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MANUALS AND REPORTS ON
ENGINEERING PRACTICE

(As developed by the ASCE Technical Procedures Committee, July 1930,
and revised March 1935, February 1962, and April 1982)

A manual or report in this series consists of an orderly presentation of
facts on a particular subject, supplemented by an analysis of limitations
and applications of these facts. It contains information useful to the average
engineer in his or her everyday work, rather than findings that may be
useful only occasionally or rarely. It is not in any sense a “standard,” how-
ever; nor is it so elementary or so conclusive as to provide a “rule of thumb”
for nonengineers.

Furthermore, material in this series, in distinction from a paper (which
expresses only one person’s observations or opinions), is the work of a
committee or group selected to assemble and express information on a
specific topic. As often as practicable the committee is under the direction
of one or more of the Technical Divisions and Councils, and the product
evolved has been subjected to review by the Executive Committee of the
Division or Council. As a step in the process of this review, proposed man-
uscripts are often brought before the members of the Technical Divisions
and Councils for comment, which may serve as the basis for improvement.
When published, each work shows the names of the committees by which
it was compiled and indicates clearly the several processes through which
it has passed in review, so that its merit may be definitely understood.

In February 1962 (and revised in April 1982), the Board of Direction
voted to establish a series titled “Manuals and Reports on Engineering
Practice,” to include the Manuals published and authorized to date, future
Manuals of Professional Practice, and Reports on Engineering Practice. All
such Manual or Report material of the Society would have been refereed
in a manner approved by the Board Committee on Publications and would
be bound, with applicable discussion, in books similar to past Manuals.
Numbering would be consecutive and would be a continuation of present
Manual numbers. In some cases of joint committee reports, bypassing of
Journal publications may be authorized.

A list of available Manuals of Practice can be found at http://www.asce.org
/bookstore.
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PREFACE

Uncontrolled fire within a contemporary building is an extraordinary
event that can have severe consequences. When structural systems are
heated by fire, they experience thermal effects that are not contemplated
by conventional structural engineering design. Since the early 20th century,
building codes have primarily adopted standard fire resistance design.
This design option is based on furnace testing of isolated structural com-
ponents and relies almost exclusively on insulation for structural fire pro-
tection. Using this approach, designers select qualified assemblies from
available listings to meet prescribed levels of fire resistance. As an alterna-
tive approach, structural fire engineering design explicitly evaluates the
performance of structural systems under fire exposure, in a similar manner
as other design loads are treated in structural engineering practice.

The 2016 edition of ASCE/SEI 7 (Minimum Design Loads and Associated
Criteria for Buildings and Other Structures) includes a new Chapter 1, Section
1.3.7, “Fire Resistance.” In addition to being the first time that fire resis-
tance has ever been addressed in this standard, this section is intended to
commence a new industry-consensus standard of care for structural
fire protection. The default option is for the designer to strictly adhere to
the requirements and restrictions of standard fire resistance design per the
applicable building code without exception or extrapolation. As an alterna-
tive, ASCE/SEI 7-16 permits the designer to adopt a structural fire engi-
neering approach as constituted in the standard’s new Appendix E,
“Performance-Based Design Procedures for Fire Effects on Structures.”
Notably, the inclusion of Appendix E in ASCE/SEI 7 marks the first time
that fire effects are considered as an explicit design load in a U.S. structural
engineering standard.

The main objective of the manual is to provide best practices when a
structural fire engineering design approach is adopted, as permitted by
ASCE/SEI 7 Chapter 1, Section 1.3.7, and as constituted in Appendix E.
Because standard fire resistance design does not contemplate structural

ix
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system performance or explicit performance objectives, there is no practical
method for a designer to quantitatively compare the level of safety pro-
vided by a structural fire engineering design to that provided by a standard
fire resistance design. Furthermore, it is not reasonable to require that a
structural fire engineering design be “equivalent” to a standard fire resis-
tance design, which does not provide any affirmative quantification of
structural system performance under fire exposure. Hence, the best prac-
tices described in this manual for successful implementation of a structural
fire engineering design are intended to stand independently from accep-
tance criteria in standard fire resistance design. Although the manual was
written with the aim of providing best practices for engineers, it is hoped
that it will also be useful to architects, building officials, and academics
concerned with performance-based design for structural fire safety. Also,
the combination of ASCE/SEI 7 Appendix E, this manual, and other related
standards should advance structural fire engineering design as a distinct
discipline within structural engineering.

Kevin J. LaMalva, P.E.
Structural Fire Engineer
Simpson Gumpertz & Heger Inc.
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CHAPTER 1
INTRODUCTION AND KEY TERMINOLOGY

1.1 OVERVIEW

Heating and subsequent cooling of structural systems during fire
exposure causes thermal load effects and nonlinear responses in struc-
tures, as well as temperature-dependent changes in material properties.
Fire effects from restrained thermal expansion or contraction (if occurring)
may result in significant loads and bending moments on members and
connections. Reduced material stiffness and strength, and any other irre-
versible effects from fire exposure, may also result in large member deflec-
tions and deformations.

Fire protection of buildings may be achieved through the use of active
and/or passive systems. Automatic fire sprinkler systems are commonly
used for active fire protection. Fire sprinklers have demonstrated to be effec-
tive to control or extinguish fires during their early stages of growth approxi-
mately 85% to 90% of the time, where the fire was large enough to activate
the sprinkler system and the sprinklers were present in the area of the
fire (Ahrens 2017). Otherwise, fire sprinkler systems have failed to control
the fire. The frequency of major building fires is relatively low because of
(1) the small probability of ignition and the small probability of a fire reaching
flashover, (2) occupant or fire department intervention, and/or (3) automatic
sprinkler system control of the fire before it becomes fully developed. How-
ever, certain events (e.g., terrorism, arson, fires in multiple areas simultane-
ously, poor system maintenance, inadequate system design, building under
construction, and so forth) may result in uncontrolled fires that are structur-
ally significant. In these rare cases, the structural system may reach elevated
temperatures for a significant time.
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