o il cod pudy oSGl (ol >
ool L5131 e Lasgs a5 315 S92 g el alowil aigs
g 4 ie Wl oo Gl SzgS olidl Gy 290
SLES (YY) o, Ke g Jian dLewl, oyl 5o [\_V] APV IPPES
el 5 (59l Ay )3 &S (S ) S8 S92y Lo Wil
g_;‘)]a.> ué).l.o).) u‘;)wslﬁ)}:‘fl | oMJ..ob J.«.‘UP
b ol Jds 4 Gl gllas izren 310 18 (5 ke
S opols s 5 Lalate 5 cldes ol 4 oo W3 oo
5 Sl sl aile; Blos ay Gl Ghsy re 095 b
b i (2L 5o (st sla S sl il rals
0 oes g Lee Y] col cais slas bl el

b#



o g gobT (e ol a0

recncaziio i i Syl plS
JeSis gl ol olalse Ll SLIM i) bl (6l
peplae b oS olisl b jlose ol ol cposl Cpmaadiin oud
209 5143850 (g3l 3l g Wisd oo Jult | (Sl sllaz 5 (o
325w bl ol ozl Jlo Ve 5l s 6,5 aasle a5
350l gl lis IS Jelss Slidas jo Loyl i alg ol 315
Gl Shy wad bl Sl e 5 2 S~
el 0als LIV Jgaz 10 o slae!

xR Siyz ldas slolas o Llolis jp90 o1
il Ly (2 slo el 2 y5il ] Jid it s
HTA: Hierarchical Task ) aalsy _slealudes g, 5l
bl el jo aols S8 Lo g oy 0,50 (ANalysSIS
1o b L > Sldes 10 Jgeme slallas coael cows 4 HTA

(¥ J592) w05 el g5 5 il 51 S 0

Lo s PSF s Lolid joguw o5
oo 5 collad Slasie | L5 colid b raass
2,08 56 PSF it o555 5 con 3o,k 5l aslllas 5,50

..\30)5 A 1) =3 LSLQJ.:.E.‘S').?- \)JS.LQ.C slalas> e
(¥ Jso2)

(puadin md JoSi

l

Jai 2 olides 19 09240 glallad Ll
1o a5 35 ilsl (o2 1
il

l

8 ,8es 0 IS Lolas  oLulll
%2 Ja 2z oldes

gy leolatul b (o> o sla ok > (5 pal) jo Sludl glas

Bodgy g ol

ol Bom b g e3gy el - abaie g5 5l ol anlllas
& r sz gl cllas jo Gl gl |
Jlo po Ol il o sl g b glaossn 5l So o
&lp SLIM g, 5l aslllas cpl jo cesl 48,5 &0 YYAA
HRA: Human) Jlul oleebl colls Jdss o 450
oolitul yeaasie glad wlsly (Reliability Analysis
Jlazsl a8 el gl (558 ol 5 SLIM bl ol 0y 5
oaaas JSb Julge 5l (slegorme LIS 4 ols las S 59
s (PSF: Performance Shaping Factor) o Slee
39 S92 ge iy 90 lal caalllas ol loil jglate 4y o jls
(Sloame oamline 3 b 5l Hlawes liwl jo 5l g cole o5
5 T sz slayglpl b aslas littns o)z
S0 555w ogn S S cwal plaaie 5 lull)ls
ools lis V SS jo iwghy shel Jlpe aiid )5 15 s
Ll 00

e 4 SLIM (og) 4 bgs e Jolye 5 S0 50 23
[yo-vv] asle

l

ouid JS Jelse (339 95 0ol ao drmlxo
ot lulids Slas

2 Jole 0 51 SLT e
Jodle p sl Silinine | SLI = WixRi
O)SJA.‘DMG

l

l

SLIs = YWixRi

Collas ya gl y JS ST dpslxn _
HEPs g SLIS (yxi

l

HEP 4o —

Log(HEP) =a SLI +b

Gsi kel Jolre sl ) S

(e b/ Jlw) ouu 0031538 o j90] wlelw (Jw) &y S b yls
V0 N el s I8 \
Y Vo L9l ! Y
Y Y SilSe e ¥

oy

VAR Lol o oyl (¥ 0590 ((glad yo Cablagy (owiigeo alxo



Syl 50 Sluil oz Jliml o5

7 e Sldee j0 Jsene lalhas b Lo o sla PSF Y Jgu

PSF £, PSF s,

sl \

2 \

v Y

. 2y wm J Lsf‘\"""‘

= \

e bylyl 5

SR sl 2
Log (POS) =a SLI+b ¥ ala,
HEP=1-POS f o,

(POS) swidtge Jloz! asls SLI 55 Ly, cpl jo
aoles ol ol o b g @ wiudbae Jlaisl  oows Slelodl LOg
SLI (nyieS s (i bl B g @ el ol 10) wily oo
Uas g0 sl HEP 28,5 Jlas (o b g ¥ al> o 10 o0l dlre
Cawd 4 9790 Oldline § pmaastie Slo,sd eluly
,(.\.;.JGA

basdl

5 sl sl Jlazrl o 5 2335 2l aullas o
3 dpdy &)50 SLIM (g 4 (2 slo el )2 Slies
sbols glgl Goluly HEP b5 sln oolering (5,
3 o g ool el oalds ool yaasiie (iils 5l g0, Sles
So slajls ulolp raasio 05 (b slo)lne Gon
S5lal Jas HTA paasie e diod obl b
Olsitans 9 4225 4 425 b g 00905 mam i ) (20 ey
Oz sl o)k Sllee (ogas )3 35250
Som oS glulis 1) 5% Sldes 0 @l slas
sl PSF (5 lo )b cllas [0 05250 slallas Slulis
o by okd o sl Sl e NiS,h
ol ont Slolis gle PSF st Lol paasiis
Lalyd g oo Ll o «Gijgel ez S Sz ooy
SISEH 5 2305 F Jsaz b sillae aslol jo sings 13
5 B0y 4 Az b .8 S Ojes cad slulis PSF
2 4 bgye SLI LY byl b llae 418 50 50 (6,055 5
Goyb 5l SLltotal canlsl jo (8 Jg0z) wo S arwlre Uas
S o sle PSF sles (6l 00 dsloes SLI po Jol>
G 425 b e (P J302) sal cews 4 a3 e ol
polie b by a colb colpo g oods awle sloSLltotal
s o ol Codbge Jlozol o2, 8 b=/ <D g a=-/50
bl jo a5 jsbiles (FJ50z) 00,5 (eend ¥oakl ) b gillae
00,5 dwlze clad yo gl HEP cocwl ouls ools oLis F
A Jso=)

VAR Lwali oY o louds ¥ 090 ((glad yo Cublogy wiiieo alxo

7 e Sllee )0 Jsere slalles Y Jgue

U5 3,

ez o8 0553l )

Ll byt Y

B b el v

&loo b 395 ¥

5 @lralr (e 50 Shlee lap,al Cas ol o Slos N
oL adss

PSE 2 (s 5 & o o slez P15

PSF (pais cunl Sae Loz G ol o aSol 4y az g5 b
S35 56 PSF Slulids 5l s a8 ol o sl anils i
0395 @) 255 Oliee et 0l paniie glallas 51 G ye
woled (2OF 5 W05 Latin o Sles 20 S5 Julse «(O)
bl b2 Slilos )0 Sl 590 las 0 sl PSF
sae ol ;o a8 ab aloml c =) eldie o 40 pmanasiie glad
Sewl 1y 5l (a8 ()35 5 ki ) &S PSF gl jio
[ 5b oyt a5 PSF 6l ) sas 55 9 0,18 i o (sllas
30 PSF 2050y59 50 090 co 423 )5 a5 15 o )ls Uas sl 5
23059 s 5l aS PSF (gl jas sae (5,138 5 wiiles
Gl Y sae g oyl s 5js0 gl olxl o f.;b RS
as S L s ol s sl p | 56 o xiw a5 PSF
A3l Y i o) abal, b gl 138,56 PSF

N W=\ Vbl

w9 YOO =i g 08,55 PSF slass N aalal, ol 5o

il e

HEP 4SLI dawlro jpriy ol
ks 51 Sy Canibgn Jlain| (el ozl al e ol s
al> o 53 0ad und PSF 50 ()39 5 253 liee w1 poJol> )

Al ge Cowd 4 00 dnlee SLI;

SLIi=WixR; +<SLIi<1 Y alal,

SLIi PSF» #5 Ri PSFR (56 Wi alal, ol o

A 6l 5k se slo PSF 31 S pe cuddse Jlaix! (a3lo

PSF s Gl ool dculxe o SLI; WSLIM oz

lasl HEP acule gl sl oo Uas 2 (oly S, 500

0,8 dewlxe ¥ oddal, b illae Cuidge Jlaiz! s Slaladl
ol Cewss 4 HEP F byl 5l oolazl b Lgsl yo g

oA



o g gobT (e ol a0

psf 6,135 5 5 (2o0js :F oo

PSFs
3l bl e Ll e 2 S e il e
k/)ijs /C)J 'YW 7<5ﬁ /?w 7)2 ’/’C',l\"'\ 7:5 ’/'C',l\a 7:’1 '/'C’)‘\A 7;1 '/'C’)‘H e 038 055
<Yy ofe N <\Y EER ¢ AR ofeeN \Y of+ N YA o[\ LATA “[\Y Lol bgdu
AR “leeNY <\Y “feeNY <Y LYERRR <N\A ERA R LATA o[- YY <N\A “[\Y Gy bshs el
-IVE [o oY -y [+Y) ¥ [Ny SNA e o o[t A SJeYE Slga b 5595
lopal Cun ol 5 Slos
AR “le VA ANs VERRTA X34 [+Q ANe “leeYY YA ERA <IYY “[-YY 5 ebal > Slles
s

Codge Jloizl (als (l5ee 0 Jgue
SLIi .
SR bl hara bilyh el S S S Ghisel =
[+oFA [+o oYY N A BTN R SRRV el > oy (3555
[o YD [oo ¥ e ey eesXY efeenYD Ll bgins
ofeesVY R 44 ofeesYY ofeeo¥E RS 22 NERRS 4 Gy bglas ol
ofee e WY NS 4 NN NN Y NN NN &lse b oy95
[oo ¥y [++o¥ /IR 1 SV DY et Ladss e s Slles slap sl ces ol o Shos
Sl gllas Jloxa! (e 7 Jgor

HEPs=1-POS POS Log (POS)  SLlwta s
A8y VASY N NERELY e 2 a5 5553
AT YATY o858 SfeAYY Ll bgins
<154 V15 “fe e VY fe oYY S bghs el
oAV VY- oo VE ofo - YEP Sl b 3,55
RS Vs AR e AYE Laly s slals g s Slles slapyal co sl 5 ,Slas

5 Ltl Dot i > boia 423,50 00 dslllas aslen
(gl g 6ol Dliles slallas lsie a4y wilga b 2,55 5
55 35 la PSF olyie & e Ll 5 4125
Bloo b Jellyz 0,035 sl Grizmen wlead aid)S
ools olaisl s |, Ve vx) o e a4 HEP (s yiie
OHSen 5 caiiypl asdllas ;o Ko (sgu [D] Sl
S5 3 ol gl Jlasl ololis gl (Y-Ye)
o9y 5l addlas ol )8 .0s0,5 eoliswl () Bayesian 4 SLIM
Cymanasie Gglad 5l ol okl pus 23, sl Bayesian
sl PSF flgie a0 o350l g 3] el c,o0 g ol solasul
5 S99 asdllas o [2] RAVPLL I g RIS K o ¢
S PSF (Jlgie a0 as 2 g oyl (o900 (V1Y) o), Ko
PRCREPCLI S RPSIRVE PSRN RO B SRR g% 6
YO Olree a1y (20038 i (el aalllas cnl
o dwle HEP (s yiis rimmen 0l plais| 595 4
toloms Y/ 7 e @y ,Lid boghas eans codled gl

LYv] e s

04

e
cohgel PSF (5d ¥ Jsaz b Gillae addllae ol o

SRl ls g e Ll o il QST Sz s
Sl Sldee  Ja5,8E Glo PSF gy«
Ols Wad et Graatie awg (2 sladeli>
so slalks 512 sl W PSF cnl (20055 5 65,1352 5
oanlice BT Jooo 0 (2 p la el > Olles ) )l
(gl 0ad reni GLPSF (ls jo (bl Gl il oo
i D g A ol culo 4 ar g bl llyh g 0
Alools plaisl sg5 4 ouls yuss slallas s, 1, SLI;
5 Wo,S e s o ly HEP lhs caalsl o
O3 055 5ly mlse b oys5 n slallas sl HEP (o mty
MYV polie b cody & Gy bslas el 5 el >
Jedows b oases jo s s V/EYxV T g VP T
Sl ollas Jlazml (25 g5 oo 43,5 &yp0 Slslne
@l Dees oy e ) o sl ey lles o
L(Y-V0) Lou 4 Tu _zmgy ;0 SLIM g, 5l solaxwl
1550 addlls 4o yls lsen yols adlhs glaaily

VAR Lol o oyl (¥ 0590 ((glad yo Cablagy (owiigeo alxo




Syl 50 Sluil oz Jliml o5

&ls ol&
OB st sl Bl ol S ol hegh

el a3l

S ol o
adllas ol Bloal b jols adllas jo causSes (& ol 3l
5 59 Aldbgls SLals anlllas jo 5 10 auxsls oLl SLls
g adllas S5 a0l el culs, il &hee o ol

Olaebl ol 3l 4y umen W0s (iogh el 5l al> ey
39 Bro g wile walgs aile e SalS BT ledlsl a8 o ool
A aelg oolaiul axdlas Clasl gLl

RLLET T

6M)5> AJl.o.w :me)‘& Ja.lz.a 9 4);7;: 9 uLC)UG‘ Lg)s]w
9 Lgou&c 6:1))4.4 ‘59.,4..4.4 :Ql:c,;ua.? r:l:;.;l ‘LS 6""‘“")5’
LS (o yo5 alows

i | PR e

Slens 9 LSi'“’)" ’951.: oKisls wl.c.} l) g}"‘bﬁ)" U"‘
el 00 ploddl e glo s Silage

REFERENCES

1. Shin ). Factors that affect safety of tower crane
installation/dismantling in construction industry. Saf Sci.
2015;72:379-90. DOI: 10.1016/j.55€i.2014.10.010

2. Swuste P. A ‘normal accident’with a tower crane? An
accident analysis conducted by the Dutch Safety Board. Saf
Sci. 2013;57:276-82. DOI: 10.1016/j.ssci.2013.03.002

3. Dhalmahapatra K, Singh K, Jain Y, Maiti J. Exploring causes
of crane accidents from incident reports using decision tree.
Information and Communication Technology for Intelligent
Systems. Singapore: Springer; 2019. P. 175-83. DOI:
10.1007/978-981-13-1742-2_18

4. Milazzo MF, Ancione G, Brkic VS. Safety in crane
operations: an overview on crane-related accidents. 6th
International Symposium on Industrial Engineering,
Belgrade, Serbia; 2015.

5. Tam VW, Fung IW. Tower crane safety in the construction
industry: a Hong Kong study. Saf Sci. 2011;49(2):208-15.
DOI: 10.1016/j.ss¢i.2010.08.001

6. Zhao CH, Zhang J, Zhong XY, Zeng J, Chen SJ. Analysis of
accident safety risk of tower crane based on fishbone diagram
and the Analytic Hierarchy Process. Appl Mechan Materials.
2012;127:139-43. DOI: 10.4028/www.scientific.net/ AMM.
127.139

7. Wang Q, Xie L. Safety analysis of tower crane based on
fault tree. Appl Mechan Materials. 2012;163:66-9. DOI:
10.4028/www.scientific.net/ AMM.163.66

8. Bao-Chun C, Jian-Guo C, Alsmadi M. Fuzzy AHP-based
safety risk assessment methodology for tower crane. J Appl Sci.
2013;13(13):2598-601. DOI: 10.3923/jas.2013.2598.2601

9. Ali MK, Mohamad MI. Crane failure and accident in
construction. Malaysia: Universiti Teknologi Malaysia;
2016.

10. Raviv G, Fishbain B, Shapira A. Analyzing risk factors in
crane-related near-miss and accident reports. Saf Sci.
2017;91:192-205. DOI: 10.1016/j.s5ci.2016.08.022

VAR Lwali oY o louds ¥ 090 ((glad yo Cublogy wiiieo alxo

S A%
Gaa b SLIM g, a4 gl sl Jlas! L)

Ot 3 7 Sl > Slles o @l) slallas Hlulis
Sl sl Jleis| aules g lallas ol 138,56 PSF
ol yols s s .58 sa ploxil L e PSF 5y aillae
sldedi,z bl o @) slhs il 4 a2 L oS wsl
Lo ye Slles (nl jo Sl glas Jlaol o i (o> 2
s ool 2 PSF (5850 5 ol @l b 9555 0 sla> o
b olsiss 5y cnl 5 sdlios a5 ol clyd (3590
seyss G5 n 9 ryrelin szer 2lo)lSel, )
b ol 3l e 5 ool jsiss (Sloy39,0 pglie (objgal
5 Olwebl SolB (Jui > 9ilnl Gl 4 VL ) e
S92 e Jl cnl sl (B ()l )b Slibee (S e
3 550 PSF (s 53 plalis )5 glad b e e o3I
yolo dalllas colas dax 5l aid 5 5las Ol5Loal jo 0¥ cdo

90 sled 4

ei‘é,.\é 9 ,‘M&“
awld b Glads zb 5l ads, dlie
Soglae 5l ol RKawghy abawgopads all oo AV VVYATS
Solex Lo 4y flaes (Ko pole olRails (5,5l Claass

ailes oo giloj08 ¢ s Jb

11. Beavers JE, Moore JR, Rinehart R, Schriver WR. Crane-
related fatalities in the construction industry. J Construct Eng
Manag. 2006;132(9):901-10. DOI: 10.1061/(ASCE)0733-
9364(2006)132:9(901)

12. Jian JY, Miller GE, Shah S. Preventing human error in crane
operations: a case study of organizational and design
elements. Proceedings of the Human Factors and Ergonomics
Society Annual Meeting. Los Angeles, CA: SAGE
Publications; 2017. DOI: 10.1177/1541931213601912

13. Fang D, Zhao C, Zhang M. A cognitive model of construction
workers” unsafe behaviors. J Construct Engin Manag.
2016;142(9):04016039. DOI: 10.1061/(ASCE)C0.1943-
7862.0001118

14. Fang Y, Cho YK, Chen J. A framework for real-time pro-
active safety assistance for mobile crane lifting operations.
Automat Construct. 2016;72:367-79. DOI: 10.1016/j.
autcon.2016.08.025

15. Cho YK, Haas CT. Rapid geometric modeling for
unstructured construction workspaces. Comput Aided Civil
Infrastructure Eng. 2003;18(4):242-53. DOI: 10.1111/1467-
8667.00314

16. Zhou W, Zhao T, Liu W, Tang J. Tower crane safety on
construction sites: a complex sociotechnical system
perspective. Saf Sci. 2018;109:95-108. DOI: 10.1016/j.
$5€i.2018.05.001

17. Mandal S, Singh K, Behera RK, Sahu SK, Raj N, Maiti J.
Human error identification and risk prioritization in overhead
crane operations using HTA, SHERPA and fuzzy VIKOR
method. Exp Syst Applic. 2015;42(20):7195-206. DOI:
10.1016/j.eswa.2015.05.033

18. Lee WH, Tse KHD, Ma WK. Applied technologies in
minimizing accidents in construction industry. Proc Environ
Sci. 2016;36:54-6. DOI. 10.1016/j.proenv.2016.09.010

19. Tu J, Lou Y. A SLIM based methodology for human
reliability analysis of lifting operations. Proceedings 2013

$o


https://www.sciencedirect.com/science/article/abs/pii/S0925753514002422
https://www.sciencedirect.com/science/article/abs/pii/S0925753513000647
https://link.springer.com/chapter/10.1007/978-981-13-1742-2_18
https://link.springer.com/chapter/10.1007/978-981-13-1742-2_18
https://www.sciencedirect.com/science/article/abs/pii/S0925753510002067
https://www.scientific.net/AMM.127.139
https://www.scientific.net/AMM.127.139
https://www.scientific.net/AMM.163.66
https://www.scientific.net/AMM.163.66
https://ui.adsabs.harvard.edu/abs/2013JApSc..13.2598B/abstract
https://www.sciencedirect.com/science/article/abs/pii/S0925753516301850
https://ascelibrary.org/doi/pdf/10.1061/%28ASCE%290733-9364%282006%29132%3A9%28901%29
https://ascelibrary.org/doi/pdf/10.1061/%28ASCE%290733-9364%282006%29132%3A9%28901%29
https://journals.sagepub.com/doi/abs/10.1177/1541931213601912
https://ascelibrary.org/doi/abs/10.1061/(ASCE)CO.1943-7862.0001118
https://ascelibrary.org/doi/abs/10.1061/(ASCE)CO.1943-7862.0001118
https://www.sciencedirect.com/science/article/abs/pii/S0926580516301807
https://www.sciencedirect.com/science/article/abs/pii/S0926580516301807
https://onlinelibrary.wiley.com/doi/abs/10.1111/1467-8667.00314
https://onlinelibrary.wiley.com/doi/abs/10.1111/1467-8667.00314
https://www.sciencedirect.com/science/article/abs/pii/S0925753517320271
https://www.sciencedirect.com/science/article/abs/pii/S0925753517320271
https://www.sciencedirect.com/science/article/abs/pii/S0957417415003619
https://www.sciencedirect.com/science/article/abs/pii/S0957417415003619
https://www.sciencedirect.com/science/article/pii/S1878029616302122

Son g gobT e 5 a0

20.

21

22.

23.

4

International Conference on Mechatronic Sciences, Electric
Engineering and Computer (MEC), Shengyang, China; 2013.
DOI: 10.1109/MEC.2013.6885091

Islam R, Yu H, Abbassi R, Garaniya V, Khan F. Development
of a monograph for human error likelihood assessment
in marine operations. Saf Sci. 2017;91:33-9. DOI:
10.1016/j.ss¢i.2016.07.008

Tu J, Lin W, Lin Y. A Bayes-SLIM based methodology for
human reliability analysis of lifting operations. Int J Ind
Ergon. 2015;45:48-54. DOI: 10.1016/j.ergon.2014.11.004
Noroozi A, Khakzad N, Khan F, MacKinnon S, Abbassi R.
The role of human error in risk analysis: Application to pre-
and post-maintenance procedures of process facilities.
Reliabil Eng Syst Saf. 2013;119:251-8. DOI: 10.1016/j.
ress.2013.06.038

Nurdiawati AA, Handoko L, Amrullah HN, Dermawan D,
Shah M, Hamzah F. Human error probability analysis of
overhead crane operation in steel fabrication company using

24,

25.

26.

217.

SLIM-DEMATEL-ANP method. International Mechanical
and Industrial Engineering Conference, Malang, Indonesia;
2018. DOI: 10.1051/matecconf/201820405012

Bevilacqua M, Ciarapica FE. Human factor risk management
in the process industry: a case study. Reliabil Eng Syst Saf.
2018;169:149-59. DOI: 10.1016/j.ress.2017.08.013

Park KS, Lee JI. A new method for estimating human error
probabilities: AHP-SLIM. Reliabil Eng Syst Saf. 2008;
93(4):578-87. DOI: 10.1016/j.ress.2007.02.003

Abrishami S, Khakzad N, Hosseini SM, Van Gelder P. BN-
SLIM: a bayesian network methodology for human reliability
assessment based on success likelihood index method
(SLIM). Reliabil Eng Syst Saf. 2020;193:106647. DOI.
10.1016/j.ress.2019.106647

Islam R, Yu H. Human factors in marine and offshore
systems. Methods Chem Proc Saf. 2018;2:145-67. DOI:
10.1016/bs.mcps.2018.04.002

VAR Lol o oyl (¥ 0590 ((glad yo Cablagy (owiigeo alxo


https://ieeexplore.ieee.org/abstract/document/6885091
https://www.sciencedirect.com/science/article/abs/pii/S0925753516301424
https://www.sciencedirect.com/science/article/abs/pii/S0925753516301424
https://www.sciencedirect.com/science/article/abs/pii/S0169814114001668
https://www.sciencedirect.com/science/article/abs/pii/S0951832013002032
https://www.sciencedirect.com/science/article/abs/pii/S0951832013002032
https://www.matec-conferences.org/articles/matecconf/abs/2018/63/matecconf_imiec2018_05012/matecconf_imiec2018_05012.html
https://www.sciencedirect.com/science/article/abs/pii/S0951832016304410
https://www.sciencedirect.com/science/article/abs/pii/S0951832007000567
https://www.sciencedirect.com/science/article/abs/pii/S0951832019305356
https://www.sciencedirect.com/science/article/abs/pii/S0951832019305356
https://www.sciencedirect.com/science/article/pii/S2468651418300023
https://www.sciencedirect.com/science/article/pii/S2468651418300023

