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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS
ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Documents”) should be aware that these documents may be
superseded at any time by the issuance of new editions or may be amended from time to time through the issuance of Tentative Interim Amendments.
An official NFPA Document at any point in time consists of the current edition of the document together with any Tentative Interim Amendments
and any Errata then in effect. In order to determine whether a given document is the current edition and whether it has been amended through the
issuance of Tentative Interim Amendments or corrected through the issuance of Errata, consult appropriate NFPA publications such as the National
Fire Codes® Subscription Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing Committee Projects shall not be
considered the official position of NFPA or any of its Committees and shall not be considered to be, nor be relied upon as, a Formal Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, or asserted in connection with an
NFPA Document. The users of NFPA Documents bear the sole responsibility for determining the validity of any such patent rights, as well as the risk
of infringement of such rights, and the NFPA disclaims liability for the infringement of any patent resulting from the use of or reliance on NFPA
Documents.

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of patents in American National
Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Document may require use of an invention covered by
patent rights. NFPA takes no position as to the validity of any such patent rights or as to whether such patent rights constitute or include essential
patent claims under the ANSI Patent Policy. If, in connection with the ANSI Patent Policy, a patent holder has filed a statement of willingness to
grant licenses under these rights on reasonable and nondiscriminatory terms and conditions to applicants desiring to obtain such a license, copies of
such filed statements can be obtained, on request, from NFPA. For further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Documents should consult applicable federal, state, and local laws and regulations. NFPA does not, by the publication of its
codes, standards, recommended practices, and guides, intend to urge action that is not in compliance with applicable laws, and these documents may
not be construed as doing so.

Copyrights

NFPA Documents are copyrighted by the NFPA. They are made available for a wide variety of both public and private uses. These include both
use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of safe practices and methods. By
making these documents available for use and adoption by public authorities and private users, the NFPA does not waive any rights in copyright to
these documents.

Use of NFPA Documents for regulatory purposes should be accomplished through adoption by reference. The term “adoption by reference”
means the citing of title, edition, and publishing information only. Any deletions, additions, and changes desired by the adopting authority should be
noted separately in the adopting instrument. In order to assist NFPA in following the uses made of its documents, adopting authorities are requested
to notify the NFPA (Attention: Secretary, Standards Council) in writing of such use. For technical assistance and questions concerning adoption of
NFPA Documents, contact NFPA at the address below.

For Further Information

All questions or other communications relating to NFPA Documents and all requests for information on NFPA procedures governing its codes
and standards development process, including information on the procedures for requesting Formal Interpretations, for proposing Tentative Interim
Amendments, and for proposing revisions to NFPA documents during regular revision cycles, should be sent to NFPA headquarters, addressed to the
attention of the Secretary, Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02169-7471; email: stds_admin@nfpa.org

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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Copyright © 2010 National Fire Protection Association®. All Rights Reserved.
NFPA® 502
Standard for

Road Tunnels, Bridges, and Other Limited Access Highways

2011 Edition

This edition of NFPA 502, Standard for Road Tunnels, Bridges, and Other Limited Access High-
ways, was prepared by the Technical Committee on Road Tunnel and Highway Fire Protec-
tion and acted on by NFPA at its June Association Technical Meeting held June 7-10, 2010, in
Las Vegas, NV. It was issued by the Standards Council on August 5, 2010, with an effective date
of August 25, 2010, and supersedes all previous editions.

This edition of NFPA 502 was approved as an American National Standard on August 25, 2010.

Origin and Development of NFPA 502

A tentative standard, NFPA 5027, Standard for Limited Access Highways, Tunnels, Bridges, and
Elevated Structures, was prepared by the Technical Committee on Motor Vehicle Fire Protec-
tion and was adopted by the National Fire Protection Association on May 16, 1972, at its
Annual Meeting in Philadelphia, PA. It was withdrawn in November 1975. In 1980, the com-
mittee rewrote the document as a recommended practice and included a chapter on air-right
structures. It was adopted at the 1981 NFPA Annual Meeting.

Minor revisions to Chapters 2 through 5, primarily to water supply and fire apparatus
requirements, were made in the 1987 edition.

The recommended practice was reconfirmed in 1992.

The 1996 edition incorporated a totally revised chapter on tunnels. Other revisions were
made to correlate the new material in tunnel and air-right structure requirements with exist-
ing chapters and to update NFPA 502 with respect to current technology and practices.

The 1998 edition was developed by a task group appointed by the chairman of the Tech-
nical Committee on Motor Vehicle and Highway Fire Protection.

With the planned revision from a recommended practice to a standard, the task group re-
viewed and completely revised all chapters of the document, with special emphasis on incorporat-
ing the lessons learned following completion of the full-scale fire ventilation test program at the
Memorial Tunnel in West Virginia. Specific to the Memorial Tunnel Fire Ventilation Test Pro-
gram, changes were made to Chapter 7, “Tunnel Ventilation During Fire Emergencies.” The title
of the standard was also changed to more accurately reflect the contents and to properly identify
the major focus of the standard. The previous title, Recommended Practice on Five Protection for Limited
Access Highways, Tunnels, Bridges, Elevated Roadways, and Air-Right Structures, was changed to Standard
Jfor Road Tunnels, Bridges, and Other Limited Access Highways.

The 2001 edition contained a significant editorial rewrite and reorganization of the document.

Technical changes regarding emergency communication, emergency egress and lighting
in tunnels, and tunnel ventilation were incorporated into the 2001 edition. Further changes
were made to clarify the application of the standard based on tunnel length.

The 2004 edition included new requirements for the protection of concrete and steel
tunnel structures, specific requirements for emergency lighting, and clarification of the travel
distance to emergency exits in tunnels. The 2004 edition also updated the vehicle tunnel fire
data in Annex A to more recent international research.

The 2008 edition added specific requirements for fire tests for tunnel structural elements
and included revisions that further clarified the categorization of road tunnels; revisions
regarding ventilation, tenable environment, and hazardous goods transport; and a revision of
the discussion topics in Annex E on fixed fire suppression systems.

The 2011 edition further develops performance-based design approaches for tunnels.
Table 7.2 has been updated to provide a more comprehensive review of the required systems
for tunnels based on tunnel category. Chapter 9 has been added to address the design of
water-based fire-fighting systems. Additional changes to the document include the addition of
system commissioning and periodic testing as well as updated annex material addressing
design factors for life safety and property protection.
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NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on fire prevention and
fire protection measures to reduce loss of life and property damage for road tunnels, air-right structures,
bridges, and limited access highways. Excluded from this scope is the protection for facilities for the storage,

repair, and parking of motor vehicles.
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ADMINISTRATION 502-5

NFPA 502
Standard for

Road Tunnels, Bridges, and Other Limited
Access Highways

2011 Edition

IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (®) between the paragraphs that
remain.

Areference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in mandatory sections of
the document are given in Chapter 2 and those for extracts in
informational sections are given in Annex M. Extracted text
may be edited for consistency and style and may include the
revision of internal paragraph references and other refer-
ences as appropriate. Requests for interpretations or revisions
of extracted text shall be sent to the technical committee re-
sponsible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex M.

Chapter 1 Administration

1.1 Scope.

1.1.1 This standard provides fire protection and fire life
safety requirements for limited access highways, road tunnels,
bridges, elevated highways, depressed highways, and roadways
that are located beneath air-right structures.

1.1.2 This standard establishes minimum requirements for
each of the identified facilities.

1.1.3 This standard does not apply to the following facilities:

(1) Parking garages

(2) Bus terminals

(3) Truck terminals

(4) Any other facility in which motor vehicles travel or are
parked

1.1.4 This standard is applicable where a facility, including
those specified in 1.1.3(1) through 1.1.3(4), is deemed appro-
priate by the authority having jurisdiction.

Full document details: NFPA 502 2011

1.2 Purpose. The purpose of this standard is to establish mini-
mum criteria that provide protection from fire and its related
hazards.

1.3 Application.

1.3.1* The provisions of this standard are necessary to provide
protection from loss of life and property from fire.

1.3.2 The authority having jurisdiction determines the appli-
cation of this standard to facility alterations and fire protec-
tion system upgrades.

1.3.3 The portion of this standard that covers emergency pro-
cedures applies to both new and existing facilities.

1.4 Retroactivity. The provisions of this standard reflect a con-
sensus of what is necessary to provide an acceptable degree of
protection from the hazards addressed in this standard at the
time the standard was issued.

1.4.1 Unless otherwise specified, the provisions of this standard
shall not apply to facilities, equipment, structures, or installations
that existed or were approved for construction or installation
prior to the effective date of the standard. Where specified, the
provisions of this standard shall be retroactive.

1.4.2 In those cases where the authority having jurisdiction
determines that the existing situation presents an unaccept-
able degree of risk, the authority having jurisdiction shall be
permitted to apply retroactively any portions of this standard
deemed appropriate.

1.4.3 The retroactive requirements of this standard shall be
permitted to be modified if their application clearly would be
impractical in the judgment of the authority having jurisdic-
tion, and only where it is clearly evident that a reasonable
degree of safety is provided.

1.5 Equivalency. Nothing in this standard is intended to pre-
vent the use of systems, methods, or devices of equivalent or
superior quality, strength, fire resistance, effectiveness, dura-
bility, and safety over those prescribed by this standard, pro-
vided sufficient technical data demonstrates that the applied
method material or device is equivalent to or superior to the
requirements of this standard with respect to fire performance
and safety.

1.5.1 Technical documentation shall be submitted to the au-
thority having jurisdiction to demonstrate equivalency.

1.5.2 The system, method, or device shall be approved for the
intended purpose.

1.5.3 Alternative methods or devices approved as equivalent
shall be recognized as being in compliance with this standard.

1.6 Units.

1.6.1* Metric units of measure in this standard are in accordance
with the modernized metric system known as the International
System of Units (SI). The liter unit (L), which is outside of but
recognized by SI, is commonly used in the international fire pro-
tection industry. The appropriate units and conversion factors
are specified in Table A.1.6.1.

1.6.2 If a value for measurement as provided in this standard
is followed by an equivalent value in other units, the first stated
value shall be regarded as the requirement. A given equivalent
value can be an approximation.
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Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 1, Fire Code, 2009 edition.

NFPA 10, Standard for Portable Fire Extinguishers, 2010 edition.

NFPA 11, Standard for Low-, Medium-, and High-Expansion
Foam, 2010 edition.

NFPA 13, Standard for the Installation of Sprinkler Systems, 2010
edition.

NFPA 14, Standard for the Installation of Standpipe and Hose
Systems, 2010 edition.

NFPA 15, Standard for Water Spray Fixed Systems for Fire Protec-
tion, 2007 edition.

NFPA 16, Standard for the Installation of Foam-Water Sprinkler
and Foam-Water Spray Systems, 2007 edition.

NFPA 18, Standard on Weiting Agents, 2011 edition.

NFPA 20, Standard for the Installation of Stationary Pumps for
Fire Protection, 2010 edition.

NFPA 22, Standard for Water Tanks for Private Fire Protection,
2008 edition.

NFPA 24, Standard for the Installation of Private Fire Service
Mains and Their Appurtenances, 2010 edition.

NFPA 25, Standard for the Inspection, Testing, and Maintenance
of Water-Based Fire Protection Systems, 2011 edition.

NEPA 70°, National Electrical Code®, 2011 edition.

NFPA 72°, National Fire Alarm and Signaling Code, 2010 edition.

NFPA 80, Standard for Fire Doors and Other Opening Protectives,
2010 edition.

NFPA 92A, Standard for Smoke-Control Systems Utilizing Barriers
and Pressure Differences, 2009 edition.

NFPA 101°, Life Safety Code®, 2009 edition.

NFPA 110, Standard for Emergency and Standby Power Systems,
2010 edition.

NFPA 111, Standard on Stored Electrical Energy Emergency and
Standby Power Systems, 2010 edition.

NFPA 241, Standard for Safeguarding Construction, Alteration,
and Demolition Operations, 2009 edition.

NFPA 262, Standard Method of Test for Flame Travel and Smoke
of Wires and Cables for Use in Air-Handling Spaces, 2007 edition.

NFPA 750, Standard on Water Mist Fire Protection Systems, 2010
edition.

NFPA 820, Standard for Fire Protection in Wastewater Treatment
and Collection Facilities, 2008 edition.

NFPA 1561, Standard on Emergency Services Incident Manage-
ment System, 2008 edition.

NFPA 1670, Standard on Operations and Training for Technical
Search and Rescue Incidents, 2009 edition.

NFPA 1963, Standard for Fire Hose Connections, 2009 edition.

2.3 Other Publications.

2.3.1 ASTM Publications. ASTM International, 100 Barr Har-
bor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

ASTM E 136, Standard Test Method for Behavior of Materials in
a Vertical Tube Furnace at 750°C, 2009.

2.3.2 FHWA Publications. = Federal Highway Administra-
tions, 1200 New Jersey Ave, SE, Washington, DC 20590

Manual on Uniform Traffic Control Devices, 2009 edition.
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2.3.3 IEEE Publications. Institute of Electrical and Electron-
ics Engineers, Three Park Avenue, 17th Floor, New York, NY
10016-5997.

FT 4/IEEE 1202, Standard for Flame-Propagation Testing of
Wire and Cable, 2006 Edition.

2.3.4 Military Specifications. Department of Defense Single
Stock Point, Document Automation and Production Service,
Building 4/D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

MIL-C-24643, General Specification for Cable and Cords, Electri-
cal, Low Smoke, for Shipboard Use, 1996.

2.3.5 OSHA Publications. Occupational Safety and Health
Administration, 200 Constitution Avenue, NW, Washington,
DC 20210

Code of Federal Regulations Standard 1910.146, Permit
Required Confined Spaces.

2.3.6 UL Publications. Underwriters Laboratories Inc.,
333 Pfingsten Road, Northbrook, IL 60062-2096.

ANSI/UL 1685, Standard Vertical Cable Tray Propagation and
Smoke Release Test for Electrical and Optical Fiber Cables, 2007, Re-
vised December 2007.

ANSI/UL Subject 1724, Outline of Investigation for Fire Tests
Jor Electrical Circuit Protective Systems, 2006.

ANSI/UL 2196, Standard for Safety for Tests for Fire Resistive
Cables, 2001, Revised December 2006.

2.3.7 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.

Efectis-R0695, Fire Testing Procedure for Concrete Tunnel
Linings, 2008.

2.4 References for Extracts in Mandatory Sections.

NFPA 10, Standard for Portable Fire Extinguishers, 2010 edition.

NEPA 70°, National Electrical Code®, 2011 edition.

NFPA 402, Guide for Aircraft Rescue and Fire-Fighting Opera-
tions, 2008 edition.

NFPA 1561, Standard on Emergency Services Incident Manage-
ment System, 2008 edition.

NFPA 1901, Standard for Automotive Fire Apparatus, 2009 edi-
tion.

NFPA 5000, Building Construction and Safety Code®, 2009
edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall
be defined using their ordinarily accepted meanings within
the context in which they are used. Merriam-Webster’s Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2*% Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.
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3.2.3 Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an
organization that is acceptable to the authority having juris-
diction and concerned with product evaluation, that main-
tains periodic inspection of production of labeled equip-
ment or materials, and by whose labeling the manufacturer
indicates compliance with appropriate standards or perfor-
mance in a specified manner.

3.2.4% Listed. Equipment, materials, or services included in
a list published by an organization that is acceptable to the
authority having jurisdiction and concerned with evalua-
tion of products or services, that maintains periodic inspec-
tion of production of listed equipment or materials or peri-
odic evaluation of services, and whose listing states that
either the equipment, material, or service meets appropri-
ate designated standards or has been tested and found suit-
able for a specified purpose.

3.2.5 Shall. Indicates a mandatory requirement.

3.2.6 Should. Indicates a recommendation or that which is
advised but not required.

3.2.7 Standard. A document, the main text of which con-
tains only mandatory provisions using the word “shall” to
indicate requirements and which is in a form generally suit-
able for mandatory reference by another standard or code
or for adoption into law. Nonmandatory provisions shall be
located in an appendix or annex, footnote, or fine-print
note and are not to be considered a part of the require-
ments of a standard.

3.3 General Definitions.

3.3.1 Agency. The organization legally established and au-
thorized to operate a facility.

3.3.2 Alteration. For road tunnels, bridges, and limited ac-
cess highways, a modification, replacement, or other physical
change to an existing facility.

3.3.3 Alternative Fuel. A motor vehicle fuel other than gaso-
line and diesel.

3.3.4 Ancillary Facility(ies). A structure(s) usually used to
house or contain operating, maintenance, or support equip-
ment and functions.

3.3.5* Backlayering. The reversal of movement of smoke and
hot gases counter to the direction of the ventilation airflow.

3.3.6 Bridge. A structure spanning and providing a highway
across an obstacle such as a waterway, railroad, or another
highway.

3.3.7% Building. Any structure used or intended for support-
ing or sheltering any use or occupancy.

3.3.8 Cable Tray System. A unit or assembly of units or sec-
tions and associated fittings forming a structural system used
to securely fasten or support cables and raceways. [70, 392.2]

3.3.9 Combustible. Capable of undergoing combustion.

3.3.10 Command Post (CP). The location at the scene of an
emergency where the incident commander is located and
where command, coordination, control, and communications

are centralized. [402, 2008]

3.3.11 Commissioning. A systematic process that provides
documented confirmation that specific and interconnected
fire protection, life safety, and emergency systems function ac-
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cording to the intended design criteria set forth in the project
documents and satisfy the owner’s operational needs, includ-
ing compliance requirements of any laws, regulations, codes,
and standards requiring fire protection, life safety, and emer-
gency systems.

3.3.12 Critical Velocity. The minimum steady-state velocity of
the ventilation airflow moving toward the fire, within a tunnel
or passageway, that is required to prevent backlayering at the
fire site.

3.3.13 Deluge System. An open fixed fire suppression system
activated either manually or automatically.

3.3.14 Dry Standpipe. A standpipe system designed to have
piping contain water only when the system is being utilized.

3.3.15 Dynamic Vehicle Envelope. The space within the tun-
nel roadway that is allocated for maximum vehicle movement.

3.3.16 Emergency Communications. For road tunnels, bridges,
and limited access highways, radio, telephone, and messaging
throughout the facility. Emergency communications, where re-
quired, shall be by the installation of outdoor-type telephone
boxes, coded alarm telegraph stations, radio transmitters, or
other approved devices.

3.3.17 Emergency Exits. Portal or “exit,” including egress stairs
or egress corridors leading to an area outside of the tunnel; or
cross-passages leading to an adjacent nonincident tunnel.

3.3.18 Emergency Response Plan. A plan developed by an
agency, with the cooperation of all participating agencies, that
details specific actions to be performed by all personnel who
are expected to respond during an emergency.

3.3.19* Engineering Analysis. An analysis that evaluates all fac-
tors that affect the fire safety of a facility or a component of a
facility.

3.3.20 Equivalency. An alternate means of providing an equal
or greater level of safety than that afforded by strict conformance
to prescribed codes and standards.

3.3.21 Facility. Alimited access highway, road tunnel, bridge,
or elevated highway.

3.3.22 Fire Apparatus. A vehicle designed to be used under
emergency conditions to transport personnel and equipment,
and to support the suppression of fires and mitigation of other
hazardous situations. [1901, 2009]

3.3.23 Fire Department Connection. A connection through
which the fire department can pump supplemental water
into the sprinkler system, standpipe, or other system, fur-
nishing water for fire extinguishment to supplement exist-
ing water supplies.

3.3.24 Fire Emergency. The existence of, or threat of, fire or
the development of smoke or fumes, or any combination
thereof, that demands immediate action to correct or alleviate
the condition or situation.

3.3.25 Fire Growth Rate. Rate of change of the fire’s heat re-
lease.

3.3.26 Fire Heat Release Rate. The rate at which heat energy is
generated by burning expressed as Btu/sec or megawatts (MW).

3.3.27 Fire Smoke Release Rate. Rate of smoke release for a
given fire scenario expressed as a function of time.
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3.3.28 Fire Suppression. The application of an extinguishing
agent to a fire at a level such that open flaming is arrested;
however, a deep-seated fire will require additional steps to as-
sure total extinguishment.

3.3.29* Fixed Water-Based Fire-Fighting System. A system per-
manently attached to the tunnel that is able to spread a water-
based extinguishing agent in all or part of the tunnel.

3.3.30 Highway. Any paved facility on which motor vehicles
travel.

3.3.30.1% Depressed Highway. An uncovered, below-grade
highway or boat section where walls rise to the grade surface
and where emergency response access is usually limited.

3.3.30.2 Elevated Highway. A highway that is constructed
on a structure that is above the surface but that does not
cross over an obstacle as in the case of a bridge.

3.3.30.3% Length of Bridge or Elevated Highway. The linear
distance measured along the centerline of a bridge or el-
evated highway structure from abutment to abutment.

3.3.30.4 Limited Access Highway. A highway where prefer-
ence is given to through-traffic by providing access connec-
tions that use only selected public roads and by prohibiting
crossings at grade and at direct private driveways.

3.3.31 Hose Connection. A combination of equipment pro-
vided for the connection of a hose to a standpipe system that
includes a hose valve with a threaded outlet.

3.3.32 Hose Valve. The valve to an individual hose connection.

3.3.33 Incident Commander. The individual in overall com-
mand of an emergency incident. [1561, 2008]

3.3.34 Length of Tunnel. The length from face of portal to
face of portal that is measured using the centerline alignment
along the tunnel roadway.

3.3.35 Mandatory Requirement. A requirement prefaced by
the word “shall” within the standard.

3.3.35.1 Conditionally Mandatory Requirement. A require-
ment thatis based on the results of an engineering analysis.

3.3.35.2 Nonmandatory Requirement. Arequirement that is
not prefaced by the word “shall” and most likely contained
in an annex, a footnote, or fine-print note of the standard.

3.3.36 Motorist. A motor vehicle occupant, including the
driver and passenger(s).

3.3.37* Noncombustible Material. A material that, in the form
in which it is used and under the conditions anticipated, will
not ignite, burn, support combustion, or release flammable
vapors when subjected to a fire or heat. Materials that are re-
ported as passing ASTM E 136, Standard Test Method for Behavior
of Materials in a Vertical Tube Furnace at 750°C, or other equiva-
lent standards shall be considered noncombustible materials.

3.3.38 Operations Control Center. A dedicated operations
center where the agency controls and coordinates the facility
operations and from which communication is maintained
with the agency’s supervisory and operating personnel and
with participating agencies where required.

3.3.39 Participating Agency. A public, quasi-public, or private
agency that has agreed to cooperate with and assist the author-
ity during an emergency.
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3.3.40* Point of Safety. For road tunnels, bridges, and limited
access highways, an exit enclosure that leads to a public way or
safe location outside the structure, or an at-grade point be-
yond any enclosing structure, or another area that affords ad-
equate protection for motorists.

3.3.41 Portable Fire Extinguisher. A portable device, carried
or on wheels and operated by hand, containing an extinguish-
ing agent that can be expelled under pressure for the purpose
of suppressing or extinguishing fire. [10, 2010]

3.3.42 Portal. The interface between a tunnel and the atmo-
sphere through which vehicles pass; a connection point to an
adjacent facility.

3.3.43 Queue. Aline of stored vehicles.

3.3.44 Raceway. An enclosed channel of metal or nonmetal-
lic materials designed expressly for holding wires, cables, or
busbars, with additional functions as permitted in NFPA 70.
Raceways include, but are not limited to, rigid metal conduit,
rigid nonmetallic conduit, intermediate metal conduit, lig-
uidtight flexible conduit, flexible metallic tubing, flexible
metal conduit, electrical nonmetallic tubing, electrical metal-
lic tubing, underfloor raceways, cellular concrete floor race-
ways, cellular metal floor raceways, surface raceways, wireways,
and busways. [70, 2011]

3.3.45 Rijkswaterstaat (RWS). The fire test procedure and
time/temperature curve described in report, Efectis-R0695,
2008.

3.3.46 Road Tunnel. An enclosed roadway for motor vehicle
traffic with vehicle access that is limited to portals.

3.3.47 Roadway. The volume of space that is located above
the pavement surface through which motor vehicles travel.

3.3.48 Self-Rescue. People leaving the hazardous area or
dangerous situation without any professional (fire fighters,
rescue personnel, etc.) help.

3.3.49 Structure. Thatwhich is built or constructed and limited
to buildings and non-building structures as defined herein.
[5000, 2009]

3.3.49.1% Air-Right Structure. A structure other than a sky-
walk bridge that is built over a roadway using the roadway’s
air rights. [5000, 2009]

3.3.50 Tenable Environment. In a road tunnel, an environ-
ment that permits evacuation or rescue, or both, of occupants
for a specific period of time.

Chapter 4 General Requirements

4.1% Characteristics of Fire Protection. The level of fire pro-
tection necessary for the entire facility shall be achieved by
implementing the requirements of this standard for each sub-
system.

4.2 Safeguards During Construction. During the course of
construction or alteration of any facility addressed in this stan-
dard, the provisions of NFPA 241 shall apply.

4.3 Fire Protection and Fire Life Safety Factors. The require-
ments under this standard for life safety and those required to
achieve structural protection differ. The requirements for en-
suring human safety during the evacuation and rescue phases
are substantially different from the requirements to protect
the structural components of the facility.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/nfpa-502-2011
http://www.avadocuments.com/doc/nfpa-502-2011

BRIDGES AND ELEVATED HIGHWAYS 502-9

4.3.1 Regardless of length of the facility, as a minimum, the
following factors shall be fully considered as part of an engi-
neering analysis of the fire protection and life safety require-
ments for the facilities covered by this standard for the protec-
tion of life in the facility:

(1) Users of the facility

(2) Restricted vehicle access and egress

(3) Fire emergencies ranging from minor incidents to major
catastrophes

(4) Fire emergencies occurring at one or more locations in-
side or in close proximity to the facility

(5) Fire emergencies occurring in remote locations at a long
distance from emergency response facilities

(6) Exposure of emergency systems and structures to elevated
temperatures

(7) Traffic congestion and control during emergencies

(8) Built-in fire protection features, such as the following:

(a) Fire alarm and detection systems

(b) Standpipe systems

(c) Water-based fire-fighting systems

(d) Ventilation systems

(e) Emergency communications systems

(9) Facility components, including emergency systems
(10) Evacuation and rescue requirements
(11) Emergency response time
(12) Emergency vehicle access points
(13) Emergency communications to appropriate agencies
(14) Vehicles and property being transported
(15) Facility location, such as urban or rural (risk level and re-
sponse capacity)
(16) Physical dimensions, including roadway profile
(17) Natural factors, including prevailing wind
(18) Anticipated cargo
(19) Impact to buildings or landmarks near the facility

4.3.2* Limited Access Highways. Fire protection for limited ac-
cess highways shall comply with the requirements of Chapter 5.

4.3.3 Bridges and Elevated Highways. Fire protection for
bridges and elevated highways shall comply with the require-
ments of Chapter 6.

4.3.4* Depressed Highways. Standpipe systems or fire extin-
guishers, or both, shall be installed on depressed highways where
physical factors prevent or impede access to the water supply or
fire apparatus.

4.3.5% Road Tunnels. Fire protection for road tunnels shall
comply with the requirements of Chapter 7.

4.3.6* Roadway Beneath Air-Right Structures. Fire protection
for roadways that are located beneath air-right structures shall
comply with the requirements of Chapter 8.

4.3.7* Ancillary Facilities. All related ancillary facilities that sup-
port the operation of limited access highways, depressed high-
ways, bridges and elevated highways, and road tunnels shall be
protected as required by all applicable NFPA standards and appli-
cable building codes except as modified in this standard.

4.4 Emergency Response Plan.

4.4.1 A designated authority shall carry out a complete and
coordinated program of fire protection that shall include writ-
ten preplanned emergency response procedures and standard
operating procedures.

4.4.2 Emergency traffic-control procedures shall be estab-
lished to regulate traffic during an emergency.
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4.4.3 Emergency procedures and the development of an emer-
gency response plan shall be completed in accordance with the
requirements of Chapter 13.

4.5 Emergency Communications. Emergency communica-
tions, where required by the authority having jurisdiction, shall
be provided by the installation of outdoor-type telephone boxes,
coded alarm telegraph stations, radio transmitters, or other ap-
proved devices that meet the following requirements:

(1) They shall be made conspicuous by means of indicating
lights or other approved markers.

(2) They shall be identified by a readily visible number plate
or other approved device.

(3) They shall be posted with instructions for use by motorists.

(4) They shall be located in approved locations so that motor-
ists can park vehicles clear of the travel lanes.

(5) Emergency communication devices shall be protected
from physical damage from vehicle impact.

(6) Emergency communication devices shall be connected to
an approved constantly attended location.

4.6 Signage. Signs, mile markers, or other approved location
reference markers shall be installed along the highway to al-
low motorists to provide authorities with accurate locations for
accident or emergency areas.

4.7 Commissioning.

4.7.1 The agency shall require the development of a commis-
sioning plan to facilitate the verification of the operational
readiness of all installed fire protection, life safety, and emer-
gency systems required by this standard, other applicable
NFPA standards, and as required within the basis of design
(BOD) for construction.

4.7.2 The commissioning plan shall be reviewed and ap-
proved by the AH] where required.

4.7.3 The commissioning plan shall document the proce-
dures to be used for the testing of the specific individual fire
protection, life safety, and emergency systems, including pro-
cedures and requirements to verify operational readiness of
integrated and/or interconnected fire protection, life safety,
and emergency systems.

Chapter 5 Limited Access Highways
5.1 General. This chapter shall provide fire protection re-
quirements for limited access highways.
5.2* Fire Apparatus.

5.2.1 Arrangements for the response of nearby fire compa-
nies and emergency squads shall be made a part of the emer-
gency response planning process.

5.2.2 Where a means of access that allows outside aid compa-
nies to enter the facility is provided, procedures for using such
access shall be included in the emergency response plan.

5.2.3 Precautions shall be taken at the points of entry to alert
and control traffic to allow emergency equipment to enter safely.

5.3* Fire Hydrants. (Reserved)
Chapter 6 Bridges and Elevated Highways

6.1* General.

6.1.1 This chapter shall provide fire protection requirements
for bridges and elevated highways.
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6.1.2 Bridges or elevated highways and spaces below bridges
and elevated highways that are fully enclosed and meet the
definition of a tunnel and the tunnel length requirements of
Section 7.2 shall meet the requirements of Chapter 7.

6.2% Application. For the purpose of this standard, bridge or
elevated highway length shall dictate the minimum fire pro-
tection requirements.

6.2.1 For bridges or elevated highways less than 300 m (1000 ft)
in length, the provisions of this standard shall not apply.

6.2.2 Where a bridge or elevated highway does not fully en-
close the roadway on both sides, the decision to consideritasa
road tunnel shall be made by the AHJ after an engineering
analysis in accordance with 4.3.1.

6.2.3 In rural areas, Sections 6.4 and 6.7 of this standard shall
not apply.
6.3 Protection of Structural Elements.

6.3.1 Regardless of bridge or elevated highway length, all pri-
mary structural elements shall be protected in accordance
with this standard in order to:

(1) Maintain life safety

(2) Mitigate structural damage and prevent progressive struc-
tural collapse

(3) Minimize economic impact

6.3.2 Critical structural members shall be protected from col-
lision and high-temperature exposure that can result in dan-
gerous weakening or complete collapse of the bridge or el-
evated highway.

6.3.3 For through truss and suspension bridges or elevated
highways, an engineering analysis shall be prepared to deter-
mine acceptable risk, including possible collapse scenarios.

6.4 Incident Detection.
6.4.1 Manual Fire Alarm Boxes.

6.4.1.1 Where the length of a bridge or elevated highway
exceeds 3.2 km (2 miles), a manual fire alarm box shall be
mounted in a NEMA Enclosure Type 4X or equivalent box at
intervals of not more than 1.0 km (0.6 mile).

6.4.1.2 The location of the manual fire alarm boxes shall be
approved by the AHJ.

6.4.1.3 The alarm shall indicate the location of the manual
fire alarm box at the monitoring station.

6.4.1.4 The system shall be installed, inspected, and main-
tained in compliance with NFPA 72.

6.4.2 Closed-Circuit Television (CCTV) Systems.

6.4.2.1 Where the length of a bridge or elevated highway
exceeds 300 m (1000 ft), a CCTV system shall be installed on
the bridge.

6.4.2.2 The CCTV system shall be capable of viewing the entire
length of the bridge or elevated highway from a single monitor-
ing station using multiple cameras and camera locations.

6.5 Traffic Control.

6.5.1 Traffic control procedures shall be established so that
vehicles either stop or proceed with caution.
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6.5.2 Traffic shall not be permitted to block or otherwise in-
terfere with response of emergency and fire equipment. Traf-
fic incident management shall be in conformance with Chap-
ter 61 of the Manual on Uniform Traffic Control Devices, latest
edition.

6.6 Standpipe, Fire Hydrants, and Water Supply.

6.6.1% Applicability. Where the length of a bridge or elevated
highway exceeds 300 m (1000 ft), a horizontal standpipe sys-
tem shall be installed on the structure in accordance with the
requirements of Chapter 9.

6.6.2 Where the transverse width of a bridge or elevated high-
way exceeds 30 m (100 ft), or the travel direction lanes are
physically separated by a barrier, and the structure meets the
requirements of 6.6.1 above, the standpipe system shall be in-
stalled on each side of the bridge or elevated highway.

6.7 Portable Fire Extinguishers.

6.7.1 Where the length of a bridge or elevated highway exceeds
3.2 km (2 miles), a portable fire extinguisher, with a rating of
2-A:20-B:C mounted in an NFPA 10—compliant cabinet, shall be
installed at intervals of not more than 1.0 km (0.6 mile). No por-
table extinguisher shall be placed within 0.6 km (0.4 mile) of the
end of the bridge or elevated highway.

6.7.2 To facilitate safe use by the public, the maximum weight
of each extinguisher shall be 9 kg (20 1b).

6.7.3 Portable fire extinguishers shall be selected, installed,
inspected, and maintained in accordance with NFPA 10.

6.7.4 The location of the portable fire extinguishers shall be
approved by the AH]J.

6.8 Drainage.

6.8.1 On bridges and elevated highways, drainage systems to
channel and collect spilled hazardous or flammable liquids
shall be designed to drain areas that cannot cause additional
hazards.

6.8.2 Expansion joints shall be designed to prevent spillage
to the area below the bridge or elevated highway.

6.8.3 Bridges or elevated highways with combustible expan-
sion joint or bearing system material, vulnerable to a spill of
flammable liquids, shall have a roadway surface drainage sys-
tem capable of intercepting a spill.

6.9 Hazardous Locations. Confined spaces meeting the defi-
nition of NFPA 1670 shall be labeled in accordance with CFR
1910.146.

6.10 Control of Hazardous Materials. Control of hazardous
materials shall be in accordance with the requirements of
Chapter 14.

Chapter 7 Road Tunnels

7.1* General.

7.1.1 This chapter shall provide fire protection and life safety
requirements for road tunnels.

7.1.2* In the design and operation of the tunnel, the interde-
pendence of measures primarily intended to protect the struc-
tural elements of tunnels from the effects of fires, and those
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below and summarized in Table 7.2, to assist the search for
requirements listed elsewhere in this standard:

measures primarily intended to ensure the protection of life,
shall be considered.

7.2% Application. For the purpose of this standard, factors de-
scribed in 4.3.1 shall dictate fire protection and fire life safety
requirements. The minimum fire protection and fire life
safety requirements, based on tunnel length, are categorized

(1) Category X — Where tunnel length is less than 90 m
(300 ft), traffic control systems shall be installed in accor-
dance with the requirements of Section 7.6.

Table 7.2 Road Tunnel Fire Protection Reference

Tunnel Categories

NFPA 502 X A B C D

Fire Protection Systems Sections [See 7.2(1).] [See 7.2(2).]  [See 7.2(3).]  [See 7.2(4).] [See 7.2(5).]
Fire Detection
Detection, identification, and location of fire

in tunnel 7.4 CMR CMR MR MR MR
Manual fire alarm boxes 7.4.1.2 CMR CMR MR MR MR
CCTV systems 7.4.1.1 CMR CMR CMR CMR CMR
Automatic fire detection systems 7.4.1.4 CMR CMR CMR CMR CMR
Fire alarm control panel 7.4.2 CMR CMR MR MR MR
Communications Systems
Radio 7.5 CMR CMR MR MR MR
Telephone 7.4.5 CMR CMR MR MR MR
Traffic Control
Stop traffic approaching tunnel portal 7.6.1 MR MR MR MR MR
Stop traffic from entering tunnel’s direct

approaches 7.6.2 — — MR MR MR
Fire Protection
Fire apparatus® 7.7 NMR NMR NMR NMR NMR
Fire standpipe 7.7 CMR MR MR MR MR
Water supply 9.2 CMR MR MR MR MR
Fire department connections 9.3 CMR MR MR MR MR
Hose connection 9.4 CMR MR MR MR MR
Fire pumps” 9.5 CMR CMR CMR CMR CMR
Portable fire extinguishers 7.8 CMR CMR MR MR MR
Water-based fire-fighting system® 7.9 NMR NMR NMR NMR CMR
Emergency ventilation system* 7.10 CMR CMR CMR CMR MR
Tunnel drainage system® 7.11 CMR CMR MR MR MR
Hydrocarbon detector 7.11.7 CMR CMR MR MR MR
Means of Egress
Emergency egress 7.14.1.1 CMR CMR MR MR MR
Exit identification 7.14.1.2 CMR CMR MR MR MR
Tenable environment 7.14.2/7.14.4.3 CMR CMR MR MR MR
Emergency exits (includes cross-passageways)“ 7.14.6 CMR CMR CMR MR MR
Electrical Systems
General 11.1 CMR CMR MR MR MR
Emergency power 11.4 CMR CMR MR MR MR
Emergency lighting 11.6 CMR CMR MR MR MR
Exit signs 11.6.8 CMR CMR MR MR MR
Security plan 11.7 CMR CMR MR MR MR
Emergency Response Plan

| Emergency response plan 12.3 MR MR MR MR MR

MR: Mandatory requirement. CMR: Conditionally mandatory requirement. NMR: Nonmandatory requirement.
Note: The purpose of Table 7.2 is to provide assistance in locating road tunnel fire protection requirements
contained within this standard. If there is any conflict between the requirements defined in the standard text
and this table, the standard text shall always govern.
“Not mandatory to be at tunnel; however, they must be near to minimize response time.

"If required, must follow Section 9.5.
If installed, must follow Section 7.9.

9Section 10.1 allows engineering analysis to determine requirements.

“Emergency exit spacing must be supported by an egress analysis.
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(2) Category A — Where tunnel length is 90 m (300 ft) or
greater, standpipe systems and traffic control systems shall
be installed in accordance with the requirements of Chapter
11, Section 7.6, and Chapter 12, respectively.

(8) Category B— Where tunnel length equals or exceeds 240 m
(800 ft) and where the maximum distance from any point
within the tunnel to a point of safety exceeds 120 m (400 ft),
all provisions of this standard shall apply, unless noted other-
wise in this document.

(4) Category C— Where the tunnel length equals or exceeds
300 m (1000 ft), all provisions of this standard shall apply
unless noted otherwise in this document.

(5) Category D — Where the tunnel length equals or exceeds
1000 m (3280 ft), all provisions of this standard shall apply.

7.3 Protection of Structural Elements.

7.3.1 Regardless of tunnel length, acceptable means shall be
included within the design of the tunnel to protect all primary
structural concrete and steel elements in accordance with this
standard in order to:

(1) Mitigate structural damage and prevent progressive struc-
tural collapse
(2) Minimize economic impact due to tunnel closure

7.3.2* The structure shall be capable of withstanding the Rijk-
swaterstaat (RWS) time-temperature curve or other recog-
nized standard time-temperature curve that is acceptable to
the AH]J following an engineering analysis.

7.3.3 During a 120-minute period of fire exposure, the fol-
lowing failure criteria shall be satisfied:

(1) *Tunnels with concrete structural elements shall be designed
or protected such that explosive spalling is prevented.

(2) Steel or cast iron tunnel linings shall be protected such that
the lining temperature shall not exceed 300°C (572°F).

7.3.4 Structural fire protection material, where provided,
shall satisfy the following performance criteria:

(1) Tunnels with cast in situ concrete structural elements pro-
tected such that:

(a) The temperature of the concrete surface does not ex-
ceed 380°C (716°F).

(b) The temperature of the steel reinforcement within
the concrete [assuming a minimum cover of 25 mm
(1 in.)] does not exceed 250°C (482°F).

(2) The material shall be noncombustible in accordance with
ASTM E 136 or equivalent internationally recognized stan-
dard.

(3) The material shall have a minimum melting temperature
of 1350°C (2462°F).

(4) The material shall meet the fire protection requirements
with less than 5 percent humidity by weight and also when
fully saturated with water, in accordance with the ap-
proved time—temperature curve.

7.4 Fire Alarm and Detection.

7.4.1 Tunnels described in categories B, C, and D shall have
at least one manual means of identifying and locating a fire in
accordance with the requirements of 7.4.1.3. Tunnels de-
scribed in categories B, C, and D without 24-hour supervision
shall have an automatic fire detection system in accordance
with 7.4.1.4.
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7.4.1.1* Closed-circuit television (CCTV) systems with traffic-
flow indication devices or surveillance cameras shall be permit-
ted for use to identify and locate fires in tunnels with 24-hour
supervision.

7.4.1.2 Ancillary spaces within tunnels defined in categories
B, C, and D (such as pump stations and utility rooms) and
other areas shall be supervised by automatic fire alarm systems
in accordance with 7.4.1.4.

7.4.1.3 Manual Fire Alarm Boxes.

7.4.1.3.1 Manual fire alarm boxes mounted in NEMA Enclo-
sure Type 4 (IP 65) or equivalent boxes shall be installed at inter-
vals of not more than 90 m (300 ft) and at all cross-passages and
means of egress from the tunnel.

7.4.1.3.2 The manual fire alarm boxes shall be accessible to
the public and the tunnel personnel.

7.4.1.3.3 The location of the manual fire alarm boxes shall be
approved.

7.4.1.3.4 The alarm shall indicate the location of the manual
fire alarm boxes at the monitoring station.

7.4.1.3.5 The system shall be installed, inspected, and main-
tained in compliance with NFPA 72.

7.4.1.4 Automatic Fire Detection Systems.

7.4.1.4.1* Automatic fire detection systems shall be installed
in accordance with NFPA 72 and approved by the AH]J.

7.4.1.4.2 Where a fire detection system is installed in accor-
dance with the requirements of 7.4.1.4.1, signals for the pur-
pose of evacuation and relocation of occupants shall not be
required.

7.4.1.4.3 The performance of automatic fire detection sys-
tems shall include details of the fire signature required to ini-
tiate the alarm.

7.4.1.4.4 Automatic fire detection systems shall be capable of
identifying the location of the fire within 15 m (50 ft).

7.4.1.4.5 Spot detectors shall have a light that remains on
until the device is reset.

7.4.1.4.6 Automatic fire detection systems within a tunnel
shall be zoned to correspond with the tunnel ventilation zones
where tunnel ventilation is provided.

7.4.2 Fire Alarm Control Panel. An approved fire alarm con-
trol panel (FACP) shall be installed, inspected, and main-
tained in accordance with NFPA 72.

7.5* Emergency Communications Systems.

7.5.1 In new and existing tunnels and ancillary structures,
wherever necessary for dependable and reliable communica-
tions, a separate radio network capable of two-way radio com-
munication for fire department personnel to the fire depart-
ment communication center shall be provided.

7.5.2 A radio network shall be comprised of base transmit-
ters, repeaters and receivers, antennas, mobile transmitters
and receivers, portable transmitters and receivers, and ancil-
lary equipment.

7.6 Tunnel Closure and Traffic Control.

7.6.1 All road tunnels, as defined by this standard, shall be
provided with a means to stop approaching traffic.
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7.6.2 Road tunnels longer than 240 m (800 ft) shall be provided
with means to stop traffic from entering the direct approaches to
the tunnel, to control traffic within the tunnel, and to clear traffic
downstream of the fire site following activation of a fire alarm
within the tunnel. The following requirements shall apply:

(1) Direct approaches to the tunnel shall be closed following
activation of a fire alarm within the tunnel. Approaches
shall be closed in such a manner that responding emer-
gency vehicles are not impeded in transit to the fire site.

(2) Traffic within the tunnel approaching (upstream of) the
fire site shall be stopped prior to the fire site until it is safe
to proceed as determined by the incident commander.

(3)*Means shall be provided downstream of an incident site to
expedite the flow of vehicles from the tunnel. Where it is not
possible to provide such means, under all traffic conditions,
the tunnel shall be protected by a fixed fire-fighting system
or other suitable means to establish a tenable environment
to permit safe evacuation and emergency services access.

(4) Operation shall be returned to normal as determined by
the incident commander.

7.7 Fire Apparatus. Annex K provides additional information
on fire apparatus for road tunnels.

7.8 Standpipe, Fire Hydrants, and Water Supply. Standpipe,
fire hydrants, and water supply systems in road tunnels shall be
provided in accordance with the requirements of Chapter 10.

7.9% Portable Fire Extinguishers.

7.9.1 Portable fire extinguishers, with a rating of 2-A:20-B:C,
shall be located along the roadway in approved wall cabinets at
intervals of not more than 90 m (300 ft).

7.9.2 To facilitate safe use by motorists, the maximum weight
of each extinguisher shall be 9 kg (20 1b).

7.9.3 Portable fire extinguishers shall be selected, installed,
inspected, and maintained in accordance with NFPA 10.

7.10 Water-Based Fire-Fighting Systems. See Chapter 10.

7.11 Emergency Ventilation. Tunnel ventilation systems em-
ployed during fire emergencies shall comply with the require-
ments of Chapter 11.

7.12* Tunnel Drainage System.

7.12.1* A drainage system shall be provided in tunnels to col-
lect, store, or discharge effluent from the tunnel, or to per-
form a combination of these functions.

7.12.2 The drainage collection system shall be designed so
that spills of hazardous or flammable liquids cannot spread or
cause flame propagation. The system shall intercept tunnel
roadway drainage from an arrangement of side gutter catch
basins or other drain inlets, such that the length of surface
drain path from any potential spill point to the drain inlet is
minimized.

7.12.3 Components of the drainage conveyance and collec-
tion system, including the main drain lines, shall be noncom-
bustible (e.g., steel, ductile iron, or concrete).

7.12.4 Polyvinyl chloride (PVC), fiberglass pipe, or other
combustible material shall not be permitted.

7.12.5* The drainage conveyance and collection system shall
have sufficient capacity to receive, as a minimum, the rate of
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flow from all design roadway sources without causing flooding
of the roadway.

7.12.5.1 The minimum design flow rate shall include, where
applicable, the design spill rate for fuel or other hazardous lig-
uids, the standpipe system discharge rate, any fixed fire-fighting
system discharge rate, environmental sources (rain, snow, etc.),
tunnel washing, and any other catchments sharing the tunnel
drainage system piping.

7.12.5.2 Where the tunnel roadway drainage system dis-
charges by gravity or by pumped discharge, it shall be provided
with a separator sufficient for the design spill rate for the haz-
ardous liquids and with adequate storage capacity.

7.12.6 Hazardous Locations.

7.12.6.1 Storage tanks and wet wells and service chambers of
pump stations shall be classified for hazardous locations in
accordance with NFFPA 70 and NFPA 820.

7.12.6.2 All motors, starters, level controllers, system con-
trols, and other miscellaneous electrical equipment, such as
components of the lighting system in the pump station, shall
conform to the requirements of the hazard classification.

7.12.7 Hydrocarbon Detection.

7.12.7.1 Storage tanks and pump stations shall be monitored
for hydrocarbons.

7.12.7.2 Detection of hydrocarbons in the tunnel drainage
effluent shall initiate both a local and a remote alarm.

7.13 Alternative Fuels. Annex G provides additional informa-
tion on alternative fuels.

7.14 Control of Hazardous Materials. Control of hazardous
materials shall comply with the requirements of Chapter 14.

7.14.1* Fire size, growth rate, and smoke generated shall be
permitted to be reduced where a design analysis can show that
the pool size of the combustible or flammable liquid can be
limited by proper design of the roadway cross slope, the road-
way grade, the drainage inlets, and the drainage conveyance
pipe or trough.

7.14.1.1 Iffire is to be controlled by drainage method(s), this
shall be coordinated with tunnel drainage in accordance with
Section 7.12.

7.15 Means of Egress.
7.15.1 General.

7.15.1.1* The means of egress requirements for all road tun-
nels and those roadways beneath air-right structures that the
authority having jurisdiction determines are similar to a road
tunnel shall be in accordance with NFPA 101, Chapter 7, ex-
cept as modified by this standard.

7.15.1.2% Reflective or lighted directional signs indicating the
distance to the two nearest emergency exits shall be provided
on the side walls at distances of no more than 25 m (82 ft).

7.15.2* Tenable Environment. A tenable environment shall be
provided in the means of egress during the evacuation phase
in accordance with the emergency response plan for a specific
incident.

7.15.3 Maintenance. The means of egress shall be main-
tained in accordance with NFPA 1.
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7.15.4 Walking Surfaces.

7.15.4.1 The walking surfaces of the emergency exits, cross-
passageways, and walkways shall be slip resistant.

7.15.4.2 Changes in elevation, ramps, and stairs shall meet
o the requirements of Chapter 7 of NFPA 101.

7.15.5 Doors.

7.15.5.1 Doors to the emergency exits shall open in the direc-
tion of exit travel.

7.15.5.2 Horizontal sliding doors shall have a sign identifying
them as horizontal sliding doors and indicating the direction
to open.

7.15.5.3 Horizontal sliding doors shall be permitted in cross-
passageways.

7.15.5.4 Cross-passage doors and exit doors immediately ad-
jacent to the roadway shall be 1%2-hour-rated doors tested in
accordance with Section 7.3 and shall be installed in accor-
dance with NFPA 80.

7.15.5.5 The force required to open the doors fully when
applied to the latch side shall be as low as possible, but shall
not exceed 222 N (50 1b).

7.15.5.6 Doors and hardware shall be designed to withstand
positive and negative pressures created by passing vehicles.

7.15.6 Emergency Exits.

7.15.6.1 Emergency exits shall be provided throughout the tun-
nel. The primary purpose of emergency exits is to minimize ex-
posure of the evacuating vehicle occupants to an untenable envi-
ronment. The second purpose of emergency exits is to provide
emergency response access and minimize response time.

7.15.6.2* Spacing between exits for protection of tunnel occu-
pants shall not exceed 300 m (1000 ft). Required spacing shall
be determined by consideration of the following factors:

(1) Category, including types and classes of tunnels

(2) Design fire size and fire/smoke development

(8) Egress analysis

(4) Fire life safety systems analyses to provide tenable environ-
ment in tunnel in accordance with 7.15.2. This includes
type and operation of tunnel ventilation, detection, fire
protection, and control systems

(5) Traffic management system

(6) Emergency response plan

(7) Consideration of uncertainties of people’s behavior dur-
ing a fire event and of those who are unable to self-rescue

7.15.6.3* Egress Pathway.

7.15.6.3.1 The tunnel roadway surface, when supported by a
traffic management system, shall be considered as a part of the
egress pathway.

7.15.6.3.2 Where walkways are provided for egress purposes,
the walkway egress path shall have a minimum clear width of
1.12 m (3.6 ft), lead directly to an emergency exit, and be
protected from traffic.

7.15.6.4 The emergency “exits” shall be separated from the
tunnel by a minimum of a 2-hour fire-rated construction en-
closure having a Class A interior finish as defined in NFPA 101.

7.15.6.5 Emergency “exits” shall be pressurized in accordance
with NFPA 92A with doors meeting the requirements of 7.15.5.

7.15.6.6 Where portals of the tunnel are below surface grade,
surface grade shall be made accessible by a stair, vehicle ramp,
or pedestrian ramp.
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7.15.6.7 Where cross-passageways are used as an emergency
exit, provisions shall be included that stop all traffic operation
in the adjacent tunnel.

7.15.7 Cross-Passageways.

7.15.7.1 Where tunnels are divided by a minimum of 2-hour
fire-rated construction or where tunnels are in twin bores,
cross-passageways between the tunnels shall be permitted to
be utilized in lieu of emergency exits.

7.15.7.2 The following requirements shall be met:

(1) Cross-passageways shall not be farther than 200 m (656 ft)
apart.

(2) An emergency egress walkway with a minimum clear width
of 1.12 m (3.6 ft) shall be provided on each side of the cross-
passageways.

(a) Walkways shall be protected from oncoming traffic by
either a curb, a change in elevation, or a barrier.

(b) Walkways shall be continuous the entire length of the
tunnel, terminating at surface grade.

(c) Raised walkways in tunnels shall have guards in accor-
dance with NFPA 101.

(d) Intermediate rails shall not be required for walkway
guards.

(3) Where portals of the tunnel are below surface grade, surface
grade shall be made accessible by a stair, vehicle ramp, or
pedestrian ramp.

7.15.8 Acceptance Test.

7.15.8.1 Acceptance tests for fire alarm and detection systems
shall be performed in accordance with NFPA 72 or other
equivalent international standards, including performance re-
quirements specified in the basis of design.

7.15.8.2 Acceptance tests for standpipe systems shall be per-
formed in accordance with NFPA 14 or other equivalent inter-
national standards and performance specified in Chapter 10.

7.15.8.3 Acceptance tests for water-based fire-fighting systems
shall be performed in accordance with NFPA 11, NFPA 13,
NFPA 15, NFPA 16, NFPA 18, and NFPA 750 or other equiva-
lent international standards as applicable to the system(s) in-
stalled, including performance requirements specified in the
basis of design.

7.15.8.4 Acceptance tests for fire hydrants, water mains, and
water supply systems shall be performed in accordance with
NFPA 22, NFPA 24, or other equivalent international standards
as applicable to the system (s) installed and performance speci-
fied in Chapter 10.

7.15.8.5 Acceptance tests for emergency ventilation systems
shall be performed in accordance with the basis of design cri-
teria, equipment manufacturers’ specifications, agreed-upon
methods acceptable to the authority having jurisdiction, and
performance requirements specified in Chapter 11.

7.15.8.6 Acceptance tests for electrical systems (emergency
power, emergency lighting, exit signs, etc.) shall be performed
in accordance with NIPA 70, NFPA 110, basis of design criteria,
equipment manufacturers’ specifications, and performance
requirements specified in Chapter 12.

7.15.8.7 Acceptance tests for communication systems and
traffic control systems shall be performed in accordance with
the basis of design, equipment manufacturers’ specifications,
and agreed-upon methods acceptable to the authority having
Jjurisdiction.
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Chapter 8 Roadways Beneath Air-Right Structures

8.1% General. This chapter shall provide fire protection and
life safety requirements for roadways where a structure is built
using the air rights above the road.

8.2 Application. Where required by the authority having juris-
diction, the requirements of Chapter 4 shall apply.

8.2.1 The limits that an airright structure imposes on the
emergency accessibility and function of the roadway that is
located beneath the structure shall be assessed.

8.2.2 Where an airright structure encloses both sides of a
roadway, it shall be considered a road tunnel for fire protec-
tion purposes and shall comply with the requirements of
Chapter 7.

8.2.3 Where an airright structure does not fully enclose the
roadway on both sides, the decision to consider it as a road
tunnel shall be made by the authority having jurisdiction after
an engineering analysis in accordance with 4.3.1.

8.3 Traffic Control.

8.3.1 Where the roadway beneath an airright structure is
considered a road tunnel, the traffic-control requirements of
Section 7.6 shall apply.

8.3.2 The traffic-control system shall be interlocked with the
fire alarm system in such a manner that the control system can
be operated from either a remote source or from either end of
the roadway that passes beneath the air-right structure.

8.4 Protection of Structure.

8.4.1 All structural elements that support air-right structures
over roadways and all components that provide separation be-
tween air-right structures and roadways shall have a minimum
2-hour fire resistance rating in accordance with Section 7.3.

8.4.1.1* An engineering analysis shall be prepared to deter-
mine acceptable risk to include possible collapse scenarios of
the air-right structure(s).

8.4.2 Structural members shall be protected from physical
damage from vehicle impact. An inspection and repair pro-
gram shall be kept in force to monitor and maintain the struc-
ture and its protection.

8.4.3 Maintenance of the structure shall be considered in the
design.

8.4.4 Structural support elements shall not be within the dy-
namic vehicle envelope.

8.4.5 Buildings that are located above roadways shall be de-
signed with consideration of the roadway below an air-right struc-
ture as a potential source of heat, smoke, and vehicle emissions.

8.4.6 The structural elements shall be designed to shield the
airright structure and its inhabitants from these potential haz-
ards.

8.4.7 The design of the air-right structure shall neither increase
risk nor create any risk to those who use the roadway below.

8.5 Emergency Ventilation.

8.5.1 Chapter 11 shall apply where ventilation during a fire
emergency within the roadway beneath an air-right structure
is required by Section 7.2.
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8.5.2 The prevention or minimization of adverse effects on
airright structures and their occupants from fire products
such as heat, smoke, and toxic gases shall be considered in the
design of the ventilation system.

8.6 Drainage System. Where required by the authority having
jurisdiction, a drainage system that is designed in accordance
with the requirements of Section 7.12 shall be provided for
roadways beneath air-right structures.

8.7 Control of Hazardous Materials. Control of hazardous
materials shall comply with the requirements of Chapter 14.

8.8 Emergency Response Plan.

8.8.1 Where an airright structure includes a building or fa-
cility, a mutual emergency response plan shall be developed
among the operator of the airright structure, the operator of
the roadway, and the local authority having jurisdiction so
that, during an emergency in either the airright structure or
the roadway, the safety of the motorists using the roadway and
of the occupants of the air-right structure is enhanced.

8.8.2 Emergency response procedures and the development
of emergency response plans shall comply with the require-
ments of Chapter 13.

8.9 Standpipe, Fire Hydrants, and Water Supply. Where the
roadway beneath airright structure length is 90 m (300 ft) or
greater, fire hydrants, standpipe, and water supply systems shall
be provided in accordance with the requirements of Chapter 10.

8.10 Acceptance Test.

8.10.1 Acceptance tests for standpipe systems shall be per-
formed in accordance with NFPA 14 or other equivalent inter-
national standards and performance specified in Chapter 10.

8.10.2 Acceptance tests for fire hydrants, water mains, and
water supply systems shall be performed in accordance with
NFPA 22, NFPA 24, or other equivalent international standards
as applicable to the system(s) installed and performance speci-
fied in Chapter 10.

8.10.3 Acceptance tests for emergency ventilation systems
shall be performed in accordance with the basis of design cri-
teria, equipment manufacturers’ specifications, agreed-upon
methods acceptable to the authority having jurisdiction, and
performance requirements specified in Chapter 11.

8.10.4 Acceptance tests for communication systems and traffic
control systems shall be performed in accordance with the basis
of design, equipment manufacturers’ specification, and agreed-
upon methods acceptable to the authority having jurisdiction.

Chapter 9 Water-Based Fire-Fighting Systems

9.1* General.

9.1.1 Water-based fire-fighting systems shall be permitted in
road tunnels as part of an integrated approach to the manage-
ment of fire and life safety.

9.1.2 When water-based fire-fighting systems are installed in
road tunnels, the fixed water-based fire-fighting system shall
be installed, inspected, and maintained in accordance with
NFPA 11, NFPA 13, NFPA 15, NFPA 16, NFPA 18, NFPA 25, and
NFPA 750 or other equivalent international standards.
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