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Abstract : There exists required safety integrity level (SIL) to assure safety in accordance with international standards for every electrical /
electronics / control equipment or systems with safety related functions. The SIL is allocated from lowest level (level 0) to highest level
(level 4). In order to guarantee certain safety level that is internationally acceptable, application of methodology for SIL allocation and
demonstration based on related international standards is required. However, the theoretical and practical study for safety integrity level is
barely under way in the domestic railway industry. This research studied not only the global process of SIL allocation to guarantee safety in
accordance with international standards for safety related equipment and system, but the quantitative methodology based on international
standard and the semi-quantitative methodology as alternative way for SIL allocation. Specifically, the systematic SIL allocation for
platform screen door system of railway is studied applying the semi-quantitative methodology in order to save much time and effort

compared to quantitative method.

Key Words : safety integrity level, railway, platform screen door, safety integrity allocation, tolerable hazard rate, tolerable individual

risk, individual risk of fatality

1T.LME

FAHOR g THsT AlLR HHS HES
7] Slalae B o] 27ste] s AlLvle] &
Aol Hgst =F9] b FAA 4=(Safety Integrity
Level) 9] &(Allocation)2 $17t JIH 29| #-80] 2+
ok shANl AR Sl AriblRopol A= o gt
A FEA e BER ol 9 ARE At
7t u}o] AP le] oro. APﬁLo]r,},

-

i;
rw
34
_9.
Hl
Y
2
o
:Ll
é
2
i)
r—?_‘
>
ox,
o
o’
olN
ofs
N
do

SR ERE ‘th : x,j LR

Q) P WS 1) Ayt -

ofel U B sl B e gy e
Yk

P el A £QEE B AT LS Folr] 9
o 584 o W E diste] Atk olE &
3 A7 A8 Aae Al Sletol AE S0 2
39 ZoA A" 75 F 8 b I 7sE
Agetel 71 Bl Aol 2T g
23} 2 A0l Agtek v YA Az A R
A5 13 o FAA a5 g YHES F835)
o B4g faela 1 A3 Hm Pk
2. oI AN F e

2 Aol A WEA|2E A o] PITl BAFA
& Sl 24 ) Wl o e A, 2
AT B % j]_ 9 A2k st HH@%@H\:H ,11/\5'_ ol
3]-& 93] 9 ol Y& (Tolerable Hazard Rate, THR)AI)

*Corresponding Author : Sung Il Lee, Tel : +82-43-841-5334, E-mail : silee@ut.ac.kr

Department of Safety Engineering, Korea National University of Transportation, 50, Daehak-ro, Chungju-si, Chungbuk 27469, Korea

156



1
R

ek obA

B S ag Y

IHRailway authority) & 29| 27| |43 EAof 7]
W 9l P aFARNES F3E)7F AlAH
ofof s, AAE BAARGO]| FSt=S AL" S 7)
wekn AFSor @ 9ol PR E
(Supplier)ol] &]3t s 0] QAR T A HA
% ogo] el Raolth wal, FAIZ, Wi
T, A28 B 52 wmeste] by aTARE U

% Bl e MRS dEsky ksl g A
= oA 4-¢17]3H(Railway safety authority) = &3 oF
4 B 7KIndependent Safety Assessment)®] &&to] &
TRk 7t e x| o] WY W ofate] BE WA
25 P FAA g "aks off o] Fig 13 2tk

ol
AR

ho

Risk analysis
System definition
Hazard identification
Consequence analysis
Risk estimation
THR allocation

‘ Railways authority’s responsibility ‘

Hand THR

Hand THR

Potential
new
hazard

e Causal analysis
e Common cause analysis
* SIL allocation

Hazard control | Supplier's responsibility

Fig. 1. Overview of global process for SIL allocation?.

A719] Fig. 19 7u1et wA2ge) eb
¥ WS eokst ot 2k

24

[N

A~
T
LABA, 78 7%, dETolA 52
2]

[e)

S ES IRy

el 8 fdadd
Al
1=

ok

FRQPESIE|R|, MI31E 4%, 2016

2EF A2l

S 74 A4

TZOAIARQ| ok 22

g e dPaoRyE WA Jhse 23
£ 1T 58 ke AEs] HE EA
= onze] i@ aclet TIE ASlBAT} A2
9 P22 TERk oA W shiAlad EE
715 A9
= golE obaA SHEAAEY B o]t 518
Fs glEacl S U obd RAY £F WY
QoA Aol Axo] A8 93t 2 BE W o
geujolelet ZeEe ofelel Fig 29} ol Helat
A
% gt
Input Activity Output
1
Define System v
V(functions‘ boyndary, System Definition
)
L]
2
Identify Hazard Log
(system) hazards [
—
¥
3
Risk tolerability criteria System Requirements
(safety) Ana'w:fhawas THRs-»! Spedification
L]
4
(Sub-)System R Aratyoe causse of Hazard Analysis
| Identify additi
hazards
Iterate unti w
syswnbzm\mt ' =
| i Subsystt
A!lo:‘zt:a Safety Inl‘eognty s Re:u?r):mesmnts
| subsystems/system ey ificati
elements w

Fig. 2. Overview of SIL allocation process‘”_

99l Fig. 20] AojE A} 5 104 3¢hA(System
definition, Hazard Identification, Consequence Analysis)
A 7] P(Railway authority)®] 219 sto] 2]
= A9 AlL" pEolA e obd A e g
2 EEE, ol SHAY A9t Axw AR
(Supplier)®] 2 ¢} slofl 8 =)= SHEAIAR(E= 71%5)
FolA9 b AN o dFEAE ouldith

L

=20 od

Fig 2014 Helel WAE o R Prd o) g
A ob AN £E0) BFS 9ol MY AT B
B ALY 29 BAS TR elaa BaoR B
A L = I e
AN 7 THES Sl5tel HeEE elaa 2 W

A ofelel Fig 33 2tk
157



SIE - olg

System Analyge
Definition :'> Operation

et 1T

Identify

Hazards :>
Il

Estimate

Hazard :>
Rates
U
Identify
Consequen

ces:

* Accidents E>
* Near miss
* Safe state

Il

Determine
risk
I

System

Hazard
Log

]

Risk .
e Determine 4
tole_rab_lllty :’} THR quulyemle_nts
criteria Specification

(safety) B (Safety
requirements)

System Design —
Analysis \_/

= S

Fig. 3. Risk analysis process for system level”.

B Aapel] s)urer FHE Wy
=5 2z e QAL A2
YA e o gEde A, A4 2
B ] | Z=3=]ojof st}
29 %@ U wAY 2 U
S50 58 b5 91dasl
A E(THR)S: @%}{— Aolek ol o Sl
| SHIBLS HolFo 2 A
T2 ZATl 3¢ 7P 930l BE uket
s obd BAY SEe Srbsey] gl
SHAFA AT B8 AMeEad Basd e
ol HmAX 22O olgo] Table 13} Zth

£ o o

m-‘isl

Table 1. THR and SIL table®

'rf)gie;a(l)oll; :naﬁirragjnc{g Safety integrity level
10° < THR < 10°® 4
10® < THR < 107 3
107 < THR < 10° 2
10° < THR < 10° 1

YRR S8 Jbs ARl HAES AEa]
A= —‘,l/‘\jZ;]EE 7 E]/\EL(IndiVidual Risk) Ak

(Tolerable Ind1V1dual Rlsk, TIR)
£ 7IECRE Q7%= THRE Ao 4= Qo

“PD CLC/TR, 5045170 A 3ke] A A} 2jas
(Individual Risk of Fatality, IRF)= o}gfjo] 4=A]x} 7o)

158

o] .

IRF =),

N, [(HR]. XD+ HR <X E) Y] cfxpf]
allhazards H;

accidents Ay,

— X N[ERDE) 5 ]

i
allhazards H; accidents Ay,

7|4, Ni : Azt B AREY 0§ 3l
HR; : 91800 WS
D; : Y8l AEA7E
Ej : 91882 =2AF
5 PP eloR gt Alare] HhyskE
B o Abael o) Al 8

A7) AelE Salel) 2Ae] TIRE 7|20 THR
A2 SBIAE oele A4S BT 5 ek

TIR=> Y M[THR.(D.+E.) Y Ox ,I.’f]

allhazards H;

—

2.3 gt M2 g|AT NZH QA E 1S SiEt HHHE

2270 A A3t “PD CLC/TR, 5045170) A3t
T2 g HES 28517 YA el =
AlRE AEAIZE 1 Q1o m QI3 ARaL WY ShEo]
JojEfofof gttt whebA] ARl AlAR 29 2710]
FAH = GoJEal o]t &9 =S Lt ARl
2Ry Ajube] o] ofsl| Ax} FAjo] f=d)E|ojof Jirt
T3 Avf 74 Al 242 AR Y BhEo] #4141
7T} 2 Aof 7|4t sko] =2 A 08 T4 E|ofof gt

SHARE, AR A AL TR 9 AR A9
Z27] SAONA ol 4 2 E o8 7 AR
o] Aol Agstar FAAoR Howr]| oz u,
A8 gt sielet= AEA Sl g9 daE ¢
ot A 24 o3 Aol e AErtet B
32 lo|e7F ashs W AZR} R=go g QIgh
H-§ aw7F hge 4= Qlek

i

.

71014 71t A el wE A g’
HEY HlmadS Sola g HHE A8 Al &R
e AR ege Fastely] ffste] & AtolA=
ZA|FANA HolE HoFA T HHHES yjHio g
A8 Al wo A7k} =¥Ho] QPE|E= A FQ g
23 AgF 4] disto] HE ARA VEe AHostal
ol HEFrozHN 2348o|x Hold HFA T
ol visl 27] i SAlA FAA] 94 =4
o ol ghEIF ofFa g AR} BlEe
Ust7] ol ARollA #-8o] golstal aael &

Journal of the KOSOS, Vol. 31, No. 4, 2016



2y

p=|

A B AT MY QAS IHEHET

=
=

2]

PR ES AABELA Btk o]E 915t
“PD CLC/TR, 5045170]] A3t A=k &+
of ZAst A8 Al W A le2o] 9
2 gad A3t a4 AEsHL djd a4
AFA 48 7S Jogtt) HE4o= 4
b AeFA a3 AfgeasE “PD CLCUIR,
o Aol 2-8-5to] ¥ A

g3t obdl RAY B 5

O:

=]

ofd

504510 AT HFA
T oA A aas

A& ARtk

2278004 Ao Ao S AFHeR A
ofsjojoptt ot Aoz HoH7] ofHE 8ie
AT = AREF olg BNy el “AbaLef oJRk Ab
T FEEYER ZIT 5 Ak ol g A2 &
4ot B TR AL ol meEk SR ghol 9
wofof sh, 7 27] dAlA +E= fEld
4 Aol 7|k sto] Aolsk=d lolM w2 AlIRE
I o] 8FHAE etk Ay oR, At e
A7 o8 SIE(N) e} “Abatel] oJgt AP SHE(FY)”
< Alejstal I W E A8 Al B2 ARG 9o
87EE 84E YRR AHARKD)”, “Hd89l
EEARHE)” W AR de R Qg Aare) TAekE
(C5°9] 3717 FEog Holgt 4= 9t

HollM gofRt 37kA] 2laa g4avof ik R A4
7135 #oJ5t7] $Istoe] “IEC61508" o) A] o
€ okfel 7124}l 2la3 AEe Aidel 7]
371A] ol tig vE AFE 8a4aE A F9

=]

1

Risk (R)
= Frequency of accident(F) x Severity of accident(C)

H]

fus

A719] 7184l glAaz o] A goa] Alare] by
=5 b= F& ofge) i ass 23t

A 89l =& A|7F E= H% (Exposure Time or
Frequency to Hazard)

AbaL BHRY & 7F 3HE(Accident Probability Reduction)
gl WAE (Hazard Rate)

SlolA Aolsl Abm WA WEeh wish steble
% “9IW AL ALADY, “HA w=EAKE)
B 91 RQIOR QIgh Abme) WAISHE(CY T o)
AFo] S Tl 9 el ed A7k B vl
0] 49 h g2 F 9IRS ASARKKHD)Y,
"SI0 wBARKE) T FUTE oJule] sietue
A8 7Pssie, oloh welste] ALUAR] AbmukA )

SH=ekdsIa| A, M31# M4z, 20161

EawA N
So

At AT E

M

o =1

o

|

=

SOjAI AR oK P

w2

A=
T

238 Tefshe S8l A&A7k] mBAIZE Rt
Acka sheehe Afae] WO QI gk wE
| A ) HYHoR AYHDR gPadl A%
AR Bz Aol AHAe ast ohjely ¥
> glek web “SIERQ1 AEAHDY S~ Rl
e EANE)OR Bt} MAFES Sk E A
T AR B89 Aol “g@RcloR g
Ape] SHAYERE(C e ula g EE FEoE A

g 4= ek

2 Ao A7) 7|48 elam ool e] 424
X 5L Folapl 5] $15jo] RS B AT
T HIErep “Abal A A3 SEro] o] ofget 2
o] A Holstar

B 2EQ0 & A BEE U EX;

o Aoy AT S P

SfollAl Holel 2714 elad A% 94g PFH @
o W Ee] gat] Sla A 7% otee)

Table 22} 7t}

Table 2. Semi—quantitative criteria for risk parameter

Risk
Parameter

Quantitative

Qualitative Description Value

Exposure of members of the risk group to hazard
is conservatively to be assumed frequent or
permanent

Exposure of members of the risk group to hazard
can conservatively assumed to be rare, only in
exceptional or short time cases

EX; 0.1

Exposure of members of a risk group to hazard
is only in very rare cases to be expected (e.g.
passengers in emergency situation etc.)
There can no additional barrier be conservatively
assumed that would reduce the probability of
the hazard evolving into an accident

0.01

There exists means or circumstances to clearly
reduce the probability that a certain hazard evolves
into an accident

There exist two means or circunstances to clearly
reduce independently the probability that a certain
hazard evolves into an accident

0.1

0.01
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