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AP HIIE HEAZ FAEE QA ARAE 19799 w=olj A @AY TMI(Three Mile
sland) HEHLE FANS FF Aaolth o] AE AVIE JA-ZIAAA
(Human-machine system)ol] A <1 2 <=(Human error)7} <t Mol F Qa3
e4E yHE7] AFERer, JA - A HFY FEAA AT AA Hoju
TEAHSE A AAdHEsS TS A AREHIPE 2FEHATHE
Hollnagel, 2014).
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3l 2015). ¥, @A H T fFal - A8 gef dA A= HEgd B s
Ashel el A= 5 dojoF dtx, I YFAPRIisk) T7E AHE3 2B
NA= 7Fe (M=) TUlACGEE) gtk 7]l HEsor sy AgS d=3)
A AFAES AR 2 ARt AL dHFoZ A Lo H 5, 2017).

rfr do o oo

2022 11900] RolN B FOhAS) 4% 2ol hEw, AYdY 2xz
#l - 919 ale AvHL AN g

A F IR MG, o1F B AT RO APYHIE AN
Qek e delA AT AWHBIk] AEH BAZ AN )

=) A

.

o ;g

AP A FAAH 7bo] B3 A (DA A= ol AL - ZUAIE S A AFLE

& 3l - Ad el e, A=A 2E, OPS(One Point Sheet) 5 H7pd4e &
224 Ze g 5o WES I AT &= T, 2023).

Ay of
i

s

d
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2.2 A8 7)Y (Accident Analysis)

D EEFHRAAE AGAE AR o] foll thall ALy dAE HE3] A
AAG qAS 78 - AAFOEZN FF B FAAEY Ads BAs] A
olgtal 3|1 At olE A HAAe FEH Hddo] MRS A<l
< Fotstal ol & AlofstA] X3 AIFA #EA2EY EARES AT & o
oF gttt SFA|TE Aol At RAY ot Aol T HEholtt THS
T ow, FAAE AELAE A FEUJRoot cause) Tt #HA J|W =

7holezat Al H A st = A4 oltAARD, 202D).

| &
£ AlojstA] x3 22 FHAA S EAHS w4 glojof A2, 2020).
g, 229 AYA2H A T ALY FEAAS
A 7He A 3 =
T A Hoh olef 2 o] follA Ay &
Cause Analysis), DOE(Department Of Energy) ~71%, FRAM(Funtional Resonance
Analysis Method) & AFaL&EA 7] Eo] /W= &&= o] oA A Ha, 202D).

.
b
>

=

i

Abarel] Tigk Q142 AS|dbd ol wel ARl o] WMSlEHA FEEO git
18M17]1 |= F4l9 AtFEam 7] S7]AX T EQFAR ZIARW I AHAE S
A S HgstdA 71<(Technology) A4S <Fd#7F olHAT 19799 wl=
TMI(Three Mile Island) ¢ Ao HAS WAE: FE2ALE A2 8 A4(Human
factors)E <A AT A F23 AFo g gFE AV|E wHEQT A-71AAA
(Human-machine system)ollA4] <t & st 842 <l =
olth. I 19861 wml=ollA AT ¢ FAAE FEALIL
d gAAA T FEFS vx= Z2(Organization) =
2tk Aesta, Aol sty AL FEVF MStE A b Y FAFAlCl Vs

°© %

~

oA A8 A, Tvla 27 FHOE FAA & ZAo|th(ijA - 1A g, 202D
AFLEMEHE APl WA 9 At E]o] Wste] wet WHEHo Stk AR
H2 ZAAZE Aot #EE 8AES =HOE o F A e 4T E
(Frame)ZM, A1 AAES olsstet] =S = 5 Ak AT & ylo] Alud
d 84S0 wiAlEd = Jerg Fort adn. 53], A Bl AHAZ Q)
33-e gpotslof g At AE FHY £ JonE ZAAE SRIEA
o] E(Hindsight)9} 22 HABias)oll WA A FEF FodloF gy, Iubxg o= Ala
2y 1At AAdEA R, 2At 9 Ry, A Alx" EYor EREH, 74

Ahel 2 ¥ 542 a3 20eiA - 474, 202D.



2.2.1 1At AAEAEH

AHAEAARE e 19319 gz ik AbdAbaewk(Industrial - accident
prevention) & F3] A/NE Al Tl o]2o] Ui Aot Zu|k: o
w2 Al APE ARHdE(Events)o] =xH o2 vz WA A Abal(Accident)7} @
Ayste, ARz IAAA = 3

4
WA dFFolm B
BAAT ) 2 BES AAGOEH A

k1
Ll
2
ok
e
¥
%0
v}
k1
il
of,
ot
=

[2% 2-3] skl 3]e] =re 23

Tvx 2y o= FTA(Fault Tree Analysis), ETA(Event Tree Analysis), FMEA(
Failure Mode & Effect Analysis) &©] 1A|th B&ol| &3tk AAEA BRE -2 A9
Aol WgstrE o]sfslr] 4 W, AR AFAAATE Ao AHHETE
o] Aot AT AA] Abaro A Z]AIF SHo] ol A= ST AAAA T

BAREE Avs =20

2.2.2 244 HE=Y

1970t o] % AFde] I A AL Aolo] TAYSIHA, ARaLe)
= A AGANA e JdAEsT T F5F a<A(Active factors) =2 W7ol
17t &A1) & #AZ 2<2l(Latent factors)e] A&z WE o7 HE AT
g (Epidemiological modeDe] 71&= Aot 1997'd James Reasono] 31QHSH
X2 ®3&(Swiss cheese model)” o] thEZ 2l oot}

fo e

L

N
(v 1 = o

[
o

Latent Conditions

Active Failures

b >
o
=
)
”
%\ g Defenses
Error Trajectory

[T17 2-4] A= 2lEe] 292 A= B ™= | A HFa, 2012)
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James Reasonel]l @WEW™, Atales [O19
o] 17} 49 FPAo EHAZ HEEHE FFS WA
A 7 EAE = A= Agom s Abaro
(Barrier)o] F#3} HHA TAsA E. 9 RY
71 AFAte] EQFHE d5 BHu olF AoshA X3
TS T vk 283 A& A4 (Human error)E
S BE AFAE BEoh Afdy SHAAE AR FEHE v o HA
At el date dEle bbE F JerE, A Y WaHS FIgoEN AE
et ¢ kil A9 3ci(James Reason, 2014). 93tRd S 7juko 2 AFd Aol A
AEH1 A= 240 AaREA Vo =2= HFACS(Human Factors Analysis and
Classification ~ System), = HPES(Human  Performance Enhancement  System),
HPIP(Human Performance Investigation Process), ©]= o\ X]{(Department of
Energy) AFaLEA 7] Fo] ATt

=
o

o2 gk A5t 2 ‘i‘rﬂ% Wesw AEAF el BAste] EX HGAtS Rods
Z3Fo] tie HMolth HIWHBlaming)e AHGA R A A 2H A JYAEE 3§}
oF FQlo] W2 JF-E I FsA HERE uAgbF oI, b T A 2Fle] A
HEE AAX L JTHA] = =] Fa, 2012).

[C19 2-5] A2 g2 =2 FEAaL AN =3



2.2.3 3A ) N2HIRY

HAjo] B3 A}3) 7)< A Al(Socio-technical system)oll Al et B A= ZZF Yo
A Gy I BE AEE 9o £k gl gt ARRMES #EIE JE
o a3 1-24g) Al Rgog s AW & gle AAEe] £F HASIE o
o dE Eo], AxHgA BREAHOZ = HFS PFEo U2 FE JTES A
3 | 22 A" Yol A

A e Auel HYe HEY & Yk

A AgHn A= Al2" 2= Rasmussen®] Acci-Map, Levesono]
STAMP(System-Theoretic Accident Model & Processes), Hollnagel ]
FRAM(Functional Resonance Analysis Method)°] $lt}. Acci-Mape Z2A-F3H#g
-7 FR-AR 5o 5HH ok @A A A ATol Aad] HH FEFS ATHE
Ao el vyebd ¢ ok o AlSE oAEAC] AddE = A o] &
83 ARV Ad= Xl%ﬂ&’iv‘:— A i%—'—% 4% < AtHRasmussen, 2000)
FRAM®| &AM A="S = EFAEY Aol otd 4 7sse
Aoz 7t=Hrh. A ~EHS xgz‘s}{— Zt 712 67FA SHARIY, AE, Az =

=

1 )
A, A, ADe AL o, 714 - A
E
[¢]

& Agl o8l SR me o
2} = o

ko
1;

&3k W3 Ad(Variability) S YA . 183 71%0] AYa Ye HEAol

E 715EY A8 AGA FEAEete] Al2glo] EQFEE] A AR o]ojd
T+ A=AE Y3 & 4 AtHHollnagel, 2012). STAMPE= Z}%‘%—%ﬂ%xﬂ—@%?ﬂ
S AlSsE RPorA QAHFe} o] AR o WE HEAH T 4 dGAE
HEsdS Aol sl A=, AR F7, 2T %Qi AlaLE EA %

H(Nancy G. Leveson, 2019).

SYSTEM LEVEL:

 Eenermlrond’ =
1. Governmen General road National
Legislation & National building transport
Budgeting policy \_requirements policy

b .
DG Design
requlations regulations

2. Regulatory bodiesand
Associations. 2
regulations

FJ Regional
1. Local area Government. dE“':I‘]F‘"" Regional
gl“;::::“é ‘,‘,“2‘"35"‘“ Lol planning Road
b Pointi il \_ criteria selection
oint in
Z recommend,
tocal risk [*|_planning |e— Budget)
Iysi -
4. Technical & _rs lﬂ;dfan l T!anspor[‘ (ompany Suppiler
operational udget need T' policy& | | design M
management Tocal Planning of =t {_practice | | practice )
planning| road Competition scheduling PR Design of
criteria | |mEnEnance || & Priorities cargo tank
D tiveness
n Resources & Inadequate
5 Ph)‘mg i Staffing goods on resist.to
processes & Actor

activities

B ﬁwm@d e
Road Snowfall &}
e S35 | s education L 0]
E Slippery Income perform. Loss of Truck Critical Event)| Oil
roadway criteria Speed control ditchesinf—f Tankrupture
vehicle road side r’ Loss of o

& ¢ Other truck o0 high 3 :

&. Equipment & ﬂ Vulnerability blocks road w

surroundings Traffic Difficult road | Bould er in
intensit; topography road side

[Z19 2-6] Acci-Map &4 4 Al (Jens Rassmusen, 2000)

_16_



@ © @ ©
Procuremen
© © D ©
@ Schedule for
Ship Blocks
® ®
——
Suspension 0 Meeting for Assembling
of Work Scheduling Small Units
(Weather \ .
Condition) () C)

\ ® (R) |

Work Plan |

(1) (Sub- ®
contractor)
@ ©
Human o) Q
Resources
(Recruitmen ©
1)
OSH @) ® @ ©
Training
Assembling
© Large Units ©
—

[ 2-7] FRAM &4 Atgl (Al - A8, 2021

| SYSTEM DEVELOPMENT | SYSTEM OPERATIONS

Congress and Legislatures

Congress and Legislatures
‘ Governmenlt Reporis

Government Reports
r Lobbying

Hearings and open meetings
Accidents

Lobbying
Hearings and open meetings
Accidents

Government Regulatory Agencies
Industry Associations,
User Associations, Unions,
Insurance Companies, Courts

Legislation l Legislation l

Government Regulatory Agencies
Industry Associations,
User Associations, Unions,
Insurance Companies, Courts

Regulations ificati
riification Info.
Standards ga,’ﬁ,;e re:u::
Certification Whistleblowers
Legal penalties Accidents and incidents
Case Law
Company
Management
Safety Policy Status Reports
Standards Risk Assessments
Resources Incident Reports
Policy.sids.  project
Safety Standards j Hazard Analyses
Progress Reports
Design,
Documentation
Salety Constraints Test reports
Test EI;\‘IB"S :;dn?snls Hazesdfialymcs
i Review Resulls

Safety
Reports

Manufacturing
Management

salfety reports
audits

work logs
inspections
Manufacturing

Work
Procedutes

Implementation
and assurance

Hazard Analyses
Documentation
Design Rationale

and Evolution

Regulations Accident and Incident reports
glanrﬁardls Operations reports
ertihoation Maintenance Reports.
Lagal panalties Change reports
Case Law Whistleblowers
Company
Management
Salety Policy Operations Reports
Standards perions Hepd!
Resources
Hazard Analyses Operations
Salety-Related Changes Management
Progress Reports Work Instructions Cham requests
Audit reports.
Problem reports.
Operating A
Operating Procedures O D
P g
Human Controller(s)
Automated
Revised Controller
operating procedures
Software revisions
Hardware replacements
Physical
Process
e
Problem Reports

Incidents
Change Requests
Performance Audits

[19 2-8] STAMP2] Al 2H] QA FA] ++2 (Nancy G. Leveson, 2019)
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2.3 AA¢kA (Design for Safety)

Axgel AAANBAE 2 I FEE B A W 0 we
20223 12€ 7|02 A8 FHA LIRS A A4F AFTAAR T A
A7 341 o2 ¢ 53%E x}A| 5k
stk AEAE EFEAA Lol o
Aok sm slg 717k el we YL Fslok st wEiIokA
. aem 2RAe A%w 49nse va dge ngwAel 9l
lomg, ZeA LHRAYRI AFANA AFHel gk AT, 24

of 544 FAME, F4, 4 & o=X

o wx
SRR
x> =

Iy

o

O,
=
I
o
k
o
ofy
i
T
o
oy
o
4
IR
T~ A R 11 S P VS A o = Ao A

=]

& k
i
ol
=0{=2
™

o oj
>
>
N
-~
X
o
12
=

—|~
r o
=
=2
of
ot
o
=)
N
rlr
of
fo
r

7] ~AF-fFA - Al o]2E AefFrI(Life cyce)o AA dFA, A
A g sk AFATE kARG Rl A Festa, dady 2 B
o}

s

AdZFANA B3t Y= ALY oF 25.7%7F AAFA FHF o]l /¥y A

A EAl 71918te] wA¥st 1 T AdE, 2020). 19973 Sz =

AkA QLM (Time/Safety influence curve)o] WE2WH AMFA ZF ol

Auele Afeie A Boh B oldel AY - AARANA FAL

1S & & JuHY 2-9] ol AAEAMC FAD 3 - 9

sl Adsied @A A, 3F Ho) 2E AW
n

z
FACNA B719] Eutwt AR F 22A Qo]

P 4 Conceptuad |

ol
[}
o 'E
-~ g \ Detaled Brgineering |
> o
E g Procurement |
< Q
é | Construdion |
£
k
Stan Cate Project schedule End Date

(18 2-9] Time / Safety Influence Curve (Szymberski, 1997)
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]=+ PMI(Project Management Institute)oll A ¥7tek T 2AE ] sloj=o] ==

B A4 Z2A e AoF7](Life cycle)d AHH v §o] EJATE HH, T2
E z7] 71gdAAE Y - H§ BYsFEe] woy, Z2AEV BAHOR F
FEHA T FFEo] A FolAA Huh WhHo| HAHZIZAES QPP B4
Ae [O9 2-1013 o] Z7dAldAME X Z2AHAEE WA =Y 285 E
82 AA &M, A4z 2AEY FAS 245 A4 EGEL S S AT
AN & soluAl Aok webs] ddFAbel oA kA dE e HAH AV Z
FAE z7|gAS & & Aok

=2 | d#yn 2auy

Mo

HAH 8
e
x7 z2xE 7|72t &7

rju
e
+r

(29 2-10] Z2AE 7|3t uw} B FEFFA (= PML, 2013)

18T 2y A AAGANA 2=
Z=ol A= 1990
“3}%1 . DfS&t A4 A 3|

o} o] ANFEA A Ao tEEe e

o _[N
Fo
r}_

3
)
&
=]
o
ISER S
=
D
wn
@
Do
()
S
o
\./

Al A= %24 JJrFJ‘c?HO]E by v‘c?H Hfﬂﬁdﬁr daete Asta, AAGA W“
(NHEA JFS zke AAAE AAsted AT HAE =5 AL, A
AddM = FARA ﬁ%’ﬂ—% ke AEFAE AAT & AAGANA =2 AFA



Zat e olPARE SRl of FTHYAF, 2020). ©]9} Zo] DS #HA HAF &=
AAA 93] FPET, stARE AARe] DS Ay AFERES SOo=E FUdA=
A2 A2Ez ek ok =5 DISAIES] A wFS gofstr] e, =u
DfSAlE =99 =do] B =2 CDM(Construction Design & Management) A=
T3 U DISAE =¢4AE S gt A3 AFUES ALY e O A=
o3 2o

2.3.1 9= CDM(Construction Design & Management) #| =

o3

F= AFdokAd B A A (Health & Safety Executive)2 1994\ CDMAIE=ZE A
o]F 1 olMET 1L5v} o] HAHAFAE IF HJAoW HE 61 ARG
< 60%°17d ZAAZ BAE AT ALE ZAEUT. CDMAIEE A8 FA 27]
7189 GA Fy @Fa, dAA, dEA 2 o -k AlSATE %‘04 2L ST

of AAet NEFe FAsHA FlstESE st Ak

30 UE AY BEAY Ee HIAL, DM AR

632%4?4%11 A WE Aow s oldd ATANRE wgoz 20073 CDM

ARE AYsAgen, Fo dge ddud @%a%}—% 7+% CDM 24 7HCDM
Z

CDM 2007 A& o % AAAZ AAGANA] 984 %7} Ado] FHH 7, <
AAA PRGFo]l FYHE 5 CDMAEF A4S A H4 20159 COMAE 2
A RS B OBFAIL FARA GBS 2E FUAAL FAZAE MYt
45 WYL Bl AWEAE AVES sn JATHA A, 2017,

Hazard
elimination and
risk reduction

1

Recording the
process/outputs

Review Essential

3
(2% 2-11] CDM ZAIFA 7id = (¥= HSE)
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2.32 A7TE= DfS A=

A7FEL 2+ 20153 Workplace Safety and Health 71 S §3 DfSAI=E =
ATt DFSE @F27F A A45 AE7HDES Professiona)E FA4 02 3 AAAED
(DfS Guide)e &3 WAt DfS 7lol=o we} F 3GAZ JPHH, Jlo|l=
A Z18dAl oA AA, F24 B8 & AEstL, 7holE 204 AAAE
EAE AR o R APdAHIIE AAst #ell - 8 == 9 AP AloE
sk A A JZW]‘E”(Design solution) & AESH, 7}o]l= 3o = HA T Ao HFY 5
23 ZE 7ol - AP LR ddE AEE VSFoEA AlFaA oA A
5 3o A Il =9 = DIS #AIAe] o7 #%J&F/l H‘E?H d 7t
2o & DS AE7F IdFFEES A wSHAHS P A A, 2019).

z
ol
O

N ofo ox 2

I

2.3.3 "] PtD(Prevention through Design)

=& 20073 SH APk R A AT U (National Institute for Occupational Safety
and Health)ol Al AFd Al 2 RE Z2AES ®B3E3sl7] 93 PtD 49 ¢HInitiative)S

st AR PARARSS Azttt 18lal 1 o]FE PtD YAFS A
7| o2 AAsta Ao w=o Ae H A EA wE AdiaAeAd To=
PtD7} WA =3 HZ ko, 7ol ZAY AiE fs Z2AHE YHog I
Ao =3 FYF A7) B National Occupational Research Agenda)oll A &
PtD =3& {8 #AAdhdl THE & CHPtD(Construction Hazard Prevention
through Design)¢ & 10t #A F stu= AABSPL, vl= AP ERAH
(Occupational Safety and Health Administration, ©]3} OSHA)S o8 A|F =213
% stuel A4 d=3] 9 (Round table)oll 4] DIS ZG 1FS RHEo AAMHS 5%
EE stz A &, 2015).

_]N

=

2.34 =4 DIS #AA=E &R A

TS AFANA AFE AAANABEE FAE A shn ARFA F
T A Fo JARRAA BFAL HAANA AYA FARA hE JFL
273 AR} £YHUTh 201649 59 FELFFME ARNEATY NEL
53] AAQGAYAEACDNE =Y3te], MAAT AAVANA ABHBAE 2
Astel F3 - AP o Hazard S shekstan o) thEF AN AL HAEA wY
% sl o)e} o] FuldlAE DISE WASFORH AU FARA] T
F4ol 71E ABAIA BFEAL HAAL dolot AV} AUy & 5
9ieh,
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A3 F AFAEBITeE ALEY T

31 47 A= % 4y

Z5AUncertainty) wW&< A2 Ietx )
Wero =R PP F I AALEA VS BeF o=

o] el O}X}/‘b}‘r ?ﬂ]?‘ﬂsﬂ% dozl fFall - APetdes ETFATIAL U

Abals ARLRW AR 78l - el ofE Alofste AR dElA2H 9

IR F Ude T8 JE} E F 3 I
30000l oJsf ofAtALALE o ® AalEA S

Aot Az v= oUA| FolAs s s

55 dxbete] AR W) A% 23 Ak Alase Ve s dEaaEl 444 A

B MHEE F=skal ATH=H A5, 2012).

(1:

=

=
29:
o

¢ 4 0

Apdoregto 24 de] 851 e IBAHI 39 =35 A(Uncertainty)
EA o] W3k wolo mx B 04%7} zﬂ 1§ @E'l#%% AFLEA 7MY B S
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o 9
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2
_Q

A WA WA A YR BARE B eve dadTEAels Zed 6
o} o] AT AR F f3) - 9V S BAG HUP ALY 4 BA)
= gejsigr. AAZ @4 AW} BARSE A4 Ao BE 5o s A4
A Ul AAEel molX gk fal - W ale WEs) W ofelee sadYL
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ok AT =3 1WABILY o )i AT

_24_



3.2 ALALEH7|H AA

AR A A Aol o) AsHE AR AT A4
W od /%t BAE Aol A BbdF AT Aol BASE 5ty
AT, 18T Bite Azwle TASE 84S0l Zte AWM Ul MBS0 2

- FHE A7 B3 AALE dod= AR'FRIHGAHT)] ATt o] FollA 24
Aatm o] mEH AlE vEHE T AAAY XA, 25 - A4 T AA
o e T&ﬂ*&-‘ll ZAgto] EAjshz dEjollA ZdAre] EQbx e 9 -s(Human error)=}
ZAAZ7E Aot Ao BRbASE eV stEE A HEA, 283 Asfdds ffE =
A3l & ‘%‘E‘ﬁ(Bamer)O] A= 2H5etA] Xkl FEWA DS |t

Zl 2R]l, ARy 7t

93l yS &83F AARMS T4 AlE AFHF R o
4S5 VAR 2] a8al o]E AR £ AFAe] #EA2H AFES B
3] 4 9t 281 29 AU (Causal factors)® 7)Ao 2 (Recommendation)<
i o

Moz @ AR ARABYAA o] =8 = & A
HE AP A9 Sl Aoz AedE 494

—’F
El 2 RS AAEA S #Hste 2AH T o

g Z2 AEE F s A2 At 197949 v
TMI d 4 WAL FE3ALE Q1A 4(Human erron)7F AMGA kA Aol F
83 942 FEZEHA HFACS(Human Factors Analysis and Classification System),
HPES(Human Performance Enhancement System), ©]= ol\]A]X(Department of
Energy) Al EX71H 5 240 AR Eo] Qe - g5 ojgkth HFACSE &37]
A A EAS Q8 uekE e, HPESS DOE 7IH2 dAHAIL 48 23]
MEERAT o] Fol|A DOE 71HLe Alai(Accident)Z o]ojx|+= AFAE(Events) S Al
HA 9l Ao wel AAEE APd 2 A2l XE(Events & Causal Factors
Chart)& 7]%3‘5:*—15?i o2 AAHAGER ofle} B JFol= A8l THs
& ZloE AdHT. T v UAFAAME AR HE JFeES AR A
RS st o, ol EUE 3 ALEA B Eo] Hlx oA F FHo]A]
of SAE ATk WA B Aol vl HARoA kst Ao &8 F<I
DOE 7"H< £ A7 A4 7|Ho = HAAs o

3.21 DCE 719 &z 5 H¥

He IA F& do] dojytEx(What happened?) #FHFAE
azARS} o dolut=A|(Why it happened)E Zotst= AlLEAo® FEETH 18
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T AP EAS (28 3-119F 2ol @ AFA ¥ Alxzr8 <9l xE(Events & Causal Factors
Chart, ©]3} E&CF ZE) 2H4, @ ALYl E2(Root Cause Analysis), @ AZF E4
(Verification Analysis) =02 =T},

E&CF AE 242 4878 AX A= A, ALzs 5o £48 4 - 24
FAES EUR AAEE U182 Bshe AMLEA(Factual Analysis)& A8k, Tho}
= A 9 Z2AEES [O" 3-2]9] (@9 Zo] =gA &£Ad wel %27] E&CF 2EES
2431 t}E E&CF ZHEO| A AFAS(Events)S WA == olgtdb A $=Ald] uwlg} 43
HoR(AZo A QX W dsta, 7 ALY I, EelF 49, A g

5 &1 &(Conditions) T2 O Z(E)F A1 vt ofefol viX]) A%t E&CF AE
E 83l AAEAS & A de 7 e AL e 2o 4 Akan(Accident)
Z o]ojA= AR E(Events)d} olo] gFS += =7 =(Conditions)S =28} 3tar
A4S ASE 4+ Uk a8l Ak AHAR

Ataet HEE ARl =29 #AE Fotd 5 U

=
2 4k v goR FhHoR 24 R RAsor & AFES e 5 Uk

4

T

Mo
re
o
s
rlr
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>
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T
rg to K
o
> % Ho
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A B Apmeel
xbe 34

AR 9 AL ol
xtE 2elo|=
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[Z1¥ 3-1] DOE A& =k (v]= DOE, 2012)

=4, A Hal s AFdAA HeH HEe A Barrier Analysis)e A
ot WaE oo wEM Alale ARl AR f8l - A E e QlHazard) AT
& A AHTargev2be] ol s LA oh whepa] o] b 11 HES Adshr] ¢
) AFAROlA ZAPY e XS0k W WEH el FRIVE FololH, AlnE |
dukzl o g g
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=] ° A
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3 - A 71A Foll AF AAHe HEHA SE i It 5 3 - A asd
I At Ateloll A== FAR - bt & ASithd<] ZFA7t
Zgst= elRET Fo] Ut YA = AgAx}A(Standard Operating
Procedure), HAZH}] raiof ol tigk A=, AYs|7A(Permit to Work) so]
o Hsd BA Ao 7[EFCE i AFgAel 2AXE Wsue] g, t‘*i‘ﬁ—g
of

A EE RS @ 5 A o BEY AR 9% F 5 kAP o
A8 429 A% {5 Sf A Aok Bk 282 A AR Add2 2
ahx B3 YEHE ket ALHA $e WM, HAHA e PEH] tEE
w5 gelsta Alwel vldl P BAsor Ak

=2 2

ArA A *Hi AMA
= (Decision) (Action) =

(@) 7] E&CF #E

Ve
e

11

A7 A S A
(Decision) (Action)
(b) E&CF Z}E Aol E
=
AR A Lo A A
(Decision) (Action)

(0 H% E&CF XHE

[19 3-2] E&CF AE AAd<eA 4 A (v]= DOE, 2012)
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AP 2 S

(Accident Condition)

SIOIE X101 01 Aka10f

oz 38 =24

- (Analyze Differences

for Effect on Accident)

Hiul

(Compare)

X101 ™ =0l
(Identify Differences)

OOl AVEH
(Accident-Free
Condition)

AlR0! EM K= 28
(Input Results into Events and
Causal Factors Chart)

(19 3-3] ¥ &4 7Id (7= DOE, 2012)

AR, AFAZA Wskaglo]l Abare] wHl FEFS A sk= W3St £4(Change Analysis)

AAg skt APdEFe] Ui, AP WA T ARG AlzEo] AguE &9
o A== P Balance)= == ASEA, AL V& AlzE EFHA
A Blojd AeElE ousirx gtk Wt £49] Ade (29 3-317 Zo] ALFAIL]
2Qdsa ool WA Al A A me Z2E FAFAEA} vwste] gketd 2o
Aol AlarkAyoll ojB A FEFe uHEAE BNk Zolth wEhA st B8 AA
st7] Aol 7R o2 ALEAY ool Aedt Alged Al 7AYol disiA 9
ofsl Folof atm, MAEH, ARIHAA, &8 © FAHY Aa, dFEHTFEd F
A 9 Fol 83 82 F Ak =39 W B ARE E&CFAES] E3HA|
71 A A A8 R1E Fetslsd =g "ok

it o

PpA oo R PEM B WS T JMEJ AR B E£AEE B&CF AHEC] ot
gstel (1 3-219 (0% Lol AFH o= AyUTh E&CF AEAYS] FIH =7
& Axe] AAE sofahs A oA Amw A g A 2 gelol
Esfo} @k

HEHOoZ 49 E&CF 2AEE 53l ALIA AAS HA QA FHolA dhofst

/\}37_%/‘3 Uﬂﬂ‘%% 24 %‘Eﬂl /\} 2 2l(Causal Factors)S E=Z3It} Alargdelo]

= Ard(Events)¥} Z71(Conditions)& 2] ]

Ittt % TrA}ZHSH«I A2 & %‘H A= 9r = 7R o3 (Recommendations)
= %

Zxojof 3, o] 2 YefiMe Ao ZH A YAt ofygt ALzt ALY
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& N2E As Ay 5 ZEAAE Fokd 4 glojof g

DOE AtaizAb lERoAdes AbgdedS 3709 f3es BHFIT HA, A
211 A (Immediate) 0.2 Lo 71 2 HA<l(Direct Cause)g detdic} 24 YU2le E&CF
BN A AaL HAGA L] Aol Y 270 e & Utk A, AlnE AHAH L
2 Yo7 A e Ko, A ThsAds S7HA1Z 71 A(Contributing Cause)<
getgith, vix|uto g AR FEAl2H Ay FHEAE FEYARoot Cause)S It
o}gtty. DOE E=HoAxes ZEAUJS /A= 3t FFAsY Ads &

Ml Hd
of!
oA
X
Y
of
gt
o
i)
s
&
1

ARLEAS B AbaLgle] =EEW, 4 AlnQlEE a4 H7Hudgment of
NeedE AARTE. oA Hrhes &5 - AR AR == AT A 2 J8iE

24 B7F A= 7ile] obd Adapel Al =H A

Ay
A5 ANdsfof sk 2A(FA)S BASoF itk

Judgment

Causal Factor of Need
Causal Factor Judgment

of Need

Judgment
of Need

4

Jo A HrE &3 /A #A(Recommendation)o] AsIAH RuA 2 A3 &
ASEA(Verification Analysis)= AAIST}E o] GANA = A +HE A4 - &

A AT B W] dAY B =24 FeR oo A dnh
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daEeolEe] & M2 EEH 9o & & He ATZAYE YAl Xe=z 1
e FAGA Sl AAHAAGTH 3-6] 2 FAGA TP F JA 2L
ARG A8k FAAFE A= FEJA L fdF2 B oHe FEHAT. A
= ZAZE B FAgsteol o8 SAAAE DAUE o] HARFEH wAHA
AT FAAGA HHS AAD wols AW shEol SFRATE A H o
AR, AP dls FEEER] A-RAN s SUTTAE JAsH] f8) ¥iA

7F Al g ATk

332 %35y &4

HaEdelE AAF 3 Aaet #d Qe AR AR WEAA= (19
3713 21 =94 Bad 2 basdolE THEAGAIH, w3 HaH e b

AEHUCIE T AHd BAEA,
dHHe] AT Al 2 B3| ARLGA] 2sdE oF e AdolR, 8L
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Abstract

Korea has achieved high economic growth in a short period of time, but
in terms of occupational safety and health, it is at the lowest level among
OECD countries. Despite continuous efforts to reduce industrial accidents
over the past 20 years, the industrial accident rate is 4 to 10 times higher
than that of European advanced countries such as the UK. In addition, the
occasional occurrences of large-scale accidents, such as a trap accident at
a thermal power plant in 2018, a fire accident at a logistics refrigerated
warehouse construction site in 2020, and a collapse and burial accident that
occurred during concrete pouring at a residential-commercial construction
site in 2022, have created social anxiety. It is known that the root cause of
these industrial accidents is due to the lack of safety culture and the
absence of a Occupational Safety and Health(OSH) management system that
discovers and eliminates hazard on their own.

As a result, in 2021, the Severe Accident Punishment Act was enacted,
which imposes duties on the establishment and implementation of the
workplace OSH management system to owner & board of directors. The
establishment of a self-discipline prevention system to identify and control
hazard was emphasized in 2022. In the case of the construction industry,
since important decisions related to safety, such as construction cost,
period, and process, are made before construction starts, Design for
Safety(DfS) was introduced through the revision of the Construction
Technology Promotion Act in 2016. What is noteworthy here is that the
safety and health management system, the self-discipline prevention system,
and Design for Safety all have risk assessment as a key tool.

Risk assessment is the process of establishing and implementing hazard
identification and risk elimination or reduction measures in the workplace
when the risk, which can lead to death, injury, or disease of workers, is
out of the allowable range. It is an ongoing accident prevention activity. It
has been about 10 years since the risk assessment was enacted and
implemented through the revision of the Occupational Safety and Health
Act in 2013, but it has not been properly established in the workplace. It
was found that the reason for this is due to difficulties in identifying
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hazard and choosing proper risk control measures during the risk
assessment process. Therefore, this study considered that risk assessment
should be properly implemented in order to improve OSH management
system in the workplace. Accordingly, this study suggested application of
Accident Analysis and Design Solution as a method for strengthening the
implementation of risk assessment.

In this study, the US Department of Energy(DOE)’s accident analysis
technique based on the epidemiological model was selected as an accident
analysis method. The DOE method categorizes the cause of the accident
into direct causes, contributing causes that did not directly cause the
accident but increased the possibility of the accident, and root causes
related to the defects in the management system of the workplace. In
addition, DOE method can make proper recommendation to prevent
recurrence of homogeneous accidents, based on the three types of cause.
Therefore, this study considered that the DOE method should be used as a
supplement to the hazard identification and the selection of risk control
measures in risk assessment. In addition, the effectiveness was verified by
applying the DOE technique to two fatal accident cases occurred in the
construction and manufacturing industries. According to Heinrich’s disaster
occurrence pyramid (1:29:300), 29 minor accidents and 300 near misses
occur before one major accident occurs. Therefore, if accident analysis
technique is applied to near-miss and minor accidents and the results are
fed back to the risk assessment, it is expected that serious accidents can
be prevented more effectively.

Design for Safety(DfS) is a accident prevention activity in which a
designer conducts a risk assessment at the design stage before construction
begins, and reflects the results in design documents. However, DfS has not
been properly established due to the designer’s lack of knowledge and
experience in risk assessment and construction. In previous studies, it was
found that designers consider the degree of task difficulty of deriving
hazards and establishing proper design solutions very high during risk
assessment through design document review. Therefore, this study suggests
utilizing the design safety technique (Design solution) as a method that can
help designers in their risk assessment.

This study analyzed whether fatal accidents could be prevented when
applying design solutions, targeting fatal falls (680 cases) that occurred in
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Korea over the past 3 years. The design solutions applied in this study
were selected from some advanced safety countries such as the UK. In
addition, a chi-square cross-tabulation was conducted on the relationship
between accident characteristics (construction type, construction cost, work
type, fall location) and design for safety. As a result of the analysis,
construction type, construction cost, work type, and fall location all showed
significant differences in the frequency of accidents related to design
solutions. Construction type to which design solutions can be applied
(maintenance, factories/warehouses, small-scale housing/retail stores), work
type (steel work, roof/panel work, demolition work, painting/waterproof
work), construction cost (Less than 2 billion won) can be used when
identifying areas to which design solutions are applied and formulating
policies. In particular, it was found that the fall location where the victim
was right before the fall had a high correlation with design solutions. It is
regarded that these results can be used by designers to identify fall-related
hazards and select appropriate design solutions during risk assessment.

In conclusion, this study presented Accident Analysis and Design Solution
as effective measures to strengthen the implementation of risk assessment.
In addition, it was verified that accident analysis and design solution could
be used complementary to the problem of predicting hazard and selecting
appropriate measures in risk assessment through the application of accident
analysis to fatal cases and statistical analysis. However, since the utilization
of accident analysis techniques in domestic industrial sites is insignificant
and the related professional manpower is insufficient, follow-up studies such
as development of guides and educational programs for accident analysis
techniques are needed. In addition, in this study, only the applicability of
design solutions for fall prevention was analyzed, and research on
additionally developable techniques other than the existing solutions was not
conducted. Therefore, it is deemed necessary to conduct additional research
and development on the applicability of new design solutions.

€ Keywords : Occupational Safety and health management system, risk
assessment, Accident Analysis, DOE technique, Design for Safety, Design
Solution, Fall Prevention, Fall Location
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CONSTRUCTION SAFETY DESIGN
SOLUTION #5+
| DESIGN CATEGORY: ROOF+~

alliance

An OGHA Cooperative Program

HAZARD: FALL FROM ROOF+~
DESIGN SOLUTION: ROOF
ANCHORS«

o
Thiz desizn solution reduces the risk of serious falls from roofs during the construction and
maintenance activities over the life of 2 building. Falls from roofs result in about — about 71 fatalities
per vear [BLS, 20{08] Permanent anchors provide a convenient, safe place to tis off when personal fall
arrest systems are neaded. They also reduce the chance a worker will not use a personal fall amrest
system becanse there is no place to tie off, or the worker connects to something that may not be
structurally sound or certified by a registered Professional Engineer (PE).+

+

SOLUTION+
Planning the construction and futare mamtenance of a building can identify areas where permanent
anchors should be installed. There are many vendors that design and mstall roof anchors. Anchors
should be capable of sustaiming a load of at least 3000 poumds without fracture or failure mn the most
adverse loading direction. The potential for material degradation due to envirommental factors such as
temperature, salt, and humidity should be considered. +

+

There zre many different methods of securing an ancher to a structure in order to meet the load
requirements. Through bolting with a backup plate is the preferred installation method. An H-frame can
be desizned and mstalled between bar joints when installing roof anchers to bar joiste. Once metalled it
iz generally the responsibility of the buildmg cwmer to inspect and maintain roof anchors to ensure their
comtinued and rehable pe:rfo:mame +

Figure 1 Planning the mn,shucuun and fature
maintenance of a building can identify areas
where permanent anchors should be installed.

BACKGROUND INFORMATION+

Figure 2 Residential roofing has a high +
incidence of falls. Installing residential roof+
anchors provides a place for workers to tie off

+~
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Roof-lights and Fragile Roofing Materials
Detailed Design Guidance

The Problem / Challenge

Roof-lights and fragile roofing materials are economic, sustainable and aesthetically desirable features which
should not be eliminated from design projects purely for reasons of safety.

The Risks

Falls through fragile roofing materials are statistically high and often highly injurious or fatal

Handrail Protection

=

Designated Walkways Warnings on Drawings

The Solution

= Construction Phase - Important to identify existing and new fragile roof lights and other fragile roofing
materials on drawings as a method of informing the contractor to control the risk of falls through these
materials during construction.

- Confractors to recommend methods of temporary protection in tender or construction phase plan proposals
to show their response .

= In-use - Additional protection measures are required for the longer term in use condition such as metal
railings, barriers, wire mesh or non - fragile walk on type roof lights.

- Avoid in-plane roof-lights or sheeting.

The Benefits

Natural daylighting is a human right and engenders healthy and sustainable environments

Key Points

= Walk-on roof lights tend to be very expensive so control mitigation measures are necessary.
- Use Symbols on drawings to warn of hazards.
= Safe Cleaning methods also need to be considered.
For Further Information Contact Paul Bussey (Scott Brownrigg) Tel 0207 240 7766

DBP0O0215
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CONSTRUCTION SAFETY DESIGN

|
SOLUTION #9. Iance
DESIGN CATEGORY: ROOF-

H

- HAZARD: FALLS FROM ROOF T
EDGE-
DESIGN SOLUTION: SPECIFY
SUFFICIENT WALL HEIGHT TO
ALLOW-
PARAPETS TO FUNCTION AS
FALL PREVENTION-

This design solution protects against the risk of serious falls from roofs or platforms during
construction, maintenance, and demolition activities over the life of a building. Falls from

roofs can result in serious death or injury - there werel161 fatal falls from roofs reported in

2007 [BLE, 20{09]. A parapet 1= a low wall or railing used to protect the edge of a platform or
roof. Parapets are not uzsed on every building, but where they are uzed they can be designed

to provide fall protection. Parapet/guardrail combinations are alse commeonly used on bridges. +
o

SOLUTION: +

Specify parapet wall heights to be at least 39 inches high and strong enough to support 200
pounds. This allows the parapet wall to fimetion as an effective barrier agamst falls. The
Intemnational Building Code requires that parapet walls be at least 30 inches high (IBC
704.11.1) for fire spread, but this height is insufficient to meet regulatory requirements and
meufficient to function ax an effective perimeter guard against falls. +

H

A parapet that can function as a perimeter puard also eliminates the need to provide
temporary fall protection for construction and mamtenance activities on the roof thus
reducing total costs over the buldng life cycle. +

This photo shows 2 parapet wall This photo shows 2 parapet wall
arcund the roof edge inztalled on a bridge
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CONSTRUCTION SAFETY DESIGN
SOLUTION #3.

DESIGN CATEGORY: ROOF-
HAZARD: FALLS FROM ROOF AR —
EDGE-

DESIGN SOLUTION: MINIMIZE
NEED TO GO ONTO ROOF OR
NEAR ROOF EDGE-

o

This desizn solution reduces the risk of serious falls from a reof edge during the construction+!

and maintenance activities during the life of a building. Falls from roof edge can result in death or
serious injury — about 47 fatalities per vear [BLS, 2008] are reported +

e}

SOLUTION+

Designers should try to minimize the need to go onto a roof and/or near the edze of a roof. Mechanical
equipment should be placed at ground level whenever possible. This eliminates the need to go onto the
roof during installation and routine maintenance. Foof vents, mechanical equipment, and
communication equipment should be located at least 15 feet back from the roof edge. The 15 foot
distance reduces the risk of a fall when servicing equipment. Specify permanent guardrails when
equipment must be closer to the roof edge. Specify multiple roof anchors to provide conventent tie off
points when workers must be near the roof edge. +

This photo shows equpment located on a roof. -
Positioning equipment at least 13 feet back from the roof | | 118 photo shows permanent roof anchors.
edge will reducs the risk of falling when installing and eigerifving munliple rouf aichits will poovals
servicing the equi ! convenient tie off points when working near the
= L edge of the roof +
Fu
o

BACKGROUND INFOEMATION+

= Applicable US Safety Reoulations+'
OSHA Construction standards+'

H [
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CONSTRUCTION SAFETY DESIGN
SOLUTION #4+

DESIGN CATEGORY:
ENVELOPE/INTERIOR+
HAZARDS: FALLS FROM
STRUCTURAL STEEL~

alliance

An OSHA Cooperative Program

-

H

This design solution reduces the risk of serious falls from struchural steel during the construction of a
building. Falls from structural steel can result in death or serious injury — about 36 fatalities per year

[BLS, 20:08] are reported.+
+
SOLUTION+

Designers can specify features that make it safer and easier to erect structural steel. For example,
hanging connections should be avoided. Safety sezts at column connections would eliminate this by
providing support for girders during the connection process.+

+

Perimeter safety cables should be installed as soon as the metal decking has been installed. Specifying
holes in columns at 42 inches plus or minus 3 inches and 21 inches above each floor slab make it easy to
ingztall cable or wire perimeter cables. +

Specify holes in columne at 21 and
42 mches above the floor slab. This design
feature makees it easy to install cable or
Wire perimeter cakles.

o B A, -

Design safety seate (see ammow) at column+!
comnections. The safety sests eliminate+
hanging connections making the +
connectich process easier.

-
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Staircase Framing to Aid Erection K

The framing of a staircase will decide if a flight of stairs can be pre-assembled at
ground level for modular lifting or if the stairs need to be assembled piece small at

height.

will aid erection
Non Modular Staircase Layout Modular Staircase Layout
Bracing & treads omitted for clarity x Bracing & treads omitted for clarity /

Disadvantages of a Non-Modular Staircase:-

1. Staircases being erected piece small will require the steel erector working at
height for longer making them more at risk to accidents.

2. Erecting stair treads at height is dangerous practice and should always be
avoided.

Advantages of a Modular Staircase:-

1. Modular stairs can be assembled at ground level which reduces the erecting
time at height making it quicker, easier, safer and more economical.

2. The bulk of the handrail is already in place so the stairs can be used quicker
helping with access for construction.

3. Connecting the stair stringers to the main beams using a plates across the toes

type connection means the flight of stair can be lifted and dropped into position
vertically making erection quicker, easier and safer.

Therefore always frame a staircase to allow for modular erection!

For further information contact Daniel O'Brien (Peers) — Tel 01204 5585283.
DBPO0156
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Handrails Designed into Staircase x

This inibative was driven from the desire to reduce working from height (incl
scaffolders installing edge protection). As may be seen from the photographs
below, the staircase to be used for construction access was installed in
conjunction with the steel frame. The handrail protection to the staircase was
installed at ground level and lifted as a complete unit into place.

Crucially, the design team did not want to drill holes for the temporary sockets
which hold the scaffold uprights and further holes for the permanent handrail as
this would damage the intumescent paint. This necessitated the designers
talking to the company that would install the permanent balustrades to ses
where they would require fixings. These holes were drilled during the staircase
manufacturing process and used for the temporary edge protection (as seen) as
well as the fixing of the permanent balustrade.

Temp. star handrsiis instalied &t ground level (Same Starcase with Edge Protection being Ifed into the
holes were later used for the perm anent handrad) Structural Steel Frame

Benefits

« Minimises work at height (including scaffolders).

« Quicker to install protection at ground level rather than moving all materials to
the staircase and also reduces manual handling risks,

* Handrail was installed by scaffolders away from the main erection process thus
no conflict of trades working in the same area.

+ Purpose made fixings for the scaffold uprights make this @ much sturdier form of
edge protection than is typically found on staircases.

+ Fixings for the permanent handrail were already in place which was a time and
quality saving (no damage to intumescent paint).

Drawbacks

» Needto have design from the permanent handrall designer/installer at the
structural steelwork stage of project design.

For further details contact Gary Lewis (James Killelea & Co, Ltd) on 01706 229411

DBEPOD128
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CONSTRUCTION SAFETY

| DESIGN SOLUTION #2. alllance
DESIGN CATEGORY: INTERIOR- R WAV

HAZARD: FALLS FROM FLOOR

This design solution reduces the risk of serious falls from floor openings during the constructions+!

And maintenance activities during the life of a building. Falls from floor openings can result in death or
serious mjury — about 31 fatzlities per year [BLS, 2006] are reported +

+

A 20-year-old male drywall mechanic (the victim} died after falling sbout 10 feet from an open-sided
second floor landing and striking his head on a concrete floor. The victim was working alone sanding a
ceiling constructed of sheetrock. The victim waz operating a sander and apparently unaware of his
position in relation to the open-sided floor. The vichim fell about 10-feet, hitting the concrete floor face
first. A temporary or permanent guardrail system along the open-sides of the floor would have
prevented this tragedy +

+

SOLUTION+

Designers should specify guardrail systems aroumd floor openings except at the entrance to stairways.
Deesigners should work with confractors to install penmanent guardrails as soon as pogsible in the
construction process so that workers will not be exposed to fall hazards. Cast-in sockets can be specified
around floor openings. The sockets make it easy for contractors to install temporary guardrails during
the construction phase. The sockets can then be used for permanent railings or filled in+

This photo shows cast sockets along the open side
of a stairway, The sockets make it convenient to This photo shows guardrails installed along an
mztall temporary or pe:rmansnt guardrails.*—' upmiﬂg_ ]'_ﬂs{ali_‘mg g'umﬂ[mlg ear]_}-' on i the
construction process can eliminate the risk of a
fall through an opening .+
BACKGROUND INFORMATION+
= Applicable US Safety Reeulations+
OSHA Construction standards+

1926.501(k}1) Unprotected sides and edge. Each employee on a walking/worling surface (horizomtal
and vertical surface) with an unprotected side or edge which is 6 feet of more above 2 lower level shall

| [

_73_




i AR F o . MEWP H o] 7Hed d&+= 24

=] <= DBP(Design Best Practice)

Access Through Suspended Ceilings

The Problem / Challenge

A major transport infrastructure client recognised that high and deep ceiling voids could be problematic to inspect and
maintain. They found that it was often impractical to close off buildings to facilitate scaffold access. Ceiling access
panels were traditionally too small to allow for safe access and deep beams and large ducts & other services running in
the ceiling void prevented access platforms reaching up into the space.

The Risks

Falls from height associated with unsuitable access equipment.
The unavailability of suitable access for tools, equipment and replacement parts.

The Solution

»  The selection of 600 x 600 panel size was challenged and large ceiling panels were substituted. These enable
access by systems such as mobile elevated work platforms (MEWPs).
»  Panels were hinged or had sliding mechanisms so that they could be safely opened.

*  The apenings in the ceiling and the services running in the voids were designed to provide adequate space fora
working platform to be raised between them, giving access to the full height of the void.

» Mo services were placed in any remaining inaccessible areas.

N

. |

The Benefits

»  There was a significantly reduced level of risk associated with work at height during maintenance.

»  Theimproved access amangements meant that the impact on the operational building from maintenance activities
was reduced.

Key Points

+ The design team planned ahead to improve access for maintenance.
+ There was coordination across design disciplines to produce the final design
+ There was willingness and commitment to challenge the norm.

Originator — BAA / ARUP Edited — HSE — For more information please post on the forum.

DBP00195
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CONSTRUCTION SAFETY DESIGN

o alliance
—{ DESIGN CATEGORY: -

ROOF/INTERIOR« e

HAZARD: FALL FROM LADDERS-
-DESIGN SOLUTION: SPECIFY

FIXED LADDERS OR STAIRWAYS-

=
Ladders are mostly used to access an upper level or a roof. Falls from ladders is the mmmber one cause
of fatalities In construction-about 78 fatalities per vear [BLS, 2008]. Ladders can be hazardous when
placed improperly, not secured, or used mappropriately. This design solution reduces the risk of serious
falls from ladders during maintenance activities or when accessing a roof, platform, mezzanine, or upper
level of a building.+

+

SOLUTION+

Designers can contribute to reducing falls from ladders by specifying fixed ladders or stairways
whenever possible. This would eliminate the need for a portable ladder when accessing a roof, work
platform, mezzanine, or upper level. The chance that a worker may use a defective ladder, an improper
ladder, or not use the ladder properly is eliminated. Many building codes require a stairway or
altemating trezd device for roof access in commercial buildings +

+

Fized ladders shm';]ji be speu:l.ﬁedtn 2Coess Fixed mdustrial stairs can also be specifisdd’
2 work platform, mezzanine, upper level, to access an a work platform, mezzanine, upper  +
or aroof level, or a roof. Alternating tread devices+

can be specified if there i3 lomited space .+

_75_
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CONSTRUCTION WORKPLACE

DESIGN SOLUTION #1+ allian Ce

DESIGN CATEGORY: SITE~
HAZARD: FALLS FROM NON-MOVING AR OSARCY—— T 4
VEHICLES«

»DESIGN SOLUTION: PROVIDE SAFE
ACCESS FOR LOADING AND
UNLOADING TRUCKS+

o
This design solution reduces the risk of serious falls from non-movimg vehicles. When a truck 1s on the
road, 1t 15 comtrolled by DOT regulations. However, when vehicles are stopped for loading and
unloading, or when a trailer 1z used for storage, the truck bed or trailer is in effect a working/ walking
surface. While OSHA 1926 excludes trucks and trailers from the agencies definition

of "working‘walking surfzee” thereby exempting these areas from fall protection requirements, workers
are injured or killed in fallz from non-moving vehicles. The same safety precautions that apply to open
sided floors six feet above a lower level would also apply in preventing fall injuries during loading and
unloading of trucks. Falls from non-moving vehicles can result in death or serious injury — about 22
fatalities per year [BLS, 2006] are reported +

+

SOLUTION+

The bed of the truck or trailer should have a safe access, such as 2 stairway with railings, and guardrails
around all open sides of the truck bed or platforms. Designers working with contractors can provide safe
designs for access stairways, raillings, and guardrails for loading and unloading trucks on a construction
site, or when a trailer iz used for storage. Permanent or movable stairway/platform/guardrail systems
can be designed for loading and unloading areas of permanent buildings and structures.+'

+

The above two photos show how movakle platforms with guardrails can be used+|
around the open sides of a truck bed when loading and unloading trucks+

R e

_76_




A =4

BAFY Al 2 o (REY TR AN FE 7

ul= OSHA A& =213

CONSTRUCTION SAFTY DESIGN

alliance
DESIGN CATEGORY:

An O5HA Cooperathve Progrem

ROOFENVELOPE~

HAZARD: FALLS FROM HEIGHT+
DESIGN SOLUTION: PRE-
FABRICATION AND-

ASSEMELY AT GROUND LEVEL
TO REDUCE OVERALL TIME
EXPOSURE AT HEIGHT~

SR I IR N N .

This design solution reduces the rizk of serious falls from a height during the constructicn
and maintenance durmg the life of a bwlding. Falls from height can result in death or
zerious injury — about 22 fatalities per vear [BLS | 2008] are reported.+

o

SOLUTION+

This desizn solufion reduces the total exposure to falls from heights by a factor of greater
than 70% when instzlling the large duct and attachments typical to coal plant air quality
projects by pre-fabricating and assembling the duct sections on the ground +

+

The duct goes through an assembly lne set-up where insnlation and msulation covering
1z installed from a zcaffold mzide a large tent. The duct then has catwalks, permanent
lighting, handrails and miscellanecus attachments mstalled while at ground level. When
the duct 1z lifted into place very little high work 15 then required to join the sechions. The
scaffolding 15 much safer and able to be easily maintained inside the tent than if the
scaffold had to be built from the ground up to mzulate the duct if it was installed without
mgulation. The penmanent lighting, handrails, cable trays installed at ground level greathy
reduce the exposure to heights that would be required ctherwise. +

o

=
:'-in“'

+

Figure 1-This photo shows the C Section Figura 2 — This photo shows works!
of duct going into the tent. mside the tent +

o

+

_77_




= ojzd Aoyl HA F F AW - AU A& Eeld HAE]
T e vy A
A TF HAEA AA

3. x| A

%9 ole]d alglr] Az

L EPS B EE

quas | 9% EE X3 W4 oo A1 24 A, A
;;;]-}d:; d F 9 A BFAY A YAt == 497)
T | doln

ool A971F Fulgk Autde] sp7ke WA x
d8 | A AAse AAAY F R 4ARY-25RY A
Woi AL A

—~
» =
{1

3

f

(HAA HE F WAL

* Guidance on the principles of safe design for work(2006),
Australian safety and compensation council
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