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INTERNATIONAL INSTITUTE OF INFORMATION TECHNOLOGY-HYDERABAD

OPTIMUM EVACUATION AT PUBLIC GATHERING PLACES
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The guidelines presented in this section are designed to help transit systems ensure that
they possess the facilities and equipment needed to cope effectively with emergency
situations. These guidelines are intended for use primarily in the planning of new systems,
system extensions, and system rehabilitation. The main elements of a rail transit system's
facilities and equipment are passenger stations, trainway, and Central Control. Each of
these areas and their respective components are considered in this section. In each
instance, the guidelines presented here are of a general nature, allowing for the site-
specific differences among transit systems. The guidelines have been developed from a
variety of sources, including workshops, discussions with transit system personnel, and
available literature sources including industry design guidelines, codes, and standards.
These guidelines are performance- oriented, and are intended to reflect the best practices
of the rail transit industry.

4.2.3.1 PASSENGER STATIONS

Rail transit passenger stations are located in four basic environments: underground,
elevated, at grade, and open cut. Although rail transit passenger stations located in these
different environments have unique characteristics, there are a number of elements
common to almost all passenger stations. This section presents guidelines for these
common elements. Additional information pertaining to specific station environments
may be obtained from the sections describing trainway elements.

4.2.3.1.1 Construction

Transit station construction should provide for rapid patron evacuation and rapid
emergency response personnel access for potential emergency scenarios. With this in
mind, transit station construction should take the following into consideration:

- The system safety concept should be applied in the station planning phase to
identify and resolve potential safety hazards associated with a transit system's emergency
response capabilities.

- Critical station egress and access paths should be identified in the planning phase, and
thereafter remain unobstructed.

- Concourses may or may not exist in rail transit stations, depending on station design.
In any event, access/egress through department stores or other non-transit buildings should
not be considered among the emergency exit requirements for stations.

4.2.3.1.2 Lighting
Lighting is an essential factor in many emergency situations, particularly in underground
stations. It can also play an important role during hours of darkness at elevated, at grade,
or open cut passenger stations.
~ The minimum illumination level for emergency lighting should furnish sufficient
visibility in passenger station areas - platforms, mezzanines, ticketing areas, passageways
and entrances
- to allow passenger evacuation from these areas.
- Emergency lighting fixtures and power sources should be protected from damage
caused by accidents, water, maintenance to adjacent equipment, or vandalism.
- The emergency hghtmg should conform to the codes and regulations of authorities
having proper jurisdiction.
- The emergency lighting system should be activated automatically upon loss of the
normal lighting system and provide continuous operation for an amount of time specified
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by the individual transit system. This time-span should be determined by the amount of
time necessary for safe evacuation of passengers from the station.

- Lighting fixtures in the normal lighting system may be considered emergency lighting
if a designated number of the fixtures are powered by a separate or independent power
source.

- Consideration should be given to locating a designated number of lighting fixtures
towards the bottom of the walls of the station to provide visibility for passenger evacuation
under smoke conditions. (Such fixtures should be vandal-proof.)

4.2.3.1.3 Access/Egress

The amount of available adequate access and egress is an important design consideration
for rail transit passenger stations. The number and location of entrances and exits, as well
as the arrangement of such facilities as concessions, station attendant kiosks, fare gates,
revolving gates, public stairways, escalators, and elevators within the passenger station, all
determine the extent to which access/egress is judged to be adequate for evacuation during
emergency situations.

Station exits are particularly important facilities during emergency situations because they
provide the primary means of evacuating passengers from the system. They also provide
an entry into the system for fire/rescue personnel.

- Each emergency exit should be identified by graphics and by a light of distinctive
color, and provided with dual light circuitry.

- Emergency exit doors should not be locked on the inside at any time.

- Emergency exit doors on the surface level should not issue onto a hazardous area such
as a vehicle roadway or parking area, and should be kept free of such obstructions as
vendor carts, trash dumpsters, etc.

- Emergency exits should have the capability of being readily opened from the outside
by the fire department or other rescue personnel.

- The use of vertical ladders in emergency exits should be prohibited.

- All doors, ladders, etc., that do not provide egress capability should be clearly labeled
"Not an Exit."

- The needs of passengers with special egress requirements (wheelchair, elderly, etc.)
should be addressed. Fare gate areas, exits, etc., should be evaluated for ease of
evacuation by those passengers.

- Consideration should be given to developing a means of limiting access to station
platforms when overcrowded conditions exist.

4.2.3.1.4 Communications

Passenger station communication systems make possible the reporting of emergencies and
crimes, requests for assistance, announcements to passengers, visual surveillance, and
coordination of fire/rescue efforts. The different types of equipment available for these
uses are: radio, private automatic branch exchange (PABX), direct line telephones,
maintenance line telephones, public address system (PA), intercoms, data transmission
cables, and closed circuit television (CCTV).

- A communication system should be provided between all stations and Central Control
to permit rapid and coordinated communication between passenger stations and Central
Control.

- The P.A. system speakers should be installed in a manner which allows
announcements made by a station attendant or Central Control to be clearly understood by
passengers.

- The P.A. system should have an alternate source of power to permit use when the
normal power system fails.

- P.A. system components should be protected from unauthorized use, vandalism, or
other damage.

- The direct two-way line telephones should receive redundant power from an
alternative power source.

4.2.3.1.5 Ventilation and Air Conditioning
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Ventilation (and air conditioning) systems provide passenger comfort by dissipating heat
from train and station operations, and by removing objectionable odors. Ventilation
systems are also used to purge smoke and heat in the event of a fire. In addition, the
proper operation of fans and dampers may play a critical role in confining the fire and
smoke to a limited area. Proper design of ventilation systems is essential for emergency
preparedness in rail transit stations.

- The local fan and damper controls should be clearly identified by lighting and/or
graphics.

- Consideration should be given to providing a portable stand-by power source or other
auxiliary power for ventilation system operation.

- Fans and dampers should be remotely controlled from Central Control.

.2.3.1.6 Support Equipment and Systems
.2.3.1.6.1 Fire Protection Equipment

A. Location of Detection and Alarm Boxes
- Fire and smoke detection devices should be located in non-public areas of rail transit
stations. Ancillary and/or storage rooms located in stations are of particular importance.

- Manual alarm devices should be of a type to discourage activation except during an
actual fire/smoke condition. It may be advisable to install, them within the station
attendants' line of vision.

- Graphics and lights on anunciator panels in passenger stations should indicate the
geographical location of alarms.

B. Portable Fire Extinguishers

- The location of fire extinguishers and simple instructions for their use should be
clearly identified with graphics within the rail transit station.

- Fire extinguishers should be protected from theft or vandalism.

C. Standpipe and Hose Systems

- If standpipe and hose systems are used, they should comply with the requirements of
NFPA 130.

- When not located between the tracks in a station, standpipes should, when possible, be
located on the side of the station platform opposite the third rail.

AN N

4.2.3.1.6.2 Rescue Equipment - Different types of rescue equipment may be stored at rail
transit stations according to transit system requirements.

- Fire axes, crowbars, ladders, and stretchers are among the items which may be
considered for storage in designated station areas (such as attendant kiosks or equipment
rooms).

4.2.3.1.7 Flammable and Combustible Liquid/Vapor Intrusion

Accidental flammable liquid or vapor intrusion can create the potential for a serious fire or
explosion within the rail transit station. Extensive specifications to minimize emergency
conditions which could result from such hazardous liquid or vapor intrusion are contained
in Subsection 3.2.7 of NFPA 130.

4.2.3.1.8 Flood Protection
Rail transit passenger stations may in many areas be subject to water leaks. In addition,
storm water drainage may enter at portals and shafts. Drainage and pumping stations for
minimizing flooding in the rail transit station are presented in this section.

- Pumping stations should be provided at low points within the transit station.

- The drainage pumps should be of the proper size to handle water intrusion from
weather, fire fighting operations, etc.

- There should be two separately powered alternate pumps at each location.

- Where the pumps operate automatically, local controls should be able to manually
override the system.

4.2.3.1.9 Traction Power
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The traction power system is an integral part of a transit system's emergency preparedness.
The following items should therefore be taken into consideration when developing the
traction power system:

- The capability of removing or reapplying power should be considered in the system
safety analysis. Traction power requirements should be carefully evaluated for all
emergency scenarios. Such requirements might include redundant power supplies or
specific system design features to meet system needs.

- A means for locally removing power from specific sections of the third rail or
catenary should be provided. (This could be accomplished by local emergency trip
stations.) Central Control should also have the ability to remove power from specific
sections of rail or catenary.

- When appropriate, devices for verifying that power has' been removed from third rail
sections should be incorporated into the system.

4.2.3.1.10 Graphics
Graphics are defined as the informational symbols indicating the location and use of
crucial passenger station facilities and equipment. They are essential in identifying exits,
exit paths, emergency exits, fire extinguishers, etc.
This section addresses guidelines for graphics used in passenger transit stations.

- Consideration should be given to using bilingual and/or pictograph signs.

- Standardized emergency graphics should be used.

- Advertising should be segregated from informational graphics.

- Advertising should be avoided entirely at decision points.

- Information signs should be located at decision points for maximum visibility.

- Signs should be posted in stations providing instructions for reporting unusual

occurrences and procedures for emergency evacuation.
- Location signs and instructions for operation of emergency exits, fire extinguishers
and emergency intercom or alarm should also be provided.

4.2.3.1.11 Emergency Power
In order to ensure the continued operation of such vital components as lighting and
emergency ventilation systems and pumping stations, it is necessary to consider two
options for furnishing uninterruptible power. One option involves the use of dual controls,
feeder cables, etc., to provide redundancy should failure in one component occur.
The second option is to provide an alternative power source in case the normal power
source becomes unavailable.

The following station components should be considered for connection to alternative
power systems:

- Station emergency lighting,

- All illuminated exit signs,

- Selected signs,

- Ventilation system (subway),

- Radio and telephone systems,

- Public address system,

- Fire alarm system,

- Pumps (subway).

4.2.3.2 TRAINWAY

Although the preferred method of evacuating passengers under emergency conditions is to
move all or part of the train to the nearest station, in some cases it may be necessary for
passengers to exit from the train while it is located between stations, in order to walk to
another train or to the closest station or emergency exit. The trainway environment and
available equipment can thus have a large effect on passenger evacuation in emergency
situations.

The three basic types of trainway are underground (tunnels and underwater tubes),
elevated, and surface (at-grade and open cut).

4.2.3.2.1 Construction
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The typical rail transit trainway consists of ties, rail, and road bed of ballast and/or a steel
or concrete structure. This trainway may be located in a subway tunnel or underwater tube;
on an aerial structure; on the same general ground level as other vehicle roadways (at
grade); or in an uncovered depression (open cut).

Trainway construction should be of such a design as to facilitate passenger evacuation and
emergency response personnel access for potential emergency scenarios. With this in mind,
trainway construction should incorporate the following:

- The system safety concept should be applied in the trainway design phase to identify
and address prospective safety hazards associated with the transit system's emergency
response capabilities.

- Critical egress paths should be identified in the system design phase and remain
unobstructed.

4.2.3.2.2 Lighting

4.2.3.2.2.1 Underground - An adequate level of lighting in tunnels and underwater tubes is
critical for successful passenger evacuation under emergency conditions. In addition,
fire/rescue personnel depend on sufficient lighting for visibility during fire suppression
and/or rescue operations.

The recommended guidelines contained in Section 4.1.3*% should be followed with the
following modifications:

- Consideration should be given to locating a designated number of lighting fixtures
toward the bottom wall of the tunnel or tube (near the top of the rail) to provide for
visibility under smoke conditions.

- The minimum illumination level for emergency lighting should furnish a sufficient
amount of visibility to enable passenger evacuation from the tube or tunnel to a place of
safety.

4.2.3.2.2.2 Surface - In general, emergency lighting has not been provided along the
surface portions of the rail transit trainway. The belief has been that because of daylight
and the less confined environment (in contrast to the dark and constricted area within the
underground trainway), emergency lighting is not necessary. However, all systems
operate trains during hours of darkness, and thus similar problems of insufficient visibility
could arise during emergency situations. Adjacent street lights may not exist, or may
provide insufficient illumination. For these reasons, some type of transportable emergency
lighting should be considered for use along the trainway in emergency situations.

4.2.3.2.3 Access/Egress
Emergency exits provide the means for transit passengers to exit from emergency
conditions within the trainway to a point of safety.

4.2.3.2.3.1 Underground - There are two basic types of emergency exits typically provided
along the underground trainway. Tunnels constructed using the cut and cover method are
usually located just below street level. Their relatively shallow depth facilitates the
provision of vent shafts and emergency exit stairways (in some cases located adjacent to
each other) leading up to the surface. Because of their depth, deep bore tunnels and
sunken caissons (underwater tubes) possess limited exit capability directly to the surface
level. For this reason, underground trainways utilizing these methods of construction must
provide alternative types of emergency exits.

Options used have included cross passages and/or fire door's leading to the opposite track-
way area, or a separate center passageway between the adjacent track-way areas.
Recommended guidelines agglicable for emergency exits from underground trainways are
contained in Section 4.1.4, "

4.2.3.2.3.2 Elevated - Emergency exits, so vital for underground trainways, have rarely
been provided along elevated trainways. Although the height of the aerial structure
presents a condition of confinement similar to that of an underground tunnel, an important
difference exists. The complete availability of open air minimizes the degree of danger in
comparison to poor tunnel ventilation. As in all cases of passenger evacuation, the
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preferred methods of moving passengers to safety involve moving all or part of the train to
the nearest station, or moving a rescue train up to the front or rear, or alongside, for
passenger transfer. However, in some cases, the only alternative has been for passengers
to leave the trainway by means of fire department ladder trucks, an extremely slow and
time-consuming process. Walkways have been used as an alternative means of reaching a
point of refuge (i.e., the next station); these are discussed in Section 4.2.41*) of this
document

4.2.3.2.3.3 At Grade/Open Cut - Emergency exits are not usually provided along surface
trainways unless the trainways are fenced. It is common to provide emergency access
gates which can be opened by transit personnel or rescue crews.
With the exception of the third rail hazard, the dangers inherent in a confined tunnel or
aerial structure are not present during passenger evacuation from a disabled train on a
surface trainway. In most instances, passengers are able to simply leave the vehicle via a
short ladder and walk directly to a point of safety. However, difficulties in proceeding to a
point of safety may exist when the trainway is shared with highways or railroad tracks. In
addition, certain sections of the surface trainway may be protected by fencing or other
restraining material.

- The access gates should be readily opened from the inside, without keys or special
tools.

- Fire department personnel should possess keys or other methods of opening the access
gates from the outside.

- Gaps in the third rail and crosswalks should be provided at access gate locations.

- When the surface trainway is shared with highways or railroads, provisions should be
made for some means of exit which does not require passengers to face other moving
traffic when evacuating a rail transit train.

4.2.3.2.4 Walkways

4.2.3.2.4.1 Underground - Walkways, when they exist within the underground trainway,
may consist of a flat surface located at track level or on a ledge located preferably at the
floor height of vehicle doors. In either case, walkways may serve as a direct, high capacity
exit route through the side doors of the vehicle. However, a major disadvantage is the
narrowness of the walkways, which tends to restrict the movement of passengers once they
exit from the vehicle.

- When walkways exist in the underground trainway, it is recommended that they be
located on the side of the track opposite the third rail, and that they be of a width deemed
suitable by the transit system.

- When walkways are used, they should, whenever possible, be of vehicle floor height.

- When walkways exist, consideration should be given to the use of a fixed railing to
assist passengers.

- The walkway should have a flat, non-slippery surface.

- Emergency exit paths should not require passengers to step over the third rail.

4.2.3.2.4.2 Elevated - A walkway located along one side or in the center of an aerial
structure would provide an alternative means of moving passengers from the vehicle to a
point of safety (i.e., the next station).

- The walkway should be of sufficient width for passengers to avoid contact with the
third rail or other power sources.

- Walkways located along the side of the aerial structure should be equipped with a
fixed railing or other restraint to help passengers maintain their balance.

- The walkway should be located on the side of the track opposite the third rail.

- Emergency exit paths should not require passengers to step over the third rail.

4.2.3.2.5 Communications

Effective on-the-scene communications are vital during emergency situations and provide
the major source of information for coordinating rescue/fire suppression efforts within
trainway areas.
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Examples of various kinds of communications equipment are direct line emergency
telephones connecting directly with Central Control, maintenance telephones, and mobile
radio units.

- A means of voice communication should be installed at all emergency exits and at
selected locations along the trainway, and be conspicuously identified with graphics and
lighting.

4.2.3.2.6 Ventilation
Ventilation systems can be used in the event of a fire to control smoke and heat, and
provide visibility and fresh air to passengers and rescue/fire suppression teams. They are
therefore considered essential components in the underground trainway. In addition, the
proper operation of fans and dampers may play a critical role in confining the fire and
smoke to a limited area.

- Manual fan and damper controls should be clearly identified by lighting and/or
graphics.

- Fans and dampers should be remotely controlled from Central Control.

4.2.3.2.7 Support Equipment and Systems
4.2.3.2.7.1 Fire Protection Equipment

A. Fire Detection

- When trains are parked in isolated underground storage areas not immediately visible
to or frequented by transit personnel, some means of fire detection which activates an
audible or visible signal at Central Control or other supervising station should be provided.

B. Fire Extinguishers

The location and user instructions for fire extinguishers should be clearly marked.

C. Standpipe/Hydrant and Hose System

- Where the standpipe and hose systems are used, they should comply with the
requirements of NFPA 130.

- Standpipes should be located whenever possible on the side of the trainway opposite
the third rail.

4.2.3.2.7.2 Other Support Equipment
- Third rail power "testing!' devices should be available for ensuring that the power is
indeed cut off when requested.

4.2.3.2.8 Intrusion Alarm

In many cases, rail transit systems operate trains along a shared corridor. The rail transit
track may be located adjacent to highways, along the center median of highways, or
adjacent to freight/passenger railroads. Motor vehicle accidents or train derailments may
thus intrude on the transit track area and present serious hazards to train operators unaware
that any problem exists.

It is essential that both train operators and Central Control become immediately alerted
when accidents cause intrusion into the transit track area. Consideration should be given
to protection of the trainway by physical barriers or by some type of detection and alarm
system.

4.2.3.2.9 Flammable and Combustible Liquid/Vapor Intrusion

Accidental flammable liquid or vapor intrusion creates the potential for a serious fire or
explosion resulting in damage to the trainway and/or injury to transit passengers and
personnel. Extensive specifications to minimize the hazards of such liquid or vapor
intrusion are presented in Subsection 3.2.7 of NFPA 130.

4.2.3.2.10 Flood Protection

The underground and surface trainway in many areas may be subject to water intrusion. In
addition, storm water drainage may enter at portals and shafts. Drainage and pumping
station components to reduce flooding should comply with the guidelines presented in
Section 4.1.91"% with the following modifications:
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- Primary drainage should be achieved through the use of proper road- bed design and
construction. Excessive water should drain into grates, to be carried in culverts to a pump
pit.

- Pumping stations should be provided at low points throughout tile trainway.

4.2.3.2.11 Traction Power
See the guidelines contained in Section 4.1.10. %!

4.2.3.2.12 Graphics
Graphics are defined as the informational symbols indicating the location and use of
crucial trainway facilities and equipment. They are essential in identifying emergency
exits and routes, fire extinguishers, etc. This section presents guidelines for graphics used
in and along the trainway.

- Location marker signs should be posted along the trainway which are highly visible to
the train operator.

- Signs indicating the distance to and direction of the closest passenger station and
emergency exits, should be posted, especially in underground sections.

- Each emergency exit should be identified by a sign and a light, and include
instructions for use.

- Consideration should be given to providing bilingual and/or pictograph signs as
appropriate.

- Standardized emergency graphics should be used.

- Information signs should be located at decision points for maximum visibility.

4.2.3.2.13 Emergency Power
In order to ensure the continued operation of such vital components as lighting, ventilation
systems and pumping stations, two options for furnishing uninterruptable power must be
considered. One of these entails the use of dual controls, feeder cables, etc., to provide
redundancy in case of failure in one component. The second option is to provide an
alternate power source should the normal power source become unavailable.
The following trainway components should be considered for connection to alternative
power systems:

- Tunnel emergency lighting,
All illuminated exit signs,
- Selected signs,
Ventilation system (subway),
Public address system,

- Fire alarm system.
Emergency power system components should be located so as to be protected from
damage by water or by normal maintenance to adjacent equipment.

4.2.3.3 Central Control

Train operations within most rail transit systems are controlled from a central facility.
This headquarters (Central Control) contains the personnel, offices and equipment
necessary to maintain normal train operations, control power, and maintain
communications throughout the system. In addition to these functions, Central Control
becomes the command center for coordinating responses to emergency situations through
the use of such equipment as transit radio systems, direct "hot" line telephones, traction
power cut-off controls and ventilation controls.

The guidelines in this section are intended to assist Central Control in responding to
emergency situations occurring within the station and trainway sections of the system.

4.2.3.3.1 Emergency Exits
Diagrams indicating the exact location of every emergency exit within stations and along
the trainway should be available in Central Control.

4.2.3.3.2 Communications
Central Control should possess the following minimum communication capabilities:
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- Audible and visible alarms located in Central Control should indicate when critical
equipment commands fail.

- If intrusion alarms are installed, they should communicate directly with Central
Control. Central Control should be able to directly and immediately notify the appropriate
railroad control center in the event that intrusion occurs from railroads into the transit
trainway or vice versa.

- Central Control should have a plan for reacting to train control failures.

4.2.3.3.3 Ventilation Equipment Controls

Consideration should be given to the implementation of a series of predetermined
ventilation control system scenarios which may be employed in responding to various
emergency situations.

4.2.3.3.4 Traction Power Removal
Central Control should have the capability of remotely removing third rail or catenary
power from any location for which Central Control is responsible.

4.2.3.3.5 Graphics

Some means of clearly indicating the location of every emergency exit, standpipe
connection, pump station, ventilation fan, emergency telephone, traction power sub-station,
power cut-off switch, and alarm should be available in Central Control.

424 % 7 $uk F dm (VEHICLES)® & %% f B

The purpose of the guidelines presented in this section is to identify those vehicle features
which can minimize the consequences of an emergency situation. These vehicle guidelines
are meant for use primarily in the procurement of new vehicles. For the purposes of this
section, "vehicles" are considered to be of two general types: passenger rail vehicles, and
rail vehicles used for emergencies.

The guidelines address transit vehicle construction, lighting, access/egress,
communications, ventilation, electrical equipment and wiring, on-board support equipment,
mechanical equipment, graphics, and emergency power. Whenever possible, the guidelines
are general enough to allow for the site-specific differences between rail transit systems.
The guidelines have been developed from a variety of sources including workshops,
discussions with transit personnel, and available literature sources such as industry design
guidelines, codes and standards. These performance-oriented guidelines are intended to
reflect the best practices of the rail transit industry.

4.2.4.1 PASSENGER RAIL VEHICLES

The rail transit vehicle is (with the transit station) one of two environments with which
passengers normally come in contact when using rail transit systems. However, the
passenger rail vehicle is unique in that it is a dynamic, confined "envelope", with
movement and access/egress controlled by the train crew. Moreover, the vehicle
represents both a potential safety hazard (e.g., burning interior materials) and an area of
refuge from such a hazard (by the movement of passengers to other unaffected cars of the
train).

The guidelines in this section are intended to provide for rapid patron evacuation and rapid
emergency response personnel access for all possible emergency scenarios.

4.2.4.1.1 Construction
Transit vehicle construction should incorporate the following:

A. General

- The system safety concept should be applied in the vehicle design phase to identify
and resolve all prospective safety hazards associated with a transit system's emergency
response capability.

- Critical vehicle/system egress and access paths should be identified and remain
unobstructed throughout the system design.

B. Exterior
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- The transit vehicle structure should permit the vertical jacking of the vehicle in an
emergency without affecting structural integrity.

- The vehicle should be constructed so as to allow emergency access from the exterior.

C. Interior

- The seats and other interior components should be securely attached to the vehicle.

- The seating arrangement within the vehicle should be designed so as to minimize
congestion around doors.

- A sufficient number of grabrails and stanchions should be installed within the vehicle
to provide stability for standing passengers.

- Design of the vehicle interior should limit the presence of sharp corners and edges.

4.2.4.1.2 Lighting
Emergency lighting is a crucial factor which contributes to the level of visibility needed to
evacuate passengers successfully.

- Emergency lighting should be provided at all door locations.

- Vehicle marker lights should be connected to the emergency power system.

- Consideration should be given to locating emergency lighting fixtures toward the
bottom sidewall and door vestibules of the rail transit vehicle.

- Emergency lighting fixtures, circuits, etc., should be protected to ensure that the
emergency lighting will perform when necessary.

- Lighting circuits within the normal power system are considered to be emergency
lighting if a designated number of the fixtures are connected to a separate, independent
power source.

- Lighting fixtures located in the train operator cab should be connected to the
emergency power System.

4.2.4.1.3 Access/Egress

The normal location and manner for passengers to enter and exit a rail transit vehicle is at
a station platform through doors located on the side of the train. When a disabled train
cannot be moved to the nearest station, alternative methods of evacuating passengers must
be used. Passengers may be moved through the end door(s) from a car containing a fire to
a point of safety within an adjacent unaffected vehicle. Other emergency situations
involve the transfer of passengers from an entire disabled train to a rescue train. In this
instance, the train side doors of the two trains are aligned and passengers are transferred
directly to a rescue train.

4.2.4.1.3.1 End Doors

- An emergency door opening control requiring no electrical power should be located on
the exterior of the vehicle.

- A means should be provided that allows passengers to move from one car to another in
an emergency.

- Locking of the end doors is to be discouraged unless an interior emergency door
release is provided.

- Emergency door release controls for the end doors requiring no electrical power
should be located within the interior passenger compartment.

- The location and operating instructions for the emergency door release controls should
be clearly indicated by graphics. Provisions should be made for discouraging unnecessary
operation of the release.

4.2.4.1.3.2 Side Doors
- An interlocking door control should be located in each train operator cab to permit

the opening of all doors on either side of the train.

- An emergency door unlocking device for side doors requiring no electrical power
should be located both in the interior and on the exterior of the vehicle.

- An attempt should be made to locate side doors in an area of the car not directly over
the current collector assemblies.

- Vehicle side doors should be of sufficient width to permit the passage of two people,
side by side.
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- The location and operating instructions for the emergency door release controls should
be clearly indicated by graphics.

4.2.4.1.4 Communications
A variety of mutual communication needs exists within the environment of the rail transit
vehicle. These include: train operator to passengers, passengers to train operator, and
Central Control to train operator.

- All vehicle communication systems should be connected to a source of emergency
power.

4.2.4.1.5 Ventilation
A critical element of emergency preparedness is the ability to provide fresh air in the
vehicle interior, or to prevent smoke from entering the interior, prior to or during
emergency situations.
The location, capacity, and ability to control fresh air intakes, fans, dampers, etc., all play
a key role in maintaining sufficient breathing and visibility levels.

- Controls which allow the shutoff of the ventilation system should be provided in the
train operator cab.

4.2.4.1.6 On-Board Support Equipment
4.2.4.1.6.1 Fire Extinguishers

- Fire extinguishers should be provided at a designated location in all transit vehicles.
4.2.4.1.6.2 Rescue Equipment

- Ladders should be provided in each rail transit vehicle.

- Flashlights should be provided for the use of train operating personnel.

- Critical evacuation equipment for use in emergency situations should be readily
available.

4.2.4.1.7 Special Mechanical Equipment

The rail transit vehicle should be equipped with certain types of mechanical equipment,
including but not limited to emergency brakes, current collector shoe lifts, car uncoupling
controls, etc. Guidelines for this equipment are listed below.

4.2.4.1.7.1 Emergency Brakes

- Each rail transit vehicle should be equipped with a fail-safe friction brake to provide
manually activated braking.

- Emergency braking independent of the train operator should be activated in the event
of unintentional uncoupling of any car within a train.

4.2.4.1.7.2 Current Collector Isolation
- A means should be provided for removal of power from the current collector.

4.2.4.1.7.3 Couplers
- Consideration should be given to a vehicle uncoupling system which allows the train
operator to uncouple cars without leaving the train.

4.2.4.1.8 Graphics
Graphics are the informational symbols indicating the location and operation of such
crucial vehicle components as doors, intercoms, etc.

- Consideration should be given to using bilingual and/or pictographic signs.

- Standardized emergency graphics should be used.

- Location signs and instructions should be provided within the vehicle for intercom
operation, window and door emergency exits, fire extinguishers, etc.

- Vehicle number identification should be displayed within the interior and on the
exterior of the transit vehicle.

4.2.4.1.9 Emergency Power
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The following components in each vehicle should be connected to an emergency power
system:
- Selected lighting fixtures in the passenger area, particularly those adjacent to doors;
- The communication system, including the P.A., radio, and intercom systems;
- Lighting in the train operator cab;
- Exterior marker lights.

4.2.4.2 Vehicles Used in Emergencies

Various types of rail vehicles are used to respond to rail transit emergencies. Depending
on the situation, diesel rail engines, work equipment, empty passenger trains, and road/rail
vehicles may be utilized. This section focuses on the "transit emergency response vehicle"
which possesses unique capabilities directed at emergencies occurring in the confined area
of the trainway.

- Vehicles should be stored at locations offering ready access to the trainway.

- Vehicles should possess a motive power source independent of the traction power.

- Vehicles should be equipped with auxiliary power generators for lighting, and other
special tools.

- There should be a radio or some other communication system to provide contact
between the vehicle and Central Control.

- Any auxiliary rail vehicle to be used in an emergency should have compatible
coupling available.

- Such a vehicle (locomotive) should be capable of moving maximum length trains up
the maximum grade of the trainway.
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5.1.1 CFAST #x %8

CFAST #ix %8 73 d 4 & http:/fast.nist.gov/ 4 45 ™ T 4p B 3 3

CFAST - Consolidated Model of Fire Growth and Smoke Transport (Version 6) is provided by
NIST (National Institute of Standards and Technology), U.S. Department of Commerce;
CFAST 1is a two-zone fire model capable of predicting the environment in a multi-
compartment structure subjected to a fire. It calculates the time evolving distribution of
smoke and fire gases and the temperature throughout a building during a user-prescribed
fire. This report describes the equations which constitute the model, the physical basis for
these equations, and an evaluation of the sensitivity and predictive capability of the model.
In CFAST, each compartment is divided into two gas layers.

The modeling equations used in CFAST take the mathematical form of an initial value
problem for a system of ordinary differential equations (ODEs). These equations are
derived using the conservation of mass, the conservation of energy (equivalently the first
law of thermodynamics), the ideal gas law and relations for density and internal energy.
These equations predict as functions of time quantities such as pressure, layer height and
temperatures given the accumulation of mass and enthalpy in the two layers. The CFAST
model then consists of a set of ODEs to compute the environment in each compartment

and a collection of algorithms to compute the mass and enthalpy source terms required by
the ODEs.

In general, this document provides the technical documentation for CFAST along with
significant information on validation of the model. It follows the ASTM E1355 guide for
model assessment. The guide provides several areas of evaluation:

* Model and scenarios definition: CFAST is designed primarily to predict the
environment within compartmented structures which results from unwanted fires. These
can range from very small containment vessels, on the order of 1 m3 to large spaces on the
order of 1000 m3. The appropriate size fire for a given application depends on the size of
the compartment being modeled.

* Theoretical basis for the model: Details of the underlying theory, governing equations,
correlations, and organization used in the model are presented. The process of
development of the model is discussed with reference to a range of NIST memorandums,
published reports, and peer-reviewed journal articles on the model. In addition to overall
limitations of zone-fire modeling, limitations of the individual sub-models are discussed.

* Mathematical and numerical robustness: CFAST has been subjected to extensive use
and review both internal to NIST and by users worldwide in a broad range of applications.
In addition to review within NIST independent of the model developers, the model has
been published in international peer-reviewed journals worldwide, and in industry-
standard handbooks referenced in specific consensus standards. Besides formal internal
and peer review, CFAST is subjected to continuous scrutiny because it is available to the
general public and is used internationally by those involved in fire safety design and post-
fire reconstruction.

1 History

Analytical models for predicting fire behavior have been evolving since the 1960s. Over
the past decade, the completeness of the models has grown considerably. In the beginning,
the focus of these efforts was to describe in mathematical language the various phenomena
which were observed in fire growth and spread. These separate representations have
typically described only a small part of a fire. However, when combined they can create a
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complex computational model that can predict the expected course of a fire. Once a
mathematical representation of the underlying physics has been developed, the
conservation equations can be re-cast into predictive equations for temperature, smoke and
gas concentration and other parameters of interest, and solved numerically.

The equations are usually in the form of differential equations. A complete set of
equations can describe the conditions produced by the fire at a given time in a specified
volume of air. Referred to as a control volume, the model assumes that the predicted
conditions within this volume are uniform at any time. Thus, the control volume has one
temperature, smoke density, gas concentration, etc. Different models divide the building
into different numbers of control volumes depending on the desired level of detail. The
most common fire model, known as a zone model, generally uses two control volumes to
describe a compartment — an upper layer and a lower layer. In the compartment with the
fire, additional control volumes for the fire plume or the ceiling jet may be included to
improve the accuracy of the prediction (see figure 1).

This two-layer approach has evolved from observation of such layering in real-scale fire
experiments. Hot gases collect at the ceiling and fill the compartment from the top. While
these experiments show some variation in conditions within the layer, these are small
compared to the differences between the layers. Thus, the zone model can produce a fairly
realistic simulation under many common and important conditions.

Celllng Jst -
e — W

WA | Lower Layar

Figure 1. Zone model terms.

Other types of models include network models and field models. Network models use one
control volume per compartment and are used to predict conditions in spaces far removed
from the fire compartment where temperatures are near ambient and layering does not
occur. The field model goes to the other extreme, dividing the compartment into thousands
or millions of control volumes. Such models can predict the variation in conditions within
the layers, but typically require far longer run times than zone models. They are used when
a highly detailed prediction of the flow itself is of interest.

2 Model Evaluation

The process of model evaluation is critical to establishing both the acceptable uses and
limitations of fire models. It is not possible to evaluate a model in total; instead, available
guides such as ASTMI1 E1355 are intended to provide a methodology for evaluating the
predictive capabilities for a specific use [1]. Validation for one application or scenario
does not imply validation for different scenarios. Several alternatives are provided for
performing the evaluation process including comparison of predictions against standard
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fire tests, full-scale fire experiments, field experience, published literature, or previously
evaluated models.

The use of fire models currently extends beyond the fire research laboratory and into the
engineering, fire service and legal communities. Sufficient evaluation of fire models is
necessary.

NIST #-p :

The U. S. Department of Commerce makes no warranty, expressed or implied, to users of -
CFAST and associated computer programs, and accepts no responsibility for its use. Users
of CFAST assume sole responsibility under Federal law for determining the
appropriateness of its use in any particular application; for any conclusions drawn from the
results of its use; and for any actions taken or not taken as a result of analyses performed
using these tools.

CFAST is intended for use only by those competent in the field of fire safety and is
intended only to supplement the informed judgment of a qualified user. The software
package is a computer model which may or may not have predictive value when applied to
a specific set of factual circumstances. Lack of accurate predictions by the model could
lead to erroneous conclusions with regard to fire safety. All results should be evaluated by
an informed user.

5.1.2 SIMULEX #x %8

SIMULEXd % g http://www.iesve.com/CONTENT/mediaassets/pdf/Simulex.PDF 4§ 4514
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Simulex — simulation of occupant evacuation

Everyone hates the inconvenience of fire drills, but we all appreciate why we have them. Getting
everybody out quickly and safely in an emergency must be a major objective of any new building
design. Simulex from IES <Virtual Environment> enables you to simulate occupant behaviour in

the event of a building evacuation, identify potential problems and find solutions. Used throughout
the world, Simulex is a simple, convenient design tool to help keep people safe.

What SIMULEX does

Simulex enables you to define a building and its occupants, and simulate how they will evacuate
during an emergency. It uses a series of 2D floor plans, with exits and staircases ‘linked’ together.
You can identify any problem areas and evaluate solutions. Simulex is used worldwide and is
readily accepted by planning authorities.
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How SIMULEX works

Simulex models movement of people in a building. It is based on real human behaviour, using data
gathered from video analysis of individuals moving in crowds. Research results from around the
world are used to augment the data, giving a unique level of accuracy and an unmatched capability
for simulating building evacuation. The starting point for any Simulex study is a set of 2D floor
plans. Ideally, these plans will include obstructions such as tables and columns. The plans are
connected via ‘linked’ staircases, and exits are defined where occupants can leave. Each floor plan
and staircase is displayed in its own simulation window so you can view every event. You can go
on to define ‘distance maps’ for different evacuation strategies. Each occupant can be assigned a
distance map. You can also test travel distances and escape routes by ‘dropping’ people into the
model and viewing what happens. Having established your distance maps, you can define the
building population by age and gender, and take account of factors including walking speed, body
shape and time taken to respond to a fire alarm. You can refine the profile by placing individuals
or groups in defined areas.

The simulation begins, allowing you to view how the population evacuates (including queuing,
congestion, overtaking etc.) as it happens. You can monitor the number of people left in the
building at any time, and ask Simulex to predict how long it will take all the occupants to reach the
exits.

Depending upon the size of the model and the speed of your computer, the simulation may not
occur in real time. You can therefore ‘record’ the simulation and play it back in real time, with all
the usual video control functions.
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Commercial Benefits

Simulex can help you prove to planning authorities that your design meets or exceeds their criteria.
It can also help you win projects by demonstrating your capabilities where occupant evacuation
and/or safety is a particular design issue.

Features of Simulex, such as the distance maps, can be used in other contexts such as planning the
distances between spaces or objects. For example, in a hospital you can measure the distance
between different departments, or look at the optimal placement of shared life-saving equipment.

Simulex Features
Model Building

* 06 oo

.Uses <VE> or CAD generated DXF files to create and define each floor plan.

. Allows users to create staircases to connect floor plans together for a multi-storey building
analysis.

. Users define and position Final Exits', either outside or inside the building.

. 'Links' are used to connect each doorway from a floor plan into a staircase.

. Users can place people on each floor or staircase individually, or as groups over defined
areas.

Building analysis

* 6 S0

. Defines the building fabric with exactly the same accuracy as the DXF files.
. Automatically generates a 0.2m x 0.2m spatial mesh, overlaid onto the DXF floor plans.
. Can generate a 'distance map' which calculates the total distance-to-exit for every point on the

spatial mesh.

. Distance maps can be displayed graphically as distance 'contours' — in a similar way to height

contours on a geographic map.

. Route analyses can be carried out by 'dropping' test people into the model and observing their

escape route, based on the distance maps. The total distance travelled is displayed while
movement occurs.

Populations

*

. Different 'population groups' are defined. Each population group contains combinations of
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the following features:
v'Body shape and size
v"Walking speed
v'Time to respond to alarm.
€  Any combination of individuals with specific characteristics can be combined in one model,
in any part of the building.
€  All aspects of the population demographics can be changed, allowing you to customise body
sizes, walking speeds, stair ascent and descent speeds. This enables you to test any range of
occupant disability.

Analysis Options

Evacuation simulation

. The user initialises the evacuation when the model has been built and populated.

. Live on-screen display of the plan views of any part of the building, which can be zoomed in
or out.

. Each person is shown, and movement animated every 0.1 seconds.

. Still shots of this movement can be captured at any time and pasted into a graphics or word
processing package.

. All queuing, congestion, overtaking etc. is viewed by the user as it happens.

. The user can change views of any part of the building as the simulation progresses.
The evacuation proceeds until all occupants have escaped
The user has complete control over which part of the building is viewed at any time. Any
combination of views is accommodated.

. Simulations can be played back at real-time, paused, reversed, or stepped forward.

LA 2 X R X R X 2

2

Different Scenarios

€ Distance maps calculate the distance to the nearest exit by default.

€  Additional distance (or route) maps can be set up, which use different exits and staircase links.

€ The alternative route maps can be applied to any number of occupants in any part of the
building.

Outputs and deliverables
Deliverables
€ Still screen-shots from the simulations or recorded simulations can be placed in reports etc.
€ Results generation:
»  Creates a text file of general occupant flow details
»  Can create a text file of every individual's movements, every 0.1 seconds. This can be
used by customised 3™ party applications to generate 3D visualisations.
4 . If a simulation has been recorded, the simulation playback file can be distributed.

Visualisation and demonstration

€ Simulex comes with a freely distributable version which can play back previously calculated
simulations.

€  This 'demo' version can be used to demonstrate nearly all features of the software, including
all display and playback features.

Development & Validation

€ Simulex has been developed over a number of years. Right from the start it has used results
gathered from video analyses of individuals moving in crowds.

. Academic papers are available describing the underlying principles of the software.

. Independent testing by other companies and institutions
shows that Simulex is a very accurate tool. which can be used to create realistic simulations
of highly populated multistory buildings.
Simulex maintains accuracy of simulation even in very complicated models

* 60
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5.1.3 FDS #x %8

FDS#i %8 o % B http://www.fire.nist.gov/fds/ 4§ 4512 ™ 4p B F 3:

Fire Dynamics Simulator (FDS) is a computational fluid dynamics (CFD) model of fire-driven
fluid flow. The software solves numerically a form of the Navier-Stokes equations appropriate for
low-speed, thermally-driven flow, with an emphasis on smoke and heat transport from fires.
Smokeview (SMYV) is a visualization program that is used to display the output of FDS and
CFAST simulations.

Please read the manuals for each program and be aware that FDS is not a typical "point and click"
computer program. Rather, FDS is run from the command line, and it requires that input
parameters be written into a text file. Third party software is available to assist in the preparation
of the input files and execution of the program, but this software is not necessarily free. See the 3rd
Party Tools page for more information.

The Fire Dynamics Simulator and Smokeview applications are developed by the National Institute
of Standards and Technology (NIST) of the United States Department of Commerce, in
cooperation with VTT Technical Research Centre of Finland.

FDS and Smokeview is free software developed through the National Institute of Standards and
Technology (NIST) by employees of the Federal Government in the course of their official duties.
Pursuant to Title 17, Section 105 of the United States Code. This work is not subject to copyright
protection and is in the Public Domain.

Qil Storage Tank Fire

From NIST study on Oil Storage Tank Fires, Prior to release of FDS
NIST assumes no responsibility whatsoever for use by other parties of its source code,
documentation or compiled executables, and makes no guarantees, expressed or implied, about its
quality, reliability, or any other characteristic. See the Disclaimer page for additional information.

The Fire Dynamics Simulator (FDS), a recently developed field fire model based on large eddy
simulation (LES), is used to simulate seven full-scale fire tests. The fire tests were conducted in a
large mechanically ventilated enclosure with dimensions of 18.3 m x 12.2 m x 6.1 m high, with air
injection rates ranging from 1 to 12 air changes per hour (ACH), and fire heat release rates ranging
from 0 to 2 MW. Test measurements and simulation predictions are compared. Comparison
methods are presented and discussed. Simulations are run with 6,000, 48,000, and 162,000 grid
cells to evaluate the influence of grid resolution on prediction accuracy. One test series was run on
six different personal computers to explore the effects of different hardware configurations on
simulation times. A grid dependent plume study was performed to investigate the relationship of
grid resolution and plume temperature predictions. Increasing the number of grid cells in the plume
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region does not improve temperature predictions significantly, but does result in more accurate
simulation of plume turbulent structures.

The first official version of FDS, released in 2000, was aimed at large scale simulations of smoke
movement from prescribed, well-ventilated fires, ideal for design work where the fire's heat release
rate is not predicted by the model, but rather specified by the Authority Having Jurisdiction, or
AHJ. Over the next few years, Jason Floyd, then a NIST post-doctoral fellow, and Simo Hostikka
of VTT, Finland, as a guest researcher at NIST, developed the mixture fraction combustion model
and the finite volume radiation transport solver, respectively, that have been the backbone of FDS
ever since. These improvements were implemented in version 2 (2001). Versions 3 (2002) and 4
(2004) saw gradual improvements in these routines, along with the development of multiple-
meshes (Kuldeep Prasad) and parallel processing (Chuck Bouldin and Kevin McGrattan).

During the NIST Investigations of the World Trade Center collapse and the Station Nightclub fire,
it became fairly obvious what needed to be done with FDS to make it an effective tool for
reconstructing fires. Up to that point, FDS had been used by the FPE community for design
applications, and to some extent forensic work, but the scope of the Investigations pushed the
model to its limits. By 2005, it was clear that FDS was going to need a major overhaul, so we set
about creating a new version (FDS 5) that would dramatically increase the flexibility and
functionality of the model. The work proceeded along two broad fronts - the gas phase and the
solid phase. In short, better combustion and better pyrolysis. Jason Floyd and Kevin McGrattan
tackled the gas phase and Simo Hostikka at VTT tackled the solid. Meanwhile, the FDS user
community continued working with FDS 4, and we struggled to keep up with the ever-increasing
demand. By 2006, it became painfully evident to all of us that we could not keep up with the
tremendous growth in support requests, and we were also not able to efficiently merge our various
new algorithms into FDS 5. We decided to open up a new front - IT support, both to service user
needs and to help us developers work better together. Glenn Forney, via Smokeview, had up to
then played the dual roles of computer support and software support, but he was becoming over-
burdened with other responsibilities. So at the end of 2006, we hired Bryan Klein to take some of
the weight off our shoulders.

5.1.4 STEPS #t %8

STEPS#x %8 & . http://www.mottmac.comy/skillsandservices/software/stepssoftware/ 4 414
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Successful buildings — including office blocks, sports stadia, shopping malls and underground
stations — require people to be able to move freely under normal conditions and evacuate rapidly in
an emergency. Using simulation to optimise people flow can result in a more agreeable
environrllﬂ and more effective fire safety design in large and busy locations.
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STEPS software predicts pedestrian movement under both normal and emergency conditions
STEPS is a microsimulation tool designed by Mott MacDonald for the prediction of pedestrian
movement under both normal and emergency conditions. It originates from the extensive
experience of Mott MacDonald in the design of transportation systems, in particular underground
rail stations and interchanges, combined with its long experience in developing computer
simulation tools for engineering design.
By producing real-time 3D simulations in an easily understandable graphical form, results can be
interpreted by both non-specialists and experts alike — helping to identify natural bottlenecks and
preferred exits, as well as testing evacuation routes and timings for different emergency scenarios.
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A screenshot from the STEPS software

B Key features
Some key features of the STEPS software can be summarised as follows:

modern agent-based microsimulation approach

applicable to both normal and emergency operations

extensive track record

efficient handling of large and complex models

direct import of 2D and 3D CAD models

3D interactive (virtual reality) graphical user interface

route system as alternative to cumbersome origin-destination matrix

moving vehicles eg trains and lifts

variety of pedestrian movement metrics with graphical representation
B Track record
STEPS has been applied worldwide both by Mott MacDonald and other major engineering
consultancies to a variety of major projects and is one of the most widely used pedestrian
modelling packages for metro and underground rail systems. Some typical example projects are
listed below.

London Heathrow Terminal 5: station and track transit system

Minneapolis Light Rail Transit, USA

Rotterdam Metro, The Netherlands

Delhi metro, India

KCRC Shatin-Central Link, Hong Kong

Luton Network Rail station, UK

International Centre for Life, Newcastle, UK
A study commissioned by the Railway Safety and Standards Board (RSSB) and completed during
2004 included an assessment of the suitability for station design of seven commercial products.
STEPS was judged to be “fully compliant” in four out of the six categories considered — higher
than any other product. The full report: Managing large events and perturbations at stations —
passenger flow modelling technical review, can be obtained from the RSSB website:
www.rssb.co.uk
B General principles
STEPS employs a modern agent-based approach which predicts the movement of discrete
individuals (virtual people) through three-dimensional space. This is in contrast to the older
generation of pedestrian models which treat the problem as one of a continuum flow. The major
advantages of agent-based models are that they give a more realistic representation of pedestrian
movement and allow the elucidation of subtle but important details of pedestrian movement,
thereby giving much greater insight to the designer.
The approach uses principles borrowed from the theory of cellular automata which are now well-
established in the modelling of pedestrian dynamics. Pedestrian crowds, like many self-organising
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systems made up of individual entities, display complex emergent modes of behaviour which arise
from simple deterministic and non-deterministic principles followed by the individuals making up
the population. The STEPS model is able to recreate this type of emergent crowd behaviour which
is fundamental to effective pedestrian simulation. The modelling approach has been verified and
validated by comparison with analytical solutions, internationally-accepted design codes and full-
scale testing.
B Normal and evacuation modes
The two key modes of operation for STEPS are:

normal mode

evacuation mode
with normal mode being the more general. In evacuation mode the STEPS entities are instructed to
make their way to the nearest available exit of which they are aware, with their movement
modified according to their own individual behaviour characteristics. In normal mode the entities
will follow a variety of paths through the model in order to fulfil their different aims (for example:
enter the station, buy a ticket and go to the assigned platform).

A\ o AL T FLATED A

STEPS is one of the most widely used pedestrian modelling packages for metro and underground rail systems
In evacuation mode, STEPS can be used to calculate evacuation times, exit usage and other criteria
essential for fire-engineering design while in normal mode other parameters may be of interest
such as level of service and space usage. Normal mode can be used to examine routine operating
conditions, for example morning and evening peak flows, but also to assess operational incidents
such as escalator failure or variations in train headway which may cause crowding and other
problems.

STEPS predicts the movement of discrete individuals (virtual people) through three-dimensional space
B Model output
There are several types of output available in STEPS (before, during and after a simulation)
allowing maximum benefit to be gained from the model.
B Interactive 3D visualisation (“virtual reality”)
This is available when building the model and running the simulation. It is possible to navigate
through the 3D model in an intuitive manner and observe the movement of people from different
viewpoints which can be used to make fly-through animations of the model. Several rendering
modes are available such as wireframe or solid and both texture mapping and lighting can be used.
If desired, an existing 3D Studio Max model can be imported into STEPS to increase the realism of
the visualisation.
B Interactive 2D visualisation
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This allows detailed information on particular planes, or parts of planes, to be plotted using colour
contours. This information includes local densities and usage levels. These contours plots can be
animated to show the development of the relevant quantity with time.

B Animations and still images

It is possible to record animated sequences either from fixed or moving viewpoints in AVI format
as well as still images in JPG, TIFF, PNG and BMP format.

B Data export

A wide variety of numerical data can be exported, as selected by the user, such as number of
people or density in a specific region and exit usage. The data are written to a CSV text file which
can then be imported into a spreadsheet package for further analysis.

5.2 CFAST ~ SIMULEX -~ STEPS #t 8 # ic 3% 1%
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CFAST Two zone fire mode used to calculate the evolving
distribution of smoke, fire gases and temperature
throughout compartment of a building during fire.
SIMULEX [2-Dimensions, extract both numerical and graphic
information for egress analysis

STEPS Producing real-time 3D simulation and easily
understandable graphic form, results can be interpreted
by both non-specialists and experts alike — helping to
identify natural bottlenecks and prefer exits, as well as
testing evacuation routes and timing for different
emergency scenarios.

5.2.2 Assessment-Simulex (Simulex #ic %8 3= %)
- Simulex remains an essentially 2D tool without 3D interactive visualization
capability 2D# ¥ 1 £)
- Has no capability to import smoke data. (& ﬁ?] *EFFHNA)
—  Though it has an effective underlying movement algorithm, it would appear that
route choices are based on distance rather than time, thereby ignoring the influence of
congestion (£ £ #3iF & i 4 )
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- Movement algorithm is fixed and cannot be made specific to region e.g. Taiwan

5.2.3 Assessment-STEPS (STEPS #4483 1%)

STEPS is a general-purpose pedestrian modelling package for both normal and emergency
operations (¥ #-#t 1 ¥ 2 ¥ £ #;% 3D-model)

Key STEPS advantages (STEPS z &%)

General purpose tool: full capability in both normal operations and evacuation (i ¥ % %f‘
A4 B3 £)

Strong track record on major transportation projects e.g. London Heathrow Terminal 5,
UK; World Trade Center transportation hub, New York, USA; North/South Line,
Amsterdam, The Netherlands; and the KCRC Shatin-Central link, Hong Kong. (£ + % if
L5l &)

fully-integrated 3D environment with excellent visual quality. Direct import of 3D models
for visualization and model definition.

expert users can make informed choices regarding most aspects of the modelling from
walking speeds to effects of smoke — not “one size fits all”. fully-integrated 3D
environment with excellent visual quality. Direct import of 3D models for visualization
and model definition.

expert users can make informed choices regarding most aspects of the modelling from
walking speeds to effects of smoke — not “one size fits all”.

robust and effective underlying algorithms able to handle large numbers of passengers in a
single model.

backed up by global Mott MacDonald group (rather than university or small company).

5.3 CFAST ~ SIMULEX -~ STEPS #; %8 5% 5 3= 1%
5.3.1 CFAST ~ SIMULEX -~ STEPS i# & ;\
4. 5-2 CFAST ~ SIMULEX -~ STEPS i * & & ;¢

%P

i iF g 5\

CFAST [l #74 85— 22 (FE3 @ i £ @ A A FE NEP VL2

CF TS ERA TR

SIMULEX |fi] #* /id8é 4 B jics > 42553 B

T

AT g A R 2B R AT o

STEPS ﬂ e E 4 Bpes S RN F R 2 a8y

'

-

T8 L2 %f‘%:%m“ R

ARICL BRI A AL R R o 7 iR AFDS
SIMULATION=>: & =4 S pr A B = 44 2 i iF8 > 3 G B4 P &
TEMRAIEE TBRARE 2 B T D VRS2 P 2R AR
B4 (97.07.29)% NFPA 13023 4 53¢ -

5.3.2 STEPS £ . SIMULEX function comparison table(# i; +* &)
# 5-3 STEPS £ . SIMULEX #* 5t ** &

ITEM SIMULEX STEPS

1 F 17 2_ #-73] (Modes of operation)

1.1 Evacuation v \

1.2 Normal operations - \

1.3 Switch from normal to evacuation mode - v
2 g * 2_zxp #*A(Licensing)

2.1 Annual license \ \

2.2 Paid up / perpetual license \/ \

2.3 Annual maintenance \ \
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3.1

3.1.1
3.1.2
3.2

3.2.1
322
33
3.3.1
332
333
34

34.1
342
343
344
3.5
3.5.1
3.5.2
3.6

3.6.1
3.6.2

4.1

4.1.1
4.1.2
413
4.14
4.1.5
4.2

4.2.1
422
423
4.2.4
43

43.1
432
433
434

Don 32 E F5 B 2. — #5 R Bl (Pedestrian
movement principles)

pdFiEER

(Free walking speeds)

Specification by group

Specification by statistical distribution
R R ARG M
(Speed-density/distance relations)
Speed-density relation

Speed-distance relation

B& 40 2 i # (Route choice)

Based on potential table

Choice based on time or distance
Local or global route choice

pEF s % 2_ % ¢ (Agent characteristics
specified)

Free walking speed

Patience

Familiarity

Association with other agents

g £ 4% # pF [ (Pre-movement time)
Specification by group

Specification by statistical distribution
ESRRL A

(Vertical transportation)

Escalator modeling

Lift modeling

PR Az

(Hazard modeling)

CFD & F4p B 741 2 ﬁg?l(lmport of CFD smoke
data)

Import of 3D smoke surfaces

Import of temperature

Import of concentration data

Import of visibility data

Data import from which CFD codes
BREFFREERS 2 313?] » (Import of zone
model smoke data)

Import of temperature

Import of concentration

Import of visibility data

Data import from which zone models
WHEF TR Y

(Use of smoke data)

Visual representation of smoke surface
Effect of visibility on walking speed
Calculation of toxic

Calculation of thermal

Btz w2 P R [0 2 AR R AR M iy
BE

(Pre- and post-processing)
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5.1 PN T

(Geometry preparation)
5.1.1 Built in geometry modeling v v
5.1.2 Import of 2D floor plans N, v
5.1.3 Import of 3D models - v
52 3D #p B ¥ 2 AR e No
(3D interactive visualization)
5.2.1 Integrated / post-processor - -
522 Supports materials/textures/transparency - v
5.3 o2 ﬁ%] 11 (Data export)
5.3.1 Numerical data v N
532 x-y plots - -
5.3.3 2D contour plots N, v
5.3.4 Export of still images v N
5.3.5 Export of animations N, v

Note: “V,’ f‘“ %{ “7 ” ; “_ “fx %{ “ﬁ:‘ ”

5.4 & B3
SIMULEX #2 A 85 B2 A 5 R HH B2 eHhF ' 8 P AD R
BT A2 2DAR oo BTIRFEEL S 4 B 2 3D fER 8 ot e B SIMULEX H
Fg 2 4 &5 b pE SIMULEX i -8 55 408 ~ 03] i @ 03l 4 B
TR Z Ak Fn Bl Y B ER o WEREREL P T RER TR L
330k XL s
STEPS 2. 2 & 454 5. - & ¥ FiE2 %ﬁ%;{»\-;mggi,'gqrﬁ;;; e — sk
Fo0 8 b BHCANACRE > SIMULEX 5 - 02 3 & it 2 sidcdiot - & STEPS i
2 CFD Ap & » # CFD 2§ 5 2 #ij I 4 5 B » i& STEPS » 3¢ {7 4p B 2 g gt
AW P STEPS2Z 3D { R E # v 2 BR B EF B e o
STEPS & 2 A A efF VPR » H 82 KA { #7> %2 B {82 3WWIRFE o A3
Ay R B R a2 CFD & wapsl 4 st g s g s vy, @
STEPS 2 # it » LAl = pi>r £ ki » ¥ 4 £ &4 R # 7 A4 (Human
Factor) i # SIMULEX %= % » & 4oflL & ﬁja_ﬁéiﬁ%)\ s 3D R AL RO E Rk
B ARBTYR T A BEE R NERBEAFER R AR
B o AR pEEg o ERL o g PR LEL2 FF R
STEPS 3D -t 2 AL WAFIR > i R L&A B 5 e o Al @ g 4 sifci 2
i A BFERE R STEPS wspal 4 prdci > ¥ i CFD S H 5t k
% o
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“it45 6 STEPS $x 82 R 2 # it /1 5
7.1 STEPS #x482. 2

wm&%a{fz@%;ﬁzﬁﬁWﬁﬁ¥%4%ﬁ# kwﬁﬁ~? 53
57 0 ¥R ﬁrPedroutei VT é’ﬁ?f‘_”rt‘"*}# o TR 0 X hgee T
HA B AP ﬁ”mﬁ'*’f‘r At s T E A FER ﬁvmrﬁgﬁﬂ"“’%?\;ﬂlfﬁ E R & 2
A& a4 o
- 3EEY TR u‘—’iﬁs}#}gFgg&ixﬁw4§m'—‘m”agﬁ»«1§§J
FAFEIGEG S d h B A d 35§ H - w5 ik
ﬁ‘ﬁ@%ﬁmﬁﬁm’%mmﬁ%m?é@%ﬁﬁﬁﬁ’ﬂmﬁ uyiﬁﬁ
FTERAFALABRERRTF 2 ACA| 32 e :;;ﬁfd BI2F G RS R
230 RRRRS R R S

]‘\t

a&

n

3

o

STEPS #i#8 7 7 sndg 2 2 ¥ F38 85 » HAPBR* 2 2 # i WP 4T
STEPS 12 i B 4 455¢ & 35:
N TR

i Y7

® priiTHcst
oA AR e o ApiATict Y 0 STEPS 7 88 EAR 8 4 5 xli'—_L“ 4R T
ﬂ-qé’ e R L s el R R S 2]
M R B oo ¥ BN T B R REINE RN P 2 %éﬁl o igmEHEARP (5] e
B PRI RN 5) o T AL W THRAISA 2 F RBREF < £ i
* ‘ﬁﬁi‘%’\ rig L%“«f' RN oR Wb B P > 0 FAKE F AR KA
Kenh AT AELL P o
THERT N e el ARG - BARRELE o F X AR A N 2t - BOF]
T - BA D A TR AP r ok AR RS S o S @3@
WELE T HFRT - B PR SRR YTEAF > 2 T4 'F“a@ H
B A -

Folze Ak R RELE T AECE 3 Pl v fode & BT IR Bl R
F%ﬁf% LR PIECBPEE F ARAY P T RAR G AR RS o
WEBEH V- ML R %945 STEPS & BBy st g 802 -

BERATHNY 0 2 R P R A B o RS 0 A P ASTARE T g ¢

4 Coode P IR RO TG FRREL > B PR E R T'JE 713?

el > om R REE SR ﬁilimrowwgii&ﬁi& :
L BEE R e ke o gragicst ¢ 0 4 overcrowded 0 ¥ T HCA] O 4 Locks

Solver Depth A M IR R o

STEPS » fr+ M=z ez BF i 2 3| AA# v F BH AF R I A »‘«Fre;;«m—,
AN _I“)',J.fr o fe 27&-@@, I‘:LU,J CERSES. ]&4&1%%,“_&@% v &3
W~ S R EZHRE - imzxﬁmfﬁlg""lhzi EX T H g
BB oo

‘T

7.2 STEPS #c#8 2. # it
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STEPS it 2 21 b & 1 R4 2 9 00 € 67 oo iy » = £ 4
il A AR FEr oL fE2 PR PRl teg o RS A
Fe2 i e 47" R l{*&‘ﬁ%ﬁ'fﬁ“l’ﬁ—t»ﬂl" P E S~ £ R
FoFT O RAPZHARAY R MR Fa g o 22 Ay
A AT P S T

STEPS 2 4 & 4 % & &

27. % % (Distributions)

28. # A (Curves)

29. * R Al i (People Types)
30. * B # 2 (People Groups)
31. #Je(Families)

32. A5 (Shapes)

33. 4 (Meshes)

34. T & (Planes)

35. EJE (Routes)

36. &' (Matrix)

37. i g5 (Access)

38. rez 4 (Blockages)

39. =% (Locations)

40. :# % (Junctions)

41. = 17 (Lifts)

42. % 83 (Trains)

43. & 4~ 2 3| fi (Vehicles Element Types)
44. 2 i@ (Vehicles)

45. 3 P (Items)

46. #* e (Groups)

47. 2}%: (Variables)

48. ki (COIldlthIlS)

49. %5

50. & ,‘; (Alerts)

51. %51 (Labels)

52. 5} (Output)

IPALS SEIERE R U

7.2.1 & # (Distributions)

% % (Distributions) » # % * Adp THEZ fFEn 7 ERERE T - 2 imo
Bolhm - HAF AR FARRM AR R P LT EPLR A
%“IOm/sl 13m/s2 B a2 WERTH- B - AFELF i - It

B 8 RN e x - B OTICAR TR 2k SR
Fu\#u e » o & STEPS #2534 ¢ » 3 = f84] 353 Uniform) » & # (Normal)% %
&1 ¥ (LogNormal)z. » % ¥ i # - H 82 AFF JEARRTERERAY
Pl oA REREZ B o

7.2.2 & & (Curves)
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# S (Curves)id ¥ A* *0dp L2 B Sl Benhf 0 > f258 7 dp 2 2 ¥ 1y
Flr v sk e B H S BB i o BHl k3 4 B A & (People Types)® 1241 #
SR AW AR B/ R REYRE ERITF

7.2.3 X E 3] i (People Types)

A B A i (People Types)E_* % Wi 3 7 o /a2 A A F30H ¥ pua 4
Ralfigds A REafall  apeilkodarnnes 5 B4 RIR
AR RS B R R CFREBARRALEHAE AR
25 e AR KBRAGEARY 0 @ H(Patience)q? AP RREREF AR
2 A A AR L REF R RSB AT L EARRATERAY
F oM R B e

pEEGEER o A RAIG T - A3D 2Rk

L A RHRFHER
2. * AR
3. AR At
4, ARFELF
5. ARFF28H2ZTES
6. *RFFe iz 734
7. A EF FaD
FAP A - BARAEEF AR AR BEFIAEAT AT G 2B

o dpdp R ARG A 1[# W] e 1 g e
7.2.4 * R # = (People Groups)

+ | #% 2 (People Groups) & fir3|e& = p » ¥ dp R le 2 X de HlE 2 2
o e A R ARERG ZF AR AEE A2y LF‘-’"E‘?? PR
A L ;Rgigj)\ o
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#J& (Families)®_#* >t § 2 = firf| A R ¥ e pF > §
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21 I A L S

T To 2 AEENRE - REE - i s RHe2 g 0 B RAEP 2
ﬁﬁg#ﬂ&&ql&im&ﬁ ’—PE%‘\»"M}—E\'ﬁqﬁavé%\g‘ éwf—\pixj—fﬁlbﬁ
e RPF - B REeS T g e R A HE o F Fie> B ERF 0 RleL 7
Frola?d Z-No@Bhpr B Raes By fpkdgpe Ta P ig- o #Bdo

7.2.6 354 (Shapes)
A5 (Shapes) & d (XY, Z)&{R*ri72 > 3 Z /a7 2 A5 ¢
I BV AR Ed B RHHATRE o
2. HBPEN AR AR Y > R HAeBhZ R EEE d B AR TH B AT S
WA PN .
3.0 AR SR A 0 5 RR R B Ak 2 3R o
7.2.7 3 (Meshes)
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TG (Planes)E fi#iF A B (74T 6 » A A2 T 4 Zdhe > 8 &
HFw gw u,;;ya{ ksl % R R
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‘4% 7 STEPS 22 NFPA 130 2 &
PREDICTING EVACUATION TIMES — A COMPARISON OF THE STEPS

SIMULATION APPROACH WITH NFPA 130
J M Wall and N P Waterson
Mott MacDonald Limited, St Anne House, Wellesley Road, Croydon CR9 2UL
Steps@mottmac.com

Abstract
During a building evacuation, complex interactions occur between the evacuees and the
built environment through which they move. The computer model STEPS (Simulations of
Transient Evacuation and Pedestrian movementS) has been developed to simulate and
visualize the evacuation of people from within complex structures such as stations,
exhibition spaces, high rise buildings and stadia. It is of interest to compare the
predictions of such a simulation approach with the established calculation techniques
prescribed by recognized design codes.
One design standard with widespread international acceptance is the United States’
National Fire Protection Association 130 “Standard for Fixed Guideway Transit and
Passenger Rail Systems” [1], referred to here simply as “NFPA 130”. The NFPA 130
document [1] includes a methodology for assessing egress times from stations and
provides two examples of its application. Its evacuation time calculations assume station
occupant loadings, uniform conservative travel speeds and load balancing of exit routes.
The present study compares the predictions of the STEPS approach with those described in
[1], based on the two example cases. It is shown that when set to imitate the NFPA 130
methodology the STEPS models give quite similar predictions, though some
simplifications, such as balanced use of exits, are difficult to reproduce and therefore
differences exist in the results. Results are also compared with the STEPS model using its
standard settings.
Introduction
The need to effect safe egress of occupants in the case of an emergency is a key design
criterion for any large structure, in particular one that is open to the public. As buildings
become increasingly complex and ambitious in design the estimation of this egress time
under different conditions has become more challenging and interest has grown in the use
of computer-based simulation techniques.
One such computer simulation technique is the STEPS model (Simulation of Transient
Evacuation and Pedestrian Movements) presented originally by Hoffmann and Henson [2]
and extensively applied since to a variety of problems [3]-[5]. This is an entity-based
approach  which predicts the movement of discrete individuals through a three-
dimensional space. The space is divided into a series of planes joined together by paths
with each plane discretized using a uniform Cartesian mesh, see Figure 1. The individuals
then move across this mesh using their assigned basic walking speed (which can be
different for each individual) and slowing down or stopping as they encounter other
individuals.
The STEPS modelling approach allows great flexibility in modelling the movement of
individuals with a variety of characteristics however restrictions can be placed on it which
bring its behaviour closer to that of NFPA 130. In this way STEPS may be employed on
projects where compliance with NFPA 130 is required.
With this in mind, two questions present themselves:
e When testing a system for compliance with NFPA 130, how closely can STEPS replicate its
methodology, and what is required to do so?
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e  When STEPS is given ‘free-reign’ by how much would it be expected to differ from the results
obtained from NFPA, and why?

The NFPA 130 document provides two examples demonstrating its application with
hypothetical station geometries. These models may be represented in STEPS to
demonstrate the ability of the program to adhere to NFPA 130. It should also be noted that
by changing the variables for exit rates and passenger travelling speeds, STEPS may be
made compatible with other similar standards.

Figure 1: Illustration of STEPS plane and path arrangement

Modeling Approach

Before describing the comparison exercise it is first necessary to outline the modelling
process used in STEPS. This may be broken down into the following stages:

Define People Types

Define People Groups

Define Planes

Define Paths

Define Plane Exits

Define Blockages

Define People Events

Define Outputs

Defining the people types involves the specification of each individual in terms of their
size, walking speed and level of patience. Particular types could cover classes such as the
young, elderly or those who are mobility impaired. The walking speed allows each
individual to move at pre-set speeds depending upon their location, for example on
escalators or stairs. The patience level describes how the individual will react to the
possibility of having to queue. Impatient people types are less inclined to choose an exit
with a longer queuing time, even if moving to a less congested exit will take longer overall
to evacuate. People types are collected together to form groups, which can be added to the
model as a complete body of people via “people events”.

The geometrical space is defined in terms of two basic elements: planes and paths. Planes
are used to model any surface on which people move, this could include floor space, stairs
and escalators. At any location on a plane it is possible to define blockages which simply
demarcate regions where no person is permitted to move. The planes themselves are
broken down into square cells which in general represent the area occupied by a single
person. Planes are interconnected, either directly or via paths, the latter only allowing a
unidirectional flow in single file. Given these characteristics, paths provide precise control
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of flow rates. Connections between the planes and paths are provided by exits, the flow
rate through such an exit being a function of its width and capacity. The value for the
capacity can be matched to that used in a particular design standard or alternatively a
custom value may be specified. In addition, exits offer final egress points from the model.
Once they have passed through these so-called system exits, people are deemed to have left
the system and are removed from the model.

A decision process is followed by every individual in the system at every time step, which
might occur as often as 10 times per second. For each plane exit or target on a plane, a
potential is calculated at each grid cell. This potential is essentially the distance from the
cell to the exit, though taking into account intervening blockages. Each target is then
scored according to the time to the reach it, including queuing time and accounting for
reduced travel time to the beginning of the queue. The patience level is then incorporated
and the final score calculated. Once the scores are determined, the target with the lowest
value is set as the individual’s aim. With the target chosen, the model attempts to move
the person in the eight possible directions to get it closer to the target.

Cases Considered
In the present study the two hypothetical station layouts presented in the NFPA 130
document [1] are considered and for each a STEPS model has been constructed.
NFPA 130 Case 1
The first case is a representation of a centre-platform station where the platform is raised
above the concourse, which is at grade level. The model layout is shown in Figure 2 and
summarized below:
e Platform 182.9m (600ft) long to accommodate train.
Platform raised 9.1m (30ft) above the concourse/grade level.
Access between platform and concourse provided by 4 stairs and 2 escalators
Two emergency stairs for direct access between platform and grade.
Escalators, emergency stairs and gates 1.22m (48in) wide, with capacity of 1.194p/m/s,
persons/metre/second (1.82pim).
Stairs regularly used by passengers 1.83m (72in) wide, with capacity of 1.194p/m/s.
One escalator from platform to concourse considered inoperable/unavailable.
Station has one concourse area containing an array of 4 ticket gates and 1 service gate.
Capacity of the ticket gates S0ppm.
Two emergency exits giving additional egress capacity from the concourse.
Place of safety considered to be 3.05m (10ft) from station exits at grade level.
Walking speed on level ground 1.0m/s (200fpm).
o Walking speeds down stairs and escalators give a vertical speed of 0.305m/s (60fpm).
Figure 2: Schematic diagram of Case 1
NFPA 130 Case 2
The second simulation is more complex and represents a side-platform station, shown in
Figure 3. In this example, the concourse is below grade level and the platform is below
the concourse level. In summary:
e Platforms 182.9m (600ft) long to accommodate train.
Concourse situated 7.9m (26ft) below grade level.
Platforms situated 5.5m (18ft) below concourse level.
Each platform connects to concourse via two stairs and an escalator.
Four emergency stairs (two at either end of each platform) for direct access between platform
and grade.
e Escalators, emergency stairs and gates are 1.22m (48in) wide, with capacity of 1.043p/m/s,
persons/metre/second (1.59pim).
Stairs in regular use 1.83m (72in) wide, with capacity of 1.043p/m/s.
¢ One escalator from concourse to grade considered inoperable/unavailable.
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One concourse area containing two ticket gate arrays, each consisting of twelve turnstiles and
one service gate.

Capacity of turnstiles 25ppm.

Place of safety considered to be 3.05m (10ft) from the station exits at grade level.

Walking speed on level ground 1.0m/s (200fpm).

Stairs and escalators have a vertical speed of 0.254m/s (50fpm).

Figure 3: Schematic diagram of Case 2
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Results

In addition to describing the two example cases, the NFPA 130 document also lays out a
sequence of tables and calculations detailing the process of determining the evacuation
times. In order to avoid confusion arising from typographic errors which appear in [1],
summaries of the calculation process are given in 0 and reference should be made to these
figures which differ slightly from those in [1].
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From the NFPA 130 calculations for Case 1 (see Appendix 0), the total time to clear the
platform was found to be 190.7 seconds and total time to evacuate the station was found to
be 239.9 seconds. An identical model generated using STEPS gave the mean time to clear
the platform as 212.4 seconds and the mean complete evacuation time as 257.4 seconds,
see Appendix 0. This indicates a 7.3%-11.4% difference between NFPA 130 and STEPS,
with the latter being more conservative.

As the platform evacuates in STEPS, the asymmetrical geometry causes a natural
imbalance in egress usage with some stairs/escalators being in use while others remain
empty, see Figure 4. This contrasts with the NFPA methodology, which assumes all exits
are used optimally from the instant the simulation commences. The net result is seen in
the figures as the variation between NFPA and STEPS for platform evacuation times.
However, the delay before total evacuation is then achieved remains comparable.

Time: 2:46 West_Escalator_Inactive
Model Occupancy: 799

Platform_occupancy:_429

Concourse_occupancy:_ 126

Figure 4 — Case 1, Stair/Escalator Usage
NFPA130 Case 2

From the NFPA 130 calculations for Case 2 (see Appendix 0), the total time to clear the
platform was found to be 179.8 seconds and total time to evacuate the station was found to
be 369.8 seconds.

In accordance with NFPA 130, this calculation assumes that people evacuating the station
are distributed evenly between the exits at the east and west ends of the station. Unlike
NFPA, STEPS makes no a priori assumption about the split between the east and west
platforms. Instead, people are distributed during the run according to the most effective
exit available for each individual. Thus in order to allow an accurate comparison of the
results the NFPA approach can be adjusted to reflect the less prescriptive behaviour of
STEPS. Figure 5 shows the relative usage of the two exit routes. Recalculating the NFPA
station evacuation times using the split indicted in Appendix 0 gives 306.3 seconds.
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Figure 5 - NFPA Example , Stair/Escalator Usage
The identical model generated using STEPS gave the mean time to clear the platform as
181.4 seconds and the mean complete evacuation time as 313.2 seconds. This indicates a
0.9%-2.3% difference between NFPA 130 and STEPS with the latter being more
conservative.

Conclusion

The cases considered have highlighted two specific areas of consideration. The first is the

effect of assumption in the NFPA 130 methodology concerning exit usage. In assuming an

ideal usage of exits from the moment of initiating evacuation we see a reduction in

evacuation time from the platform of over 10%. This is enough to cause a design to

transition from compliance to non-compliance. However the results indicate the

importance of not just considering a result in isolation but also its context. Providing that

the designer is aware of the limitations of an approach such as NFPA 130 then there is of

course still much that can be usefully derived from its output. For particular geometries, in

order to achieve NFPA 130’s idealized exit usage in STEPS it would be necessary to set up

similarly idealized people distributions.

Secondly, the centre platform station example demonstrates the effect of assuming

passengers split equally at any given point of divergence. The results have shown that this

adds almost 20% to the overall evacuation time.

From these two results, it seems clear that when suitably applied STEPS can closely

reproduce figures obtained by hand using NFPA 130. However STEPS’ extended

movement model must be taken into account when comparing results and in some cases

the NFPA 130 calculation must be adjusted to model the same case.
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NFPA 130 Case 1

Input

Total platform occupancy load = 2498 people.

Platform to Concourse

Element No. of units |Width (m) Flow Rate (p/m/s) |Capacity (p/s)

Stairs down 4 1.829 1.194 8.734
Escalator down 1 1.219 1.194 1.456
Emergency stairs 2 1.219 1.194 291
Total 13.102
Through Fare Barriers

Element No. of units |Width (m) Flow Rate (p/m/s) |Capacity (p/s)

Ticket gates 4 1 (array) 50 (ppm) 3.333
Service gates 1 1.219 1.490 1.816
Emergency gates 2 1.829 1.490 5.448
Total 10.597
Walking Time for Longest Route

Element Distance (m) |Speed (m/s) |Time taken (s)

T, (on platform) 41.453 1.016 40.800

T, (on stairs) 9.144 0.305 30.000

T3 (on concourse) 16.459 1.016 16.200

T, (on grade to safety) 3.048 1.016 3.000

Total 90.000

NFPA Results
Wi, Time to clear platform = Platform occupancy load / Platform exit rate
=2498/13.102
=190.665 seconds =3m 11s
W,,, Waiting time at platform exits = W — T}
=190.665 - 40.800
=149.865 seconds

Concourse occupancy load = Platform occupant load — (W; * Emergency stair
capacity)

= 2498 — (190.665 * 2.911)

=1942.889

= 1943 people
W,, Fare barrier flow time = Concourse occupancy load / Ticket area exit capacity

=1943/10.597

= 183.348 seconds
Wy, Waiting time at fare barriers= W, — W

=183.348 — 190.665

= () seconds

T, Walking time =T +Ty+ T3+ T4
=40.800 + 30.000 + 16.200 + 3.000
=90.000 seconds

Total time taken =T+W,+Ws

=90.000 + 149.865 + 0
= 239.865 seconds
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Total time taken =4m 00s

Sample STEPS Results

Using the STEPS model available with this document, the following evacuation times
were recorded:

Run No. Evacuation time [s]
Platform Station
1 212.0 258.0
2 212.0 256.0
3 214.0 261.0
4 212.0 256.0
5 212.0 256.0
Mean 212.4 257.4

NFPA 130 Case 2

Input

Platform occupancy load, P; = 1372 people (Inbound platform)
Platform occupancy load, Po = 228 people (Outbound platform)
Inbound Platform to Concourse

Element No. of units |Width (m)|Flow Rate (p/m/s) |Capacity (p/s)
Stairs up 2 1.829 1.043 3.816
Escalator up 1 1.219 1.043 1.272
Emergency stairs 2 1.219 1.043 2.544
Total 7.632
Outbound Platform to Concourse

Element No. of units |Width (m)|Flow Rate (p/m/s) |Capacity (p/s)
Stairs up 2 1.829 1.043 3.816
Escalator up 1 1.219 1.043 1.272
Emergency stairs 2 1.219 1.043 2.544
Total 7.632
West Through Fare Barriers

Element No. of units |Width (m) Flow Rate (p/m/s) |Capacity (p/s)
Turnstiles 12| 1 (array) 25 (ppm) 5.000
Service gates 1 1.219 1.490 1.816
Emergency gates 0 1.829 1.490 0
Total 6.816
East Through Fare Barriers

Element No. of units |Width (m) Flow Rate (p/m/s) |Capacity (p/s)
Turnstiles 12| 1 (array) 25 (ppm) 5.000
Service gates 1 1.219 1.490 1.816
Emergency gates 0 1.829 1.490 0
Total 6.816
West Fare Barriers to Safe Area

Element No. of units |Width (m) Flow Rate (p/m/s) |Capacity (p/s)
Stairs up 1 1.829 1.043 1.908
Escalator up 0 1.219 1.043 0
Emergency stairs 0 1.219 1.043 0
Total 1.908
East Fare Barriers to Safe Area

Element No. of units (Width (m) Flow Rate (p/m/s) |Capacity (p/s)
Stairs up 1 1.829 1.043 1.908
Escalator up 1 1.219 1.043 1.272
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Emergency stairs

0 1.219

1.043

Total

3.180

West System Exit — Walking Time for Longest Route

Element Distance (m) |Speed (m/s) |Time taken (s)

T, (on platform) 50.292 1.016 49.500
T, (on stairs to concourse) 5.486 0.254 21.600
T3 (on concourse) 35.052 1.016 34.500
T, (on stairs to grade) 7.925 0.254 31.200
Ts (on grade to safety) 3.048 1.016 3.000
Total 139.800

East System Exit — Walking Time for Longest Route

Element

Distance (m)

Speed (m/s)

Time taken (s)

T4 (on platform) 18.288 1.016 18.000
T, (on stairs to concourse) 5.486 0.254 21.600
T3 (on concourse) 39.624 1.016 39.000
T, (on stairs to grade) 7.925 0.254 31.200
Ts (on grade to safety) 3.048 1.016 3.000
Total 112.800

NFPA Results

Wi, Time to clear platform,

Inbound
Outbound

W,,, Waiting time at platform exits

= Platform occupancy load / Platform exit capacity

=1372/7.632=179.769 seconds = 3m 00s
=228 /7.632 =29.874 seconds

=W1—T1

Inbound =179.769 — 49.500 = 130.269 seconds
Outbound =29.874 — 18.000 = 11.874 seconds
Concourse occupancy load = Platform occupant load — (W; * Emergency stair
capacity)
Inbound = 1372 —(179.769 * 2.544)
=914.667 =915 people
Outbound =228 —(29.874 * 2.544)

= 152 people
Total concourse occupancy load= 915 + 152 = 1067 people

W,, Fare barrier flow time

West
East

West
East

W3, Time to exit concourse

West
East

= Concourse occupancy load / Ticket area exit capacity

=533'/6.816 = 78.247 seconds
=533/6.816 = 78.247 seconds
Wy, Waiting time at fare barriers= W, — W
=78.247 — 179.769 = 0 seconds
=78.247 — 29.874 = 48.373 seconds

=533/1.908 =279.525 seconds
=533/3.180=167.715 seconds
W., Waiting time at concourse exits, = W3 — (W or W3) max

= Concourse occupancy load / Concourse exit capacity

West =1279.525 - 179.769 = 99.755 seconds

East =167.715 — 78.247 = 89.468 seconds
T, Walking time =T +Ty+T3+Ts+Ts

West = 139.800 seconds

East = 112.800 seconds

Total time taken

=T+ W, + W+ W,

"' NFPA assumes an even split of evacuees between the east and west platforms.
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West =139.800 + 130.269 + 0 + 99.755 = 369.825 seconds

East =112.800 + 11.874 + 48.373 + 89.468 = 262.515 seconds
Total time taken = 369.825 seconds
=6m 10s

Sample STEPS Results
Using the STEPS model available with this document, the following evacuation times
were recorded:

Run No. | Evacuation time [s] Exit Usage
Platform | Station East West

1 182.0 314.0 661 423
2 181.0 313.0 659 407
3 182.0 314.0 659 410
4 180.0 313.0 663 407
5 182.0 312.0 658 414
Mean 181.4 313.2 660 412

The end results for final exit usage are shown in the table above. In the light of these
results, the latter stages of the NFPA calculation may be modified as follows.

W,, Fare barrier flow time = Concourse occupancy load / Ticket area exit capacity
West =412 /6.816 =60.475 seconds
East =660/6.816 =96.831 seconds
Wy, Waiting time at fare barriers= W, — W
West =60.475 - 179.769 = 0 seconds
East =96.831 —29.874 = 66.957 seconds
W3, Time to exit concourse = Concourse occupancy load / Concourse exit capacity
West =412/1.908 =216.038 seconds
East =660/3.180 =207.547 seconds
W., Waiting time at concourse exits, = W3 — (W or W3) max
West =216.038 — 179.769 = 36.268 seconds
East =207.547 —96.831 =110.716 seconds
T, Walking time =T +T+T3+T4+Ts
West = 139.800 seconds
East = 112.800 seconds
Total time taken =T+W,+W¢+ W,
West =139.800 + 130.269 + 0 + 36.268 = 306.338 seconds
East =112.800 + 11.874 + 66.957 + 110.716 = 302.347
seconds
Total time taken =306.338 seconds
= 5m 06s
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té 8 STEPS &2 NFPA 130-07 2+t &
PREDICTING EVACUATION TIMES — A COMPARISON OF THE
STEPS SIMULATION APPROACH WITH THE NFPA 130-07

1. Introduction

This study compares the predictions of the STEPS program on the evacuation times of a station
with the results obtained by the NFPA 130 Standard for Fixed Guideway Transit and Passenger
Rail Systems (2007 Edition).

Two STEPS models were created to simulate the evacuation of two hypothetical stations presented
in the NFPA 130. A first set of tests were carried out with a number of restrictions on the walking
speeds, exit flow rates and evacuation routes to determine how closely STEPS can replicate the
NFPA behaviour. A second set of tests were performed with the STEPS standard settings to
evaluate the differences with the NFPA and determine the reasons of those differences.

2. Cases Considered

The two NFPA 130 example cases considered in the present study are presented below.

2.1. Example Case 1
Example Case 1 features:
e  The platform is 183m (600ft) long to accommodate the train.
The platform is raised 9m (30ft) above the concourse/grade level.
Access between platform and concourse is provided by 4 stairs and 2 escalators
There are two emergency stairs for direct access between platform and grade.
Escalators and emergency stairs are 1.22m (48in) wide, with a capacity of 0.925p/m/s,
persons/metre/second (1.41pim).
Stairs regularly used by passengers are 1.83m (72in) wide, with a capacity of 0.925p/m/s.
e  One escalator from platform to concourse is considered inoperable/unavailable.
The station has one paid concourse area containing an array of 4 ticket gates and 1
service gate.
The capacity of the ticket gates is S0ppm.
Gates are 1.22m (48in) wide, with a capacity of 1.49p/m/s.
There are two emergency exits giving additional egress capacity from the concourse.
Passengers are considered in a place of safety once 3.05m (10ft) from the station exits at
grade level.
e  Walking speed on level ground is 0.63m/s (124fpm), except on the concourse level where
itis 1.016 m/s (200 fpm).
e  Walking speeds down stairs and escalators give a vertical speed of 0.244m/s (48fpm).

2.2. Example Case 2
Example Case 2 features:
The platforms are 183m (600ft) long to accommodate the train.
The concourse is situated 8m (26ft) below the grade level.
The platforms are situated 5.5m (18ft) below concourse level.
Each platform connects to the concourse via 2 stairs and an escalator.

225



e  There are 4 emergency stairs (2 at either end of each platform) for direct access between
platform and grade.

e Escalators and emergency stairs are 1.22m (48in) wide, with a capacity of 0.925p/m/s,
persons/metre/second (1.41pim).

e  Stairs regularly used by passengers are 1.83m (72in) wide, with a capacity of 0.925p/m/s.

e  One escalator from concourse to grade is considered inoperable/unavailable.

e The station has one paid concourse area containing 2 ticket gate arrays, each consisting
of 12 turnstiles and 1 service gate.

e  The capacity of the turnstiles is 25ppm.

e  Gates are 1.22m (48in) wide, with a capacity of 1.49p/m/s.

e Passengers are considered in a place of safety once 3.05m (10ft) from the station exits at
grade level.

e  Walking speed on level ground is 0.63m/s (124fpm), except on the concourse level where
itis 1.016 m/s (200 fpm).

e  Walking speeds up stairs and escalators give a vertical speed of 0.244m/s (48fpm).

3. Results and Discussion
3.1. Example Case 1

From the NFPA 130 calculations for Example Case 1 (see Appendix A), the total time to clear the
platform was found to be 228.0 seconds and the total time to evacuate the station was found to be
286.5 seconds.

3.1.1. Model set to imitate the NFPA

An identical model was generated in STEPS and was set to imitate the NFPA (refer to Appendix C
for the STEPS settings used).

STEPS gave the time to clear the platform as 227.3 seconds and the complete evacuation time as
277.6 seconds (see Appendix A.3). This indicates a -0.3% and -3.1% difference respectively
between NFPA 130 and STEPS, with the first being more conservative. These results prove that
STEPS can closely replicate the NFPA behaviour when set to do so.

3.1.2. STEPS standard settings

The same model was used to carry out additional evacuation simulations with the STEPS standard
settings (refer to Appendix C). The results obtained were found to be very different from the
NFPA ones for the platform evacuation time and very similar to the NFPA ones for the complete
evacuation time. It was observed that the choice of escalator made unavailable during evacuation
had an impact on the results.

When escalator 1 was made unavailable, STEPS gave the time to clear the platform as 262.6
seconds and the complete evacuation time as 283.7 seconds (see Appendix A.3). This indicates a
15.2% and -1.0% difference respectively between NFPA 130 and STEPS, with the first being more
conservative for the complete evacuation time and the latter being much more conservative for the
platform evacuation time.

When escalator 2 was made unavailable, STEPS gave the time to clear the platform as 280.3
seconds and the complete evacuation time as 294.4 seconds (see Appendix A.3). This indicates a
22.9% and 2.8% difference respectively between NFPA 130 and STEPS, with the latter being
more conservative.
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The rather large difference between the predicted platform evacuation times can be explained by
the NFPA 130 assumption that all exits are used optimally from the moment the simulation starts.
This differs from STEPS where, due to the asymmetrical geometry of the platform, the people
evacuating towards the nearest exit with the smallest waiting time create a natural imbalance in
egress usage with some stairs and/or escalators being in use while others remain empty (see Figure

1.

This asymmetrical geometry is the reason why the choice of the escalator made unavailable during
the evacuation makes a difference in the evacuation time. In STEPS, people are added randomly
on the platform plane, meaning that initially there are more people on the longer side of the
platform. Therefore when all exits are available, more people will evacuate through the exits
located on the longer side of the platform. As a result, if the escalator made unavailable is located
on the longer side of the platform, either more people will have to use the exits on that side of the
platform, or else people will travel to one of the exits located on the other side of the platform.
Either way, the evacuation time will be much longer than if the escalator on the shorter side of the
platform is made unavailable.

No. people through plat exit 1 : 248

No. people through plat exit 2 : 193

Figure 1 — Case 1, Stair/Escalator Usage (escalator 1 unavailable, escalator 2 in use)

While the platform evacuation times predicted by STEPS were much more conservative than the
NFPA ones, STEPS produced very similar complete evacuation times. This is mainly due to the
Fruin walking speed distribution used, which produces much higher walking speeds. Its effect is
not obvious on the platform level as the pedestrian movements are limited by the platform exit
capacity. This can be seen by the significant waiting time at platform exits in the NFPA
calculations (refer to Appendix A.2). However, on the stairs/escalators and concourse levels, there
is no waiting time at the exits, which means that people are free to move at their maximum
walking speed, therefore their walking time is reduced, and consequently the evacuation time is
smaller.

3.1.3. STEPS standard settings with the speed-distance curve

Additional tests on the standard settings model were carried out with the Thompson speed-distance
curve to evaluate its effect on the evacuation times.
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When escalator 1 was made unavailable, STEPS gave the time to clear the platform as 266.0
seconds and the complete evacuation time as 297.6 seconds (see Appendix A.3). This indicates a
1.3% and 4.9% difference respectively with the standard settings results.

When escalator 2 was made unavailable, STEPS gave the time to clear the platform as 290.3
seconds and the complete evacuation time as 308.8 seconds (see Appendix A.3). This indicates a
3.6% and 4.9% difference respectively with the standard settings results.

These results indicate that the use of the Thompson speed-distance curve produce more
conservative evacuation times. This can be explained by the fact that the pedestrian walking speed
is reduced when the distance between two people becomes smaller, i.e. in high-density areas,
which leads to an increase of the total walking time and therefore an increase of the total
evacuation time.

3.2. Example Case 2

From the NFPA 130 calculations for Example Case 2 (see Appendix B), the total time to clear the
platform was found to be 202.8 seconds and the total time to evacuate the station was found to be
405.1 seconds.

3.2.1. Model set to imitate the NFPA

An identical model was generated in STEPS and was set to imitate the NFPA. It included the
following NFPA assumptions: an optimal use of exits on the platform level and an even split of
evacuees between the east and the west platforms (refer to Appendix C for the STEPS settings
used).

STEPS gave the time to clear the platform as 212.2 seconds and the complete evacuation time as
411.8 seconds (see Appendix B.3). This indicates a 4.6% and 1.7% difference respectively
between NFPA 130 and STEPS, with the latter being more conservative.

3.2.2. STEPS standard settings

STEPS gave the time to clear the platform as 229.3 seconds and the complete evacuation time as
312.0 seconds (see Appendix B.3). This indicates a 13.1% and -22.9% difference respectively
between NFPA 130 and STEPS, with the first being more conservative for the complete
evacuation time and the latter being more conservative for the platform evacuation time.

Like in Example Case 1, the more conservative platform evacuation time predicted by STEPS can
be explained by the asymmetrical geometry of the platform leading to a natural imbalance of the
exit usage, as well as the fact that STEPS does not use all the exits available as soon as the
simulation starts, unlike the NFPA assumption that all exits are used optimally from the start of the
evacuation.

Compared to the first example case, the distance covered after evacuating the platform is much
larger in the second example case. Therefore the higher pedestrian walking speed used in STEPS
with the standard settings has a much more significant impact on the total evacuation time. This is
the reason why the STEPS complete evacuation time is much shorter than the one predicted by the
NFPA, even though the platform evacuation time is longer in STEPS compared to the NFPA.

Another cause of this much shorter total evacuation time is the NFPA assumption of an even split
of evacuees on the concourse level to obtain that optimal use of available exits; however it does
not take into account the fact that past the fare barriers, the exit capacity of the East side is very
different the one on the West side where an escalator is made unavailable. Unlike the NFPA,
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people in STEPS exit the station in a more effective way, meaning that the evacuation time is
shorter. Thus in order to accurately compare the STEPS and the NFPA results, the latter must be
adjusted to the distribution of evacuees between the East and the West exits (refer to Appendix B.3,
section b). The total evacuation time obtained by the NFPA in that case was found to be 341.3
seconds. This reduces the difference to -8.6%.

3.2.3. STEPS standard settings with the speed-distance curve

Additional tests on the standard settings model were carried out with the Thompson speed-distance
curve to evaluate its effect on the evacuation times.

STEPS gave the time to clear the platform as 249.1 seconds and the complete evacuation time as
316.6 seconds (see Appendix A.3). This indicates an 8.6% and 1.5% difference respectively with
the standard settings results.

Like in Example Case 1, these more conservative evacuation time predictions are caused by the
walking speed reduction when the distance between pedestrians decreases.

4. Conclusions

From the two test cases results, it was found that when the program settings were adjusted to
imitate the NFPA 130 behaviour, STEPS could closely reproduce the figures obtained by the
NFPA. This confirms that the STEPS program may be used in projects where the compliance with
the NFPA, or other similar standards, is required.

Large differences were found between the STEPS and NFPA results when the standard settings
were used, with STEPS giving more conservative platform evacuation times and the NFPA 130
giving more conservative complete evacuation times. Theses differences were caused by many
factors including the main NFPA assumption on the ideal optimal use of the exits which does not
always reflect people’s behaviour in reality, the STEPS significantly higher walking speeds and the
asymmetrical geometry of the stations.

Appendix A NFPA 130 Example Case 1
Al Input

Total platform occupancy load = 2314 people

Platform to Concourse

Element No. of Units | Width (m) | Flow rate (p/m/s) | Capacity (p/s)
Stairs down 4 1.829 0.925 6.767
Escalator down 1 1.219 0.925 1.128
Emergency stairs 2 1.219 0.925 2.255
Total 10.150

Through Fare Barriers

Element No. of Units | Width (m) | Flow rate (p/m/s) | Capacity (p/s)
Ticket gates 4| 1 (array) 50 (p/min) 3.333
Service gates 1 1.219 1.49 1.814
Emergency gates 2 1.829 1.49 5.444
Total 10.592
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Walking Time for Longest Route

Element Distance (m) | Speed (m/s) | Time taken (s)

T, (on platform) 41.453 0.630 65.798

T, (on stairs) 9.144 0.244 37.501

T; (on concourse) 16.459 1.016 16.189

T, (on grade to safety) 3.048 0.630 4.838

Total 124.327
A2 NFPA Results

Wi, Time to clear platform

W,,, Waiting time at platform exits

Concourse occupancy load

capacity)

W,, Fare barrier flow time

Wy, Waiting time at fare barriers

T, Waiting time

Total time taken

Total time taken

A3

Sample STEPS Results

= Platform occupancy load / Platform exit rate

=2314/10.150

=227.980

=W, -T,

=227.98 —

=162.181

= Platform occupant load — (W; * Emergency stairs

seconds=3 m48 s

65.798
seconds

=2314—(227.980 * 2.255)
=1799.872
= 1800 people

= Concourse occupancy load / Ticket area exit capacity

=1800/10.592

=169.928

:Wz—Wl

=169.928

seconds

—227.980

= (0 seconds
:T1+T2+T3+T4

=65.798 + 37.501 + 16.189 + 4.838

=124.327

seconds

:T+Wp+Wf

=124.327
=286.508

— 4m 47s

a) Model set to imitate the NFPA

+162.181 +0
seconds

Run No. Evacuation Time (s)
Platform Station
1 227.3 277.4
2 227.4 279.3
3 227.2 276.5
4 227.4 277.3
5 227.1 277.7
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Mean

227.28

277.64

b) STEPS standard settings — Fruin walking speed distribution

c¢) STEPS standard

Run No. Evacuation Time (s)

(esc 2 not working) Platform Station
1 260 288
2 261 283
3 265 283
4 282 285
5 264 294
6 273 281
7 310 310
8 270 386
9 312 312
10 306 322

Mean 280.3 294.4

Run No. Evacuation Time (s)

(esc 5 not working) Platform Station
1 254 295
2 254 272
3 254 286
4 261 272
5 275 287
6 253 284
7 253 287
8 275 281
9 296 296
10 251 277

Mean 262.6 283.7

settings — Fruin walking speed distribution with speed-distance curve

Run No. Evacuation Time (s)
(esc 2 not working) Platform Station
1 295 319
2 290 320
3 284 324
4 273 299
5 311 311
6 278 296
7 306 323
8 290 296
9 295 297
10 281 303
Mean 290.3 308.8
Run No. Evacuation Time (s)
(esc 5 not working) Platform Station
1 258 298
2 271 303
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3 266 298
4 262 294
5 256 297
6 266 312
7 286 286
8 258 295
9 263 298
10 274 295
Mean 266.0 297.6

Appendix B NFPA 130 Example Case 2

B.1 Input

Platform occupancy load, P; = 1372 people (Inbound platform)
Platform occupancy load, Py = 228 people (Outbound platform)

Inbound Platform to Concourse

Element No. of Units | Width (m) | Flow rate (p/m/s) Capacity (p/s)
Stairs up 2 1.829 0.925 3.384
Escalator up 1 1.219 0.925 1.128
Emergency stairs 2 1.219 0.925 2.255
Total 6.766
Outbound Platform to Concourse
Element No. of Units | Width (m) | Flow rate (p/m/s) | Capacity (p/s)
Stairs up 2 1.829 0.925 3.384
Escalator up 1 1.219 0.925 1.128
Emergency stairs 2 1.219 0.925 2.255
Total 6.766
West Through Fare Barriers
Element No. of Units | Width (m) | Flow rate (p/m/s) | Capacity (p/s)
Turnstiles 12 | 1 (array) 25 (p/min) 5.000
Service gates 1 1.219 1.49 1.814
Emergency gates 0 1.829 1.49 0.000
Total 6.814
East Through Fare Barriers
Element No. of Units | Width (m) | Flow rate (p/m/s) | Capacity (p/s)
Turnstiles 12 | 1 (array) 25 (p/min) 5.000
Service gates 1 1.219 1.49 1.814
Emergency gates 0 1.829 1.49 0.000
Total 6.814
West Fare Barriers to Safe Area
Element No. of Units | Width (m) | Flow rate (p/m/s) | Capacity (p/s)
Stairs up 1 1.829 0.925 1.692
Escalator up 0 1.219 0.925 0.000
Emergency stairs 0 1.219 0.925 0.000
Total 1.692

East Fare Barriers to Safe Area
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Element No. of Units | Width (m) | Flow rate (p/m/s) | Capacity (p/s)
Stairs up 1 1.829 0.925 1.692
Escalator up 1 1.219 0.925 1.128
Emergency stairs 0 1.219 0.925 0.000
Total 2.819

West System Exit - Walking Time for Longest Route

Element Distance (m) | Speed (m/s) | Time taken (s)
T, (on platform) 50.292 0.630 79.829
T, (on stairs to concourse) 5.486 0.244 22.499
T; (on concourse) 35.052 1.016 34.477
T, (on stairs to grade) 7.925 0.244 32.502
Ts (on grade to safety) 3.048 0.630 4.838
Total 169.307

East System Exit - Walking Time for Longest Route

Element Distance (m) | Speed (m/s) | Time taken (s)
T, (on platform) 18.288 0.630 29.029
T, (on stairs to concourse) 5.486 0.244 22.499
T; (on concourse) 39.624 1.016 38.974
T, (on stairs to grade) 7.925 0.244 32.502
Ts (on grade to safety) 3.048 0.630 4.838
Total 123.004

B.2 NFPA Results

Wi, Time to clear platform = Platform occupancy load / Platform exit rate
Inbound =1372/6.766 =202.8 seconds = 3m 23s
Outbound =228/6.766 =36.696 seconds
W,,, Waiting time at platform exits =W, -T,
Inbound =202.8 —79.829 = 122.939 seconds
Outbound =36.696 — 29.029 = 4.667 seconds
Concourse occupancy load = Platform occupant load — (W; * Emergency stairs
capacity)
Inbound = 1372 —(202.8 * 2.255)

=914.729 = 915 people
Outbound =228 —(36.696 * 2.255)
=152.010 =152 people

Total concourse occupancy load =915+ 152 = 1067 people
W,, Fare barrier flow time = Concourse occupancy load / Ticket area exit capacity
West = 5347/ 6.814 = 78.365 seconds
East =1534/6.814 =78.365 seconds
Wy, Waiting time at fare barriers =W,-W,
West =78.365—202.8 = 0 seconds
East =78.365 —36.696 = 44.669 seconds

2 NFPA assumes an even split of evacuees between the east and west platforms.
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W3, Time to exit concourse = Concourse occupancy load / Concourse exit capacity

West =534/1.692=315.635 seconds
East =534/2.819 =189.402 seconds
W., Waiting time at concourse exits =W;3—(W; or W) nax
West =315.635-202.8 =112.868 seconds
East =189.402 —78.365 = 111.037 seconds
T, Waltlng time = Tl + T2 + T3 + T4+ T5
West =169.307 seconds
East = 123.004 seconds
Total time taken =T+ W, + W+ W,
West =169.307 +122.939 +0 + 112.868 = 405.114 seconds
East =123.004 +4.667 +44.669 + 111.037 = 283.377 seconds
Total time taken =405.114 seconds
= 6m 45s

B.3 Sample STEPS Results

a) Model set to imitate the NFPA

Run No. | Evacuation Time (s)
Platform | Station
212.0 411.0
213.0 413.0
211.0 412.0
213.0 412.0
5 212.0 411.0
Mean 212.2 411.8

W=

b) STEPS standard settings — Fruin walking speed distribution

Run No. Evacuation Time (s) Exit Usage

Platform Station West East

1 211 313 426 655

2 222 317 413 685

3 247 307 427 618

4 235 318 440 608

5 253 297 398 631

6 237 311 420 617

7 211 293 397 616

8 230 327 461 690

9 230 332 470 641

10 217 307 410 663
Mean 229.3 312.2 426.2 642.4

The NFPA calculations can be adjusted with the exit usage above:
W,, Fare barrier flow time = Concourse occupancy load / Ticket area exit capacity
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West =426/6.814 = 62.516 seconds

East =642 /6.814 = 94.214 seconds
Wy, Waiting time at fare barriers =W,-W,
West =62.516 —202.8 = 0 seconds
East =94.214 -36.696 = 60.518 seconds
W3, Time to exit concourse = Concourse occupancy load / Concourse exit capacity
West =426/1.692 =251.799 seconds
East =642 /2.819=227.708 seconds
W., Waiting time at concourse exits =W; — (W or W3) max
West =251.799 — 202.8 = 49.032 seconds
East =227.708 — 78.365 = 133.494 seconds
T, Waiting time =T, +Ty+ T3+ T4+ Ts
West =169.307 seconds
East =123.004 seconds
Total time taken =T+ W,+ W+ W,
West =169.307 +122.939 + 0 + 49.032 = 341.277 seconds
East =123.004 +4.667 + 60.518 + 133.494 = 321.683 seconds
Total time taken =341.277 seconds
=5m4ls

c) STEPS standard settings — Fruin walking speed distribution with speed-distance curve

Run No. Evacuation Time (s) Exit Usage

Platform Station West East

1 257 314 391 651

2 240 306 417 643

3 261 306 418 604

4 237 318 437 636

5 259 306 419 647

6 243 312 421 651

7 255 322 448 612

8 247 324 436 637

9 258 316 432 620

10 234 342 475 642
Mean 249.1 316.6 429.4 634.3
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Appendix C STEPS Settings

NFPA

Standard

Features Categories . Comments . Comments
Settings Settings
. . . People evacuate
Main Simulation Normal .
.. In order to use routes Evacuation through the nearest
parameters mode conditions )
ezit
Max Walkin i
£ 0.63 mv/s  Fruin
speed distribution
For concourse level
where pedestrian
Local speed 1.016 m/s density is expected to None
be lower than other
areas
Speed-distance
People type P 3 Not used. Not used. See Footnote *
curve
Speed-densit
P Y Not used. Not used.
curve
Same value as the
Up & down Used tc? genem?e the NFPA Se.ttings but
slope factors 0.387 required vertical 0.387 note that it does not
speed of 0.244 m/s produce the same
vertical speed.
No. of groups 1 group per 1 group per
exit platform
People Based on
oups i
group No. of people / Propomona.l to number of
roup corresponding people needed
& exit capacity. on each
platform.
1 route created
Routes for each group Not applicable.
of people
Initial aim Route Route corresponding Random
to group
People y "
events One crea;e fo.;tf.eacd
Target type Location group and postiione Plane Platform Plane

next to initial target
of evacuation route

3 Additional tests on the standard settings model were carried out with the Thompson speed-distance curve to determine
its effect on evacuation times.
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