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2. Fire Protection - Basic Principles

Fig. 2.2 Ig nition temperatures
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no sIgnifica nce fo, the practIca l . ide 01 fire
protection On boa rd,

2.2.2 Oxygen

a oygen is one of the most I,equently occumng
elements of ou, Iiving'20ne on e..rth. The air
conta ins abo ut 21% by volume 01 free oxygen,
Chemiully combined oxygen is p.esent in wa ter
(89% by mass l a nd in the crust 01 the earth 150%
by mass ,.

2.2.3 Ignlllo n tempe,atu re

Combu.tible solid 0' liqUid Substances cannot by
them...lv... combine with oxygen wit h the
a ppe<l.ance of fire , They do no t bum by
them...lv.... Ignition only becomes poss ible
when the combustible subst..ece has been
hea ted 10 gelle,ate gas 0' vapour a nd these ha ve
mixed with oxyge n.

CombustiOll is al way. imtiated by ignition. It
ocrur-s when .. combustible substance ill <:<Intact
with an adequate a moun t of oxyge ll is hea ted to
a cerla,n minimum te mpe,ature. the ignition
tempe'Mure.

The ig nition tempe,ature 01 a combustible
substa nce is the minimum tempe ralu re at which
in the p,esence of oxygen in .. proport ion which
permits ignition Ii'" will a ppe<lr.

The low...t tem pe.atu", at which external
ignition can generate fi,e symptoms is called
ignition point for solids. flash point fo' liquids. U
the source 01 i'lnition is ,emoved, the fi,e
ex tinguishes again,

The lowest tempe,at u.e a t which positive
ignition Ca n gellerate a fLre which remains ahght
afte ' the sotIIf'" of ignItion has been removed IS
call ed minimum combustion tempe.atu re fo,
sohds and li,e poi nt lo, liq uids ,

The i'lnilabihty of a combustible solid i.
described by ils ig nition poi nt and its minimum
combustion tem pe,a ture .

The ignita bility of a combustible liqUid IS
determined by its nash point and its lire point.
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2.2 Co mb ustion pro<:eu

Combu'llon al ways de!",nds on four
p r"condillon. which mUlt coincide:

I .The re mu.1~ "combo.libl...ubsta".....
2.oxygen must have unimpeded 4CU'SS,
3.the igllillon lernpeJalure of the combustible

substance m u.1 be an"inf!'d o' e xc..e<l l'd , a nd
4.tile p roportion 01 ingre<lienls " ""essa,,!, lor the

compound of the combustible substance wilh
the oxygen mUl l be "IUlined.

Fig, 2,1 Four.rolumn.model

2.2 .1 Co mb" . Uble substances

Combu.tible substances are solids. liqUids and
gases (Including vapou... lRJsts. dust l whicb
mixed or in contact with th e oxygen co nW-ined in
the ai r can be mad.. to bum. F1>r the as..,.sment
of the !Ire ris k posed by a . ub.tance. tbe
following properlies a re of importance:
ignitabilily. combustIbility, beat of combustion
and combu.tion temperat u,e.

For fire p rotection on board it is sufficie nt to
know tbat the re a re substances which a,e
difhcult normal and ""sy to ignite. Even just a
nyi ng spark Can ...t on fi. e a substa nce easy to
ign ite, Norma lly. ignita ble .ubstances need tbe
heat of comb u.tion of a m..tch to ...tthem ahght
Substances dilficuU to ig nite must be strongly
h""ted. e.g. WIth .. blowlamp. before tbey ca.n be
igmted ,

The c""-'aClerislics 01 combustibility. heat of
combustion ..nd <:<Imbu.lion temperatu,e .., e 01

2.1 O>:ld"Uon _ CombulUo n _ Ft.-.

TIl.. chemica l PfOC'1!'>S by which .. combuslible
subsla nce combines with oxygen with felo~... e of
heat to form a new . "b.t'm ..... the oXide, is u ll""
oxidation.

A ra pidly-proceeding oxidation wilh \he
appea rance of light is ca lled combustion, Ihe
light. flame and II""" Cf<' ftIed during combu.hon
Me called Ihe fire ,
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If a comb ustible "" bslance is heated above ilS
minimum C<lmbll.tion , ,,mperalln e Or its lire
point. s ponlaneous "ombuslion ca n ""CU'

2.2." Fl..m.....blll'" rang'" _ Proportions 01
lng re<llenls

The chemical rnmpound of a combu.l.lble
substance with oxygen can only <><:cU r if Ille
lng."die nt. are p' Menr I" spectlk pro",," lo" •.

The mlnimum ne cess.o.ry pe.centuM p ropornon
of the combustible ."b.lances in a tmospheric a i.
is ca lled the lowe r IIamm4bility limit (e xplosion
limit) . The maximum permissi ble pe' ''''''I" ,,1
p ropo rtion of the combustib le , " bstanC<! in
a lmo<p heric ai r, 1hl' Uppel n" mma bility limn
le xplosion limitl. The range between the Iwn
bmils i. ulled the flammab~ity ra nge (e Jrpl"s;""
'ange)

Ig nition ca nno l occur, and combuslion IS
th e relo,e impossible . oulside the n..rnmabili ty
range.

2.2.S Forms I" w llieh flte app"u

Depend ing on the cha .a"te, of Ihe comb ustible
subsMn~. the fire can a pp""r in two formo. as
flames or as a g low. Both forms can occu r
toge the r or SePiO ,ale ly.

Ao name is described Ihe vislhle pa n 01 a sU",a m
of gas comprising th ree PiO ns. Th e... a re:

- the inc"ming n"w in which ' he combusli"n a ir
n" ws I" the """eli" n 2"....'

_ th", r"'aelion 20"'"' in which the combustible gas
released from the combustible solid or liqUid
by he<lling ri_ , mixes with lhe a ir and
chemically compounds Wlth the oxyge n in the
a.. with the ge nera tion of light and the rel""se
01hea t;

- lhe waste gas n"w in w hICh th.. gaseous
products of COmbU5bon mixed wil h a i, rise a nd
cool funher.

What is called glow is the lig ht radia tion 01 a
...lid healed to a high tempera ture. The col"ur of
th e lighl radialed allows the le mpera lure to be
deduced . Corresponding n lues a re:

Grey g low 400 ' C
dark re d glow 515 ' C
red g low 800 ' C

ye llow gl"w 1100 'C
incipient white glow 1300 'C
lull white g low 1500 'C

Subsla nces bunung Wlth flames only a re'

- gases:
- liquids following u atuibon into the vapour

form:
_ ...lids which gene rale va pour or gas whe n

heated.

Ship safety service, February 1997

22

Substances bu rnIng with a glow only a re :

_ solids which ha v.. b<'en de 'ga..ed such as
coke Or chaKoal;

- comb ustIble metals .

Substanc..,. burning with flam ... and a glow are:

_ solids which on hNting bre.o.k down into
gaseous compon..nts and solid ca rbon.

Th.. gaseous compone nts form the flames. the
solid g ives off th e glow.

Fig . 2.3 F"rms in which fue a ppears

2.3 Dellag rall on - Expl""ion - Delonallon

Pa rtleu la rly favoura ble cond itions f"r
combustion pre va il if comb usUble substance and
oxygen are pr.....nt in the co rrect propo rtions
and add, tlonally the substa nce is mixed in
e xtre me ly Unely dIvided lorm with oxyge n. The
result is ra pidly proceeding comb ust ion.

In de nagrah on the a bove_mentioned cond itions
a re n<>l fulfilled. and combusbon is incomplete
wilh .. low le vel of pressure ..nd noise, e .g. if g as·
or vapour-air mixtur... are ig nited nNr the limi ts
of th e fulmmabilily range .

An u pl"" ion is combusUon with the crea'ion "I
s lrong pressure , heat a nd light e ffects. Ignition
progr....... rapidly. e .g . when pelrol vapoUR
explode . at about 20 mlsec.

II the ignition p ropagation rate becomes
supersonic, it is called a detonation . Here a
pre..ur.. wa v.. is g..n..rated. prodUcing heat of
compression at the wave ·front which cau....
ignition . The detonation PresJlures can bo> up 10
150.000 bar and th .. ignition pr"pa.gahon ral ..
Ove r 6 kml~c (TNT inst.nt.neous luse].

The ignition propaga tion rates a re In the case of:

- deflag r.tiOlU. of the order 01 magnitude of
emf...."

- e xplosions, ot the orde r of magnitude of mloec,

_ deton.tions. of the order of magnitude of

""'~.



H.M
Heal Tl"ansle r _ HNI KCumu.laUoD_
Spontaneous nomblli llon

HNt it a form of ene.gy. It is g..ne ral~ during
combustion by conve",1on 01 the che mical
energy or the combustible substance by "'....n.>
of the oxygen in the air. as h..a ' of combustion.

H..., acts p hysica Uy by "',,"y 01

- therm41 e xpo.osion,

- cha nge of state of .g~alion;

- ,. Ile r. llon of lhe strength propertiH .

Of th~ effects, on bo&rd ....going ships lhe
alleralion 01 strength has the meet serious
ronoequences. Shipbuilding steels if h"led to
SOO -c l~ up to SO'll, of their .lrengtb and d o
nol reco..... il when I/"' Y cool. Stei!l p4rts
ono>cte<! by fi. .. m ,, "l the relore be ,..,plaC<ld.

Hea, can be lla l\4le rred born one l ubsta llC<! 10
anothe•• e .g. from a n ignition ..,IIK" to ..
combusti ble l ubsta nce ,

The .... a . .. lh~ lorms or It...., transl.."

Hu t belt . violln"" 1$ lhe transfer 01 he. t in ..
llOlid. liquid or ga Sl!O\lS substance ootween
immediately adjacent particles. Gavous
substances behaviour heat bad ly. liquid ones
well. Amongst solids lb..... ft~ good e nd poor
behftvtouron 01 heft!. Good belulviourors ftre for
in.tft nce metft ls s...,h fts . teel, iron, copper. lig ht
ftlloys: POO' behftviouror. u e lor in. t.ulce Wood.
concrele . wool. rubbe,. lealher.

-<lb.
•

Fig . 2.4 Example of liN t belulvtou,;on

He<rl rad~tion is the radi at ion emilie<! by a
subslftnce. surrende ring a part of its thermal
..nergy It> its e nvironment, as ft conseque nce of
il5 lemperalu~. 1\ penetrftlH open space even
ag ftinsl the wi nd Md can travel substa nl1ll1
di.tances . In the case of """jor fires. ignJtion due
to he<lt tadiation lui. been observed even at ft
di.tance even of 40 m.
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Fig . 2.S Exftmple 01 he<lt tad iation
He<l1 convection is the transfe r of hN t ca rrie<! by
a liquid or g aseous subst<lnce. II is utilised 10'
instance in space hN ting using hot-wate r
healing ele me nts.

Fig . 2.6 Example of hN t convection

" ..at KC:,,,,,,,I,,llon

11 more liNt \$ supplied or g ene ,aled than is
used or removed. thete is a hN t aocumula tion.
Asth.. cause 01spontaneous combustion this is 01
cruc~l importance.

5))0" .....'>0". co",bul lloD

11 • combu$\lble su bstance oxidi.... slowly, Le.
without flames "p"",,';ng. and the Iie"
\Ienerated in the proce...ccumulation. the
te mpera tu' e Inevit.bly rises with increasing
speed ... a result of th is "calmul. tion unti l th e
ignition tf!mpe ra ture is reached. Spontftn"""s
combUOlion then follow •.

Spont..neous comb ustion is .... i.ted by the
10Uowing circumstances,
- hig h ..mbienltemperatu..... e.g. whe n I""d lng

bag ca rgo in tropical ports lex peller, flsh me..1.
etcl,

- line gr..nu lfttion or Iftrgf! surf..ce a~as of
combusti ble substa nces, sucli as rich co4I .
lIreaoy cotton. clea ning rag . :

- hNt-generating bacteri.. decomposing org..nic
lubst<lnces. such ... in ferme nting hay or moist
fi$h mN I:

- high oxyge n lXIncent,at ion.. e .g. ..t the
reecttcn between oxygen ca rrie.. such ..s
.lka li pe,oxides WIth wale r ..nd combusb ble
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su bstances sucll U organic dUll, paper, wood,
a1lo ca1led C<lrgo bold lJWeepingl.

I•
J

Pig. 2.7 SponlanllOUllcombullion
A 1IChem4tic representation 01 the spontaneoul
combultlon prO<'ell fThe procetS !s shown be...
in lalrly 1II.rge It!!pi to make it e4S1er to
undentand. In I'ft41Ity II progreslell Jl""dlIy.~ a
lad or. the opeed 01 M:ldallon doub1eI ror every
rise In temperature ollO"C, in accordance with
van 't Hofr l Lawl.

2..5 CIaosft 01 tb'eI

!be object oI l ubdivision into duIes 0Il1res 10
the a ppropriate all ocati on 01 eIl1nd1on methods
end meano to th e VariOUI comhushhle
$Ubslances.

...... Ul __ '._

--..--- - ---........---....-------
----, ---ae._. _------
--­."'--­",."_-
---....-- ------­Pig. 2.8 Oa_ of firel
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2.1 S....II _ Medium - I.£rve fire '-'

Fir'" .ue lubdivlded Into three c:iaIIeI accordiDg
to the ir eItent :

A small fire 11 Wle 01 hmIted eltent, contained
within an elldoHd compartmellt In !he
accommodation, culinaryIMrvtce or cargo .......,

A medium fire Is one e I tending out to involve
directly ..djacent comp4ftmenlS, e.g . to adjacent
cebilw ID th e lKCOID.J1Iodatlon Ill"M or trom a
container to adjacent on.... Any fire in the
machinety Ip.lClllI In which combustible liquids
like fuel or lube 011 """,,p ing und... preuure ate
burning Is a medlum lire,

A larve fi.e eIceedi a medllllt1 one ID elrtent and
Involvesseve.al areu 01 the shlp, e.g. IIl&Chinery
plus ac:commoo:tlltloll area or machinery plul
cargo area . A1Io deoignated major fuel are ones
which totally ellguH an. area 01 th e shlp, e .g.
.....e . al~b of the accommodation IpaCOll.

2.7 Mateot.b

In p...cIIce a distinction Is made belw"""
combUlhble and nODCOmbustlble materials.

An "noncombUltible material" !sone whlchdOft
not rele_ ignitable gas or vapour in l uch
quantih... that whell heated to 750 "C the
gaslvapour can ignite l ponlaneomly.

Evety other llIaterial !s combustible ......te rial .

Some combu.llbie materials can be made hard
to Ignite by treatment with lire·rnslllant
l ubstllllCOll.

·Low Olllll.e ••pread ......tenats · 4J"tI ....teria1s.
woven leItUes or eootlngl which ate abl.. to
prevent th A Ip r....d 01 a fire or testnct it
adequate ly.

2.. Preven.lfve lire prolec:tloll

By ,tructural tire protectlOll _urea. the It..-!
01 a fire 11 Impeded, ill . pread ,ubslanliaHy
prevented end lire fighting ladli"'led.

Structural fue p.otectloll Includes
desigllleoaslluctioll mea....... 'ud! .. the
l u bdivlllon Into mllln lire oections, the
.....angelJlllllt and design 01 donn, tire naps and
other dol......, escape. and rescue ro...tes , the
WIt! of noncombusUble or low nam"..p.....d
materiall, th e m.tallallon 01 fire &1II.rm and
eIllngul. hIng oyste .... and a ppli_, and of
lpedal equipment to protect lor "'lllII.ple
compartments or imtallatiolll in whlch
combustible liquids, compreued g..... O'
dangerau. , ubstanceo ere used, transported o.
It""",, Iud! u ' \IeI tanb, pumps or pipelines.

Operallonal lire p rotectioll ....wts in timely
l"fICOgIIition of lire risks and MfA operating 01 lire
protection equipm....t. Opoe•• llonaI lire
protecIfon locludel above all th e organlsal1on of
operalion, 10 .. 10 prevent fue risks arising .
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