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Investigating the Impact of Aircraft Exit
Availability on Egress Time Using Computer
Simulation

Edwin R. Galea, Madeleine Togher. and Peter Lawrence

Fire Safety Engineering Group, University of Greenwich, London, UK
e-mail: E.R.GaleaQgre.ac.uk

Summary. This paper examines the influence of exit availability on evacuation time
for narrow body aircraft under certification trial conditions using computer simu-
lation. A narrow body aircraft which has previously passed the certification trial
is used as the test configuration. While maintaining the certification requirement
of 50% of the available exits, six different exit configurations are examined. These
include the standard certification configuration and five other exit configurations
based on commonly occurring exit combinations found in accidents. These config-
urations are based on data derived from the AASK database and the evacuation
simulations are performed using the airEXODUS evacuation software. The results
show that the certification practise of using half of the available exits predominately
down one side of the aircraft is neither statistically relevant nor challenging. For
the aircraft cabin layout examined, the exit configuration used in certification trial
produces the shortest egress times. Furthermore, three of the six exit combinations
investigated result in predicted egress times in excess of 90 secands, suggesting that
the aircraft would not satisfy the certification requirement under these conditions.

1 Introduction

The evacuation certification trial (see FAR 25.803 [1]) is the aviation industry
benchmark of aircraft evacuation performance, and rightly or wrongly, is con-
sidered by the travelling public and safety professionals alike as the ultimate
kite-mark of evacuation safety. However, for the benchmark to be effective
it should serve as an indicator of safety, and to do so the benchmark should
be both as representative of reality and challenging as practical. While it is
acknowledged that in the interests of safety it is not desirable or possible to
make the evacuation certification trial closely resemble real accident situa-
tions, it is possible and indeed essential that the exit availability resemble as
closely as possible challenging exit configurations likely to be found in real
accidents. Furthermore, while it is true that no two accidents are alike. it is
possible to investigate statistical data and identify frequently occurring exit
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In the evacuation certification trial half the exits are usually made inop-
erative and nsually all or the majority of the serviceable exits are on one
side of the aireraft. It is a commonly held (and not unreasonable) belief by
safety professionals that this exit configuration is selected because it is most
v found in survivable accident situations or that it is the most chal-
1g evacuation exit configuration. While the origins of this particular part
of the evacuation certification demonstration are not clear, it possibly stems
from the belief that in a crash/emergency situation fire is most likely to oc-
cur on one side of the aircraft (e.g. due to ruptured fuel lines/wing tank)
and so it would be reasonable to assume that the exits on that side of the
Ut would be unavailable. Furthermore, the regulatory community would
hitly ) argue that the evacuation demonstration is not intended to represent
a real situation, but is intended to be a benchmark examination of evacua-
tion performance allowing both absolute (i.e. better than 90 seconds) and
relative (i.e. one aircraft configuration against another) performance. While
it is understood that the evacuation certification trial is intended to bench-
mark aircraft evacuation performance, this does not mean that the selected
benchmark evacuation scenario should he both unrepresentative of real inci-
dents and unchallenging in terms of required evacuation performance. For the
benchmark to be effective it should serve as an indicator of safety, and to do
s0 the benchmark should be as representative of reality as practical, taking
into account relevant and challenging scenarios based on accident data.

In this paper we use the AASK database [2, 3] to suggest likely exit com-
binations found in aviation accidents and then using the airEXODUS 4, 5]
evacuation model, identify the most challenging exit combinations.

frequ
len

2 The AASK Database

The Aircraft Accident Statistics and Knowledge (AASK) database is a repos-
it survivor accounts from aviation accidents conducted by investigative
organisations such as the U.S. National Transportation Safety Board (NTSB)
and the U.K. Air Accident Investigation Branch (AAIB). Its main purpose is
to store observational and anecdotal data from the actual interviews of the
occupants involved in aireraft accidents. The quality and quantity of this data
is variable ranging from short summary reports of the accident to transcripts
from most of the surviving passengers and crew involved in the accident. The
database has wide application to aviation safety analysis, being a source of
factual data regarding the evacnation process.

Work started on developing the AASK database in 1997 with support
from the UK Engineering and Physical Sciences Research Council (EPSRC)
and the UK Civil Aviation Authority (CAA). The most recent version of the
database, AASK V4.0 contains accounts from over 2000 survivors of aviation
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accidents [2, 3]. The database consists of four main components which address:
the nature of the accident (105 accidents), accounts from surviving passengers
(1917 passengers). accounts from surviving cabin crew (155 cabin crew) and
information relating to fatalities (338 fatalitics) [2, 3] AASK V4.0 contains
information from 105 accidents and detailed data from 1917 passengers and
155 cabin crew, with information relating to some 338 fatalities. The accidents
included in AASK V4.0 cover the period 04/04/77-23/09/99. Access to the
database is available on-line at http://fseg.gre.ac.nk/aask/index html. The
database has a powerful query engine allowing investigators to mine the data.

3 The airEXODUS Evacuation Model

The airEXODUS aircraft evacuation model is part of a suite of software tools
designed to simulate the evacuation of large numbers of people from a variety
of complex enclosures. Development of the EXODUS concept began in 1989
and today, the family of models consists of buildingEXODUS, maritimeEX-
ODUS and airEXODUS for the built, maritime and aviation enviromments
respectively. airEXODUS is designed for use in aireraft design, compliance
with 90-second certification requirements, crew training, development of crew
procedures, resolution of operational issues and accident investigation [4, 5].

The EXODUS software takes into consideration people-people. people-
fire and people-structure interactions. It comprises five core interacting sub-
models: the Passenger, Movement, Behaviour, Toxicity and Hazard
sub-models. The software deseribing these submodels is rule-based, the pro-
gressive motion and behaviour of each individual being determined by a set of
heuristics or rules. These submodels operate on a region of space defined by
the GEOMETRY of the enclosure. The model tracks the trajectory of each
individual as they make their way out through the geometry, or are overcome
by fire hazards such as heat, smoke and toxic gases. The basis of the model
has frequently been described in other publications [4, 5] and so only specialist
components of the model will be described briefly here.

The PASSENGER SUBMODEL describes an individual as a collec-
tion of defining attributes and variables such as gender, age. maxinmum unhin-
dered fast walking speed, maximum unhindered walking speed. response tine,
agility, etc. Each passenger can be defined as a unique individual with their
own set of defining parameters. Cabin crew members can also be represented
and require an additional set of attributes such as, range of effectiveness of
vocal commands, assertiveness when physically handling passengers and their
visual access within certain regions of the cabin. Some of the attributes are
fixed throughout the simulation while others are dynamic. changing as a re-
sult of inputs from the other submodels. Passengers with disabilities may be
represented by limiting these attributes.

The BEHAVIOUR SUBMODEL determines an individual's response
to the current prevailing situation on the basis of his or her personal at-
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wes. and passes its decision on to the movement submodel. The behaviour
odel functions on two levels, global and local. The local behaviour de-

termines an individual’s response to the local situation e.g. jump over seats
Wi

i quene. ete while the global behaviour represents the overall aﬂ._.mam@..
emnployed by the individual. This may include such behaviour as, exit via the
nearest serviceable exit, exit via most familiar exit or exit via their allocated
exit. The local behaviour of the passenger may also be affected through the
intervention of cabin crew. As certain behaviour rules e. g. conflict resolution
and model parameters e.g. passenger exit hesitation times. are probabilistic
i nature, the wodel will not produce identical results if a simulation is re-
peated. In studying a particular evacuation scenario, it is necessary to repeat
the simulation a number of times in order to produce a distribution of results.

4 Exit Availability Analysis Conducted Using AASK

A full account of the analysis of exit availability in aircraft accidents pre-
sented in this section may be found in [3]. Here we present a summary of
the analysis and the main conclusions. As part of this analysis it is essential
to define what is meant by an available exit. In this analysis an exit is con-
sidered to be ‘available’ when the exit and its evacuation assist means are
physically and fully/safely functional, and passengers are permitted to use it
by the erew. In addition, exits which may not meet the specilied criteria, but
which were actually used by at least one passenger are also considered to be
‘available’. Furthermore, here we consider exit availability as a function of the
‘otal number of exits on board the aircraft, irrespective of the exit position
(e.g. forward, aft, left, right) or whether exits are associated with exit pairs or
are single exits. Incidents within the database which are classed as precaution-
ary evacuations or post-incident deplaning are not included in this analysis.
Here the results for aircraft with three exit zones are presented however, an
analysis involving aireraft with four exit zones may also be found in [3].
Within AASK V.0, 42 accidents were found to meet the eriteria, 31 ac-
cidents involving aircraft with three exit zones and 11 accidents wﬁw‘o?m:m
aircraft with four exit zones. In contrast to the evacuation certification re-
quirernents. the AASK V4.0 study suggests that a third (33%) of the emer-
gency evacuations examined involve aireraft in which less than 50% of the
exits are available. In addition, the data suggests that the available exit dis-
tribution for small (i.e. aireraft with three exit zones) and large aircraft (i.e.
aireraft with four exit zones) is different with smaller aircraft having a greater

lency than larger aircraft to have less than 50% of their exits available
during an emergency evacuation. Furthermore, the accident analysis suggests
that over half ) of the accidents investigated involve a cabin section in
which no exits were available [3].

However. the statistics suggest that approximately 67% of the accidents
imvestigated involve an exit availability of 50% or more. Thus, as the most
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frequently occurring exit availability involves more than 50% of the exits, it
would not be unreasonable to require 50% exit availability in certification
evacuation scenarios. Indeed, if frequency were the sole driver for selecting
exit number in certification trials, taking 50% of the available exits would
be considered conservative. This line of argument ignores the fact that a sig-
nificant minority (33%) of the accidents investigated had less than 50% exit
availability, resulting in a significantly more challenging evacuation scenario.
In addition, based on the data, there would be a strong argument to assume
a configuration in which at least one exit zone had no available exits.

In the previous analysis, exit availability was considered from a global
perspective i.e. as a function of the total number of exits on board. Here we
consider the availability of exits within exit pairs. The accidents used in this
analysis ignore all those where the aircraft ended up in water or where sub-
stantial damage occurred to the aircraft fuselage, i.e. cases where there were
significant breaks in the fuselage, and include only those accidents where in-
formation is known about all the exits. Unless passengers actually used an
exit, the exit is only considered to be ‘available’ when the exit and its evacua-
tion assist means are physically and fully/safely functional, and passengers are
permitted to use it by cabin crew. Using this definition, 12 accidents were con-
sidered suitable for analysis, each one involving an aircraft with three pairs
of exits. All cases included here have a strict arrangement of exit pairs in
forward,. mid and aft positions.

From these accidents it was concluded that at the FWD generalised loca-
tion, two exits are available in the majority of cases (50% ). with a single exit
available being the next most likely (42%) [3]. In the case of MID positioned
exits, the results suggest that in most cases (59% of the time) both exits are
available while 33% of the time one exit is available. In both the FWD and
MID generalised location, it is very unlikely for there to be no exits available
(8% of the cases). Finally, the AFT positioned exits again show that having
two exits available is most likely (42%) and having one exit available is next
most likely (33%). However in a significant number of cases, (25% ) there are
no AFT exits available [3].

As part of the evacuation certification exercise, the trial criteria stipulate
that only half of the exits can be nsed. Without exception, where aircraft have
exit pairs, only one exit of each pair is selected. For aircraft with three exit
zones, this data suggests that it is quite rare to have a situation in which no
exits are available in the FWD or MID sections, but one in four cases involved
no exits being available in the AFT section of the aireraft. Having one or two
exits available in the AFT section is almost equally likely [3].

Based on this data, a suite of more representative exit combinations for
aireraft with three exit pairs—while maintaining the certification required 50%
availability condition—has been suggested [3]. These involve both exits in one
of the locations and a single exit available in one other location. Suitable
combinations of exits based on the frequency data identified, in decreasing
order of likelihood include [3]:
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(1) A single forward exit, both over-wing exits and no exits in the aft section
availa

Both forward exits. a single over-wing exit and no exits in the aft section
available, :

i Both forward exits, no exits in the over-wing section and a single aft exit

avail .

(iv) A single forward exit, no exits in the over-wing section and both aft exits
available.

No exits in the forward section, a single over-wing exit and both aft exits
avails

_ In the next section we use computer evacuation simulation to explore which
of these exit combinations is the most challenging.

9 Evacuation Modelling Analysis

Here we use the airEXODUS evacuation model to explore each of the exit
combinations identified in Seet. 4. A common evacuation scenario, based on

the industry standard certification trial is used to investigate each of the exit
combinations.

5.1 The Geometry, Model Parameters and Scenarios

The aircraft geometry used in this analysis is that of a narrow body aircraft
wit r, three exit pairs scating 149 passengers with three cabin crew, Hmmm config-
_:_v.:_:__: H.wE.cmm:E an actual aircraft which successfully passed the evacuation
certification test. Three exits were used in the certification trial, all on the
right side of the aircraft, consisting of two Type C exits (R1 and R3) and
the over-wing Type III exit (R2). The L1 and L3 exits were Type B. The
over-w exits are not placed in the middle of the aircraft m‘mﬁmﬁﬁ.:ﬁﬂma
by ::_._:Zx-._:mﬁ_ dist ttion. There are 10 seat rows between the front and
over-wing exits and 14 seat rows between the over-wing and aft exits.

In the simulations presented in this paper, the default generalised pas-
senge exit hesitation time distribution (assuming assertive crew ) appropriate
for the various exit types were used with default exit ready times of 8.2 s for
the R1 and R3 exits, 12.0 s for the passenger operated R2 and L2 exits and
9.4 s for the L1 and L3 exits. Passenger attributes are set from the default
_.wﬁ.:_..m:::_ parameter set. The airEXODUS parameter “Off-Time distribu-
tion (i.e. the time required to descend the slide or wing) was also assumed
to follow the defanlt distribution appropriate for the various exit types. Oﬂ:m.n
niodel paraimeters are set to achieve optimal distributions of passengers be-
tween exits with non competitive behaviour e.g. seat jumping is not permit-
ted. Each scenario was run 1000 times using 10 different populations which
fitted the scenario deseription (i.e. each population was run 100 times). Six

#.

s
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exit combinations were examined including the base case which represents the
standard certification scenario. The five additional cases represent each of the
exit combinations identified in Sect. 3. Scenario 1 represents the most likely

=

exit configuration based on data from the AASK database and Scenario 5
represents the least likely of the 5 cases.

5.2 Evacuation Simulation Results

The first scenario examined is the base case or actual evacuation certification
scenario. As can be seen in Fig. 1, airEXQODUS predicts that under strict
evacuation certification conditions this aircraft is likely to produce on-ground
times of between 67.0 s and 76.8 s with a mean of 71.2 s and a 95th percentile
time of 73.8 s. The time achieved by this aircraft in the actual certification
trial falls on the predicted curve and is between the minimum and mean
predicted times. This result suggests that the airEXODUS model is capable
of predicting the likely outcome of evacuation certification trials.

We also note from this analysis that the passengers and crew travel an
average distance of 6.5 m and require an average of 39.6 s to exit the aircraft.
In addition, on average, the passengers spend 24.7 s caught in congestion
(Cumulative Wait Time or CWT). This suggests that on average a passcn-
ger wasted 62% of their PET (Personal Evacuation Time) in unproductive
congestion. Furthermore, unlike the certification process which only requires
a single trial, these simulations suggest that the outcome of all 1000 optimal
evacuation simulations were sub-90 seconds and so this aircraft with 154 pas-
sengers and crew and all the exits on the right hand side available comfortably
satisfies the “intent” of the evacuation certification trial. However, the certi-
fication pass-fail criterion clearly does not take into account the possibility
of multiple trial executions. In an attempt to address this point and in an-
ticipation of the eventual use of evacuation simulation tools to assess aireraft
evacuation performance for certification, Galea [6] has suggested a procedure
for the use of evacuation simulation models as part of the evacnation certi-
fication process. As part of this process he suggests that the 95th percentile
result from a distribution of simulated evacuation times should satisfy the 90
second criteria.

Having established the certification performance of the aircraft we now
turn our attention to the performance of the aircraft under certification con-
ditions but with exit combinations as indicated in Sect. 3. The results from
these five scenarios are summarised in Table 1 with the distribution of evac-
uation times produced for each scenario displayed in Fig. 1. The results for
Scenario 1 suggest the aircraft can produce on-ground times of between 79.5 s
and 99.6 s with a mean of 87.7 s and a 95th percentile time of 92.4 s. In this
case we note that the mean on-ground time has increased by 23% when com-
pared to the base case. We also note that passengers travelled an average of
8.5 m representing an increase of 2 m compared to the certification scenario.
The average PET increases to 46.6 s, while the average CWT is 29.3 5. Using



Fig. 1. Frequency distribution for TET {on-ground times) for all scenarios.

the 05 percentile pass/fail criterion. the aircraft with available exits config-
ured as indicated in Scenario 1 just fails the evacuation certification trial (see

. Hrm.:.:h_::.a for Scenario 2 suggest the aircraft can produce on-ground
times of between 86.7 s and 112.3 s with a mean of 98.1 s and a 95th per- *
centile time of 105.4 s. In this case we note that the mean on-ground time
has increased by 38% when compared to the base case. We also note that
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Scenario On-ground  Av. PET  Av. CWT __ Av. DIST %
B time (s) (s) (s) (m) _
I Mean 87.7 46.6 29.3 8.5 3
(R1-R2-L2) 95th % 92.4 48.4 30.9 8.7
2 Mean 98.1 49.8 31.0 10.2 5
(R1-L1-R2) 95th %ile 105.4 52.3 33.4 10.4
3 Mean T 41.9 25.5 8.3
(R1-L1-R3) 95th Yeile 814 43.7 27.3 8.3
i Mean 76.5 41.7 25.1 8.5
(R1-R3-L3) 95th %ile 80.5 43.6 26.9 8.5
5 Mean 91.1 48.3 29.9 9.9
(R2-R3-L3) 95th Yile 97.8 50.8 324 10.3
Table 1. airEXODUS optimal predicted results.
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s travelled an average of 10.2 m representing an increase of 3.7 m

compared to the certification scenario. The average PET increases to 49.8 s '
o B P B hin ol ¥ ' £ 9 i
while the average CWT is 31.0 s, Once again we find on average 62% of the
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PET is wasted in congestion which is the same as in the certification case.
Using the 95 percentile pass/fail criterion, the aircraft with exits configured
as indicated in Scenario 2 clearly fails the evacuation certification trial (see
Fig. 1).

The results for Scenario 3 suggest the aircraft can produce on-ground times
of between 73.5 s and 85.3 s with a mean of 77.7 s and a 95th percentile time
of 81.4 s. In this case we note that the mean on-ground time has increased
by 9% when compared to the base case. We also note that passengers tray-
elled an average of 8.3 m representing an increase of 1.8 m compared to the
certification scenario. The average PET for a passenger was 41.9 s, while the
average CWT is 25.5 s. Therefore approximately 61% of the PET is wasted
in congestion which represents a reduction by 1% when compared to the cer-
tification scenario. Using the 95th percentile pass/fail criterion, the aircraft
with available exits configured as indicated in Scenario 3 comfortably passes
the evacuation certification trial. albeit with a smaller margin than the base
case (see Fig. 1)

The results for Scenario 4 suggest the aircraft can produce on-ground rimes
between 70.8 s and 84.5 s with a mean of 76.5 s and a 95th percentile time of
80.5 s. These results are very similar to Scenario 3. In this case we note that
the mean on-ground time has increased by 7% when compared to the base
case. We also note that passengers travelled an average of 8.5 m representing
an increase of 2.0 m compared to the certification scenario. Using the 95
percentile pass/fail criterion, the aircraft with available exits configured as
indicated in Scenario 4 comfortably passes the evacuation certification trial.
albeit with a smaller margin than the base case (see Fig. 1).

The results for Scenario 5 suggest the aircraft can produce on-ground times
of between 80.7 s and 103.7 s with a mean of 91.1 s and a 95th percentile
time of 97.8 s. While the configuration is similar to Scenario 2, with the two
forward exits in Scenario 2 replaced by two aft exits in Scenario 5, the results
are considerably quicker than those produced by Scenario 2. In this case we
note that the mean on-ground time has increased by 28% when compared
to the base case. We also note that passengers travelled an average of 9.9 m
representing an increase of 3.4 m compared to the certification scenario. The
average PET for a passenger was 48.3 s, while the average CWT is 29.9 s.
Thus in this case approximately 62% of the PET is wasted in congestion which
is identical to the certification scenario.

Using the 95 percentile pass/fail criterion, the aircraft with available exits
configured as indicated in Scenario 5 convincingly fails the evacuation certifi-
cation trial (see Fig. 1). Furthermore, we note from Fig. 1 the wide distribution
in evacuation times produced by the various exit combinations. This figure
emphasises the significant difference in egress times that can result from taking
different combinations of 50% of the available exits. It also strongly empha-
sises that the certification combination of exits is the least challenging of the
exit combinations.
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From these results we note a number of interesting outcomes:

* The certification exit configuration produces the quickest on-ground
times and is therefore the least challenging of the six configurations.

¢  The worst performing exit configuration which also fails to meet the
certification criterion is the second most likely exit configuration i.e. Sce-
nario 2.

®  Three exit configurations produce on-ground times that actually fail to

meet the certification eriterion.

The two most frequently occurring exit configurations i.e. Scenarios 1

and 2, fail to meet the certification criterion.

*  Two of the exit configurations that fail the certification criterion have
the same exit capacity as the certification case.

®  Scenarios with greater exit capacity than the base case i.e. Scenarios 3
and 4 produce slower on-ground times albeit satisfying the certification
requirement.

¢ Two scenarios with similar exit configurations i.e. Scenario 2 (two forward
and one over-wing exit) and Scenario 5 (two aft and one over-wing exit)
and hence similar exit capacities produce very different on-ground times.

The results are summarised in Table 2 where the 95th percentile on-ground
times are presented along with the average total exit flow rates for the six
scenarios ranked from the fastest to the slowest evacuations.

If a single exit from an exit pair is functioning, the flow rate achieved
through the exit will be optimal. This is because a single cabin aisle cannot
provide sufficient supply of bassengers to maintain maximal flows through
both exits in an exit pair. As a vesult, flows achieved through exit pairs are
predicted to be on average 30% lower per exit for Type C exits and 10% less
on average for Type 111 exits. Thus for a narrow body aircraft with three exit
pairs consisting of Type B/C/I exits in the forward and aft and a pair of
Type III exits in the over-wing position, if only 50% of the exits are available,
selecting a single exit from each exit pair is likely to produce the greatest
overall exit flow rate. In addition. this distribution of exits will produce the
smallest average travel distance for the passengers as it results in the most
number of passengers being close to an exit. These two factors combine to
produce the shortest total egress times.

Other combinations of two Type B/C/I exits and a Type IIT exit (i.e.
Scenarios 2 and 5) will produce significantly slower egress times due to the
30% reduction in exit efficiency for the paired Type B/C/I exits. For the
particular aircraft examined, the combination imvolving the forward and over-
wing configuration (i.e. Scenario 2) is likely to produce slower egress times due
to the proximity of the Type III exit to the forward exit creating a greater
need for exit by-pass in order to keep the forward exits working,.

Combinations of three Type B/C/T exits (i.e. Scenarios 3 and 4) will pro-
duce better egress times than paired Type B/C/I exits and a single Type III
exit (i.e. Scenarios 2 and 5) due to the greater low rate achieved by the single
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e e s tmsls) _(m) . Awresss (oom)

Base case  (R1-R2-R3) 73.8 6.5 156.9
=

1 4 (R1-R3-L3) 80.5 8.5 140.8
A

2 3 (R1-L1-R3) 51.4 8.3 138.2
P

3 1 (R1-R2-L2) 92.4 8.5 125.4
-

4 5 (R2-R3-L3) 97.8 9.9 120.4
[~ 1] _.

5 2 (R1-L1-R2} 105.4 10.2 108.7

H

Table 2. Summary of simulation results for the various configurations ranked from
the fastest to the slowest,

Type B/C/I compared to the single Type III. There should be r.ﬁ,ﬁ_ﬂw_ Q_Mw,am_“wm..
between having the pair located in the front or w:m. rear. Eodﬁ.w<9, in m is _u .

ticular case, the exit off-set in the front of the nm:u:,ﬂ _ﬁ.mam this n,mmm HWJ..n_m:_mm o
3) slightly less efficient than the case with the pair in the rear of the cabin
AMn%ﬂMM_MowmmE.mﬁon with a pair of Type ,:H exits is Eo%«»ﬁ?a&ﬂ%c,ﬂ:mwm
(Scenario 1). The pair of Type III exits will cﬁ:.. ,m:_.,mm_. 10% degr ,_mco: in
performance due to being paired. However, this will w_,oa_:nm a Wn—%uﬂ:wﬂnw
for the pair of Type I1Is which is less than that for 8 pair .n; Type \\ \ tﬂ% "”H
Thus we would expect the performance of this cnw:me.mEo,: .nm. be awc.ﬁmﬂa“mﬂ :
that for the case with three Type B/C/I exits (i.e. Scenarios 3 x,:&.p.s.m i iile
the pair of Type III exits will produce a mmﬂﬁ,ma mo% rate ﬂ.:mb .m “umd_ o <WM
B/C/1 exits, the single Type B/C/I exit ﬁm.nmzwdc H.__ will ?.91 :nmaw w:_ >
better flow rate than the single Type III exit (Scenarios 2 mﬂn_. d e M\.Q.MT
therefore expect the configuration with a pair of .Hw._‘_um, E.H mH:w ”:_Q E”mc.m
Type B/C/I {Scenario 1) exit to oE_uE.mom.E the nom_:.mcw_nﬁowm ,_w it : ;‘_uﬁ.m i
Type B/C/1 exits and a single Type III exit (Scenarios 2 m:g ,L.. cﬂ,%” mum—mo_.ﬂ.
result may not be generally true as it is affected by the _umw ticular no:.. o:, -
of exits found in this study i.e. none centrally located Type III exit and o

- WMWM%% ﬂwﬂﬁ:m:&mwmm in viewing these results that they E,m. all wm.ﬁn._mmm
on model simulations and not actual experiments. To the best knowledge
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of the authors. full scale experiments have not been conducted (or at least
reported in the academic or professional press) to substantiate the findings

from these simulations. However, while the precise timings produced by these

simulations 1

¥y be questioned and as a result the precise resultant ranking of
the scenarios, it is likely that the main conclusion that the exit configuration
1 the current evacuation certification trial is neither Tepresentative of
likely real accident scenarios nor particularly challenging is valid.

The findings of this work have ilplications as to the appropriateness of

nsed

the current evacuation certification trial as a relevant and informative bench-

mark of egress performance and safety. Galea [6] has suggested that it would
be more appropriate to investigate several exit combinations as part of the
certification process using computer egress simulation. Furthermore, if 90 sec-
onds is considered to be a real and valid measure of the required evacuation
performance of aireraft in the event of a fire, these results convey even more
signi This point will be explored in another paper presented hy the
authors at this conference,

6 Conclusions

This work has shown through computer based evacnation simulation—that
the certification practise of using half the available exits predominately down
one side of the aireraft is neither statistically relevant nor challenging—at least
for aireraft with three exit pairs. Indeed, for the aircraft cabin layout exam-
ined. of the six exit combinations investigated involving 50% of the available
its, the exit configuration used in certification trials produced the shortest
egress times. Furthermore, three of the six exit combinations investigated re-
sulted in (95th percentile) egress times of greater than 90 seconds. suggesting
t the aircraft would not satisly the certification requirement under these
conditions.

These results draw into question the appropriateness of the current evac.
uation certification trial as a relevant and informative benchmark of epress
safety. Demonstrating that the aireraft can be evacuated in 90 seconds using
the current exit certification combination says little about how the aircraft
is likely to perform in more realistic and challenging exit combinations, By
addressing issues associated with the certilication and acceptance of aircraft
configurations. we may achieve the goal of producing safer aircraft, which the
industry claim they desire and the travelling public certainly deserve.

Acknowledgements

E is indebted to the UK CAA for their financial support of
his personal chair in Mathematical Modelling at the University of Greenwich.
Ms Togher gratefully acknowledges the financial support of FSEG in providing
her with a bursary under its Doctoral Programine.

Investigating the Impact of Aircraft Exit P/_.m:wr_z: v 423

References

1. FAR Part 25.807 Airworthiness Standards. Transport qum.mﬁ:...«. .ﬂ_._w?sm_mmmwﬁ.
. cluding amendment 25-67 as published in the Federal Register on June 3

89, Washington DC, USA, 1989. b i .

2 Wwﬁ Galea mx.?._. Finney, A.J.P. Dixon, A. m_nE_nE., %::_ D.T“ ﬂ.woM&.
. _H_,r . hfymxﬂd‘?ﬁb_w?mm V4.0: Aireraft Accident Statistics .Eﬂ 7:05_,? mm.h.
A ManGmmm to Record Human Experience of Evacnation in Aviation Accidents.

I '0j D, Dec 2003.
ort for CAA Project 560/SRG/R+AD, - 2003 ) i

3 M@M Hﬂa_oﬁ K.M. Finmey, A.J.P. Dixon, A. Siddigui, and Dm.m., ,ﬁ.oo_“wmm. ,.r:.
il ilability. it d passenger exit selection behaviour
lysis of exit availability, exit usage an ; el :
Mmmmwﬂwa during actual aviation accidents”. The >cno;9:wn£ mocm_u& of the
ch,m.w Aeronautical Society, Vol 110, Number 1106, pp ,m,,wwl...r__m. moo - .

4. S. Blake, E.R. Galea, 8. Gwynne, P. Lawrence, and L. mi:u_ﬁ&m, mymnzzz% he
, m_.ﬁmn.n of ,ox.:_ separation on aircraft evacuation Um...mc_,q:w:nm m:d:,m wo-mm.no__ﬁ ; ?J
tification trials using evacuation modelling technicues”. .H.rmwbm_ onautical Jour

i iety, Vi 1-16, 2002.

» Royal Aeronautical Saciety, Vol 106, pp -16, - s

5 WmWomO.nMMm % Blake, S. Gwynne, and P. Lawrence, “The use of evacuation 5.&
. m_mﬁ,m techniques in the design of very large transport aircraft and Emzmﬂw. w...._ %Wm
body aircraft”. The Aeronautical Journal, Vol 107, Number 1070, pp 207-215,
Hmw@m“.w.ﬁp_mm “Proposed methodology for the use of nogﬁﬁ..m-. m.:zEmsOw HM efi-
‘H.E.“l_w .&HE,M? evacuation certification™. ATAA Journal of Aireraft, Vol 43. Num-

ber 5, pp 1405-1413, 2006.

=2



