NBSIR 78-1586

Fire Safety Guidelines for
Vehicles in a Downtown People
Mover System

Richard D. Peacock

Center for Fire Research
National Engineering Laboratory
National Bureau of Standards
Washington, D.C. 20234

January 1979

Final Report

Prepared for:
Urban Mass Transportation Administration

U.S. Department of Transportation
Washington, D.C. 20591






NBSIR 78-1586

FIRE SAFETY GUIDELINES FOR
VEHICLES IN A DOWNTOWN PEOPLE
MOVER SYSTEM

Richard D. Peacock

Center for Fire Research
National Engineering Laboratory
National Bureau of Standards
Washington, D.C. 20234

January 1979

Final Report

Prepared for:

Urban Mass Transportation Administration
U.S. Department of Transportation
Washington, D.C. 20591

U.S. DEPARTMENT OF COMMERCE, Juanita M. Kreps, Secretary
Jordan J. Baruch, Assistant Secretary for Science and Technology
NATIONAL BUREAU OF STANDARDS, Ernest Ambler, Director






TABLE OF CONTENTS

LIST OF FIGURES . . & + « ¢ = o o o o o o o o s s s s o s o o

LIST OF TABLES . . ¢ o ¢ ¢ « ¢ o o s « o o s s s s s s o o =

EXECUTIVE SUMMARY . . . &+ ¢ ¢ o o &+ o o o o o o o o o o o« o s

ADStYracCt o+ v ¢ o o o o o o o o s s s e s e o o o s e o o o e

1.

2.

INTRODUCTION . . & & o « o o o o o s o o « o o o' o« o o =

EXISTING PEOPLE MOVER SYSTEMS . . . . . . .

2.1 The Morgantown System . . . . . .

2.2 The AIRTRANS System . . . . . . .

2.3 Materials of Construction . . .
2.3.1 Interior Vehicle De51gn . .
2.3.2 Exterior Vehicle Design . .

4 Fire Detection/Suppression Provisions

.5 Emergency Egress from Vehicles . .

6 Vehicle Voice Communications . . .

.
.
.
.
.
.
.

¢ o o e o

« e o o o o e o

o o e o o o o
°

PROPOSED DPM SYSTEMS . . ¢ . ¢« ¢ o o o o o o o o o o o =

3.1 Proposed DPM System, Houston, Texas . . . . . . . .
3.2 Proposed DPM System, Los Angeles, California . . . .
3.3 Proposed DPM System, St. Paul, Minnesota . . . . . .

PROPOSED DPM VEHICLES . . . . ¢« « ¢ « o s o s s o o o o =

4.1 Otis Elevator Company, Duke University Type Vehlcle
4.1.1 Basic Vehicle Design . . . . + « « « &+ &« o« &

Fire Detection/Suppression Provisions . . . .

Emergency EQress . . . « o o o o o o o o o

Voice Communications . . . . . . . . . . .

+ MBB Cabintaxi Vehicle . . . . . . . .
Fire Detection/Suppression Provisions .

Emergency EQress . . . « « « o o o« o &

Voice Communications . . . . . . . . .

F‘Hld

le—'C)-hWN

E

(=S
.
X
ababal ekl
.
e e e e s e

[\S I SN

. .
. .
. .

THE FIRE SAFE DPM VEHICLE e e s e s s e e o

5.1 Fire Scenarios in a DPM Vehicle . . . . .
5.1.1 Interior Ignitions . . . . . . .
5.1.2 Exterior Ignitions . . . . . .

le Design to Minimize Fire Hazard .

5.2 Vehic . . . .
5.2.1 1Interior Vehicle Design . . . . . . . . .
5.2.2 Exterior Vehicle Design . . . . . . . . . .
5.2.3 Emergency Egress . . . ¢ ¢ « ¢ o o o o o o o
5.2.4 Voice Communications System . e e e e e e e

EVALUATION . . ¢ o o o o o o o o o o s o s o o

6.1 Important Areas of Consideration . . . . . . . . . .
6.2 Test Methods for the Flammability of Materials
Used in DPM Systems . . . « ¢ o o o o o o o &
6.3 Fire Penetration Test . . . . ¢ ¢« o o« « « « o« &
6.4 Ignition Resistance Tests . . . e o e o s e

6.4.1 Motor Vehicle Safety Standard No. 302 .

« o o e o
.

6.4.2 Federal Aviation Regulation FAR-25.853 . .
6.4.3 ASTM D 635 . . . & ¢ v o 4 o o o o o o o o
6.4.4 ASTM D 1692 . . ¢ v ¢ o o« o s o o o o o o o =

iii

e o o o o o

« s o e o @

e« o o o o e o

Page

vi

o bWWw N [l L

[« BES BEN BN |



[ W W)
e o ®
~NSNonm

TABLE OF CONTENTS (Cont'd)

6.4.5 Carpeting Tests . .
6.4.5.1 DOC FF 1-70 P111 Test
6.4.5.2 NFPA 253-78 . . .

Smoke Density Test . . . . . . .

Rate of Heat Release Tests . . .

Flame Spread Tests . . . . e o

6.7.1 Radiant Panel Test, ASTM E 162

6.7.2 ASTM E 84 Tunnel Test . .

. .

® o * o o o o o
¢ o e o o e s o

PROPOSED GUIDELINES . . . . . . R T

7.1

N
. . L]
oY U1 &>

7.7

Materials Flammability . . . .
7.1.1

7.1.1.1

7.1.1.2 Floor Covering Flammability

7.1.1.3 Seating Assemblies . . .
2 Smoke Generation Test . . . .
3 Penetration Test e e s e e
4 Rate of Heat Release Test . .
5 Combustion Products Toxicity .
1 .
2

e e s ® o o

Detection . . o e o o s o
System for Vehlcle Interior
System for Vehicle Electrical and Me

Equipment Bays . . . . . . .

Fire Suppression . . . . . « « . . .

7.3.1 Portable Fire Extinguishers .

7.3.2 Automatic Fire Suppression . .

Emergency EGress . . . « ¢ « o« « o o

Voice Communications . . . . . . . .

Vehicle Construction . . . . . . . .

7.6.1 Heating and Air Conditioning S

7.6.2 Electrical Fire Safety . . .
Guidelines for Testing Protocol . .

ystem

SUMMARY AND CONCLUSIONS . . ¢ + ¢ « o o o s o« &«

REFERENCES . . . . ¢ ¢ ¢ & o 4 o o o o s o o o @

iv

Ignition Resxstance/Flame Spread Test
Interior and Exterior Materials
Test

o.oooooootb’-o--o

.

oo.toolo.-b.oooo'

* ¢ o s s s s 4 e e Qe o s s s s o

e & o e e e o o s & e e & o 2 o o o o o »

e e o o o o o @

e o & o o o o & * o o

e 2 o o o e e o o e o

e o s e o o o o e o

e o o o e ¢ o & o o



Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure 10.

Table

Table

Table

Table

8.

9.

1.

2.

LIST OF FIGURES

Morgantown passenger vehicle construction . . . . . . .
AIRTRANS passenger vehicle construction . . . . . . . .
Morgantown emergency egress provisions . . . . . . . .

AIRTRANS emergency egress provisions . . . . . . . . .
Otis passenger vehicle interior construction . . . . .
Probable location of ignition sources in a DPM vehicle

Comparison of ignition source characteristics and
minimum ignition energies for various seat assemblies

Vehicle interior design features . . . . . . . . « . .
Vehicle exterior design features . . . . . . ¢« « . . .

Vehicle flammability guidelines . . . . « ¢ ¢ o « o o &

LIST OF TABLES

Worst case evacuation times from people mover vehicles .

Potential for ignition of various seat assemblies by
some ignition sSoUXCeS . . ¢ ¢ ¢ + ¢ s e . e e e e e

Summary of selected small-scale test results on transit
vehicle components . . o + « o o« o o o o s o s o o o

Recommended acceptance criteria test method ASTM E 162 .

Page
40
41
42
43
44

45

46
47
48

49

Page
36

37

38
39



EXECUTIVE SUMMARY

The fire safety aspects of vehicles used in Downtown People Mover
systems has not been previously studied and considered in depth. This report,
prepared by the Center for Fire Research, National Bureau of Standards,
presents the results of a limited study to evaluate fire problems and to
recommend fire safety provisions for automated vehicles used for the
movement of people in a congested urban area.

This study was sponsored by the Urban Mass Transportation Administration
(UMTA) to provide reasonable fire safety guidelines to be required for the '
systems to be deployed under the "Downtown People Mover" (DPM) program and to
update existing UMTA guidelines. The specific objectives of the project
were to: '

® Review the Morgantown and AIRTRANS systems and any fire
experience with these systems.

®* Review the vehicle design features and materials that are
used by the various system manufacturers and those which
may be proposed for use in the DPM program.

® Propose criteria for acceptable levels of flammability,
smoke generation, and toxic gas generation for vehicle
interior materials and vehicle construction materials
involved in fires.

* Recommend preferred materials and methods of vehicle
construction to minimize fire risk for the different
types of DPM systems.

¢* Recommend fire and smoke detection and suppression
methods as appropriate.

By the review of existing vehicles similar to those expected to be used
in the DPM program, and by a review of systems that have been proposed by
several cities, a series of fire scenarios were developed for potential
interior and exterior ignition sources. In addition, a variety of fire
protection measures proposed by system manufacturers ranging from simple
hand-held fire extinguishers to completely automatic Halon 1301 extinguishment
systems were identified.

This report presents guidelines that are recommended for use in the design

of downtown people mover vehicles. Methods and criteria, based on established
test procedures, are proposed for material flammability and smoke generation.

vi




Specific limits are established with the intent to control ignition/fire
spread, smoke, and toxic gas generation with the following types of test
methods:

1) A fire penetration test to determine the likelihood of an undercar fire
penetrating to the vehicle interior.

2) An ignition resistance test for nonmetallic materials.

3) A smoke density test to limit smoke build-up in the vehicle interior.

4) A rate of heat release test to measure fire growth in the event of an
ignition.

5) A test to screen out materials that generate highly toxic combustion
products.

Recommendations for fire and smoke detection equipment for the vehicle
interior and undercarriage and automatic fire suppression equipment for the
vehicle undercarriage are discussed.

Emergency egress provisions must also be considered in the design of a
DPM system. Sufficient emergency exits, recognizing the special needs of the
handicapped, should be included in the vehicle design along with provisions
to insure the safe evacuation of passengers to the guideway.

Requirements for emergency communications between vehicles and a
system's central control facility are also proposed.
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FIRE SAFETY GUIDELINES FOR VEHICLES IN A DOWNTOWN
PEOPLE MOVER SYSTEM

Richard D. Peacock

Abstract

The results of a study to formulate fire safety
guidelines to be required for vehicles used in Down-
town People Mover (DPM) systems for the movement of
people in a congested urban area are presented. Through
a review of the design features of existing people mover
vehicles and systems, and a review of proposed new systems,
fire scenarios are developed and guidelines suggested to
minimize the fire risk to passengers.

Methods and criteria, based on established test
procedures, are proposed for assessing the flammability
and smoke generation of interior finish and furnishing
materials. Fire and smoke detection and suppression
equipment are recommended, along with proposed guidelines
for emergency evacuation provisions and emergency com-
munication requirements.

An extensive bibliography of flammability in fixed
guideway transit systems is included.

Key words: Emergency communications; emergency evacuation;
fire detection; fire safety, fire suppression; mass trans-
portation; material flammability; people movers; smoke.

1. INTRODUCTION

The fire safety aspects of vehicles used in fixed guideway transportation
systems have not been rigorously studied and considered. At the request
of the Urban Mass Transportation Administration (UMTA), the Center for Fire
Research at the National Bureau of Standard has conducted a limited study
to explore and formulate fire safety guidelines to be recommended for auto-
mated vehicles used for the movement of people in congested urban areas.
The results of this investigation are needed to set reasonable requirements
for the systems to be deployed under the "Downtown People Mover" (DPM)



program sponsored by UMTA, to replace existing guidelines, and to insure an
acceptable level of fire safety [1]1.

As in any transportation system, a complete fire safety analysis would
include consideration of station design and placement, trackways, vehicle
storage and maintenance areas, as well as surrounding environmental factors
that may affect the system's performance. In this study, consideration is
limited to the vehicle used in a fixed guideway transit system and to the
trackway that may be used for emergency evacuation of passengers. The
elevated guideways and automated unmanned vehicles present unique problems
in fire safety. This report presents guidelines that are recommended for
the design of vehicles to be used in DPM systems. In order to obtain
appropriate criteria, based on available established test methods that
would provide an acceptable level of fire safety for DPM vehicles, a review
is included of two existing systems, of proposals presented to UMTA by cities
selected for initial DPM system deployment, and of proposed new vehicle
designs from potential DPM system manufacturers.

2. EXISTING PEOPLE MOVER SYSTEMS

Automated people mover systems consist of driverless vehicles of varying
sizes, capable of carrying from 20 to 200 passengers, that operate on exclu-
sive, fixed-path guideways. A vehicle is comprised of two major components:
the chassis usually containing the vehicle control, power collection, pro-
pulsion, and heating/air conditioning systems and the body comprised of the
exterior shell and vehicle interior [2,3]).

There are approximately twenty installations of people mover systems
currently in use. Of these twenty systems, more than half are located in
recreational parks. Several are also located in airport complexes, plus
at least one system operating in a downtown university campus [2]. 1In the
analysis of existing systems, the description will concentrate on two
operating systems - one located on the campus of the University of West
Virginia at Morgantown (the Morgantown system) and one located at the Dallas/
Fort Worth Regional Airport (the AIRTRANS system). These two systems are
typical of the people mover systems in use today and provide detailed infor-
mation on typical vehicle and guideway construction. Other systems in use
are described in references [4-9].

lNumbers in brackets refer to the literature references listed at the end

of this report.




2.1 The Morgantown System

The people mover system at Morgantown, West Virginia serves the campuses
of the University of West Virginia with a maximum of 45 vehicles operating
over 3.9 km (2.4 mi) of reinforced concrete guideway. About half of the
vehicles are in normal service at any one time [10]. Design specifications,
according to Boeing design criteria, require that the system conform to
"pertinent provisions of the National Electrical Safety Code, applicable
specifications and standards of the National Fire Protection Association,"
applicable Motor Vehicle Safety Standards promulgated by the National
Highway Safety Administration (notably Motor Vehicle Safety Standard No. 302
- Flammability of Interior Materials), and such other local, state and
Federal safety codes and standards applicable to the design of system
elements. Vehicle floor covering is required to be "self-extinguishing"
although no test method is specified. 1In addition, a hand-held fire
extinguisher is required in each vehicle passenger compartment for use by
passengers [11,12].

Only a few minor fire incidents have been noted in the operation ‘of the
Morgantown system. There have been no incidents of fire on board the vehi-~
cles used in the system. Deicing of the guideway with an ethylene-glycol
solution combined with salt splashed from an adjacent roadway has caused
arcing of the power rails and ignition of plastic power rail insulation on
several occasions during severe winter weather. Fires were reported either
by passengers or system personnel and extinguished [13].

2,2 The AIRTRANS System

With 21 km (13 mi) of guideway, 53 stations, and 68 vehicles, the
AIRTRANS system at the Dallas/Fort Worth airport is the largest operating
people mover system in the world to date. The system is designed to trans-
port airline passengers, as well as airport personnel, baggage, supplies,
mail, and trash at the airport. 1In considering the flammability character-
istics of materials used in the AIRTRANS vehicles, manufacturers were required

to meet flammability specifications developed by the system designer, Vought
Corporation [14].

The specification for the AIRTRANS system required the following:
®* Vehicle insulation must be self-extinguishing and fire-resistant.

Vehicle flooring must be fire-resistant with a flame spread rating of
less than 75 using ASTM E 84-68.



Each vehicle must have a fire extinguisher.
* Each vehicle must have two emergency exits in addition to the normal
entrance/exit doors.

In the twelve million vehicle miles covered in the past 3 1/2 years of
operation, the AIRTRANS system has been relatively free of problems associated
with fire. In one incident, a burning tire, caused by spinning on a slick
guideway, necessitated the removal of passengers from a vehicle because of
smoke entering through the air conditioning system. However, there have

been no reported cases of fire propagating on board a vehicle [15].

2.3 Materials of Construction

2.3.1 1Interior Vehicle Design

Morgantown vehicles are constructed of steel frames with rigid urethane
foam insulation sandwiched between inner and outer shells of molded flame
retarded glass fiber laminates. Seats and air conditioning ducting are
molded integrally with the inner shell. The polyester resin used is reported
to have a flame spread classification of 20 and a smoke density of 250, as
determined by test method ASTM E 84. Nylon carpeting used as floor covering
in the vehicles is reported to have an ASTM E 84 flame spread rating of less
than 75 but does not meet Motor Vehicle Safety Standard No. 302, Flammability
of Interior Materials [16]. Figure 1 illustrates the construction of a
Morgantown vehicle.

Passenger vehicles used in the AIRTRANS system are constructed of rein-
forced, vacuum-formed acrylic sheet interior panels, acrylic-coated glass
fiber exterior panels with rigid polyurethane foam in between. The seats are
upholstered and carpeting is provided on the floors over a base of plywood
treated for moisture resistance. No details of tests performed on any of
the materials was available and no detailed verification testing was
performed [14].

2.3.2 Exterior Vehicle Design

The outer shell of flame-retardant glass reinforced polyester on the
Morgantown vehicles is supported on a steel frame. The vehicle is designed
so that all electrical systems except interior car lighting and vehicle
communications are located underneath the shell that forms the interior
of the vehicle. The major components that are located beneath the vehicle
interior shell include: (a) the vehicle propulsion and braking systems
including motor, motor controller, and four-wheel vehicle brakes, (b) the
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heating and air conditioning systems, (c) the vehicle steering/guidance
system, (d) the vehicle power-pickup shoe (575 VAC, three phase), and (e) the
vehicle communications and control systems. Vehicle window material in

the Morgantown system is 0.6 cm (1/4 in) tempered glass.

Passenger vehicles used in the AIRTRANS transit system are constructed
as illustrated in figure 2. Exterior panels are acrylic-coated glass fiber
reinforced plastic with colors impregnated in the acrylic. Propulsion is
provided by a 60-hp (continuous rating) DC motor connected to the differen-
tial by an automotive drive shaft. The 480 volt AC power is rectified and
controlled by the motor controller. The propulsion system is mounted on the
chassis, as are the emergency storage batteries. The alternator that charges
the batteries and an air compressor for the suspension system, door operator,
brakes, and vehicle dock leveling system are suspended below the chassis.

Two heating and air conditioning units are also suspended below the chassis,
one on either side. Power collection is performed by articulated brushes, a
set on each corner of the vehicle, with two sets in normal use and two for
redundancy [14].

2.4 Fire Detection/Suppression Provisions

Vehicle on-board fire fighting equipment on boththe Morgantown and the
AIRTRANS systems consists of manually operated fire extinguishers. No auto-
matic fire detection or suppression system is provided for either system.
However, several of the following excess-temperature sensors are included in
each system [14,16].

Brake temperature sensor,

Propulsion motor temperature sensor,

Propulsion transformer temperature sensor.

Propulsion armature temperature sensor,

Hydraulic fluid temperature sensor.

Vehicle communications and control system air temperature sensor
(proposed for Morgantown system),

These sensors are linked to the central control console of the system for
further action at the discretion of the system operator.

2.5 Emergency Egress from Vehicles

Emergency egress procedures for both the Morgantown and the AIRTRANS
system require passengers to exit through emergency exits provided onto the
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vehicle guideway. An estimate of passenger evacuation time was made for the
Morgantown and AIRTRANS systems assuming maximum vehicle velocity, normal
vehicle deceleration, the maximum station dwell time, and maximum station-
to-station travel time [2]. This estimated time represents a worst case
estimate using the assumptions that the vehicle would use only normal brak-
ing rate and would have to travel the entire station-to-station distance in
order to allow a safe stop. The estimated evacuation times were 198 seconds
and 91 seconds for Morgantown and AIRTRANS, respectively. It should be
noted that these estimates are not based on evacuation drills. Rather they
have been calculated from vehicle performance data supplied in reference [2].

In Morgantown vehicles, the left-hand door can be operated manually to
provide egress onto a fenced walkway, then to the guideway; the rear window
of the vehicle opens to provide an additional exit. This walkway egress
is illustrated in figure 3. Due to the special conditions that exist
at Morgantown, i.e., an elevated guideway without provisions on the right
side of the guideway for passengers to safely leave the car, it was decided
that an emergency exit on the right side of the vehicle would expose the
passengers to additional, unnecessary hazards [16].

AIRTRANS vehicles are provided with emergency escape doors, 0.6 m (2 ft)
wide, at each end of the vehicles, and are posted with a sign warning of
guideway hazards -- moving vehicles, etc. This provides direct egress onto
the guideway as shown in figure 4. 1In addition, vehicle doors are provided
with means for emergency manual opening. In both systems, operation of
emergency exits causes emergency braking of the vehicle, if in motion, and
notification to Central Control. Guideway power in the vicinity of the
disabled vehicle is also cut off in the Morgantown system. For the AIRTRANS
system, the system's Central Control operation shuts power off manually to
any segment that could be affected by an evacuation.

2.6 Vehicle Voice Communicatons

Two-way communications are provided in both the Morgantown and the
AIRTRANS systems to allow communcation between Central Control and the pass-
enger vehicles in the system. There is a UHF radio on each Morgantown
vehicle which allows any passenger to communicate directly with Central
Control by merely pressing a "push-to-talk" button. The Central operator
can communicate separately with an individual vehicle or with the entire
fleet. Public announcements may be made to the passengers of the AIRTRANS
system via a two-way radio. Passengers request individual communication
with Central Control by pressing a button on the passenger service panel in

the vehicle.
6




3. PROPOSED DPM SYSTEMS

Proposals submitted to UMTA by cities selected as initial sites for the
deployment of people mover systems in urban environments, although only
preliminary system proposals, contain information about vehicle design.

In addition, some design concepts unique to these proposed systems require
careful consideration of fire safety. The three systems proposed, St. Paul,
Minnesota, Los Angeles, California, and Houston, Texas, present a variety of
operating characteristics and environments that may affect fire safety
considerations.

3.1 Proposed DPM System, Houston, Texas

The proposed DPM system in Houston, Texas, is a 3.6 km (2.25 mi) route
through the city's central business district. The guideway is proposed to
be aerial throughout with a double guideway serving most of the route. A
total of eight stations, three in the double guideway, three in the single
guideway, and two stations interconnecting with Houston's bus system, are
planned. These will be an average of 0.33 km (1080 ft) apart [17].

The Houston proposal provides general specifications for the proposed
system and vehicle design. Specifications require provisions for passenger
egress from stalled vehicles/trains at any point along the guideway, includ-
ing provisions for handicapped passengers, with assistance from passengers
Oor system personnel. It is proposed that these requirements be met with
walkways along the guideway, special service vehicles operating on the
guideway, special street vehicles, or a combination of these.

A communications system is proposed for the system that will allow only
one-way voice communication to trains on a selected or group basis. Auto-
matic monitoring of fire and smoke detectors in stations is also proposed
for the computerized communications subsystem, indicating the recognition
of a potential fire problem in such a system.

3.2 Proposed DPM System, LOS Angeles, California

The City of Los Angeles, California, has proposed a DPM system consist-~-
ing of approximately 4.8 km (3 mi) of guideway including 4.2 km (2.6 mi) of
elevated guideway and 0.6 km (0.4 mi) of guideway in an underground vortion.
Ten elevated stations and one subway station are planned, spaced an average
of 0.4 km (1395 ft) apart [18]. The unique evacuation problems associated
with subway systems has been recognized and should be considered carefully
in the overall fire safety analysis of the proposed system [19,20].
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Consistent with the UMTA DPM program objectives, the City of Los Angeles
proposes vehicles utilizing existing technology with minimum modifications
for adaptation for the downtown environment. Recognition of a potential fire
hazard is indicated through the regquirement of flame-resistant carpeting to
be used in DPM vehicles; however, no definition is provided.

Central Control and the DPM vehicles in the proposed system will be
linked by a two-way voice communications system. The system will allow
Central Control to make public announcements to any combination of vehicles
or to communicate with individual vehicles. In addition, a telephone system
is proposed for direct communications between fixed locations throughout the
DPM system.

3.3 Proposed DPM System, St. Paul, Minnesota

A 2.6-mile, two-way aerial small vehicle transit system connecting ten
stations is proposed jointly by the Metropolitan Transit Commission and
the City of St. Paul, Minnesota. An aerial guideway through the downtown
area is to connect with a below-grade guideway that will utilize an existing
trolley tunnel, circa 1907, as well as an underground guideway to a planned
office complex. Two underground stations are planned. As mentioned above,
the importance of the fire safety consideration given to underground tunnels
and terminals, although not within the scope of this project, cannot be
overstressed.

The proposal includes provisions for hand-held fire extinguishers,
readily accessible to passengers, on every vehicle. In the event of fire or
an emergency evacuation, all power is to be turned off by the Central Control
system. Separate emergency doors, in addition to manual operation of
entrance/exit doors, are required.

During an emergency evacuation of a vehicle, the passenger evacuation
route is to be designed to "insure against the possibility of passengers
falling from the guideway and/or coming in contact with the power system” [21].

All vehicles and stations are to be equipped with two-way communications
for emergency use between patrons and Central Control.

4, PROPOSED DPM VEHICLES

Perhaps the most critical element in the protection of rapid transit
riders from fire is the passenger vehicle used on the system. A number of

8




potential suppliers of Downtown People Mover systems were contacted for
information regarding vehicle design and materials that may be proposed for
use in the DPM program. Of the nine system manufacturers, replies were
received from six. . Of these six, two, Ford Transportation Systems Operations
and Rohr Industries indicated they were no longer in the business of designing
and producing people mover systems [22,23]. The remaining four manufacturers,
however, provided information about the vehicles that may be proposed for

use in a DPM system. These four manufacturers were Boeing, Vought, Otis

and DEMAG + MBB.

Plans proposed by Boeing Aerospace Company [16] and Vought Corporation
[8] for DPM vehicles were not finalized sufficiently to respond. However,
detailed information is available on the Morgantown (Boeing) and AIRTRANS
(Vought) systems (see section 2). Materials that may be used in DPM
vehicles are expected to be similar to those used in these systems.

4.1 Otis Elevator Company, Duke University Type Vehicle [3]

4.1.1 Basic Vehicle Design

The Otis vehicle, like other people mover vehicles, is designed with the
major components necessary to operate the vehicle attached to the chassis,
below the passenger compartment. Equipment contained in the chassis includes
subsystems for:

Propulsion

Braking (service and emergency)
Suspension

Power collection

Control

Lateral guidance

Wireways have been provided for the major wire runs. Other system wiring
is routed in open wiring harnesses.

The vehicle body assembly is composed of the following major elements:
Body shell
Interior
Lighting
Heating, ventilating, and cooling
Doors, emergency exits, and glazing

The vehicle body shell is constructed of interior and exterior panels of
glass fiber reinforced plastic.



Interiors of the Otis, Duke~type vehicles, illustrated in figure 5, are
composed almost entirely of glass fiber reinforced plastic with steel supports.
A molded reinforced plastic seat shell with reinforced plastic seat and back
inserts are provided with package storage under the seats. This open area
beneath the seat has been a vulnerable area in other systems, providing an
area for intentional ignition of seat assemblies. Enclosure of the under-
seat area would minimize the potential for ignition of seat assemblies.
Carpeting is provided for the vehicle floors.

Heating, ventilation and air conditioning duct work and outlet is
included in the ceiling assembly in the vehicles.

According to Otis personnel [3]), several fire protection items have been
incorporated in the Otis DPM vehicle system concept. These are summarized
and described in further detail below:

Fire-resistant materials,

Fire detection.

Fire suppression (option).

Fire extinguishers,

Two-way communications,
Emergency exits.

Emergency ventilation.

Fault isolation and monitoring,
Automatic power shutdown,

4.1.2 Fire Detection/Suppression Provisions

Each vehicle is to be equipped with two portable, hand-operated fire
extinguishers. The removal of an extinguisher will activate an alarm in
Central Control. As an option, automatic fire control egquipment can be
incorporated in the chassis electrical power equipment bays. The chassis
equipment bays will be protected from fire by a halogenated gas fire suppres-
sion system. High temperature sensors will be used to detect the presence
of fire. Excessive temperature will cause the fire control system to release
the agent and signal a fire to Central Control. Fire suppressant discharge
lines, incorporating separate orifices, are routed to those compartments or
equipment bays of the vehicle which contain electrical power equipment [3].

Smoke detectors are installed in two equipment bays in the vehicle
chassis and in the command and control equipment compartment in the vehicle
body. These smoke detectors are configured into a serial fire bus arrangement
that is monitored by the on-board safety system. Dirt and contamination
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could lead to false alarm conditions with detectors mounted in undercar areas.
This should be recognized in the design.

4.1.3 Emergency Egress

A hinged window in each end of the body serves as an emergency exit.
No railings on elevated portions of guideway to allow use of regular entrance/
exit doors are proposed. Emergency evacuation of handicapped persons, possibly
difficult through end windows, should be considered in the design.

4.1.4 Voice Communications

Two-way voice communications are planned for the Otis vehicles to permit
public address/monitor and intercom operation. Passengers will have access
to an intercom panel which operates in a push-to-talk mode.

4.2 DEMAG + MBB Cabintaxi Vehicle

Two West German engineering firms, DEMAG Fordertecknik and Messerschmitt-
Bolkow-Blohm Gmbh, have proposed a unigue system currently under development
and planned for deployment in two German cities [24]. The Cabintaxi vehicles
operate on small guideways suspending vehicles below the guideway as well as
on the upper surface. This system presents uniqué problems for the emergency
evacuation of passengers. Specific details of construction materials were
not available.

4.2.1 Fire Detection/Suppression Provisions

Automatic and manual suppression along with automatic detection methods
are proposed by DEMAG + MBB for the Cabintaxi vehicles. Ionization smoke
detectors and temperature detectors are proposed, linked to an automatic
Halon 1301 extinguishing system and distributed to the cabin interior,
heating, electronics, and undercarriage. Hand-held fire extinguishers
are also planned {25].

4.2.2 Emergency Egress
As mentioned above, emergency egress from vehicles suspended below the
guideway presents a special problem in fire safety. Because of the variety

of operating conditions that would exist in this system, different evacuation
procedures are proposed. These include:
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An emergency walkway along the guideway.

Inflatable emergency slides for heights up to ten meters.
Emergency ropes for very short distances from ground.

A safe walkway directly adjacent to guideway.

Space limitations in a downtown environment, and the increasing pres-
sure to design to accomodate the handicapped, would place limitations on the
feasibility of such egress procedures.

4.2.3 Voice Communications

Two-way communications through a radio-telephone link is planned.
Automatic monitoring of on-board detectors is also proposed.

5. THE FIRE SAFE DPM VEHICLE

It is virtually impossible to completely protect a system against the
occurrence and subsequent spread of a fire. However, from previous fire
incidents in existing people mover systems and from a knowledge of fire
experience in other transit systems, a series of fire scenarios can be
developed for DPM type vehicles. These scenarios, representing likely ways
in which ignition and subsequent fire spread can occur, suggest crxtlcal areas
that must be protected in order to reduce the fire risk to passengers.
Throughout this analysis, primary consideration has been given to passenger
safety, and only secondarily to the protection of the vehicle.

While all portions of a vehicle are considered, two areas seem to be
of considerable importance from the standpoint of fire protection: (a) the
subfloor area, because it contains the majority of heat-producing electrical
components - vehicle propulsion, braking and control systems and (b) the vehi-
cle interior because of the wide variety of potential combustible materials
that may be present [26), and the presence of ignition sources associated with
human activity such as cigarettes, matches or intentional ignition sources.

5.1 Fire Scenarios in a DPM Vehicle

5.1.1 Interior Ignitions

Consider a DPM vehicle outfitted in a similar manner to those proposed
by various companies described earlier. The vehicle interior, usually less
than 100 m® in volume, may be constructed of various materials., Wall and
ceiling panels of aluminum, glass fiber reinforced plastic, FR glass fiber
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resin/chopped glass fiber and the like are common. Seating is usually
provided for some passengers and the seats may or may not be upholstered.
Carpeting is usually provided on the floor.

For a DPM vehicle, there are three primary parameters that need to be
defined to permit a determination of the effect of an interior fire:

1) The characteristics of the ignition source (the rate of energy
release and the total energy released).

2) The location of the ignition source.

3) The behavior responses of passengers.

Because it was considered outside the scope of the project, no details are
given on the third parameter.

Braun [19] developed a series of fire scenarios for vehicles used on the
San Francisco California Bay Area Rapid Transit System. The same principles
apply to DPM vehicles. The ignition sources characterized by Braun are
summarized in table 2.

In a DPM vehicle interior, except for electrical fires, there are three
probable locations for an interior ignition source (fig. 6). They are:

1) On the floor - in the aisle.

2) On the floor - directly adjacent to a wall or seat or beneath a
seat.

3) On a seat.

In the ignition sequence, the first item ignited would be either the
wall, ceiling, or seat assembly. For the ceiling to be the first item ignited,
an ignition source in the aisle would have to produce flame heights at least
equal to the floor to ceiling distance, about 2 m. Since this Wwould require
an inordinately large amount of fuel, it is highly unlikely that this would
have a high probability of occurrence. No consideration will be given to
this specific scenario. However, intentional ignition of the ceiling panels
is possible with a hand-held flame. 1In this case, flames could spread either
to the edges of the ceiling, involving the walls and windows, or burning
plastic materials could melt and drip onto the seats, carpet, or walls.

For ignition adjacent to, beneath, or on a seat, probable flame spread
paths may be developed. If the ignition source is on the floor, directly
adjacent to or beneath a seat assembly, as shown in figure 6, there are two
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possible paths for flame spread. One would be along the carpéting and the
other along the seat assemblies. Flame spread along the carpeting could
travel eventually either to the seat assemblies or to the lower wall lining
material, then involving the upper wall liners or window material and the
ceiling. However, floor covering material used in other transit system
vehicles has been shown to provide sufficient protection to ignition and

flame spread in full-scale tests in mass transit vehicles, and in an actual
fire incident in a subway car [19,27,28]. Carpeting in these systems complied
with either the ASTM E 84 (tunnel test) test method with a flame spread index
less than 75 or the proposed Flooring Radiant Panel Test with a critical
radiant flux of 0.5 W/em2, If the first item to ignite were a seat assembly,
the fire would probably grow in intensity until the back of the seat, the
ceiling, and the upper wall liners became involved. Seats that are upholstered
have been shown in full-scale tests and actual fire incidents to be a particu-
larly important link in the fire growth chain [19,27,28]. Seating integrally
molded into the interior liner without an open space beneath the seats would
prevent intentional placement of an ignition source beneath the seat. '

For an ignition source on the floor, near the wall, primary fire growth
would again involve either the carpeting or the seat assemblies as above.
However, the lower wall liner would ignite at a much earlier stage in the
fire development, contributing further to the total evolution of smoke and
heat.

For fires originating on a seat, the fire development may be faster than
with an ignition source on the floor, since simultaneous involvement of
back and seat assemblies could occur. In addition, the wall liner, windows,
and ceiling would become involved at a much earlier stage. However, the
floor covering, if it would support flame spread, would not become involved
until a later stage from either falling or melting material or with sufficient
feedback energy from the developing fire to permit ignition of the flooring.

The characteristics of the ignition and the minimum energy necessary
for ignition are important in determining whether an ignition will occur.
Possible ignition sources, ranging from smoldering cigarettes to flammable
liquids, differ in the rate of energy release and in the total energy released.
Braun [19] presented the relationship of energy release rate and total energy
for various ignition sources, with ignition levels for seating materials
indicated. The relationship developed by Braun is shown in figure 7. From
this, table 2 presents ignition levels of various seating materials along
with energy output of various ignition sources. Proper choice of seating
material, if upholstery is to be provided, can provide significant ignition

resistance.
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Smoke generation in such a small, confined volume also poses a significant
threat to life safety. Hill, et al. [29] presented smoke density measure-
ments in full-scale tests on a simulated automated guideway transit vehicle
with a variety of ignition sources. Less than one percent light transmission
measured at the ceiling of the vehicle was reached in as little as 28 seconds
after ignition of a neoprene cushioned seat. Probable evacuation times for
people mover systems, shown in table 1, are calculated assuming maximum vehicle
velocity, normal vehicle deceleration, and maximum station dwell time based
on the estimated maximum time to evacuate passengers from a vehicle [2}.

This estimated time represents a worst case estimate using the assumptions
that the vehicle would use only a normal braking rate and would be required
to travel the entire station-to-station distance in order to allow a safe
vehicle stop. Evacuation times ranged from a minimum of 41 seconds to a
maximum of 449 seconds.

5.1.2 Exterior Ignitions

A majority of the fire incidents in other transit systems have originated
below the floor of the vehicles due to overheated brakes, tires, bearings,
etc, In addition, the majority of mechanical and electrical equipment in a
people mover vehicle is located beneath the floor, providing a prime source
for electrical fires. Detection of subfloor fires is also difficult. A
number of mechanical and electrical failures can cause a vehicle to stop
on the guideway. A stalled vehicle in a subway or tunnel section of guideway
presents a particularly dangerous situation. Passenger evacuation and fire
suppression in an underground fire require special consideration and present
special difficulties to the design and operating personnel. Although subfloor
fires can originate from a wide variety of causes, some simple scenarios can
be developed describing their consequences. The critical parameters that
enter the description are:

1) The location of the vehicle at the time of detection - is it
at a station, between stations, or underground, etc.

2) The condition of the vehicle at the time of the failure - is
it operable.

3) The intensity of the fire, at the time of detection.

The first two conditions determine the nature of the response that
operating personnel must initiate; the third affects the time available for
bPassenger evacuation and suppression of the fire. The vehicle floor and any
bulkheads between mechanical and electrical equipment and the vehicle inte-
rior must provide penetration resistance and allow a habitable environment
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long enough to allow safe passenger evacuation. Duct work through such bulk-
heads, particularly the air conditioning system, must also be designed to
prevent entrainment of smoke, heat, and toxic products into the vehicle
interior in the event of a fire.

5.2 Vehicle Design to Minimize Fire Hazard

From the fire scenarios developed above, utilizing several design aspects
of the various people mover systems already in existence, somewhat simplified
design features of a DPM vehicle can be proposed that would reduce the
potential risk of fire. These design features, developed primarily from
consideration of the fire safety of the vehicle, are not meant to be the only
approach, nor necessarily an economic one. In addition, no consideration was
given to the actual construction of the vehicle and any difficulties that may
be encountered. It is presented merely to point out important areas that
must be considered in the fire safe design of a DPM system. The construction
details presented here are by no means the only way to achieve an acceptable'
level of fire safety.

5.2.1 Interior Vehicle Design

A possible vehicle interior design is shown in‘figure 8. Seating is
provided along the sides of the vehicle. The space below the seats is
enclosed to prevent potential ignition beneath the seats. The interior
lining of the vehicle, wall liners, ceiling liners, and seat assemblies
would preferably be constructed of aluminum or similar metal. However, the
use of metal throughout, in addition to providing a very stark interior and
added vehicle weight, would create additional problems with existing DOT
guidelines for noise and passenger safety in the event of collision. Fire-
retardant glass fiber laminates could possibly be used with the seats molded
integrally with the interior shell. No upholstery would be provided on
the seats.

A full door emergency exit would be provided on at least one end of the
vehicle to allow safe evacuation of passengers, including the handicapped,
onto the guideway in the event of an emergency. A push-out window exit on
the other end can serve as another exit. Release handles for emergency
exits in the interior are placed so that they may be reached from a wheelchair.
The opening of any door or emergency exit would lead to activation of an
alarm at Central Control. For vehicles to be used in multi-car trains, an
emergency door on the side or both ends may be preferable.
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Carpeting (similar to that used in the WMATA Metrorail cars) would be
provided over flooring of plymetal (a plywood/aluminum sandwich). This
plymetal construction is also provided at any bulkhead between mechanical
or electrical equipment and the vehicle interior. It has been estimated
that this construction would provide about a ten-minute endurance to a given
fire load [27]. This time should be ample to allow passenger evacuation.

The air conditioning system could be designed with the return ducts most
probably in the ceiling. Smoke detectors, either ionization or photoelectric,
are placed in the main airflow stream in the vehicle interior. It could
be possible, with such a small interior volume (less than 100 m3), to place
the detectors in the return air ducts. Activation of the detectors would
trigger an alarm in Central Control. Such a system must be fairly insensitive
to avoid false alarms.

Hill, et al. [29], concluded that a five percent Halon 1301 system, using
an early-warning detection system, can safely extinguish fire in the passenger
compartment of a people mover vehicle without producing intolerable levels
of toxic decomposition products (notably hydrogen flouride). It was noted,
however, that Halon-type systems do produce extremely loud noise levels during
discharge. For systems where evacuation is easily accomplished and an early
detection system is included, a Halon system would not likely be necessary.
However, for systems where evacuation would be difficult, particularly for
elevated or suspended systems, such an extinguishment system may be necessary.

Hand-held fire extinguishers would be provided in each vehicle, with an
alarm to Central Control to indicate removal.

5.2.2 Exterior Vehicle Design

Figure 9 illustrates one possible design for the vehicle exterior. The
outer shell could be constructed of aluminum, stainless steel, enameled
metal, etc., at least halfway up the vehicle sides and end to prevent, to a
large extent, ignition of the outer shell from an undercarriage fire. The
upper shell could be constructed of aluminum, reinforced plastic, or the like.

The undercarriage could contain all electrical and mechanical equipment

and would also be enclosed, subdivided, and compartmentalized as much as

possible. The following detection equipment could be installed as appropriate:
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Brake temperature sensor.

Propulsion motor temperature sensor.

Propulsion transformer temperature sensor.
Propulsion armature temperature sensor.
Hydraulic fluid temperature sensor.

A/C system temperature sensor.

Vehicle communication system temperature sensor.
Vehicle control system temperature sensor.

While smoke detectors could possibly be installed, they may not be
practical for this application. These detectors are sensitive to dirt and
contamination, potentially a problem beneath the car. Any detectors used
would be linked to alarms in Central Control.

Detector operation in the undercarriage could also be linked to an
automatic Halon 130l-type extinguishment system for the undercarriage with
appropriate plumbing to carry the extinguishing agent to all major subsystems
to provide an additional measure of safety for the vehicle. An automatic
fire suppression system may be desirable for the undercar area because of the
difficulty of early detection and the potential for a fire to penetrate into
the interior. The system should be designed so that the detection system
used for initiating suppression is desensitized to minimize false alarms.

5.2.3 Emergency Egress

For the safe evacuation of passengers, including the handicapped, a full
door exiting directly onto the guideway is preferable to emergency window
exits or egress through normal entrance/exit doors onto a catwalk. Thus,
guideway design should prevent passengers from coming in contact with the
vehicle power rails, preferably by turning power off to the section of the
guideway affected by the evacuation,

5.2.4 Voice Communications System

The communications systems would be designed to allow two-&ay voice
communication between Central Control and the vehicles on the DPM system.
Designed to operate even if primary power was disconnected to the vehicle,
the system could allow one-way announcements to all vehicles from the Central
Control facilities and would allow two-way conversations with individual
vehicles.
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6. EVALUATION
6.1 Important Areas of Consideration
Based on the fire scenarios developed, the DPM design and systems
proposals reviewed, and the vehicle design exercise described above, several
factors were found to be important to the fire safety of a DPM vehicle.

These are summarized below.

Vehicle Interior

1) Vehicle interior wall and ceiling liners should be designed to prevent

ignition, flame propagation, and smoke build-up when exposed to an ignition

source or fire load from another burning material within the vehicle.

2) Vehicle seats and seat assemblies should be designed to prevent ignition
flame propagation, and smoke build-up when exposed to an ignition source
of fire load from another burning)material within the wvehicle.

3) Carpeting should not ignite from simple ignition sources or support
the spread of flames when exposed to an ignition source or fire load
from another burning material within the vehicle.

4) Window material and glazings, light diffusers, etc. should not increase
the rate of fire growth.

'

The requirements for the vehicle interior are determined by the vehicle
design, support, and use. Factors that are important for design are: (a)
the ease of exiting, (b) track location (tunnel versus open), and (c) mode
of vehicle support (elevated, suspended, or on-grade).

Vehicle Exterior

1) Flooring and bulkheads that separate the passenger compartment from
electrical and mechanical equipment should be designed to prevent
penetration of an undercar fire to the interior long enough to insure
safe evacuation of passengers from the vehicle.

2) The exterior body shell, particularly the lower half, should not ignite
or support flame spread from an undercar fire.

3) Insulation material used throughout the vehicle should not contribute
to fire growth.

4) The induction system for the air conditioning/heating system in the
vehicle should be located and suitably protected/designed to prevent
the ingestion of smoke, heat, and toxic combustion products from the
exterior to the interior of the vehicle from fires in the vehicle

undercarriage.
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Fire Detection and Suppression

1)

2)

3)

4)

5)

6)

Smoke detection systems might be installed in the vehicle interior

to provide early warning of a developing fire, particularly in an
unoccupied car with an alarm indication to Central Control. In an
occupled car, the passengers may be assumed to detect a developing
fire more quickly than the desensitized smoke detectors.

High temperature detectors should be incorporated into the vehicle
underbody as appropriate to insure early detection of a fire in the
undercar area. .

A Halon 1301-type suppression system could be incorporated into the
vehicle underbody along with sufficient compartmentalization to insure
effectiveness of the system, to further protect the vehicle.
Hand-held ABC fire extinguishers should be provided on each vehicle,
sized properly for different vehicle capacities, and protected from
theft and vandalism.

All fire detection and suppression systems should be linked to alarms
in the system's Central Control center and should be designed so that
any malfunction in the system triggers an alarm.

Appropriate detection and suppression systems should be linked, auto-
matically or manually, to stopping of the vehicle.

Emergency Evacuation

1) Emergency exits should be provided to allow safe evacuation of all
passengers.

Communications

1) A two-way voice communications system should be provided to allow both
P/A announcements to all vehicles and private communication with
individual vehicles in the event of an emergency.

2) All smoke and fire detection alarms should be linked in a serial

alarm bus to indicate to Central Control the alarm situation.

6.2 Test Methods for the Flammability
of Materials Used in DPM Systems

In order to insure acceptable levels of flammability, smoke, and toxic

gas generation, the following types of test methods are required:
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1) A penetration resistance test for flooring and bulkhead assemblies.

2) A self extinguishing/ignition resistance test for nonmetallic
materials.

3) A smoke density generation test for nonmetallic materials used
in the interior of the vehicle. )

4) A rate of heat release test, and/or a flame spread test for non-
metallic materials.

5) A test to permit screening materials that generate highly toxic
combustion products.

A review of test methods which are currently available for testing of
materials, such as those expected to be used in DPM systems, is presented
below.

6.3 Fire Penetration Test

ASTM test method E 119 is designed to determine the fire endurance of
materials and constructions used in buildings [30]. The complete construction
is subjected to heating in a furnace with a prescribed temperature-time curve
loaded to simulate actual use. The time to the first sign of structural fail-
ure or transmission of excessive temperature through the specimen are among
the test results.

6.4 Ignition Resistance Tests

6.4.1 Motor Vehicle Safety Standard No. 302

Motor Vehicle Safety Standard 302 is a test for horizontal burn rate
used to evaluate materials in all passenger motor vehicles sold in the U.S.
The standard requires that all materials used in the occupant compartment of
automotive vehicles have a horizontal burn rate of less than four inches per
minute [31]. Table 3 shows results of materials tested under MVSS-302 in
other transit systems [19,27]. Fabrics and foams used for seating materials
in the BART subway system and WMATA buses meet this requirement, but have
been involved in a number of full-scale fires. These have been a significant
link in the fire growth chain [19,27].

6.4.2 Federal Aviation Regulation FAR-25.853

This standard, issued by the Federal Aviation Administration, defines
both a test procedure and acceptance criteria for small-scale fire performance
of compartment interior materials used in transport category airplanes [32].
The test procedure outlined in this standard is a vertical test with a 3.9 cm
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(1.5 in) flame applied either for 12 seconds or for 60 seconds (determined by
the end use of the material) to the lower edge of a 5 cm (2 in) wide 30.5 cm
(12 in) long specimen. The test records the flame time, burn length, and
flaming time of dripping material. The test criteria require that specimens
self-extinguish with a burn length not exceeding 15 to 20 cm (6 to 8 in)
(depending on the end use), a flame time not exceeding 15 seconds after
removal of .the burner, and flaming on the floor of the cabinet not to exceed
three to five seconds (end use dependent). Table 3 presents results of tests
of materials used in other transit systems [28].

6.4.3 ASTM D 635

This test is intended for the measurement of the rate of burning or the
extent of burning of self-supporting plastics [33}. A 12.5 cm x 1.25 cm
specimen in its end use thickness is clamped with its long dimension in
the horizontal direction. A bunsen burner flame is applied to the unclamped
end of the specimen for 30 seconds. Average burning rate, average time of
burning, and average extent of burning for 10 or 20 samples are reported as
test results. No acceptance criteria are provided. Test method ASTM D 635
has been used in the past for the evaluation of materials used in other
transit systems [19]. From the fire history of vehicles used in one such
system, BART, this test method would be inadequate for DPM vehicles. Seat
assemblies that meet the requirements of ASTM D 635 have been involved in a
number of fires and have been particularly important in fire growth.

6.4.4 ASTM D 1692

Test method ASTM D 1692, discontinued by ASTM in 1978, has been used to
determine the rate of burning or extent of burning for cellular plastics
using a horizontal screen to support a 15 x 5 x 1.3 cm specimen [34]. A
propane bunsen burner with a flame spreader attached is the ignition source
and applied to one end of the specimen for 60 seconds. Average burning rate,
average extent of burning, and average time of burning are reported as test
results. Table 2 shows results of tests from other transit systems. Again,
from the fire history of vehicles in the BART system, this test method would
be inadequate for DPM systems.

6.4.5 Carpeting Tests
6.4.5.1 DOC FF 1-70 Pill Test

No carpets and rugs sold in the United States are permitted to spread a
flame beyond a radius of 7.6 cm (3 in ) when exposed to the flame from a
methenamine timed burning pill on its surface [35). This standard is intended
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to eliminate carpets or rugs as a means of flame spread from small ignition
sources.

6.4.5.,2 NFPA 253-78
|

This test, the Standard Method of Test for Critical Radiant Flux of
Floor Covering Systems Using a Radiant Heat Energy Source, NFPA 253-78, exposes
a specimen placed horizontally to a radiant energy source that varies across
a one meter length from a maximum of 1.1 W/cm? down to 0.1 W/cm? [36]). The
specimen is ignited by a small flame at the high energy end. The distance at
which the burning flooring material extinguishes itself defines the critical
radiant flux (CRF) necessary to support continued flame propagation. The
higher the CRF, the better is the fire safety of the carpeting. Carpeting
taken from several large fatal fires, tested according to this method, was
found to have CRF's of less than 0.1 W/cm2. A wood floor would have a CRF
between 0.4 and 0.5 W/cm2, while vinyl floor materials have values greater
than 1.1 W/cm?. Results of tests of carpeting taken from other transit
vehicles are shown in table 3 [27,28]. Acceptance criteria of 0.25 W/cm?2 for
residential and commercial occupancies and 0.5 W/cm? CRF for institutional
occupancies have been suggested [37,38]. The carpeting tested from transit
systems meets both of the criteria.

6.5 Smoke Density Test

The smoke density chamber, NFPA 258-76, measures the smoke generation of
solid specimens exposed to a radiant flux level of 2.5 W/em2 [39]. The smoke
produced by the burning specimen in the chamber is measured by a light source-
photometer combination. The maximum attenuation of the light beam by the smoke
is a measure of the optical density or "quantity of smoke" that a material
will generate under the given conditions of the test. The maximum optical
density, Dyt is useful primarily in ranking relative smoke production of the
material used, and in identifying likely sources of severe smoke production
in a full-scale fire. Table 3 presents maximum optical density values under
flaming exposure conditions of materials used in other transit systems
[27,28,40].

6.6 Rate of Heat Release Tests

The rate of heat release for materials provides a measure of a material's
contribution to the growth of a fire. If an ignition occurs, then a test

method must be provided to insure that other items do not subsequently become
involved. Unfortunately, no established test methods exist to measure rate

23



of heat release. Several tests have been proposed and are in the process of
adoption with standards organizations. Smith has proposed one test method

that allows measurement of rate of heat, smoke, and toxic gas release of
materials. The apparatus measure release rate, in a flow system, of a material
exposed to piloted ignition at various heat flux exposures. Release rates

are determined by measuring the concentration of heat, smoke, and toxic gases
leaving an environmental chamber containing the sample [42]. Smith has also
proposed criteria and methodology for testing of materials used in transit
systems [43].

6.7 Flame Spread Tests

6.7.1 Radiant Panel Test, ASTM E 162

This method measures flame spread and rate of energy release under a
varying radiant flux ranging from 4. to 0.3 W/cm2 [44]. The flame spread
factor, Foo calculated from the flame spread velocity, and the heat evolutiop
factor of the burning sample, Q, are combined to yield a flammability index,
Is’ defined as

Is = Fs . Q

The higher the index, the greater is the flammability. An Is value of
less than 75 is considered acceptable for the walls and ceilings of corridors
in commercial buildings, but a value of less than 25 is commonly required
for corridor linings in institutional buildings. There is, however, no
generally accepted level of performance based on this test method since it
is not a prescriptive standard. Table 3 also presents results of tests by
this method for materials used in other transit systems [27,28,45,46].

6.7.2 ASTM E 84 Tunnel Test

The purpose of this test is to determine the surface burning character-
istics of various building materials [47,48]. A specimen 51 cm wide by 7.3 m
long (20 in x 25 ft) is mounted and supported on the ceiling of a long test
chamber. Two gas burners pointing up at one end of the chamber impinge flame
on the exposed surface of the specimen. The test evaluates a material's
flame spread, fuel contribution, and smoke development. Results of tests on
materials used in other transit systems are presented in table 3 [16,19].

24




7. PROPOSED GUIDELINES

The following guidelines are proposed for use in the design specifi-
.cations for vehicles to be used in Downtown People Mover systems. Specific
test methods are proposed as guidelines for material flammability specifi-
cations. 1In addition, general guidelines are presented as recommendations
for fire detection and suppression, emergency passenger evacuation, and
vehicle communications. Different vehicle and system designs will require
different levels of protection in the vehicle design. A number of trade-offs
exist for different system types. For elevated or suspended systems, safe
passenger evacuation may be a problem. If passengers cannot evacuate a
vehicle in an emergency, then the floor and all panels that provide separa-
tion between the vehicle interior and electrical or mechanical equipment
must be fire-hardened to provide resistance to penetration of an undercar
fire. For such a systenm, consideration should also be given to the inclusion
of automatic detection and suppression systems to provide further protection.
On the other hand, for systems where egress during an emergency is easily
accomplished, the fire penetration resistance of the floor, etc. becomes less
important and automatic detection and suppression provisions may not be
needed. These provisions are included in the recommended requirements
below.

7.1 Materials Flammability

The test methods reviewed in section 6 have been used to test materials
in other transit systems. Some of these tests, however, have not been
adequate based on the fire experience of the systems. The test methods
outlined below, with recommended acceptance criteria, were chosen based on the
review. These are recommended as guidelines for design specifications for
DPM system vehicles.

7.1.1 1Ignition Resistance/Flame Spread Test

7.1.1.1 Interior and Exterior Materials

Materials made into interior and exterior components as described below
should be tested in accordance with test method ASTM E 162 or ASTM D 3675.
The recommended acceptance criteria are included for the materials and
presented in table 4.

* Wall and ceiling lining, including partitions, door linings, etc.

®* Hard-molded seats.

* Cushioned seats, including upholstered or self-skinned cushions.

* Seat cushion coverings.
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* wWindow glazings.

* fThermal and acoustical insulation.

* Exterior vehicle shell.

e Air conditioning duct work with outlets into the vehicle interior.

7.1.1.2 Floor Covering Flammability Test

Carpeting or other material used as a floor covering over the structural
floor should be capable of passing test method NFPA 253-78 [36] with a minimum
critical radiant flux of > 0.25 W/cm?. Flooring should be tested together
with any underlay that may be used.

7.1.1.3 Seating Assemblies

Seating assemblies should be evaluated using a full-scale mockup of the
finished seat constructed utilizing the same upholstery materials, assembled
in the order used in the finished seating product. No established test
methods are available to evaluate seating in the end-use configuration. Test
methods are currently being developed for adoption as standard test methods
[49]. If these tests become available, they should be adopted with appro-
priate acceptance criteria to prevent the ignition and contribution to fire
growth of seating assemblies.

7.1.2 Smoke Generation Test

Interior finish materials and exterior materials which may, when ignited,
generate smoke which could be ingested by the heating/air conditioning system
and carried into the vehicle interior should be tested in accordance with
test method NFPA 258-76. The maximum optical density when testing in the
flaming mode should not exceed 300. Materials made into the following com-
ponents should be tested:

Wall and ceiling lining, including partitions, door linings, etc.

®* Hard-molded seats.

®* Seat cushions.

®* Seat cushion coverings.

* Window glazings.

* fThermal and acoustical insulation.

Air conditioning duct work with outlets directly into the vehicle
interior.

* fThe exterior vehicle shell if smoke can be entrained by the

air conditioning system and carried to the vehicle interior.
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However, the hazard of a particular material in its end-use configuration
may not be predicted by a single ‘test method. The amount of smoke generated
by a material in actual use and the hazard presented by the smoke depends on
a number of properties, such as the amount of material present, the rate of
smoke generation, the ventilation characteristics of the vehicle, and the
potential for egress from the vehicle.

7.1.3 Penetration Test
- The structural flooring and all panels that provide separation between
the vehicle interior and any electrical or mechanical equipment other than
communication panels, light switches, destination switches, etc., should be
designed to have sufficient resistance to prevent the penetration of fire to
the interior of the vehicle for a period of time to allow safe evacuation
of passengers from a vehicle. A fire endurance test such as the fire
exposure test in ASTM E 119 is recommended. The recommended fire test expo-
sure duration should be at least two times the period of time necessary for a
vehicle to come to a complete, safe stop from maximum velocity, plus the time
necessary to evacuate all passengers from the vehicle to a safe area. This
duration may be shortened if automatic fire detection and suppression equip-
ment is included in the vehicle. A minimum of ten minutes protection is
recommended. While test method ASTM E 119 may not be appropriate for
extremely short evacuation times, no appropriate alternate exists for such
short times. One should be adopted if it becomes available.

7.1.4 Rate of Heat Release Test

A rate of heat release test is recommended for the evaluation of all
nonmetallic materials used in DPM vehicles, particularly vehicle interior
wall and ceiling panels, seats, and seat upholstery. No established test
methods are available to evaluate a material's rate of heat release.

Test methods are currently under consideration for adoption as standard
test methods. When these tests become available, they should be adopted
with appropriate acceptance criteria to prevent the excessive contribution
of materials to fire within a vehicle.

7.1.5 Combustion Products Toxicity

No accepted protocol has been established to evaluate materials that may
produce highly toxic combustion products. If test protocols become available,
they should be adopted for all nonmetallic materials used in the interior of
the vehicle to eliminate the use of materials that produce highly toxic

products of combustion. The toxicity of the combustion products generated
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by a burning material in its end-use configuration depends on a number of
properties including the amount of material involved, the rate of toxic
product generation, the rate of flame spread, and the ventilation character-
istics of the vehicle. Actual acceptance criteria of a prospective test
method would vary depending on these properties and the particular test
method in question.

7.2 Fire Detection

7.2.1 System for Vehicle Interior

An automatic smoke detection system could be included in the vehicle
interior to allow detection of a fire in the early stage of development.
Two problems, however, are encountered in the use of fire detectors: what
type of detector to use and where to install the detectors.

The type of detector to be installed is dictated by the environment in
which it will be used and its tolerance for false alarms. The location of
the detector in the vehicle is also critical to the proper operation of the
system. An investigation of the flow patterns in a vehicle must be made
in order to properly determine correct placement of the detectors. This is
necessary to insure that the detectors are placed in the main air stream -
not in an area of stagnant air, and to preclude placement of the detectors
adjacent to a fresh air inlet within the vehicle.

The detectors should be connected via communication lines to an alarm
in Central Control.

References [50] through [54] provide information on detector siting
and studies on the effects of room geometry, ceiling configuration, fire
type, and detector spacing in dwellings, mobile homes, and commercial estab-
lishments. While the environment within the interior of a DPM vehicle is
obviously different from those in dwellings, important parameters necessary
for study are presented. The National Fire Protection Association also
provides guidelines for detector installation [55,56]. Fire detection

equipment should be installed and maintained in accordance with NFPA Standard
72 E-1975.

7.2.2 System for Vehicle Electrical and Mechanical Equipment Bays

Major vehicle electrical and mechanical equipment bays should be protected
by an automatic fire detection system. The following detection equipment should
be installed as appropriate.
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Brake over-temperature detectors.

Propulsion motor over-temperature detector.

Propulsion transformer over-temperature detector.

Propulsion armature over-temperature detector.

Hydraulic fluid over-temperature detectors.

Air conditioning compressor over-temperature detector.

Air conditioning fan motor over-temperature detector.

Vehicle communications electronics over-temperature detector.
Vehicle control electronics over-temperature detector.

In addition, fixed temperature heat detectors should be included in
major equipment bays, and the possibility of the installation of smoke
detectors in major equipment bays should be investigated.

All detectors in the vehicle electrical and mechanical equipment bays
should also be connected via communications lines to alarms in the Central
Control facility of the system. Consideration should also be given to
provisions designed to automatically stop the vehicle and open emergency
exits if detectors indicate that a risk to life safety exists. Fire detec-
tion equipment should be installed and maintained in accordance with NFPA
Standard 72 E, [56]. The undercar area should be compartmentalized as
appropriate to insure the effectiveness of the system.

7.3 Fire Suppression

7.3.1 Portable Fire Extinguishers

Every vehicle should be equipped with at least one approved multipurpose
(ABC) fire extinguisher accessible to system rescue personnel. The extin-
guisher can be mounted in a cabinet located on the outside of the vehicle to
be accessible only to rescue personnel. If the authority having jurisdiction
deems it necessary for passengers to have access to the extinguishers, they
can be located within the vehicle and provided with appropriate theft pro-
tection to prevent loss of the extinguishers. References [57] and [58]
provide recommendations on sizing, installation, and maintenance of
extinguishers.

7.3.2 Automatic Fire Suppression

The fire detection system in vehicle equipment bays could be linked to
an automatic fire suppression system for all vehicle equipment and mechanical
bays. The system, if included, should be designed to provide automatic sup-
pression of fires in the undercarriage to prevent the penetration of undercar
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fires to the vehicle interior. Release of the extinguishing agent should be
indicated to the Central Control center. Sufficient compartmentalization of
the undercar area must be included to insure the effectiveness of the system.

7.4 Emergency Egress

Provisions for the safe emergency evacuation of all passengers from a
vehicle must be included in the system design. Federal Vehicle Safety
Standard 217, Bus Window Retention and Release, contains requirements detail-
ing minimum number, type, and area of exits that are applicable for DPM
vehicles [59]. The safe evacuation of handicapped passengers must also be
considered. For the safe emergency egress of handicapped passengers, a full
door exiting directly onto the guideway is preferable to emergency window
exits or egress thfough normal entrance/exit doors onto a catwalk. Guideway
design should also prevent passengers from coming in contact with guideway
power rails and vehicle electrical pickups.

Emergency exits should be clearly marked both on the inside and outside
of the vehicle.

7.5 Voice Communications

The voice communications system should be designed to allow two-way
voice communications between Central Control and the vehicles in the DPM
system. The voice communications system should be designed to allow one-way
announcements to all vehicles from Central Control and to allow two-way
communications between Central Control and individual vehicles in the system.

7.6 Vehicle Construction

7.6.1 Heating and Air Conditioning System

Duct work in the heating and air conditioning system should be designed
to prevent the ingestion of heat, smoke, and toxic combustion products and
the conveying of these products to the vehicle interior. The fresh air
makeup inlet from the vehicle exterior should be placed to minimize ingestion
" of products from undercar fires.

7.6.2 Electrical Fire Safety

All electrical systems and wiring should be designed in accordance with
applicable Federal, state, and local electrical codes. It is important to
provide fire stops for electrical cabling that penetrates to the interior
from electrical equipment bays to protect passengers from an undercar fire.
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7.7 Guidelines for Testing Protocol

The guidelines presented above for material fire properties, fire
detection and suppression,’emergency egress, and vehicle communications
provide for a number of trade-offs between detection and suppression pro-
visions and material flammability requirements. In order to provide a real-
istic testing protocol both for system specification and system designers,
figure 10 describes a logical sequence that should be followed for the
design specification and acceptance of material design for flammability of
DPM vehicle materials. The logic analysis provides a step-by-step procedure
for the design of materials to be used in DPM systems.

8. SUMMARY AND CONCLUSIONS

Based upon a review of existing people mover systems, proposed DPM
vehicles, and DPM systems proposed by several cities, a series of possible
fire scenarios for DPM vehicles has been developed. The small enclosed
volume of a DPM vehicle and likelihood that elevated guideways will be used
presents a unique problem in the potential rapid development of hazardous
conditions within and around vehicles. Thus, the fire safety design of DPM
vehicles is a particularly important aspect in the design of a DPM system.

Guidelines are presented that are recommended for use in the design of
vehicles and systems to be deployed under the Downtown People Mover program.
Test methods for seating assemblies, rate of heat release, and toxicity of
materials as recommended in this report should also be adopted as they become
available.

The test methods and criteria presented are based on a review of the
design, construction, and operation of typical DPM systems. Additional
testing of actual vehicles and materials would, of course, be needed to
provide support and validation for the recommended tests and criteria. 1In
addition, a study of methods to reduce the false alarms of smoke detectors
in 'such a hostile environment should be initiated.
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Table 4. Recommended acceptance criteria test method ASTM E 162

Acceptance
Material Criteria
Interior:
Wall and ceiling linings 35
Window glazings 35
Thermal and acoustical insulation 35
Air conditioning duct work 35
Seats:
Hard-molded seats 25
Cushioned seats 1
Cushion coverings 35
Padding _ 252
Exterior: B
Exterior vehicle shell 35

Seat cushion coverings should be tested in conjunction with seat cushions.
Acceptance criteria is for composite assembly.

2ASTM D 3675-78, a variant of ASTM E 162, has been developed specifically

for flexible cellular materials.
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