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Abstract. Accident analysis of survived people shows that the main causes of fire death are the hazardous effects 
and consequences of panic attacks which usually occur in such situations. The passengers are killed by heat and toxicity 
of combustion products. This depends on the materials used in an aircraft’s construction, especially for interior decor-
ation. The time available for the survival of passengers depends on the size of the fire load in the cabin of the aircraft, 
and it is determined by the characteristics of the materials. In case of fire, polymeric materials are flammable and emit 
large amounts of heat and smoke which contain poisonous gases that are the main causes of death. With the develop-
ment of fire, the gas temperature changes in the volume of passenger compartment; therefore, it is necessary to set the 
dependence of the occurrence of death from heat.
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1. Introduction

Accident analysis of survivers shows that the main 
causes of fire death are attributed to the hazardous ef-
fects and consequences of panic attacks which usually 

occur in such situations. Critical conditions for peoples 
lives can occur in just a few minutes. According to stat-
istics, almost all aircraft accidents happen at the airports. 
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The passengers are killed by the heat and toxicity of com-
bustion products. This depends on the materials used in 
aircrafts’ construction, especially for interior decoration.

In the design of an airplane cabin finishing materi-
als are a wide variety of composite and polymeric mater-
ials. Therefore, it is necessary to determine the dispos-
able (standby) time, since it depends on the size of the 
fire load in the cabin, and is a determining factor in the 
training of the crew and emergency services personnel in 
order to rescue passengers.

2. An estimate of the fire load in  
the cabin of an aircraft

The time available for the survival of the passengers 
depends on the size of the fire load in the cabin of an 
aircraft, and is determined by the characteristics of the 
materials. In the design of aircraft cabins, a variety of 
composite and polymer materials are widely used (Sakač 
1989; Šestakov 1987).

According to (The structure…; TSO-C13f 1992; 
Rogačev 1989), the amount of composite and polymeric 
materials for narrow-body aircraft based on the total weight 
per passenger is up to 20 kg/person. and for a wide-body 
is up to 30 kg/person. A simple calculation shows that this 
is equivalent to about 4 tons of aviation fuel. In case of fire, 
polymeric materials are flammable and emit large amounts 
of heat and smoke which contain poisonous gases that are 
the main causes of death. The toxic gases considered here 
were CO, CO2, HCL, HCN (Rogačev 1989). Data on toxic-
ity is shown in Table 1. Here the ratio of time after which 
a loss of consciousness appears to the total concentration 
of the gas is taken as a toxicity criterion (Volohina, Ŝetinin 
2001; Èjtingon et al. 1977; Alekseev et al. 1989).

Here: EC indicates concentration that causes ad-
verse effects: LC50  – 50% of people are killed in 5 
minutes. Effects for various creatures: h = man; r = rat; 
m = mouse, P = monkey

Table 1. Toxicity of various combustion products

Formula Gas

LC50 
impact to 
humans 

in 5 min.

Impact to 
humans 

in 30 
min.

Reference data 
(type of animal 
and the time of 

impact)

СО2
Carbon 
dioxide >150,000 >150,000 LC(r,30) = 

470,000

HCl
Hydro-
gen chlo-
ride

16,000 3,700 LС(r,5) = 
40,989

CO
Carbon 
monox-
ide

- 3,000
LС(r,30) = 
4600
LС(h,30) 3000

НСN Prussic 
acid 280 135

LС(r,5) = 570
LС(r,30) = 110
LС(r,5) = 503
LC(m,5) = 323
LC(h,30) = 135
LC(h,5) = 280

Table 2 shows the results of the quantitative determ-
ination of chemical compounds in the air in the passen-
ger compartment during an experimental fire (flame re-
tardant access unit) (DOT/FAA/AR-99/56 1999).

Table 2. Determination of chemical compounds in the air in 
the passenger compartment

Chemicals
Time after the start of ignition

2 minutes 3 minutes 4 minutes

Carbon monoxide 
СО, mg/m3 100 000 120 000 140 000

Carbon dioxide  
С02, % vol. 8.5 12.6 13.2

Hydrogen cyanide 
НСN 300 400 500

Hydrogen chloride 
НСl, mg/m3 8.0 НО 5.0

This data allow us to compare the time necessary to 
evacuate people from a burning plane.

3. Determination of available time

We denote by the “time available” the time interval from 
the beginning of the fire till the onset of the critical 
parameters for the human body temperature in the pas-
senger compartment. As already mentioned, it will be 
determined by the nature of the change in temperature 
and concentration of toxic substances. A comprehensive 
assessment of these factors will determine the coefficient 
of risk; the application of this procedure was defined in 
(A310… 2002):

0 T XK K K= + . (1)

where Кт ,Кх indicate hazard ratios, taking into account 
the effect of temperature and toxic gases, respectively.

KT is the temperature parameter dose received by 
the human body as a result of staying in the air with tem-
perature T for time X.

/T T CTK = τ τ . (2)

where:
Tτ – the residence time in medium temperature T, c;
CTτ – the onset of death at temperature T, c (the time 

available).
With the development of fire, the temperature of 

the gas in the volume of the passenger compartment 
changes, so you need to set the dependence of the occur-
rence of death from heat. The approximation of the ex-
perimental data presented in (A320… 2005; Air Cruisers 
Company Engineering Document Number 2264) yiel-
ded the ratio:

( )0.0432 27351.23 10 15T
CT e− −τ = × × − . (3)



100 I. Lazareva, V. Shestakov. Guidelines on evaluating passenger evacuation possibilities in aviation...

Then:

( )0.0432 2735 1

0

[1.23 10 15]T
TK e d

τ
− − −= × × − τ∫ . (4)

Parameter KX stands for “dose of poisonous sub-
stances” obtained by the human body during fire inside 
an aircraft.

Therefore:

2X CO CO HCL HCNK K K K K= + + + . (5)

where 
2

, , ,CO CO HCL HCNK K K K  indicate coefficients re-
garding the impact of carbon monoxide, carbon dioxide, 
hydrogen chloride and hydrogen cyanide, respectively.

In (The structure…; TSO-C13f 1992), the experi-
mental data is presented for determining the time of on-
set of death in fire, depending on the concentration of 
oxides of these gases in the atmosphere of the cabin. This 
data can be expressed mathematically as:

3.35571.9 ;CO
CO

C
C e−τ =

2

145001 ;
COC COC −τ =

114.4 ;
HCLC HCLC −τ =

12.88
HCNC HCNC −τ = . (6)

Consequently, the coefficients, taking into account 
the impact of these gases, will be determined by the fol-
lowing expression:

( )3.351 ;
571.9

CO
COK e dτ= τ∫

( )
2 2

0

1 ;
4500COK CO d

τ
= τ τ∫

( )
0

1 ;
14.4HCL HCLK C d

τ
= τ τ∫

( )
0

1 .
2.88HCN HCNK C d

τ
= τ τ∫

 
(7)

where 
2

, , ,CO CO HCL HCNC C C C  indicate carbon dioxide 
concentration, hydrogen chloride and hydrogen cyanide 
% (v) the onset of death due to exposure to CO, CO2, HCL 
and HCN, respectively. The final factor is defined as:

( )( )

( ) ( )

( ) ( )

2

0.043 2735 1

0

3.353 4
2

0 0

2 1

0 0

[1.23 10 15]

1.75 10 2.22 10

6.94 4.386 10 .

CO

T
CO

C

HCL HCN

K e d

e d CO d

C d C d

τ
τ

− − −

τ τ
τ− −

τ τ
− −

= × × − τ +

× τ + × τ τ +

τ τ + × τ τ

∫

∫ ∫

∫ ∫
 

(8)

Thus, knowing the values of coefficients Кт and 
Kx, we can determine the severity of the situation in the 
burning cabin, i.e. K0. In this case, the time available Pτ , 
will be equal to the moment of achievement of coeffi-
cient К0 units (Bomštejna 1989).

4. Determining the required time

By “required time” in this case we mean the time ne-
cessary for the evacuation of passengers from a burning 
aircraft. This is a random variable that depends on many 
factors (A320… 2005). However, there are requirements 
defined by ICAO, according to which the evacuation in 
any scenario should not exceed 90 seconds. That is the 
norm set for designers and rescuers. Therefore, in in-
ternational practice, evacuation opportunities are cal-
culated for different aircraft fire scenarios. There is not 
standard procedure for such calculations. We use the 
technique described in (A310… 2002): by introducing 
restrictions recommended by ICAO.

This calculation is based on:
 – Average distance of rows of chairs to the exit, Lvid;
 – Distances from the chairs to the passage (between 
rows of chairs).

The Lvid impact on the likelihood of evacuation 
from an aircraft has been confirmed by many facts in 
practice. In order to control the escape probability for 
each aircraft type in accordance with ICAO require-
ments, it is not enough to only have one of these paramet-
ers, the Lvid. Total evacuation process time will depend 
on the method adopted for the process of evacuation, 
i.e. through the doors to the slide, through holes with 
a rope ladder, or simply move through the exit holes. In 
all cases, these methods need to be considered to set the 
ability to pass, i.e. the average speed of evacuation (for 
one person in each output separately).

If you comply with the conditions under which all 
the exits are exhausted (blocked or otherwise not func-
tioning), the total evacuation time of passengers for a 
specific airplane type is calculated as follows:

Tev.vid = td + tl + tr + tp.tr /nizk.kop. + np.tr. ×  
Vev.sag.p.tr. + lnp.tr + nr× Vev.sag.r. × lnr. + nv.tr. ×  
Vev.sag.v.tr. × lnv.tr. + nl × Vev.sag.l. × lnl/nizk.kop, (9)

where:
td  – the time for preparation of the door for the 

evacuation process;
tl  – the time for preparation of the hatch for the 

evacuation process;
tr – riffle preparation;
tp.tr – inflatable slide preparation;
nizk.kop – the total number of exits;
np.tr  – the number of exits which have inflatable 

slides;
nr – the number of exits which have riffles;
nv.tr – the number of exits which have rope ladders;
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nl – the number of exits which have escape hatches;
lnp.tr – the number of evacuated people by inflatable 

slides;
lnr – the number of people evacuated by riffles;
lnv.tr – the number of people evacuated by rope lad-

ders;
lnl – the number of people evacuated by hatches;
V  – the speed of evacuation during the defined 

time;
Vev.p.tr. – the speed of evacuation by inflatable slides;
Vev.r. – the speed of evacuation by riffles;
Vev.v.tr. – the speed of evacuation by rope ladders;
Vev.l – the speed of evacuation by hatches.
Vvid  – the average speed at which the transition 

from passenger seats to the exits takes place;
Lvid  – the average distance between the rows of 

chairs and exits;
tev.sag. – the preparation time for evacuation;
Vev.sag – permeability of exits to escape;
The following values should be determined exper-

imentally:
Vev.sag – permeability of exits to escape;
tev.sag. – the preparation time for evacuation.
By analogy, the time necessary to move to the exit 

is determined by:
Tsag = Lvid/Vvid. (10)
In order to comply with ICAO requirements, it is 

necessary to use an equation which determines an ap-
propriate aircraft type for an evacuation:

Tev.sag. ×2K = 90 s, (11)
where K is the coefficient which includes passenger 
crowding at the exits in the direction of an airplane.

Figure 1 shows the evacuation planning process 
according to the number of people that pass through a 
given exit.

The scheme should be simple  – no counter-flow 
with a steady output of each exit.

5. Conclusions

In this study, the coefficient of risk K0 was calculated 
using the method described for the case of burning of 
a block of chairs, considering the data from Table 2. As 
can be seen from the graph in Figure 1, the time to reach 
the coefficient K0 is 90 seconds.

Figure 2 shows the results of the experimental data 
(Volohina et al.).

As seen from Fig. 2, the coefficient of danger 
through the unit reaches 2. 5 and 5 minutes, respectively, 
which is slightly longer than the yield calculations.

For this study, the arson was carried out with 300 ml 
of alcohol spilled on the passenger seat. Animals (white 
rats) were killed within the period of 90–120 seconds 
after the start of the fire. However, the nature of the flow 

curves and time confirmed the legitimacy of the coeffi-
cient of danger K0 application.

The coefficient was calculated for the evacuation 
of passengers through doors and escape hatches on one 
side from a Tu-154 aircraft in an accident with fire. Its 
value was 85 seconds, which corresponded to the ICAO 
standards and could be compared to the above-men-
tioned results of calculations and tests.
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