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4.2.2 Combustible Liquid. 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 Section 4.4. Combus-
lible liquids are classitied according to Section 4.3.

4.2.3 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 Section 4.4 and a Reid ==
vapor pressure that does not exceed an absolute pressure of 40 psi (276 kPa) at 100°F (37.8°C),

4.2.4* Flash Point. The minimum temperature of a liquid at which sufficient vapor is
given off to form an ignitible mixture with the air, near the surface of the liquid or within the
vessel used, as determined by the appropriate test procedure and apparatus specified in Sec-
tion 4.4.

NFPA 30 ulwl o (5 a8 (25T (30 (oliS

4.3.1 Flammable liquids, as defined in 3.3.33.2 and 4.2.3, shall be classified as Class I lig-
uids and shall be further subclassified in accordance with the following:

(1) Class IA Liquid — Any liquid that has a flash point below 73°F (22.8°C) and a boiling
point below 100°F (37.8°C)

(2) Class IB Liquid — Any liquid that has a flash point below 73°F (22.8°C) and a boiling
point at or above 100°F (37.8°C)

(3) Class IC Liquid — Any liquid that has a flash point at or above 73°F (22.8°C), but below
100°F (37.8°C)

4.3.2 Combustible liquids, as defined in 3.3.33.1 and 4.2.2, shall be classified in accordance
with the following:

(1) Class IT Liquid — Any liquid that has a flash point at or above 100°F (37.8°C) and below
140°F (60°C)
(2) Class II Liquid — Any liquid that has a flash point at or above 140°F (60°C)
(a) Class IIIA Liquid — Any liquid that has a flash point at or above 140°F (60°C), but
below 200°F (93°C)
(b) Class I1IB Liquid — Any liquid that has a flash point at or above 200°F (93°C)
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Turbulent diffusion tlame which burns above a
horizontal vaporizing lucl pool, where the luel vapor
has negligible initial momentuin.
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LNG Pool Fire (~15 m dia) on water
China Lake, CA tests 1976-78
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Area of Static Spill Fire

m A is known via physical constraints

m A is calculated based on an estimated spill
depth, § and the initial volume, V, of fuel:

Bl L6 & ©
S o

S ol il G0
Estimate of Spill Depth

m MacKinven et al (1970) and Burgoyne and
Roberts (1968) work indicate

No flame spread for Depths < 1.5 mm

m More recent experimental data indicate
depths as low as 0.7 mm

m Smaller depth -- larger spill area -- larger
fire -- shorter duration (all other things
co sta nt)
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m Heskestad correlation for intermittent flame

height, L;:

L, =0.2307 -1.02D
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HRR @ 1> gwlay & »
Typical Calculations

Heat Release Rate (kW): Q =rir- Ah._

Burning Rate (kg/m?%s): s = A-n

Mass burning rate per area is empirically based.

Burning Rate (kg/m?s): m=A-y:p
Density, p, is known and
Regression rate is empirically based.
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The buming rate is usually estimated using the following expression:
(3-40)

m= m,l(_l —P i"")

where m_ 1s the burning velocity for an infinite diameter pool (kg m* s ') and k is a constant
(m™). Various authors have proposed values for m_ and k (Table 3-8). For large scale fires, m

~m,.
Diesel ol Gasoline

Authors m,  kgm®s km' m, kgm?s’ k,m"

Babrauskas [27] 0.034 2.80 0.055 2.10

Rewetal. [28] ! 0.054 1.30 0.067 1.50

Mufioz etal. [33] | 0.054 0.88 0.082 1.31

(1))
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Those who cannot
remember the past are
condemned to repeat it.
—George Santayana
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Jet Fire
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Estimate Discharge Rate

v

Estimate Flame Size

v

Cstimate HHeat
Transfer

Figure 5.15. Steps in Jet Fire Calculations
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Q=rn-Ah_=m"AAh_

where

Q is heat release rate (kw)

Ah,is heat of combustion (k/kg)

m is mass flow rate (kg/s)

m” is the mass burning rate (kg/m?s)

A is area (m?)

In relatively still air, the flame length, L (m), of most jet flames can be esti-
mated as:

L=0.2-Q (5-18)
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Estimated Failure Times of Steel Elements

Time to Failure (minutes)

Nonimpinging Fire
(37.5 kW/m?*
C t Impinging Jet Fire  Impinging Pool Fire exposure)

25 mm steel pipe 5 10 Mo failure

7 mm steel plate 2 4 13
(flame impingement

on one side only)

305 mm web x 127 1.4 4 13

mm flange steel
beam
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strength is about 60%. As such, typ;ical failure criteria used for structural steel
calculations is 500-550°C (932-1,022°F). A failure temperature of 150°C

T.Ub uJ.n|,.r.4.>4.a|.n.qu|=buM)uLa) ¢

m The degree of heating—whether impingement from a jet flame or a
cooler diffusive flame, or radiant or convective heating from outside the
flame.

= The nature of the exposure—whether the member is engulfed or heated
from one side only, and whether heated over its full length or over a
small section.

u The geometry of steel—the mass of steel and the exposed surface area.

= The mitigation (if any)—from cooling water or of passive fire protection

An ctesl

Ao, et Eilh s

(TOTAL GS SAF 253 j) jisT &l s

3000 BTWhef®  [Pain threshold limitin 65 '™ Exposed structures must be protected if

(a5 kWim?) Inel Aagraa hame aftar 20 = 4 exposition duration is more than 1 hour ™
MInimum lethal iux in 60 s =
radiant heat intensity at any

location where urgent emergency action by
personnel is required. When personnel enter
or work in an area with the potential for
radiant h&'ﬂ intensity greater than
6.31 KWim’, then radiation shielding andior
special pmledwe apparel (e.g. a ﬁre
h suit) to be ¢

important to recognise that psrscnnel with

pprop: clothing cannot tolerate thermal
radiation at 6.31 KW/m’ for more than a few
seconds ™
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A heat flux of 25 kW/m? has been published as a general rule-of-thumb for
damage to process equipment (Barry, 2002). Clearly, this excludes electrical

= 50°C (122°F) for faults in operating electronic equipment.
= 150°C (302°F) for permanent damage to nonoperating equipment.
= 250°C (482°) for failure of standard Polyvinyl Chloride (PVC) cable.

anmgd
=2 K, eate .
A S

—
LAY

Oluwil (59 Sii | Ol S50

Estimated FEffects of Heat on Personnel

Incident Flux
(kw/m?) Impact

37.5 100% lethality in 1 minute (Barry, 2002)

25 19 lethality in 10 seconds (Barry, 2002)

15.8 100% lethality in 1 minute, significant injury in 10 seconds (Barry, 2002)

12.5 1% lethality in 1 minute; first degree burns in 10 seconds (Barry, 2002)

6.3 Emergency actions lasting a minute can be performed by personnel
without shielding, but with appropriate clothing (API RP 521)

AT Fonmomminmns mondioens lnobionm amemonl watinebnn mnin i cnmolfomoon nd sy cnmonmoncnnl

S I:lllt'lj.“\"ll\.y dAULICHIS I(lfxllll}" STEVETAl ITHNUES Carn o E]t‘[lllll”t‘ll IJY i ersunnen
without shielding, but with appropriate clothing (APl RP 521)
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Domino effect in process-industry accidents — An inventory
of past events and identification of some patterns
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Fig. 2. Types of primary (initiating) accidents involved in the recorded instances of
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Overpressure Effects on Various Building Types

REF: API RP 752

Al
Building Type ' Peak Side-on Overpressure {psi} Consequences
Wood-Trame trailer or shack Lo Isolated buildings overtum. Roofs and walls collapse
20 Complete collapse
30 Total destruction
Steel-frame/metal siding pre-engineered [ K] Sheeling npped off and intermal walls asmaged. Danger from failing objecis
building 5 Building frame stands. but cladding and internal walls are destroyed as frame distorns
5 Total destruction
Unreinforced masonry bearing wall 10 Partial collapse of walls that have no breakable windows
building 125 Walls and roof partially collapse
1.5 Complete collapse
30 Total destruction
Sweel or concrete frame wiunreinlorced %] Wills Blow in
masonry infill or cladding 20 Roof stab collapses
25 Complete frame collapss
50 Total destruction
Reinforced concrete or masonry shear 40 Roof and wall deflect under loading. Intermnal walls damaged
wall building (11 Building has major damage and collapses
120 Total destruction
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Flame Expansion Reactivity — Medium High
High 0.59 | DDT DDT

2D Medium _ 047 i 066 1.6
Low 0.079 047 0.66
High 047 DDT | DDT

2.5D Medium 0.29 0.55 | 1.0
Low 0.053 0.35 0.5
High 0.36 | DDT DDT

D Medium 0.11 0.44 0.50
Low 0.026 0.23 0.34
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Overpressure Probits

* Primary Effects
- For lung damage fatalities
- For eardrum rupture

= Secondary Effects
- For structural damage
=-238+2.92In(P)
- For glass breakage
Yy==18.1+2.79In(P)

P

Y ==77.1+6.91In(P)
Y ==15.6+1.93In(P)
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Purple Book TNO 3 o642 Yot
Tuble 4. A1 Probabilite of ignition for a time interval of one minute for @ mumber of sources
Source Probability of ignition in one minute
Point Source
motor vehicle 04
flare 1.0
ouldoor furnace 09
indoor furnace 0.45
outdoor boiler 0.45
indoor boiler 023
ship 0ns
ship transporting flammable materials 0.3
fishing vessel 0.2
pleasure craft 0.1
diesel train 04
electnic tram 0.3
Line source
transmission line 0.2 per 100 m
road Note |
railway Note |
Area source
chemical plant 0.9 per site
wil refinery 0.9 per site
heavy ndustry 0.7 per site
light indust archousing as for population
Population source
resudential 0.01 per person
emplovment force 0.01 per person
g’
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Shor Communbcation
The boiling liguid expanding vapour explosion (BLEVE) is
fifty ... and lives on!
Tasneem Abbasi. Abbasi®

Abstract

The boiling liquid expanding vapour explosion (BLEVE) is among the most fearsome of aceidents that can occur wherever a pressure
liqueficd gas (PLG) exists. If a container with a PLG suffers structural failure—be it due to creep, fatigue, or firc-induced or other forms
of accidental jeopardy—it may lead to a sudden depres of the . As a result, the PLG will suddenly be transformed into
a liquid which is ‘superheated” in respect of the precipitously lowered pressure. Depending on the nature of the chem ts quantity, and
il can lead to i and violent vaporization of the contents. causing a

the mechanism of the container failure. such a
“boiling liquid expanding vapour explosion Kl
en though BLEVEs have been occurring ever since the use of pressure liquified gases be;
ly distinct form of explosion that they are, until 1957 In that vear, three engineers working in
they wilnessed an explosion which could not be categorized by any of the exph types known till then. Even though. as described in
this paper. the acronym took time to gain wide currency. it has served the very important purpose of giving the BLEVE phenomenon a
distinct identity. This. in turn, has stimulated consids le work towards the understanding and control of BLEVEs.

In this commemorative piece, which marks the 50th year of the coinage of the BLEVE acronym, we recall the event which led 1o the
o the pioneering w i RLEVE i the world—1 R Smith, W & Marsh_and W1 Walle

™ 2008 Elsevier Lud. All rights reserved.

an. they were not recognized or studied as a
ISA coined the term BLEVE when

af the three who introds
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r=1() T I,=T.(P)
by =n(T) h(T,P)=h(T) by, =h (T.)
h,=h(T) By = o (T,)

26



1/24/2016

P
S

k
8

Slo 9B 43 ST (5 sre 43 (53300 Sy o1 » BLEVE £434 1o
il Gily o 5

et “_)127..»3 Al Ot ezl )" P IS a3 .HSJJ.! )l ::ld 5.1&’: JLﬁ ®
N P » 4 Al A A > . .
BENY »!4.1.:«; 3,57 5 o) s 9 (... 8 Gy \)wl) Al ED oo
R

‘.b:;yc
\_7'_: = ®
S b
O ),a, o =les | o

‘_‘;L‘.:.,;ﬁa‘ L2 e ‘_;._Ml»; C.\.:_édJc' .
(JL\&}.’& t_Ja_".#) _:;“JT o ¢|9.e )| G‘H\J ez ®

g’

it

27



1/24/2016

Sl sdalad [0 alp o b Sl agyp! Lo SO s 5l e
Cenglie e Vo2 (Ve e kWm2 RPN P JEIN U ) RS |
ot

[ ]

5 abor il G oRata Siso 4 oS b )b G2 ee)d
ol lan gy »BLEVE ool el ces (YO kWm-2

Nt (e .
Slas)f s ol

-
S |
(-5.91 St
A o wle spdn )2 oS0 A AT S G G Moa 1 elis oo Gl s 635 U
oL L_.I),.....) C;‘.."J'J'_ﬂ'xx. a

O ‘_,:.u PRSI PVt PRCOULICY Sy i P { N LTE) PP SPCR IR ) R
Pl A Sapbiha ]l e NVewa B L e o0 S L

S padyales g a ol Aoy Sty 20l an e ol e Wbl .
AL

28



FA%

o i - “'L"

Fireball

=L af g » z 3
,...L!A. 323 gy, = ".s_..- (gJ\ R .S.q.eul}. — L,:-.\ 4...7-.: )

Jé-‘: .;ﬂl_g.:c 1Y ‘J.? 10 g =.)" U,_n"" CJ.-J y2 A.llo et Lo -..:'hjm it (».».a.“n
(ol G -: JJ.A.: adyizes ) jlﬁ- Aﬁlﬁ:) st er

4
32 bS e b A s lecid Bl oS gl ol oalss ;.,J LT s

238
,‘_“L.;}f e’&a.&‘.\.‘ «ymat LALS 6;‘,;"‘" ,.5._ ‘.: N lj.lb "“l Vi ]
4_,,_7@530-& ;..."'...ul &= .JI s
_&‘..;IL-'L,». ,ajr\;'..ab 9,.‘!'0(\..’ wad.ul._d.lr\.v.n_. =)

. - - e
B T |y I L . B Y- - )

..b.;.mé}: ,_,.u‘,}:-‘_c.ﬂd..«.n.._a .:_::p‘.:: E——

_— Effect Radius
Radiation Dose Level e 28
of Concern ——— =

Rclcasc Source

~ Fireball of BLEVE

1/24/2016

29



gl

> T

gl

> T

S5 il i Jue

15 05 e SR g

.
Intended Pomt
=

(M) g, il ek SLa D
(M) e 2l o L3S g g F ol pii S H
(Kg) 2y jouds (5305 A0 285 fgntia j et M
(M) 5255 5 5 s e b ALsly X
Fireball combustion durartion (s):
tyeve = 0.45 M3 for M < 30,000 kg
Fyreve = 2.6 MY for M > 30,000 kg

1/24/2016

30



Nl aniinge!
e .

20 i e R

$9,5 il (gl e
e aldc b R 69.'; B

A0 it
Food peials yia

L3 e din

(m);u.; Appe dlall ki (whea }(l,.«) Lo aadialald: X

HECES @

A,

4 g i s

(Federal Emergency Management Agency et al.1988)

Radiation Intensity (kW/m®) |  Time for Severe Pain (s) | Time for 2nd Degree Burns (s)
1 115 663
2 45 187
3 27 92
4 18 57
5 13 40
6 11 30
8 7 20
10 5 14
12 4 11
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Thermal Radiation Probits

= Eisenberg et al (1975):

Y =—14.9+2.56In(7*"* *r) Iin W/m2

- Nuclear weapon explosions (Hiroshima and
Magasaki)

- Supplemented by US tests involving
animals

- Appropriate for short-duration exposure
(1-2 sec) to high intensity radiation

) TNO for Hydrocarbon fires:

E
Y -36.38+2.56In(/""*r)
- Effects of low level radiations
- Clothing
Fragment/ Missile Lty
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Type of vessel Number of fragments
Cylinder 2o0r3
Sphere 2 to 15 (usually less than 5)
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A confined explosion is the type of explosion which typically occurs following gas leaks inside
industrial heating plant or inside buildi ‘This type of explosion has traditionally been treated using|
venting guidelines, which are discussed further in Chapter 2.
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Table 17.5 Some data on detonation limits in mixtures with air for confined and unconfined situati
(after Nettleton, 1980b) (Courtesy of Fire Prevention Science and Technology)

Compound Dotenation limits (%) Flammabilityimits (92)
Confined tube Unconfined Lower Upper
Lower Upper Lower Upper
CaHe 12.20 1.0 82 30 124
CaHg 737 30 70 21 9.5
CiHyo 6.18 25 52 18 84
n-CgHyg 285 0.95
C.H, 1470 270 260
C3Hs 1040 35 85 24 1.0
CaHs 500 25 80.0
Celg 5.55 13 79
C,H;0H 98 33 190
) 589 40 750
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Source: CSB Combustible Dust Hazard Study (2006).

14%

24%

wagge’
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Date Localion Material Flant{building Deaths[injuries
1911 Glasgow, UK od, 8
Liverpool, UK 37d, 100i
Manchester, UK 3,5
1913 Manchester, UK 3,5
1919 Cedar Rapids, IA Corn starch Starch plant 43d
1924 Peking, IL Corn starch Starch plant 42d
1930 Liverpool, UK 11d, 32i
1941 Liverpool, UK 6d, 401
1944 Kansas City, KS Grain dust Corn mill 4d, 20i
1955 Wayneshoro, GA Grain dust Feed plant 3d, 13i
1962 St Louis, MO Grain dust Feed plant 2d, 34i
1964 Paisley, UK 5d, 2i
1965 Bow, London, UK Flour Flour mill 5d
1970 Kiel, FRG Grain dust Grain silo 6d, 18i
1977 Galveston, TX Grain dust Grainsilo 15d
1977 Westwego, LA Grain dust Grain silo 36d, 101
1979 Hamburg, FRG Grain dust Grainsilo 2
1979 Lerida, Spain Grain dust Grain silo 7d
1980 Naples, Iraly Grain dust Grainsilo 8i
Source: Loss Preven tion in Process In dustries, Lees.
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1.5.6* Combustible Dust. Any finely divided solid material that is 42 i
nd presents a fm or prlusmn hazard

when dispersed and ignited in air.

(MEC) jlzsil L6 eille JBlo> ©

1.5.21* Minimum Explosible Concentration (MEC). The minimum concentration of
combustible dust suspended in air, measured in mass per unit volume, that will support a
deflagration as defined by the test procedure in ASTM E 1515, Standard Test Method for

Minimum Explosible Concentration of Combustible Dusts.
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A Dust explosion classes B Relation of K, and Hartman bomb data”

Dust explosion Ka(barm/s) Explosion fealures K.‘Ii* (barm s) Harlman bomd, (dP) dIJ...“Epsi 3
cass

St 0 No explosion 9 <.

Stl =0-200 Weak E,ﬂq < 30[3.)?

St2 201-300 Strong 201-300 7300-22000

St3 >300 Yerv strong 300 >22000

C Typical dusts

Dust explosion class Typical dust

Sto Non-explosive dust
St1 Grain dust

St2 Organic pigment
S5t3 Fine metal dust

Source: Understanding Explosion, CCPS .

g
o
Adinimum Minimum
Aledian Erap i Tmition
Particle Dust Conc. Ponax Ky, Encrgy
Dust Size (mm) (mm/m™y (barg) (bar-m/sec) (md)
Cotton, Wood, Peat
Cottan 44 100 7.2 24 —r
Cellulose 51 a0 2.3 66 250
Wl alunst 33 100
Woaoeod dust 80 — — — 2
Paper dust <10 — 5.7 18 —_—
Feed, Food
Dextrose HBO &0 4.3 18 s
Fructose 200 125 6.4 27 180
Fructose 400 — — — =400
Wheat grain dust 80 a0 2.3 11z —
Milk powder 165 &0 81 Q90 75
Rice Mour — &0 T4 57 =100
Wheat flour 50 — — — 540
Milk sugar 10 &0 ®3 75 14
Ceal. Coal Produces
Activated Carbon 1= 60 =R EEY —
Bituminous coal =10 2.0 55
Plastics, Resins, Rubber
Polyncrylamide 1 2350 5.9 12 —
Polyester =10 — 10.1 194 —
Polyethylens 72 — 7.5 &7 —
Polyethylene 280 — 6.2 20 =
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