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Use of Elevators During Emergencies
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Abstract

This paper explores evacuation improvement opportunities achieved through interoperation

of various systems in tall buildings. Tall buildings comprise many highly intelligent systems

that can be interconnected to provide an efficient and versatile means to evacuate occupants
in the event of a fire or other threat condition. The systems that will be discussed include:

fire alarm; elevator; security; heating, ventilation and air conditioning (HVAC); lighting; and
emergency power systems. The notion of an evacuation controller will be explored as a means
to coordinate these systems. Additionally, the concept of a content server and command center
will be discussed to assist occupants and first responders. A rich set of networked sensors

and audio/video devices will be “repurposed” during evacuations to provide a cost-effective
solution. This paper also explores aspects of human behavior during emergencies and discusses
methods to model and predict threat propagation to control people flow.

Paul Stranieri Geeta Bora

Keywords: Evacuation Controller, Content Server, Command Center, OEO, Risk Measure

WE

AR MR TR B REA A R AR R AR FRBANAE. BRELABE LW
BEMAL, XERAZMAEEE, LLEKKAFRILMARE, FoENA
AR, BHBERAR. EAXFHLHIRMALLE k¥, B, K. BRE
Otis Eevator o. | . LR AR A G, BB T R 2 R — T R AT
Misssssug onariy S, A B A BRI PO A A R I A AR B, A, 3
L4X 225 Canad HEFAR — AN AR EREHNALE, RE—HEFHEIRTE. &

ST AMVE L B A S HR AT Y, 3 H b DU T % ol 8 o1l

Art Hsu David McColl

Paul Stranieri, Geeta Bora, Art Hsu & David McColl

tel (H,3%): +1 905.272.6132

fax (1% 3): +1 860.660.9874

email (% F # 4%): david.mccoll@otis.com; paul.
stranieri@otis.com; Geeta.Bora@fs.utc.com; hsu@utrc.
utc.com

www.otis.com

Paul Stranieri is a principal systems engineer for
Otis Elevator Co. and a member of the Dispatching
and Human Interface organization. He has extensive

experience in the design of automated test equipment,

real-time software engineering, controls engineering,
and systems architecture and design.

Paul Stranieri 2 8 B #T B4 A 8] — 4 £ R 5 TRRIF,
A1 B R AR E AR B R 2 — . Stranier & B
AR E BRI, ERRATE, EHITENU
REGEMAMR T TERAEEER.

Geeta Bora is the engineering leader for Advanced
Building Technologies, part of the controls
organization for UTC Building & Industrial Systems. She
has extensive experience with software engineering,
handling large and critical customer installations and
program management.

Geeta Bora 2 x #t R AH A TR AFTA, ZH
TR A FH A B EA R Tk R FIEF AL #— 3
. WEHHTE, READEEHNZEXTEME
FERTEMAEFELR.

Arthur Hsu, Ph.D,, is a principal engineer at United
Technologies Research Center in East Hartford,
Connecticut, United States. His work has been in the
area of supervisory controls, people flow, elevators and
building energy.

Arthur Hsut# - 5 5 [E] B2 K48 M AR o 45 1R 1R B9 B 6
REFARFOHER IEF. LA CEEE
wHl. ARE. BHPEREAS.

David McColl, P.Eng., is senior manager, worldwide
codes development for Otis Elevator Co. McColl has
worked for Otis for 35 years, the last 20 years full time
in codes and standards.

David McColl, & TR, B@#ie s s misE
., McColl#£ REyHT TIET 354, #ITAFEFH
F A EE T, T0FKBBEA TAERFETFL.

846 | CTBUH 2014 Shanghai Conference

N TT I o

REH: AERE. REB. FEFO. BAARRRRE. LRER

Introduction

The advent of super high-rise buildings in

the 21st century has given rise to renewed
interest in the safe handling of occupants

in an emergency situation. As learned from
the catastrophic events of Sept. 11, 2001,

it is of paramount importance to evacuate
people from tall buildings in an efficient and
timely manner. Based on numerous studies
and simulations, it has been shown that the
addition of elevators to evacuate occupants
can substantially reduce the time versus
evacuation by stairs exclusively (CTBUH 2004
& SFPE 2012). This paper describes the current
status of the use of elevators for building
evacuation and explores opportunities to
enhance evacuation through an objective-
based approach and greater interconnectivity
of intelligent building systems.

Associated Research and Publications

There is an extensive body of research
published in the field of study of using
elevators for occupant evacuation. In one
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paper (Kuligowski 2003), the author suggested that there is a need
to better understand movement of occupants on stairs, elevator
movement of both cars and passengers, environmental conditions
in the building due to fire and human behavior during the entire
evacuation. The author concluded that evacuation time improves
when using elevators for evacuation, particularly in tall buildings.

Another paper (Bukowski 2011) contemplated incorporating elevators
and escalators into emergency evacuation situations. In this paper, the
author discussed the 2009 International Building Code (IBC) and NFPA
Building Construction and Safety Code (NFPA 5000) code changes,
and the subsequent ASME A17.1 changes that permitted the use of
elevators for occupant evacuation. He described the coordination

of fire alarm, elevator and emergency (voice) evacuation systems as

a means to guide occupants. He also explained the importance of
modeling occupant evacuation operation (OEQO) to determine total
evacuation time for any particular building.

One publication (CTBUH 2004) describes in great detail many aspects
of emergency evacuation using elevators. This paper characterized

the design approach for elevators, discussed the electrical systems
involved in addition to the elevator system and explained the concept
of integration using building automation systems. The integrated
systems described were security, building automation, intercom or
voice annunciation, elevator, emergency power, lighting and fire alarm.
The authors stated that total integration of the various systems is not
yet attainable, nor perhaps advisable.

Code Changes

As mentioned previously, there are building code changes that

permit the use of elevators to evacuate occupants in the event of an
emergency. The 2009 IBC and NFPA 5000 permit the use of elevators
for occupant self-evacuation in fires. The coordinated requirements, for
North America, can be found in the 2013 ASME A17.1/CSA B44 Safety
Code for Elevators and Escalators, the 2013 NFPA 72 National Fire Alarm
and Signaling Code, and the 2012 NFPA 101 Life Safety codes.

Use of Elevators During Fire Emergencies (ASME A17.1/CSA B44)

A new elevator Occupant Evacuation Operation (OEQO) was developed
and is included in section (2.27.11) in the 2013 edition of the ASME
A17.1/CSA B44 Code. OEQ is defined as “the operation of an elevator
system for occupant evacuation under emergency conditions”and
provides elevator operation from a zone of five affected floors (the

fire floor and two floors above and below the fire floor) to a discharge
level. OEQ is not a mandatory requirement, but the IBC requires that
“where elevators are to be used for occupant self-evacuation during
fires, all passenger elevators for general public use shall comply with”
Section 3008, which contains requirements for “Occupant Evacuation
Elevators! Although there is no direct reference to OEO in Section 3008
of the IBC, the IBC requirement would mean that, if provided, OEO
would be required on all passenger elevators in a building. OEO would
commence automatically in a group of elevators whenever there is a
fire alarm signal in a building which does not activate Phase 1 Recall in
that group, i.e, activated fire alarm initiating devices (FAID) outside of
the elevator lobbies and machine rooms.

If activation of an automatic FAID occurs on an additional floor(s) at any
time while OEO is in effect, the evacuation zone is expanded to include
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all floors with an active alarm, all floors between the highest and lowest
floor with an active alarm plus two floors above the highest floor with an
active alarm and two floors below the lowest floor with an active alarm.

There is an option for Full Building Evacuation, manually initiated in the
fire command center by authorized or emergency personnel. The fire
alarm system provides this signal to the elevator system when all floors
are to be evacuated.

Signage and Communications

Extensive signage and tenant training are necessary to facilitate
OEO and allow occupants to adapt to this new paradigm. Currently,
buildings have a sign in elevator lobbies which reads, “In Case of Fire,
Elevators Are Out of Service” (see Figure 1).

This sign will no longer be used in buildings with OEO. A new paradigm
in signage is required. Real-time signage will be provided on all floors
to inform people whether or not to use the elevators on a given floor.
Occupants will see messages such as “Elevators available for evacuation.

Next car in about two minutes,“Elevators temporarily dedicated to other
floors” or “Elevators out of service. Use stairs to evacuate”

Seeing the estimated time of arrival of an elevator to an evacuation
floor will allow occupants to decide if they want to wait or use the
stairs. Signage at the main lobby landing will advise people to not
use the elevator. Signs in the cars will give passengers instructions to
exit the car at the discharge level. Real-time voice announcements
to elevator lobbies and cars will supplement elevator signage, and
building occupant training and drills will take place. During an
emergency, floor wardens will supplement other efforts.

Activation of OEO

When OEO is activated, landing calls outside of the evacuation floors
will be cancelled and disabled. Security systems will be overridden.
Landing calls on the affected floors will call an elevator to those floors.
Floors with an active alarm are given highest priority. At other floors,
the evacuation priority will be assigned in the sequence received.
Highest floor calls will be given the highest priority in Full Building
Evacuation unless there are calls at the affected floors. Car calls are
disabled except for a call to the discharge level.

Unoccupied cars will move to a floor being evacuated and park with
doors closed until a landing call is registered. Occupied cars proceed
directly to the elevator discharge level and then proceed directly to a
floor being evacuated. New landing calls are registered immediately
and assigned to another car. New landing calls cannot prevent a
loaded car from leaving. Cars with 80 percent of load start to close their
doors and proceed to the elevator discharge level.

Cars with more than 100 percent load will not leave the floor, their
doors will remain open,and a voice and visual notification will inform
passengers that the car is overloaded.

After Evacuation

A 60-second period with no registered landing calls indicates that the
affected floor was evacuated. At this time, one car will park with its
doors closed at the lowest floor of the affected floors, ready to answer

848 | CTBUH 2014 Shanghai Conference

Figure 1. Elevator Corridor Call Station Pictograph (Source: ASME 17.1-2013/CSA B44-13)
B 1. sk % 4R SR B EAT (5] ASME 17.1-2013/CSA B44-13)
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subsequent landing calls of remaining evacuees. The rest of the cars
park with their doors closed at the elevator discharge level. A car
parked at the elevator discharge level will replace the car at the lowest
floor of the affected floors which has answered a landing call.

Firefighters will be able to manually recall one or more cars from a
group, leaving the rest of the group to continue operating on OEQ if
needed. Individual car recall is enabled by a new set of Phase 1 Recall
switches, one for each car, marked in a yellow and black scheme to
distinguish the car recall switches from the traditional group recall
switch, marked in red.

If smoke reaches one of the initiating devices normally used to
initiate Phase 1 Recall, such as a device in the elevator lobby or in
an elevator hoistway or machine room, OEO will be automatically
terminated and a Phase 1 Recall will commence. Reset of the fire
alarm system will terminate OEQ.

Requirements for Buildings with OEO

Building enhancements are necessary to ensure safe use of OEO and
part of the proposal developed for in addition to ASME A17.1/CSA B44
Elevator Code includes an appendix on building requirements deemed
to be necessary features by a hazard analysis conducted by the A17
Task Group. The A17 Task Group made recommendations to the
building code writing organizations to include all of the requirements
listed in the OEO appendix. These include:

- Protected lobbies able to accommodate 25 percent of the
floor population with direct access to stairwells

- Pressurized hoistways, lobbies and stairwells

« Automatic sprinkler system in conformance with NFPA 13,
excluding hoistways and machine rooms (“shunt-trip”also
excluded)

« Building smoke detection system

+ Voice alarm/communications system in conformance with
NFPA 72

- Protected emergency power (two hours) to elevators, signage/
voice, pressurization and ventilation systems

« Water flow protection to prevent water from entering
hoistways
+ Building fire and evacuation plan
- Procedures for evacuation using stairs and elevators
- Building occupant training and drills
« Use of floor wardens

- Routine integrated testing

Simulation Results for Alternate Evacuation Strategies

Previous Case Studies

There are a number of case studies on the combined use of elevators
and stairs for occupant evacuation. A publication (Kuligowski 2003)
discussed a firefighter lift case study and an elevator evacuation case
study consisting of four General Services Administration buildings.
Regarding elevator evacuation, the author concluded that by using a
combination of stairs and elevators, the total evacuation time of the
building can be reduced by a substantial amount, especially in taller
buildings.
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Another paper (CTBUH 2004) studied a total, staged and fractional
evacuation in a bomb threat and fire scenario for a mid-rise building. The
conclusion drawn from the bomb threat scenario using total evacuation
was that if both stairs and all elevators were used, the egress time would
drop to approximately half of a stairway-only evacuation.

Based on the results of these case studies, it would appear that a
controlled use of both stairs and elevators during building evacuation
is a preferred method to reduce the total time of egress.

Case for Alternative Evacuation Methods

Current standards follow a rule-based protocol for operating elevators
during evacuation, such as operating an elevator as a shuttle between
a refuge floor (typically pressurized to prevent smoke infiltration) and
an exit floor, or using elevators to evacuate occupants from the floor
where the emergency is reported as well as the two floors above and
below the threat floor. The typical metric for evaluating these methods
is the amount of time to fully evacuate the building.

Instead, six further considerations are proposed for effective
evacuation: (1) use an objective-based approach that dynamically
searches through a set of alternatives and best prioritizes the floors
served by elevators rather than follow a rule-based approach; (2)

use a measure of risk to occupants as the main objective rather than
evacuation time — there may be strategies that minimize risk by
quickly transporting occupants away from the threat areas even though
the total evacuation time may be increased; (3) use available information
to alter the objective-based approach continuously, including sensing
the location of occupants, the spread of the threat and blockage of
passageways; (4) use predictive models of people flow and the spread of
fire, smoke and other threats to inform the objective-based approach as
to the merit of each alternative; (5) use communications, such as signage
and transmission to mobile devices that actively and dynamically

guide occupants to follow the best egress path; and (6) combine first-
responder needs with the evacuation strategy.

An analysis using a stairway pedestrian flow model, elevator model
and control model was performed to compare various strategies. As an
example, a hypothetical 47-floor building with 24 elevators available
for egress and two stairways was studied with a threat event at the
45th floor. The 24 elevators all access the ground floor (floor 1) and are
arranged in three elevator groups of eight elevators serving floors 2-15,
16-31 and 32-47. Compared with all other floors, the risk measure per
occupant at the threat floor is assumed to be 50 times greater and 25
times greater at the two floors above and two floors below the 45th
floor. Three strategies were compared with the goal of minimizing both
the risk measure and the evacuation time. The risk measure value is
computed by the time (in minutes) spent at each floor in the building
multiplied by the risk measure value at that floor, summed for the last
evacuee from each floor. The OEO strategy sequentially evacuates the
floor population to the ground floor with the following floor priority:
floor 45 (threat floor), floors 46 and 47 (floors above the threat floor),
and then 44, 43,42 and so forth (all other floors beginning with the
highest floor). In this scenario, the evacuation time was 28 minutes
with a total risk measure value of 1,352. By comparison, a second
strategy that does not use the elevators results in an evacuation

time of 84 minutes and a total risk measure value of 2,003. However,
an optimized controlled strategy can reduce the evacuation time

to 24 minutes and a total risk measure value of 777 by staging the
evacuation to first use elevators to immediately move people away
from the high-risk floors (45, 46 and 47) to a safe floor at floor 42 and
directing occupants on floors 44 and 43 to take the stairs to floor 42.
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Next, elevators shuttle occupants from select floors, namely floors 42,
35,24 and 13, to the ground floor. This strategy directs all occupants on
floors 12 and below to evacuate by stairs alone. Occupants on floors

14 to 23 would take the stairs to floor 13 and then take elevators to

the ground floor, and so forth. Note that exceptions will be provided

for occupants who cannot use the stairs, such as wheelchair users. This
strategy balances the use of stairs and elevators to achieve the objective.

In summary, there is potential to significantly improve elevator-
assisted evacuation to reduce the risk measure during a threat event
in tall buildings.

Future Opportunities through Intelligent Building Technologies

Opportunities and Considerations

In addition to the elevators, tall buildings frequently contain other
assets that can be utilized when evacuating occupants. These assets
include fire alarm, security, HVAC, lighting and emergency power
systems. The key is to provide a high level of interoperability between
these systems to achieve an efficient and cost-effective solution while
minimizing the risk to occupants and first responders. A potential
architecture to achieve this goal is illustrated in Figure 2.

Figure 2 depicts the interconnection of several building systems.
Each system has its own set of well-defined requirements based on
the functional and code-required objectives. In this concept, the
evacuation controller coordinates the response of the other building
systems in the event of a fire or other threat. In a fire scenario, it
obtains information from various systems and utilizes the elevator,
HVAC, security, notification and lighting systems to assist occupants
to evacuate a building in an efficient and timely manner using an
objective-based approach. The evacuation controller has the ability
to track a threat using threat-propagation prediction, to inform the
content server to modify the exit signage and voice notification, to
control the floor(s) the elevators will evacuate, to adjust the HVAC
system to control smoke and provide pressurization, and provide
information to the command center to aid the first responders via
decision support and control. Additionally, assets normally used for
other purposes, such as video cameras and access control, could be
repurposed to assist in threat-propagation tracking to provide visual
support to first responders and track/record occupants present in a
building. Intelligent video analytics can provide queuing metrics, wait-
time determination, flow monitoring and wrong-way detection. This
information can be utilized by the evacuation controller to optimize
performance of the system.

Under the direction of the evacuation controller, the content server
can be used for stationary audio/visual message delivery, as well as

a resource for mobile devices. The content server is a type of Mass
Notification and Emergency Communications (MNEC) system and can
be a very useful communication and emergency management tool to
provide real-time instructions and information to building occupants
during an emergency. MNEC can notify people about an event as

to what is happening, what to do, where to go and when it is safe.
The way-finding means can be implemented as a sign, map or other
graphical or audible method. It can be delivered to fixed signage, audio
devices or mobile devices.

Decision support and control, from the command center, provides first
responders with a central monitoring station for all alarms generated
in a building. To allow for remote access, redundancy, reliability and
scalability, a monitoring station could be hosted outside the building.

Figure 2. Emergency Power Management
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All of these systems must remain available throughout an event and
be supported by emergency generators or battery backup systems.
This holistic approach to occupant evacuation is attainable through
information sharing between intelligent building systems and
advanced models for both threat propagation and people flow.

Conclusion

In conclusion, this paper discussed the use of elevators and stairs

as a means to evacuate a tall building in the event of a fire or other
threat as permitted by the applicable codes. An objective-based
alternative was presented to minimize the risk to occupants. To
support this approach, it was shown that building systems could be
interconnected, devices repurposed and, under the direction of an
evacuation controller, utilized to coordinate the egress of occupants to
achieve the desired result. Additionally, a content server could provide
information via remote access as a means to allow first responders
a"heads up”as to the status of a building before arriving at the
command center.
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