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Abstract. Fire always is unexpected. Therefore, to decrease
count of victims during the panic, it is essential to timely leave a
dangerous place. Unfortunately, quick and smooth evacuation is
not possible in many buildings where fire safety should be at the
highest level. One of the greatest civil threat risks is obstacles that
impede escape from fire or other incident that can happen in the
building.

Therefore, more precise research and methododoly are needed
for determination of admissible evacuation time.
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I.  INTRODUCTION

It is important not only to understand a hazardous nature of
fire but also dangers caused by panicked people during
evacuation.

Global tragedies during people evacuation are associated
with massive people crushing. See Table 1. [5]

TABLE 1
GLOBAL TRAGEDIES OF PEOPLE MASS CRUSHING
Number of
eople
No. | Year Place, Event Eill: 4/
injured
1 1953, 9 March  [Russia, Moscow, Red Square, Stalin’s [about 2000/-
funeral
2 |1968, 23 June ﬁiifﬁiﬁ?iiﬁﬁ?os Aires, Stadium, 174159
3 1982, 20 October [ Russia, Moscow, Stadium (football 340/-
match)
4 1990, January Mecca, Hajj 1426/-
5 1994, January Mecca, Hajj 270/-
6 1996, 16 October | Guatemala, Stadium 83/180
7 1998, January Mecca, Hajj 118/-
8 1999, 31 January Belfirus, Minsk, entrance to metro 53/150
station
9 2000, December |Brazil, Stadium (football match) 200/-
10 2001, 9 May Africa, Stadium (football match) 100/-
11 2004, January Mecca, Hajj 244/-
12 12005, 25 January |India, church service 150/-
13 (2006, January Mecca, Hajj 345/-
14 |2006, February |Philippines, Stadium 80/322
15 2009, November |China, Cambodia, bridge 347/329

It is important to mention a recent tragedy associated with
massive people crushing in China, Cambodia, at the water
festival on the bridge during panic in crowd there were killed
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347 and injured 329 people. Most of them were women and
children. Uncontrollable crowd is very dangerous and
unpredictable. In similar situations it is necessary to remain
calm and move along with crowd, because it is impossible to
resist.

It is necessary to recall a tragedy related to reduced

ability of evacuation during a fire that has struck recently. Fire
broke out in the night club Khromaya Loshad (Russian:
Xpomas nowadws, meaning Lame Horse), which was located in
the city of Perm, in Russia, as a result, fire caused death of
more than 100 people and more than 100 gained various
degrees of burns. The fire was caused by ignoring fire
prevention measures. The tragedy happened during celebration
of the seventh anniversary of the nightclub. In the club there
were mainly club employees, their relatives, friends and
persons close to the club — a total of more than 200 people.
Fire was caused by pyrotechnics used indoors.

Sparks from pyrotechnics set out the fire to the ceiling that
was made of wicker; fire immediately transferred further and
within minutes took over the club, which ignited like a match
box. Most people were killed by suffocation, but many simply
were crushed by crowd, in panic rushing out of the premises.
Almost every day from hospital there was news about death of
people with burning wounds; in all fire fatalities were close to
150 people. [16]

Most modern construction and fire safety standards rule out
building design.

The origin of legislation regarding fire safety matters can be
found in the 19th century.
Requirements for buildings and structures were determined
based on actual fires that had taken away a number of human
lives. The requirements were based on experience rather than
the science of fire phenomena.
The traditional requirements for evacuation from the building
are based on geometric parameters of building. Legislation
sets requirements for escape routes and exits; it determines the
number of exits, maximum width and length of escape routes,
maximum evacuation time, availability and security of escape
routes.
Regulatory requirements set out for escape routes are based on
the provision of facilities with accessible and safe escape
routes and exits for people.
Escape route width, length and number of exits depend on the
building utilization type and number of people who will use a
building. Generally, these parameters are sufficient for safe
people evacuation. Proven that during fire, by-products are
formed and conditions created that can cause harm to human
health and substantially increase evacuation time. Therefore, it
is necessary to apply an engineering approach to evacuation of
people from buildings and structures in case of fire.
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II. DETERMINING ADMISSIBLE EVACUATION TIME

It is necessary to determine the actual evacuation time of
people from buildings in general and the time after which fire
hazards will be dangerous for human health. If an actual
evacuation time exceeds the required time, then people
evacuating from the building will be threatened. [4, 5, 6, 9, 10,
11, 12]

Main condition for timely evacuation of people:

T <T

evac inadm

(1)
where:

T

evac — actual evacuation time, min.;

inadm — time of inception of dangerous fire factors or

admissible evacuation time, min..

T =

evac inf

+7. +T

start t
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where:

Tnf

1

T

start — time from receiving an alarm signal till evacuation

— fire detection system activation speed, min.;

start, min.;

T

t — time from people evacuation start till complete

evacuation of building, min.

Evacuation process consists of several stages, from fire start
till complete people evacuation from a building. See. Figure 1.

Fire detection system activation time depends on
characteristics of applied fire protection systems and
specifics of fire expansion.

Nowadays in Latvia an important issue has come up,
regarding admissible evacuation time in case of fire, because
of regulatory documents governing fire safety — the
Regulation No. 567 of the Cabinet of Ministers regarding
Latvian Construction Standard LBN LBN 208-08 “Public
Buildings and Structures” adopted on 21 July 2008 [3] and the
Regulation No. 498 of the Cabinet of Ministers regarding
Latvian Construction Standard LBN 201-10 “Fire Safety of
Structures” adopted on 28 June 2011 [1], which do not
prescribe the requirements for permitted evacuation time.

RTU specialists offer a methodology [4], which may be used
to estimate admissible evacuation time.

Admissible evacuation time is directly subjected to accession
moment of the dangerous fire factors. The most important fire
factors are: human heating of the air-gas convection, heating
due to the heat radiation, toxic combustion products, lack of
oxygen, the deterioration of vision due to smoke. Special
studies led to the critical values of these factors:

average air temperature in the room—°~ —70 (158 F);

thermal radiation — 500kJ;

carbon monoxide (CO) — 1,7 g/m’;

carbon dioxide (CO,) — 144 g/m’;

oxygen content — 17%;

deterioration of vision due to smoke — 2.4 times.

Statistical data and experimental analysis show that the
dominant factors are the high-temperature and toxicity of
combustion products. These factors are especially
characteristic of fires at public and residential buildings.
Admissible evacuation time is determined before accession
moment of the dangerous fire factors, because in general it
cannot be determined which of critical factors will appear
first. For mathematical modelling of these dangerous factors,
different mathematical formulas can be used.

Critcal imdicators of
dangerous fire faciors
Detection system  Alert Evacuati Evacuation . Rescue
:cmrat:: o . dﬁh}' . r ;
1 [ " F P = ‘—"-P. ol o o %
Start of fireg ~ Rl - ' i .

Fig. 1. Stages of evacuation
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The assessment of an escape route safety is offered in an
analytical manner, based on the following relationship
verification:

>T 3)

adm nec

where:

T

inception of dangerous fire factors), min.;

adm — admissible evacuation time (time of

Tnec — necessary time for

evacuation, min..

T is determined by the formula:
adm

z-adm = kO .min(ttﬂta)’tcoZ’””toZ)

“

where: ¢, — critical temperature occurrence time, min.;

t t
occurrence time, min.;

toZ
oxygen, min. ;
k, — safety coefficient which is set as 0.8.

— critical CO and CO? concentration

co? co2

— time of reaching minimum concentration of

In case of fire, heated gases through doorway reach nearby
hallway, lobby or an adjacent room. Using gas condition
equation and capacity of room in which gases spread, it is
possible to determine time in which a critical air-gas
temperature will arise. If combustible materials are solid and
there is insignificant air exchange with other rooms and

windows [ ¢ can be determined using the formula:

crit tstart)

W .c-(t
Tt:3 3
(=) 7 Qv

where:

(%)
. . . 3
W — capacity of air in rooms, 7 ;
C - air heat capacity, which can be taken equal to 0.285 kcal /
3
("M * degree);

T
! _ critical and room temperature before fire;
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¢ — coefficient characterizing heat losses during heating of
surrounding objects and constructions, which can be taken
equal to 0.5;

Q — heat of substance combustion, kcal / kg.;

2
n — combustion loud rate, kg / (" * min);

v — fire (flame) linear distribution velocity, m / min (at the
early stage of fire — 0.05 m / min.)

Critical fire duration, after which dangerous concentrations of
toxic substances arise, can be estimated by the following
formula:

W.
=3 P 3 (6)
g.n.;z’.v

Tco,co,

where:
£ — the maximum permissible concentration under
fire conditions, kg/m3 S

g — discharge quantity of toxic substances, depending
on the quantity of flammable substance, g/ g.

After reduction of oxygen in air, critical time can be
determined using the formula:

0,07 -w

2
T-n-W, -v

T, =3

(7

where:
WO2 — oxygen consumption during burning of 1 kg of

substance, m*/kg.

During combustion of solid substances in a room, vision
impairment usually occurs later than critical temperature is
reached.

Values used in the formulas — Q, n, g, 0, ;v — can be

estimated from manual data. [4]

III. CONCLUSION

Regulatory documents governing fire safety — the
Regulation No. 567 of the Cabinet of Ministers regarding
Latvian Construction Standard LBN LBN 208-08 “Public
Buildings and Structures” adopted on 21 July 2008 [3] and the
Regulation No. 498 of the Cabinet of Ministers regarding
Latvian Construction Standard LBN 201-10 “Fire Safety of
Structures” adopted on 28 June 2011 [1], must be improved,
imposing additional requirements on admissible evacuation
time. Further research in the field of admissible evacuation
time is necessary.
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Vladimirs Jemeljanovs, Jelena Sulojeva, Maris Ziemelis, Janis BartuSauskis, Olegs Spegovs. Pielaujamais evakuacijas laiks

Sis raksts apliiko jautajumus, kas saistiti ar cilvéku dro§ibu ekas, arkartas evakuacijas laika, ugunsgréka gadijuma.

Pastavosa normativo aktu sist€éma, kas reglament€ ugunsdrosibas prasibas civilo ku projektésanas posma, nosaka prasibas tikai ugunsgréku arkartas evakuacijas
celu geometriskajiem parametriem, kopuma nesniedzot pienacigu kopainas atspogulojumu ugunsgréka gadijuma.

Ugunsgréeka gadijuma uz cilvéka organismu iedarbojas kaitigie riska faktori, kuri saistiti ar bistamo toksisko vielu izdaliSanos degSanas procesa laika, ka ari
skabekla daudzuma samazinasanas, redzamibas pasliktinasanas kura saistita ar piedimojumu, un temperatiiras paaugstinasanas virs pielaujamas normas telpas
ieksieng. Sos bistamos faktorus var raksturot ka kritiskus un to realizacijas laiku iekstelpas — pieJaujamais laiks piespiedu evakuacijas gadijuma. Par pamatu
pielaujama laika aprékinasanai autori piedava pienemt visisako laiku, kura realizésies kada no Cetriem bistamajiem ugunsgréka riska faktiem vai ta sauktajiem
kritiskajiem faktoriem.

Galvenais - p&c autoru domam — vai realais cilveku evakuacijas laiks no €kas sakrit ar pielaujamo evakuacijas laiku, kur$ ir domingjosais cilvéku evakuacijai no
€kam. Savukart, jaatzime ka Latvijas bivnormativos vispar nav izvirzitas prasibas pielaujamajam cilvéku evakuacijas laikam ugunsgréka gadijuma.

Galvena probléma ir tada, ka nav izstradata efektiva metodika pielaujama cilvéku evakuacijas laika noteikSanai ugunsgréka izcelSanas gadijuma.

Autori pirmo reizi Latvija piedava $adu metodiku, kuras integrésana likumdosana palidz&tu risinat iepriek§ minéto problému — kas attiecigi paaugstinatu cilvéku
drosibu arkartas evakuacijas laika, ja iekstelpas noticis ugunsgreks.

Baagumup Emenssanos, Enena CynoeBa, Mapuc 3uemenuc, Sinuc baprymayckuc, Oner Caeros. /JlomycTiMoe BpeMst 3BaKyalnu

B naHHO# cTaThe PacCMOTPEHBI BONPOCHI, CBA3aHHbIC C OE30MACHOCTBIO JIIOACH NMPH BBIHYXKJICHHOH 3BaKyallid B Cllydyae BO3HMKHOBEHHUS I10)Kapa BHYTPH
3JaHHS.

CymecTByronasi cucTeMa HOpPMHUPOBAHUS IPOTHBOIIOXKAPHBIX TPEOOBaHUH IPH IPOSKTHPOBAHNH 3aHHMIT , B KOTOPBIX HAXOMSITCS JIOAHU, BEIABUraeT TPeOOBaHHS
TOJILKO K T€OMETPUUECKUM TapaMeTpaM IyTel 3BaKyalliy IPH BbIHYKJEHHON BaKyallUH B ClIy4yae BOSHHMKHOBEHMS 110Kapa, YTO MCKaXaeT PealbHyl0 KapTUHY,
KOTOpasi BO3HHKAeT IIpU IMoxXkape. B ciydae peanbHOro moskapa Ha 4eIOBEUYECKHH OPraHM3M BO3ICHCTBYIOT ONAacHbIe (haKTOpBI CBSI3aHHBIC C BBLICICHHEM
OINacHBIX TOKCHUYHBIX IPOXYKTOB CTOpaHUS, HOHIDKCHHE KOHIEHTPAlUH KHCIOPOJA,IIOTEPH BUAMMOCTH,IOBBIIICHHE CPEAHEOOBEMHON TeMIIepaTypsl BHYTPH
MOMEIIEHHS BBIIIE JOMYCTUMOM. DTH omacHble (haKTOPbl MOXKHO Ha3BaTh KPUTHYECKUMH U BPEMsl HACTYIUICHHE KOTOPBIX BHYTPH IOMEIICHHUS- JJOITYCTHMbIM
BpeMEHEM IPH BHIHY)KAEHOU 3BaKyal[Hd. 3a OCHOBY OIpeJeleHUs JOIyCTHMOIO BPEMEHH IIPH BHIHY)KAEHOW 3BaKyal[Hd aBTOPBI IPEANaraioT NPUHUMAThH
HauMeHbIIIee BPeMsI TOCTIDKEHHS OTHOTO U3 YETHIPEX OMACHBIX (haKTOPOB MOXKapa MM KPHTHIECKUX (PAKTOPOB IPH IoXKape.

I'naBHOe, IO MHEHHIO aBTOPOB, — COBINAJACT JiM (paKTHYECKOE BPEMs 3BaKyallMH JIFOACH M3 3/1aHMil C JOIYCTUMBIM, KOTOpPOE SIBJISECTCS JIOMHHAHTOH IpH
9BaKyalluH JIOfeH u3 31aHui. B cBoro ouepens B JIaTBHICKHMX CTPOMTENBHBIX HOPMATHBAaX BOOOIIE HE BBIABHIAIOTCS TPEOOBAHHA K JOIMyCTHMOMY BpPeMEHH
sBakyanuu. OCHOBHas IPoOIEMa COCTOUT B TOM , YTO OTCYTCTBYET METOJHKA ONPEe/eeH s JOIyCTHMOTO BpEMEeHH BAaKyalluH JIIOJIeH B CITydae BOSHUKHOBEHHS
1o)kapa BHYTPH 371aHUs. ABTOpPHI BIepBble B JIaTBMM Ipe/UIaraloT TaKylo METOAHUKY, INPUHATHE KOTOPOH Ha 3aKOHOAATEbHOM YPOBHE IO3BOJIMIO PELINThH
JaHHYIO IIpo0JieMy, 4TO 00ecIeurBano Obl IOBBIMICHHE O€30MaCHOCTH JIFOJEH TIPpU BBIHYKIEHHOH 9BaKyalluH B CIyuae BOSHUKHOBEHHUS 110Kapa BHYTPH 3HaHUSL.
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