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ABSTRACT

Introduction: Steel erection is known as one of the most hazardous construction activities. From an
occupational health and safety perspective, this process carries high risk. Therefore, this study aims to
conduct a qualitative risk analysis of steel structure assembly and model it using the Functional Resonance
Analysis Method (FRAM).

Material and Methods: In this cross-sectional study, the construction site of a high-rise building steel
structure was first visited to identify the main processes involved. Then, semi-structured and open-ended
interviews were conducted with 33 workers partaking in this process. Data from the interviews and
process identification were entered into FRAM Model Visualiser (FMV) software to investigate and model
complex relationships and interactions between daily tasks.

Results: Of the 19 major system component functions identified, four functions had potential instability
and defects due to complex human, organizational, and technological function interactions. By intensifying
the FRAM graphic model, risks may be imposed on the system if the interactions of these four functions
are neglected. These include coordination with the experienced rigger, preparation of the tower crane,
attachment of parts at the installation site, and execution of the rescue rope.

Conclusion: The findings demonstrate that conducting qualitative risk assessment and modeling the steel
frame construction process using FRAM allows for an in-depth understanding of nonlinear conditions and
dynamics resulting from escalating technical-social interactions. This approach enables a comprehensive
analysis of system safety status.
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1. INTRODUCTION

Dynamism and continual developments are
prominent features of the construction industry.
As one of the most hazardous industries with
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high-risk activities, construction workers face
substantial risks that can lead to serious injuries
and even death. Compared to other industries,
the construction industry has among the most
accidents. According to the U.S. Occupational
Safety and Health Administration (OSHA), one
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in five work-related fatalities in 2016 occurred in
construction. Construction projects often utilize
metal structures, which provide suitable and cost-
effective options over other building materials.
However, erecting steel structures involves complex
and dynamic tasks with considerable uncertainties.
All methods employed to analyze risks in steel
structure assembly are currently traditional
approaches. These fail to capture the nonlinear and
dynamic nature of the work.

Moreover, to our knowledge, very few studies
examine the operational risks of metal structure
construction, especially regarding worker safety
and health. Therefore, this study aims to leverage
the functional resonance analysis method (FRAM)
to analyze risks in the steel erection process. FRAM
can provide a systematic and comprehensive
methodology as a complex socio-technical system.

2. MATERIAL AND METHODS

This descriptive cross-sectional study was
conducted in 2021 at a high-rise construction
project site belonging to a company in Tehran.
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Purposive sampling was used to select participants.
Inclusion criteria comprised at least one year of
experience in various steel structure erection
processes and willingness to cooperate with
researchers. First, field visits and individual and
participatory observations of work tasks were
undertaken in coordination with project managers
and officials to collect initial data. Then, workers’
perspectivesand the decision-making team’s (expert
panel) opinions were leveraged to identify and
analyze risks involved in steel structure erection.
For this purpose, a set of questions was designed
as a template for conducting semi-structured and
open-ended interviews. The decision-making team
(expert panel) consisted of members with diverse
attitudes, specializations, and backgrounds in steel
structure erection.

3. RESULTS AND DISCUSSION

All participants in this study were male, with an
average age of 30.6 £ 7.6 years. In addition, their
average work experience was 5.6 * 4.2 years, and
over 65% were married. Regarding education,
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Fig. 1: FRAM network steel erection operation
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Fig. 2: FRAM network process of steel erection by applying functional intensification

Table 1: List of functions identified in the steel erection operation

Recognized functions

To fabricate and deliver structure

To receive and unload structure on the worksite

To quality control of the structure

To coordinate with qualified persons for lifelines installation

To prepare storing area on the worksite

To shake and sort structure in storing area
To transfer structure on the installation point

To thread lifeline
To fix structure by welding
To coordinate with an expert rigger

most participants’ highest level was elementary
school or high school diploma. The observations,
site visits, and interviews revealed that the steel
structure erection process comprises two main
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To fit structure at the installation point
To take the UT test
To prepare welding materials
To fix structure by screwing
To check controller systems
To prepare tower crane
To take torque wrench test
To prepare screwing materials
To check the load chart

processes: pre-workshop operations and workshop
operations. Pre-workshop operations include
structural design, architectural design, scheduling,
delivery of structures, procurement of construction
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machinery, and review of execution plans per Iran’s
National Building Regulations. However, this
study primarily focused on workshop operations
consisting of two key processes: loading and
assembly of structures. Four of the 19 major
system component functions identified (Table
1) were found to have potential instability and
failure due to complex human, organizational, and
technological function interactions. The analysis
results of human, organizational, and technological
functions are shown in Figure 1. Intensification
of the systems graphical model indicated that
neglecting interactions across four key functions
can impose risks on the system (Figure 2). These
four functions are coordination with an experienced
rigger, preparation of the tower crane, stabilization
of parts at the installation site, and execution of the
rescue rope.

4. CONCLUSIONS
In total, 19 functions were identified in the
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steel structure erection process at the workshop
level. The FRAM risk analysis of steel structure
operations showed that four functions can
potentially resonate if interactions between them
are neglected and appropriate measures are not
implemented. This could then impact employee
safety and health. FRAM enables the examination
of a complex socio-technical system as a
combination of various human, organizational,
and technological functions whose variability
poses risks to the system under study. FRAM
provides a promising new approach to analyzing
such system components. The graphical model
obtained from this study can easily identify
intensified functions to guide the implementation
of necessary dampening measures.

5. ACKNOWLEDGMENT

This study is the result of a master’s thesis. The
authors would like to express their sincere gratitude
to all those who cooperated in the research.

Journal of Health and Safety at Work 2024; 14(1): 119-134


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

1RIE_119 Oiladio 11€eW jlgy /) d)Ladds /11E sla

(69 5kos 38 IT by 51 00Ut b (5 30 St (531 3 S JIGT

TSz 10 oz o155 (golesel Ghgluw (S (595 130 ! (Sl (Sho (gl st

Olpl el (olyaisle (Sip pale olKails cublagy 0aSliils ((glad o Cullagy (cwiige 09,5
Ol sl (ohaisle (S pole olSails coadlagy oaSiails ¢ s Sl 0,37

VY /P /I o g b DF X188l 0 g b

oxs =

P9 gn Sl luge Sl o o lacdlad (n 5L ks 5l (G plgear (o518 LIS (b a8 dende
AT ol gy Ban 1005 so gmaima ylasy jlns (il codlage 5 (el b3 5 anlb ol izeen
sl (FRAM) (63,SLoe 0,085 50UT g, jlooliiaal b o) (55l S 5 (308 Sl (ol o Sy (5
adyenil mp S 3 Sl ol Cale gl il Gl (bl beog addllas o 1l (g
oo 205 oLl (ol g g 50 (ol slaan] b plulid cuzr Sleitle 0500 S o cale Sl
Jol> slacsls w85 & a0 b Ll 5 4l Lisluass dlas il ol jo Jeli 5515 51,8 YT L
53 &gy by (o Sl 5 oduzmy Laly) (iludoe 5 Jelodgn 28 ez wnl B Slasie 5 alas |
40,5 5 ,ls FRAM Model Visualiser (FMV) ,58ls 5

Ml Jodody coads olwlids i (gl Lol o Slae 14 310 Slae o cols ylis asllae gl iy axdly
Joe o aas Jlesl 5)ls d92rg Sl 5 Sl er Jemily (Sloslos 5 (Sladl ¢ 28 slas Shos (rle oauny
@zl 5, b (Salon Jolts o)Slas ¥ jo c¥laily o (528)5 00300 &j50,0 ol (LES ps (SIS
2 ER3bol laSi ) Cusl (e wlow Sl 121 g ceai e 0 Dlabad ot oS )3l (gjlmeslel
33,5 ez pliapns

099y xS 54 b (g5l Sl ol g (il Jae § Sy (S S5 ol (Lt Lnaidly 16 S Azt
3 ool Sl ailgs o o oloizrb (28 Ol (i g Sl (L56 obgy g (o yef bl S0 (ol FRAM

a0 &l e  Joul Cundg

FRAM oKy )¢ izt tog] o s 58 ClSCo] | b o g cSlo Crio 35305 Olb)S =

z.naghavi@mazums.ac.ir :4.55e Jstus odiu s S Sl Gy

)5 oyl g Calbrlagy aslilins


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

Jedoas (i b (Bl s3g90e Slaizlo sloojy
Bouzmy ol 35 5 o9 (St JBe g JyS
Glodzn eloizh 8 g (lsieds o sloadlse
8 i 5y Oldlas 0gd g0 aslil
S oglizl b e gloay ooy sl
s SG 0 adlge Ll &y dizme O jg0d plucs
slizh o8 Gl ONN3b 00 oduzey
oz 5l oo ,Slee b badlie 5l JSiie ooy
0,8 4 aS Sl Sl Jelge Jolis 55 claiz! ac>
D950 b o (O, sy Ss)

olSiws aobin o ol :asile calizee 8 sloacs
03,51 1) oot 0Slos gl a5 53l g
()5 o Jolis Slejle as g 0400 0929 S oo
slelow g bl o ooy Ly, (V) Fas
a5 s o plis dagylejle g agsdeiss ales 51 Ll
s 5 (bt ] (plaptans riz )0 Sl
oy Sptuns ollasl gladely ol cely
(VF)395

Sy 2oyl 5 el s slaghg, &5 sl
aloz 5l e sli Jolos bgm yols las 4y 08
Ol S 1 s Slojle g Sludl (8 Jelse
(Judo fmed 45 .(VV)0gl diol> a4 yomin Wlgs oo Jolse
Jedig 525 (6l (502 0,805, e 058 OLL 5o
s e slanhd slptun 0 S,
(YA o

Ly a5 (FRAM) (60,8des wauzs 3JUT o,
8970 (A5 Djpots Wi oo (1ol (Byxe SUlsa
GRS 3 b edem e S slas s
(TuS Gilwdas ©59deSs 9 sloix! Ol

ol scusgaze SHo b g, pl sede Sl

e )lgy /) oyladds /1€ sl IS (ien) § Caublag) asliling

shlGes g (My) Als oles

doddo =
Lol g3 wolg> cpyiiian o9 Db b caio
kol Ol «dge Jelin cams )5 Lln
Sl LY alaz 5l i sloyslal 5 b s
OB cqycmlsl (M)l s (pl 4o Goles Sy
B 3 sglie plo OIS L anlic o slugesle
S LgLQWTQ]Q%JJc\SJJ)b)‘)é & i Sl s>
(5"0'" c)l.)‘ )LQT l.» &LEA (O ,\c)w‘ j"“'ﬁj}" so 9
25 YN8 Jls o (OSHA) IS el Jads cdlw 4
Cario 13 o 51 0550 S oS 0 4 yomie Aol 5,90 i
Solgm o ton ooz 5l S ) 5 g0l Loy
slo plo a cos jlugesle Caro o )15 51 il
Nasbso Hlpl o YV oV Gl s oo o
oje> 5o Jd sbes n Lol Gans oyl
ablas aSly olgm 595 51 (6 pSiinn s Glugeslo
S i Jad> olaieds allyg, Ol pss g SV L
oY ol 4 oliws Gl g el gole o Sloe el
pdBlasl Sais pins S del Co e B el
alo & a2y b el g5o90 Bl jemepinhs; 5
Az g5 0,50 o,lg00 Glugisle Cais jo Jrd Sole>
ol @ize gloaie; 1o (g0l Slllas g 00y ylaaxe
oy sl sl laslinl 3y 3 5l (60,l5e
Sgzrge Lol b ldl il 5 () ol 0yl 5 Lo sl
b Jowe &l b alides sla by, 5l (ol (b)) 95 5o
Jolse 5 ST slaeisyy o ool gl locsz bz
)l 485 3 (6 i (o) 2 3550 1 shantee (S
sebas lugicle Cais Gl glhars o

Fodazray o] loanlp i 5 sl JolSS (5 ,uSetiz
) Slestle Cate )5 lame () )b

1P


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

$3)3lac 3033 BT (ivg) i1 astaiwl b SPd 15wl Ly Guwy) WGT

loools (5,9/0,5~)
—g0 Slaalie 5 Sle loadil gy (Ve
O iy, ulbs 5 6,15 slaald 5l (&5 L
sl sloools (g pslanz jskiion 318 ISl by
Sy 25 5UT g plolids (gl o 25 90
caz oS Hlsieds SVl degazms 5308 ISl b 5
9,8 (Al ol Ll g aisl s ludes aslas plxl
oy b el by angn o JLb OIS,
il ez 3l 30,5 glolins b 5 diodin (g S digas
LS @ ble 5 )5 adle Juo o Bl
3 LS 5l e YY el addllas (pl o)lg o), SKimg s
55 i 05 ) (slaagS 3 gl 5 iy Sl
3,8

Son OBt jl GrSpeed o S (e
VL a5 e L ol oS (5,5 L)
i s 8 bl sy 3l SISl b
3 IS S s 5 SIS DLl o L 55

Olaslice )l Jol> Sledlbl g ol N Jgoz o

loools flzi -T
arly, el G e Olgee 1) Al aalls
bogoSles Ojgp0t plb lajlisle b zshaw
Se @bs g cnlil 05 e FRAM (s (6525 54

el 2 (obol Jol ez p (e B L clled

Ao i g locadipo (ol Jol (]
St Sl 4 Salidge 453,15 o0 Gl Jol ]
Ll 5 ol @se a4 plolid caz by slaslis,
) CnSs 45‘5”})») o] L)—‘ ‘_}JL&A 5o WLAA »))P)l)

S pS o0 )8 Cuddge Jlio ddaks

PO

Sloanld jabay o conl adbasngs (Safety-I) o
w85, Greliaiise mli b Suro slalame ;o
Al Safety-I) goww Sl S5 (V)] oas
S )d Sz 4z Sul lr 990 b 4 5z 4
3 yed oSafety-I1 L was>  Jl [S&) 09,00 (i
&S @l s sy, ple B (TS
Olseas I Sy, 5 asiils Lgy cowle FRAM (S
5 olosle (lasl o DMl 5l e e slacgomms
Dy o 50 (S3519SS

2o Slae Ol ki 4 4z 5 L s 52 0 (2l
P9 Ol shol s o Slos s § 958 o0 At
S35 (el FRAM &8 abai (TV)amd oo JuSis 1)
L oS oo )5 (eloizb (o8 it 45985 oSl 51 S
(V)i o iS5 Wl

S5t SISl 3l Losas gl slaosen o
S8 3l Fadroagie 5 Foalie a5 955 oo oolil
3l SISl ol el Uiy (VD) slro s
Ly (FPadbiee 255 25 by 5 Sz sl
ol (V)00 5 o asein ol slacashid suc
OMelas Jdod jlugedlo Cano ;o 55ebes slasSiw,
lahsy ol oo Sl lobs seleiab 228 odiomy
ol 2l Sy 5IUT sl ool i8S 54y S
Sewy Jelodion o (s slahy) 557 58 SISl
Sls 9 b nd Cople S0 a4 B a5 il
o Gighy Bae gyl s )5 slacJles
alp Sy 5 Ul sl FRAM (g 5 eolicnl
- s o0y e S 0 45 e g3 Sl L
200 )l gl g (ot (5,50 Wl o0 elatz]

Mgy =

ey 5 03 (oo heosi £33 5l ol oo
» Seitle o558 S gjload peaily glaelsy
a3 szl Jolpe 285 el V¥ Jlo j ol
Ll 0als oold 7 b3 0 fads 4

1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

shlGes g (My) Als oles

Sg slaesls (551 pexr Clijz ) Jgu

Coai 213 aAls e
F=pld olaws VW= uSe sluws
(5L Ll 5 4l Hldlo das lraslas) baslas® Y
(oo 5 Ji8) (535 ok o555

VE =) JeoSS g caad S

d)l)x)lg J.«gj)s &) 41>)A

Y=okt ol VW= uSe oluss

F=Juily> ous, ¥ =5

(085 Jb) @S paoad 088 ¥
(J) ) aiils ass Syt
A1 Olyes 4l ol )8
o Sl syl ol S
! HSE w3l Lwlis)s
Y HSE w3l Lwlis)s

3 Slos o Liloj g el g 2900 10k}

3 Klos oy bife y 2T 180909

S

4883 Ye = Ve tlbaslas g Shialie Jloj ojl”
425> OV aslas g clialis JS oloj®

a;ﬂe.:.'_s)LEﬁh_‘_,h_hr:J;.f a)ﬂ‘c"i:lu.‘::“u?@?

S as S oS Sl Y Tl A A 7 g e 2 5Thos 4 Sl 350 e e

(v4) FRAM g, aasuiio polic 1V IS

0 Slae Wl fo! (0

(Gl (asets W spdms Olsea
(TA)0gb oo Hlagay Al slas Slas
ol Jlisa aiws hie lby /o ,Slee L
o 50,5 et dhulga giecw 5JUT deo Slee
«(893y9 Joll yolly bz Al sy 0 Sles
28,5 plosl oy 5 SRS e byt cozaS

e )lgy /) oyladds /1€ sl IS (ien) § Caublag) asliling

pmse Lyl b Sealas ol (o
sl s gt Ly 4 ol ine 0ol 4 ol ]
s Slo sl Slatiae b 4l sldasl g Jloas] & g0

Sosebs ol (z

WlgS oo e Sz 51 Sy 50 LSl Wiz e
Gol> 5 dolzal ez plosls 5 S0 & e
fegarme Jl sz Grdiz )0 eSO oSS Ll g
o ep 4 e Wlge qrienw slod Slas
20,5 6,50k

114


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

saalac 3333 BT gy ) aslaTsl b )8 5wl Ly Guwy) WGT

38 Sl ol o Lol a3 Y Jyor
e
sl o1 Ll 5 alsd el e 0fgp culis 3 Al IS Lag (o315 el @labad oyl 5 cibu | an w3 ol ol g oyl )

O ey ] Cabge 4y (6316 Slabad g il o 3Ll 1) (53, i Sy «lalad guncagll g i 35
S e Jome )3 1) b Sl Glas & sy o bl 4 Sloj anld ] 93,5 o bl (65,8 adiis b illas) o

les a0l adsl s (gl

[3{RSWA

a3 a8 (b JLail b (sloype g g Jlail g 398 CansBgn 31 (53 Olabad Sl Gl o5 Jloconss ] 5 0 il s (I
Colo dbgome (sguw 4 Iaze 9 33T o OB &S sy o oy L yn g5l ] & ccdSenl Glias eyl conts pledl 3l
23,5 3k

2 63 Sl slaclas 35 o (2l oS5 (g b oo 5 ) slojlo VLl alS ()l o5 ailb 5 G JeeSS (o

ledion il (K i clld ol JeoSS

T O)lr Glhs (59,0 lbylles Slee oLulis
G Glodosdygiws g o s, (15, (At by
o bl g o )Ken Loy i 0j00 Jelin o
Gllae 0,8l V9 gaoxe ;0 .090 5 ploil (5 .5 pronas
69939 e do Sl e g (QLulld T oo
eaz ;0 S s obe wlbie bt (295
5 adbg 3 Slas jo

L sl b <obls FRAM l38le 5 oSSyl & ks
Lol oy [S3 wedSSH L 4 s )Sas oL o las

gl wais oo Sles Aoz (ow) 2 5l my
2855 Lo Shae wiz Ll 0 Sl (o 45 s i
Ngd a5 gl )3 s (A 03 S 9o 0S5
s FRAM &S (gl Slae ypone tind ololis
VU 5 Sl el ] aaiia
wdss g il 0 Slae e ooty el o0id s
5 Slae ool sy 69905 &b &S Colu o lalas
KT a0 56 pmme a5 Sl coal Jore 4y Slalad L )|
el 03551 929 4

@bolid slos Slas 5l plaS o (oo 25 i 28
Ay jo a5 el cpl SOl (V JSC5) pitams 00l
Sz Sy sl o Sles et Grog s
Sy Sl s Sl (Sabsh) Fatcds
oo Slos 4y wilgh co CewdYb loo Slos (6 3y yuss

ol 35 8590 0,138 3T cevsmly

112

FRAM Model (FMV) ,l5dle 5 5l aalsl ,o .(V JS2)
owles lizle obul gl $.)\ asus Visualizer

20,5 oolatul (60 ,Sles wyauis g S8I,S

basl =

5350 axdllas ] )3 0uiSES 15 ol 3l Aad Copi>
u...ivl...a e gl Yo [£EY/F Le‘.ﬂ - u.._i,L..A
woys B0l i s Jle OINFEEIY oIS ails
Oty a5l isg Jalie GFanses s
SYL s 5 oo g plo ) alafieo 4 bgy e Slgl 8
«5"‘4-:" slasoil g Glaslin 5l Jol> C*’l*’ Ky “,J.._,o
QLA.A.A-’ 0l C\..B; r:l.?u‘ 6L®4.;.’>L.a.o ).u 9 0)3)4 WL...J )l
ol g Jels o3l Sl by sbeasl wols
50 Cl sab‘)lf Slles 4 ‘Sab’)lfuﬁ,ﬁ Sldee ‘;@1
Solexs 9 (b o3 5l 68,l90 B iy Slidee
wilw homd g ol wjle cd i sannley ol
b lbass ol 5 Glee OYlaile ol
Al ileolsle e &l jie slaasbim] b @las
bl 35 o5 &5 abb g ojle cuai g 5lo )k akl B 9
w‘ W M 9.»

(s ld cdSul ol Lol sloai] sy 51 e

1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

shlGes g (My) Als oles

Gl ISl Sl Slhes o oas Sloles glas Shas o ¥ Jour

To fit structure at the = Jxe » ol cos 3995 To fabricate and deliver Slabad Jlo) g clo
installation point s structure
Slojl To take UT test UT s plol Sl To receive and unload structure 5 oledad alss g cél
on worksite & olo
QARG To prepare welding Slgo (gjluenlyd Slojls To quality control of the Slabad coaS s
materials R structure
Sl To fix structure by 5z bojle eSS Slojls To coordinate with qualified Omaasio b (Sl
screwing oo persons for lifelines installation b Ol e
Slojlo To check controller S Se Sl To prepare storing area on Sl abge (gjlwodlal
systems S eln Sl worksite &S ol s cliss
Slojls To prepare tower crane = 8,36 (sjlwodlel Sl To shake and sort structure in Slabad caneagl g Gl
storing area ol Ao 5
Slojls To take torque wrench S s plogl Sl To transfer structure on the ol oo ) labad JL)|
test installation point
EGANS To prepare screwing | g slge s5lupal,d Slojls To thread lifeline Sl b gl
materials oy s
Sl To check load chart )L g (25 S Sl To fix structure by welding SBgn bojl JuoSS
Sl To coordinate with an expert a5 L 5, b (Salen
rigger
to coordinate
with qualified
persons for
lifelines l\ .
installation o \ ‘ —— |
: \l N\ '
to quality |
control of the ° \ to prepare / to take UT test 6
stucture\ \ welding
\ to transfer \ materials

structure on
installation
point

structure at
the

inztallation

to receive
and unload
structure on
worksite

to
coordinate
with an
expert
rigger

hart \
¢ \ to take torque
wrench test

63k ISl b olles FRAM aSos ¥ S

1€ gy /1 a)ladd /1IE ala 1S (iay) § Cublagy aolilvs 1PA


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

sayakac 33si3 WIGT (bo) j1 oslaTusl b 516 ClSw) (b Gy BT

ws b % b (Soles 69,Skes s Lol F Jgus

@yl S0 b (Siales 5 Sles Ol yuss
~ - - e 1 e .
58 oot @B (295 Sph s (2et
A cordinate {8 Olles cspw ) e 395 b
1l withan  [D)
:‘9”;’: Slles ey 3 30 JULPES
2 a Sldes p> NS S
%o thread
« lifeline
to coordinate
with qualified
persons for
lifelines
installation
to qualty
control of the (L
structure

to fit
structure at
the

to transfer
structure on
installation
point

installation
point

to check
controller )

systems

to fabricate
and deliver  {]
structure

®) ®)
@,Skos 1185 Jlosl b (g3l Sl by ], FRAM a$s ¥ IS5

OB s s U 06 el Wilgh oo (59 Cams yols S b Solear o Slas (608 pots F Jou
30T Sslatiasw o500 00,5 ol 9 o g b 30Nl K, S se atiie dged laisdy | €4y 2l

Canilos 5 (6 syt 2l g ololis FRAM Sy, 5 ale 5l gl laogas 5 )b Jlisl 5 olraslr 990
Ol ey el i jo sais gladdls polus ) el 4365 58 .S (6 08 preuadl g 4 e )b £45 6L

P9 1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

Sl Sy Syl 5 OYAR) algil 5 asd s
@ Glepleisle o Jui> 5 3l SISl o5l
ol DIl 5 sl oV Jlodigay i SaiSS g,
Loy |, (RPN) Sy Caglel sae o 5YL (FMEA)
Al il Joe 4 Slaad Jlsl glacddles L
ol S ol (59 askd Jl S e 4y Slalad
wlllas @l a5 (FV)ws,5 b)) b2 ($553ls 9
Bl s Ho5 e S b s ol

aSd e el Sy byl 0 Geizen
Sl slegesle o (FTA) U Cp0 g (pw
)l ) plezl 5 L bgde el |l bgde o508
kel 3 (KBS 5 5 i)l 51 YTl bsds
OIS G Sl (b 50w g9 4 Dol
osssy o Sl Sk gzl 5ol (1T )il
gL )15l ol bgin Sta; Wilgs o0 (318 Sl (2L 2
S0 uals

L(Y-Y*) o, Ko g Pardo-Ferreira iogh gl
el Sy 6l FRAM g, (6,5 ,5a» laic
ooyl oley ole las « s glaosle gl slugesle
Sz Sl g nyS sl bbb o s s
lod Slhos 5l (G slugilo 51 5o boin 5l (5 pXien
BIRIRET SNSRI S JUUSLI P L N CLOWE- S KR VR Vo
Sl g el plla Rl g (el Sae ) sene &
D)5 ol ailis; 6, by sl s

el (Sae a5 Sgym Gpdpymesd @l alex |
)35 b o5 Sl Ll slesesle el
Obl G0k Bagaey ol Gojs ol alspgnl Ll
Sl 2y Sy gy o |y b i B
Glogeils el o alis w5 o o5l
odligyyyed 5 3k slad o Sles slacld iS]
Ol GhePems 5o (518 SISl (ol g 0a pl
£ il i g 2l e sl o0b 5 alspg]
Al go 15 0,65 518 ks ae lsmgc] Lyl b o
ams 5 ibeos | ojle gzl disy 5 oSS e

e )lgy /) oyladds /1€ sl IS (ien) § Caublag) asliling

shlGes g (My) Als oles

Al )b ogllask gl o5

Sldas jo oal oluls Gloo Slos dan Lo
Sfbee ez Joar Blae 3l Sl b 2
azl 5 b (Saben il wisgy &)le wais sl
&swoolel «(To coordinate with an expert rigger)
50 Slalad iy o(To prepare tower crane) oy S 4l
(To fit structure at the installation point) cwa Joxe
.(To thread lifeline) <l bl gl,>! 4

20025 Jlael L 1, ayl,3 FRAM oSt & IS5
shls a5 byl Slee ans oo lis (g0,5les
2l 5l Sy 508 andle b wlosg 0l (s pdy S
Aloads plaie oo ,Slos

r—

eyt lae S 50T Gosa > anll
(5 Skoe spis 56T g, 3 slisal b g3l IS
0, Slee 1A o ol lid asdllae slaazil oo S sl
sl e i il oas pllis Lo
bl glos,Shee ule sowmm oSl uow,
Sty e Jeilly S Sl 5 sl
ol Gl g (SIS Jow j0 wais Jles! !
L oSialon 5,Khec T 2Bl Sl et pm s
ol S ()5 )b silueslel a2l K,
s 4 (Glylas ol Clb glzl g ceal e
ol et (ol 5 1o w333,5 sl Lo
Ars g8 i A0 loo Sloe [0 4 cenl (S
s 3 sbees |) w2 5ol

i)l TN hlSes 5 b dalllas o
lojgn 3 33 gl p S5 el GlaSia,
28 A sl las 636 50, b sl yenids
Sy AS P Olsea TAY S, L gl
it ekt e g (T sptme copene
2 sl e Jelse w0 Sy (LS une
(F)alons ol Slazslo slaols 5


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

$3)3lac 3033 BT (ivg) i1 astaiwl b SPd 15wl Ly Guwy) WGT

Olpe b ldlie gyseexr b, Sl gy,
slcdsine ( Jluee oS5 o el oo
Gl 00l jiiie €ejo o) SGley 9 Lle,3 15 el
Sl cdSul Sbp yo 6)lge oad o ] yo a8
(ool sladali s ales (g5lwooly o anul (A alas
5 bl e a5 (0 1 20355 5 (gl
ouialS s 3l Glsise 1, () ol (655,54 (35900
5 b wlgi oo 45 Cenils s 53 (S50 (S 3y et
Jeloigt 25 QSGI FRAM. (b (e 9,50,
S 3t SIS g s loiz b (8 OMelas ples
@S 50 (T0)s,S pal,d 1) S w59, 5 0des
5 Sk (@Ylal) b lsS casal)l oS,
YR WOV PP SWIUWRE DN [P CEL SR VS - Y6 SV
ol hagh slaadly liel oggn jshated
‘)lf oo liw) o.a.lw 6“@39) )‘ osls 6)5T°)§ ‘_g‘).g
ool do foalygiws cwyp b kol slbaslas
e O )0 Sl s pogi Sl (g LSS5
S9d g0 hrogi b 09b plaxil 950 o jga a5 (glaisSay
Cosdly o a5 glaeSa IS o (Work-As-Imagined)
«(Work-As-Done) ssi oo oanlie b 09l o0 ploxl
AEDEW w)f oy
009 ok @ olei oo axdllas () slacosgass
Jsl yo 1S58 S5 LUl sae Jdoas baslas
olize b o3l cdSul [ Slan Collasl (5, S
Dges 0, ol Sllas w59, 5o ).ol.a olou| Judoay
Vb (B3l 5l 5 oog ez ol pegdle
alo> ;| FRAM (65 Sles auais ]JL:—‘ ovey G eSob
592 SV E5 & azgi L 0o S o0 dogi e
sleojon ;o Jod Jlre slasSiw; 3529 5 Doly>
g iy ST Sldlas o (g3ls cdSl jlugesle

W)

Juojl s el (G Griums s 500
bgs (oY53 Slalid g2 50 503l b sege 5l in
Ailgs co ol ol el 05 ol 4 ouile wls S
Sl (2l oo sl p 3isy o ST 4 e
bodld 6,5 wx> &5 me ol 4 005630
OSoe Judo (e ol 2alS L g il Wil e
OS5 4 b digia |y cullad w0fgp (Sopd i
Al Jesd (g 58l

95 99> SLplesle (o5 Sy ke K00
Jed 5D ablas go glzl g S0 o g0,
bl Dliges dbsiw plp jo cbla> glapianw
o8l e 5 ol e 0 Soop oslai (g 60,8
sl )Sel) plyeay Slalie o 5l Gilsd 12! Lz
o 5l sk ISl (b S0l L 295k, )0 (S
Sldas b jo bgdw (( Sad df g0 glay | 5l bgaw
5 bn b boiw Jlo )0 plaxl 0,95 b 6L
(MHasleas (e (oS Sas
2l oS s Wlgi oo (OHS-MS) oiny] o o
(Y)ass Wl 6,5 cols sl jials

9 Y- \A) oo‘}GlLo.? 9 .\.:5.“] ‘b....)y as 6‘4.&”.‘4.& B
ez g a5 0lo ylis eaidl «2d )8 plol (Y4 Y-
sl OMElae (gl L5 Baspoylas el 9> 50
Sgur 5o (gwbel Jolse laicas 8 OMSlaw of panay
Bais easals mlie 5l (o lereas 1y o (2d oles oo
28,5 Sl s

» @3l e BYs uplkel 5l s (S
IS (s pdycadyine 5 3 33 w3l SISl Sl
U @‘)?‘ (_;‘LDA?‘B )‘ ch.la...u :Lo.ﬁ )b 0)9)4 ‘S; le)‘
bilso 5 Jool Coley jo plinl Jowy o LSSk
Al cols o g

OLla g o yael p Cdglas TFY ol 4y i (o

1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

st o° adlae 390 i Sl ) oS Wlsi oo
baceolias eabdll)l bl Loy S A o il anils
ol el g 1l b (6,5 cyllbg 0gall &l s
6o S es milgy ol ouls glolis o Slae VA Lo
6395 Oy dacdld 5l Sy (g5 e
bl e (g llad
e bl ) gk | e
A sl el S s GBI g b weas
o 4y 0B dake codled 51 a5 00l o JE
(bg3)) Wi odyy Bls (5399 sl 355
sledld b anld ol coiy en 4 g 00l 2,
FRIPCHNIRISL SRR VA R PUES IR L g KW U K RPN o
S, b Sl b olib sl g8 ,Shes b ¥
Joe po Dlabd St 5 0n S 53l (5lweslel a2l
olelis 4 Gl o cdslcwsa SBIS Joe
&l Y ol 3561 g edigd wais slas Slee Ll
led SLLE SIS s blas 28, ¢ g8 blas gy

10598 9 5L
S Al ol ol sl
D a5 g AVEY b ogled Lol
Sy b imeds > IRMAZUMS.REC.1400.198
» & Gls als il dlees GBoing ol

S1o,a8 wilasls 1) o3¥ (6K Guiow ol sl

REFERENCES
1. Rosa LV, Haddad AN, de Carvalho PVR. Assessing
risk in sustainable construction using the Functional
Resonance Analysis Method (FRAM). Cogn Technol
Work. 2015;17(4):559-73.
2. Kines P, Andersen LPS, Spangenberg S, Mikkelsen KL,
Dyreborg J, Zohar D. Improving construction site safety
through leader-based verbal safety communication. J

Safety Res. 2010;41(5):399-406.

e )lgy /) oyladds /1€ sl IS (ien) § Caublag) asliling

shlGes g (My) Als oles

Sl Kwls 5 beedo izren 5 )5 gloaka>
Sz 3 QU1 GRS g ) Gl 5 (Sl Olpaese
or 50 OS5 Slas 5 Sols> plie Ghals
35 8

p e il Copie gydse bl s
SloygS B b o3 sl slajlugesbo ;o 5yl
Ailgs oo Labe cul Ly o)l o gl 5 il iy
Srhiadsiue gl o3l alby 2,0 Gepnd (el
ODley 5 (LBL (b 1 oo ] 0l e Sl el ol 3
oo )l el Bl JL3 o,

G5 dmis =
Shbs Py 3 jlegcdle Cono o (IS
STy Jdoar Wl CusS el &5 wies
e Sl 1 50 45 2lab 059> cnl 8,30 pamie
03925 Sgume IS 5l (pol 095 & L’s)-‘ B Joee o
was )13 pSbeed | cols S e 09l jebas
S d (53hj 9> b wilgige by cnl el oo
Wgd o 4,25 jg) 8 (BB g wde ;0 &S ) Sl
bl laghy; 5l eslinul 4 5ls nlply ams s
St Slaghy) drngs Sz (Jid GlaSin; S
il oo il slasaly carass b halS 5 (il Soly>
6o, Shae wais LT g, ol adlls o
08Tt s S5 45 0,5 ol 3 1, Sl ] (FRAM)
calizie slod Shos 5l (oS 5 &0 1) (sloizrb 28
Ll ndimes & (Ssless 5 Slosle (Sl

3. Rosa L, Haddad A, Carvalho P. Assessing risk in
sustainable construction using the Functional Resonance
Analysis Method (FRAM). Cogn Technol Work. 2015;17.

4. Mitropoulos P, Cupido G. Safety as an Emergent Property:
Investigation into the Work Practices of High-Reliability
Framing Crews. ] Constr Eng M. 2009;135(5):407-15.

5. Lee K-P, Lee H-S, Park M, Kim H, Han S. A real-time
location-based construction labor safety management

system. ] CIV ENG MANAG. 2014;20:1-13.

1wp


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

$3)3lac 3033 BT (ivg) i1 astaiwl b SPd 15wl Ly Guwy) WGT

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

OSHA. Commonly Used Statistics 2018 [Available from:
https://www.osha.gov/oshstats/commonstats.html.

Izadi N, Aminian O, Esmaeili B. Occupational
Accidents in Iran: Risk Factors and Long Term Trend
(2007-2016). ] Res Health Sci. 2019;19(2):e00448.
Irizarry ], Simonsen K, Abraham D. Effect of Safety and
Environmental Variables on Task Durations in Steel
Erection. ] Constr Eng M. 2005;131.

Choe S, Yun S, Leite F. Analysis of the effectiveness of
the OSHA steel erection standard in the construction
industry. Saf Sci. 2016;89:190-200.

Zandiye K, Taherkhani R, Ziaie Moayed R. History of
safety in Iranian construction industry. ] Constr Eng M.
2016;1(1):12-9.

Pardo-Ferreira MdC, Rubio-Romero JC, Gibb A,
Calero-Castro S. Using functional resonance analysis
method to understand construction activities for
concrete structures. Saf Sci. 2020;128:104771.
Bayramova A, Edwards DJ, Roberts C, Rillie I. Enhanced
safety in complex socio-technical systems via safety-in-
cohesion. Saf Sci. 2023;164:106176.

Hollnagel E. FRAM: the functional resonance analysis
method: modelling complex socio-technical systems:
Crc Press; 2017.

Carayon P. Human factors of complex sociotechnical
systems. Appl Ergon. 2006;37(4):525-35.

Grant E, Salmon PM, Stevens NJ, Goode N, Read GJ.
Back to the future: What do accident causation models
tell us about accident prediction? Saf Sci. 2018;104:99-
109.

Bjerga T, Aven T, Zio E. Uncertainty treatment in risk
analysis of complex systems: The cases of STAMP and
FRAM. Reliab Eng Syst Saf. 2016;156:203-9.
Underwood P, Waterson P. Accident analysis models
and methods: guidance for safety professionals.
Loughborough University. 2013.

Foster CJ, Plant KL, Stanton NA. Adaptation as a
source of safety in complex socio-technical systems:
A literature review and model development. Saf Sci.
2019;118:617-31.

Hollnagel E, Goteman O. The functional resonance
accident model. Proceedings of cognitive system
engineering in process plant. 2004;2004:155-61.
Patriarca R, Di Gravio G, Costantino F. A Monte

Carlo evolution of the Functional Resonance Analysis

1w

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Method (FRAM) to assess performance variability in
complex systems. Saf Sci. 2017;91:49-60.

Hollnagel E, Hounsgaard, J., Colligan, L. FRAM - the
Functional Resonance Analysis Method: a handbook
for the practical use of the method. Center for Quality.
2014.

Vanderhaegen E Erik Hollnagel: Safety-I and Safety-
I1, the past and future of safety management. Springer;
2015.

Shirali G, Ebrahipour V, Salahi LM. Proactive risk
assessment to identify emergent risks using functional
resonance analysis method (FRAM): A case study in an
oil process unit. Iran Occupational Health. 2014;10.
Hollnagel E. FRAM: The Functional Resonance
Analysis Method: Modelling complex socio-technical
systems. Farnham, UK: Ashgate. 2012.

Liang Q. Analysis and Design of Steel and Composite
Structures. CRC Press. 2014.

Ardeshir A, Maknoon R, Rekab Islami Zadeh M,
Jahantab Z. HSE risks assessment in urban high-rise
construction using Fuzzy Approach. Saf Health Work.
2015;5(2):1-12.

Al-Bahar JE, Crandall KC. Systematic Risk Management
Approach for Construction Projects. ] CONSTR ENG
M. 1990;116(3):533-46.

Hollnagel E. Resilience Engineering: A New
Understanding of Safety. ] Ergon Soc Korea.
2016;35:185-91.

Hollnagel E. FRAM: The Functional Resonance
Analysis Method: Modelling Complex Socio-Technical
Systems. CRC Press. 2012.

Ardeshir A, maknoon r, rekab eslami zadeh m, jahantab
z. Safety Risk Management effective on Occupational
Health in High-rise Building construction projects
with Fuzzy approach. Iran Occupational Health.
2014;11(3):82-95.

Bijari M, Khodadadi R, Khazai M. Investigating the
Factors Affecting Safety in Iranian Construction
Workshops. ~ Fourth National Congress of Civil
Engineering; Tehran, 2008.

Tarfei A, Anoshe V. Risk assessment of potential hazards
of steel structures and cranes in construction building by
FMEA method. The Second International Conference on
Civil Engineering, Architecture and Urban Development

Management in Iran; Tehran, 2019.

1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-22 ]

[ DOI: 10.18502/jhsw.v14i1.17126 ]

33.

34.

35.

36.

Leu S-S, Chang C-M. Bayesian-network-based safety
risk assessment for steel construction projects. Accid
Anal Prev. 2013;54:122-33.

Krishnamurthy N, editor Safety during steel erection.
Proceedings of the 10th Pacific Structural Steel
Conference (PSSC 2013); 2013.

Lee ], Jung J, Yoon SJ, Byeon S-H. Implementation
of ISO45001 Considering Strengthened Demands
for OHSMS in South Korea: Based on Comparing
Surveys Conducted in 2004 and 2018. Saf Health Work.
2020;11(4):418-24.

Asivandzadeh e, jamalizadeh z. Evaluating the impact
of training and technical interventions on safety
climate and safety performance of workers in the
construction industry. ] Occup Hyg Eng. 2018;5(3):45-
52.

e )lgy /) oyladds /1€ sl IS (ien) § Caublag) asliling

37.

38.

39.

40.

shlGes g (My) Als oles

Asivandzadeh E, Jamalizadeh Z, Safari Variani A,
Mohebi A, Khoshnavaz H. Evaluating the Impact of
Training and Technical Interventions on Improving
Safety Culture and Understanding the Risk of
Dangerous Situations at Height among Construction
Workers. ] Health. 2020;11(1):109-22.

Shakeri E, Darabi M, Torabi Z M. Detect of Accident
Causes in Construction Workplace. Amirkabir J Civil
Eng. 2012;43(2):51-61.

HSE Management in Civil Projects. Office of Deputy for
Strategic Supervision, Bureau of Technical Execution
System 2009. p. 214.

Patriarca R, Di Gravio G, Woltjer R, Costantino F,
Praetorius G, Ferreira P, et al. Framing the FRAM: A
literature review on the functional resonance analysis

method. Saf Sci. 2020;129:104827.

Wi


http://dx.doi.org/10.18502/jhsw.v14i1.17126
https://jhsw.tums.ac.ir/article-1-6943-fa.html
http://www.tcpdf.org

