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0
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El:% 2] (33b)
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AP o Ly
K= 1 = Kiier T > D dd—f_ffelbows—f_KoutleH... 21 (33d)
— e p ° Uv2 h
2

_25_



KOSHA GUIDE

D -1 - 2021

Kinlet : ?:} ?_ 9] X1 ?‘%]_ 74] '/:[:
Kelbows : oél H "CIL 9] X1 ?‘%]— 74] '/:[:
Koutlet : % ?’ 9] X1 ?‘%]' 74] '/:I:

fp : D'Arcy friction factor

@) AT WHS AdSE A P SN 54 A e e A A
8% 5 v}

(3) WA WA o) ANEA e A PAYES Lolg FolAu, ] L
PG Pl TS $718 FAA AW, dE x@stelor @

(4) Aol BAY EVE glow 2 (33a)& AFEE o+ gl

(5) 271¢=E o] 0.2 bar-g& x¥shd 2 (33a)5 A& 5 (it

(6) WAEE BH A o] o oAU 10 % o Wk A% A (Ba)E AL
@ % gk

(7) WA ES] A3 Al KE & Holl&=o] A4ds] neys 45 IR
o)
P

A
bird screens, and rain coversE A X dt= A-$ 4 (330)E AFEE

8) A= =719 A oyl wte} dAE 45, 4 (33a)¢] TAS W ¢ W
AFHEE A3 4= 9l

) BrEES A dol= vs 4 (34)9F o] ALkt

10,000 « D 11,000
Leff < min 9 Z\_]] (34)
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Oq 7] Aﬁ, Leff : min(Ldusty, Ldusty)

Ldusty :

(10) B3k 3

[e]
g

<

ot

(Pmax - Pred) X V/ Av

P_Ell_cq 7(4%_

=

o

=

_?4

=Gt 2 ATe o

<¥ 1> NFPA 68 &% mdlo] x3 437 2 A 3

Vent ducts

P ;% 1.2 bar-abs

1<L/D<6

Allow turbulence

Panel density £ 40 kg/m*

Allow partial volume

No elevated pressure (calculate vent

duct effect last)

Partial volume

P s 1.2 bar-abs

l<L/D<6

Allow turbulence

Panel density < 40 kg/m”

Allow vent ducts

No elevated pressure (calculate vent
duct effect last)

Panel inertia

P s 1.2 bar-abs
l<L/D<6

Allow turbulence

Allow partial volume

Allow vent ducts

No elevated pressure (calculate vent

duct effect last)

Elevated pressure

1.2< P ... % 5 barabs
1=L/D=6

Turbulence (v, and v} < 20 m/s
Panel density < M and < 40 kg/m*
Full volume, no partial volume

No vent ducts (calculate elevated

pressure effect last)

Subatmospheric
pressure

P, ... < 0.8 bar-abs

1<L/D<6

Allow turbulence

Panel density < 40 kg/m”*

Allow partial volume

Allow

vent ducts (caleulate vent duct elfect

last)
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(1) "x171¢ L/D 2474

Oh) B <Y 5>} o] WTME] W TR} PATE e el A

T Z7bAAol Aa vk

Vent

T 00000 ] " i
I 000® L]

000000 T
000000 TS

s e e

=
ANZAN

Version 1 Version 2 Version 3

!

v

wnusid
1sneyxe uea|n

u
1sneyxe uee|n

<Y 5> Wbyt FrF wiA o]l dagls widy Ale

(b AAFE] FE P Vs FRAES 9 o] BPY g /2R 2
&) o

(th) 2oaztel &3 b4 Ag> Vers A HZ o] At

() AAF FE 47 Dy Al 2olE A9t

(vh) #x171el ek L/D= flollA 243 =2 H/Dpest s LskAl Axkgiot
(2) B <29 6>3 o] WAkt 7F Wi 2w AE o] o3 Helnbatel &
A7F 2 Agole= A" WA WAS 25 % SR Ak

3)

FA #71du) o] BRlo] ALY AA/NE §UHE EHo] THEIE
o AS g nizxA F s Hgstoof I
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(7h 874 w71 F9E Artstel o] WAk4E AdAstolof g

(W) 4 3719 7txsee AsiAdS Hrhskal, KOSHA GUIDE D - 16 -
2012 Zurol g o] Ao Bt 71&H Uol Wb BEE AL WAbE of
oF #h

Lo | |
_________

Vent

Restraint for full-length
bags/cartridges

<29 6> Wakys F7F dA o] Had WEE Alg

6.8 Bucket Elevators.

1) WA Az WolEE B EE Bie dER BRI

(2) Head and Boot Vents.

(b WA Zh7ke] BEGIold) BRlA o) elofo sha, 4ol A4 A
EED
(b P72 HEG D A7 HAGA G P, PAFE HEAA 6

(3) 7t W

(7h AAAS 1A= 0.2, 05 == 1.0 bar-g9] P® 7152 %2 AAREES

NNEoZ AAT + 4
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(b SEG IS A= (Head)e 99 (Zhol A A8 PgE wheth,

<E 2> FIhE = b A

Spacing (m)
Bucket Elevator K, P, P, P
Classification (bar-m/s) 0.2 bar-g 0.5 bar-g 1.0 bar-g
Double-casing (twin leg) <100 6 None required None required
100-150 3 10 19
151-175 N/A 4 8
176-200 N/A 3 4
>200 N/A N/A 3
Single-casing (single leg) <100 N/A* None required None required
100-150 N/A 7 14
151-175 N/A 4 5
176-200 N/A 3 4
>200 N/A N/A 3

N/A: Not allowed.
*For P,= 0.3 bar-g, vent spacing of 6 m is appropriate.
Source: [120]

(th) & == B9 Wzl dedolHuy HFste B3 FARF Ky 2 Preg
# AALEE JEAA Aoy & wEk <F 2>9 2ol WA o
E of F7IE WALTE A X slojof 3}
(2h) Eet2g wFlo] AR H = A5, o <iE 3> o AAE ATE 0.2, 0.5
E-:-If: 1.0 barig‘q Pred‘q H% Oé]‘j’] H'” O] Ei /gﬁ] PredT§T %7]_}\]75101: f:ih:]'
<# 3> Fg29Y HAl| g AA Peg =4

K, (bar-m/s) Percent Increase
<100 20
100-150 35

151-200 50

(51) bzl WA A A AT WAe GEG] )] B o] ol
ofof e},

(B}) Preq 0.2 bar-g9] #S AAS AL, 73 ZAX 4 Kg 7ol 100 bar-m/s v

el
Bl A, 9EC AASk= WA= 6 m ool ofoF Fh
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(Ah) WAktel AA- S 0.1 bar-gelofoF st}

6.9 Fireball = 7]

(1) solof i 2ot 2o Foz A © Fule] B3t APL Fol7] 9

1/3
D=K - (;V) 4 (35)

(7h) 21 (39)ell o3 ALkE sWEFe = Al 60 m o| W2 A gkt

(W) st el Hd £33} ol "D’ - FHolok i by Wk S S
el <29 7>3 Zo] dEEA £XE Aoz Hgdth

_32_



KOSHA GUIDE

D -1 - 2021
<2 7> stolel ¥ ]
(3) SRANA AT E D% Pra 3 WS 02 ThS 4 (36)7 2ol AN
e,
Prona =02 + Py v AM 4 1018 4 (36)

(4) a x DEY W Ao A5, A A%k P, U A (37)3 o] Al4tgih

P =P (a s D/r) 21 (37)

Oﬂ 7] }\:I, Pmax,r : g’] ‘:H 94 %]’(bar*g)
Praxa @ 2l (bar-g)

o W WA 02, 9% 54 BE 025

w
g
w
)
w
-
rlo
v
o
BN
Yy
o
=)
Ipy
:(I)l:
o
9
o
v

5) A
(7h) @A E 23 0 03 mP < V < 10000 m
() Aol WA Pra < 1 bar—g
(th) W2k 25 A P - < 0.1 bar-g

(&) B34 Z9AF Kg @ Ky < 300 bar-m/s € ® 2 (35), Kg < 200
bar-m/s & ® 2] (36), (37)

(U]') 94?:1]— Pmax,a <9 barig
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W sl WA E Aol of g,

(5) Edo] AT & gl 7] AAH YEE §7] ABAHANA HE A7
ool WAL glofok Frh

6) WA e 122 kg/m’e 273

&
20
5

(7) WA= Qb RE 3ol A8 oF Fhr

(8) WAk A4 sdk= S 0.3 bar-g " RFo]ojof ghr}

Ob WATE EQA EPoz ABHE AL WA 95t A shelop
(b L/D W&ol <19 8>o EAHE Hgn F A9, e 735 o] F71
2 PP E A stelo} dt
10) shbel WaT 8

(7h <29 8>& AHgste] A s&dolE it

120
L = Distance between deflagration vents
100 or
Length of pipe or duct having one end open
80
3
_E
S 60 Dusts with Kg, <200
40 Propane, dusts with Kg, > 200
20
0
0 1 2 3 4

<E 8> A YEC dis] L/DE fdst= s &4 o

(W) A& gatd o Hd PR Pes HES] 5759 50 % o] stk
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<2y 9> #F o] wEm AMe W@l 2 mis oFE sE:
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7] E¥Es ke u EAe = Ho Ut E Pra

fr&ol 2 m/s olshel Qlghy Rzl A
@ BAL o Fati WMol HEOA EAS WAL w Hu) arg
Prats <28 10> Abg3te] ot

@ 718k v A2 G ] B, Preg, Koo BRI OZ 71ty
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Ksr=300
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[
o
M
0
0 20 40 60 80 100
L/D
<79 10> % o] wa I Hale] wjelAl 2 m/s odtE B2 B3/



KOSHA GUIDE

D -1 - 2021
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(11) %0 2 m/sE Z2¥36ta, d42E57F 06 m/s o] Ael A= s 3)S
Fxate] F7EAQ MAbA A S A A stooF gt
(12) 271E%27F 20 m/s o]/d]l AulelA dafHerl 2299 dask 13
vl o] el 7hs = Ky o 30091 X9 A WA fIAE HEe A
de At -3t
73 M@ Ex HEY 25 2 g

(1) T <@ 11>% BT Ao B4 Dol 017 bar-g& 29814 %2
u, WAk Alole] Hul AYE AAS=d ARESH

(7h <29 11> #<50] Hd 20 m/s o]kl Anjo] 2 g3}
(W) <29 11> KgZF 300 bar-m/s ©] 3}

9 27 g

15
Propane and dusts with Kg;< 300
initial velacity between
2 m/s and 20 m/s
10
Q
Q
5
Op 1

a9 11> 22339 Kg7F 300 bar-m/s ©]3el =%l th3l] Pg?t 0.17 bar-g&
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Sup |
L=r, | 21 (39)

04 7]/\1, Pred,x = 7]—{:9] Oﬂ/g- ﬁf’—%a(bar*g)
Preap = 0.17 bar-g - Z23-2] oA 119t

Ly = 7h29] 9 Abel Ael(m)
L, = Z2we] %7 Aol Ael(m)
Sux = 7F28] 1B Ans
S AL

(1) FWA AT
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Vent panel
Sheet metal subgirt ‘
— (10 ga) — Roof girder
diam o
through-@l‘t Blind rivet -
T 4
l 12.7 mm I , Shock absorber (4.8 mm
diam forged g7 [« thick) — freedom to move
q:l: = ¢ eye bolt  fF through 90 degree arc
/
Bar washer £
& T wire rope clips
~_ 6.35 mm diam, 1.2 m long
galv. wire rope tether
/. 12.7 mm diam bolts
L~ | 1
/ —_— Il : =SS
T L T Cl f
241Blmm 20312 i shu:kS:EJus%rober
o |—*
T |L1016,
mm
< 13> AR dde] HA R ZES fdto] sfololm /2 Ald
@ AAGA = g dud SV, Adx7] R FARRE el AHgE
AT},
® 34 mol BE gATE T AUt AW 2 4, BAT A
or Axd & Advt
@ 44 A5 WA Ao QA R 22y FH AAYFE 47149
FARTFTE AAsto]of gt
© AA7F g Aol WA ES dA e A4f, dels AAdA Bt
of A|%el glojof atal, WA Eof] R4 Frs FEI a3hs g
B ko oF ght},
® ¥t Belloj7= Fd WAt Tol Ao WAk E Predol AE A=
AASAY, W] W3t ARE old & Afode v <19 12>
& olgstel WAV S AT,
(2) tholol g WATE by <Y 14>sh gol W spdsty BE s
tolol et AL gafolof ).
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o #11]
FAASF K7t 1909 #32 AFahs Adx7e 44 2 m, 2
il Lo wWhAE A2 A A st 73%, Zo vPALA] A = 9= old

2 o FEell

A2
(a) o} 3§ 2ol =l A=xr]9 HA
wel L/De ¢F 2568 A &3t S

<
T 3

47 2 md B39 A <29 8>
T Ax7]9 L/DE 10028 38 o

(b) Aoty @ <79 10>0] B L/DE 109 25l 358 5 de 8
2 9F 05 bar-g ¢Fge] ®7le] o ZAow Mdu] oA BET Al
A o

of wheba o] Auje] AAH S Holk 0.5 bar-g oo ¢HES ThAof

Ela=

of) 4| 2]
WAk7 2~ A7V e (Flare stack)< 274 0.4 m, =©] 40 mo]al, vlgol <9
A (Water seal) S A Asl= 4§, T2y EXo] H|S=3% ?ii/%lﬂ =3t
Eo| W3t AEet dEoZRE vt A AdAgS HosH] 9@ A
P2 o= HLolojof =72

Al 4H2]

(a) F 3&Zdo] 2l : 27 (Flare stack)?] 2 74°] 04 md =&
Ag-, <29 8>l A 820 L/DE of 288 HE&E 5 . o] &
Ztekol L/DE 10002 Hu & 84do ] 285 z¥slE =R, A7tE AY|7t &
BE AYEE AASIAY b8 Fdor HEstolof g

of) 4| 3]
A7 1 m, 2°] 100 me X HEE Z WA A2 HEd Aot
HE Yie 23] 547 v geean/d7]) E3E] Eof Ao
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B Wik Abolel 76 m old 4AL fAME Bk ol LA
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b2 1 A ek, Tﬂi 13709 Ak
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A ARG A7 5 249 3u) ofst f1A]e] Wil Ast BE 7 AAs)

aL, 27 3uiel Aol C& AAFT

(b)  WRRHZFAIZ 5-43el ZA 8kl J7] AT R S5 A8 Y dE 2q 9
Ao ME F& AdAstaL, 20 m YEO| F7F ¥ake] dasit. AujE &
H}3st= 712~ 100 m/min® F 3 6 m/sec(=100/60 sec/n x 0.62)9] &%
v gowmg o)y <1y 15>9] A&3W L/DE 1M o] E+= oF 65
m °]sle] WE 7tAo] dastm WE Ceo FAFol A= ¢F 17.2 molth
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<HE 2> MAR Jfxel )9 JE drsw
P
24 A= gy A
(Cm/sec) (Cm/sec)
Acetone 54
Acetylene 166+ Ethyl acetate 38
Acrolein 66 Ethylene oxide 108
Acrylonitrile 50 Ethylenimine 46
Allene (propadiene) ]7 Gasoline (100-octane) 40
Benzene 48 n-Heptane 46
,n-butyl- 39 Hexadecane 44
tert.obutyl- 39 1,5-Hexadiene 52
,1,2-dimethyl- 37 n-Hexane 46
,1,2,4-trimethyl- 39 1-Hexene 50
1,2-Butadiene (methylallene) 63 1-Hexyne 57
1,3-Butadiene 64 3-Hexyne 53
,2,3—dimethyl- 52 Hydrogen 312 *
,2-methyl- 55 Isopropyl alcohol a1
n-Butane 15 Isopropylamine 31
2-cyclopropyl- 47 Jet fuel, grade JP-1 (average) 40
2,2-dimethyl- 49 Jet fuel, grade JP-4 (average) 41
2,3-dimethyl- 43 Methane 40
2-methyl- 43 diphenyl- 35
2,2,3~trimethyl- 49 Methyl alcohol 56
Butanone 42 1,2-Pentadiene (ethylallene) 61
1-Butene 51 cis—1,3-Pentadiene 55
2-cyclopropyl- 50 trans-1,3-Pentadiene (piperylene) 54
2,3~dimethyl- 46 2-methyl-(cis or trans) 46
2-ethyl- 46 1,4*Pentad}ene 55
2-methyl- 46 2,3-Pentadiene 60
3-methyl- 49 n-Pentane, 46
2,3-dimethyl-2-butene 44 2,2-dimethyl- a1
2-Buten 1-yne (vinylacetylene) 89 2,3-dimethyl- 43
1-Butyne 68 2,4-dimethyl— 42
3,3-dimethyl- 56 2-methyl- 43
2-Butyne 61 3-methyl- 43
Carbon disulfide 58 2,2,4-trimethyl- 41
Carbon monoxide 46 1-Pentene 50
Cyclobutane 67 2-methyl- A7
ethYI* 53 . 4*methylf 48
isopropyl- 46 cis—2-Pentene 51
methyl- 52 1-Pentene 63
methylene 61 4-methyl- 53
Cyclohexane 46 2-Pentyne 61
methyl- 44 4-methyl- 54
Cyclopentadiene 46 Propane 46+
Cyclopentane a4 2-cyclopropyl- 50
methyl- 49 1-deutero- 40
Cyclopropane 56 1-deutero—2-methyl- 40
cis—1,2-dimethyl- 55 2-deutero-2-methyl- 40
trans-1,2-dimethyl- 55 2,2-dimethyl- 39
ethYI* 56 Z*methylf 41
methyl- 53 2-cyclopropyl 53
1,1,2-trimethyl- 52 2-methyl- 44
trans—Decalin 36 Propionaldehyde 58
(decahydronaphthalene) Propylene oxide 82
n-Decane 43 (1,2-epoxypropane)
1-Decene 44 1‘*1.3ropyne 32
Diethyl ether A7 Spiropentane el
Dimethyl ether 54 Tetrahydropyran 48
Ethane 47 Tetralin (tetrahydronaphthalene) 39
Ethane (ethylene) 0 Toluene (methylbenzene) 41
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<HE 3> A" shao] gF R dasy v

Andrews and F
rance and
7} 1 Bradley Pritchard
(371%) (F2F) (&71¢)
Acetylene 166 158 1140 -
Ethylene 80 79 - 0
Hydrogen 312 310 1400 347
Methane 40 45 450 43
Propane 46 - - 46
<HE 4> FAEY HiAdrsl, HUSdgy 2 FAAF
2 o) ZaF
209 | Hsasye | GaT | FEAE | e
54 . Ks; $] &
=7](um) (g/m’) Proax
(bar) (bar-m/sec) Class
Cellulose 33 60 9.7 229 2
Cellulose pulp 42 30 9.9 62 1
Cork 42 30 9.6 202 2
Corn 28 60 94 75 1
Egg white 17 125 8.3 38 1
Milk, powdered 83 60 5.8 28 1
Milk, nonfat, dry 60 - 8.8 125 1
Soy flour 20 200 9.2 110 1
Starch, corn 7 - 10.3 202 2
Starch, rice 18 60 9.2 101 1
Starch, wheat 22 30 9.9 115 1
Sugar 30 200 85 138 1
Sugar, milk 27 60 8.3 82 1
Sugar, beet 29 60 8.2 59 1
Tapioca 22 125 94 62 1
Whey 41 125 9.8 140 1
Wood flour 29 - 105 205 2
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<HE 5> wad 2Ae HadavE AUEwcy 2 A4
FONA | o)y | AU [ FAAS [ 2
23 7] *( L/;f T 9E Ks 913
(um) & Prax (bar) | (bar-m/sec) Class
Charcoal, activated 28 60 77 14 1
Charcoal, wood 14 60 9.0 10 1
Coal, bituminous 24 60 9.2 129 1
Coke, petroleum 15 125 7.6 47 1
Lampblack <10 60 84 121 1
Lignite 32 60 10.0 151 1
Peat, 22% H->O - 125 84.0 67 1
Soot, pine <10 - 7.9 26 1
<P 6> HehEd Bl AAAAFE, HYEUeHy 2 Edx S
= 3 2= =]
o B P P e R B e
== (g/m‘) Pmax(bar) St -
(um) (bar-m/sec) | Class
Adipic acid <10 60 8.0 97 1
Anthraquinone <10 _ 10.6 364 3
Ascorbic acid 39 60 90 111 1
Calcium acetate 92 500 5.9 9 1
CalC}um acetate 35 250 65 21 1
Calcium stearate 12 30 91 132 1
%%%boxy—methylcellu 24 125 92 136 1
Dextri 41 60 8.8 106 1
Loatoso 23 60 77 81 1
Lead stearate 12 30 9.2 152 1
Methyl-cellulose 75 60 9.5 134 1
Paraformaldehyde 23 60 9.9 178 1
Sodium ascorbate 23 60 84 119 1
: 22 30 8.8 123 1
Sodium stearate
Sulfur 20 30 6.8 151 1
<HE FEEAY ArArvE, AUEeaY L AL
. Fa94 | AZARTE | guge | o | O
= 27] (Ilm> ¥ Pmax (bar’) St =
(g/m') (bar-m/sec) | Class
Aluminum 29 30 124 415 3
Bronze 18 750 4.1 31 1
Iron carbonyl <10 125 6.1 111 1
Magnesium 28 30 175 508 3
Zinc 10 250 6.7 125 1
Zinc <10 125 7.3 176 1
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<RE > FHFA PR ArdaFE, AUy 2 s
FRYA | Azdz | Adgd, | ToT =D
4 27 (um) | E(g/m) | Po (bar) Ka e
Hmy - o =ig/m max ADAT (bar-m/sec) | Class
(poly) Acrylamide 10 250 0.9 12 1
(poly) Acrylonitrile 25 - 85 121 1
(poly) Ethylene <10 30 8.0 156 1
(low-pressure
process)
Epoxy resin 26 30 79 129 1
Melamine resin 18 125 10.2 110 1
Melamine, molded 15 60 75 41 1
(wood floyr and
mineral filled oy )
Melamine molded
(phenol-cellulose) 12 60 10.0 127 1
(poly) Methyl
acrylate 21 30 94 269 2
(poly) Methyl
acrylate, emulsion 18 30 10.1 202 2
polymer
Phenolic resin <10 15 9.3 129 1
(poly) Propylene 25 30 8.4 101 1
Terpene—phenol 10 15 8.7 143 1
resin
Urea-formaldehyde/ 13 60 10.2 136 1
cellulose, molded
(poly) Vinyl acetate/ 32 30 8.6 119 1
ethylene
copolymer
(poly) Vinyl alcohol 26 60 8.9 128 1
(poly) Vinyl butyral 65 30 89 147 1
(poly) Vinyl chloride 107 200 7.6 46 1
(poly) Vinyl 35 60 8.2 95 1
chloride/
vinyl acetylene
emulsion
copolymer
(poly) Vinyl 60 60 8.3 98 1
chloride/ethylene/vinyl
acetylene
suspension
copolymer
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