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Lt 59 A2 7159 #80 2ot #5322 202 OlY HN"* T U= *EFOE
Ch. &=320] 2430] 2xlE 3R0= 2432 0fH| EFol=8 2Xlotx, =F
39| %0 A F=E o] 2771 HEoM 0|T01 2+ A=SF K|
ot == TASHAH[O| HX| 7= 8 3

= A

OII
Try et ru9£
Ol PR

w
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3.4 =9 rAAE 4L BRAGFA #H B
3.4.1 S EXAIE] NFPA 30
3.4.1.1 1FEAAAE AsH HAIQ} 71 HA 9 &

NFPA 30014 Askd¥t vjdS 7IEe= Qlohy Aot 7HdA A=
oL, IsHg AA S FF- ko] Hop 2ol H4A 7t EVIE
FstE = SHAjo Hiet fEAol 7t AAEY Aot (& 11-15)°] <A}
g ALt 7t AAE FESH HER A

AsHd A= 71 S717F TAEE E-2=2A ]lskdol 100 F(37.8
Cu|gto]m, o] ZLofA F7|%o] 40 psiaE ZISHA] b= HA ot} 714
A AAlE ek o9l 2kollA 2stel] oJsiA SHE Tl EAEA
IsHdol 100 F(37.8 T) o1l HAE EIFHNFPA, 2000).

g =¥ R, WA, Arolg =9 do] Ashg vlxdo] Yol 7t
TA7E FAsto] kol et FHito] EAYHT.

N ol

o o

(& II-15) NFPA 300] M2 Qlskd Mmet 7ieid AR 72

1. QUskd oHx|

@ Q13}H0| 100°F(37.8°C) OJ2t0|0 100°F (37.8°C)0IA =7|0| 40psia(2068.6
mmHg)E ZUSHX| b= HA|

@ Class | A : Q30| 73%F(22.87C) OJ2t0|11 HIFO| 100°F(37.8TC) OJTIQl K|
® Class | B : Q13}%0| 73%F(22.8°C) O|2t0|1 H|EO| 100°F (37.8°C) O|AIQI Qtix|
@ Class | C : QI3H0| 73°F(22.8°C) 0|A0|11 100°%F (37.8°C) O|2tQI QHix|

2. 71 A

@ QI2-H0| 100°F(37.87C) Ol Hx|

@ Class Il : QI3t40| 100°F(37.8°C) O|A0|11 140°F(60°C) O|ZtRl x|
® Class IIA : 2I3FH0] 140°F(607C) O|A0]17 200°F(937T) OJTtRl oHx|
@ Class B : QI51X0| 200°F(937C) O|AfQ!I x|
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. SITAIM £ ARD 3leMdH| 2 BP0l Ci5H ORI ZE 2 &l2|8 XKyt W

3.4.12 RAAALTL T2ER 9 U EXo] Y= Fa AT
#ag 9%

3.4.1.2.1 ¢¥o] 2.5 psigE: 2514 P

do] 2.5 psig(17.2 kPad] A°|A| F=)E 2TsHA] = B+ Class
[} Class 1T ¥ Class I11AS] FHt BAE AFst= A= (& [1-16) ¥
(E T-17>°) w2} wjAsfioF gtet. |2 7h40] “FA|et ofgt x| 8" = A4
o] A= FFole ARATE B G 12 E F
of gttt it Class IMIA AAE “SA|<} gt 21502
AGste AFole (E M-160°] B71€ AHY 1/29] A
Class 1#} Class [[E& A&st= 839 S5 AR = v
ootof it

3.4.1.2.2 ¢¥o| 2.5 psigs ZIsl= H3

Aol 2.5 psig(17.2 kPal ﬂ]olx]%}gﬂn)*e— Z3sto] AEStAY 2.5
psig(17.2 kPa2] AP|AAH)E 21t & U= vl &7] A7t 2te &
H+= Class I, Class [T ¥ Class I11A9] FYA Q1 HAE AAot= Ao=E <:H'-
I-17) ¥ (3 T-18)°f whet wjx|shof gt

3.4.1.23 RA9H 9 EHS 2L ANE AFsE P2

e FAE Acts G+ (F [-19° w2t |

Al Sfjof sttt B L g309] AL £9]
H E24 Al2Hl(Blanketing)o] ®2o| AFHA = 3 A7) 45.7 m
Bk & 144 XE ©Y3(Cone Roof Tank)ol] AAs|A= Q¢ =t
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SR - Z QKR |ZE0] RO ChEt BRlH £ wor

3.4.1.2.4 T AA <} EMAT AAE ARt F2

Class 11IB9] HH3E HAE AXot= B (E M-20>0 w2t vfx| s}
of shi} ERFYS HAE AAot= A= (FE M-17)3 (E -2 =t
v x| E]ojof ket tigt Class 13 Class 119] HA|E AA o= B9 5YUsH
A E= wieRo] JX ot Ffol= Class [IIBY] HAE AR ot= BA=
(E [I-16)°] w2} #jz]stofof g,

3.4.1.2.5 A8do] & F ¥3

2R 2 F g7t 389 BAS 7 49 VY e F af
A9 AW FoE (E T-16)°] BAIE FHaAAZE (E [-18)° A+

o}
2 AUz AT & Ak
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(B 11-16) SHEYUZ0| 2.5 psig OI5t| AIHEQI A

SSE29 HIZ | B= -T'--'_'-EEQP
= Z8ol X | 71 7
StAL H48e = | = SYst Exl()ﬂ
HI9 BF 25 &8 U= OX| ZAM | U= 71 7k
OZRE9 A | HE2RHY A
27t 1.6 m O0] | A2l= 1.6 m O]
O{OF SfT}. +40|0{OF St
20| e HIRIHO| 1/28H BHIRIHO| 1/68H
Floatir;g roofQ] Ef50| XIZ0| 175
43 X fits XU TRE | Y3xHo| 1/6t)
ACt
x4 45 m¥2 =1t
ofX| Ph= SQIE =
gtMIALV\a )E_E;d SHIXIZH| 1/244 B3RO 1/6HH
“Weak roof-to | A2 718 &3
shell seam”
T2 2™ | 20| tistES" Ei59| %4 B3 X0l 1/3HH
B X ZO| 2ty
X (%, 105 m =afet | H3XIFE9 1/3t]
Tes gith)
SOlE =84 AlA
(o) =" K=1
OES 25 oo e myg w |\ 1-17)9) 1/2 | B 1-17)2 1/2
psig(17.29] L 2o|g] &4Al0| 2 | HY HY
AORYE | gy
ZUSHA| 2 _ _
Hatste dlAr | =EOI eSS (& 1-17) (B 117
g2aZ HIETL =
Al Ol AX| BT X (B 1-17)2) 28 | (& 11-17)

1) A9 1.6.38 &=, “Protection for Exposures”
2) NFPA 69 #=, “Standard on Explosion Prevention systems’
3) A7o] 45 mE Z2I5t= AF ‘& U HIT = XE F83AT
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SPf - FE QK7

=9 TAE0l Cet ey 2 et

(B [1-17) 382k EH?_* Z|AH
ZEE29 BT E 33020 1Y
E%6f04 1—III0f71|—f M & E= sYst
B9 22K1) A4dst £+ Y= X | EXG Y= 7 T2
ZA |A1OE'='E1—I HEEEH9
Z|A7{E|(m) z|2712|(m)
1045 0|5t 15 15

1048.8 OJA

2850 0|3} 3.0 1.5

2853.8 0]

45,600 0|5} 4.5 15
45,603.8 0|4

114,000 0|5} 0 15
114,003.8 0|4 9 3

190,000 0|&}

190,003.8 O|At

380,000 0|5t 15 4.5
380,003.8 O4f

1,900,000 0|5} 24 [
1,900,003.8 0|4}

3,800,000 0|&t 30 10.5
3,800,003.8 OJA!

7,600,000 O|&} 40.5 13.5
7,600,003.8 OJAf

11,400,000 0|5} 495 16.5
11,400,003.8 OJAt 52.5 18




. SFAE S a2 Sfetdd| 3 220 CHet

A= HE

2 SlEA mguor

(B 11-18) Z=210| 2.5 psig ZoH= QHHZQI x|
S ZZEE9
33229 L Ske -
HIHRS TS0 | © C orsy
_ oIXIGIAHLE HAIEt —= S=t
e50| z2 gs op | FABPILASR g0l Sy
BANCERH9 P EJE 5
A HE d==7H9
Z|a7E
T 11-17)9 " 1-17)9
20| fStEST | 15684, 7.5 m | 1.584(EH7.5 m
0[4f0[0{0F &) 0[440|0{0F 2f)
RE R
(B 11-17)2] 3t (E 11-17)9
X (f, 15 m 1.684(H, 7.5 m
0[440[0{0F &) 0JAt0|0{0F &)

*49] 1.6.38 =, “Protection for Exposures”
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SPf - FE QK7

=9 Al

(B 11-19) HQH(Boilover) EM2 71

01| oet gy =8 ¢

ot

Al

03
I
lo
Op
=il

T29

__'n___'n_
oo
(=3 %

tizs mZatolo
K|StHLE Mg
= = WX
ZHMO R EHE 9|
A7 1.5 m
O|440|0{0F Strt.

it
9l

= 332¢
M IR =

E= Yt
EXof = 7+&

7t

HERELE 9
FHAHEE=15m
0|A10|0{0F BiCY.

CE0| stEs) | ey EIZo| 1/2) "3 X H9| 1/6HM
Floating roof<
B3
= 11-16)
X 839 X4 ST XZO| 1/6H]
S0 =24
AléEé!Z) EEE E o] X7 EH3X|7{0
A|AE
Fixed roof =0 StES" B3 x| 0| 24 "3 X1Z9| 2/3HK
83 XZFO| 4t
X (&, 106 mE R x40 2/38f

ZfoiM= QrEILt)

D 49 1.6.38 F=,

“Protection for Exposures’

2) NFPA 69 #%, “Standard on Explosion Prevention Systems”
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. SFAE S A2 Sfetdd| 3 U0 CHet OS] HE X efeld M8get

(E [1-20) &i3°| 20| W2 Class 11IBY ZAAHZ

39| ()

T2E=0| oEe
ESI510] QRIS

ddg o+ A= Al

FAozrge | LT NS T
45,600 Ofo} 1.5 1.5
45,603.8 0|4
’ B 1.5
114,000 O[3} 3
114,003.8 0|4 3 3
190,000 O|st
190,003.8 0|4
3 _O ) 3
380,000 0|5t 4.5
380,003.8 0|4t 4.5 4.5
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SPf - FE QRMVIES| RIE0 Cet ey = ¢

ot

(B 11-21) 20| mE Ss X9 242

= _T'__TI_EEgl.
_I__T'_ — OO
e | ok e =
HZS Zalotd - =9|5}
_ = I._ |7__|*.|°|_ 41 o=
EENE ws o | PP *Eﬂﬁa EX(0| b= 7HY
AAMOZHE] 9| oo
= EEETE'I—O—I
Z|AHe e
2008 2 22
224 A2gY, & I1-17DHE B2
oE 3 A2 (Z, 7.5 m 7.5 m OA
eHS 2.5 HIZIAOIZ0 93 | ofAto|0i0F BY)
HOIX|Y2)E
ZIEIR| LA E 11179
HStsts HIA 20| CfEtES? | 2.5Hi(H, 15 m 15 m O
2=z W U= 0440]040F )
S0 U x| B3
T 11-17)2] HHf
X (%t 30 m 30 m OJ4f
0440010} &)
3008 2 22,
=M A|Ag,l”, E N1-17>9 244
A 2.5 o 2 A, (H, 15 m 15 m 0]y
psig(17.29] | BI=AIOIZ0N 2fal | of&olofof &)
Aolxjaolare | E=EH= &3
orHg 51851 H 11-17)9] 4bf
HIA 2T WETH 20 ofites? (% 30 m 30 m 0|4
UE £8 % A O1AJ0[C10F %)
=3 (B 11-17>2] 8t
X (&, 456 m 45 m OfA
0|4f0]040F )

1) NFPA 69 &%, “Standard on Explosion Prevention Systems’
2) F9 1.6.38 &=, “Protection for Exposures’
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. HTAM S A7 18| 2 SUaiof] f3t OFR7i2) ZHE 2 Bta
|_:I'L =2 O = =

ikl
bl
)
o
)

3.4.2 API STANDARD 2510

API STANDARD 25102 &jjA}, mlolxmzlel gu|d, AHA7IA 712 =3
E, A5, AFsEHE, A9 A Go|A 9] ASEHIAZIA(LPG)S] A
A5 A3t A4, A4 L YF AAFES YTt 7Fo]==kelo|tHAPI, 2001).

=

3.4.2.1 FaAY 84

1) 7149 LPG ®329] A9} Q1T R AZAA Ato]] F A
M-22)%F 2t} AR, 354, 13 F4 E= A
o AXE HA% o W A E=

Slas

o]
H
£ B39 aaEho] AFwolo}

(B 11-22) 7ILE LPG ¥32| SHQ 2 tHXIZAM Ato]e] Z|&

=87z
Zt B39 8+ (L) Z|27{2|(m)
7,600 0|4 114,000 O[5t 15
114,003.8 04 266,000 0|5} 22.5
266,003.8 014 342,000 0|5} 30
342,003.8 0|4 456,000 0I5t 37.5
456,003.8 044 60

2) 7144 LPG 9] S E& 71k LPG B39 SJEI 2 sigH

LPG ®1 Abo] EX QS A% P19 9w Aolo] A HA=E of
g} ook atet.

01
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a. 7 NS #3871 Aol A, F 7o 2 &7 Aele] Ad, &

7|9} #@%71 Atole] Ad, 1.5 m T 2 8719 A4 drht F 273

o] o &
b % Ao 5587 Aolel Ad, ~BEAI9) T8
ole] Ag), 15 m Et 2 87]9] A4 3/4 5 4

3) 79kEl LPG ©9) 9 T Zheld A BA9) 9w Alolo] Ha 49
2 At g 3 74 Aok

A= dFE ool HAIE 35
a. & A7 4E FS, & A9 3/44H.
b. T AAA7 d7] Aol U sl 37.8 € olskel BAL m
SteE AAHE A, o & %39 3 A,
c. & AFA7F tf7] ®30] Al 37.8 € Hof & 13 EZ 7H B2
2SS AAH A, o 2 B0 7o A
d. 30 m
ot Ajole] Fa $HAE 60 mE 237 Bast gk
4) LPG ®219] o3} H7|4os Aesle A% Aol9] Ha +3AE o

23t Zolol att.
a. A A8e] Aol SAg) AL e AL, 15 m

b. AR AVde] B9t THHA)e] e BHoZH AAgE= A%, 30 m
c. B a2} bo} 27 t4lo] API 752 FHS 28T % Ut

5) LPG ©329] 93} 5.1.2.1904 5.1.2.400 ZFEA] L2 A4 B ]
Atol9] & FHAE T} Zotok SHEE API 2510 FX]

a. 3748 8719 3% 15 m

b. B2 Tt 249 39E 2dshe

c. 34 842 4 8 x HYHE T3 Ve

O O

O

92



. STAL S A7 SSPH| U HRiof fst o2 AE U SRR XSO

(&, LPG ®A1A FYskes HE= A9, 3 m)

H—1

op 1o
o,
o
S
3

g. I3l 7t =, FF 3 27| ¢ 30vH
h. 244 Wy 71832 4% 1.5

6) LPG ©=19) S|t Q15hy Ei= 7had o A% B39 §5 ¥A 79
P4 Aolel Ha SEARlE 3 meld
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3.4.3 Fire-Protection Regulation in Thailand(€]=)
3.4.3.1 718989 YILo) wE =3 JAl9 AA

715 AR (Oil fue)o] oo wet 7t B39 Am H§HYS Aggch 44
she WS 7159 ARV QAU BB VIEAR, AFA e 71
AR FESkL (E 11-23)3 2t

(E 0I-23) 712929 {T0l U2 HIAL9 MY

T = s ofof of
st 7|E¥= 23 T Olst D LEA}
23 T =1t
EO 20 70 [|A™O
EC>—“I 7|I:I I_E o 66 oC 0|8|’ O oTr, |
o%.cl.|=x o=|-E o %_I? o
Msen | 60T =M ND 71 C8
B =TT

3.4.3.2 ®3 Aol Az

M E P29 1F(Group) FHE TR, WA AL 3 HG
A ol 22 A= Fejo] =B, QAskge] 23 T olstel BAD)H Askdol
23 C 23 66 T olael 2H(0)0] YT P4 Yol A FooF sk
o] 66 €T == B3 D 9 09 E&o] =3}t vre A Yo 9l AL
o ko] W Apolo] Aze Pk P (E 1-24)9 Lk

AT 0T
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(B I-24) &3 3R

of 2 0|4z

! A0 Tt QAR HE U BlRiN HEWOr

Group 7& a3 7= =37t A
S 9l D &2 0 = &g 52
AHO| 0Om
Non Group Tank | &RA7t S= I8
NDet D &2 = &g 52
ND2t O AlO] 6 m
5 HIOH| Lo 22 _
Seme Group Tank | Sionfalo] Tonk om=s
ame Group Tank | 92 an = mA/D
Farm e
X140 30 m OJALO!
o) O
_ SRS 0m
St YR Lol CHE | 2f0 D2t O7t &2
A= EfR| Tank | QA LHO| U=
Farm Group 4% o
m}
X|IZ40] 30 m Oj2tel =2 X
Tank Farm
X140 6 m OJ2tol 2 X
i tank Farm B
gt A LHof| CHE | 2f0{ ND2t D E=
HE EfQQ| Tank | O7t Z2 EURA|
Farm Group Lhoi U= 8% 70| 6 m O[AOl
837t = BR
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S} - B OFRIIES FRISZO Chet Bl2A X ot

3.4.3.3 39} 7|e} A|Ad79] o] A A¢]

B30} 7|ef AlETES] o|AAElE §A% AFA], 34 U AEA O] A
g+ 20 m, 38t et Ato]9] A= 8 molal BATAI} Wa-Ael A
g 1.5 m2A <& [-25)9 &t

(2 I1-25) Y39 7|Et Al&ate] 0[]

T B 0|Z4742l(m) H|Z
Y9t %A, 33, 20 m
HEX|20] A2
E§39} SEL| AfO| o SEI2| EA £0] 3 m
Ve m SEfR| WA : 2I2E, A

&2 UNIT

I SH} REA = X
7z NFPA CodeE X&

5t 1.5 m
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. SFAE S A2 Sfetdd| 3 U0 CHet OS] HE X efeld M8get

3.4.4 1]=+9] CCPS(Center for Chemical Process Safety)

u]=+9] CCPSOllA+= o7 7HA1e] Ao dist P A=} Z+ Adulo] oish
A AASkL JATHCCPS, 2003).

3.4.4.1 34 3A 24

TAAN Wo] A AR AN B 9B guloq sty BAL o
2L guERE Ha 30 m ol Lejstelof dtk o] 1AL AT A
Tt 93 gust A% ABEE B shte] BN Be AQloz At 9
#e Hass] 98 Bew A ol F 3N 2R sy 2AS

S e AfolE £ B4 D ulg goo] WA 1AL Y 4+ Atk
TG, Gl AVEA P B mRolH PN AALES Belshe

A1 A= 15 m=E EY 5 At
ol Jg—

O

QAT ANE WAL WAt gl AL Ha T Yol 2% BF
2 745 glow, AYRE A4 61 mukth 74L fAIstelof sk, A
29 YHli Hd 6 m olojof ek olgfat W WAL MY TS 585

3, 3K ALS GolshA shl, Wobd gt WAE B g Hasks]

N % 27 924 duls YA1E B9 718 BolSolw A
2o 2L YPOoE BolEY % 9lon], YIrld] SRE Sole 37t
Mol 9o o2 Pulo] 1 P IFe A S Uk et Stay BY E
Ll At BX1 871 BEE B] $aA Audh] ofe] £A wop
ofsh], AU oo

= ™
Q1S B7) B4 Qs ofef] FA Hojokditt. Bt ole] EA

5 E (] Aojd)



[ S| - e OF|ZO| RSO Chet B2I% X wet

ol

3.4.4.3 7+4 3]H

719 SEE A&HQ AslgogA, S U Z¥e A5Ae 4se)
1o 71ei4 2719] ML Hfeo] S ) waeE JA Aok, 2]
2 Wjad 4 Yt BETY A4 AAS ER FH2ny A dHE
2asl= Ro] £t}

3.4.4.4 7k~ 457] 9 W37
TE 7144 7HA &7 dlgo] B vieko 2 wjx|sty 7MY E S|EE
Re BeAAck dth. EF sta PE7] §lo] FuS FA olof s,

Suction knockout drums, Intercoolers ¥ Intercooler accumulatorss

AE7IoA Belstel 4 R §ARApe] HTo] FRsStelof ek,

= w7 g 7 AT UEE S YT AR A HLE s e T
A AAR ZAH YA A g} B £F EE A B EEY I W
B AFARY v tl8AelAl "t ARoJHAE A4 o]F F2o 3
BAA A HAHE Aot FUERE AHE Hod 4 Qv

o8



. SFAE S A2 Sfetdd| 3 U0 CHet OS] HE X efeld M8get W

3.4.4.6 W g Wy

5% ulg A g8t esRE Y 5 YRS Ha 15 m gl
A 2o X AAkSE, A5 B Ag BEE Wad o A5 4 JES
SARRE HEEE 9xo) 4N & oot

3.4.47 374 AAQ Wy 9

34 AAH Qe AsHY E& tAY AAE EFHE 3 F 92 LA
9=0] 285w, A% P29 59k 2718 39 AM oWz AYstol
of @k B &S A P(38,0008]8 viwhe 14 EAS U5 33 87
(9], =8 % KO EE §)= Helstolok o, 38.000¢] et 2 Paae]
A9 (& 12603 2t

(& II-26) 38,000 Z|EHECH 2 39| Q72|

o Xt DAI Alo-l | AHIA{ O
=8 TS, dud, | 2AN AR, g =
ror SxlEa BT | HARSME

TR EIEH,

SRR MYH3

(1 atm7Hx)) 15 30 30
(38 m®
719 d&L1sHY,
AFOF (o] ] XFEH

(1 atm7ZtX[)
Y38 m?®
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3.5 34 - 9 HAAR HA V& AE 2
3.5.1 34 71&

(B [1-27) 2L OHXMAH2| 23 7|F H|x

& AFHOLA H 7{H AARTHA o520t A
I:I'I_'IL |_|:||_|_E|_I:| ﬂﬁ%ﬂ'ﬂ 'I"I|:|E|_|_|_E|I:I
8%, H28%,
s | ATQIEE 7IF0 | K28E22, HB0E
Algi=&| B e ’ | MI28%, HMI29%, HI30Z&
B | s 55 271 | HB1E, Masx, | 2ot M2OE
H35%
B MR 40 8 g 4 M 4, EE 5, €H 6
Zogsy ¢
Q7|
Makg o
By MEbY TH|, SoIA S
= = = A° g
= S8re4Sd g = (K1 2~HI62)
Msby TH)
olsty 7tA
Olsts ot
SEES
Iy ma: e EXHZEAIN Rz, SUREA,
— (@]
B | gy o oy | ZERIEA ST RHA
- EXH|RA|AQ
A2 (EI-8) |- MxA, SAHIREAY)
=7 2L (HI-10) &1
%] MH| al AJAM 7 o o =
e B TP eV R P PO =
42 (EI-9) | (& 1-12) H1
A7
Ep o ST
oy meld o
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B} - B OFRIIIZS] THIAEO Thet BelE
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1k

3.5.2 %9 71&

u]=+9] CCPS(Center for Chemical Process Safety)oll A+ kAol gt
EHE A9 AurEQl HHAGE (& -28)3 o] AAstaL 9low, QI
sHd 9 7HAA A, ArtAR A SHAjoRE A% YLt HA R =
(B 11-29)3 Zo] AASIL JATHCCPS, 2003). E3SF 72 AET} HH| 2 HH
stAo] Y= alistr] fIsiA (E [-30)3 2ol AR 7|&& &

T
] SR
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I. S7AIE S &2 SfetdH| I 222{0) tst o

(B 1-28) axHoi| CHEt SHE ZH|Q| UHHEQI QHHH2|
2 m

V| (A) (B) © (D) (B) F
(A)

= 2AF Y ESD| NM

243 AR
(B)
==

=oiemE, | 7 0

S MY
©

27| Wzt 15 5 NM

Hmaty| 2
(D)
2 15 15 15 NM
(E)

P ENR S 15 5 5 15 NM
7:+7|
(F)

o mojm 2y M 5 NM 15 5 NM

o}o

NM : KRS et
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afxf - 2y

R |Z9| wHI=Z0Hl Ciet

el

X
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2919 Age Ao W 3718 B2 2oz Aol shel, Sl

AT Bt FAHRS

rAEHE AR AHo A
o

A OHXIJ_ l% %’4511
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AW AAAYLe A A o] Aol S2lE Esto] o
299} o], AMA| Q] Auer ohet Hulo] FHEEA} A7
Aot Belg AT
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( SPY - Fe QRM7IES| RE0 Cet BilY £ et

3.4 S A7 AR FRAES FFC|Fe 9B), 2011)

S HHTA) AR FARAL 271K FeE TRE % olck 2
A e LIy PA ARAAE B

QA2 Aot AR ol AFohz

= PEEE AASAL B9 B A

o AEAA(HIIES) 7%t % BABEE AABIES S Zolth 5 A
1

« AAFEOIA] Qg
QIS vigh gol HMEE WAT uelth Y AA T & Uk AL
2 : 49 BE YA gong fry

4 2 o] gsto] MGG AWEI A o %
£ A5t 4A1001RE Fgsith W ARelA BT} A
A gk Aol 1 ANE |28 Sestel oAl WYL 2Hut
o] AAEI AR AR Yol AN FA Ao WS /12T 4
ot FAL AL Wajolet 5, AALA o] YA A KO ol
SH= 798 obgE whajolet Gtk tiEEe) QLM HAIE obdEl
Hog AL o}, Had HAY P Agste ALE Ut

U 98 © ARt gels AR 4

g}

15 g E of RrEZdo] ARl Bfole tiiE &5 o83t AAE AR

°] 5 kgf/ar oI5k & Aol +0.14 kgf/ar, 5 kgf/arS ZToH= B9
+ 3%E 2=t
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XS] S) dE H MSAR F7(00 et A

Il Q=

AE7E ALY ET W2 Aol s A2 FT 9 49 &g
FAsH] A%t HeFARM Y 7sole 9T A @71 "Eelt. ols
AHE JAETe HAR 2~49 F7]2 dAR 298 AT Aot
=W A7 H ARt d2 Az PSMARCZA, P AR
o] @7 wiZo] HAFTIE AFAPHEA7|EC] et F2of 9ste] Hd A
AFEZIRL 4 S FE8E 4 o, dzto] EEe dH|9 P E his)
Ae AAE7IE BE ARy d5ote] AEokal Sle A= YERHT

(. IM-6)°14 AARE71E HH, Polymer %'—7%

5
o Aol AAFII7 2d HEI AT Ylen, FFS So| oA
C o AL Y BAE AT A9k G9Id. 22 9 ok
QLM FAASGe] B3t BUA A4 WELS BRAER EAST
(B -6) U B U NQEET orxuy ZAjol 3t
T 3% NQatstay A
ORI ZAZi4: 26,608 3,841 30,449
orEME 231 74 44 27 71
=4E 0.165% 0.703% 0.233%
rayNeAl 3~44 2~4E -
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3.5 ofi9] kHWE FAAFEF HAS
Julia V(2009) 59 Aol wEW FAMBo] HAREIEE BRd 3¢,
FHE 1.13~3.8% ALY EFFHES EAKHE [-7)(Julia V. Bukowski,
2009). A Group< 3,37379] AlY ZAioA IHE 5344 A= 304
EFEE & LL1I3WPEE U2, o|s PHAMEY] HAEY|= 2~44

oz dHsHA| At AAREZIZE 6 m|wQl PMEH A= 853719 AlY
% 12719 EFA(1.4%)2 Y oH, AAE717F 68 Rifohe b E
A= 5279 Al F 2719 EFE(3.8%)= HEHIH
(B M-7) sieel otduE HAFI|H S§4 XA
= A Group B Group C Group
QHE e AHAA 3,373 853 52
g8 1 30 12 2
=E4E 1.13% 1.14% 3.8%
FZINE) 2~4'4 6 Ozt 6 Eut
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4. ofjele] QHHEH

i
r
I
=1

a
N
>
|'0Il
]

4.1 319 o A

EUoIA = 3= 7te] B&4H F AFE7|9 AR=EL ole= Fsty
3ld=ro] A=rol ¥rgsi71E 85t= 97/23/ECI1DE Attt Eg
Aot 719t 3710 TAH A2 87/404/EECI®R Aot g3ttt o]
% PED(97/23/EC)e =49 4887 ¥ 2o 3t WEY vwrt
7V, o] HEg2 158U o] 0.5 bar(G)E Zst= Ao sigdH
t}. o]l& AHlol= v, &7](Vessel), YA A](Pressure accessories)2}
OFAA} | (Safety accessories)”} EGHETY

oA+ Pressure Equipment Regulations 1999(PER) A4 3
@5t gler, PEDO sty 48715 AA ¢ HA|, AZ&sh= AR
AHB7HE &l 50l 7hstt Be 2A0A S EAS ok P:
TAFS wHESfof gttt R FAR o=
g 5 Sle A AE}—J W-&o] ZgH

il
- Direct pressure hrn1tat1on1 obduly  wAW Buckling rods, &=

17) Pressure Equipment Directive(PED)&t E¥™, EU 3]¥= Alo]9] Pressure
equipmento] #AH ARRFS skl 9l
18) Simple Pressure Vessels Directivegtal & 4 QJt}.
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HEA| oA AH]
- Limiting devices : 7Fe5A] ——4
/B A2 5 FEEUIY I REES HE 7]

<A tigt 2F AldS 4% ¥ CE mark 722 & 4 Ut

oE,
mlo

t
o

O

+ YA U WY WAL APAT

uﬂo}— 78S AA" YRS oA 7t HEE] AT ¢ s AR AEY]
oo E&S ETHPSSR, 2000). AIAROA FHFoks E4o] &
go] 0.5 bar(GE 24T 5 Y+ 712 4 dA, 714, S71
+= FAlol 89t} PSSR AAS AAd, &4, A, AAL 715, 94 &
o] HA QAo R FAgHT
b E 9] 7“}011 st M3 QFARGS PSSR AI8RoA B 4 9lom,
A8Z= F714%0 FHAAH Y At thgt ARt A71&l A
g2 2E WA, wjdd &7] S0l ZET, F71HQ HAb= AAR}
ol F7|Z oz AAE ook gttt Tt PSSROIA F71Z 0 AALY
Lt dEHOZ FH5HA] &Il Ut PSSRO EH A= AARE
TAE FH|stojof i, HAMEAA = AAA, HARMSE, A7), A
32, ZRIAFE 5ol 7IEEofof gt thyh, Q3 7% dH
A HzAANE AAE 5= ).
71420 AAAY 5 WEAA = AY9] HARETIQE Z2AY WEtof sk,
E AAE o= A - 78 &2l 7159 F4RE ofF 5ol 23tE

2,
1o

N

il
S~
op
ol
ol
N

19) AAHEAAE 2 /RIS A2 sid AB[(PER 84S 573 AR)9 Htd 8
7HConformity assessment) AIE 1125l FzAANS] QAT HEAHS ZAstoof

St
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IL o SACRIEISY] S) 2 X NS 7] ot S BE L K |

AAE71 2R FFE HAE ARE oot 2t
- 7% AT, od, R4, ANl B AH EE

- o EEs gu g

- ge|o] FRHUHE 9@ 9xo] WAysHe BAlolut Mo ojg x24)
- 24 % 2UHYY H87154

- S Aule] Zatold 9 ok B /1=

e A7 BER 7 O

Z, 92 WYoliE e use HgEs
T A T,lf_/q = ;51}1\—1*6‘]- ko) o]oﬂ UZ}FJ- oFA

A

o=

H, 7} Aol AAMEAAE
A5 AHE AARE o Qb E
PSSRE] Guidance20) & Paragraph 122
O F 14704, Steam receiver= 26~38714¥, Ad=T7] A|AHINAS Air
receiverol A& 24~4871E-E& Akl ot WY FAEFERA Q] 4=520]
F1, FAo] FAagtold 7R AARTIE €2 o Aol dgEHol 3

o}2D),

£ WA PASHES St Sk o,

2H AE TR A= gutZ

5
l &4

20) P=HHSE)> A9l = ¥ (Regulations)oll thsll M2l si4S st ACOP(Approved
code of practice) &t Guidance® Wdotal Jrt. AFFAZ oA ACOPOIA AAISH ARFS 5=
SHA| Qo ARalh ST, ACOPRE 55 o9 4Rl S $=dsto] olg¥stal QL

Ar}= AL AldA o] 2] = 3t Tal HF S QEkst ZoZ 7iE"n) ¥HH Guidance
= ACOPet 2 HAa=Z 281 o=t} Iy GuidanceolA] AARE AR 3ttt
£ 35 &5tk IFHTh

2 Az AARE 3NA ez C] AR ZEsiHE AR E ESEoloF .
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4.1.2. vl=o] #d ¥4 %

Hl= HET Codedll= A E L] Ao 3t +780] QU7|= skt bl
Bo] HAARFZ17F ¥® B Codedll 7788 A2 gt Aol Higt 29 CFR
1910.1199] & 72 =571 913t A1%1Q1 OSHA Directive(CPL-03-00-010)
Petroleum Refinery Process Safety Management National Emphasis
Program®] 9Jshd, Au]9] As EA5H] Y5t MI Program(Mechanical
Integrity Program)¥ &3 Q7Fotal Ut

MI Programof w2} AH]of] F2tEo] Sl HeA] Bl 245 dn] 5o b
St AAF o]8 & s, ol EYE HARZIE 2T H olgstofoF
o} ojuf, HAMH 2 AAREZIE 25| f8l o8 7 xR 7Hstt 7
S AASEL loH, o] & =R AAe] st AARE 7]
S o2 Ao

- API 510(Section 6.6)

- API 576(Section 6)

- Guidelines for Mechanical Integrity Systems, Table 9-15(CCPS)

o] Z|¥o] WEH FAMEE WA|ct= Fole HATY dAje] et FA
F715 HAl Astojof shA|gh, §Hd 7129 P EeL FUsitH AAST|E

7129 AAE7IE ag2 F8stol® FHFsItHAPL, 2000; API, 2006).
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AR a5 A45x0] wet AFAE B2} Ve 74 5=
L5 dHolA Hot= vl wet F7|Ho s HAF D 7|5E EESof gt
ESE 52 A270k= SebdE] 9 1 B&Au|o] tfsto] 2dnt
o 7| AAAARE wotof §hZ g5kl Atk o] Mol FRSt= A2
5}

sfshge] St ol U AulE FY1HOR AHAAE Wolof spm, 1

N
fr
(S

T doj| 13]= whojof gtth= Ao|th. 18|11 AA|HARE AAlSHoF 5t
= @52 70 FECE 1 F ofurt MBS 75 Aelt), o= bW
B 7lsHte AAAAR Bl R S & & Aok 183 AAH
AMY] F717F 290 g ARl AL el 7] Al AAAAE T
F EE T Ao Hth

AWM B O] 7| 5AAN: T} RAFSHA AHloA &2t & 75 AA
StEeE ot Qith a bR A276%+= offet EoHE @i A
%, 2021).

s

j?_l:‘

b

27620 ArFA= SFebdH|(HiTE Al9]) 1 FEAH]of HisiA= 2
dottt 13], 71402 o o] Algdol| disf| AF=HARE AAISto{of jttt. o
g 28-S 235hs 71X &9 ARSSHA| S sfehdE| | I BEGH|E AL
&5 = 7170l QlolA= ZLBSHA] ofY itk (AR A] EAef 9 50
o]

A oleke] E+H)
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@ ArdA= Ao offe] 239 sfehdu] Y O F&Adnlof] gis) ARE

2 oA B A9 5% 2 50 71AE Aol iste] AEAAE A sof
st
®

|

2 Qe
@ APAE A1l A2 AFAANE AAFHE A9 thee] At
e 7l=5ka 37 Bwstolol dt

)

2) ALY
b) AP

o) AANA

d) AAtel Az

o) BAE AN 4 4

D AAETel uet B4 59 2Ag AT A9 1 e
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=]
oL

4.1.4 o) B W7 A%

pPSvel IHE AAuthe] PR 17482 Alberta Safety Codes Act®}
PESA(Pressure Equipment Safety Regulation), Alberta Regulation(20006),
AT =l wet AR KA E HeEstr] sl Alberta F=ollA A
3t ABSA(Alberta Boilers Safety Authority)7} 1t

PESR Section 39 Pressure Relief Devices9 39(3)°f 9JstH PSVel 7
foll= AR sk AAS71E S5 #eElEojof shal, PSVe 7=
ABSA AB-506& WELE FAsL 9o, Y{Le offet Zrt.

AB-506, API 510, API 570, API 572, API 574 ¥ NBIC(National
Board Inspection Code)d] FARE AREolo] L7, HLy, 4HL7],
v 9 PSVol tigt AAqt JAETE 2T

PSVe] AAE71E AR ske 7Ieole AA7] 5841481 APPENDIX A
£ AHgstol EAsHAY, AB-5069] RBIPO| wet AAjgt RBI B7Hs &4
A7Joh= WHHol Ut

APPENDIX AE AR&3te] du]9] 9 B Grade(1,2,3)8= FHz2HAR}
AEHAL Afolo] S&E = Ao Au|AF7|E AR ojdf, AR|A F7]=
AB-5062 MEXE stn, 1 W& [F5] AB-5069] Tableo] YEFHIH.
TS Grade 12 PSVE AARE 3o FHzxo AH|AF7|o] g3,
Grade 29| 4% Grade 19 AARE &9l A7l 912 % Grade 2714 <F
AsHA A8 A8 4= 2™, Grade 32 &GA/AREAL Grade 2
THA] QEASHA AARE &5to] 4171 Qi Aol ofiet &o] 48
At

- Power boilers : 1~54

Heating boilers : 3~44

- Pressure piping : 3~64

Upstream pressure vessels : 3~64

Pressure vessels : 4~6W
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S} - B OFRIIES FRISZO Chet Bl2A X ot

Alberta Quality Management Certificate of Authorization Permit©]
o8 SRS RBIP AH8 A U AGAHE AB-5069] A|Ae 83 9k
RBIPE AM&stol A4} Al Q74K @ AulA 2718 4 4 gloit Psvel
o AB|AF7|= 10do]ar, PSVY 2212l 9F SbHAN: o HARY]
= 54olH, PSV o2& zHo] 9l= Abdo] sy oFITHABSA, 2020).
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» HSE, Offshore division Mechanical systems, Topic strategy
2008-2011.
- API Standards 510, 570, 572, 574 S°l& =A8]9] HA| st
of AAISEL ATt
- P EO ditt AARY = SRRV IMEARE 551
API 581& #Zst=s il Qltt.
- QbAMiE o] FHAlo] gt 7|2 API 5760 Aokl Jlonz Rtk

= AAstaL o

re,
o
it
>

9,
e
A,

» HSE, Contract research report(CRR 363/2001), Best practice for risk

based inspection as part of plant integrity management(HSE, 2001).

- RBIZ o8& u Awuj#zie AAR wigo] H&& Fi1 3low,

PSSR ¥ COMAH Regulations222] &%= AH|o] HAl| HHH H
Aol

- AARE710] A ofF 7| F SAFed(Safety assessment federation),

CEOC(European confederation of organizations for testing,

22) Control of major accident hazards regulations® =W ZUPARIA 2o

3 oje} AT
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inspecting, certification and prevention) ¥ A-5g3]9] X7 E HA31
- 2 2L AYE AT o 67| Aol AAlsH= A WA
/\]..x;;' %}5_}1-4__ ]1— /HH] .:_:Lx]._,] Z ol/\hd7]- 73_1,]__ EOH 24 o]- =

e ede ARE #

FARS Age] FF2 & 5 e A7IOIRE Hd) 24 oY= AAE
0]
AR

—_

( SPY - FE QRMVIES| RIE0 Cet RN 2 et

’l_

oy

ol
—_

R AR AAE TS, 25 AAFAG

O

15 W L RBI 9 12 AAF 272 Egig AA T of s}

PSSR Guidanceol|A AAlst= A Zo] AT 147H¥, Steam

Receiver= 26~38704¥, Air Receiver= 24~487f¥, FAEFEZ}A 9] &
0] &1 FAJo] Al o= 727Ee LT & Ut

4.2.2 API

APIO| A QP Ol T H 232 thS3t ZTHAPI, 2000; API, 2006).

U W )
o
2o
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= API RP 576, Inspection of pressure-relieving devices, 2000
QHAME Y] AL 715 AIS SUIANE FREE, 5 A A
BAsIS AT, Befeln Az YT theo] AT AL
NAAE Q8] HAURE A woli QhEy Fuiula
A ERlste] 1gEo] F& HA=7E 5= AHzHooF Tt
. 7\ 712 Fol Ak Aol wsier. 1
ol A A=A OPZ*HQ‘”} oﬂﬂﬂ 0‘74"} M ol HA
=

r
R

= ﬂ?-"‘ 1= r—r‘
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o FAFI1E BA HA8stolol Gk,

= API 510
- AEH D ARSI ASHE FEEY19 fA4 W B, A4

Sol gt AFo= RAg B, A, RBI 502 THH.

- QPEBRY) PAFIE AGRAT T A FFL WA, 24
Se7t Q3 wHeol WA P A}‘%Oﬂﬂi% 10d7kA] 0], 181
Fe Aol A 5374 FAFI1E BusT et

- AAFIH AN Sel ol }Oﬂ A wHegolt vy @y

=
o WASYOw ANFIS BEStolo} Tt

EEMUAE F=o] &AskaL Jlow Hl-gHjzel oz Abddne] &4
A=t obAd 9l 3143 E JJAISH= H| %

EEMUA9| 7lo]lE PAWE O] 475 AH ] HOM e stofof
Sy X}EOH 1‘416}04 Zﬂ*lﬁW ‘”E} EEMUAOﬂ 1 Aok 471719 -2

A7)
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[ S| - e OF|ZO| RSO Chet B2I% X wet

7tolE9] REof= PAMEE HAsh= A9} o] AvfjEo] Q1o
ojgfjo} Ztt,

- QP EE FHelst= AAMY] AAE Pre-popping Al8Z23 HHrYE o]
AAHY 5% ojdjoln, JH| HX}= WH O SbHA|A A7t £
35 H2A4 48 4 Sl

- WE 7} X" A FGo] gt S2FFA — Drain — FPH¥E Header pipeline
9] isolation — QFAMBEE FeJgt o] Cap HA| — WHO] SFHAl —

7to|=9] HEo ]lf: P E HAR A] FJsfjokst AldE s ofefiet At

- B Y B2 HuloA FEcte 8ol 54 R FIAoIAY AA
oty 249l Aolle 585 7t Basty, MBS JAsH: ¥
7t Ao g Jstoiof Tt}

- Gas service FAIE= 37], dFE 9 HAE ol&sto] AARE AHAISH,
Liquid service FAME = Folu} 7|52 o|-&sto] HARE AAlstoiof ity

- AAAE AT AHAE ZE5eofof gt

- AW EE IS HRols BAA ol HAZAARAA PR
o} EH= fAY SF5 18 sk= Aol HA s

- A WA AA= Clean AH]9] 739 24, Dirty 8[| 39 19 7ol FA
£ AAISh= Aol HEAsith o B

=
(=]
:
f
")
@
f
&
b}
)
2
A
rir

9] Dirty AH|= Clean AH|Z 2}—7,:

¥ Tath o] WL HH9] Overhaul 7HX|%E oF4 717to] Holgle 7
%, On-line A¥& AASYH T Hulo] B 7|7to] PAMEE woj
o] HAE AA|stoiof gt} o] 7o]=ofA] AAJS= On-line Al¥ WH2
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ofgfje} o] AA A= ERL 5 Utk

- Floating W% Steam boilero|9t &8 4= Q= On-line Al¥ W4

- Force balance ®¥2 Steam, Clean process service ¥ &7]°f| &
H 4 Q= WHolH, o] ¥y olejof Agd AHF, & durt HA &
o} =Zo| vAst Qj5jo] it}

- Testmg using a supplementary bursting disce= TE o] AE=Z A%
H AE o A R2ARY AR W2 Fof ohdy P E Alo]o] &
E= ‘3‘ 1§ ©]&5to] Aot WHolth. &S Al 5 P B9 v
YO = Header lineo] 9Z2% & P E u]d 4 Sl= widE 11

FofoF ettt

ol

o] Zto]EoA tHHWBE O HAMAAAE ZAd5t7] fsto] Tl stoiof &
JEE= o 2k
- obdiH o] M2 9A] U FEl= Header line, FEWY} ZFAZ &, o
71%E & 5ol Ut
- QM E AR =7], AE, ARG 9 wiE8&F 5ol Uth
- Service material H|AAARANAE HEE 5= Q= =22 Za3ith
- AAHET = P B AZH vl SQPHARR) QP E O] FAMETE X
st}
- &g - 1A 0|82 B&E, FRulaE ek, F719} -’FEV\V]-Z: 7153t
- M HE O] A= &4 Foll AE Aol AeA, FEE AHe 74

AA] 5ol At

o] 7lolEoA 9] PAF7|= EBAWEY o= A 104dolw, 7=
WH o] HLol= 1804 6@7HAE AAISHL Ut A&H o2 P H 9
AA71E #E67] HoiAe A" EE FHsh & AAE e SH3
Atz 71252 P1sty QTHEEMUA, 2009).
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[ S| - e OF|ZO| RSO Chet B2I% X wet

4.2.4 7)€t

=

3] FHo|A A B HAREZ]of whet oF 9,300719] P E HARE v}
o gt 3744l P2 ERS Ao mEW, 524 ojHo HHHHE 5
7} dojd 7sAdo] ufj *F(107~10%/hr, 2.2~6.1x10%/hr) I1HE&S
HASHs oA B FR7|17HE (E TM-8)0 w2t 4~5de= 4
5= A2 AASFA S (Julia V. Bukowski, 2009).

(£ IM-8) QHUH HAZEI|0 st 2AZAL 2

Estimated useful-life |Estimated A(Failure rate)
Data set ) :

interval Failures/hour

I 4.2 years 5.0 x 107®

Il 4~5 years 6.1 x 1078

1l 5.2 years 22 x 10°®

General Conclusion A~5 years 107 to0 107’
Alan Fitzpatrick23o] w2 R L AEHERRY oA 9] OFHHHHA

AAR7= dRtd o R AqtRE HAd#e] A 1 7H 4, JHARE AM&st=

B A0 AQo 5070924 S AHEsta et

23) Alan Fitzpatrick, “Testing safety valves”, Plant Engineer, 2009

24) A7 507hEelA|gk 257hEo] 3 FZFdA mid-term test)E AAlst] WEO] Z50]
% A SRS S 18 SR S Ao o, 288 Bl
AEo] gyt Bzl AHeol= 24 F A 7FsSHERE o] uisk= A o= wErh
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Il QFIE SXHN(ERY| 3) d& X XSARE 7001 Chiet 8y e 3 JHAet

H=o = 1O

4.3 PSV 3AYQ 9 ZIHOHAHL 2(2), 2021)
4.3.1 PSV 12&AKql

API RP 576 ¥ Malek250] o] AAIE @B o] 114Q1-E g oFslH
o3 At

43.1.1 B4
FA2 i Ho A T == 7P 71 224R Az, e 1z, A
EE FEY &4, A gtz sk, Haed At AdE A

FOEH FAL o] st
L pdE B0 Andyt 2o ¥HE §osle] RS doy

4.3.1.2 &€ ANE ®4

API STANDARD 52794 SbdiE Z&A9] A\ EFHLS AU e r})
Q) waka QrAuiE o] £ATE AJE FHS B AT obxuiy
Qlo] W, AE HHO| A YL ofe} Ztt.

¥4 TAE EL AR, 74, $7 4 A § ORI 02 972 §
gJsjo] WHIt A5Y ) WEE FWAA o|BIL PABHY AES &
A7 & Ak

AAsAY W o PelE Ei 71 wo] Wy

25) Malek, M. A., Pressure Relief Devices’, McGraw-Hill, (2006)
20 ZHEF - AAWEZRE BE A WEYAIIF G45] 4 - of2 Hgots a4

163



—
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AxEl EAe AxE A4 £4 Ex AXg okalAY F /b ge=
Uehd 4 glom], Ande] &4 tRES $4) gRe] B EAAY
ot FFehe SRl WAl ik Any UG ASHL, BR9xY
QPAWEE ALgSHR, 28 S AP WA BUS Axele] 9 Az
sk W Sol Ak

AL Wi 9 e 84T AWs| LSt ok, bHd
42 AL 23T o BAYL TPEch EEEe] AP
7h g GulAgel A Agslor aitk. ol MAYHS A4

S4af obee] sfol=ztelo] Bastet.

-
ABBoE A”e Ags, APe 27} LU B2 ST 4

Qlth. E3 AF ALg QhdMEol B ARgslofof 3.

= A 2717 Fastth ESES 842 HAWEE ASA7]A
g 4 Jlon, dRYES FAESHA € 4 A AAE FEche
Fao] BdE A5 FAWEE HXT B At A s Al
ZAAY} Ao 2ozt Aot

= AAlIA = F7H R HuwgH AVIE AMgote] A5 wAstodof gt

= HH 2HFL A wt ERSTE 4E B ¥E ERTR 3
SimmerE Z2E%h 2FFL AL T Fo ERLTRRS

Sfsto] thAl ZAstelof gt
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4. =29 SIHEUX|7| H#H 717

4.1. API 2000(1998 Edition) 4.4.1.2

API 2000 4.4.1.2%= SHAA|7]0] #sE WEo =24, AT A7]= 5Hd %
L7t B71HE o] AEE Biols FV|SEHT Lﬂﬂ &2 o7 HES
S7IHBeL A #HEo] "WQstRA rt= AL At JTHAPI, 1998).

fr

E IV-2) sSIgUx|7|et S71¢H9| J|E

4.4.1.2 PV valve are recommended for use on atmospheric storage
tanks in which petroleum or petroleum products with a flash point
100F(37.8C) are stored and for use on tanks containing petroleum or
petroleum products where the fluid temperature may exceed the flash
point. A flame arrester is not considered necessary for use in
conjunction with a PV valve venting to atmosphere because flame
speeds are less than vapor velocities across the seats of PV valve
(see API Publication 2210).
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(B V-3) 22 ¥ ZZ0| Ci3t HAaxol tis

Normal venting for pressure and vacuum shall be accomplished by a PV
valve with or without a flame-arresting device or by an open vent with or
without a flame-arresting device.

4.3 Flame Arrester for Vents of Tanks Storing Petroleum
Products(API Recommended Practice 2210 Third Edition,
May 2000)

SOA, PVEE BPEEA 7]
3 L AL Wostel Wut &4 4L S
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5 Pressure—-Vacuum Valves As a Substitute For Flame Arresters

5.1 NFPA 30 and OSHA 1910.106(b)2)(iv)(f) recognize that a
pressure—vacuum valve is an acceptable alternative to a flame arrester under
certain circumstances. This recognition is based on tests started in 1920,
supplemented by many years of experience.

5.2 Even in mixtures of maximum flammability, flame can not pass back
through an opening if the efflux velocity exceeds a critical value. Tests by
the Bureau of Mines and others made with mixtures of gasoline components
and air flowing through openings typical of tank vents have demonstrated
that this critical velocity is approximately 10 feet per second.
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In a valve set to close when the upstream pressure falls below
approximately 3/4 inch of water, the velocity of flow across the pallet-seat
area exceeds twice this critical velocity. The flame propagation cannot
overcome the gas flow to pass from the low—pressure to the high—pressure
side. In these tests, flame was snuffed out when the valve closed as the
upstream pressure was deliberately reduced to test and confirm this
condition. Chapter 13 of the AIChE CCPS book, Guidelines for Engineering
Design for Process Safety, discusses flame arresters and cites test work
done which substantiates velocity flame stopping.

5.3 Tests have also shown that under some circumstances a long—burning
flame at the valve outlet could damage the valve sufficiently to interfere
with its closing. Under such circumstances, flashback may occur when the
flow rate falls below the critical velocity, if a flammable mixture exists inside
the tank.
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ShE|™ XH drot

AFE AAlsta leH, BlEH(Emergency Vent)E AX|Stofof sh=
H A2 Ao Tet A-E A&stal YTHAEAZTH(1), 2018).

1.2.1 B71%F A&

B2 39} uj71E stolof sk AR 5
L A9 oI5l o BV L= W}

(2) TUE7IF= <A Dol osto] A=t

Q 1 FYBTIRHYFE =z 15 T, 101.3 kPaolAY &Y 371%) (w'/h)
V, t g20] A AsHd 24 52 YFE olSshe HWF (w'/h)
g; » B 5] 2= HolE £ A3 FYHooF 3= 71F (n'/h)

Q¥ 7o) 15 T, 101.3 kPaolA 7] %7} 49 €Y AL agqu
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V, 0 979 Qloby 242 ¥ YRR oSSk di®H(w’/h)
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Q, : 15 C, 101.3 kPaollA9] B]/Jui7]&(’/h)

P HEEHE 25 - 4 stolA AR EE dA FEHA(/ke)
D AR HAY BH(K)

C HEEE 7Y EAE

DS Al B3 QI dF(Watts) <E V-2) xR
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E V-2) s Al ®3 Y S

O MEHE 39| MA 19| I
A(m?) [kPa(gauge)] H(Watts)
18.6 O|gt 101.3 0|&t 63,150 4
18.6 0|4 93 O|gt 101.3 0|5t 224,200 A%
93 0|4 260 0|8t 101.3 0I5} 630,400 A%
260 OJAl 7.0 =1 101.3 0|5} 43,200 A%
260 O]t 7.0 0|&t 4,129,700
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SR - E9 QMY [E9| HAlE0 CHot Si2|A &Y Hot
(B V-3) &tZ420XKEnvironmental factor)
Q7 0=|x|_-||:r
==M SR Loy o
B3 HA A= F-factor
W/m? - K mm(in)
H2I7t el 34 Y43 - 0(0) 1.0
22.7 25(1) 0.3
11.4 51(2) 0.15
5.7 102(4) 0.075
Heg|ofxl e3P 3.8 152(6) 0.05
2.8 203(8) 0.0375
2.3 254(10) 0.03
1.9 305(12) 0.025
HEZ S SoilA QNEHA ~ ~ 05
iS5= 42 '
H|
1) E2X= £940|0{0f 5tH 538 °C (1000 °F)o 20| Ea&i=|X| LO0t0F S},
2) HIE2= BHZ2H 1% 0|49 AAIHS 7H40F 6t MM 15 m 04 Z/0{O0F St
HiZ=2(2Z0()9] 222 47}t JHs6t 71 2 839 22F 0[40|0{0F Tt
S Fol= (FE V-4)E Falsto] vlAduf7]sF

(3) FAS E4do] &
< 24T & U
(B V-4) ittt QAL ZL HIMHH7 |
Rl IESES RS 39| A HI2HHH 7 |3
A(m?) kPa(gauge) Q,(m*/h)
260 O|2F 101.3 0|5t (B V-TH)&=E
260 7.0 0|&t 21,047
260 O[At 7.0 =1t 101.3 0|5t g =220 % Fx A%
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SO2 RAERX| HUEE 1 HAEN 230E 52= B5ok, 9k SRR =
0.3m O|4CZ it

() LR=2 AT A= SiCY.

6) SE7IA NP 52 YRS 0= UFS U MYY3 59 e & Y
So XFO| gl= HHUM YFRS WO XMFer Kol EHAMO0| Jtstt of M
EHES St

(7) YRE2 1 0|0 &Eok= olid HafrtAL] HEQ0| HE

(8) YR=0= AT, Att2] = EAME 0| 4ot 22 HE =
=2 50mOft 171 Ol&4 EX[ot=l, 11 =27t 50m 0|2 ZR0l= 271 Old=S

Ztott] AX[et.

(9) HIZHASHE= WEES 12010 SME Sttt =2UX| I FAYKIE fIgt X2

1 3
— — =< 10 —
oftt.

(10) Y== Qo= 121 =5 AF=Z HEY +~ U= ZXIS Bitt. 0] B HixEXl=
YRS 2O i H RAHZAS & 4= RU0{0F ofH, Hii=rg If 0[20l= A
=or =0

(1) &g Y=R= Lolls 71Ag7tAast ZAG7IA = JIGE7IALL SYIIA9 MY
HAE SOt HHRISHA| 4Lt CHRt 7tA7t ZHAE7IA0| AL S87tA
Mole YRS WOl S 7tA0 XYY/t s EF 20| iXE =+
ULt

(12) MTYIE AZS A0 EXjet 2= 1 U5=20| Y759 7Is & #£5
RS ol REE 7IA7F HRE RZE 24 WH| e 22 okt
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( SFAY - ZEh OFM7|Z=9| HAIE0] Chot Sh2|™ XX Hiot

3.2.5 NFPA 30 Code 7|&

NFPA 309] 2.3.2.3.2% e= (o)°ll= "IFH Wzt A Afol9]
2A8E 1.5 m(5 fo)7} Hojof gt} ” 11 T‘Hé%}i' At

NFPA 30 ZE9| 2.3.2%°0= FEEHe= AAY %—% A R GA G A]
PO et ARt FH AEES] FA E-< L2 Afol9] HAATE
CEA A5kl oy, A ot R Alo|o] AE HEE +f
gstal A Yot (E V-21)2 Aol OMH THERE HAxAYE #+4
St NFPA 30 FE=9] Table HEE HoJZTHNFPA, 2000).

(H V-21) NANZEET0| iy SRH FH A|ME 44 U 352
AtO[Q] EA Az
FAHYE
Tt NS ED
A2 X XIOHa:
NEEE | NSER I\rpazo mso|  ze ) T= sy
Table H&
TEREEICTOEEEREl
=x 2 N S?._I‘l
17 kPa Table SHet X521 Weak seam

72O 1N™EiS Emergency
vent| A8-UH 17 kPa 0[ol?!
83 8)

Stable (2.5 psi) Ot 2.3.2.1.1(a)
RLYSIIPSPS)

17 kPa

= Z=20| Ef
(2.5 psi) Z1} Table 2.3.2.1.2 2= ZF29 3

Boil-

0#07_'(“ ‘;(g - Table 2.3.2.1.3 | HAXZHI DMX|=ZH7
Unstable ~ Emergency vent2] =0
OHF| K|t Table 23214 147 o0 ojst 2 x1j0f M2 7%
Class 1IB - Table 2.3.2.15 R 7|1E

OHF| A&
Table 2.3.2.1.1(a), Table 2.3.2.1.3 2! Table 2.3.2.1.52| X|A72| M2 A| HAl5H=
SEo| oo w2t &St A=2(H2)= Table 2.3.2.1.3(0)0 S,
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V. §718H H = FLRP|, LRA JlE HE 2 HEYet W

[IIB YA S A5t AAAGEIL} FH A EE

HaAZE (B V-22)¢ go] AFFS 7I€e= 45k

H V-22) Class |lIB 2Z& XZEi3Q FH A[M=E
A0 Z=|AZAHE]

ZAAHz
ANEE A M09 | SEEZE A0|9] Az
pSPIEL: 2| (From Nearest
(Class 1lIB 2& (From Property | Side of Any Public
NFPA 30 Code?| Table Line that Is or Way
2.3.2.1.5 Can Be Built or from Nearest
Upon, Including | Important Building
the Opposite Side | on the Same
of a Public Way) Property)
m3 2 m ft m ft
45.6 0O|a} 12,000 Ofot | 1.5 5 1.5 5
456 =1} 12,001~
7.89 0fat 30,000 3 0] 15 0
7.89 =1t 30,001~
190 O[5t 50,000 3 10 3 10
N 50,001~
= e} i
190 =4} 380 Ofat 100.000 4.5 15 3 10
_ 100,001
380 =1 e 4.5 15 4.5 15
HI 1 ft=03m, 1 gal = 3.8 2|F
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NFPA 30014 #45H 218h oAAIeh 7kl oA1e] Hole (E V-23)
B Pk @RS AX s s BAL

714 A= F7hE

(E V-23) NFPA 30 Code?| Ql3Hd x| & 71AY HFQl Ho

72 | s2 Ql5HE 27| B=X
Class IA (228 T (73 °F) ( 37.8 T (100 F)

oI5}

ot Class IB (228 T (73 °F) > 37.8 T (100 F)

Class IC | > 22.8 (73 °F), < 37.8 C (100 F)

Class Il |2 37.8 “C (100 °F), < 60 °C (140 °F)

7t o o . .
Class IlIA]= 60 °C (140 °F), < 93 °C (200 °F)

AR

Class IIIB > 93 °C (200 °F)

3.2.6 U= AZIZYolF AFPrA R AR (0OSHA) 7IE

o= Aol AFOPHA B AX(OSHA, Occupational Safety and
Health Administration)®] 7]&9l Article 145(Tank Storage)?] #5595
FHFEA] vz, FRY 2 g)oME g At dHd Ry
of Uit 71&& (FE V-24)%} o] AA|skal 9t
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V. §718H # =FLRP|, LRA Ve 4E 2 4

(B V-24) 0|3 H2|ZL|0F OSHAQ| X|Hei39o| WM ZAE T|E

(a) 15K 93 T O 20| THSHMS WRET} ti+2S MBBHX| =t
(0) @(OF= wasl Lsinr MET Ao HAH2IZ 15 mG )2 FHI

3.2.7 "= P BIH(EPA) 7|+

= SHHHESAHY U o dRA|o] 3t 2(40 CFR Part 112 — Oil
pollution prevention)?] 112.7(c)&cl= SsHEH] FE=2 QT 2d3&
W2et7] Yol W 42 A4S AAstEE Aokl oy, vyt
AR Aol AYE At AA = A Ut

3.2.8 = 7€

3.3.8.1 AAES5" 2 (Department for Environment, Food and
Rural Affairs)9] 7]&

g=9o] Qg +2(Guidance note for the Control of Pollution
(Oil Storage) (England) Regulations, 2001) A|34%0f& ZFAHEY 2] F4]
WA o] A= o] At} FAFA WFof| EAct= =2 -7—7];‘4—0—§ Hj&
Elojof stal, AHo] Qg &4Z WAlstr] s Ao A
AR&stoiof gttt 7hsRt A, B39 vE Be FAE ﬂlﬂ%oﬂfﬂ AAZE 7F
SOIES WRHI |3 Alo]Y] A 7HAZ 0.75 m, R B 83 A
ol9] A& HH2 0.6 mE HFH

3.2.8.2 A 2AAZGYAY 2LAYA Thol=Eel V&

I‘%
[

gPET

oﬂ;ﬁl ol oﬂo]z 5}7&5_—5,:;24 _/_\__:]%V_E. ;‘g A
A A LIAAFH A LFTA

S E R AH|AVF sl = ARRet 2
7tol=2kl(Pollution Prevention Guidelines, Above Ground Oil

oit

7

Py
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Storage Tanks: PPG2, 2004)"2] A3FQat A=jA|A)oA= HiE H
H Qo) Sl= A AEe] 3o tisf F AARE %t Fol

B30} 7R Alo]9] HAAYE 750 mm, YAHEHY B vigE A}
o|(J= HigHo] Wi vyl ojAH 392 HAAZE 600 mm=E
A5k Sl

329 3F $PHZA J|E

239 doF HETAYA AAsk= A=(Bunding and spill man-
agement, 2016) ¥ 35 HZujyo} G H 5 oA AAsH= 7]5(Bunding
and Spill Management Guidelines, 2015)94& AA® 3 FHof| HX|s}
+ R0 digr &2 ALY &2 B2 T AT 5tE =0l
0.5~1.5 m& AA[StaL flom, WHd Wizt [P Alo]] A= 4 1

mE AASkL .
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3.3 =4 - o FRAIERE) 24 7€ A& 2
3.3.1 34 7€

mlo

U FAet BHE 7ES vashd (# V-25)¢ 24 TdEdd
TR oA e 28 2a% AR 52 1Bsto] 29 A7(RBE 7]
Fo8 WRA} AR Ato]9] PAARE A4Sk o, Atk
HAZHA FesHe 7]&7]%<9l KOSHA GUIDE D-8-20179A+ &4
HAAFE 1.5 mz2 AL A o] 7to|Exe n=abAogd 99 NFPA
30 ZEE #AXolo] A= AoZ AT A0] A= EZL 7|Fo=Z AA
g 7]Eolth. 13y Aol fle FAEEY 34 54 2do= A
€8 =+ A=F Hoi3lo] /Aol Basit (A EATH, 2017).

a8a ek AT Y] A e TedEdAEE T vud o
HAFEE 22 SR H2i A vt TelskeddEy 2 28 &
33t AFERlol gstal Qlof 71Eo] AAd AFHEA Frole ¥R |
d AAE AT 512 vhdsted of#Eo] At Et Adske B9 7
o= g2 SE daE dvh ovh TeRdEtddE Y AEe e
AR s THEEIARE oA AT AR E H8Ee 5 AEFE
o AUt mEbA FofeletEd oA THEEdHe Y A8 EA
g el gle 24T ek dded, o VEe A8deHal g
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V. &718H H FLAY|, LRA 7lE HE H YL

HEEA A 24 =S (o] =1y S e
Rlalyd o
o| 3 ° 5
o elaty 7t HoZxo| o5l 2= Rolietet=d
= = A= =)
= BAEEE, T
a2d5d=2
&‘Ig—%g OH]|AL OH x| AL OH ™| AL
FELUX
Al WA URE Y=
HX]|
[oNe]
2
L
%-l
3
SUNMYHIL HIT AL M - EE-EH(*t
4 Hite| 72| H ZHie| H2| ¥ UMY
HI9 HH WAEE 9| &5 7H||’iF 9| &% 7= 71
Aole] | EA 1.5 m Ol |05 m 0N 74| 0.5 m OIYCE RX|
OtXM742] |(KOSHA GUIDE 7|&)|{X|040F it 51040F it
71& CiEL 2i390] M & &2\ Cf2L &5 -3 H
20| XF0| gl= Z<{Z0 XIEo St= <0
Ol= Z22fotX| OHSH. | = 12{5HX| OB,
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=l

= O L1t ol
i SUT I8k AMRIEE B Lo opzmax
=2 = QIskY 200 T Ojgr| = o=
N2 XI
o== - _
KA OBl Off R AfEH O HALEH
I_7_t|:||-xl
T =0
NS <A AR 2=
2
2|
° ZA 1.5 m O[4|)EIXZ0| 15 m O||TtS 2 & &0 GiLE
= (KOSHA GUIDE 79| 8191 Z201= S |Meisiof 42| X
=NJ|O =Fe) At N Ab
EH 9} =0[9 329 1 O[&H1)Z|A 1.5 m 0N
LA _ _
(a2 ) 2)E43X20| 15 m 0|2)E43X|20| 15 m O]
xfolo] Mol Hooj= aa| ool HeL aigkso)
.- =0[0] 2520| 1 OJAH| o 329 At
Ot 7|2 =0[Q| 229| 1 04| 9| 329 1 0|4
7|1E
l 3) &3 X|20] 15 m Of
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S - & 7= HHlE

(B V-26) EURH(2)

Off et gl =8 4o

&0 39|

YA

TE 2 T

HIZ3CE, MHME HE S

28Y

o

1709 &3 110% O]4
21 oo |3 - ke 2 NE™A 110%
Ol&f

YA =0l

0.5 m Ol 3 m Olst

YRH| s
=232 E FA
ZA FH 0.2 m O

2 OlS W=toF &
4= 21 MPa

HIOH &= T siet2 Rl na|H
=2-A|HEH| 50% Olot
SHI 120~150 mm UM 282 0|4
; s mma,
WX W 3 4 | 107 0f5f et
URH HA 80,000 m? 0|5} OS2 oM 2| H
Zaca | 9[pio] 1/2 02 3 m Ojle] Lol E S | YOIy
ZA 1.5 m 04
x|20 Oato] 24O : Efg=0|0] .

T e e EL
d3At0le] 7 = Sl SorTRa| Y
SIMOIE AR | 31201 15 m ool 7 : Bazolg) 1/2 | FHEHTEE

04

YRH2| F0I7H 1 m e 220

rr

oF 50

E_I. I_:F_h 74* h _—l =1
A E= SN2 | i mx olsiS oLl
0§&1240] 1 m 04 olsiS ot Tl
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3.3.2 29| 71&

NFPA 30 E’_Eoﬂ/ﬂ 4 7118E
2 mol AIHAR ARl 1%
kU olq

=2]
S FEE T ¢ w fqz
L

o g e

ot 3
LA ]
_°|l',
X
B
B
o
A,
mlo
:LI
O_u

T30 s ARFEAEY TF H2dyot SFHET A= WRHET
A Abol9] AYE 4 1 mE FAHSHL o, =9 7Ee wHY
o ARG Aol9] HAS FAYAY JRAAE A% HIIUNeE Ha

750 mm=z BASIT Q. 1 Qo= HEwo] gkl gA|SlT Qlth (&
V-27)& Q)=o) wtgd y|Zo=w Qokst Aot}

B V-27) 29| WRH(LKH) 1A 7IFE 2%

=7t 7= Ha7tA | Qlsky |12
QB B C| o=
NFPA 30 Code 1.5 m oot 2% A7 |1E
- Qlsk™ 93 C =
0= 0|2 ZH2|ZL|OFS AFIOLK 24X 1.5 m oot 2x LH7 &
0= tZHSH NS

= |2RRAEST I Departrent for Environment,

A7
(UK)  |Food and Rural Affairs) ©| 7= 0.76 m 7|

MHA
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[ S} - B OFRIIES FRISZO Chet Bl2A X ot

== = = O oL

U=HE 2 YRR SRS Fnvironment
Agency for England and Wales), ATEHE
SFAESH(Scottish Environment Protection
Agency) 3 S0IRHE Sk S SIRIEIX] AHIA
&= |(Environment and Heritage Service in
(UK)  |Northern Ireland) 57 IRt QUX{EEIT
O] @&X| 710|=2R Pollution Prevention
Guidelines, Above Ground Oil Storage
Tanks: PPG2, 2004) 0] MBEK2x} ZR2IAp
Secondary containment)

0.75 m HYI|E

o3 SFAESA(South Australia, EPA)2|

SH7 =
(Bunding and spill management, 2016) tm 7]

]
als

EIOHP 2FE=SE0IN AMNBH= 7 Bunding - -
and Spill Management Gidelines, 2015) SHI7|E
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3.4 919 WA T A AHY
3.4.1 A& Apo|FEZ(Jaipur) AL

2009¢ 10€ 29¢ Rl% Rajasthans9] JaipurolA A&CS=2 25.7 km
gojZl 3o YAt A=) 5 AFZAZAIA AFFAE LRFE ©|
Sotd & IHA - FARLL BAYSEIT

FIRE olSshe WAlA FEd AT Adfe TRE] = 8

BE me frBoR THvt giRe 37182 FYsgon, g Ha
Aol 95 3 WA B2t Basieln, Azl 12709 DA BT S
= 9ict.

A FE24RAgR 9 2H5S BQlety, g JAE ZH wrou
=
=

2ekA] gotAl Tt ARTE ofojAirh

[©)

3.4.2 WYl=det ElFoKTacoa) AL

19823 H|Y|$Aet % CaracasZHE 32 km Eo]& Tacoa LA A0
A AR AR A YloflA YXRE 95 AR Ho|A 8% AFYHIA=

ARE ol 2% F M4 - ko] WHOH, o] APA Zolo] f2A
19 GRS A8 B2 YRR Sk 3 RYO TPAR, ) o
2 3 >

A7F A= EA M7 Y E AL 8AIZE] A3} 3
71 A8l AREERAE 287 7= A3 oF 1,700 %%JQEW 715
3 3HA #o] YA= Boil-over @402 23} Zyto] WA¥sto] ShA7} Al

St
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E3 B A1E 53|
7ol 1 m oo R AlFot= AT WA W B3= 107 olstz
otal, WAL ®3 Aol FHA 1.5 m oo Hix|skE AR 7]Ed
tisiAl KOSHA GUIDESF Zo] de] g vl 7[&et4 E= 71o|&o
Hrgde A AQtgi.
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SEOIN 28E= A
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ISR

274 MSE2EXIQ X 5) MUFE E43stEHIE HXlol=s 4R0= 1
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1) o A3ok= 7Iss 7HE A
2) Al HEoP MY & U= YEHZ |XIoH0F BHT
3) O, HeElohH ZAE o+ Us A= ofiofF Sttt
H 273229 5 (0fH] S 5) AldF= SEafst AH|, SEHaist HH|9| vt &
= Sgetet gHo] B& dH|0| AlEdke SHE0 M= H30 got= HiE
[CH=fOF Sty
1) ST oo 2ot =& Fi= S UXol7| fls JA ABE & Us
OH] SHES Z30{0F ST
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2 WA 2H0] dstt P SHHES sl Aol

741%—%‘1—5— 741%7194 o3 A QHHlo] YHHOE P ul

S, A} g}omﬂcﬂw 4 oA
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ABROIGOL A1 SAAo] Al ol HATT ek, ASFAE A
&%) wet Azgre] WA waste] Avlo] ehgAQl T AL A
¥ 4 Qo] 712T 24718 ABAA Lol 2k Aole] W] AL
FaAAk gt

T5 24718 AgdA DA 4 e FEE(Accuracy)E AglstaL,
7141 W (Calcifications)s AA|sto], ASA o] Hu|9] AJ 259
AR E fAstolok Pk, 24 B Aol olele AHZolt 2 A (Logiot
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s,
8ol 2 AYPA, BF(Towen), FANS7], 339 AF87], 72z,
B AR, APEY Ao M 5 e 2o Fo] Mulgh 2R
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2) YAE=(Particle impact)

7hH A4 v §-<&(Velocity) AlgH®)

- ARFEATY o] ALEE(35%014) 4ta HiEe] A8 wid W 5
A7F A5k AEjoll A W F(Turbulence)?t B JAEE0 2
S Mg 871 e B=® Aol wet vt i §-52 AlRtetal Utk

- A 75 AR U RE A & s A E4 f50l W ERstal
ULt AbAE]E HolA GRE 8 4 e 7H4(Impingement site)=
29 A(Orifice), TIYE (Pressure regulator), AE(Elbow), == ¥
PI(Edge point) & Ativie] HXH A9 HE F&Fo] sid=H, v
oA d2E FA5HA] g B2 v u| 8387 A(Non-impingement

site)= oJgict.

t2 e JiA(Impingement site)?l AL
45 + 2.3 = 19.56 m/s

t2 D|%HEP 7HA(Non-impingement site)?! A<

0+ 23 =234.78 m/s

i ruEH off olaff 27} M 4 Q= JHA0|EZ 19.56 m/s ME0| Efet

@
@

- gutetAa7d A9l AkaHjECl @00 00FRFS AL 2A-LH2.3

MPa(a)E 183t AgHe-4&L2 19.56 m/selth. SALE (2.3 MPa(a))

oA AgtF421 19.56 m/sE 5346}% 5_73.01]*1 v Ji‘?;z} 5
i 7(:)1 A

28) AIGA(Asian Industrial Gases Association), Oxygen Pipeline And Piping
Systems, 4.4
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(23)(14 1)

= 291.15*
=342.69K =69.5C

Tr = 2E2E(K)

T = £7|2E(K), = 18 + 273.15 = 291.15
P; = £Z(bar(a)) = 23 kgf/cm¥(a)

P, = X7|%2(bar(a)) = 13 kgf/cm*(a)

7 = {49 HIEH|(1.4)
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4) &R #3}/A3H(Promoted ignition/Propagation)

- A7 A e E = 2 A1ME (=22 kgf/cm?)o] oF R&o] o]

SHA] ko H g TlofRpA S AE3te] WSS RASHES Hol Uk 7]
ofdfA Y Fol= 7]oj9] Y&et A5 s +F7F FUE] 3o
w277 HEHE FAE aitao] o3 HokE THsAdol v,
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kgf/cm’2A4] 934 o|2Ao] FY=7] ofHL Aol k. waA
FoA FdH olEZo] HaotEol 7 AEHAS T2 W2
Ao R wE it

5) 71A1A vt (Mechanical friction)

6) 7
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Objectives : In order to secure safety against fire and
explosion in the Rules on Occupational Safety and Health Standards,
standards such as overlapping regulations required for current
regulations were not clear, so field applicability was derived and
reasonable adjustment measures needed for improvement were

reviewed.

Method : The scope of subject to review of the fire and
explosion safety standards was set, the theoretical background,
domestic and foreign laws, and standards were reviewed, and

improvement measures were suggested through accident cases.

Results : A plan was prepared to set the standards for
installing emergency exits with dangerous goods handling workshops,
and the necessity of safety and prevention activities for small-scale
chemical facilities such as research facilities and boiler safety
distances was suggested.

In addition, PSV operation status and adequacy for the safety

valve operation test cycle were reviewed, and standards for
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ventilation facilities, flame arresters, and oil repellents were
presented.

Moreover, standards for designating special chemical facilities,
installation of lightning facilities for gunpowder or dangerous material
storage facilities, and standards for preventing fire and explosion for

oxidizing gases such as oxygen were presented.

Conclusion : This study attempted to contribute to the
prevention of industrial accidents by preparing amendments to the
rules on industrial safety and health standards in the field of fire
and explosion and improving the safety and health system in the
field of fire and explosion.

Through domestic and foreign related laws, related standards,
and accident case investigations, the definition of rules on industrial
safety and health standards in the field of fire and explosion was
established, and improvement measures and safety management

standards were presented.

Key words : BUILDING EMERGENCY EXITS, SMALL-SCALE
CHEMICAL  FACILITIES, SAFETY VALVE OPERATION  TESTS,
VENTILATION FACILITIES, FLAME ARRESTERS, DIKING, SPECIAL
CHEMICAL  FACILITIES, LIGHTNING PROTECTION  FACILITIES,
OXIDIZING GASES
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SECTION 7.3 CAPACITY OF MEANS OF EGRESS
7.3.1 Occupant Load.

7.3.1.1 The total capacity of the means of egress for any story,
balcony, tier, or other occupied space shall be sufficient for the

occupant load thereof.

7.3.1.2* The occupant load in any building or portion thereof shall
be not less than the number of persons determined by dividing the
floor area assigned to that use by the occupant load factor for that
use as specified in Table 7.3.1.2. Where both gross and net area
figures are given for the same occupancy, calculations shall be
made by applying the gross area figure to the gross area of the
portion of the building devoted to the use for which the gross area
figure is specified and by applying the net area figure to the net

area of the use for which the net area figure is specified.
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7.3.1.3 Occupant Load Increases.

7.3.1.3.1 The occupant load in any building or portion thereof
shall be permitted to be increased from the occupant load
established for the given use in accordance with 7.3.1.2 where all
other requirements of this Code are also met, based on such

increased occupant load.

7.3.1.3.2 The authority having jurisdiction shall be permitted to
require an approved aisle, seating, or fixed equipment diagram to
substantiate any increase in occupant load and shall be permitted

to require that such a diagram be posted in an approved location.

7.3.1.4 Where exits serve more than one story, only the occupant
load of each story considered individually shall be used in
computing the required capacity of the exits at that story,
provided that the required egress capacity of the exit is not

decreased in the direction of egress travel.

7.3.1.5 Where means of egress from a story above and a story
below converge at an intermediate story, the capacity of the means
of egress from the point of convergence shall be not less than the

sum of the capacity of the two means of egress.
7.3.1.6 Where any required egress capacity from a balcony or

mezzanine passes through the room below, that required capacity

shall be added to the required egress capacity of the room in
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which it is located.

SECTION 7.4 NUMBER OF MEANS OF EGRESS
7.4.1 General.

7.4.1.1 The number of means of egress from any balcony,
mezzanine, story, or portion thereof shall be not less than two.
Exception No. 1: This requirement shall not apply where a single
means of egress is permitted in Chapters 11 through 42.
Exception No. 2: A mezzanine or balcony shall be permitted to
have a single means of egress, provided that the common path of

travel limitations of Chapters 12 through 42 are met.

7.4.1.2 The number of means of egress from any story or portion
thereof, other than for existing buildings as permitted in Chapters
12 through 42, shall be as follows:

(1) Occupant load more than 500 but not more than 1000 — not
less than 3

(2) Occupant load more than 1000 — not less than 4

7.4.1.3 Accessible means of egress in accordance with 7.5.4, not
utilizing elevators, shall be permitted to serve as any or all of the

required minimum number of means of egress.
7.4.1.4 The occupant load of each story considered individually

shall be required to be used in computing the number of means of

egress at each story, provided that the required number of means
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of egress is not decreased in the direction of egress travel.

7.4.1.5 Doors, other than the hoistway door; the elevator car door;
and doors that are readily openable from the car side without a
key, tool, special knowledge, or special effort, shall be prohibited

at the point of access to an elevator car.

7.4.1.6 Elevator lobbies shall have access to at least one exit. Such
exit access shall not require the use of a key, tool, special

knowledge, or special effort.

Chapter 15 EXISTING EDUCATIONAL OCCUPANCIES
SECTION 15.2 MEANS OF EGRESS REQUIREMENTS

15.2.1 General.

15.2.1.1 Means of egress shall be in accordance with Chapter 7
and Section 15.2.

15.2.1.2 Rooms normally occupied by preschool, kindergarten, or
first-grade students shall not be located above or below the level
of exit discharge. Rooms normally occupied by second-grade
students shall not be located more than one story above the level
of exit discharge.

Exception: Rooms or areas located on floor levels other than as
specified in 15.2.1.2 shall be permitted to be used where provided

with independent means of egress dedicated for use by the
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preschool, kindergarten, first-grade, or second-grade students.

15.2.2 Means of Egress Components.

15.2.2.1 Components of means of egress shall be limited to the
types described in 15.2.2.2 through 15.2.2.10.

15.2.2.2 Doors.

15.2.2.2.1 Doors complying with 7.2.1 shall be permitted.
15.2.2.2.2 Panic Hardware or Fire Exit Hardware. Any required exit
door subject to use by 100 or more persons shall be permitted to
be provided with a latch or lock only if the latch or lock is panic

hardware or fire exit hardware complying with 7.2.1.7.

15.2.2.2.3 Special locking arrangements complying with 7.2.1.6
shall be permitted.

15.2.2.3* Stairs.

15.2.2.3.1 Stairs complying with 7.2.2 shall be permitted.

15.2.2.3.2 Existing Class A stairs shall be permitted.

15.2.2.3.3 Existing Class B stairs shall be permitted where not used

for student access.
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15.2.2.4 Smokeproof Enclosures. Smokeproof enclosures complying
with 7.2.3 shall be permitted.

15.2.2.5 Horizontal Exits. Horizontal exits complying with 7.2.4
shall be permitted.

15.2.2.6 Ramps. Ramps complying with 7.2.5 shall be permitted.
15.2.2.7 Exit Passageways. Exit passageways complying with 7.2.6

shall be permitted.

15.2.2.8 Fire Escape Ladders. Fire escape ladders complying with
7.2.9 shall be permitted.

15.2.2.9 Alternating Tread Devices. Alternating tread devices
complying with 7.2.11 shall be permitted.

15.2.2.10 Areas of Refuge. Areas of refuge complying with 7.2.12
shall be permitted.

15.2.3 Capacity of Means of Egress.

15.2.3.1 Capacity of means of egress shall be in accordance with

Section 7.3.

15.2.3.2 Minimum Corridor Width. Exit access corridors shall have
not less than 6 ft (1.8 m) of clear width.
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15.2.4 Number of Exits. Not less than two separate exits shall be as
follows:
(1) Provided on every story

(2) Accessible from every part of every story and mezzanine

15.2.5 Arrangement of Means of Egress. (See also Section 7.5.)

15.2.5.1 Means of egress shall be arranged in accordance with

Section 7.5.

15.2.5.2 No dead-end corridor shall exceed 20 ft (6.1 m), other
than in buildings protected throughout by an approved, supervised
automatic sprinkler system in accordance with Section 9.7, in

which case dead-end corridors shall not exceed 50 ft (15 m).

15.2.5.3 No common path of travel shall exceed 75 ft (23 m), other
than for the first 100 ft (30 m) in a building protected throughout
by an approved, supervised automatic sprinkler system in

accordance with Section 9.7.

15.2.5.4 Every room that is normally subject to student occupancy
shall have an exit access door leading directly to an exit access
corridor or exit.

Exception No. 1: This requirement shall not apply where an exit
door opens directly to the outside or to an exterior balcony or
corridor as described in 15.2.5.7.

Exception No. 2: One room shall be permitted to intervene
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between a normally occupied student room and an exit access
corridor, provided that all of the following criteria are met:

(a) The travel from a room served by an intervening room to the
corridor door or exit shall not exceed 75 ft (23 m).

(b) Clothing, personal effects, or other materials deemed hazardous
by the authority having jurisdiction shall be stored in metal
lockers, provided that they do not obstruct the exit access, or the
intervening room shall be sprinklered in accordance with Section
9.7.

(c) One of the following means of protection shall be provided:
(1) The intervening room shall have approved fire detection that
activates the building alarm.

(2) The building shall be protected by an approved automatic
sprinkler system in accordance with Section 7.7.

Exception No. 3: Previously approved arrangements shall be
permitted to continue to be used with the approval of the

authority having jurisdiction.

15.2.5.5 Doors that swing into an exit access corridor shall be

arranged to prevent interference with corridor travel. (See also

7.2.1.4.4.)

15.2.5.6 Aisles. Aisles shall be not less than 30 in. (91 cm) wide.
The space between parallel rows of seats shall not be subject to
the minimum aisle width, provided that the number of seats that

intervene between any seat and an aisle do not exceed six.
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15.2.5.7* Exterior Corridors or Balconies. Exterior exit access shall

comply with 5.5.3.

15.2.6 Travel Distance to Exits. Travel distance to an exit shall not
exceed 150 ft (45 m) from any point in a building. (See also
Section 7.6.)

Exception No. 1: Travel distance shall not exceed 200 ft (60 m) in
educational occupancies protected throughout by an approved
automatic sprinkler system in accordance with Section 9.7.
Exception No. 2: Previously approved travel distances shall be
permitted to continue to be used with the approval of the

authority having jurisdiction.

15.2.7 Discharge from Exits. Discharge from exits shall be arranged

in accordance with Section 7.7.

15.2.8 Illumination of Means of Egress. Means of egress shall be

illuminated in accordance with Section 7.8.

15.2.9 Emergency Lighting. Emergency lighting shall be provided in
accordance with Section 7.9 in the following areas:

(1) Interior stairs and corridors

(2) Assembly use spaces

(3) Flexible and open plan buildings

(4) Interior or windowless portions of buildings

(5) Shops and laboratories
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15.2.10 Marking of Means of Egress. Means of egress shall have

signs in accordance with Section 7.10.
15.2.11 Special Means of Egress Features.

15.2.11.1* Windows for Rescue. Every room or space greater than
250 ft? (23.2 m?) used for classroom or other educational purposes
or normally subject to student occupancy shall have not less than
one outside window for emergency rescue that complies with the
following:

(1) Such windows shall be openable from the inside without the
use of tools and shall provide a clear opening of not less than 20
in (51 cm) in width, 24 in. (61 cm) in height, and 5.7 ft* (0.53 m?)
in area.

(2) The bottom of the opening shall be not more than 44 in. (112
cm) above the floor, and any latching device shall be capable of
being operated from not more than 54 in. (137 cm) above the
finished floor.

(3) The clear opening shall allow a rectangular solid, with a width
and height that provides not less than the required 5.7 ft* (0.53 m?)
opening and a depth of not less than 20 in. (51 cm), to pass fully
through the opening.

Exception No. 1: This requirement shall not apply to buildings
protected throughout by an approved automatic sprinkler system in
accordance with Section 9.7.

Exception No. 2: This requirement shall not apply where the room

or space has a door leading directly to the outside of the building.
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Exception No. 3: This requirement shall not apply to rooms
located higher than three stories above grade.

Exception No. 4: Awning-type or hopper-type windows that are
hinged or subdivided to provide a clear opening not less than 600
in® (3900 cm? in area, nor any dimension less than 22 in. (55.9
cm), shall be permitted to continue to be used. Screen walls or
devices in front of required windows shall not interfere with rescue
requirements.

Exception No. 5: This requirement shall not apply where the room
or space complies with the following:

(a) Doors shall exist that allow travel between adjacent classrooms.
Where such doors are used to travel from classroom to classroom,
they shall provide direct access to exits in both directions or direct
access to an exit in one direction and to a separate smoke
compartment that provides access to another exit in the other
direction.

(b) The corridor shall be separated from the classrooms by a wall
that resists the passage of smoke, and all doors between the
classrooms and the corridor shall be self-closing or automatic-closing
in accordance with 7.2.1.8.

(c) The length of travel to exits along such paths shall not exceed
150 ft (45 m).

(d) Each communicating door shall be marked in accordance with
Section 7.10.

(e) No locking device shall be permitted on the communicating

doors.
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Chapter 17 EXISTING DAY-CARE OCCUPANCIES
SECTION 17.2 MEANS OF EGRESS REQUIREMENTS

17.2.1 General. Means of egress shall be in accordance with
Chapter 7 and Section 17.2.

17.2.2 Means of Egress Components.

17.2.2.1 Components of means of egress shall be limited to the
types described in 17.2.2.2 through 17.2.2.10.

17.2.2.2 Doors.
17.2.2.2.1 General. Doors complying with 7.2.1 shall be permitted.

17.2.2.2.2 Panic Hardware or Fire Exit Hardware. Any door in a
required means of egress from an area having an occupant load of
100 or more persons shall be permitted to be provided with a latch
or lock only if the latch or lock is panic hardware or fire exit

hardware complying with 7.2.1.7.

17.2.2.2.3 Special Locking Arrangements. Special locking arrangements
complying with 7.2.1.6 shall be permitted.

17.2.2.2.4* Closet Doors. Every closet door latch shall be such that

clients can open the door from inside the closet.
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17.2.2.2.5 Bathroom Doors. Every bathroom door lock shall be
designed to allow opening of the locked door from the outside in
an emergency. The opening device shall be readily accessible to
the stalff.

17.2.2.3* Stairs.

17.2.2.3.1 Stairs complying with 7.2.2 shall be permitted.

17.2.2.3.2 Existing Class A stairs shall be permitted.

17.2.2.3.3 Existing Class B stairs shall be permitted where not used
by clients.

17.2.2.4 Smokeproof Enclosures. Smokeproof enclosures complying

with 7.2.3 shall be permitted.

17.2.2.5 Horizontal Exits.

17.2.2.5.1 Horizontal exits complying with 7.2.4 shall be permitted.
17.2.2.5.2 Areas of refuge, other than in buildings provided with
smokeproof enclosures or buildings protected throughout by an
approved, supervised automatic sprinkler system in accordance

with Section 9.7, shall be provided by horizontal exits for

occupants of day-care occupancies located above the fifth story.
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17.2.2.6 Ramps. Ramps complying with 7.2.5 shall be permitted.

17.2.2.7 Exit Passageways. Exit passageways complying with 7.2.6
shall be permitted.

17.2.2.8 Fire Escape Ladders. Fire escape ladders complying with
7.2.9 shall be permitted.

17.2.2.9 Alternating Tread Devices. Alternating tread devices
complying with 7.2.11 shall be permitted.

17.2.2.10 Areas of Refuge. Areas of refuge complying with 7.2.12
shall be permitted.

17.2.3 Capacity of Means of Egress. Capacity of means of egress

shall be in accordance with Section 7.3.
17.2.4 Number of Exits.

17.2.4.1 Each floor occupied by clients shall have not less than two

exits in accordance with Chapter 7.

17.2.4.2 Where the story below the level of exit discharge is
occupied as a day-care occupancy, 17.2.4.2.1 and 17.2.4.2.2 shall

apply.

17.2.4.2.1 One means of egress shall be an outside or interior stair
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in accordance with 7.2.2. An interior stair, if used, shall serve only
the story below the level of exit discharge. The interior stair shall
be permitted to communicate with the level of exit discharge;
however, the exit route from the level of exit discharge shall not

pass through the stair enclosure.

17.2.4.2.2 The second means of egress shall be permitted to be via
an unenclosed stairway separated from the level of exit discharge
in accordance with 8.2.5.4. The path of egress travel on the level
of exit discharge shall be protected in accordance with 7.1.3.1.

Exception: The path of egress on the level of exit discharge shall
be permitted to be unprotected if the level of exit discharge and
the level below the level of exit discharge are protected throughout
by a smoke detection system or an approved automatic sprinkler

system.

17.2.5 Arrangement of Means of Egress.

17.2.5.1 Means of egress shall be arranged in accordance with

Section 7.5.

17.2.5.2 No dead-end corridor shall not exceed 20 ft (6.1 m), other
than in buildings protected throughout by an approved, supervised
automatic sprinkler system in accordance with Section 9.7, in

which case dead-end corridors shall not exceed 50 ft (15 m).

17.2.5.3 Common paths of travel shall not exceed 75 ft (23 m),
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other than for the first 100 ft (30 m) in a building protected
throughout by an approved, supervised automatic sprinkler system

in accordance with Section 9.7.

17.2.5.4 The story used below the level of exit discharge shall be

in accordance with 17.2.4.2.
17.2.6 Travel Distance to Exits.

17.2.6.1 Travel distance shall be measured in accordance with

Section 7.0.

17.2.6.2 Travel distance shall meet the following criteria:

(1) The travel distance between any room door intended as an exit
access and an exit shall not exceed 100 ft (30 m).

(2) The travel distance between any point in a room and an exit
shall not exceed 150 ft (45 m).

(3) The travel distance between any point in a sleeping room and an
exit access door in that room shall not exceed 50 ft (15 m).
Exception: The travel distance in 17.2.6.2(1) and (2) shall be
permitted to be increased by 50 ft (15 m) in buildings protected
throughout by an approved automatic sprinkler system in

accordance with Section 9.7.
17.2.7 Discharge from Exits. Discharge from exits shall be arranged

in accordance with Section 7.7, unless otherwise provided in
17.2.4.2.
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17.2.8 Illumination of Means of Egress. Means of egress shall be

illuminated in accordance with Section 7.8.

17.2.9 Emergency Lighting. Emergency lighting shall be provided in
accordance with Section 7.9 in the following areas:

(1) Interior stairs and corridors

(2) Assembly use spaces

(3) Flexible and open plan buildings

(4) Interior or windowless portions of buildings

(5) Shops and laboratories

17.2.10 Marking of Means of Egress. Means of egress shall have

signs in accordance with Section 7.10.
17.2.11 Special Means of Egress Features.

17.2.11.1 Windows for Rescue. Every room or space greater than
250 ft* (23.2 m? normally subject to client occupancy shall have
not less than one outside window for emergency rescue that
complies with the following:

(1) Such windows shall be openable from the inside without the
use of tools and shall provide a clear opening of not less than 20
in. (51 cm) in width, 24 in. (61 cm) in height, and 5.7 ft* (0.53 m?)
in area.

(2) The bottom of the opening shall be not more than 44 in. (112
cm) above the floor.

(3) The clear opening shall allow a rectangular solid, with a width
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and height that provides not less than the required 5.7 ft* (0.53 m?)
opening and a depth of not less than 20 in. (51 cm), to pass fully
through the opening.

Exception No. 1: This requirement shall not apply to buildings
protected throughout by an approved automatic sprinkler system in
accordance with Section 9.7.

Exception No. 2: This requirement shall not apply where the room
or space has a door leading directly to the outside of the building.
Exception No. 3: This requirement shall not apply to rooms
located higher than three stories above grade.

Exception No. 4: Awning-type or hopper-type windows that are
hinged or subdivided to provide a clear opening not less than 600
in® (3900 cm? in area, nor any dimension less than 22 in. (55.9
cm), shall be permitted to continue to be used. Screen walls or
devices in front of required windows shall not interfere with
normal rescue requirements.

Exception No. 5: This requirement shall not apply where the room
or space complies with the following:

(a) Doors shall exist that allow travel between adjacent classrooms.
Where such doors are used to travel from classroom to classroom,
they shall provide direct access to exits in both directions or direct
access to an exit in one direction and to a separate smoke
compartment that provides access to another exit in the other
direction.

(b) The corridor shall be separated from the classrooms by a wall
that resists the passage of smoke, and all doors between the

classrooms and the corridor shall be self-closing in accordance
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with 7.2.1.8.

(c) The length of travel to exits along such paths shall not exceed
150 ft (45 m).

(d) Each communicating door shall be marked in accordance with
Section 7.10.

(e) No locking device shall be permitted on the communicating

doors.

Chapter 19 EXISTING HEALTH CARE OCCUPANCIES
SECTION 19.2 MEANS OF EGRESS REQUIREMENTS

19.2.1 General. Every aisle, passageway, corridor, exit discharge,
exit location, and access shall be in accordance with Chapter 7.
Exception: As modified by 19.2.2 through 19.2.11.

19.2.2 Means of Egress Components.

19.2.2.1 Components of means of egress shall be limited to the
types described in 19.2.2.2 through 19.2.2.10.

19.2.2.2 Doors.
19.2.2.2.1 Doors complying with 7.2.1 shall be permitted.
19.2.2.2.2 Locks shall not be permitted on patient sleeping room

doors.

Exception No. 1: Key-locking devices that restrict access to the
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room from the corridor and that are operable only by staff from
the corridor side shall be permitted. Such devices shall not restrict
egress from the room.

Exception No. 2: Door-locking arrangements shall be permitted in
health care occupancies, or portions of health care occupancies,
where the clinical needs of the patients require specialized security
measures for their safety, provided that keys are carried by staff at

all times.

19.2.2.2.3 Doors not located in a required means of egress shall be

permitted to be subject to locking.

19.2.2.2.4 Doors within a required means of egress shall not be
equipped with a latch or lock that requires the use of a tool or key
from the egress side.

Exception No. 1: Door-locking arrangements without delayed
egress shall be permitted in health care occupancies, or portions
of health care occupancies, where the clinical needs of the
patients require specialized security measures for their safety,
provided that staff can readily unlock such doors at all times. (See
19.1.1.1.5 and 19.2.2.2.5.)

Exception No. 2:* Delayed-egress locks complying with 7.2.1.6.1
shall be permitted, provided that not more than one such device is
located in any egress path.

Exception No. 3: Access-controlled egress doors complying with
7.2.1.6.2 shall be permitted.
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19.2.2.2.5 Doors located in the means of egress that are permitted
to be locked under other provisions of this chapter shall have
adequate provisions made for the rapid removal of occupants by
means such as remote control of locks, keying of all locks to keys
carried by staff at all times, or other such reliable means available
to the staff at all times. Only one such locking device shall be
permitted on each door.

Exception No. 1: Locks in accordance with Exception Nos. 2 and 3
to 19.2.2.2.4.

Exception No. 2: More than one lock shall be permitted on each

door subject to approval of the authority having jurisdiction.

19.2.2.2.6* Any door in an exit passageway, stairway enclosure,
horizontal exit, smoke barrier, or hazardous area enclosure shall
be permitted to be held open only by an automatic release device
that complies with 7.2.1.8.2. The automatic sprinkler system, if
provided, and the fire alarm system, and the systems required by
7.2.1.8.2 shall be arranged to initiate the closing action of all such
doors throughout the smoke compartment or throughout the entire

facility.

19.2.2.2.7 Where doors in a stair enclosure are held open by an
automatic release device as permitted in 19.2.2.2.6, initiation of a
door-closing action on any level shall cause all doors at all levels

in the stair enclosure to close.

19.2.2.2.8* Existing health care occupancies shall be exempt from
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the re-entry provisions of 7.2.1.5.2.

19.2.2.2.9 Horizontal sliding doors, as permitted by 7.2.1.14, that
are not automatic-closing shall be limited to a single leaf and shall
have a latch or other mechanism that ensures that doors will not
rebound into a partially open position if forcefully closed in an

emergency.
19.2.2.3 Stairs. Stairs complying with 7.2.2 shall be permitted.

19.2.2.4 Smokeproof Enclosures. Smokeproof enclosures complying
with 7.2.3 shall be permitted.

19.2.2.5 Horizontal Exits. Horizontal exits complying with 7.2.4 and
the modifications of 19.2.2.5.1 through 19.2.2.5.4 shall be permitted.

19.2.2.5.1 Not less than 30 net ft* (2.8 net m? per patient in a
hospital or nursing home, or not less than 15 net ft* (1.4 net m?
per resident in a limited care facility, shall be provided within the
aggregated area of corridors, patient rooms, treatment rooms,
lounge or dining areas, and other similar areas on each side of the
horizontal exit. On stories not housing bed or litter borne patients,
not less than 6 net ft2 (0.56 net m?) per occupant shall be provided
on each side of the horizontal exit for the total number of

occupants in adjoining compartments.

19.2.2.5.2 The total egress capacity of the other exits(stairs, ramps,
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doors leading outside the building) shall not be reduced below

one-third of that required for the entire area of the building.

19.2.2.5.3* A door in a horizontal exit shall not be required to
swing with egress travel as specified in 7.2.4.3.6(1).

19.2.2.5.4 Door openings in horizontal exits shall be protected by
a swinging door providing a clear width of not less than 32 in. (81
cm) or by a horizontal sliding door complying with 7.2.1.14 that
provides a clear width of not less than 32 in. (81 cm).

Exception: Existing 34-in. (86-cm) swinging doors.

19.2.2.6 Ramps.

19.2.2.6.1 Ramps complying with 7.2.5 shall be permitted.

19.2.2.6.2 Ramps enclosed as exits shall be of sufficient width to

provide egress capacity in accordance with 19.2.3.2.

19.2.2.7 Exit Passageways. Exit passageways complying with 7.2.6
shall be permitted.

19.2.2.8 Fire Escape Ladders. Fire escape ladders complying with
7.2.9 shall be permitted.

19.2.2.9 Alternating Tread Devices. Alternating tread devices
complying with 7.2.11 shall be permitted.
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19.2.2.10 Areas of Refuge. Areas of refuge used as part of a

required accessible means of egress shall comply with 7.2.12.
19.2.3 Capacity of Means of Egress.

19.2.3.1 The capacity of any required means of egress shall be

based on its width, as defined in Section 7.3.

19.2.3.2 The capacity of means of egress providing travel by means
of stairs shall be 0.6 in. (1.5 cm) per person, and the capacity of
means of egress providing horizontal travel(without stairs) by
means such as doors, ramps, or horizontal exits shall be 0.5 in.
(1.3 cm) per person.

Exception: The capacity of means of egress in health care
occupancies protected throughout by an approved, supervised
automatic sprinkler system in accordance with 19.3.5.2 shall be 0.3
in. (0.8 cm) per person for travel by means of stairs and 0.2 in.

(0.5 cm) per person for horizontal travel without stairs.

19.2.3.3* Any required aisle, corridor, or ramp shall be not less
than 4 ft (1.2 m) in clear width where serving as means of egress
from patient sleeping rooms. The aisle, corridor, or ramp shall be
arranged to avoid any obstructions to the convenient removal of
nonambulatory persons carried on stretchers or on mattresses
serving as stretchers.

Exception No. 1: Aisles, corridors, and ramps in adjunct areas not

in tended for the housing, treatment, or use of inpatients shall be
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not less than 44 in. (112 cm) in clear and unobstructed width.
Exception No. 2: Exit access within a room or suite of rooms

complying with the requirements of 19.2.5.

19.2.3.5 The minimum clear width for doors in the means of egress
from hospitals; nursing homes; limited care facilities; psychiatric
hospital sleeping rooms; and diagnostic and treatment areas, such
as x-ray, surgery, or physical therapy, shall be not less than 32 in.
(81 cm) wide.

Exception No. 1: Existing 34-in. (86-cm) doors

Exception No. 2: Existing 28-in. (71-cm) corridor doors in facilities
where the fire plans do not require evacuation by bed, gurney, or

wheelchair.

19.2.4 Number of Exits.

19.2.4.1 Not less than two exits of the types described in 19.2.2.2
through 19.2.2.10, remotely located from each other, shall be

provided for each floor or fire section of the building.

19.2.4.2 Not less than one exit from each floor or fire section
shall be one of the following:

(1) A door leading directly outside the building

(2) A stair

(3) A smokeproof enclosure

(4) A ramp

(5) An exit passageway
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Any fire section not meeting these requirements shall be
considered part of an adjoining zone. Egress shall not require

return through the zone of fire origin.

19.2.4.3* Not less than two exits of the types described in 19.2.2.2
through 19.2.2.10 shall be accessible from each smoke
compartment. Egress shall be permitted through an adjacent
compartment(s) but shall not require return through the

compartment of fire origin.
19.2.5 Arrangement of Means of Egress.

19.2.5.1 Every habitable room shall have an exit access door
leading directly to an exit access corridor.

Exception No. 1: If there is an exit door opening directly to the
outside from the room at ground level.

Exception No. 2: Exit access from a patient sleeping room with not
more than eight patient beds shall be permitted to pass through
one intervening room to reach the exit access corridor.
Exception No. 3: Exit access from a special nursing suite shall be
permitted to pass through one intervening room to reach the exit
access corridor where the arrangement allows for direct and
constant visual supervision by nursing personnel.

Exception No. 4: Exit access from a suite of rooms, other than
patient sleeping rooms, shall be permitted to pass through not
more than two adjacent rooms to reach the exit access corridor

where the travel distance within the suite is in accordance with
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19.2.5.8.

19.2.5.2 Any patient sleeping room, or any suite that includes
patient sleeping rooms, of more than 1000 ft* (93 m? shall have
not less than two exit access doors remotely located from each

other.

19.2.5.3 Any room or any suite of rooms, other than patient
sleeping rooms, of more than 2500 ft* (230 m? shall have not less

than two exit access doors remotely located from each other.

19.2.5.4 Any suite of rooms that complies with the requirements of
19.2.5 shall be permitted to be subdivided with nonfire-rated,

noncombustible, or limited-combustible partitions.

19.2.5.5 Intervening rooms shall not be hazardous areas as defined

by 19.3.2.

19.2.5.6 Suites of sleeping rooms shall not exceed 5000 ft* (460

m?).

19.2.5.7 Suites of rooms, other than patient sleeping rooms, shall
not exceed 10,000 ft* (930 m?).

19.2.5.8 Suites of rooms, other than patient sleeping rooms, shall

be permitted to have one intervening room if the travel distance

within the suite to the exit access door does not exceed 100 ft (30
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m) and shall be permitted to have two intervening rooms where
the travel distance within the suite to the exit access door does not
exceed 50 ft (15 m).

19.2.5.9* Every corridor shall provide access to not less than two
approved exits in accordance with Sections 7.4 and 7.5 without
passing through any intervening rooms or spaces other than

corridors or lobbies.

19.2.5.10 Existing dead-end corridors shall be permitted to be
continued to be used if it is impractical and unfeasible to alter
them so that exits are accessible in not less than two different

directions from all points in aisles, passageways, and corridors.
19.2.6 Travel Distance to Exits.

19.2.6.1 Travel distance shall be measured in accordance with

Section 7.6.

19.2.6.2 Travel Distance. Travel distance shall comply with
19.2.6.2.1 through 19.2.6.2.4.

19.2.6.2.1 The travel distance between any room door required as
an exit access and an exit shall not exceed 100 ft (30 m).

Exception: The maximum travel distance shall be permitted to be
increased by 50 ft (15 m) in buildings protected throughout by an

approved, supervised automatic sprinkler system.
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19.2.6.2.2 The travel distance between any point in a room and an
exit shall not exceed 150 ft (45 m).

Exception: The maximum travel distance shall be permitted to be
increased by 50 ft (15 m) in buildings protected throughout by an

approved, supervised automatic sprinkler system.

19.2.6.2.3 The travel distance between any point in a health care
sleeping room and an exit access door in that room shall not
exceed 50 ft (15 m).

19.2.6.2.4 The travel distance between any point in a suite of
sleeping rooms as permitted by 19.2.5 and an exit access door of
that suite shall not exceed 100 ft (30 m) and shall meet the

requirements of 19.2.6.2.2.

19.2.7 Discharge from Exits. Discharge from exits shall be arranged

in accordance with Section 7.7.

19.2.8 Illumination of Means of Egress. Means of egress shall be

illuminated in accordance with Section 7.8.

19.2.9 Emergency Lighting.

19.2.9.1 Emergency lighting shall be provided in accordance with
Section 7.9.

19.2.10 Marking of Means of Egress.
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19.2.10.1 Means of egress shall have signs in accordance with
Section 7.10.

Exception: Where the path of egress travel is obvious, signs shall
not be required in one-story buildings with an occupant load of

fewer than 30 persons.

Chapter 26 LODGING OR ROOMING HOUSES
SECTION 26.2 MEANS OF ESCAPE REQUIREMENTS

26.2.1 Number and Types of Means of Escape.

26.2.1.1 Every sleeping room and living area shall have access to a
primary means of escape complying with Chapter 24 and located
to provide a safe path of travel to the outside. Where the sleeping
room is above or below the level of exit discharge, the primary
means of escape shall be an interior stair in accordance with
26.2.2, an exterior stair, a horizontal exit in accordance with 7.2.4,

or an existing fire escape stair in accordance with 7.2.8.

26.2.1.2 In addition to the primary route, each sleeping room and
living area shall have a second means of escape in accordance
with 24.2.2.

Exception: If the sleeping room or living area has a door leading
directly outside the building with access to grade or to a stairway
that meets the requirements for exterior stairs in 26.2.1.1, that
means of escape shall be considered as meeting all of the escape

requirements for that sleeping room or living area.
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26.2.1.3 Every story more than 2000 ft* (185 m?) in area or with
travel distance to the primary means of escape more than 75 ft (23
m) shall be provided with two primary means of escape remotely
located from each other.

Exception No. 1: Existing lodging or rooming houses shall be
permitted to have a single primary means of escape.

Exception No. 2: Buildings protected throughout by an approved,

supervised automatic sprinkler system in accordance with 26.3.5.

26.2.2 Interior stairways shall be enclosed by 1/2-hour fire barriers
with all openings protected with smoke-actuated automatic-closing
or self-closing doors having a fire resistance comparable to that
required for the enclosure. The stairway shall comply with
7.2.2.5.3.

Exception No. 1: Where an interior stair connects the street floor
with the story next above or below only, but not with both, the
interior stair shall be required to be enclosed only on the street
floor.

Exception No. 2: Stairways shall be permitted to be unenclosed in

accordance with the exceptions to 26.3.1.1.

26.2.3 Doors and paths of travel in a means of escape shall be not
less than 28 in. (71 cm) wide.

Exception: Bathroom doors shall be not less than 24 in. (61 cm)

wide.

26.2.4 Every closet door latch shall be such that it can be readily
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opened from the inside in case of emergency.

26.2.5 Every bathroom door shall be designed to allow opening

from the outside during an emergency when locked.
26.2.6 Winders in accordance with 7.2.2.2.4 shall be permitted.

26.2.7* No door in any means of escape shall be locked against
egress when the building is occupied.

Exception: Delayed-egress locks complying with 7.2.1.6.1 shall be
permitted, provided that not more than one such device is located

in any one escape path.

26.2.8 Doors serving a single dwelling unit shall be permitted to be
provided with a lock in accordance with Exception No. 3 to
7.2.1.5.1.

Chapter 29 EXISTING HOTELS AND DORMITORIES
SECTION 29.2 MEANS OF EGRESS REQUIREMENTS

29.2.1 General. Means of egress from guest rooms or guest suites
to the outside of the building shall be in accordance with Chapter
7 and this chapter. Means of escape within the guest room or
guest suite shall comply with the provisions of Section 24.2 for
one- and two-family dwellings. For the purpose of application of
the requirements of Chapter 24, the terms guest room and guest

suite shall be synonymous with the terms dwelling or living unit.
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29.2.2 Means of Egress Components.

29.2.2.1 General.

29.2.2.1.1 Components of means of egress shall be limited to the
types described in 29.2.2.2 through 29.2.2.12.

29.2.2.1.2 In buildings protected throughout by an approved
automatic sprinkler system in accordance with 29.3.5, exit enclosures
shall have a fire resistance rating of not less than 1 hour, and the

fire protection rating of doors shall be not less than 1 hour.

29.2.2.2 Doors.

29.2.2.2.1 Doors complying with 7.2.1 shall be permitted.

29.2.2.2.2 No door in any means of egress shall be locked against
egress when the building is occupied.

Exception No. 1: Delayed-egress locks complying with 7.2.1.6.1
shall be permitted, provided that not more than one such device is
located in any one egress path.

Exception No. 2: Access-controlled egress doors complying with
7.2.1.6.2 shall be permitted.

29.2.2.2.3 Revolving doors complying with 7.2.1.10 shall be

permitted.
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29.2.2.2.4 Horizontal sliding doors, as permitted by 7.2.1.14, shall

not be used across corridors.
29.2.2.3 Stairs. Stairs complying with 7.2.2 shall be permitted.

29.2.2.4 Smokeproof Enclosures. Smokeproof enclosures complying
with 7.2.3 shall be permitted.

29.2.2.5 Horizontal Exits. Horizontal exits complying with 7.2.4
shall be permitted.

29.2.2.6 Ramps. Ramps complying with 7.2.5 shall be permitted.

29.2.2.7 Exit Passageways. Exit passageways complying with 7.2.6
shall be permitted.

29.2.2.8* Escalators. Escalators previously approved as a
component in a means of egress shall be permitted to continue to

be considered in compliance.

29.2.2.9 Fire Escape Stairs. Fire escape stairs complying with 7.2.8
shall be permitted.

29.2.2.10 Fire Escape Ladders. Fire escape ladders complying with
7.2.9 shall be permitted.

29.2.2.11 Alternating Tread Devices. Alternating tread devices complying
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with 7.2.11 shall be permitted.

29.2.2.12* Areas of Refuge. Areas of refuge complying with 7.2.12
shall be permitted.

Exception: In buildings protected throughout by an approved,
supervised automatic sprinkler system in accordance with 29.3.5,
the two accessible rooms or spaces separated from each other by
smoke-resistive partitions in accordance with the definition of area

of refuge in 3.3.14 shall not be required.

29.2.3 Capacity of Means of Egress.

29.2.3.1 The capacity of means of egress shall be in accordance

with Section 7.3.

29.2.3.2 Street floor exits shall be sufficient for the occupant load
of the street floor plus the required capacity of stairs and ramps

discharging onto the street floor.

29.2.4 Number of Exits. Not less than two exits shall be accessible
from every floor, including floors below the level of exit discharge
and floors occupied for public purposes.

Exception: Buildings of four stories or less protected throughout by
an approved, supervised automatic sprinkler system in accordance
with 29.3.5, with not more than four guest rooms or guest suites
per floor, shall be permitted to have a single exit under the

following conditions:
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(a) The stairway is completely enclosed or separated by barriers
having a fire resistance rating of not less than 1 hour with
self-closing 1-hour fire protection—rated doors protecting all
openings between the stairway enclosure and the building.
(b) The stairway does not serve more than one-half of a story
below the level of exit discharge.
(¢c) All corridors serving as access to exits have not less than a
1-hour fire resistance rating.
(d) The travel distance from the entrance door of any guest room
or guest suite to an exit does not exceed 35 ft (10.7 m).
(e) Horizontal and vertical separation with a fire rating of not less

than 1/2 hour is provided between guest rooms or guest suites.
29.2.5 Arrangement of Means of Egress.

29.2.5.1 Access to all required exits shall be in accordance with

Section 7.5.

29.2.5.2 Common paths of travel shall not exceed 35 ft (10.7 m).
Travel within a guest room or guest suite shall not be included
when calculating common path of travel.

Exception: In buildings protected throughout by an approved,
supervised automatic sprinkler system in accordance with 29.3.5,

common path of travel shall not exceed 50 ft (15 m).

29.2.5.3 Dead-end corridors shall not exceed 50 ft (15 m).
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29.2.6 Travel Distance to Exits.

29.2.6.1 Travel distance within a guest room or guest suite to a
corridor door shall not exceed 75 ft (23 m).

Exception: A travel distance not exceeding 125 ft (38 m) shall be
permitted in buildings protected by an approved automatic

sprinkler system in accordance with 29.3.5.

29.2.6.2 Travel distance from the corridor door of any guest room
or guest suite to the nearest exit, measured in accordance with
Section 7.6, shall not exceed 100 ft (30 m).

Exception No. 1: The permitted travel distance to exits shall not
exceed 200 ft (60 m) for exterior ways of exit access arranged in
accordance with 7.5.3.

Exception No. 2: The permitted travel distance to exits shall not
exceed 200 ft (60 m) where the exit access and any portion of the
building that is tributary to the exit access are protected
throughout by an approved automatic sprinkler system in
accordance with 29.3.5. In addition, the portion of the building in
which the 200-ft (60-m) travel distance is permitted shall be
separated from the remainder of the building by construction
having a fire resistance rating of not less than 1 hour, for buildings
not more than three stories in height, and 2 hours, for buildings

more than three stories in height.
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29.2.7 Discharge from Exits.

29.2.7.1 Exit discharge shall comply with Section 7.7.

29.2.7.2* Any required exit stair that is located so that it is
necessary to pass through the lobby or other open space to reach
the outside of the building shall be continuously enclosed down to
a level of exit discharge or to a mezzanine within a lobby at a

level of exit discharge.

29.2.7.3 The distance of travel from the termination of the exit
enclosure to an exterior door leading to a public way shall not
exceed 150 ft (45 m) in buildings protected throughout by an
approved automatic sprinkler system in accordance with 29.3.5
and shall not exceed 100 ft (30 m) in all other buildings.

29.2.8 Illumination of Means of Egress. Means of egress shall be

illuminated in accordance with Section 7.8.

29.2.9 Emergency Lighting. Emergency lighting in accordance with
Section 7.9 shall be provided in all buildings with more than 25
rooms.

Exception: Where each guest room or guest suite has an exit direct

to the outside of the building at street or ground level.

29.2.10 Marking of Means of Egress. Means of egress shall have

signs in accordance with Section 7.10.
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Chapter 31 EXISTING APARTMENT BUILDINGS
SECTION 31.2 MEANS OF EGRESS REQUIREMENTS

31.2.1 General. Means of egress from dwelling units to the outside
of the building shall be in accordance with Chapter 7 and this
chapter. Means of escape within the dwelling unit shall comply
with the provisions of Section 24.2 for one- and two-family

dwellings.

31.2.2 Means of Egress Components.

31.2.2.1 General.

31.2.2.1.1 Components of means of egress shall be limited to the
types described in 31.2.2.2 through 31.2.2.12.

31.2.2.1.2 In buildings using Option 4, exit enclosures shall have a
fire resistance rating of not less than 1 hour, and doors shall have

a fire protection rating of not less than 1 hour.

31.2.2.1.3 In non-high-rise buildings using Option 2, Option 3, or
Option 4, exit stair doors shall be permitted to be 1%-in. (4.4-cm)
thick, solid-bonded wood core doors, self-closing and self-latching,
and in wood frames not less than % in. (1.9 cm) thick. In buildings
using Option 3, sprinklers shall also be provided within the exit
enclosure in accordance with NFPA 13, Standard for the

installation of Sprinkler Systems.
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31.2.2.2 Doors.

31.2.2.2.1 Doors complying with 7.2.1 shall be permitted.

31.2.2.2.2 No door in any means of egress shall be locked against
egress when the building is occupied.

Exception No. 1: Delayed-egress locks complying with 7.2.1.6.1
shall be permitted, provided that not more than one such device is
located in any one egress path.

Exception No. 2: Access-controlled egress doors complying with
7.2.1.6.2 shall be permitted.

31.2.2.2.3 Revolving doors complying with 7.2.1.10 shall be permitted.

31.2.2.2.4 Horizontal sliding doors, as permitted by 7.2.1.14, shall

not be used across corridors.

31.2.2.3 Stairs.

31.2.2.3.1 Stairs complying with 7.2.2 shall be permitted.
31.2.2.3.2 Within any individual dwelling unit, stairs more than one
story above or below the entrance floor level of the dwelling unit

shall not be permitted.

31.2.2.3.3 Spiral stairs complying with 7.2.2.2.3 shall be permitted

within a single dwelling unit.
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31.2.2.3.4 Winders complying with 7.2.2.2.4 shall be permitted.

31.2.2.4 Smokeproof Enclosures. Smokeproof enclosures complying
with 7.2.3 shall be permitted. (See also 31.2.11.)

31.2.2.5 Horizontal Exits. Horizontal exits complying with 7.2.4
shall be permitted.

31.2.2.6 Ramps. Ramps complying with 7.2.5 shall be permitted.

31.2.2.7 Exit Passageways. Exit passageways complying with 7.2.6
shall be permitted.

31.2.2.8* Escalators. Escalators previously approved as a component
in the means of egress shall be permitted to continue to be

considered as in compliance.

31.2.2.9 Fire Escape Stairs. Fire escape stairs complying with 7.2.8
shall be permitted.

31.2.2.10 Fire Escape Ladders. Fire escape ladders complying with
7.2.9 shall be permitted.

31.2.2.11 Alternating Tread Devices. Alternating tread devices
complying with 7.2.11 shall be permitted.

31.2.2.12* Areas of Refuge. Areas of refuge complying with 7.2.12
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shall be permitted.
Exception: In buildings protected throughout by an approved,
supervised automatic sprinkler system in accordance with 31.3.5,
the two accessible rooms or spaces separated from each other by
smoke-resistive partitions in accordance with the definition of area

of refuge in 3.3.14 shall not be required.
31.2.3 Capacity of Means of Egress.

31.2.3.1 The capacity of means of egress shall be in accordance

with Section 7.3.

31.2.3.2 Street floor exits shall be sufficient for the occupant load
of the street floor plus the required capacity of stairs and ramps

discharging onto the street floor.

31.2.4 Number of Exits. Every dwelling unit shall have access to
not less than two separate exits remotely located from each other
as required by 7.5.1. (See also Section 7.4.)

Exception No. 1: Any dwelling unit shall be permitted to have a
single exit, provided that one of the following criteria is met:

(a) The dwelling unit has an exit door opening directly to the
street or yard at ground level.

(b) The dwelling unit has direct access to an outside stair
complying with 7.2.2 that serves not more than two units, both of
which are located on the same floor.

(c) The dwelling unit has direct access to an interior stair serving
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only that unit, and such stair is separated from all other portions
of the building by fire barriers having not less than a 1-hour fire
resistance rating with no opening therein.

Exception No. 2: Buildings of four stories or less protected throughout
by an approved, supervised automatic sprinkler system in accordance
with 31.3.5.1 shall be permitted to have a single exit under the
following conditions:

(a) The stairway is separated from the rest of the building by
barriers having not less than a 1-hour fire resistance rating, with
self-closing doors having not less than a 1-hour fire protection
rating protecting all openings between the stairway enclosure and
the building.

(b) The stairway does not serve more than one-half of a story
below the level of exit discharge.

(¢) All corridors serving as access to exits have not less than a
Y%-hour fire resistance rating.

(d) The travel distance from the entrance door of any dwelling unit
to an exit does not exceed 35 ft (10.7 m).

(e) Horizontal and vertical separation with a fire rating of not less
than % hour is provided between dwelling units.

Exception No. 3: Any building of three stories or less in its entirety
shall be permitted to have a single exit under the following
conditions:

(a) The stairway is separated from the rest of the building by
barriers having not less than a 1-hour fire resistance rating, with
self-closing doors having not less than a 1-hour fire protection

rating protecting all openings between the stairway enclosure and
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the building.

(b) The stairway does not serve more than one-half of a story
below the level of exit discharge.

(c) All corridors serving as access to exits have not less than a 20-
minute fire resistance rating.

(d) The travel distance from the entrance door of any dwelling unit
to an exit does not exceed 35 ft (10.7 m).

(e) Horizontal and vertical separation with a fire rating of not less
than 1/2 hour is provided between dwelling units.

Exception No. 4: A building of any height, with not more than four
dwelling units per floor, with a smokeproof enclosure or outside
stair in accordance with the requirements of 7.2.3 as the exit,
where such exit is immediately accessible to all dwelling units
served thereby, shall be permitted to have a single exit.
‘Immediately accessible” means that the travel distance from the

entrance door of any dwelling unit to an exit shall not exceed 20

ft (6.1 m).
31.2.5 Arrangement of Means of Egress.

31.2.5.1 Access to all required exits shall be in accordance with

Section 7.5.

31.2.5.2 Common paths of travel shall not exceed 35 ft (10.7 m).
Travel within a dwelling unit shall not be included when
calculating common path of travel.

Exception: In buildings protected throughout by an approved,
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supervised automatic sprinkler system in accordance with 31.3.5,

common path of travel shall not exceed 50 ft (15 m).

31.2.5.3 Dead-end corridors shall not exceed 50 ft (15 m).

31.2.6 Travel Distance to Exits.

31.2.6.1 Travel distance within a dwelling unit (apartment) to a
corridor door shall not exceed the following limits:

(1) For buildings using Option 1 or Option 3 — 75 ft 23 m)

(2) For buildings using Option 2 or Option 4 — 125 ft (38 m)

31.2.6.2 The travel distance from a dwelling unit (apartment)
entrance door to the nearest exit shall not exceed the following
limits:

(1) For buildings using Option 1 — 100 ft (30 m)

(2) For buildings using Option 2 or Option 3 — 150 ft (45 m)

(3) For buildings using Option 4 — 200 ft (60 m)

Exception: Travel distance to exits shall not exceed 200 ft (60 m)

for exterior ways of exit access arranged in accordance with 7.5.3.

31.2.7 Discharge from Exits.

31.2.7.1 Exit discharge shall comply with Section 7.7.

31.2.7.2 Any required exit stair that is located so that it is

necessary to pass through the lobby or other open space to reach
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the outside of the building shall be continuously enclosed to a
level of exit discharge or to a mezzanine within a lobby at a level

of exit discharge.

31.2.7.3 The distance of travel from the termination of the exit
enclosure to an exterior door leading to a public way shall not
exceed 150 ft (45 m) in buildings protected throughout by an
approved automatic sprinkler system and shall not exceed 100 ft
(30 m) in all other buildings.

31.2.8 Illumination of Means of Egress. Means of egress shall be

illuminated in accordance with Section 7.8.

31.2.9 Emergency Lighting. Emergency lighting in accordance with
Section 7.9 shall be provided in all buildings with more than 12
dwelling units or more than three stories in height.

Exception: Where every dwelling unit has a direct exit to the

outside of the building at grade level.

31.2.10 Marking of Means of Egress. Means of egress shall have
signs in accordance with Section 7.10 in all buildings requiring

more than one exit.
31.2.11* Special Means of Egress Features. In high-rise buildings

using Option 1, Option 2, or Option 3, smokeproof enclosures

shall be provided in accordance with 7.2.3.

356



= NFPA 101

{r
Ju

SECTION 7.3 CAPACITY OF MEANS OF EGRESS

7.3.3 Egress Capacity.

7.3.3.1 Egress capacity for approved components of means of

egress shall be based on the capacity factors shown in Table

7.3.3.1.

7.3.3.2 The required capacity of a corridor shall be the occupant

load that utilizes the corridor for exit access divided by

the required number of exits to which the corridor connects, but

the corridor capacity shall be not less than the required capacity

of the exit to which the corridor leads.

. Level Components and
Stairways
Area (width per person) . Ramps
(width per person)
in cm in cm
Boacfrea”d 0.4 1.0 0.2 0.5
Sprinklered Health
0.3 0.8 0.2 0.5
care
Non-sprinkl Health 06 15 05 13
ered care
High hazard contents 0.7 1.8 0.4 1.0
All others 0.3 0.8 0.2 0.5
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SECTION 7.6 MEASUREMENT OF TRAVEL DISTANCE TO EXITS

7.6.1* The travel distance in any occupied space to not less than
one exit, measured in accordance with 7.6.2 through 7.6.5, shall
not exceed the limits specified in this Code(See 7.6.4.).

7.6.2* The travel distance to an exit shall be measured on the
floor or other walking surface along the centerline of the natural
path of travel, starting from the most remote point subject to
occupancy, curving around any corners or obstructions with a
1-ft (0.3-m) clearance therefrom, and ending at the center of the
doorway or other point at which the exit begins. Where
measurement includes stairs, the measurement shall be taken in
the plane of the tread nosing.

Exception: Travel distance measurement shall be permitted to

terminate at a smoke barrier as provided in Chapter 23.

7.6.3* Where open stairways or ramps are permitted as a path of
travel to required exits, the distance shall include the travel on
the stairway or ramp and the travel from the end of the stairway
or ramp to an outside door or other exit in addition to the

distance traveled to reach the stairway or ramp.
7.6.4 Travel distance limitations shall be as provided in Chapters
11 through 42 and, for high hazard areas, shall be in accordance

with Section 7.11.

7.6.5 Where any part of an exterior exit is within 10 ft (3 m) of

horizontal distance of any unprotected building opening, as
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permitted by an exception to 7.2.2.6.3 for outside stairs, the
travel distance to the exit shall include the length of travel to

ground level.

SECTION 7.7 DISCHARGE FROM EXITS

7.7.1* Exits shall terminate directly at a public way or at an
exterior exit discharge. Yards, courts, open spaces, or other
portions of the exit discharge shall be of required width and size
to provide all occupants with a safe access to a public way.
Exception No. 1: This requirement shall not apply to interior exit
discharge as otherwise provided in 7.7.2.

Exception No. 2: This requirement shall not apply to rooftop exit
discharge as otherwise provided in 7.7.6.

Exception No. 3: Means of egress shall be permitted to terminate

in an exterior area of refuge as provided in Chapters 22 and 23.

7.7.2 Not more than 50 percent of the required number of exits,
and not more than 50 percent of the required egress capacity,
shall be permitted to discharge through areas on the level of exit
discharge, provided that the criteria of 7.7.2(1) through (3) are
met:

(1) Such discharge shall lead to a free and unobstructed way to
the exterior of the building, and such way is readily visible and
identifiable from the point of discharge from the exit.

(2) The level of discharge shall be protected throughout by an
approved, automatic sprinkler system in accordance with Section
9.7, or the portion of the level of discharge used for this

purpose shall be protected by an approved, automatic sprinkler
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system in accordance with Section 9.7 and shall be separated
from the non-sprinklered portion of the floor by a fire resistance
rating meeting the requirements for the enclosure of exits (see
7.1.3.2.1).

Exception: The requirement of 7.7.2(2) shall not apply where the
discharge area is a vestibule or foyer meeting all of the
following:

(a) The depth from the exterior of the building shall not be
more than 10 ft (3 m) and the length shall not be more than 30
ft (9.1 m).

(b) The foyer shall be separated from the remainder of the level
of discharge by construction providing protection not less than
the equivalent of wired glass in steel frames.

(c) The foyer shall serve only as means of egress and shall
include an exit directly to the outside.

(3) The entire area on the level of discharge shall be separated
from areas below by construction having a fire resistance rating
not less than that required for the exit enclosure.

Exception No. 1: Levels below the level of discharge shall be
permitted to be open to the level of discharge in an atrium in
accordance with 8.2.5.6.

Exception No. 2: One hundred percent of the exits shall be
permitted to discharge through areas on the level of exit
discharge as provided in Chapters 22 and 23.

Exception No. 3: In existing buildings, the 50 percent limit on
egress capacity shall not apply if the 50 percent limit on the

required number of exits is met.

7.7.3 The exit discharge shall be arranged and marked to make
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clear the direction of egress to a public way. Stairs shall be
arranged so as to make clear the direction of egress to a public
way. Stairs that continue more than one-half story beyond the
level of exit discharge shall be interrupted at the level of exit

discharge by partitions, doors, or other effective means.

7.7.4 Doors, stairs, ramps, corridors, exit passageways, bridges,
balconies, escalators, moving walks, and other components of an
exit discharge shall comply with the detailed requirements of this
chapter for such components. 7.7.5 Signs. (See 7.2.2.5.4 and
7.2.2.5.5.)

7.7.6 Where approved by the authority having jurisdiction, exits
shall be permitted to discharge to roofs or other sections of the
building or an adjoining building where the following criteria are
met:

(1) The roof construction has a fire resistance rating not less
than that required for the exit enclosure.

(2) There is a continuous and safe means of egress from the roof

SECTION 14.2 MEANS OF EGRESS REQUIREMENTS
14.2.1 General.

14.2.1.1 Means of egress shall be in accordance with Chapter 7
and Section 14.2.

14.2.1.2 Rooms normally occupied by preschool, kindergarten, or
first-grade students shall not be located above or below the level
of exit discharge. Rooms normally occupied by second-grade

students shall not be located more than one story above the level
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of exit discharge.

Exception: Rooms or areas located on floor levels other than as
specified in 14.2.1.2 shall be permitted to be used where
provided with independent means of egress dedicated for use by
the preschool,

kindergarten, first-grade, or second-grade students.
14.2.2 Means of Egress Components.

14.2.2.1 Components of means of egress shall be limited to the
types described in 14.2.2.2 through 14.2.2.10.

14.2.2.2 Doors.
14.2.2.2.1 Doors complying with 7.2.1 shall be permitted.

14.2.2.2.2 Panic Hardware or Fire Exit Hardware. Any door in a
required means of egress from an area having an occupant load
of 100 or more persons shall be permitted to be provided with a
latch or lock only if the latch or lock is panic hardware or fire

exit hardware complying with 7.2.1.7.

14.2.2.2.3 Special locking arrangements complying with 7.2.1.6
shall be permitted.

14.2.2.3* Stairs. Stairs complying with 7.2.2 shall be permitted.

14.2.2.4  Smokeproof  Enclosures. = Smokeproof  enclosures

complying with 7.2.3 shall be permitted
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14.2.2.5 Horizontal Exits. Horizontal exits complying with 7.2.4
shall be permitted.

14.2.2.6 Ramps. Ramps complying with 7.2.5 shall be permitted.

14.2.2.7 Exit Passageways. Exit passageways complying with 7.2.6
shall be permitted.

14.2.2.8 Fire Escape Ladders. Fire escape ladders complying with
7.2.9 shall be permitted.

14.2.2.9 Alternating Tread Devices. Alternating tread devices
complying with 7.2.11 shall be permitted.

14.2.2.10 Areas of Refuge. Areas of refuge complying with 7.2.12
shall be permitted.

14.2.3 Capacity of Means of Egress.

14.2.3.1 Capacity of means of egress shall be in accordance with
Section 7.3.

14.2.3.2 Minimum Corridor Width. Exit access corridors shall
have not less than 6 ft (1.8 m) of clear width.

14.2.4 Number of Exits. Not less than two separate exits shall be
as follows:
(1) Provided on every story

(2) Accessible from every part of every story and mezzanine
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14.2.5 Arrangement of Means of Egress.
14.2.5.1 Means of egress shall be arranged in accordance with
Section 7.5.

14.2.5.2 No dead-end corridor shall exceed 20 ft (6.1 m), other
than in buildings protected throughout by an approved,
supervised automatic sprinkler system in accordance with Section
9.7, in which case dead-end corridors shall not exceed 50 ft (15

m).

14.2.5.3 No common path of travel shall exceed 75 ft (23 m),
other than for the first 100 ft (30 m) in a building protected
throughout by an approved, supervised automatic sprinkler

system in accordance with Section 9.7.

14.2.5.4 Every room that is normally subject to student
occupancy shall have an exit access door leading directly to an
exit access corridor or exit.

Exception No. 1: This requirement shall not apply where an exit
door

opens directly to the outside or to an exterior balcony or
corridor as described in 14.2.5.7.

Exception No. 2: One room shall be permitted to intervene
between a

normally occupied student room and an exit access corridor,
provided

that all of the following criteria are met:

(a) The travel from a room served by an intervening room to the

corridor door or exit shall not exceed 75 ft (23 m).
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(b) Clothing, personal effects, or other materials deemed
hazardous by the authority having jurisdiction shall be stored in
metal lockers, provided that they do not obstruct the exit access,
or the intervening room shall be sprinklered in accordance with
Section 9.7.

(c) One of the following means of protection shall be provided:
(1) The intervening room shall have approved fire detection that
activates the building alarm.

(2) The building shall be protected by an approved, supervised

automatic sprinkler system in accordance with Section 9.7

14.2.5.5 Doors that swing into an exit access corridor shall be

arranged to prevent interference with corridor travel. (See also

7.2.1.4.4.)

14.2.5.6 Aisles. Aisles shall be not less than 30 in. (91 cm) wide.
The space between parallel rows of seats shall not be subject to
the minimum aisle width, provided that the number of seats that

intervene between any seat and an aisle do not exceed six.

14.2.5.7* Exterior Corridors or Balconies. Exterior exit access
shall comply with 7.5.3.

14.2.6 Travel Distance to Exits. Travel distance to an exit shall
not exceed 150 ft (45 m) from any point in a building. (See also
Section 7.6.)

Exception: Travel distance shall not exceed 200 ft (60 m) in
educational occupancies protected throughout by an approved,

supervised automatic sprinkler system in accordance with Section 9.7.

365



( SPY - Fe QRM7IES| RE0 Cet BilY £ et

14.2.7 Discharge from Exits. Discharge from exits shall be

arranged in accordance with Section 7.7.

14.2.8 Ilumination of Means of Egress. Means of egress shall be

illuminated in accordance with Section 7.8.

14.2.9 Emergency Lighting. Emergency lighting shall be provided
in accordance with Section 7.9 in the following areas:

(1) Interior stairs and corridors

(2) Assembly use spaces

(3) Flexible and open plan buildings

(4) Interior or windowless portions of buildings

(5) Shops and laboratories

14.2.10 Marking of Means of Egress. Means of egress shall have

signs in accordance with Section 7.10.

14.2.11 Special Means of Egress Features. 14.2.11.1* Windows for
Rescue. Every room or space greater than 250 ft2 (23.2 m2) used
for classroom or other educational purposes or normally subject
to student occupancy shall have not less than one outside
window for emergency rescue that complies with the following:
(1) Such windows shall be openable from the inside without the
use of tools and shall provide a clear opening of not less than
20 in. (51 cm) in width, 24 in. (61 cm) in height, and 5.7 ft2
(0.53 m2) in area.

(2) The bottom of the opening shall be not more than 44 in.
(112 cm) above the floor, and any latching device shall be
capable of being operated from not more than 54 in. (137 cm)
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above the finished floor.

(3) The clear opening shall allow a rectangular solid, with a
width and height that provides not less than the required 5.7-ft2
(0.53-m2) opening and a depth of not less than 20 in. (51 cm),
to pass fully through the opening.

(4) Such windows shall be accessible by the fire department and
shall open into an area having access to a public way.

Exception No. 1: This requirement shall not apply to buildings
protected throughout by an approved, supervised automatic
sprinkler system in accordance with Section 9.7.

Exception No. 2: This requirement shall not apply where the
room or space has a door leading directly to the outside of the
building.

Exception No. 3: This requirement shall not apply to rooms

located higher than three stories above grade.
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Chapter 29 Industrial Occupancies
29.2.6* Travel Distance to Exits.

29.2.6.1 Travel distance, measured in accordance with Section
11.6, shall not exceed that provided by Table 29.2.6.

29.2.6.2* Power-Generation Buildings. Buildings of Type I or Type
II construction used exclusively for the enclosure of steam
generators, steam turbines, gas turbines, heat recovery generators,
and flue gas treatment equipment, with special hazards protected
by approved automatic suppression systems in accordance with
NFPA 11, Standard for Low-, Medium-, and High-Expansion Foam;
NFPA 12, Standard on Carbon Dioxide Extinguishing Systems:;
NFPA 13, Standard for the Installation of Sprinkler Systems, NFPA
15, Standard for Water Spray Fixed Systems for Fire Protection;
NFPA 16, Standard for the Installation of Foam-Water Sprinkler
and Foam-Water Spray Systems; NFPA 17, Standard for Dry
Chemical Extinguishing Systems; NFPA 750, Standard on Water Mist
Fire Protection Systems; or NFPA 2001, Standard on Clean Agent
Fire Extinguishing Systems, shall be permitted to have a maximum
travel distance of 400 ft (122 m).
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Table 29.2.6 Maximum Travel Distance to Exits

General Industrial Special-Purpose
Arrangement Occupancy Industrial Occupancy
ft m ft m
Protected throughout by
an approved, supervised
automatic sprinkler 250+ 76+ 400 122

system in accordance
with NFPA 13 and
55.3.2
Not Protected
throughout by an
approved, supervised
automatic sprinkler 200 60 300 91
system in accordance
with NFPA 13 and
55.3.2

tIn one-story buildings, a travel distance of 400 ft (122 m) is permitted,
provided that a performance-based analysis demonstrates that safe egress can

be accomplished

29.2.7 Discharge from Exits. Discharge from exits shall be in

accordance with Section 11.7.

29.2.8 Illumination of Means of Egress. Means of egress shall be
illuminated in accordance with Section 11.8 or with natural ighting
that provides the required level of illumination in structures

occupied only during daylight hours.
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Escape route design

Number of escape routes and exits

2.3 The number of escape routes and exits that should be provided
depends on both of the following.

a. The number of occupants in the room, tier or storey.

b. The limits on travel distance to the nearest exit given in Table
2.1 (which apply only to the nearest exit; other exits may be

further away).

2.4 In multi-storey buildings, if more than one stair is needed for
vertical escape, every part of each storey should have access to
more than one stair. An area may be in a dead end provided the

alternative stair is accessible.

2.5 In mixed use buildings, separate means of escape should be
provided from any storeys or parts of storeys used for the
‘residential’ or ‘assembly and recreation’ purpose groups (purpose

groups 1, 2 and 5
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Maximum travel distance

- where travel is possible in:
P(L;;Z Use of the Premises or
rou part of the premises One direction | More than one
group only(m) direction(m)
2(a) | Residential(institutional) 9 18
Residential(other)
a. in bedrooms 9 18
20)
b. in bedroom corridors 9 35
c. elsewhere 18 35
3 Office 18 45
4 Shop and commercial 18 45
Assembly and
recreation:
a. buildings primarily for 9 13
5 disabled people
b. areas seating in rows 15 32
c. elsewhere 18 45
6 - dustrial Normal hazard 25 45
naustria Higher hazard 12 25
7 Storage and other Normal hazard 25 45
non-residential Higher hazard 12 25
97 place of special fire 9 18
hazard
plant_room or roof-top Normal hazard
plant:
a. distance within the 9 35
room
9-7 b. escape route not in
open air(overall travel 18 45
distance)
c. escape route in open
air(overall travel 60 100

distance)
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2.2.6 Determination of travel distance

The maximum travel distance for the respective types of
occupancies shall be not greater than as laid down in Table 2.2A
read in conjunction with the following:

(a) In the case of a floor area designed with minimum two exits,
the maximum travel distance as given in Table 2.2A shall be
applicable. The maximum travel distance starting from the most
remote point in any occupied space to the nearest exit, shall not

exceed the limits specified in Table 2.2A.

Maximum escape distance design parameters

Sprinklered Non-Sprinklered
Factory/W High Factory/W High
arehouse hazard arehouse hazard
Ong—vvay Travel o5 20 15 10
Distance (m)
One-way Travel 16.6 13.3 10 6.6
Distance (m)
Tvvg—vvay Travel 60 35 30 20
Distance (m)
Two-way Travel 40 23.3 20 13.3
Distance (m)

373



( SPY - Fe QRM7IES| RE0 Cet BilY £ et

oh

P oA A

I

2. Q7AE S A2 =hehEH] 3 220 Cf
E

=
U AN HSLOHAIMLADE K|271X)

2.3.2. Installation of Aboveground Tanks.

2.3.2.1 Location with Respect to Property Lines, Public Ways, and

Important Buildings on the Same Property.

2.3.2.1.1 Tanks storing Class I, Class II, or Class IIIA stable liquids
and operating at pressures not in excess of 2.5 psig(gauge pressure
of 17.2 kPa) shall be located in accordance with Tables 2.3.2.1.1(a)
and 2.3.2.1.1(b). Where tank spacing is based on a weak
roof-to-shell seam design, the wuser shall present evidence
certifying such construction to the authority having jurisdiction
upon request.

Exception: Vertical tanks with weak roof-to-shell seams (see
2.2.5.2.2) that store Class IITA liquids shall be permitted to be
located at one-half the distances specified in Table 2.3.2.1.1(a),
provided the tanks are not within the same diked area as or the

drainage path of a tank storing a Class I or Class II liquid.

2.3.2.1.2 Tanks storing Class I, Class II, or Class IIIA stable liquids

and operating at pressures that exceed 2.5 psig (gauge pressure of
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17.2 kPa), or are equipped with emergency venting that will permit
pressures to exceed 2.5 psig (gauge pressure of 17.2 kPa), shall be
located in accordance with Tables 2.3.2.1.2 and 2.3.2.1.1(b).

2.3.2.1.3 Tanks storing liquids with boil-over characteristics shall
be located in accordance with Table 2.3.2.1.3. Liquids with
boil-over characteristics shall not be stored in fixed roof tanks
larger than 45.7 m in diameter, unless an approved inerting system

is provided on the tank.

2.3.2.1.4 Tanks storing unstable liquids shall be located in
accordance with Tables 2.3.2.1.4 and 2.3.2.1.1(b).
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Table 2.3.2.1.1 (a) Stable Liquids [Operating Pressure 2.5 psig(gauge
pressure of 17.2 kPa)of Less]

Minimum
Distance in Feet
from Property
Line that Is or Can

Minimum
Distance in Feet
from Nearest
Side of Any Public
Way or from

exceed 175 ft

Type of Tank Protection Be Bw!t Upon, Nearest
Including the
. . Important
Opposite Side of .
: Building on the
a Public Way, and
Same Property
Shall Not Be Less
than 5 ft and Shall Not Be
Less than 5 ft
Protection for | J4 times diameter | % times diameter
exposures' of tank of tank
Floating roof Diameter of tank 1% times diameter
None but need not

of tank

Vertical with
weak
roof-to—shell
seam

Approved foam or
inerting system?

¥ times diameter

Y% times diameter

on tanks not
exceeding 150 ft of tank of tank
in diameter®

. T :
F’ro‘tectlon1 for Diameter of tank 73 times diameter
exposures of tank

2 times diameter | ,, . :

None of tank but need /s times diameter

not exceed 350 ft

of tank

Horizontal and
vertical tanks
with emergency
relief venting to
limit pressures to
2.5 psig (gauge
pressure of 17.2
kPa)

Approved inerting
system? on the
tank or approved
foam system on
vertical tanks

¥ times Table
2.3.2.1.1(b)

¥ times Table
2.3.2.1.1(b)

Protection for

exposures'

Table 2.3.2.1.1(b)

Table 2.3.2.1.1(b)

None

2 times Table

2.3.2.1.1(b)

Table 2.3.2.1.1(b)
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ISee definition 1.6.38, Protection for Exposures.
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2See NFPA 69, Standard on Explosion Prevention Systems.

For tanks over 150 ft in diameter, use “Protection for Exposures” or “None”, as

applicable.

Table 2.3.2.1.1 (b) Reference Table for Use in Tables 2.3.2.1.1(a),
2.3.21.2, 23.2.1.3, and 2.3.2.1.4

Minimum Distance from | ,,. . .
Property Line that Is or Minimum Dl.stance from
Can Nearest Sld_e of Any
Be Built Upon, Including Public
Tank Capacity (gal) the, Way or from Nearest
. . Important Building on
Opposite Side of a
Public Way the
() Same Property (ft)
275 or less 5 5
276 to 750 10 o)
751 to 12,000 15 o)
12,001 to 30,000 20 5
30,001 to 50,000 30 10
50,001 to 100,000 50 15
100,001 to 500,000 80 25
500,001 to 1,000,000 100 35
1,000,001 to 2,000,000 135 45
2,000,001 to 3,000,000 165 55
3,000,001 or more 175 60

For SI units, 1 ft = 0.3 m; 1 gal = 3.8 L.
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Table 2.3.2.1.2 Stable Liquids [Operating Pressure Greater than 2.5

psig(gauge pressure of 17.2 kPa)]

Type of Tank

Protection

Minimum
Distance in Feet
from Property
Line that Is or Can
Be Built Upon,
Including the
Opposite Side of
a Public Way

Minimum
Distance in Feet
from Nearest
Side of Any Public
Way or from
Nearest
Important
Building on the
Same Property

Any type

Protection

exposures'

for

1% times Table
2.3.2.1.1(b) but
shall not be less
than 25 ft

1% times Table
2.3.2.1.1(b) but
shall not be less
than 25 ft

None

3 times Table
2.3.2.1.1(b) but
shall not be less
than 50 ft

1), times Table
2.3.2.1.1(b) but
shall not be less
than 25 ft

For SI units, 1 ft = 0.3 m.

*See definition 1.6.38, Protection for Exposures.
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Table 2.3.2.1.3 Boil-Over Liquids

{r
Ju

Minimum
Distance in Feet
from Property
Line that Is or Can

Minimum
Distance in Feet
from Nearest
Side of Any Public

not exceed 350 ft

Type of Tank Protection Be Built Upon, Way or from
: Nearest
Including the
) : Important
Opposite Side of -
2 Public Wa Building on the
y Same Property
. Protection for | Y4 times diameter | /6 times diameter
Floating roof 1
exposures of tank of tank
[see Table Y6 times diameter
2.3.2.1.1(a)] None Diameter of tank
of tank
T :
Apprpved foam <2)r Diameter of tank 73 times diameter
inerting system of tank
Protection for | 2 times diameter | % times diameter
Fixed roof exposures' of tank of tank
4 times diameter | ,, . .
None of tank but need /5 times diameter

of tank

For SI units, 1 ft = 0.3 m.

ISee definition 1.6.38, Protection for Exposures.

’See NFPA 69, Standard on Explosion Prevention Systems.
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Table 2.3.2.1.4 Unstable Liquids

ron

b Sla|x &% ot

Type of Tank

Protection

Minimum Distance
in Feet from
Property Line that
Is or Can Be Built
Upon, Including the
Opposite Side of a
Public Way

Minimum Distance
in Feet from
Nearest Side of Any
Public Way or from
Nearest Important
Building on the
Same Property

Horizontal and
vertical tanks with
emergency relief
venting to permit

pressure not in
excess of 2.5 psig
(gauge pressure of

17.2 kPa)

Tank protected
with any one of the
following:
approved water
spray, approved
inerting, 'approved
insulation and
refrigeration,
approved barricade

Table 2.3.2.1.1(b)
but not less than 25
ft

Not less than 25 ft

Protection for

2V times Table
2.3.2.1.1(b) but not

Not less than 50 ft

2
exposures less than 50 ft
5 times Table
None 2.3.2.1.1(b) but not | Not less than 100 ft

less than 100 ft

Horizontal and
vertical tanks with
emergency relief
venting to permit
pressure over 2.5

psig (gauge
pressure of 17.2
kPa

Tank protected
with any one of the
following:
approved water
spray, approved
inerting, 'approved
insulation and
refrigeration,
approved barricade

2 times Table
2.3.2.1.1(b) but not
less than 50 ft

Not less than 50 ft

Protection for

4 times Table
2.3.2.1.1(b) but not

Not less than 100 ft

2
exposures less than 100 ft
8 times Table
None 2.3.2.1.1(b) but not | Not less than 150 ft

less than 150 ft
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For SI units, 1 ft = 0.3 m.
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ISee NFPA 69, Standard on Explosion Prevention Systems.

“See definition 1.6.38, Protection for Exposures.

Table 2.3.2.1.5 Class IIIB Liquids

Tank Capacity (gal)

Minimum Distance from
Property Line that Is or
Can Be Built Upon,
Including the Opposite
Side of a Public Way (ft)

Minimum Distance from
Nearest Side of Any
Public Way or from

Nearest Important
Building on the Same
Property (ft)

12,000 or less 5 5
12,001 to 30,000 10 5
30,001 to 50,000 10 10
50,001 to 100,000 15 10
100,001 or more 15 15
For SI units, 1 ft = 0.3 m; 1 gal = 3.8 L.

381




( SPY - Fe QRM7IES| RE0 Cet BilY £ et

= APl 2510

5.1.2 Minimum Distance Requirement

5.1.2.1 The minimum horizontal distance between the shell of a
pressurized LPG tank and the line of adjoining property that may
be developed shall be as shown in Table 1. Where residences,
public buildings, places of assembly, or industrial sites are located
on adjacent property, greater distances or other supplemental

protection shall be provided.

Table .1 Minimum Horizontal Distance Between Shell of pressurized LPG
tank and Line of Adjoining Property That May Be Developed

Water Capacity of Each Tank (gallons) Minimum Distance (feet)
2,000-30,000 50
30,001-70,000 75
70,001-90,000 100
90,001-120,000 125

120,001 or greater 200

5.1.2.2 The minimum horizontal distance between the shells of
pressurized LPG tanks or between the shell of a pressurized LPG
tank and the shell of any other pressurized hazardous or
flammable storage tank shall be as follows:

a. Between two spheres, between two vertical vessels, or between a
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sphere and a vertical vessel, 5 ft or half of the diameter of the
larger vessel, whichever is greater.

b. Between two horizontal vessels, or between a horizontal vessel
and a sphere or vertical vessel, 5 ft or three quarters of the

diameter of the larger vessel, whichever is greater.

5.1.2.3 The minimum horizontal distance between the shell of a
pressurized LPG tank and the shell of any other nonpressurized
hazardous or flammable storage tank shall be the largest of the
following with the exception noted after Item d:

a. If the other storage is refrigerated, three quarters of the greater
diameter.

b. If the other storage is in atmospheric tanks and is designed to
contain material with a flash point of 100°F or less, one diameter
of the larger tank.

c. If the other storage is in atmospheric tanks and is designed to
contain material with a flash point greater than 100°F, half the
diameter of the larger tank.

d. 100 ft.

The minimum horizontal distance between shells need not exceed
200 ft.

5.1.2.4 The minimum horizontal distance between the shell of an
LPG tank and a regularly occupied building shall be as follows:
a. If the building is used for the control of the storage facility, 50

ft.
b. If the building is used solely for other purposes (unrelated to
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control of the storage facility), 100 ft.
c. Compliance with API 752 may be used in lieu of the

requirements in paragraph a and b.

5.1.2.5 The minimum horizontal distance between the shell of an
LPG tank and facilities or equipment not covered in 5.1.2.1
through 5.1.2.4 shall be as follows:

a. For process vessels, 50 ft.

b. For flares or other equipment containing exposed flames, 100 ft.
c. For other fired equipment, including process furnaces and utility
boilers, 50 ft.

d. For rotating equipment, 50 ft; except for pumps taking suction
from the LPG tanks, 10 ft.

e. For overhead power transmission lines and electric substations,
50 ft. In addition, siting shall be such that a break in the overhead
lines shall not cause the exposed ends to fall on any vessel or
equipment.

f. For loading and unloading facilities for trucks and railcars, 50 ft.
g. For navigable waterways, docks, and piers, 100 ft.

h. For stationary internal combustion engines, 50 ft
5.1.2.6 The minimum horizontal distance between the shell of an

LPG tank and the edge of a spill containment area for flammable

or combustible liquid storage tanks shall be 10 ft.
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= CCPS(Center for Chemical Process Safety)

6.8. Equipment-to-Equipment Separation Distaces

6.8.1. Process Unit Spacing

Separate equipment in a process unit by at least 100 ft (30 m) from
equipment handling flammable materials in adjacent units or
offsite equipment. This spacing is required to minimize risks due
to maintenance activities in one unit while the adjacent unit or
offsite equipment remains in service. This spacing applies to
situations where both or only one of the units contains flammable
materials. In instances where neither unit contains flammables, this
spacing may be reduced to that required for maintenance and
emergency access.

The typical distance separating a process-unit battery limit from
an onsite roadway with unrestricted access is 50 ft (15 m). This
spacing may be reduced with the implementation of access
controls on the roadway.

As stated in Section 6.2, provide emergency access to units from
two directions in a path that does not require crossing an adjacent
unit. Accessways should be provided at least every 200 ft (61 m).
An accessway should be at least 20 ft (6 m) wide. These access
ways will permit emergency egress, facilitate firefighting, serve as
firebreaks, and serve as separations between equipment groups to

minimize potential explosion overpressures.
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6.8.7 Air Cooled Heat Exchangers

Updraft air-cooled heat exchangers draw air through the cooler
and may also draw the heat and fire in the same direction. The
additional heat input to the cooler from the fire can cause high
temperature and overpressure of other equipment. Additionally, the
metallurgy that makes the fins appropriate for heat transfer also
makes them highly susceptible to damage from heat. Do not locate
vessels or pumps containing flammable or combustible liquids
beneath air-cooled heat exchanger, Do not locate heat exchangers
containing flammables or combustibles that are heated above their
autoignition temperature beneath air-cooled heat exchangers. Do
not locate multiple flanges and valves, such as in control stations,
under air-cooled heat exchangers. Separate air-cooled heat

exchangers from ignition sources such as fired heaters.

6.8.8 Fired Heaters

Fired heaters are a continuous ignition source. Locate them
upwind of potential flammable vapor release sources to minimize
the potential for fires and explosions. Locating fired heaters at the
unit battery limits provides good access and maximizes separation.
Separate fired heaters from equipment containing flammable
liquids and vents that might release vapors. An exception to this
distance is when heaters are feeding reactors and it is desirable to

minimize the length of the large diameter transfer line.
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6.8.10. Gas Compressors and Expanders

Treat steam- or motor-driven gas compressors the same as pumps in
regard to spacing. Locate all flammable gas compressors downwind
and separated from fired heaters. Do not locate equipment above gas
compressors. Separate suction knockout drums, intercoolers and
intercooler accumulators from the compressor to provide firefighting
and maintenance access.

Example

An engine driven compressor with a large flywheel was located
near a tank containing a highly toxic chemical. The attachment of
the flywheel to the shaft failed and the flywheel came loose and
rolled toward the tank. The flywheel was stopped by a steel post
designed to restrict vehicle traffic near the tank.

Lesson

Consider the orientation of rotating equipment to reduce the

possibility of mechanical failures impacting adjacent equipment.

6.8.14. Water Spray Actuation Valves

Locate manual actuation valves for water spray outside of the fire
areas of the hazards they are protecting. Locate manual water-spray
actuation valves near the battery limits in a well-lighted and easily
accessible area. Also, manual or automatic water-spray deluge
valves should be located near the battery limits in a location
convenient to the operators or emergency responders and in the
expected path of travel. This location should be protected from fire

and explosions.
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6.8.15. Emergency Shutdown Valves

Locate a manually operated emergency shutdown valve in an
accessible location at least 50 ft (15 m) from the outer edge of a
potential pool fire that might be associated with the equipment the
valve is isolating.

Locate remotely operated valve actuation stations at least 50 ft (15
m) from potential fire sources. Automatic valves may be located
anywhere as long as they are fire protected so that they operate

when needed.

6.8.19. Pipeways

Pipeways are structures that support pipes, power leads, and
instrument cable trays. They are referred to as pipeways, piperacks,
or pipebands. The piping they support may contain process fluids
or utilities.

Main pipeways transfer material from the unit pipeway to storage
or utility areas. Unit pipeways are located within the battery limits
and transfer material between the unit process equipment.
Pipeways may be elevated or at grade.

Main pipeways should be located outside of process unit battery
limits. Separation distances from main pipeways are based on
substantially all welded pipe in the pipeway. Treat sections of the
pipeway containing numerous flanges, process control valve
stations, vents, drains, or other release sources as process area
pipeways in regard to spacing.

Evaluate pipeways handling high hazard chemicals (such as MIC,

chlorine, or acetylene) to consider their safe layout. Pipes handling
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highly corrosive materials such as aqueous HCI should be located
on the bottom piperack tier to prevent damage to other pipes and
cables if there is a loss of containment. Do not locate pipeways
where they might put emergency response equipment (including
fire pumps) at risk.

Route to avoid damage from cranes. Consider routing incompatible

materials in separate pipeways.

6.8.20. Tanks Inside Battery Limits

This section applies to in-process tanks and storage tanks
containing flammable or combustible liquids within battery limits.
Limit storage tanks within battery limits in number and size.
Separate storage tanks from process equipment. Treat smaller
storage tanks (less than 10,000 gallons (38,000 1) as process vessels
(such as towers, drums, and KO pots) for spacing concerns. For
tanks larger than 10,000 gallons (38,000 1), the values provided in
Appendix A may be used as a starting point with further definition

provided through a hazard analysis.
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Table A (metric)

TYPICAL SPACING FOR PLANT EQUIPMENT FOR FIRE CONSEQUENCES

Explosion and toxic concerns may require greater spacing/Horizontal Distanced (m)

oI la
%59 3
Text References 5’8 § ED
oundaries R
) o 5.7.7
Process Unit Battery Limits 6.8.1 30
Property 5.2.5 61 NM
IMErgency
ESD Valve-Manual 6.8.15 15 NM
Fire Pumps 5.8.2 61 NM
Hydrants, Monitors 6.8.16 NM NM
Water Spray and ESD Activation Switches 6.8.14 15 NM
rocess Vessels
Equipment handing non-flammables,
6.8.2 NM NM
noncombustibles, non-toxics
Reactors and Desalters 6.8.4 NM 61
Towers, Drums, Knock Out Pots, On-site Storage | 6.8.3 NM 61
Tanks 6.8.5 w
eat Transfer Equipment g
Air cooled heat exchangers-process 6.8.7 8. NM 61
Boilers, Air Compressors, Power Generation (Utility Area) 5.5 = 30 30
Cooling Towers 5.5.6 @ 30 30
Exchangers({autoignition or non-self-ignition) 6.8.6 NM 61
Exchangers()autoignition or self-ignition) 6.8.6 NM 61
Fired Heaters 6.8.8 NM 61
otating Equipment
Gas Compressor, Expanders 6.8.10 NM 61
Pumps handling flammables ) autoignition or 5.8.5 NM 61
self-ignition 6.8.11
Pumps handling flammables < autoignition or 5.8.5 NM 61
non-self-ignition 6.8.11
ransfer Equipment
Central Loading Racks for Trucks and Rail
5.8.8 61 61
Cars(except LFG)
Any Liquefied Flammable Gas Loading 586 76 107
Racks(Truck and Rall Cars)
Main pipe Racks (piping not associated with unit) 5.8.6 NM 30
Process Pipe Racks 6.8.19 NM 61
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Bollers- Air Compressors~ Power Generation S|lolololo ololo —lolw|o
. S|l om|lml®ml®m »| M| ™ O|N]|—|™
Utility Area)
Air cooled heat exchangers—process W SI[|wo|w| L O 0| o o2 W W
Heat Transfer Equipment
Towers- Drums- Knock Out Pots o olgglw|w|w ool o =|o|wv|w
On-site Storage Tanks
Reactors and Desalters W o W | RNR[|w|w |2 O | | © olR|L|w
Equipment handing~ nonflammables” | s | s | s sis|s|s|s|s s s | s s|is|s|s
. . Zlz|= ZlZz|lz|=z|z|=z zZ|lz|=z e R
noncombustibles -~ nontoxics
Process Vessels
Water Spray and ESD = S| w|w ow|lw|low|w|w]|w o|lw|w olo|=|=
Activation Switches
. ; > = = |w|w ToN TN NToN NTo N TN Mo} O Ww|w ol ==
Hydrants~ Monitors == S| 2|2 bl Il Bl ol el et O] 0o 2|2 2=
: SIS =S S| — | — — | — O || — | — | — — O] —
Fire Pumps >\ =| = > |wo|© ©o|lo|m|o|o|o© ©|w©o|w© o |lR|<|o©
ESD S| === S| w|w O W[ W |w|w|w 0| W | W ol ==
Z |\ Z|Z| = Z | — | — — | — | — | — | — | — — | — | «— — | — | Z| =
Valve-Manual

Emergency
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Process Pipe Racks W
Main pipe Racks (piping not associated with unit) W W
Any Liquefied Flammable Gas Loading Racks(Truck and Rall Cars) W L5
Central Loading Racks for Trucks and Rail Cars(except LFG) W o Rt
Transfer Equipment

Pumps handling flammables < autoignition or non-self-ignition W ©OW Y
Pumps handling flammables ) autoignition or self-ignition W W ol |¥L| .
Gas Compressor- Expanders W o | o Sl Lo
Rotating Equipment

Fired Heaters W el It S|l
Exchangers(autoignition or self-ignition) Z|w o || w Sl 9 lwlw
Exchangers({autoignition or non-self-ignition) W o | © To X INToR Yo} [SIL|w|w
Cooling Towers o D33 18|83 LIRILS
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Table B (matric)

TYPICAL FLAMMABLE AND COMBUSTIBLE LIQUIDS AND LIQUIFIED
FLAMMABLE GASES TANK SPACING TO OTHER AREAS AND EQUIPMENT

FOR CONSEQUENCES

Explosion and toxic concerns may require greater spacing

Horizontal Distance (m)

Atmospheri | Atmospheri
c and Low | ¢ and Low
Pressure Pressure
Text
Storage(non | Storage(non
References , _
-boil-over) | -boil-over)
less than | greater than
37,854 L 37,854 L
Text Reference 5.9 and 6.8.20
Property Boundary or Adjacent
perty Botndary or Ad) 5.2.5 8 30
Industry
Public Access Right of
. 5.2.5 15 30
Way(road, rail lines, parks)
Off-site populations: housing,
_ 5.2.5 15 76
offices
Process Area battery limits 573
(excepting portable containers 6.8.1 8 30
related to the process) o
Utility Battery Li, its(excepting
portable containers related to 5.5 8 30
the utility)
Fi t ti
ire water pumps (excepting 580 5 o1
the fuel source for the pump)
ESD and mitigation system
activation points (activation
_ , 6.8.15 15 15
point must be outside of tank
diked area.)
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Portable Containers
_ Pressurized | Pressurized
Pressurized
flammable | flammable
Atmospher Refrigerate | flammable
( gases(e.g. | gases(e.g.
i ' ases(e.q.
ic Storage | Pressurize d ngG (jS LPG and LPG and
' an
(boil oyer d Storage | Flammable i LFG) 227 | LFG) 907
potential) Storage kg 10 907 | kg to 4535
kg total
kg total kg total*
storage
storage storage
5.9 and 6.8.20 5.8.14
61 61 61 3 15 30
61 76 76 3 15 30
152 107 76 8 30 76
30 76 30 8 15 30
30 76 30 8 15 30
61 76 61 30 61 61
15 15 15 15 15 15

394



{r
Ju

HE7| 3) dE H HSAE F7o of

= APl 510

6.3 Risk-based Inspection

6.3.1 A RBI assessment may be used to establish the appropriate
inspection intervals for internal, on-stream, and external
inspections. The RBI assessment may allow previously established
inspection intervals to be exceeded from limits specified in 6.4
and 6.5 including the 10-year inspection and one-half remaining
life limits for internal and on-stream inspections, and the five-year

inspection limit for the external inspections.

6.3.2 When a RBI interval for the internal or on-stream inspection
exceeds the 10-year limit, the RBI assessment shall be reviewed
and approved by the engineer and inspector at intervals not to
exceed 10 years or more often if warranted by process, equipment,

Oor consequence Changes.

6.3.3 When a RBI assessment is used to extend the internal or
on-stream inspection interval, the assessment should include a
review of the inspection history and potential fouling of the

vessel's pressure-relieving device(s).
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6.6 Pressure-relieving Devices

Pressure-relieving devices shall be tested and repaired by a repair
organization experienced in valve maintenance. Pressure-relieving
devices should be inspected, tested, and maintained in accordance
with API 576.

6.6.1 Quality Control System

6.6.1.1 Each repair organization shall have a fully documented
quality control system. As a minimum, the following shall be
included in the quality control manual:

a. Title page.

o

. Revision log.

. Contents page.

[oTaNNe)]

. Statement of authority and responsibility.
. Organizational chart.
Scope of work.

. Drawings and specification controls.

o B e I ()

. Requirements for material and part control.

[y

Repair and inspection program.

j. Requirements for welding, NDE, and heat treatment.

k. Requirements for valve testing, setting, leak testing, and sealing.
l. General example of the valve repair nameplate.

m. Requirements for calibrating measurement and test gauges.

n. Requirements for updating and controlling copies of the quality
control manual.

0. Sample forms.
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p. Training and qualifications required for repair personnel.

q. Requirements for handling of non-conformances.

6.6.1.2 Each repair organization shall also have a fully documented
training program that shall ensure that repair personnel are

qualified within the scope of the repairs.

6.6.2 Testing and Inspection Intervals

6.6.2.1 Pressure-relieving devices shall be tested and inspected at
intervals that are frequent enough to verify that the valves perform
reliably in the particular service conditions. Other pressure-relieving
devices, (e.g. rupture disks and vacuum-breaker valves) shall be
inspected at intervals based on service conditions. The inspection
interval for all pressure-relieving devices is determined by either the
inspector, engineer, or other qualified individual per the

Owner/User’s quality assurance system.

6.6.2.2 Unless documented experience and/or a RBI assessment
indicates that a longer interval is acceptable, test and inspection
intervals for pressure-relieving devices in typical process services
should not exceed:

a. Five years for typical process services; and,

b. Ten years for clean (nonfouling) and noncorrosive services.

6.6.2.3 When a pressure-relieving device is found to be heavily

fouled or stuck, the inspection and testing interval shall be reduced
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unless a review shows that the device will perform reliably at the
current interval. The review should try to determine the cause of

the fouling or the reasons for the pressure-relieving device not
operating properly.
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5 Cause of Improper Performance

5.1 CORROSION

Nearly all types of corrosion are present in refinery and chemical
plant services. Corrosion is a basic cause of many of the
difficulties encountered with pressure relief devices. Corrosion
often appears as: pitted or broken valve parts, deposits of
corrosive residue that interfere with the operation of the moving
parts, or a general deterioration of the material of the relieving
device. Figures 19 through 25 illustrate the effects of corrosion on
relief devices. In addition to internal parts, exposed studs are
vulnerable to environmental corrosion attack.

Corrosion can usually be slowed or stopped by the selection of
more suitable devices or device materials. Proper maintenance is
also a consideration since a leaking valve allows fluids to circulate
in the upper parts of the valve, which can contribute to the
corrosion of its movable parts. Protective coatings as shown in
Figure 26 may offer protection against corrosion in some services.
In certain applications, a rupture disk device installed on the inlet
or outlet of a pressure relief valve can provide added corrosion
protection of the valve internals.

In many instances, valves of different construction can avoid,
reduce, or even completely contain the effects of corrosion. The
use of an O-ring seat in a pressure relief valve will sometimes stop

leakage past the seating surface and eliminate corrosion in the
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valve's working parts (see Figure 3). However, O-ring elastomers
may have a limited life under stress due to degradation caused by
temperature, aging, or swelling. A bellows seal can be used to
protect the spring bonnet cavity and the discharge side of the

valve from the corrosive lading fluid. (see Figure 5).

5.2 DAMAGED SEATING SURFACES

Because differential loading must be small to prevent leakage of
the lading fluid, an optical precision on the order of 3 light
beads/bands [0.0000348 in. (0.0008838 mm)] must be maintained in
the flatness of seating surfaces on metal-seated pressure relief
valves (see API Std 527). Any imperfection in these seating surfaces
will contribute to improper valve action in service.

There are many causes of damaged valve seats in refinery or
chemical plant service, including the following:

a. Corrosion.

b. Foreign particles that get into the valve inlet and pass through
the valve when it opens, such as mill scale, welding spatter or slag,
corrosive deposits, coke, or dirt. The particles may damage the
seat contact required for tightness in most pressure relief valves.
The damage can occur either in the shop during maintenance of
the valve or while the valve is in service.

c. Improper or lengthy piping to the valve inlet or obstructions in
the line. These can cause a valve to chatter. The pressure under
the seat may become great enough to open the valve. However, as
soon as the flow is established, the built-up pressure drop in the

connecting piping may be so great that the pressure under the seat
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falls and allows the valve to close. A cycle of opening and closing
may develop, become rapid, and subject the valve seating surfaces
to severe hammering, which damages the seating surfaces,
sometimes beyond repair. Figures 27 and 28 show seating surfaces
damaged by chattering and frequent fluctuations of pressure.

d. Careless handling during maintenance, such as bumping,
dropping, jarring, or scratching of the valve parts.

e. Leakage past the seating surfaces of a valve after it has been
installed. This leakage contributes to seat damage by causing
erosion (wire drawing) or corrosion of the seating surface and thus
aggravating itself. It may be due to improper maintenance or
installation such as misalignment of the parts, piping strains
resulting from improper support, or complete lack of support of
discharge piping. Other common causes of this leakage are
improper alignment of the spindle, improper fitting of the springs
to the spring washers, and improper bearing between the spring
washers and their respective bearing contacts or between the
spindle and disk or disk holder. Spindles should be checked
visually for straightness. Springs and spring washers should be kept
together as a spring assembly during the life of the spring. Seat
leakage may also result from the operating pressure being too
close to the set pressure of the valve.

f. Improper blowdown ring settings. These can cause chattering in
pressure relief valves. The relief valve manufacturer should be
contacted for specific blowdown ring settings for liquid service and
for vapor service.

g. Severe oversizing of the pressure relief valve for the relief loads
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encountered can cause the valve to close abruptly, resulting in disc

and nozzle seating surface damage.

5.3 FAILED SPRINGS

Spring failure occurs in two forms. The first is a weakening of the
spring, which causes a reduction in set pressure and the possibility
of premature opening. The second is a total failure (complete
break) of the spring, which causes uncontrolled valve opening.
Although springs may weaken and fail due to the use of improper
materials in high temperature service, failed springs are almost
always caused by corrosion. Surface corrosion and stress corrosion
cracking are the most prevalent of this type of failure in refineries.
Surface corrosion attacks the spring surface until the cross-sectional
area is not sufficient to provide the necessary closing force. It may
also produce pits that act as stress risers and cause cracks in the
spring surface and subsequent spring failure (see Figure 29).

Stress corrosion cracking sometimes causes rapid spring failure. It
is especially insidious because it is very difficult to detect before
the spring breaks. A brittle-type spring failure due to stress
corrosion cracking is shown in Figure 30.

Hydrogen sulfide (H2S) frequently causes stress-corrosion cracking of
springs (see NACE Standard MR0O175 for material recommendations
and guidance). Consult the manufacturer to select an appropriate
spring in susceptible applications since the material strength,
hardness and heat treatment of the spring can affect its resistance
to stress corrosion cracking.

where corrosion prevails, three courses of preventive action may
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be taken:

a. A spring material that will satisfactorily resist the action of the
corrosive agent may be used.

b. The spring may be isolated by a bellows. Certain pilot-operated
pressure relief valves have diaphragms or pistons that isolate the
pilot spring from the process.

c. The spring may be specially coated with a corrosion-resistant
coating that can withstand the operating temperature and

environment.

5.4 IMPROPER SETTING AND ADJUSTMENT

Manuals provided by the valve manufacturer help eliminate
improper setting and adjustment by indicating how to adjust their
valves for temperature, back pressure, and other factors.

In refinery and chemical plant services, setting a pressure relief
valve while it is in place on the equipment to be protected may be
impractical and should be performed only after special
consideration as noted in 6.2.2.18. Generally, direct spring-loaded
valves should be set in the valve maintenance shop while on
appropriate test equipment. During inspection and repair, a
properly designed test block facilitates the setting and adjusting of
the pressure relief valve (see 6.2).

Water, air, or an inert gas such as bottled nitrogen is generally used
as the testing medium in the shop. It is better to set a pressure
relief valve on air, or some other gas, rather than on water since,
depending on the type of valve being tested, a gaseous effluent will

produce either a definite pop or a clearly defined audible opening
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at the set pressure. To ensure that the valve is opening, some
overpressure should be carefully applied because an audible leak
could otherwise be misinterpreted as the result of reaching the set
pressure. However, most pressure relief valves produce a distinct
pop at the set pressure, making misinterpretation unlikely. The size
of the test stand is important since insufficient surge volume might
not cause a distinct pop, and may cause an incorrect set pressure.
Vapor service valves should be set using air or inert gas.

Steam service valves should be set using steam, but air may be
used if suitable corrections are applied. Liquid service valves
should be set using water.

Consult the manufacturer for the proper technique for setting
pilot-operated pressure relief valves on liquid as the water in the
dome area and pilot assembly may create problems when placed in
service.

Incorrect calibration of pressure gauges is another frequent cause
of improper valve setting. To ensure accuracy, gauges should be
calibrated frequently on a regularly calibrated dead weight tester.
The pressure range of the gauge should be chosen so that the
required set pressure of the pressure relief valve falls within the
middle third of the gauge pressure range. Snubbers on pressure
gauges are not generally recommended since they tend to clog and
produce pressure lag.

Adjustment of the ring or rings controlling the valve is frequently
misunderstood. The valve adjusting ring or rings will control either
the valve blowdown—the difference between the set pressure and

the reseating pressure—or valve blowdown and simmer, depending
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on the design of the valve being tested. Because the density and
expansion characteristics of material handled through pressure relief
valves are variable and the volume of testing facilities is limited, it is
usually impractical to adjust the valve rings on a maintenance shop
test block. The rings should therefore be adjusted to obtain a pop
on the valve test drum and then inspected and readjusted for proper
blowdown according to the manufacturer's recommendation. This
should permit the best average performance characteristics of the
valve when installed. For liquid or vapor service, the relief valve
manufacturer should be contacted regarding the proper blowdown
ring settings. Full understanding of terminology is important (see
ASME PTC 25).

5.5 PLUGGING AND STICKING

In refinery and petrochemical services, process solids such as coke
or solidified products can sometimes plug various parts of the
valve and connected piping. Additionally monomer service can lead
to polymer formation and plugging.

Extreme cases of fouling are illustrated by Figure 31, which shows
the inlet nozzle of a valve plugged solid by a mixture of coke and
catalyst, and Figure 32, which shows the outlet nozzle of a valve
plugged with deposits from other valves that discharge into a
common discharge header. Fouling of a lesser degree, as shown in
Figures 33 and 34, is also likely to impede valve operation. All
valve parts, particularly guiding surfaces, should be checked
thoroughly for any type of fouling. Lubricate all load bearing

surfaces such as spindle to disk holder, spring buttons to spindle,
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disk to disk holder and threads with a lubricant that is compatible
with the process materials and service temperatures.

Valve malfunction may also be due to sticking of the disk or disk
holder in the guide which may be caused by corrosion or galling
of the metal or by foreign particles in the guiding surfaces. Foreign
particles in the guiding surfaces tend to roll metal up, causing
severe galling. The use of a bellows can keep the foreign particles
away from the guiding surfaces. Sticking of valves can also result
from machining of valve parts outside the manufacturer's tolerance
limits. Figure 35 shows a disk that is frozen in the guide as a result
of corrosion in sour gas service. If corrosion is the cause of the
sticking, three possible cures are available. First, the use of a
bellows can protect moving parts from the corrosive substance,
especially in closed systems (see Figure 4). Second, an O-ring seat
(see Figure 3) can seal the guiding surfaces from the lading fluid
until a relief cycle occurs. Third, the use of a rupture disk on the
valve inlet will isolate the valve internals from the upstream
process material.

When galling of the metal in the guiding surfaces is not due to
corrosion or foreign particles, it is often due to valve chatter or
flutter caused by improper piping at the valve inlet or outlet or by
severe oversizing of the valve. Correction of improper piping at
the valve inlet or outlet will usually stop galling. Improper finishing
of the guiding surfaces can also cause galling caused by chatter or
flutter. To reduce the chances of galling, they should be polished
until they are as smooth as possible. Varying the materials and

hardness of the contacting parts until the best combinations are
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found may minimize galling. Consult valve manufacturer for
recommendations.

Sticking of pressure relief valves may also be caused by poor
alignment of the valve disk, which is usually due to debris on the
contact surface between the guide and the body of the valve, or

misalignment of a gasket at assembly (see Part II of API RP 520).

6.2.19 Inspection, Testing, Maintenance, and Setting of Pilot-Operated
Pressure Relief Valves

Inspection, testing, maintenance, and setting of the pilot
mechanism may be handled separately from the main valve.

With test connections, the set pressure of some types of pilots may
be accurately tested while the valve is in service. If there is no
block valve under the main valve, it may be inspected and repaired
only while the vessel is out of service.

Because of the many types of pilot-operated valves available, the
valve manufacturer's recommendations for inspection, repair and
testing should be consulted and followed.

Many of the considerations that apply to other pressure relief
valves also apply to pilot-operated valves. The following is a list of
additional considerations that apply to pilot-operated valves.

a. Inspect soft goods (O-rings, diaphragms, gaskets)

b. Check for plugging in pilot assembly and external tubing

c. Check for material trapped in main valve dome area

d. Check all tubing fittings for leakage

e. Inspect the pressure pick-up device and its orientation

Manufacturers of diaphragm valves (see Figure 7) frequently
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recommend semiannual shop inspection/overhauls to allow

inspection of the diaphragm and other components.
6.5 TIME OF INSPECTION

6.5.1 Routine

The ideal time to inspect pressure relief valves is when the
inspection least interferes with the process and maintenance
manpower is readily available. These conditions may prevail during
planned shutdowns. All relief devices not equipped with block
valves should be inspected at this time if an inspection would
otherwise become due before the next scheduled shutdown. Even
the relief devices with block valves may be inspected at this time
to minimize process interruptions and avoid the increased risk of

inspecting equipment in operation.

6.5.2 Inspection on New Installations

All pressure relief valves and other automatic pressure-relieving
devices that depend on a spring adjustment for proper functioning
should be inspected and tested before they are installed on process
equipment (i.e. verify CDTP pressure and visual inspection as
described in 6.2.). This inspection is used to determine any
damage or changes in factory adjustment due to shipping, confirm
the set pressure, and initiate appropriate records. If the factory
setting is done in a nearby shop, this additional testing may be
unnecessary.

Pressure and/or vacuum vent valves on atmospheric storage tanks
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should also be inspected after installation but before the tank is

hydrostatically tested or put into service.

6.5.3 Unscheduled Inspection

If a valve fails to open within the set pressure tolerance, it requires
immediate attention. If it opens at the set pressure but fails to
reseat properly, the urgency of inspection and repairs depends on
the type of leakage, its environmental and human impact, the
amount of leakage, and the characteristics of the leaking substance

such as whether it's toxic, flammable, or fouling.

6.5.4 Inspection After Extended Shutdowns

A pressure relief valve left on a unit during an extended shutdown
should be inspected and tested before the resumption of
operations. This inspection is necessary to ensure that corrosion,
fouling, tampering, or other conditions or acts that would impede
the proper performance of the device have not occurred during
the shutdown. When a change in operating conditions is to follow

the shutdown, the inspection interval should be reviewed.
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(A) Regulation 8 Written scheme of examination

(1) The user of an installed system and owner of a mobile system
shall not operate the systemer allow it to be operated unless he
has a written scheme for the periodic examination, by a
competent person, of the following parts of the system, that is to
say—

(a) all protective devices;

(b) every pressure vessel and every pipeline in which (in either
case) a defect may give rise to danger; and

(c) those parts of the pipe work in which a defect may give rise to
danger, and such parts of the system shall be identified in the

scheme.

(2) The said user or owner shall-

(a) ensure that the scheme has been drawn up, or certified as
being suitable, by a competent person;

(b) ensure that—

(i) the content of the scheme is reviewed at appropriate intervals
by a competent person for the purpose of determining whether it
is suitable in current conditions of use of the system; and

(ii) the content of the scheme is modified in accordance with any
recommendations made by that competent person arising out of

that review.

(3) No person shall draw up or certify a scheme of examination

410



{r
Ju

under paragraph (2)(a) unless the scheme is suitable and-

(a) specifies the nature and frequency of examination;

(b) specifies any measures necessary to prepare the pressure
system for safe examination other than those it would be
reasonable to expect the user (in the case of an installed system)
or owner (in the case of a mobile system) to take without specialist
advice; and

(c) where appropriate, provides for an examination to be carried

out before the pressure system is used for the first time.

(4) References in paragraphs (2) and (3) to the suitability of the
scheme are references to its suitability for the purposes of
preventing danger from those parts of the pressure system included

in the scheme.

(B) Guidance 8

115 There are many factors to be considered by the competent
person when deciding the maximum interval between examinations
under the written scheme of examination (see paragraph 110). The
competent person should use their judgement and experience to
determine the appropriate interval based on the relevant
information. Earlier legislation set out maximum examination
intervals for some types of equipment. The competent person may
wish to consider using these as a guide when drawing up or
certifying the written scheme of examination, if appropriate for
that system. For steam plant the period was usually 14 months with

more frequent examinations specified where operating conditions
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were arduous. The examination period for steam receivers linked
to such plant was generally in the range of 26-38 months. Air
receivers on compressed air systems were generally examined every
24-48 months, with examinations taking place less frequently, ie
every 72 months where corrosion was minimal and maintenance of

safety standards was high.
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7.5.2 Approaches for Setting Maximum Inspection Intervals

Established practice is to use one or more of the following
approaches as a basis to set the maximum intervals between
inspections.

* Historical experience of the type of equipment (e.g. boilers, air
receivers)

* Industry guidelines for classes of equipment based on in-service
experience

* As a prescribed percentage of the estimated residual life or the

design life
(a) Historical experience

The approach of the Factory Acts was to specify fixed intervals
between inspections for steam and air equipment based on
historical operating experience and failure data. For steam plant
the period was 14 months, unless conditions were arduous, and for
steam receivers, it was in the range of 26 to 38 months. For air
receivers it varied from 24 to 48 months, although it could be as
long as 72 months when conditions were favourable.

In many cases, however, this approach was considered to be too
conservative. Certificates of Exemption were granted under the
Acts for particular types of equipment such as boilers at large

electricity generating plants.
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(b) Industry guidelines

The Institute of Petroleum (Model Codes of Safe Practice Parts 12
and 13) (7.3) and SAFed (Guidelines on Periodicity of Examinations)
(7.4) have issued guidelines recommending maximum service
intervals between inspections.

The Institute of Petroleum’s Codes grade equipment based on a
qualitative assessment of the rate of deterioration from the first
and subsequent examinations. Maximum examination intervals
between 2 and 12 years are recommended depending on the type
of equipment (e.g. process pressure vessels) and the assessed
grade. Successive examination intervals can be extended (or
reduced) if the grade of the equipment is changed. This may
happen following examinations where favourable (or unfavourable)
operating experience of the equipment, or identical plant on
similar duty, is observed.

When applying industry guidelines, the extent of operating
experience is a key factor to be considered. Appropriate margins
are necessary to allow for uncertainties and the reliability and
relevance of the supporting data for the existence and rate of

deterioration. For example:

* The use of published generic design data, code default values,
and corrosion rate tables without any field data must be viewed
with scepticism: corrosion rates can be very sensitive to the
specific material and process conditions.

« Data or measurements from inspections with limited or unproven
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effectiveness, or laboratory testing with simulated process
conditions, can be considered to have only moderate reliability.
* Field measurements from proven effective inspections of similarly

aged equipment can provide data with high reliability.
(c) Remnant life

The remnant life approach to determining inspection intervals is
based on calculating the remaining life of the equipment based on
its tolerance to deterioration, defects or damage and the rate of
deterioration. The tolerance to deterioration is determined by
assessing fitness-for-service at future times according to the
deterioration predicted. Methods such as those given in API 579
and BS 7190 may be used (7.5, 7.6).

An inspection interval can then prescribed as a percentage of the
remaining life. The percentage selected needs to take uncertainties
and reliability of the data into account. As a guide, API 510 and
570 (7.7, 7.8) states that the maximum interval between inspections
should not exceed 50% of the estimated remaining life based on
the measured corrosion rate.

The SAFed Guidelines (7.4) recommend inspection intervals for
pressure vessels

subject to creep, fatigue and other remnant life conditions. These
are based on the length of prior service as a proportion of the
predicted total life calculated at design or re-evaluated during
service (i.e. the percentage of the calculated life used). During

service up to 80% of the calculated life, examination intervals
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should be based on 20% of the calculated life, but when prior
service exceeds 80% of calculated life, examination intervals should
be based on 10% of the calculated life. These criteria are limited
by maximum intervals specified for different classes of vessel.
The assessment of residual life needs to take all known and
potential deterioration mechanisms into account. Calculations
should be based on conservative assumptions, and contain
adequate margins to allow for uncertainties. The reliability of the
available inspection and materials data is a key consideration in
assessing the current condition of the equipment, the rate of
deterioration, and the continued fitness-for-service.

Some deterioration mechanisms (e.g. fatigue crack growth, stress
corrosion cracking) do not proceed at a constant rate but
progressively increase with time or initiate late in life. The residual
life calculation is then no longer a simple ratio of deterioration
tolerance to deterioration rate. In these cases, a fixed interval
based on a fraction of the remnant life may not be appropriate

and there may be a need for more frequent inspection towards the

end of life.
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(1) 15.4 Pressure Relief Valve Servicing Intervals

PRV's must be serviced by an organization that has a valid ABSA
Certificate of Authorization Permit per PESR section 11(1) to set
and service pressure-relief valves.

AB-524 identifies the requirements for all PRDs on pressure
equipment. The requirements for setting and servicing pressure
relief valves are established in AB-524.

It is the owner's responsibility to ensure that the organization
servicing the PRV is competent for the scope of work. Authorized
PRV-servicing organizations are listed on the www.absa.ca website.
Table 1, shows the maximum periods of time a pressure-relief
valve may remain in service before it requires servicing, unless it
has been deferred or revised in accordance with Section 15.

The term pressure-relief valve (PRV) applies to safety valves, safety
relief valves, and relief valves. The applicable progressive interval
grading and known service requirements covered in Section 11
shall be used to determine servicing intervals for pressure relief
valves, or as otherwise determined through a RBI assessment
completed under an owner-user RBIP provided in accordance
AB-506 Section 12.

The interval grading system does not apply for thermal relief valves
and other protective devices not classed as pressure relief valves.
These shall be inspected, tested and serviced/replaced at
appropriate intervals based on their service history and the

manufacturer's recommendations.
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The owner must have appropriate documented work processes,
methodology, and assessments to ensure that the intervals assigned
are appropriate. The servicing interval shall be based on the
history in a particular fluid service, cleanliness, and other servicing
information. It shall also be assessed by performing an as-received
pop test. This is required for all valves, unless the valve is
extremely fouled and dirty or if a valve is in a hazardous service
that may require neutralizing. When a PRV is replaced, the PRV
that is replaced may still need to be assessed, through an
as-received pop test, dismantling, etc., in order to establish a
suitable servicing interval for the new valve that has been installed
(refer to API RP-576).

When a pressure-relief valve servicing report indicates the valve
was in unsatisfactory condition when it was removed from service,
a lower interval may be required. The owner should conduct a root
cause analysis for the purpose of preventing reoccurrence, because
reducing the length of the service interval may not always address
the cause. This is particularly important when the valve fails the
service as-received pop test or is otherwise found to be in an
inoperable condition.

Appendix D shows factors that may need to be considered when
assigning servicing intervals for pressure-relief valves.

Servicing records and other data must be reviewed by the
Inspector, except as otherwise specified per the owner-user's
quality management system. The assigned servicing interval must
be approved by the Inspector.

Servicing records and other required information to support the
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assigned servicing intervals must be maintained on file.

TABLE 1 MAXIMUM THOROUGH INSPECTION AND SERVICING

INTERVALS
MAXIMUM NOTES
Servicing Intervals
PRVs The relevant
1
(years) _notes
GRADE identified
TYPE OF EQUIPMENT I R
Owner indispensabl
Users e to the
1 2 onl intervals
Noté established
10 in this table.
Power Boilers
Pressure Plant H.P. Boilers 3 3 4 6
Thermal Generating Station Boilers | 4 4 4 6, 3
Waste Heat Boilers 2 3 4
Portable Boilers — Rig and Others | 1 1 2 6, 2
Public Occupanqy, High Pressure 1 9 N/A 6.1 2
Boilers
Once Through Steam Generators —
. ) 2 3 4 6
Heavy Oil Processing
High Temperature Hot 9 3 3 5
Water/Glycol Mixed Boilers
Thermal Liquid Heating Systems 9 3 4
(TLHS)
Historical Boilers as described in
AB-534 o) 5 N/A
Heating Boilers
All types of heating boilers (not 3 3 4 12
portable)
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Pressure Vessels

Air Receivers/Dryers 5 5 5 1, 2
Misc. Vessels in Building Service —
Expansion Tanks, Hydro Pneumatic 0 ° N/A 1.2
Potable Hot Water Storage Tanks | 5 5 5 1, 2
Boiler Blow Down Tanks
Deaerators 4 5 6
Vessels with Quick Actuating or
Quick Opening Closures 4 4 4 12,10
Refrigeration Vessels Group Al o) 5 5 7
Refrigeration (other incl. Ammonia) | b5 5 o) 7
Storage vessels in non-corrosive
service including ammonia storage | b5 5 6 7
vessels
LPG plant storage vessels b5 5 6 7, 13
Vessels in propane service within
the scope of CSA B149.2 N/A|N/A | N/A 7,9
Cryogenic Vessels o) 5 6 7
Vessels in Cold Boxes 5 5 6 4,7

423




( SPY - Fe QRM7IES| RE0 Cet BilY £ et

MAXIMUM NOTES
Servicing Intervals The
PRVs (years) relevant
GRADE notes
identified
3 are

TYPE OF EQUIPMENT Owner | indispensa

Users | ble to the

only intervals

Note | establishe

10 d in this
table.

Natural Gas and H2 Automotive

On-Board Storage Vessels Per CSA B51 Part 2

Fired Process Heaters, separately fired

o . 3 4 6 8, b
superheaters and similar equipment
Div 2 Vessels and other items with
. . . 5
a specified design life
Unfired process vessels not 3 5 5

otherwise listed in the table

Upstream Pressure Vessels (Refer Also to Appendix B)

(pressure vessels that are associated with the drilling, production,
gathering, and treatment of liquid petroleum, natural gas, and natural
gas liquids) These include the following:

Well-head vessels (separators,
methanol spheres, etc.)

Fuel gas scrubbers

Air cooled heat exchangers

Indirect fired line Heaters

Treaters, FWKQO’s

Compressor Bottles in vibrating service

W [ WWww|oror| o1
o1 (ol oo oot o1
D OO, |O| O

Upstream pressure vessels not listed
above that are in sour service

Upstream pressure vessels not listed
above that are in sweet service

w
o1
»

Refrigeration Vessels 5 5 6 7
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Pressure Piping

The applicable inspection principles
covered in API-570 Piping Code,
API-574, NB-23, and other relevant
codes and standards shall be used to
determine the inspection
requirements and inspection
frequencies that are appropriate for
the type of piping.

The maximum thorough RBI assessment interval is ten years.
The maximum thorough inspection interval for directly fired power
boilers and heating boilers is four years.

The maximum pressure relief valve servicing interval is ten years.
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4.4 MEANS OF VENTING

4.4.1 Normal Venting

Normal venting for pressure and vacuum shall be accomplished by
a PV valve or an open vent with or without a flame-arresting
device in accordance with the requirements of Section 4.4.1.1
through 4.4.1.5. Relief devices equipped with a weight and lever

are not recommended.

4.4.1.1 Any relief device, shall be designed so that it will protect

the tank in the event of failure of any essential part.

4.4.1.2 PV valve are recommended for use on atmospheric storage
tanks in which petroleum or petroleum products with a flash point
100F(37.8C) are stored and for use on tanks containing petroleum
or petroleum products where the fluid temperature may exceed the
flash point. A flame arrester is not considered necessary for use in
conjunction with a PV valve venting to atmosphere because flame
speeds are less than vapor velocities across the seats of PV valve
(see API Publication 2210).
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4.4.1.3 Open vents with a flame-arresting device may be used in
place of PV valves on tanks in which petroleum or petroleum
products with a flash point below 100 ‘F(37.8 C) are stored and on
tanks containing petroleum and petroleum products where the

fluid storage temperature may exceed the flash point.
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5 Pressure-Vacuum Valves As a Substitute For Flame Arresters

5.1 NFPA 30 and OSHA 1910.106(b)(2)(iv)(f) recognize that a
pressure-vacuum valve is an acceptable alternative to a flame
arrester under certain circumstances. This recognition is based on

tests started in 1920, supplemented by many years of experience.

5.2 Even in mixtures of maximum flammability, flame can not pass
back through an opening if the efflux velocity exceeds a critical
value. Tests by the Bureau of Mines and others made with mixtures
of gasoline components and air flowing through openings typical
of tank vents have demonstrated that this critical velocity is
approximately 10 feet per second. In a valve set to close when the
upstream pressure falls below approximately 3/4 inch of water, the
velocity of flow across the pallet-seat area exceeds twice this
critical velocity. The flame propagation cannot overcome the gas
flow to pass from the low-pressure to the high-pressure side. In
these tests, flame was snuffed out when the valve closed as the
upstream pressure was deliberately reduced to test and confirm
this condition. Chapter 13 of the AIChE CCPS book, Guidelines for
Engineering Design for Process Safety, discusses flame arresters

and cites test work done which substantiates velocity flame

stopping.
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5.3 Tests have also shown that under some circumstances a
long-burning flame at the valve outlet could damage the valve
sufficiently to interfere with its closing. Under such circumstances,
flashback may occur when the flow rate falls below the critical

velocity, if a flammable mixture exists inside the tank.
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1-7 Definition and Classification of Liquids.

1-7.1 Scope. This section shall establish a uniform system of
defining and classifying flammable and combustible liquids for the
purpose of proper application of this code. This section shall
apply to any liquid within the scope of and subject to the

requirements of this code.

1-7.1.1 This section shall not apply to mists, sprays, or foams.
1-7.1.2 This section shall not apply to liquids that do not have
flash points, but are capable of burning under certain conditions,
such as certain halogenated hydrocarbons and certain mixtures of
flammable or combustible liquids and halogenated hydrocarbons.

[See A-1-1.2(c)]

1-7.2 Definitions. For the purpose of this section, the following

terms shall have the definitions given.

Boiling Point.* The temperature at which the vapor pressure of a
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liquid equals the surrounding atmospheric pressure.

For purposes of defining the boiling point, atmospheric pressure
shall be considered to be 14.7 psia (760 mmHg). For mixtures that
do not have a constant boiling point, the 20 percent evaporated
point of a distillation performed in accordance with ASTM D 86,
Standard Method of Test for Distillation of Petroleum Products,
shall be considered to be the boiling point.

Flash Point.* The minimum temperature of a liquid at which
sufficient vapor is given off to form an ignitible mixture with air,
near the surface of the liquid or within the vessel used, as
determined by the appropriate test procedure and apparatus

specified in 1-7.4.

Liquid. Any material that has a fluidity greater than that of 300
penetration asphalt when tested in accordance with ASTM D 5,

Test for Penetration for Bituminous Materials.

Vapor Pressure.* The pressure, measured in pounds per square
inch, absolute (psia), exerted by a liquid, as determined by ASTM D
323, Standard Method of Test for Vapor Pressure of Petroleum
Products (Reid Method).

1-7.3* Classification and Definition of Liquids. Any liquid within
the scope of this code and subject to the requirements of this code
shall be known generally as either a flammable liquid or a

combustible liquid and shall be defined and classified in
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accordance with this subsection.

1-7.3.1 Flammable Liquid. Any liquid that has a closed-cup flash
point below 100 °F (37.8 °C), as determined by the test procedures
and apparatus set forth in 1-7.4. Flammable liquids shall be
classified as Class I as follows:

(a) Class I Liquid. Any liquid that has a closed-cup flash point
below 100 °F (37.8 °C) and a Reid vapor pressure not exceeding 40
psia (2068.6 mmHg) at 100 °F (37.8 °C), as determined by ASTM D
323, Standard Method of Test for Vapor Pressure of Petroleum
Products (Reid Method). Class I liquids shall be further classified as
follows:

1. Class TA liquids shall include those liquids that have flash points
below 73 °F (22.8 °C) and boiling points below 100 °F (37.8 °C).
2. Class IB liquids shall include those liquids that have flash points
below 73 °F (22.8 °C) and boiling points at or above 100 °F (37.8
°O).

3. Class IC liquids shall include those liquids that have flash points
at or above 73 °F (22.8 °C), but below 100 °F (37.8 °QC).

1-7.3.2 Combustible Liquid. A combustible liquid shall be defined
as any liquid that has a closed-cup flash point at or above 100 °F
(37.8 °C), as determined by the test procedures and apparatus set
forth in 1-7.4. Combustible liquids shall be classified as Class II or
Class III as follows:

(a) Class II Liquid. Any liquid that has a flash point at or above 100
°F (37.8 °C) and below 140 °F (60 °C).
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(b) Class IIIA. Any liquid that has a flash point at or above 140 °F
(60 °C), but below 200°F (93 °C).

(c) Class IIIB. Any liquid that has a flash point at or above 200 °F
93 “0).
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Chapter 3 Protection for Ordinary Structures
3-1 General.

3-1.1 An ordinary structure shall be any structure that is used for
ordinary purposes whether commercial, industrial, farm, institutional,
or residential. Ordinary structures not exceeding 75 ft (23 m) in
height shall be protected with Class I materials as shown in Table
3-1.1(a). Ordinary structures greater than 75 ft (23 m) in height shall
be protected with Class II materials as shown in Table 3-1.1(b). If
part of a structure is over 75 ft (23 m) in height (e.g., steeple) and
the remaining portion does not exceed 75 ft (23 m) in height, the
requirements for Class II air terminals and conductors shall apply
only to that portion exceeding 75 ft (23 m) in height. Class II
conductors from the higher portion shall be extended to ground and

shall be interconnected with the balance of the system.
3-1.2 Roof Types and Pitch. For the purpose of this standard, roof

types and pitches shall be as shown in Figures 3-1.2(a) and
3-1.2(b).
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3-2 Materials. Protection systems shall be made of materials that
are resistant to corrosion or acceptably protected against
corrosion. Combinations of materials that form electrolytic couples
of such a nature that in the presence of moisture corrosion is
accelerated shall not be used. One or more of the following
materials shall be used:

(a) Copper. Where copper is used, it shall be of the grade
ordinarily required for commercial electrical work, generally
designated as being of 95-percent conductivity when annealed.
(b) Copper Alloys. Where alloys of copper are used, they shall be
as substantially resistant to corrosion as copper under similar
conditions.

(c) Aluminum. Where aluminum is used, care shall be taken not to
use it where contact could be made with the earth or anywhere it
could rapidly deteriorate. Conductors shall be of electrical grade

aluminum.

3-2.1 Copper lightning protection materials shall not be installed

on aluminum roofing, siding, or other aluminum surfaces.

3-2.2 Aluminum lightning protection materials shall not be

installed on copper surfaces.

3-3 Corrosion Protection. Precautions shall be taken to provide the
necessary protection against any potential deterioration of any
lightning protection component due to local conditions. Copper

components installed within 24 in. (600 mm) of the top of a
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chimney or vent emitting corrosive gases shall be protected by a

hot-dipped lead coating or equivalent.

3-4 Mechanical Damage or Displacement. Any part of a lightning
protection system that is subject to mechanical damage or
displacement shall be protected with a protective molding or
covering. If metal pipe or tubing is used around the conductor, the

conductor shall be electrically connected to the pipe or tubing at

both ends.

3-5 Use of Aluminum. Aluminum systems shall be installed in
accordance with other applicable sections and with the following:
(a) Aluminum lightning protection equipment shall not be installed
on copper roofing materials or other copper surfaces, or where
exposed to the runoff from copper surfaces.

(b) Aluminum materials shall not be used where they come into
direct contact with earth. Fittings used for the connection of
aluminum-down conductors to copper or copper clad grounding
equipment shall be of the bimetallic type. Bimetallic connectors
shall be installed not less than 18 in. (457 mm) above earth level.
(c) Connectors and fittings shall be suitable for use with the
conductor and the surfaces on which they are installed. Bimetallic
connectors and fittings shall be used for splicing or bonding
dissimilar metals.

(d An aluminum conductor shall not be attached to a surface
coated with alkaline-base paint, embedded in concrete or masonry,

or installed in a location subject to excessive moisture.
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3-6 Strike Termination Devices. Strike termination devices shall be
provided for all parts of a structure that are likely to be damaged
by direct lightning flashes. Metal parts of a structure that are
exposed to direct lightning flashes and that have a metal thickness
of 3/16 in. (4.8 mm) or greater shall only require connection to the
lightning protection system. Such connections shall provide a
minimum of two paths to ground. Strike termination devices shall
not be required for those parts of a structure located within a zone

of protection.

3-6.1 Air Terminal Height. The tip of an air terminal shall be not
less than 10 in. (254 mm) above the object or area it is to protect.
(See Figure 3-6.1.)

3-6.2 Air Terminal Support. Air terminals shall be secured against
overturning by attachment to the object to be protected or by
means of braces that shall be permanently and rigidly attached to
the building. An air terminal exceeding 24 in. (600 mm) in height
shall be supported at a point not less than one-half its height.

3-6.3 Ornaments. An ornament or decoration on a freestanding,
unbraced air terminal shall not present, in any plane, a
wind-resistance area in excess of 20 in% (0.01 m?). This shall permit

the use of an ornamental ball 5 in. (127 mm) in diameter.
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3-7 Zones of Protection. To determine the zone of protection, the
geometry of the structure shall be considered. (See 3-7.1 through
3-7.3.)

3-7.1 For flat or gently sloping roofs, dormers, domed roofs, and
roofs with ridges, wells, chimneys, or vents, the zone of protection
shall include the roof and appurtenances where protected in

accordance with Section 3-8.

3-7.2 For structures with multiple-level roofs no more than 50 ft
(15 m) in height, the zone of protection shall include areas as
identified in 3-7.2.1 and 3-7.2.2. The zone of protection shall form
a cone having an apex at the highest point of the strike
termination device, with walls forming approximately a 45-degree

or 63-degree angle from the vertical.

3-7.2.1 Structures that do not exceed 25 ft (7.6 m) above earth are
considered to protect lower portions of a structure located in a

one-to-two zone of protection as shown in Figures 3-7.2.1(a) and

3-7.2.1(b).

3-7.2.2 Structures that do not exceed 50 ft (15.24 m) above earth
are considered to protect lower portions of a structure located

within a one-to-one zone of protection as shown in Figures

3-7.2.2(a) and 3-7.2.2(b).
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3-7.3 Rolling Sphere Model.

3-7.3.1 The zone of protection shall include the space not intruded
by a rolling sphere having a radius of 150 ft (46 m). When the
sphere is tangent to earth and resting against a strike termination
device, all space in the vertical plane between the two points of
contact and under the sphere are in the zone of protection. A zone
of protection is also formed when such a sphere is resting on two
or more strike termination devices and shall include the space in
the vertical plane under the sphere and between those devices, as
shown in Figure 3-7.3.1. All possible placements of the sphere
must be considered when determining the zone of protection using

the rolling sphere model.

3-7.3.2 For structure heights exceeding 150 ft (46 m) above earth
or above a lower strike termination device, the zone of protection
is considered to be the space in the vertical plane between the
points of contact and under the sphere when the sphere is resting
against a vertical surface of the structure and the lower strike
termination device or earth. The zone of protection shall be
limited to the space above the horizontal plane of the lowest
terminal unless it can be extended by further analysis, such as in

rolling the sphere to be tangent to earth.
3-7.3.3 Figure 3-7.3.3 provides a graphic representation of the

150-ft (46-m) geometric model for structures of selected heights up
to 150 ft (46 m), as shown in Figure 3-7.3.3. Based on the height
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of the strike termination device for a protected structure being 25
ft (7.6 m), 50 ft (15 m), 75 ft (23 m), 100 ft (30 m), or 150 ft (46 m)
aboveground, reference to the appropriate curve shows the
anticipated zone of protection for objects and roofs at lower
elevations. The graph shows the protected distance (“horizontal
distance”) as measured radially from the protected structure. The
horizontal distance thus determined shall apply only at the

horizontal plane of the “height protected.”

3-7.3.4 Under the rolling sphere model, the horizontal protected
distance found geometrically by Figure 3-7.3.3 (‘horizontal
distance, ft”) also shall be permitted to be calculated using the

following formula:

d= \/hy(300— hy) — \/hy (300 — hy)

where:

d = horizontal distance (ft)

hi= height of the higher roof (ft)

h,= height of the lower roof (top of the object) (ft)

Use of this formula is based on a 150-ft (46-m) striking distance.
For the formula to be valid, the sphere must be tangent to either
the lower roof or in contact with the earth, and in contact with
the vertical side of the higher portion of the structure. In addition,
the difference in heights between the upper and lower roofs or
each must be 150 ft (46 m) or less.
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