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THE COUNTERMEASURES TO THE POLLUTIONS OF SMOKE OF HIGH
TEMPERATURE IN PASSAGEWAY OF UNDERGROUND BUILDINGS·

Huang Hengdong
(Huazhong Uni,ersity of Science and Technology, Wuhan,
Hube t, China, nOOH)

ABSTRACT

Due to underground spaces are opened up and uBed in our country, the underground
BhopB, hotels and recreational halh emerged in .lar ge numbeu;BeBideB, the fire
in the underground buildingB had happened BometimeB, In the ,iew of abo'e fire
instance, the fire -presBure occured in the fire of the underground building and
its expresBion are ad'anced in the articla. In the meantime, on the basiB of
thermal exchange between the high temperature smoke in the underground
paBBageway and the walls of the underground paBlageway, the equation of
conBer,ation of energy in the thermal form is built and the expreBsion of
change of temperature difference of the smoke which mo,es along the diBtance of
the underground plBugeway are therefore ghen in the article, in the meantime,
a calculated table correBponded to abo'e equation il gi,en. According to the
theoretical formula of the fire pressure and correBponded calculated table of
high temperature smoke mo,ing in the underground paBsageway, the thermic and
Bmoke pollutions cauBed by the high temperature Bmoke in the paBBageway of the
underground buildingB are raised. Lastly, some correBponded countermeasures
polluted by high temperature Bmoke to the paBBageway of the underground
building are put forward in the paper.

INTRODUCTION

In the UBe of underground BpaceB, · eape elal l j ln the underground BhopB, be eau ae
of the interactionB between the Bafet,l~Bs action of the men and the BafetyleBB
BtateB of the materials,when the burning conditions formed in the interactionB,
thuB the .f ir e in the underground building that bringB great BUffering to the
country and people iB eaused sometimeB. For example, at 1 0' clock in the
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morning of 8eptamber in 1988, a great fire .in a underground 8hop had been
cau8ed by electric 8park and la8ted about 11 hour8. It burned and damaged 3/6 of
the whole pa88ageway in the unde rgreund ab ep, fortunately nobody was auf f ered.
It i a common knowledge that both underground building and high building aeem to
be 'a great 8tovepipe', the difference between both lie8 only in different
pos i t i on e of 'tow at nrep i pea", that i a to 88y, the '8toveplpe' a8 the high
building was built vertically, but 'the 8toveplpe' a8 the underground building
was con8tructed horizontally and burried under earth.
Con8quently, In other wordB, the underground building h like 'a
underground chimney' placed under earth, . and the people and material8
underground pa88ageway are like 'expen81ve fuel8' too, if the fire 18
then 'the expen81ve fuel8' will be commlted to the flame8.
The charac ter8 of the fire in underground building 8ummarize a8 following:
(1) due to electric equipmentB and wire8 In underground building are often In a
hygrometlc environment, they will become hidden danger of the fire In the
underground building. · In the meantime, the underground pa88ageway will be in
dark when t he fire i8 happened.
(2) due to a h08t of people gathered In the underground pa88ageway, when the fire
i8 happened, It 18 very difficult to evacuate people in the underground
pB88ageway aaf e l j,

(3) due to a h08t of burnable materlal8 gathered In the underground pa88ageway
when the f ire i8 happened, a large number of the 8moke decompo8ed in a high
temperature by burning materlalB will dlffu8e In the uiderground pa88ageway and
polluted whole pa88geway.
To 8um up, the character8 dlcided by the
pa88ageway had leaded to great difficultie8
putting ou t a fire.

FIRE-PRESSURE IN THE FIRE OF UNDERGROUND BUILDINGS
It iB known that difference of temperature between in8ide and out81de of room
give8 rl8e to difference of pre88ure between IUBlde and out8ide of room, that
18 known 'thermal pre88ure', equally, difference of temperature cau8ed before
and after fire will Bet off a difference of preB8ure between In81de and out8ide
of room, that IB C aIIed' fire -pre BBur e' . 1

SuppoBlng the height of the paBBageway In underground building IB h, and the air
temperature in the pB888geway IB t l , and smoke temperature iR t •. thu8 the fire
- pressure occured before and after the fire IB 6. hr :

6. hr= - (t.- t I) r I 6. hi t.= - 6. t. t 16. hiT. u)

-zzz-



\.- .

.:~-~...

"

here 6. t. -the temperature difference between smoke and air In the underground
passageway. [OC]

rl-the unit weight of the air In the passageway. [kg/m ll
]

T.-absolute temperature of the smoke. lkl
The sign ' -' expresses the smoking to flow up .
Must point out that the flre- pressure expressed by expression (l) is
fountainhead causing the diffusing smoke In the underground passageway, and
achcrlm lnal to brln~ pollution to the underground passageway also.
Practically, the size of the underground passageway Is generally as follwlng:

6. h=(. o1m], r 1=1. 186 [kg/m ll
] (t 1=26 [OC],

on the bas is of the expression (l) the ral ue of the fire -pressure Is 6.h r= -33Ipa).
The Talue proTlded scientific basis for pressurized Tentllatlng and exhausting
the smoke In the underground p~ssageway .

THE MOVEMENT OF THE SMOKE ALONG THE UNDERGROUND PASSAGEWAY

The smoke of ,hlgh temperature caused In the fire of underground passageway not
o~ly leads 'to the fire In underground passageway to spread further as second
flre 'fountalnhead, but also brings about heaTy heat and smoking (toxic)
pollution to the underground passageway as heat and smoke fountainhead,
therefore the heat and smoke Incur a greast danger to people and materllas In
the underground passageway.
In the meantime, In the smoke mOTlng along the underground passageway the smoke
emits a lot of the heat, besides , the walls ,underground passageway absorb the
heat. On the basis of the law of conserutlon of energy, expression of the
change of temperature caused by the smoke mOTlng along the underground
passageway Is obtained In the following states:
Supposing the dimension of cross section of the underground passageway is small
as compared with its length , thus the smoke following along the passageway must
be considered one dimensional flow.
Further supposing the smoke mOTlng along dlstancer x In the underground
paR~ageway from starting point of the fire and the change of temperature of the
smoke to be sut off by the fire is 6. t.,and the circumference of the cross
section of the passageway Is p, then when the smoke has mOTen and Infinitesimal
distance dx along the underground passageway from the point x, thus the quantity
of heat absorbed by the walls 'of passageway on all sides of the length dx from
high temperature smoke Is 'dQ:
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equation is
Bmoke.
the following

dQ=kLl t"pdx/3600 (keal/secl (2)
here k- the exchanging heat confficient in convection between the smoke of high
temperature and the walls of the passageway.
In the pasBageway the exchanging heat coefficient k iB genrally given by
following experimental fomula:

k=2+k' v u (keal/"C. m2
• h]

here, k- the exp er imental enn s t ant, generally, k' =6-10.
u- the following velocity of the high temperature smoke.

In addition, the quantity of head given out by the smok in the Becond is dQ':
dQ' =-GCpd (Ll t,,) lkeal/seel (3)

here G- the rate of flow in the quantity of the high temperature smok entering
into the paBBBgeway. (kg/Beel

Cp- the spee l f le heat of the high temperature
On the baBiB of the law of conservation of energy
obtained: 2

inof the" smoke mo~ing along diBtance
conditions is given in the table u).

dQ=-dQ'
(kp Ll t,,/3600) dx=-GCpd (Ll t,,) or (kp/3600) dx=-d(Ll t,,) / Ll t"

cons ider ing kp/3600Cp=C, then (C/G) dx=-d (Ll t,,) / Ll t", last Iy,
Ll t,,= Ll t.e - (c/O) " . • • (.)

here Ll t.-the change of temperature of high temperature Bmoke at the fire point
occured before and after the fire.
The erp ress i on WexpreBes when the smoke goes through the distance x along the
underground paBBageway, the change of temperature iB cauBed at the point x in
the underground paBBageway.
The value of temperature change
underground paBBageway in different

THE CONTERMEASURES PREVENTING THE SMOKE

p of
the
the

pasBBgeway the
the underground

On the ba ala of exp reaa i on a (1) and (2), the following BuggeBtionB to prevent
smoke polluting to the underground paBBageway are given:
(1) in order to reduce the fire-pressure in the underground
architect mu s t cut down aB low as pcsaib le on the height Llh of
paBBageway.
(2) the architect must increaBe aB long aB pOBBible on the circumference
the crOBB Bection of the underground paBBageway, under thiB circumBtance
rectanglar Bection iB mOBt suitable, because it can induce greatiBtly
changing quantity of temperature Ll t" at the point x in the pllBBBgeway.
In order wordB, the act ion of iower ing temperature bewteen "he smoke and the
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walls in the underground passageway Is increased greatistly.
(3) The designer has to be meticulous in planning re nt l le t l nn, that is the
remoyel of the high temperature smoke and toxic gases and heit in the
underground passageway to provide tolerable conditions for the people, especially,
in the fire of underground building the smoke has reduced yisibility of the
people preventing effective rescue and fire -fight operations.
In addtion, the high temperature smoke can cause serious damage to the building
structure in the underground passageway, therefore the designer must make the
emergence measures pressurized yentelation to remoyel the smoke in the
underground passageway, in general, the value pressurized yentelation is
p;;> ~ hr =- 33 (pa]
(4) Generally speaking, if the size of underground buildings is YBst, the total
distance of undergro~nd passageway is very long, therefore the designer must
stall a water screen at every 26 meters in the underground passageway as
emerged possabl~ 'separating wall', it ' is hoth to obstruct smoke extending and
to evacuate safely peaple from the underground passageway.
(6) with the exception of above countermeasure, the designer must stall some
safe refuge in the underground passageway, which is used pressurized smokeproof
enclosure to ensure the people escapping from the fire point and get Jnto the
emerged safe refuge in the underground passageway.

The least distance required by smoke moving
along passageway in different conditiongs Table (l)

lelocity ri Q3
IIIdle W~ ' .

vidth of 1.31 l.40
JlII888p.y td

I.!igilt ri UO !1Il UO !1Il
JlII888p.y td

tmperature ri 400 600 IIXJ 400 600 IIXJ 400 600 IIXJ 400 600 IIXJ
fire point ro
rate ri IIIdle Ql 23.25 17.92 14000 23.82 1& 33 It 92 \!i.45 lUi 16. 51 \!i.12 19. 75 16.~

tmperature QIIi :1124 23. 31 1& 99 :1199 23.85 19.41 34.40 \!i. 21 21. 55 33.~ 2li69 :1193

reereac lng QOl 46. 49 :ti83 29.10 4&00 :Ji.66 29.11' &IB 4Q'IO 33.13 61. 29 :Ji.60 3! 17

®xIDJ.~ $ QlJJl 67.74 M74 43.'18 71.46 54.99 44.76 79.32 61. iii 49. '10 76.94 m.23 4&m
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lI!lodtycl QIi
IlllieW"
,idth cl LII . L40 " h ~Cj'\ 1B '

pIlI~ytd . ,
"

1Ilij;bt cl 1M! 111I 160
' ,

111I
pIlI88pIly td '

~

tmperature cl J 400 600 11II 400 800 11II 400 600 11II 400 600 11II
Ilre point ro
rate cl liliie Ql 3'1/il 'ffilJl ,/{U2 3:Ui 2666 moo 3l '/4 :1033 2141i :Ii 91 2'1.63 2161

tmperature QlIi 41:11 3'164 :Iofi'1 43.40 33.3i 2'1.19 «'63 3125 2'1.91 46.70 :Ii 95 29.23

cEereacing QOl 6Ii Iii 00.16 4Q1M 66.'10 6L 2Il 4L'19 61147 &64 4192 71.70 &00 46. 00
."

®xIt:cU • QWl '11.73 76. 25 6Lai lOQ .lJi 76. 93 61'10 1m71 '/8.96 64.:fi IlJl.70 &87 67.61
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