Chapter 1: The Meaning and Context of Safety Integrity Targets
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. 4] go] @ AH9] (Core Terminology)

HAZID (Hazard Identification): T2 A E 27| 7)\g A dA A 54, ]|, Yx| 274 24| 9]

& 98 @42 o a Adsl 1242 (High-level) A2 93 418 7|9 e},

HAZOP (Hazard and Operability Study): 44| A A @A oA 7}o] =9 & (Guide Word) 2} &
A WH4=(Parameter) o] 292 Foff AA QoA Hoju= o|E (Deviation)& A A O 2 EE6h=

34 984 24 7Egdo

Risk (YJ¥A): Atz 9 WIE (Likelihood)Q} AFarl WA A m]8)] Ato] 42+ (Consequence) 2]
2gton AEEE AUA/BAH AR,
Safety Target / Tolerable Risk (5] € ¢Jg BX): ¥ E 002 7t= = A& oF4 (Absolute

Safety)-2 E7l5stn g, AFS|A . 7|&H o2 48 7%
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ALARP (As Low As Reasonably Practicable): 9|3 7=o] £ 5= H|-81} o] 5 74O H|Y
Qg nelalel, g Mo A s 22717 98L Bre Wt AU,

SIF (Safety Instrumented Function, ¢FA AR 7]|%): EA H|A 93 oMIEE 9tr] 93
=9dog SaelE Bl o Aol 2xyc,

SIS (Safety Instrumented System, ¢tA AFF A AH]): 51t o]AF2] SIFE A Ss17] sl AllA,
27 &4, % Ao] 8481 )2 PAE WA S8 =0l AmE o] A2,

SIL (Safety Integrity Level, ¢tA BAA FF): SIF7} Q15 = Al Al 7152 A4 =3
% ol AEE 9 98 7% 58 UeE 1eaghd] 53U,

Demand Mode (Low vs High / Continuous): HA 25 Q@ HIE 7} o 13] o]5}Q] #HI%
2= (Low Demand)9} 91 193] 23} = A4 249 IHIE /A4 B E (High/Continuous Demand)
2 28y,
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PFDavg / PFH: 11]?_]5:— EEOﬂ/\‘].‘_ﬂ ﬁé‘ﬂ_ —Q—:ILJ\] j—;g- Q—%(PFDan) I;Ll 57_‘%]_5‘_/@—5_,\— E—E—Oﬂ}qg
A 91d 1% < E(PFH) YUY

Proof Test Interval (71, A7) A F7]): A7 At o2 HAEE A
Qv
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Failure) & E2317] 913 S-aohe 47] 45 A7
SRS (Safety Requirements Specification, ¢t Q FAF} AFOFA]): 91 H7t 2o} AA| AMA|
ShEdol/£ZEFo] A71E Ak 4l 77 BALY

SFF (Safe Failure Fraction) / HFT (Hardware Fault Tolerance): A 113 & QFAgE 113F
g4 AZH 19| H-&(SFF) 1} st=9 017} of 2 9] 24 (Redundancy)& 71Al& 2 5]-8 = (HFT)

Y.
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Systematic Capability (SC) / FSM (Functional Safety Management): 7| z}2] A4 @
Fu Aab 2 S AAA 2 (Systematic Failure)g W#5H7] 2t 42 v 9F SH(SC

1~d) 9 227 g iﬂZﬂ(FSM)%qE}‘

. o] 7+t 4% #A (Relationships)

HAZID — HAZOP — LOPA — SIL Determination: HAZID=Z 7| @A 2] ¥ ¢d-&
A1HSEA, HAZOPO 2 AHA| 34 o]|&-& T &5, LOPA(Layer of Protection Analysis) &

% /semi- A% WIS 714 S SIL 53E AR

o

Risk — Tolerable Risk — ALARP: 2®# ¥ Risk’} 5|8 7]&(Tolerable Risk)E Tt =0
ALARP 92| w2} Ak - A% 8715 A4 998 BuA otz Wik

ALARP — SIF / SIS — SRS: 9|3d #5S 9o Zagt obd 5244l SIFe} o] & A3 HA|
A AHRI SISE A olstal, 37AFFE SRS &A1 7l&d Uy

SRS — Demand Mode — SIL (PFDgy/PFH): 2% X7 (Demand Mode)of w2} SILO]

#%#) Bk AT PFD,y, T PFH 21 537k S5 8Uh

]

SIL — Quantitative (SFF/HFT/T) + Qualitative (SC/FSM/V&V): SIL 552 4]
ARNPED, T1) 5l 4524 23 (SFF, HFT)oleh= A4 A3 AAH g =47 9
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F£54(5C, FSM, V-Model)2h= B4 A58 &4 T=sfoF gyt
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3.1 194] 9 Ad 9 51 4§ (Hazard to Risk Target)

7)(Safety Life-Cycle) 9] 27] Al i B4 ul7h 744 444 982 AAH o2 4
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3.1.1 1. HAZIDS} HAZOPE 53 99 4] (Hazard Identification)

e HAZID (Hazard Identification Study):

— 48 X7]: Z2AE 27| /|9 AA(FEED) £t 22 44 4.
— 53 E9E A4 BN A, 2T, 54 2 75, AAAG, 7 2% 5 o 919 (Major
Hazards)2 415517 214,

e HAZOP (Hazard and Operability Study):
— 53 A|7]: A AA A (P&ID 2H] A1),
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— B3&: F4 2] AA ok (Design Intent)o] 4 Hlo]Lh= o] (Deviation)o] s}
BEAE BQAEY Ao g T&
— 9g): Guide Word (No, More, Less, As Well As, Part Of, Reverse, Other Than) + Process

Parameter (Flow, Pressure, Temperature, Level 5) — Deviation =%
— O A]: MORE + PRESSURE — "4h-g-7] IHof A" (Ql: Wzt 4], A3} ¥+-g7] otd 4 7kA
1 ==
=)
3.1.2 2. 9PN AFs} HdF (Quantitative Risk Modeling)

HAZIDS} HAZOPS 5o =59 913 £919] g iy Hlmgto st A4 ms) 9192 Betel 438
% iUt mehA felo] A bR oo] 271 7bA 9] Al 2 848 YUsh Eaistel Alster

Risk = f x P. x P, x C (1)

e f (Initiating Event Frequency): HAZOP SolA &% %7] 9 3 (e 1Ak ujy
% 5)9] A7 WA HE ().
e P. (Exposure Probability): $|& o|HE HHA A]

stg. (o: 59l oiel AL P~ 0)
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e P, (Possibility of Avoidance): H|AF A B /AR dhA Al 2FAx7F Y-S Q1 A|slal HIA &/

SlaohA] 28 eI L) F8).
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e C' (Consequence): 8|7 A1 F 17} % AL wo] &4/ W) 7.

Z 540 (fxPoxP)  HES 91 99004 NE(f)
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e (Fo)= &ote] AA 17 /2u0l nsj7t =28 FEd HF FES == . °lol Hsf F2(C0)

3.1.3 3. Tolerable Risk A3 @ ALARP Z-&

A4 Zero Riske EAISHA] ¢f B2 ARl A - V|g2or 8T 5

Hobdle ol +& HAE dolHE 3%, &5 vl§ div] 284S A= ALARP 2]of 27|35}
=

L Tolerable RiskS A A gt}

30,

3.2 [224] ¢4 1% Ao)9} SRS A (SIF/SIS & SRS)

A¥e A7) 913 B B2l SIFS HojalaL, 0|2 £ud A, 27 &, HF Ao a4 A
A2 SISE T 918 W7t Aol AA] A BAE ABs}7] 19l Safe State, S5 A7, Proof

Test 7] 5-& HA|SH SRS(SHA @ A} AFFA) S A g ).
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3.3 [39A]] SIL 7fde] AA B4 9 o]F 7AZ (SIL Deep Dive)

SIL-2 ©<e5] T H] Ado] opd, MA-2AEH-F5RE A4E SIF(FY A 7]%5) £ A
BojEE Y A4A N 1 AR,

3.3.1 1. AFH AF (Quantitative Verification)

e Demand Mode® Z|&: H|4} 25 @77F A 13] oo}l Low Demand ¥ W= PFD,ye A/ XS, A

—_

3] z3o]AY <4 27191 High/Continuous Demand W= PFH X E& 7|£° & SIL 1~4 5532
W

Table 1: IEC 61508 Demand Mode® SIL A&4 QL 7|

SIL 53 Low Demand (PFD,.;) High/Continuous (PFH, /hr) 99 &= A4 (RRF)
SIL 4 107° <PFD < 10~* 1072 < PFH < 108 10, 000 ~ 100, 000
SIL3  10~* < PFD < 103 108 < PFH < 107 1,000 ~ 10,000
SIL2 1073 < PFD < 102 107 < PFH < 10~6 100 ~ 1,000
SIL 1 1072 <PFD < 107! 107 < PFH < 107° 10 ~ 100

e Proof Test Interval (77) @ Coverage (C): lool 7-X4 PFDyye & % $A 3 Zrol, 27}
Aoz 2z Bl 9 TAS(\py) ok % Ay A7 Z7](T1)9F 27189 Proof Test
Coverage (C)7} PED 4219} SIL 24 ol 2.2 214 A4 ch

e PST (Partial Stroke Test, & AEZ3 A|Yg): 2t WH(ESDV) 5& 5~15%% @Izl
ez SN TER 1L Agele Yo, W7 F71(11) Aol B9 PFD7} 3Eo1E AL

A g}



o StE9o] X3 AoF (Architectural Constraints): T PFD A4t £X|qF ZopA = oF &,
ZgH) o] b 17 W& (SFF) % th528} o2& Kot stEdlo] A9t 5| 8= (HFT) 7= FAlel

SZolloF &yt
Y As+ > App _ Asp + Asu + App
> Atotal Asp + Asu + App + Apu

SFF = (2)

e Common Cause Failure (f-factor, 3§ €¢ 117%): 1002 (PFDyyy ~ ()‘D%Tl)z + fB')‘gUTl ), 2003
S AHE oees HASHSE T2 Y 24, 9F S22 & WMo I v Hl=(B)°] oH
£l 2(lool) ££28 PFD7} ofsien e B4 . 17)2 e 7412 vreslor Fhich

3.3.2 2. AAA AF (Qualitative Verification)

e Systematic Failure (A3 1) FA: T2 st=go] 124 0] ofd 7ig Aol AA &

4ZEYo] ¥, 914 A%E 9] Slgk AF AU
e FSM 9 SC (Systematic Capability): 2] 2Fg9] 7| 594 ] AA(FSM) & ZH] /AT E |
o 7t Aate] JYEE UEH= Systematic Capability (SC 1~4) A& S5-& ZFoF gyt
e V-Model 7|5t V&V: 9P QAN AFQFAI(SRS) 2H3HE AA A, &9]/5 HIAE, A4
7HA] Y A5 (Verification) 2 221 (Validation) AxHE A Yt}
3.3.3 3. SIL Verification(71%) vs SIL Assessment (% 7})

o SIL Verification (71€% #A%): 444 SIF 21 9| PFD/PFH, SFF, HFT AAlgto] 28 SIL

53 APHOR WEA ST THE dol8Z 415 - FIske Aol BAYLT

o SIL Assessment (F|AH B{71): JF2 A4t A3HERE ofzt FSM e A1A|, SC 5+, V&V &
=

AgtE BYH ZRA2 QP A7) EFte] sl A de] IEC 61508/61511 B2 F55H=]

3.4 [49A] £9F7] B7F A 2 AAA G4 (Assessment & Life-Cycle)

oA el TEC 61508 Safety Life-Cycleo] ©]7s] FSM 43, 9|3 2% AH%, SIF A4, SIL 24,

1:

Ak ot JA4A H7t, ALARP J5o]gh= 734 Assessment A2 & 2 H7]71A] o]oj Yt}
T4 F5o Ex H]-§(Cost of Compliance)o] LAYSHARE, AP T4 A o] BiThel W2 - A4 &4

(Cost of Non-Compliance)& oursta2 274 efg4e shashA Hyt.



3.5 [bA] 7154A F49 7 X 2 H]g HAAA B4 (Standards Structure & Costs)

3.5.1 1. IEC 615089] 77]] ©tE X (The Seven Parts of IEC 61508)

J5ebd g B2 RC 615082 A 457719t 7144 272 s 98] o83t Zol 77

e T4} .

e Part 1 (General Requirements): 7|54 2] (FSM), 3 37] Adto] ddt @ AL
77} 7o),
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e Part 2 (E/E/PE Safety-Related Systems): A7| - Az} =2 I 2} A|AH(E/E/PE) 5}
Eglo} 44 9 RAY 27AE.

e Part 3 (Software Requirements): 94 I AT E Qo 7§ 212, HF5S 95F S FAHS

e Part 4 (Definitions and Abbreviations): I ZARto]| AFEEE= AR gof 9 oFo] %] o]

e Part 5 (Methods for Determining SIL): SIL A2F2] . A% AA "o ofst 7fo| = W o A].

e Part 6 (Guidelines on the Application of Parts 2 and 3): S}=¢o] @ AT E o] oHA
T2 ALt A B A8 2.
e Part 7 (Overview of Techniques and Measures): A A2 1% 72| 2 A 7| ] o] Tt A

7 BE

H e

3.5.2 2. AAA BA: H]-&31} "9 (Cost of Compliance vs Non-Compliance)

7158 AAE F=ot FAcks 12 H-E A o] ofyet ARl FAA Hrojet g
g
e Cost of Compliance (113 &4 H|&): FSM %2 29, =32 SIL Verification ¥ Assessment

=
TR, 35 A4 (Redundancy) &-g, 7|4 Proof Testing =3 of] £ == A vt}

ERTER QI
AEZAo g, 7|5 Bx A4 7] A Yo g2 A gjAa 7Hke] Qb =% (Safety
Argument)’& =73}
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