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1. INTRODUCTION

This Project Memorandum presents a series of fault tree logic
diagrams which have been developed as the initial task in a project
to identify and evaluate prospective fire safety countermeasures
applicable to transit vehicles. Figure 1-0 presents an overview
of the project and each of its five tasks. A detailed discussion
of the project methodology and project results with countermeasures
identified for implementation in transit vehicles will be presented
in the final report to be published at a later date. The purpose
of this document is to present fault trees which illustrate the
sequences of events which mav lcad to a transit-fire related cas-
ualty. A description of the basis for their development and an
explanation of their intended use are included as well as informa-
tion on basic fault tree construction and symbol terminology.

Fault tree analysis was chosen as the principal tool for
identifying countermeasures because it is a systematic method of
analyzing the complex series of events which occur during a fire.
All of these events including human events, and material and
environmental factors may be presented in a systematic manner by
using a fault tree. Each event or sequence of events can then be
examined to identify appropriate countermeasures and to evaluate
the effect of potential countermeasures in minimizing or elimina-
ting a fire threat. Fault tree diagrams can also be used in the

following manner:

- As an educational tool to fully explain fire ignition, fire

propagation and occupant evacuation.
- As an aid in developing vehicle procurement specifications.
- As an aid or checklist for the vehicle designer.

- As an aid in developing vehicle preventive maintenance,

repair and operational practices.

- As an aid in developing emergency response and evacuation

procedures.
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A previous UMTA-sponsored TSC study identified the fire
threat in transit vehicles in both a quantitative and qualitative
manner. The results of this study are presented in the report
"Identification of the Fire Threat in Urban Transit Vehicles.”1
It presents data on ignition sources and frequency of fire-and-
smoke incident occurrence for rail rapid transit (RRT) vehicles
and transit buses. Scenarios and preliminary fault trees which
supplemented these data provided a better understanding of fire
propagation and the human involvement with the fire events. This
previous effort has scerved as the foundation for thec development

of the fault trees contained herein.

The following sections contain a discussion of fault tree
construction and present the fault treces developed to depict fire
incidents occurring in a rail rapid transit vehicle or bus, fire/
smoke suppression or containment and the evacuation of individuals
from these vehicles.



2. FAULT TREE DEVELOPMENT METHODOLOGY

2.1 BACKGROUND

A fault tree is a graphical representation of the relation-
ship between certain specific events and an ultimate undesired
event. Fault tree analysis is a technique first developed by
aerospace safety engineers to identify and evaluate the potential
causes of system failures (e.g., undesired events) and to develop
methods of controlling and/or eliminating such failures.

A typical fault tree diagram is constructed as follows. A
particular undesired event is selected. This head or undesired
event is the event whose occurrence must be minimized or prevented.
Primary events, and their interactions and causes, leading to the
undesired head event are then examined and broken down into
secondary events and causes. This reverse reasoning process con-
tinues until there is either insufficient information or an event
is not considered significant enough for further analysis. A
more extensive explanation of fault tree diagram construction 1is
presented in Section 2.2.

Fault trees may have quantitative or qualitative applications,
or both. Quantitative trees are used to calculate specific prob-
abilities of events. Qualitative trees provide overall pictorial
diagrams of complex sequences of events and causes. These se-
quences can then be analyzed to identify specific areas where
corrective action (e.g., component redesign) could be employed to
prevent the undesired event from occurring. The fault trees pre-
sented in this Project Memorandum are of a qualitative nature and
will serve as the basis for the identification of fire safety
countermeasures applicable to transit vehicles.

Qualitative fault trees were chosen for several reasons. The
most notable advantage is that a high level of detail can be gen-
erated for use in understanding the number of events and causes
leading to a particular undesired event (defined in this analysis
as a transit-fire related casualty). This detail can be generated



because the sequences of potential cvents are not restricted to
those which can actually be documented. (Historical data concern-
ing transit fires are usually quite limited.) Thus, many more
possible combinations of events and their causes leading to the
undesired event can be examined. Moreover, this high level of
detail permits the consideration of many countermeasures

which could reduce the occurrence of events leading to the unde-
sired transit-fire related casualty.

Another positive factor is the pictorial quality of the
fault tree diagram which illustrates the logical progression
of events from a low order cause to the high order undesired

event.

2.2 PROCEDURE FOR FAULT TREE CONSTRUCTION

The following discussion is intended to provide the reader
with sufficient knowledge to understand the fault tree diagrams
presented in the following sections. For a more extensive dis-
cussion of fault tree‘gnalysis, the reader is referred to the

Fahabe
literature®’ 4, e

The basic premise of fault tree logic is that events are’
caused by the occurrence of other events. These events and their
interaction are represented by particular symbols which can be
arranged in various combinations. Figure 2-0 illustrates the
symbols used in the construction of the fault tree diagrams con-
tained in this document. A brief description of these symbols and
usage will assist in comprehending the logical relationships in-
dicated. Figure 2-0 should be referred to throughout the reading
of the following descriptive material.

Symbols known as '"logic gates' are used to illustrate the
manner in which incidents at one level of the fault tree combine
to produce the next (higher) logical event. The two gates used
in this representation are the '"OR" gate and the "AND" gate. The
"OR" gate, as shown in Figure 2-0, is equivalent to the situation
where any of the input events (below the gate) may lead to the

output event (above the gate). For example, the occurrence of "B"
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or "C" or both may r1esult in "A". Morce than one input event may
occur, but only one is necessury for the output cvent (A) to occur.
The "AND'" ¢ate represcnts a situation wherce all of the listed

input events must occur to produce the output condition. Tor
example, both "D" and "L" must occur before "B" results; these

two conditions must occur simultaneously.

Other symbols used include rectangles, diamonds and triangles.
Rectangles describe output events, i.e., events which are analyzed
further to determine how they occurred. As such, a rectangle is
used to'depict the head (undesired) event at the top of a branch
and it is also used throughout the tree to indicate other events
which are developed in more detail. The rectangle is the only
event symbol which has both a gate-and input event symbols below
it; therefore it cannot be used as the lowest symbol on a fault
tree branch. Rectangles may also represent inputs to another out-
put event. In fact, the rectangle may represent an input (cause)
event on one level and an output (result) event on another level

simultaneously.

Diamond shaped symbois represent undeveloped events which aie
not broken down further because they are not considered significant
or because of lack of information. As such, fault tree branches are
terminated with diamonds when the information needed to explain
the event is not available or is nonexistent or the event is con-

sidered trivial for the purposes of a particular analysis.

A triangle signifies the transfer of a particular line 6f
reasoning to another location within the fault tree. Essentially,
this allows for a condensation of the fault tree by eliminating
the need for repeating a series of events that have been described
in another fault tree branch. It should be noted that there 1is
always more than one transfer triangle. VWhere the triangle 1is
connected horizontally to a rectangle, or to the vertical line
connecting a rectangle to a logic gate, everything below the rec-
tangle (the particular branch) is transferred to another branch of
the fault tree diagram. The title of the event in the rectangle



above the horizontal line triangle need not be the title of the
event to which the transferred information branch attaches and
applies. Rectangles with triangles attached by a vertical line
(below the rectangle) indicate the point of attachment for the
information branch which was initially developed in another branch.
Transfer triangles are labeled in two ways. Triangles identified
by a letter only refer to major branches developed elsewhere in
the fault tree diagram. Within these major branches, smaller
series of events are often developed which may be transferred
both within a major branch or to other major branches. These
smaller series of events are labeled by both a letter and number
according to the branch in which they first appear.

One additional symbol, the oval connected by a horizontal
line to a rectangle, represents a list of items that are too
numerous to include directly on the fault tree. For the purposes
of this report, the lists refer to combustible materials located
or used in different areas of the transit vehicles.

The fault tree diagram presented in Firure 2-1 is the over-
view in which the head or ultimate undesired event is '"Fire Re-
lated Transit Casualty Occurs'. Two primary (input) events lead-
ing to this top undesired (output) event are "Fire/Smoke Condi-
tions Are Present in Area" and "Individual Fails To Evacuate
Area". The occurrence of both of these major events is necessary

for the transit fire related casualty to occur.

Each of these primary events is analy:zed and branches of
secondary events are developed. "Fire/Smoke Conditions Are Pre-
sent in Area" results from both "Fire/Smoke Incident Occurs™ and
"Fire/Smoke Is Not Suppressed or Céntained“. The event, "Individ-
ual Fails To Evacuate the Area'" (most specificaliy the vehicley,
occurs because either "Individual Fails To Remove Self"™ or "Indi-
vidual Is Not Rescued". The '"area'" could also include elevated,
underground or at-grade stations and right-of-way. In addition,
the underground right-of-way can be divided into the tunnel and
the tube (underwater passage). However, these other locations
are not developed in this analysis. Each of the events shown



in this overview is developed more extensively in the following
sections. Moving from left to right on this overview, the fault
tree diagrams for "Fire/Smoke Occurs in Occupant Compartment of
RRT Car" are presented in Section 3, the fault tree diagrams for
"Fire/Smoke Occurs in Occupant Compartment of Bus'" are treated

in Section 4, the fault tree diagrams for '"Fire/Smoke Is Not Sup-
pressed or Contained" are treated in Section 5, and the fault
tree diagrams for '"Individual Fails To Evacuate Area' are treated
in Section 6.

When reviewing the fault tree diagrams there are several im-
portant considerations which should be noted. First, the occur-
rence of any one event does not necessarily mean that the head
event, (a fire or casualty) will occur. The fault tree is a tool
which allows the reader to see combinations or sequences of events
that many times are unrelated to each other or several independent
events which must occur for the head event to occur. Second,
there are several unspecified factors or conditions which may
influence the probability of occurrence of an event or alter the
intensity of an event. Some of these factors or conditions are
the presence of wind currents or rain, the occurrence of vibra-
tion, a component or part that is worn in a particular or unusual
manner, the presence of sufficient combustible material to pro-
pagate the fire, etc. Where possible, factors or conditions such
as these have been incorporated in the fault trec diagrams.
Third, within the fault trees there are branches where the
probability of occurrence of the head event is unknown; however,
there are other branches where the available historical sta-
tistical data have provided a rough estimate of the probability
of occurrence of the head event. Nonetheless, whether the head
event in the branch has a low, moderate or high probability of
occurrence, it must be considered as having the potential of
occurring and cannot be ‘ignored; it must be addressed.
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3. RAIL RAPID TRANSIT (RRT) CAR FIRE/SMOKE INCIDENT

5.1 BACKGROUND

In the development of fault tree diagrams representing a
tail rapid transit (RRT) car fire incident, an effort was made to
incorporate into the fault tree diagrams the many possible vari-

ations which exist in transit car design and operation.

Each transit pronerty has RRT cars built to its own specifica-
tions. As such, transit cars huilt at the same time by the same
manufacturer may differ since each property may specify the
structure, equipment, materials and operational procedures for its
particular transit cars. For this reason, the fault trees contain
many variations in design and operations which are not directly
applicable to any particular vehicle or transit property.

To account for the differences in the current RRT car fleet
(approximately 10,000 cérs), the fault tree diagrams have been
developed in as generalized and nonspecific way as nossible with-
out sacrificing the accuracy needed to describe the ignition and
propagation of the firc. Every effort has been made to identify
all possible ignition sources on the RRT car.

The technical data used in the construction of the fault tree
diagrams were obtained from several sources. Statistical and
historical data, although limited, provided an indication of the
frequency of fire occurrence, location of ignition, and components
of the RRT car involved. This information was obtained from
published accident reports, transit property reports, newspaper
clippings, transit property personnel and TSC staff. Because
the information did not usually contain the detailed causative
data necessary for fault tree analysis, it was essential to study
the construction of the RRT car in order to determine potential as
well as known fire hazards. Additional technical information was
obtained from a review of vehicle construction specifications

11



and maintenance manuals, and discussions with transit property
staff and other technical people. This information was integrated
with the historical and statistical data and then used in develop-

ing the fault tree diagram.

5.2 FAULT TREE DIAGRAMS

Figure 3-0 is an overview fault tree for the head event,
"Fire/Smoke Cccurs in Occupant Compartment of RRT Car". This
event was chosen because the occurrence of a fire within the occu-
pant compartment itself represents one of the most potentially
serious safety hazards to passengers because of heat, smoke and

toxic gases within the confined passenger space.

This primary event, "Fire/Smoke Occurs in Occlpant Compart-
ment of RRT Car', results from the occurrence of either of the
two secondary events: '"Fire/Smoke Originates within Occupant
Compartment' or "Fire/Smoke Penetrates from Outside Occupant Com-
partment'". In turn, these two events are developed further. The
fire may originate in four interior areas of the occupant compart-
ment. These areas are indicated on the overview as: "Fire/Smoke
Occurs on/under/or back of Seats'", "Fire/Smoke Occurs on Floor",
"Fire/Smoke Occurs at Wall" and "Fire/Smoke Occurs at Ceiling".
These four major events are developed in Figures 53-1 through 5-4
and their subnumbers.

Four major events which lead to the occurrence of the event,
"Fire/Smoke Penetrates from Outside Occupant Compartment"” are:
"Fire/Smoke Penetrates from Crew Compartment', '"Fire/Smoke Pene-
trates from under RRT Car', "Fire/Smoke Penetrates thru Roof of
RRT Car'" and "Fire/Smoke Penetrates thru Side of RRT Car'. These
four events are illustrated in Figures 3-5 through 3-8 and their
subnumbers. These major events have been developed down to the
level where further information is either unavailable or considered
insignificant (bottom event or diamond).

Table 3-1 provides a key to the lists of combustible mater-
ials used or located in the various areas of the RRT car.

12
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TABLE 3-1. KEY TO RRT CAR FAULT TREE
COMBUSTIBLE MATERIALS LISTS

The following lists define the various types of combustible
materials according to the list numbers indicated on the branches
of the RRT car fault tree diagrams.

List I Combustible Materials Located on, in, or under Seats:
Seat cushion materials Door engine lubricant and seals
Cushion support materials Coatings
Cushion coverings Adhesives

Upholstery materials

Wires and wire insulation for underseat heaters
Seat frames (wood, plastic)

Molded seats

Trash or debris

Occupant carry-ons

List II . Combustible Materials in Electrical Wire/Cable System:*

Wire

Wire insulation

Aluminum conductor cable

Cable insulation

Cable and wire hoidsrs, tiss, grommets
Accumulated dirt

Debris
List II1 Combustible Materials Located on the Floor:
Floor tiles (rubper, vinyl, vinyl-asbestos, etc.)
Carpeting
Carpet padding
Carpect or tile adnesive
Trash or debris
Cccupant cartry-ons
Wind screens
Seat frame
List IV Combustible Materials Located at or in Walls:
Wall panels Electrical wire/cable
Door panels system - see List II
lastic windcws Thermal insulation
Light diffusers Wood or plastic supports
Window frames Signs and advsrtisements
Window and door gaskets Wall liners
HVAC ducting Wind screens

30



TABLE 3-1.

List V

List VI

List VII

List VIII

List IX

KEY TO RRT CAR FAULT TREE COMBUSTIBLE

MATERIALS LISTS (CONT.)

Combustible Materials Located at or in Ceiling:

Ceiling panels

Light diffusers
Thermal insulation
Acoustical insulaticn
HVAC ducting

Electrical wire/cable system - see List II

Combustible Materials Used in Crew Compartment Equipment:

Control board panels
Switches and fuses
Electrical wires
Electrical wire insulation
Plastic connectors

Circuit board components**
Ladder

Contact shoe lifting stick
Log or instruction book

Combustible Materials Used in Structural Flooring:

Plymetal flcoring (zluminum)

Plymetal flooriag cores materials (wood, plastic)
Wood, plywzod

Thermal insulation Paint

Acousticzl insuiation Sealer

Combustible Materiais Located in the Auxiliarv System:

Air hoses

Battery casing

Connectors

Electrical wire/cable
system - see List II

Lubricant

Gaskets

Escaping hydrogen gas from
battery

0il on battery electrolyte

Debris

Undercoating

Paint

Combustible Materials lLocsted

Cempesition brake shoe
Current collector shee beam
Gaskets, connectors, seals
Accumulated grease and dirt
Motor insulaticn materials
Motor armature and windings
Debris

31

Air-cushion bolsters ot
rubber or neoprene

Rubber door gaskets at the
ends of and over trucks

Electrical wire/cable
system - see List II

Metal dust

Undercoating (Petroleum
Base)



TABLE 3-1. KEY TO RRT CAR FAULT TREE COMBUSTIBLE
MATERIALS LISTS (CONT.)

List X Combustible Materials Located in Cam/Solid State
Propulsion Controllers:

Electrical wire/cable sv;tnm - see List II
Circuit board components”

Connectors

Motor insulation materials

Motor armature and windings

Accumulated grease and dirt

List XI Combus<ible Mzterials locarted n Structural Rocfing:
Electrical wire/cable Thermal insulation
system - see List Il Acoustical insulation
Aluminum outer shell Pantograph mount
Wood or plastic supports Aluminum outer shell bf car
HVAC ducting Debris
Coatings

List X1! Combustible Materials Locsted at Acceleration/Braking
Res1stors on Roof:

Electrical wire/cable svstem - s22 List Il
Aluminum outer shell cf car

lLeaves and tree branches

Debris

List XIII Combustible Materials Used in Side Structure of Car:

Aluminum outer shell

Plastic windows

window and door gaskets

Wood or plastic supports

HVAC ducting

Thermal insulation

Acoustical insulation

Electrical wire/cable system - see List II
Paint

*swire and cable insulation usually provides the initial support
for electrical fires. Since wires and cables extend to all
vehicle locations; fire propagation, which results from an
electrical fire, is dependent upon the initial location of the
ignition.

**Components - resistors, transistors, diodes, rectifiers
capacitors.
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4. BUS FIRE/SMOKE INCIDENT

4.1 BACKGROUND

In the development of the fault tree diagrams representing a
bus fire incident, an effort was made to incorporate into the fault
tree diagrams the many possible differences which exist in transit
bus design and operations.

Each transit property has buses built to its own specifica-
tions. As such, transit buses built at the same time by the
same manufacturer may differ since each property may specify the
structure, equipment, materials and operational procedures for
its particular buses. For this reason, the fault trees contain
many variations in design and operations, which are not diréctly

applicable to any particular vehicle or transit property.

To account for the differences in the current bus fleet
(approximately 53,000, including gas, diesel and electric propul-
sion vehicles), the fault tree diagrams have been developed in
as generalized and nonspecific way as possible without sacrificing
the accuracy needed to describe the ignition and propagation of
the fire. Every effort has been made to identify all possible
ignition sources on the transit bus. Included in the bus fault
tree is the trackless trollev with its unique trolley pole.

The technical data used in the construction of the fault tree
diagrams were obtained from several sources. Statistical and
historical data, although limited, provided an indication of the
frequency of fire occurrence, location of ignition, and components
of the bus vehicle involved. This information was obtained from
published accident reports, transit property reports, newspaper
clippings, transit property personnel and TSC technical staff.
Because the information did not usually contain the detailed
causative data necessary for fault tree analysis, it was essential
to study the construction of bus vehicles in order to determine
potential, as well as known fire hazards. Additional technical
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information was obtained from a review of vehicle construction
specifications and maintenance manuals, and discussions with

transit property staff and other technical people. This infor-
mation was integrated with the historical and statistical data

and then used in developing the fault tree diagrams.

4.2 FAULT TREE DIAGRAMS

Figure 4-0 is an overview fault tree for the head event "Fire/

Smoke Occurs in Occupant Compartment of Bus'".

This undesired event was chosen because the occurrence of a
fire within the occupant compartment itself represents one of the
most potentially serious safety hazards to passengers, because of

heat, smoke and toxic gases within the confined passenger spacec.

The primary event, "Fire/Smoke Occurs in Occupant
Compartment of Bus'", results from the occurrence of either of
two secondary events: "Fire/Smoke Originates within Occupant
Compartment" or "Fire/Smoke Penetrates from Outside Occupant
Compartment”. In turn, these two events are developed further.
The fire may originate in five interior areas of the occupant
compartment. These areas are indicated on the overview as: "Fire/
Smoke Occurs on/under/or back of Seats'", "Fire/Smoke Occurs on
Floor'", "Fire/Smoke Occurs at Wall", "Fire/Smoke Occurs at
Ceiling'", and "Fire/Smoke Occurs at Instrument Panel/Dashboard".
These five major events are developed in Figures 4-1 through 4-5
and their subnumbers. Four major events which could lead to the
occurrence of the event, "Fire/Smoke Penetrates from Outside
Occupant Compartment', are: '"Fire/Smoke Penetrates from Engine
Compartment', "Fire/Smoke Penetrates from under Bus'", "Fire/Smoke
Penetrates thru Roof of Bus' and "Fire/Smoke Penetrates from Side
of Bus'". These four events are illustrated in Figures 4-6 through
4-9 and their subnumbers. These major events have been developed
down to the level where further information either is unavailable

or considered insignificant (bottom event or diamond).

Table 4-1 provides a key to the lists of combustible materials
used or located in the various areas of the vehicle.
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TAELE 4-1. KEY TO BUS FAULT TREE COMBUSTIBLE MATERIALS LISTS

The following lists define the various types of combustible
materials according to the 1list numbers indicated-on the brancnes
of the bus fault tree diagrams.

List I Combus+tible Materials Located in Occupant Compartment:

List II

List III

List IV

Passenger carry-on

Seat cover

Seat cushion

Seat frame (plastic)
Wall/ceiling panzl
Thermal and ccoustic

insulation
Windows (plastic)
Window gasket
Door seal

pai

o
t
o
v
Le |
+
’_l
[a)
o]
2]
O ct
(]
<
(]
g ]
H-
=]
(L]

Wood floor
Ducting
Advertizing

Electrical
Grommets

Combustible Materials Located in Instrument Panel:

Transfers stuffed in panel Flares

Plastic panel cover
Electrical insulation

Combustible Materials Located in

(emergency)

m

neine Commartment/

Tlectrical Components:

Oily deposits

Rags, trash left by
WOTKers

roses

Electrical insulation

Leaking lubricants/fuel

Sooty exhaust deposits
Plastic ciamps/tles/parts
Gaskets/zrommets
Thermal/acoustic insulation

Combustible Materials Located in Wheel Well:

Plastic grease cap

Plastic wheel well

Oily deposits

Bearing grease/bearing
lube seal

Brake lubricant
Air hose
Tire

Combustible Materials Located in Extericr (side/front/

rear):

Door seals

Plastic light lens
Plastic window
Signs

Rubber bumpers

ul
[§8]

Window gasket

Spilled fuel lubricant
Oily/sooty deposits
Trolley pole rope



5. SUPPRESSION/CONTAINMENT OF FIRE/SMOKE INCIDENT

§.1 BACKGROUND

Although all possible fire sources may never be climinated,
the swift suppression and/or containment of a transit fire is a

key factor in the reduction of potential casualities.

The types of suppression/containment systems which may be
present vary according to transit property because of differing
policies and procedures, environmental conditions, etc. The fault
tree diagrams presented in the following illustrations are general
in nature and as such do not represent the suppression/containment
systems of any particular transit property. However, during the
development of the diagrams, an attempt was made to incorporate
many of the possible variations in suppression/containment design

and operation.

The technical data used in the development of the fault tree
diagrams were obtained from several sources. Among the most
important were the detailed descriptions of major fire incidents
contained in government and transit property investigative reports.
These reports provided insights into methods of extinguishment
used, communication difficulties, coordination problems and
equipment failures, as well as their interaction during actual
fire situations. Other sources were regulations promulgated by
DOT modal administrations and guidelines published by the American
Public Transit Association (APTA)7 and National Fire Protection
Administration (NFPA)S.

5.2 FAULT TREE DIAGRAMS

Figure 5-0 illustrates the overview fault tree for the un-
desirable head event, "Fire/Smoke Is Not Suppressed or Contained'.
This event was chosen because the failure to adequately suppress
or contain a transit fire incident can result in hazardous condi-

tions which in turn could lead to a fire-related casualty.



The event, "Fire/Smokc Is Not Suppressed or Contained", re-
sults from one of thrce primary events: "Fire/Smoke Is Not Pas-
sively Suppressed', "Firc/Smoke Is Not Actively Suppressed", or
"Fire/Smoke Is Not Contained". Passive 1s defined as automatic,
Active as requiring some form of human action, and Contained as

confining the fire/smoke within a limited area.

Either one or all of the three sccondary cvents: "Passive
Suppression System Does Not Exist', "Passive Suppression Svstem
Does Not Respond”, or '"Passive Suppression System Is Inadequate',
may result in the undesired event, "Fire/Smoke Is Not Passively
Suppressed'". The further development of this branch is presented
in Figure 5-1.

The undcsired event, "Fire/Smoke Is Not Actively Suppressed',
may be caused by either one or all of the following threce events:
"Active Suppression System Does Not Exist'", "Individual Does Not
Take Suppressive Action'", or "Individual Suppressive Action Is
Ineffective'". The two latter events are illustrated in Figures
5-2 and 5-3 and their subnumbers.

Either one of two events: "Fire Is Not Contained' or "Smoke
Is Not Contained'", may lead to '"Fire/Smoke Is Not Contained".

These events are presented in Figure 5-4.
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6. EVACUATION OF INDIVIDUALS

6.1 BACKGROUND

In the event of a serious transit fire, a key priority to
ensure passenger safety is the evacuation of passengers from the
hazardous area.

Each transit property has developed emergency evacuation plans
based on experience and environmental conditions. The type of
rescue equipment and personnel required to evacuate individuals
varies according to the location of the vehicle, i.e., is a sub-
way tunncl or on an elevated platform. It should be noted that
the evacuation of the individual from the vehicle is considered
more important in this analysis than evacuation from the right-of-
way or stations. The fault tree diagrams presented in the follow-
ing figures reflect that primary focus. They are general in
nature, but an attempt has been made to incorporate many of the

possible variations among vehicles.

The technical data used in the development of the fault tree
diagrams were derived from several sources. The evacuation of
passengers has been addressed in various manners by many government
and private groups. As a result, an extensive body of literature
exists which proved quite valuable in the construction of these
fault tree diagrams. The detailed descriptions of major fire
situations, contained in government and transit property in-
vestigative reports, provided insights into procedures used, commu-
nication difficulties, coordination problems and the interaction
of all of these factors in actual fire situations. The emergency
plans of specific transit properties were reviewed and provided
valuable information regarding how these properties perceive
training of emplovees, and emergency provisions such as emergency
exits. Publications of APTA7 and NFPA,8 in particular, offered

general guidelines regarding equipment and emergency procedures.
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6.2 FAULT TREE DIAGRAMS

Figure 6-0 illustrates the overview for the undesirable event,
"Individual Fails to Evacuate Area'. This event was chosen because
the failure of an individual to evacuate the area containing fire/
smoke conditions could result in injury or death. This hcad event
results from the occurrence of either one or all of three primary
events: '"Individual Fails to Evacuate Vehicle'", "Individual Fails
to Evacuate R-0-W*", or "Individual Fails to Evacuate Station'.

The fault tree diagrams focus on evacuation from the vehicle.
Therefore, although evacuation from the other areas is recogni:zed
as important, the branches dealing with this topic are not devel-
oped to the same degree as those dealing with the vehicle.

Two primary events leading to '"Individual Fails to Evacuate
Vehicle'" are "Individual Fails To Remove Self' and "Individual Is
Not Rescued".

The occurrence of either of the events: '"Individual Fails To
Take Timely Action" or "Egress Is Impossible', could lead to the
event, "Individual Fails To Remove Self'. These branches are
further developed and shown in Figures 6-1 and 6-2 and their sub-

numbers.

The occurrence of either of the events: '"Assistance Is Unable
To Remove Individual'" or "Assistance Is Not Available", could re-
sult in the event, "Individual Is Not Rescued'. These branches

are presented in Figures 6-3 and 6-4.

*Right-of-Way.
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