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ABSTRACT

This report was prepared to support the investigation of active fire protection systems as part of the
National Institute of Standards and Technology (NIST) World Trade Center (WTC) Investigation.

The purpose of this report is to document the design, installation, and modifications to the fire detection
and alarm system for buildings 1, 2, and 7 of the WTC, including system performance during the
September 11, 2001, attack.

Keywords: Fire alarm systems, fire protection, smoke detection, voice communication, World Trade
Center.
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GLOSSARY

Active fire protection — A means to help prevent the loss of life and property from fire by extinguishing,
suppressing or controlling a fire through functional systems. Sprinkler systems, fire alarm systems and
smoke control systems are examples of active fire protection.

Area of refuge — A floor area to which egress is made through a horizontal exit or supplemental vertical
exit.

Combustible — A material that will ignite and burn when subjected to fire or heat.

Damper — A device installed in HYAC ductwork used to prevent the spread of fire and/or smoke.
Dampers are provided to maintain a fire resistance rating of the assembly being penetrated.

Detector — An initiation device that automatically detects a change in state, such as presence of smoke,
high temperature or abnormal rate of temperature rise.

Fire alarm system — A system, automatic or manual, arranged to give a signal indicating a fire
emergency and initiate the appropriate response.

Fire resistance rating — The time in hours that materials or their assemblies will withstand fire exposure
as determined by a fire test.

Fireproofing — A method used to provide a fire resistance rating to a building component.

Firestopping — A solid or compact, tight closure to retard the spread of flames or hot gases within
concealed spaces.

Initiation device — A system component that originates a change in state signal in the fire alarm system.
An initiation device begins the life safety processes, such as evacuation, HVAC shut down, elevator
recall, etc.

Manual fire alarm box — A manually operated initiation device that originates a change in state signal in
the fire alarm system.

Means of egress — A continuous and unobstructed path of vertical and horizontal travel from any point in
a building to a public way. The means of egress consists of: the exit access, the exit and the exit
discharge.

Noncombustible — A material that does not ignite or burn when subjected to fire and heat.

Notification appliance — A fire alarm system component such as a bell, horn, speaker, or strobe that
provides audible, tactile, or visible outputs, or any combination thereof.
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Glossary

Passive fire protection — A means to help prevent the loss of life and property from fire by increasing the
time to ignition or time to failure of a material. Providing fire separations and divisions, applying sprayed
fire-resistive material and enclosing structural members with noncombustible materials are examples of
passive fire protection.

Smoke and heat venting — A process used to move products of combustion to the outdoor air.
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PREFACE

Genesis of This Investigation

Immediately following the terrorist attack on the World Trade Center (WTC) on September 11, 2001, the
Federal Emergency Management Agency (FEMA) and the American Society of Civil Engineers began
planning a building performance study of the disaster. The week of October 7, as soon as the rescue and
search efforts ceased, the Building Performance Study Team went to the site and began its assessment.
This was to be a brief effort, as the study team consisted of experts who largely volunteered their time
away from their other professional commitments. The Building Performance Study Team issued its
report in May 2002, fulfilling its goal “to determine probable failure mechanisms and to identify areas of
future investigation that could lead to practical measures for improving the damage resistance of buildings
against such unforeseen events.”

On August 21, 2002, with funding from the U.S. Congress through FEMA, the National Institute of
Standards and Technology (NIST) announced its building and fire safety investigation of the WTC
disaster. On October 1, 2002, the National Construction Safety Team Act (Public Law 107-231), was
signed into law. The NIST WTC Investigation was conducted under the authority of the National
Construction Safety Team Act.

The goals of the investigation of the WTC disaster were:
e To investigate the building construction, the materials used, and the technical conditions that
contributed to the outcome of the WTC disaster.
e To serve as the basis for:
— Improvements in the way buildings are designed, constructed, maintained, and used,
— Improved tools and guidance for industry and safety officials;
— Recommended revisions to current codes, standards, and practices; and

— Improved public safety.
The specific objectives were:
1. Determine why and how WTC 1 and WTC 2 collapsed following the initial impacts of the
aircraft and why and how WTC 7 collapsed;

2. Determine why the injuries and fatalities were so high or low depending on location,
including all technical aspects of fire protection, occupant behavior, evacuation, and
emergency response;

3. Determine what procedures and practices were used in the design, construction, operation,
and maintenance of WTC 1, 2, and 7; and

4. Identify, as specifically as possible, areas in current building and fire codes, standards, and
practices that warrant revision.

NIST NCSTAR 1-4C, WTC Investigation XVii



Preface

NIST is a nonregulatory agency of the U.S. Department of Commerce’s Technology Administration. The
purpose of NIST investigations is to improve the safety and structural integrity of buildings in the United
States, and the focus is on fact finding. NIST investigative teams are authorized to assess building
performance and emergency response and evacuation procedures in the wake of any building failure that
has resulted in substantial loss of life or that posed significant potential of substantial loss of life. NIST
does not have the statutory authority to make findings of fault nor negligence by individuals or
organizations. Further, no part of any report resulting from a NIST investigation into a building failure or
from an investigation under the National Construction Safety Team Act may be used in any suit or action

for damages arising out of any matter mentioned in such report (15 USC 281a, as amended by Public

Law 107-231).

Organization of the Investigation

The National Construction Safety Team for this Investigation, appointed by the then NIST Director,

Dr. Arden L. Bement, Jr., was led by Dr. S. Shyam Sunder. Dr. William L. Grosshandler served as
Associate Lead Investigator, Mr. Stephen A. Cauffman served as Program Manager for Administration,
and Mr. Harold E. Nelson served on the team as a private sector expert. The Investigation included eight
interdependent projects whose leaders comprised the remainder of the team. A detailed description of
each of these eight projects is available at http://wtc.nist.gov. The purpose of each project is summarized
in Table P-1, and the key interdependencies among the projects are illustrated in Fig. P-1.

Table P-1. Federal building and fire safety investigation of the WTC disaster.

Technical Area and Project Leader

Project Purpose

Analysis of Building and Fire Codes and
Practices; Project Leaders: Dr. H. S. Lew
and Mr. Richard W. Bukowski

Document and analyze the code provisions, procedures, and
practices used in the design, construction, operation, and
maintenance of the structural, passive fire protection, and
emergency access and evacuation systems of WTC 1, 2, and 7.

Baseline Structural Performance and
Aircraft Impact Damage Analysis; Project
Leader: Dr. Fahim H. Sadek

Analyze the baseline performance of WTC 1 and WTC 2 under
design, service, and abnormal loads, and aircraft impact damage on
the structural, fire protection, and egress systems.

Mechanical and Metallurgical Analysis of
Structural Steel; Project Leader: Dr. Frank
W. Gayle

Determine and analyze the mechanical and metallurgical properties
and quality of steel, weldments, and connections from steel
recovered from WTC 1, 2, and 7.

Investigation of Active Fire Protection
Systems; Project Leader: Dr. David
D. Evans; Dr. William Grosshandler

Investigate the performance of the active fire protection systems in
WTC 1, 2, and 7 and their role in fire control, emergency response,
and fate of occupants and responders.

Reconstruction of Thermal and Tenability
Environment; Project Leader: Dr. Richard
G. Gann

Reconstruct the time-evolving temperature, thermal environment,
and smoke movement in WTC 1, 2, and 7 for use in evaluating the
structural performance of the buildings and behavior and fate of
occupants and responders.

Structural Fire Response and Collapse
Analysis; Project Leaders: Dr. John
L. Gross and Dr. Therese P. McAllister

Analyze the response of the WTC towers to fires with and without
aircraft damage, the response of WTC 7 in fires, the performance
of composite steel-trussed floor systems, and determine the most
probable structural collapse sequence for WTC 1, 2, and 7.

Occupant Behavior, Egress, and Emergency
Communications; Project Leader: Mr. Jason
D. Averill

Analyze the behavior and fate of occupants and responders, both
those who survived and those who did not, and the performance of
the evacuation system.

Emergency Response Technologies and
Guidelines; Project Leader: Mr. J. Randall
Lawson

Document the activities of the emergency responders from the time
of the terrorist attacks on WTC 1 and WTC 2 until the collapse of
WTC 7, including practices followed and technologies used.

XViii
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Figure P-1. The eight projects in the federal building and fire safety
investigation of the WTC disaster.

National Construction Safety Team Advisory Committee

The NIST Director also established an advisory committee as mandated under the National Construction
Safety Team Act. The initial members of the committee were appointed following a public solicitation.
These were:

e Paul Fitzgerald, Executive Vice President (retired) FM Global, National Construction Safety
Team Advisory Committee Chair

e John Barsom, President, Barsom Consulting, Ltd.

e John Bryan, Professor Emeritus, University of Maryland

o David Collins, President, The Preview Group, Inc.

e Glenn Corbett, Professor, John Jay College of Criminal Justice

o Philip DiNenno, President, Hughes Associates, Inc.

NIST NCSTAR 1-4C, WTC Investigation Xix



Preface

¢ Robert Hanson, Professor Emeritus, University of Michigan

e Charles Thornton, Co-Chairman and Managing Principal, The Thornton-Tomasetti Group,
Inc.

o Kathleen Tierney, Director, Natural Hazards Research and Applications Information Center,
University of Colorado at Boulder

e Forman Williams, Director, Center for Energy Research, University of California at San
Diego

This National Construction Safety Team Advisory Committee provided technical advice during the
Investigation and commentary on drafts of the Investigation reports prior to their public release. NIST
has benefited from the work of many people in the preparation of these reports, including the National
Construction Safety Team Advisory Committee. The content of the reports and recommendations,
however, are solely the responsibility of NIST.

Public Outreach

During the course of this Investigation, NIST held public briefings and meetings (listed in Table P-2) to
solicit input from the public, present preliminary findings, and obtain comments on the direction and
progress of the Investigation from the public and the Advisory Committee.

NIST maintained a publicly accessible Web site during this Investigation at http://wtc.nist.gov. The site
contained extensive information on the background and progress of the Investigation.

NIST's WTC Public-Private Response Plan

The collapse of the WTC buildings has led to broad reexamination of how tall buildings are designed,
constructed, maintained, and used, especially with regard to major events such as fires, natural disasters,
and terrorist attacks. Reflecting the enhanced interest in effecting necessary change, NIST, with support
from Congress and the Administration, has put in place a program, the goal of which is to develop and
implement the standards, technology, and practices needed for cost-effective improvements to the safety
and security of buildings and building occupants, including evacuation, emergency response procedures,
and threat mitigation.

The strategy to meet this goal is a three-part NIST-led public-private response program that includes:

o A federal building and fire safety investigation to study the most probable factors that
contributed to post-aircraft impact collapse of the WTC towers and the 47-story WTC 7
building, and the associated evacuation and emergency response experience.

e Aresearch and development (R&D) program to (a) facilitate the implementation of
recommendations resulting from the WTC Investigation, and (b) provide the technical basis
for cost-effective improvements to national building and fire codes, standards, and practices
that enhance the safety of buildings, their occupants, and emergency responders.
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Table P-2. Public meetin

s and briefings of the WTC Investigation.

Date

Location

Principal Agenda

June 24, 2002

New York City, NY

Public meeting: Public comments on the Draft Plan for the
pending WTC Investigation.

August 21, 2002

Gaithersburg, MD

Media briefing announcing the formal start of the Investigation.

December 9, 2002

Washington, DC

Media briefing on release of the Public Update and NIST request
for photographs and videos.

April 8, 2003

New York City, NY

Joint public forum with Columbia University on first-person
interviews.

April 29-30, 2003

Gaithersburg, MD

NCST Advisory Committee meeting on plan for and progress on
WTC Investigation with a public comment session.

May 7, 2003

New York City, NY

Media briefing on release of May 2003 Progress Report.

August 26-27, 2003

Gaithersburg, MD

NCST Advisory Committee meeting on status of the WTC
investigation with a public comment session.

September 17, 2003

New York City, NY

Media and public briefing on initiation of first-person data
collection projects.

December 2-3, 2003

Gaithersburg, MD

NCST Advisory Committee meeting on status and initial results
and release of the Public Update with a public comment session.

February 12, 2004

New York City, NY

Public meeting on progress and preliminary findings with public
comments on issues to be considered in formulating final
recommendations.

June 18, 2004

New York City, NY

Media/public briefing on release of June 2004 Progress Report.

June 22-23, 2004

Gaithersburg, MD

NCST Advisory Committee meeting on the status of and
preliminary findings from the WTC Investigation with a public
comment session.

August 24, 2004

Northbrook, IL

Public viewing of standard fire resistance test of WTC floor
system at Underwriters Laboratories, Inc.

October 19-20, 2004

Gaithersburg, MD

NCST Advisory Committee meeting on status and near complete
set of preliminary findings with a public comment session.

November 22, 2004

Gaithersburg, MD

NCST Advisory Committee discussion on draft annual report to
Congress, a public comment session, and a closed session to
discuss pre-draft recommendations for WTC Investigation.

April 5, 2005

New York City, NY

Media and public briefing on release of the probable collapse
sequence for the WTC towers and draft reports for the projects on
codes and practices, evacuation, and emergency response.

June 23, 2005

New York City, NY

Media and public briefing on release of all draft reports for the
WTC towers and draft recommendations for public comment.

September 12-13,
2005

Gaithersburg, MD

NCST Advisory Committee meeting on disposition of public
comments and update to draft reports for the WTC towers.

September 13-15,
2005

Gaithersburg, MD

WTC Technical Conference for stakeholders and technical
community for dissemination of findings and recommendations
and opportunity for public to make technical comments.

e A dissemination and technical assistance program (DTAP) to (a) engage leaders of the
construction and building community in ensuring timely adoption and widespread use of
proposed changes to practices, standards, and codes resulting from the WTC Investigation
and the R&D program, and (b) provide practical guidance and tools to better prepare facility
owners, contractors, architects, engineers, emergency responders, and regulatory authorities
to respond to future disasters.

The desired outcomes are to make buildings, occupants, and first responders safer in future disaster

events.
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National Construction Safety Team Reports on the WTC Investigation

A final report on the collapse of the WTC towers is being issued as NIST NCSTAR 1. A companion
report on the collapse of WTC 7 is being issued as NIST NCSTAR 1A. The present report is one of a set
that provides more detailed documentation of the Investigation findings and the means by which these
technical results were achieved. As such, it is part of the archival record of this Investigation. The titles
of the full set of Investigation publications are:

NIST (National Institute of Standards and Technology). 2005. Federal Building and Fire Safety
Investigation of the World Trade Center Disaster: Final Report on the Collapse of the World Trade
Center Towers. NIST NCSTAR 1. Gaithersburg, MD, September.

NIST (National Institute of Standards and Technology). 2006. Federal Building and Fire Safety
Investigation of the World Trade Center Disaster: Final Report on the Collapse of World Trade Center 7.
NIST NCSTAR 1A. Gaithersburg, MD.

Lew, H. S., R. W. Bukowski, and N. J. Carino. 2005. Federal Building and Fire Safety Investigation of
the World Trade Center Disaster: Design, Construction, and Maintenance of Structural and Life Safety
Systems. NIST NCSTAR 1-1. National Institute of Standards and Technology. Gaithersburg, MD,
September.

Fanella, D. A., A. T. Derecho, and S. K. Ghosh. 2005. Federal Building and Fire Safety
Investigation of the World Trade Center Disaster: Design and Construction of Structural Systems.
NIST NCSTAR 1-1A. National Institute of Standards and Technology. Gaithersburg, MD,
September.

Ghosh, S. K., and X. Liang. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Comparison of Building Code Structural Requirements. NIST
NCSTAR 1-1B. National Institute of Standards and Technology. Gaithersburg, MD, September.

Fanella, D. A., A. T. Derecho, and S. K. Ghosh. 2005. Federal Building and Fire Safety
Investigation of the World Trade Center Disaster: Maintenance and Modifications to Structural
Systems. NIST NCSTAR 1-1C. National Institute of Standards and Technology. Gaithersburg,
MD, September.

Grill, R. A., and D. A. Johnson. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Fire Protection and Life Safety Provisions Applied to the Design and
Construction of World Trade Center 1, 2, and 7 and Post-Construction Provisions Applied after
Occupancy. NIST NCSTAR 1-1D. National Institute of Standards and Technology. Gaithersburg,
MD, September.

Razza, J. C., and R. A. Grill. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Comparison of Codes, Standards, and Practices in Use at the Time of the
Design and Construction of World Trade Center 1, 2, and 7. NIST NCSTAR 1-1E. National
Institute of Standards and Technology. Gaithersburg, MD, September.

Grill, R. A, D. A. Johnson, and D. A. Fanella. 2005. Federal Building and Fire Safety
Investigation of the World Trade Center Disaster: Comparison of the 1968 and Current (2003) New
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York City Building Code Provisions. NIST NCSTAR 1-1F. National Institute of Standards and
Technology. Gaithersburg, MD, September.

Grill, R. A, and D. A. Johnson. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Amendments to the Fire Protection and Life Safety Provisions of the New
York City Building Code by Local Laws Adopted While World Trade Center 1, 2, and 7 Were in
Use. NIST NCSTAR 1-1G. National Institute of Standards and Technology. Gaithersburg, MD,
September.

Grill, R. A., and D. A. Johnson. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Post-Construction Modifications to Fire Protection and Life Safety Systems
of World Trade Center 1 and 2. NIST NCSTAR 1-1H. National Institute of Standards and
Technology. Gaithersburg, MD, September.

Grill, R. A, D. A. Johnson, and D. A. Fanella. 2005. Federal Building and Fire Safety Investigation
of the World Trade Center Disaster: Post-Construction Modifications to Fire Protection, Life
Safety, and Structural Systems of World Trade Center 7. NIST NCSTAR 1-11. National Institute of
Standards and Technology. Gaithersburg, MD, September.

Grill, R. A., and D. A. Johnson. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Design, Installation, and Operation of Fuel System for Emergency Power in
World Trade Center 7. NIST NCSTAR 1-1J. National Institute of Standards and Technology.
Gaithersburg, MD, September.

Sadek, F. 2005. Federal Building and Fire Safety Investigation of the World Trade Center Disaster:
Baseline Structural Performance and Aircraft Impact Damage Analysis of the World Trade Center
Towers. NIST NCSTAR 1-2. National Institute of Standards and Technology. Gaithersburg, MD,
September.

Faschan, W. J., and R. B. Garlock. 2005. Federal Building and Fire Safety Investigation of the
World Trade Center Disaster: Reference Structural Models and Baseline Performance Analysis of
the World Trade Center Towers. NIST NCSTAR 1-2A. National Institute of Standards and
Technology. Gaithersburg, MD, September.

Kirkpatrick, S. W., R. T. Bocchieri, F. Sadek, R. A. MacNeill, S. Holmes, B. D. Peterson,

R. W. Cilke, C. Navarro. 2005. Federal Building and Fire Safety Investigation of the World Trade
Center Disaster: Analysis of Aircraft Impacts into the World Trade Center Towers, NIST
NCSTAR 1-2B. National Institute of Standards and Technology. Gaithersburg, MD, September.

Gayle, F. W., R. J. Fields, W. E. Luecke, S. W. Banovic, T. Foecke, C. N. McCowan, T. A. Siewert, and
J. D. McColskey. 2005. Federal Building and Fire Safety Investigation of the World Trade Center
Disaster: Mechanical and Metallurgical Analysis of Structural Steel. NIST NCSTAR 1-3. National
Institute of Standards and Technology. Gaithersburg, MD, September.

Luecke, W. E., T. A. Siewert, and F. W. Gayle. 2005. Federal Building and Fire Safety
Investigation of the World Trade Center Disaster: Contemporaneous Structural Steel
Specifications. NIST Special Publication 1-3A. National Institute of Standards and Technology.
Gaithersburg, MD, September.
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Banovic, S. W. 2005. Federal Building and Fire Safety Investigation of the World Trade Center
Disaster: Steel Inventory and Identification. NIST NCSTAR 1-3B. National Institute of Standards
and Technology. Gaithersburg, MD, September.

Banovic, S. W., and T. Foecke. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Damage and Failure Modes of Structural Steel Components. NIST
NCSTAR 1-3C. National Institute of Standards and Technology. Gaithersburg, MD, September.

Luecke, W. E., J. D. McColskey, C. N. McCowan, S. W. Banovic, R. J. Fields, T. Foecke,

T. A. Siewert, and F. W. Gayle. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Mechanical Properties of Structural Steels. NIST NCSTAR 1-3D.
National Institute of Standards and Technology. Gaithersburg, MD, September.

Banovic, S. W., C. N. McCowan, and W. E. Luecke. 2005. Federal Building and Fire Safety
Investigation of the World Trade Center Disaster: Physical Properties of Structural Steels. NIST
NCSTAR 1-3E. National Institute of Standards and Technology. Gaithersburg, MD, September.

Evans, D. D., R. D. Peacock, E. D. Kuligowski, W. S. Dols, and W. L. Grosshandler. 2005. Federal
Building and Fire Safety Investigation of the World Trade Center Disaster: Active Fire Protection
Systems. NIST NCSTAR 1-4. National Institute of Standards and Technology. Gaithersburg, MD,
September.

Kuligowski, E. D., D. D. Evans, and R. D. Peacock. 2005. Federal Building and Fire Safety
Investigation of the World Trade Center Disaster: Post-Construction Fires Prior to September 11,
2001. NIST NCSTAR 1-4A. National Institute of Standards and Technology. Gaithersburg, MD,
September.

Hopkins, M., J. Schoenrock, and E. Budnick. 2005. Federal Building and Fire Safety Investigation
of the World Trade Center Disaster: Fire Suppression Systems. NIST NCSTAR 1-4B. National
Institute of Standards and Technology. Gaithersburg, MD, September.

Keough, R. J., and R. A. Grill. 2005. Federal Building and Fire Safety Investigation of the World
Trade Center Disaster: Fire Alarm Systems. NIST NCSTAR 1-4C. National Institute of Standards
and Technology. Gaithersburg, MD, September.

Ferreira, M. J., and S. M. Strege. 2005. Federal Building and Fire Safety Investigation of the
World Trade Center Disaster: Smoke Management Systems. NIST NCSTAR 1-4D. National
Institute of Standards and Technology. Gaithersburg, MD, September.

Gann, R. G., A. Hamins, K. B. McGrattan, G. W. Mulholland, H. E. Nelson, T. J. Ohlemiller,

W. M. Pitts, and K. R. Prasad. 2005. Federal Building and Fire Safety Investigation of the World Trade
Center Disaster: Reconstruction of the Fires in the World Trade Center Towers. NIST NCSTAR 1-5.
National Institute of Standards and Technology. Gaithersburg, MD, September.
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Pitts, W. M., K. M. Butler, and V. Junker. 2005. Federal Building and Fire Safety Investigation of
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September.
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EXECUTIVE SUMMARY

E.1l FIRE ALARM HISTORY AND APPLICATION

The application, performance, and use of fire alarms have changed over time through the development of
technology, and the public’s expectation for fire safe buildings. The goal of the early systems was to
enhance property protection through early notification of first responders to initiate human intervention
that would limit property damage. Although life saving acts were performed by first responders, the
intent of the first fire alarm systems was to summon first responders to the fire, not to notify building
occupants of an impending fire emergency.

It wasn’t until major studies published in 1962 by Mc Guire and Ruscoe and the Federal Fire Council
(“Needed—Protection for People™) that it was recognized that the majority of fire protection devices in
the market were devoted to property protection, not life safety enhancement. This realization has led to
the development of a more holistic approach to fire protection that includes the fire alarm as one of
numerous building systems involved in both occupant life safety and property protection.

The role played by a fire alarm system in the overall fire protection goals of a building is usually guided
by codes and standards adopted for the project, or enforced within the jurisdiction of the project. As an
interstate compact under the U.S. Constitution, the Port Authority was not subjected to any state or local
building codes. The Building Code of the City of New York (BCNYC) provides the criteria for the type,
location, and installation requirements for fire alarm protection within buildings in the City of New York.
The code has adopted sections, but not the full content of the National Fire Alarm Code and National
Electrical Code, as a Reference Standard (RS 17-3) for the installation of fire alarm systems. As in the
case of model building codes, the BCNYC has referenced specific editions of the supporting codes and
standards, such as the National Fire Alarm Code and National Electrical Code, which are not the most
current editions published. This is due to the fact that standards are constantly undergoing revision to
address new technologies and to incorporate issues identified during application of the standards. Also, a
code or standard that is in effect when a system is designed is usually applied to the system during its
existence, even if new codes or standards are developed or adopted by the authority having jurisdiction
during the time between when the project was approved and when it is completed. As such, the most
recent codes and standards are usually not applicable to a project due to the lag time between code or
standard development and its adoption by an authority having jurisdiction over any project.

E.2 WORLD TRADE CENTER (WTC) 1, 2, AND 7 FIRE ALARM
INTRODUCTION

The successful function and operation of a fire alarm system is dependent on its design, equipment,
installation, maintenance, and on its use during an emergency. The majority of the documentation of the
fire alarm systems in WTC 1 and WTC 2 were kept on the 81st floor of WTC 1, which served as the fire
alarm contractor’s office. This material was lost with the towers. Limited documentation maintained off-
site, along with information gained from personnel involved with the systems, allowed for the re-creation
of the system’s design development, intended functions, and installation architecture. Actual
documentation and personal experiences relevant to the systems function and use during the events of
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September 11, 2001 are sporadic in detail, with very limited documentation on the actual use or functional
interaction with the building occupants and other life safety systems.

The documentation and personal experiences relating to the WTC 7 system were limited, and only paint a
partial picture of its equipment and architecture. Maintenance documentation was available, showing that
the system was tested on a regular basis, but there was no documentation available on its design
development, installation, or use. The information on the performance of the fire alarm system on
September 11, 2001, is limited to a printout reporting of the systems alarm condition to an off-site
monitoring service.

E.3 NORMAL OPERATIONS AND FIRE EMERGENCY RESPONSE

The Port Authority of New York and New Jersey (PANYNJ or Port Authority) had a Fire Safety Plan for
WTC 1, 2, and 7 that provided direction for fire emergency response and was organized around a
hierarchy of staff associated with its implementation. At the top of this hierarchy was the WTC Fire
Safety Director. The Fire Safety Director oversaw fire emergency response until the arrival of The Fire
Department of the City of New York (FDNY or Fire Department), and was responsible for gathering all
necessary information for the Fire Department, which he/she relayed to the Chief upon his/her arrival. In
WTC 1 and WTC 2, subordinate to the Fire Safety Director was the Assistant Fire Safety Coordinator,
who was responsible for the availability and state of readiness of the Fire Brigade and the entire
Emergency Response Team (members of the WTC Division of the Port Authority Police, who receive
firefighting training and staff the WTC Fire Brigade). In WTC 7, the Fire Safety Director also performed
the functions of the Assistant Fire Safety Coordinator as identified above. WTC 7 also had a Fire Brigade
that the Fire Safety Director was responsible for organizing and training.

In addition to the WTC 1 and WTC 2 Assistant Fire Safety Coordinator, the towers had an Emergency
Response Team consisting of Deputy Fire Safety Directors, Lobby Deputy Fire Safety Directors, Floor
Wardens and Deputy Floor Wardens. Deputy Fire Safety Directors were responsible for performing the
duties of the Assistant Fire Safety Coordinator in his/her absence and staffing the Fire Command Station
for the purposes of executing the fire safety plan. At the end of the hierarchical chain for WTC 1, 2, and
7 were Floor Wardens and Deputy Floor Wardens, who were responsible for assessing conditions and
assisting in evacuation of floor occupants on their respective floors upon direction from the Fire Brigade
and/or Fire Command Station. Floor Wardens, Deputy Floor Wardens, and their alternates were
appointed tenants or employees of the WTC complex (SafirRosetti 2002; Kastner 1990; PANYNJ 2001).

Fire drills were conducted at WTC 1, 2, and 7 every six months under the direction of the Floor Warden
and Deputies of the Floor Warden. During the drills all employees, occupants, and visitors of the floor
where the drill was conducted were physically required to leave their office areas and evacuate to a
central hallway, near a stairwell. In addition, regular training exercises were conducted by the Port
Authority and the Fire Department, the designated lead authority responsible for command of fire
incidents at the WTC complex. The exercises oriented new staff to the building, its equipment and the
appropriate emergency response procedures and served as a reminder to existing staff in the Port
Authority and New York City Fire Department.

Fire inspections were performed annually in each tenant space to limit the risk of life and property loss
from fire. A written report was prepared for all fire inspections and was maintained by the Fire Safety
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Office. Any deficiencies or violations were noted in the report and forwarded to the appropriate person in
the tenant space for correction.

Upon discovery of fire or smoke, the Fire Safety Plan called for occupants to activate the nearest building
manual fire alarm station, typically at the intersecting corridor, and to notify the WTC police via
telephone. The Police Desk dispatched the Fire Brigade and verified transmission of the alarm to the
New York City Fire Department. The Fire Safety Director could also initiate evacuation from the area or
the entire building. In this situation, the fire alarm emergency voice communication system was activated
on the floors to be evacuated. It is important to note that the transmission of the alarms to the building
occupants in WTC 1 and WTC 2 was not automatic and required the Fire Safety Director’s initiation.
Tenant Fire Safety Procedures exercised during regular fire drills require that building occupants proceed
to the corridor areas to wait for verbal instructions provided over the fire alarm emergency voice
communication speakers.

E.4 ORIGINAL BUILDING FIRE ALARM SYSTEM

The WTC was designed in accordance with the New York City Building and Fire Prevention Codes of
1968, in effect at the time of the building’s construction. The Port Authority of New York and New
Jersey’s objective was to adhere to or exceed local code requirements whenever practical.

In addition to legislated building codes, the Port Authority relied on nationally recognized fire safety
standards published by the American National Standards Institute (ANSI) and the National Fire
Protection Association (NFPA), as well as internal protocols established with fire officials in the city.
Two noteworthy protocols included the “Protocol for Periodic Joint Port Authority/Fire Department of
New York Inspections of Port Authority New York City Facilities” of 1988 and the “WTC/FDNY Joint
Protocol for Inspectional Activity at the World Trade Center Complex” of 1986. The Port Authority
maintained a working relationship with the New York City Fire Department through these protocols that
allowed the Fire Department access for inspections and evaluation of life safety and fire protection
systems at the complex. The Fire Department was provided with the authority to issue advisory reports
resulting from their inspections, which the Port Authority could consider on a voluntary basis.

The fire alarm system originally installed within the WTC provided protection for the following facilities:

e WTC1
e WTC?2
e WTC4
e WTC5

e Concourse Level

e Sub-Grade Level
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The system integrated detectors and alarm devices from the various buildings, to be tied into a control
panel for that building or level. All control panels simultaneously annunciated alarms and troubles at the
Operations Control Center.

The system consisted of American Multiplex Remote Monitoring Transponders (RMT) on every third
floor, connected to the Digital Computer and Console in the Operations Control Center on the B-1
Sub-Grade Level. Transponders monitored Pyrotronics CR-7 Equipment connected to type DI-2, DI-3,
DI-4A, and DI-6 smoke detectors (non-addressable type), Pyrotronics System 3 panels, tenant proprietary
systems, waterflow switches, tamper switches, and control contacts.

Pryrotronics XL3 smoke detector systems, with addressable type detectors, were installed in the
mechanical equipment rooms of both WTC 1 and WTC 2 and connected via a CXL Communication
Device to a console in the Operations Control Center.

Manual Pull Stations were wired to an existing Executone system, which alarmed directly to the Fire
Department.

The Public Address Communication System with manually activated selection of floor was also located at
the Operations Control Center. Alarms from these systems were called in to the Fire Department,
manually, by the Port Authority Police on duty 24 hours a day at the Police Desk.

The American Multiplex Digital Computer and Console was a fire alarm and communication system
engineered and built specifically for the WTC. Although it was state-of-the-art at the time of
construction, fire protection technology had changed significantly in the decades since the original
installation. Performance based codes and standards had consolidated the fire detection, monitoring,
control, and communication systems that were originally separate systems into single integrated systems.
The Port Authority did upgrade the mechanical equipment room (MER) fire alarm protection with the
installation of a microprocessor controlled, addressable Pyrotronics XL3 system in each MER, which was
monitored by a CXL Command Center monitored in the Operations Control Center. The XL3 fire alarm
system was the predecessor to the Siemens Pyrotronics MXL-V system that was installed after the

1993 bombing.

E.5 POST-1993 FIRE ALARM

The magnitude, size, and scope of the WTC fire alarm retrofit project rivaled any effort performed by the
fire protection industry. It was estimated that over 10,000 initiating devices (smoke detectors, manual
pull stations, waterflow indicators, etc.), with 30,000 notification appliances (speakers and strobes),
supported by over 700,000 ft of conduit and 5 million ft of wire were installed in the WTC as part of the
fire alarm system retrofit project (PANYNJ 1998). Project development documentation found and
analyzed was focused on the system’s architecture and performance. No documentation was found that
indicated cost was a factor in obtaining the WTC’s fire protection goals.

Before the original fire alarm system operation was fully restored after the 1993 bombing, the Port
Authority Engineering Department began to explore the WTC’s fire detection and alarm system’s goals
and how to incorporate these goals into a replacement system. Based upon its findings, the PA
Engineering Department initiated a fire alarm retrofit project, which was developed from the following
objectives (PANYNJ 1998):
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1. Identify the type and extent of fire detection, communication, notification, and monitoring
capabilities required.

2. Select the fire alarm technology to support the size of the WTC complex (approximately
12,000,000 ft?), with the capability to interface with the existing fire alarm systems. All the
equipment was required to be New York City approved, and was required to be readily
available for initial purchase and spare parts.

3. Determine the size, type, and number of equipment, devices, and hardware needed for the fire
alarm infrastructure. Identify location and space for the infrastructure.

4. Determine how to interface the new system with the existing fire alarm systems and their
components.

5. Develop standards, guidelines, and specifications for the design of the retrofit fire alarm
system.

6. Develop standards, guidelines, and specifications for the installation of the fire alarm system.

7. Institute maintenance procedures to ensure the availability and performance of the fire alarm
system.

Although documentation of the decision-making processes or directives defining the WTC fire alarm
protection goals were not located, the overall design development, installation, and maintenance of the
system indicates that it was the intention of the Port Authority to meet or exceed all local code and
American with Disabilities Act requirements as interpreted by the Chief Engineer of the WTC. If the Port
Authority believed that it was in the best interest of the WTC and its tenants to vary from the code
requirements due to operations and/or other features of the fire alarm system, the Port Authority would
obtain agreement or approval from the Fire Department and/or The New York City Department of
Buildings (Department of Buildings) as per the Memorandum of Understanding signed between the Port
Authority and the Department of Buildings (Semah 1996).

E.6 SEPTEMBER 11, 2001 FIRE ALARM PERFORMANCE

The review of the WTC fire alarm system’s performance September 11, 2001, indicated that the systems
did work, but not all functionality survived the impacts of the airplanes. The analysis of the fire alarm
system’s performance has led to the following results:

e Remote monitoring of the WTC 7 fire alarm systems only provided a time and date of the
alarm condition (see Fig. 6-1). Large, addressable systems provide detailed information on
the type of alarm or fault condition, their location, and the date/time of the occurrence. The
analysis of the WTC fire alarm system would have benefited if the information commonly
processed within the protected property was also transmitted and stored off-site at the
location where the system was monitored.

e The WTC 1 and WTC 2 fire alarm systems required manual activation of the alarm signal to
notify building occupants. This signal was delayed by 12 min after the impact in WTC 1.
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Fire alarm systems have the capability and are usually configured to initiate an alarm signal
automatically upon alarm initiation. Means are available to notify building occupants at risk
automatically by an alarm signal upon activation of the fire alarm system.

There is a disparity in performance requirements for the different types of circuits common to
a fire alarm system. As an example, a Class A Style 7 Signaling Line Circuit will continue to
perform if the circuit experiences a short. A Class A Style Z Notification Appliance Circuit
will not perform if it experiences a short. A Signaling Line Circuit may be required to turn
on loudspeakers connected to a Notification Appliance Circuit. If an event were to cause a
short on both circuits, then the Signaling Line Circuit would be able to turn on Notification
Appliance Circuits serving the loudspeakers, but the Notification Appliance Circuits
providing the voice message or alarm tone to the speakers would not perform. Since the
primary intent is to broadcast from the loudspeakers through the Notification Appliance
Circuits, it would be appropriate for the Notification Appliance Circuits to have the same
performance requirements as the Signaling Line Circuits.

The disparity in circuit performance is also relevant to the floor warden and standpipe fireline
telephones. The fault tolerance performance standards for telephone communication circuits
are not as well defined as compared to other types of fire alarm circuits. This limits the
survivability characteristics of the telephone communication circuits in comparison to other
types of fire alarm circuits. Although manufacturers commonly provide some survivability
characteristics, there is not a standard requiring minimum circuit performance. As with the
Notification Appliance Circuits, a Signaling Line Circuit with robust survivability from
functional faults may be controlling the operation of a telephone circuit, which has minimal
survivability capabilities. If a f