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ABSTRACT 

This manual, Structural Fire Protection: Manual of Practice 
(Manual and Report# 78), is intended to provide a basis for the 
development of new standards for the calculation of the fire 
resistance of structural members. It provides information on 
current techniques and developments to improve fire safety in 
buildings. While it deals mainly with structural fire safety, related 
subjects are also discussed. The manual consists of two parts. 
The material in Part 1, which consists of three chapters, is mainly 
descriptive. Chapter 1 deals with various aspects related to 
structural fire protection, including building codes and the role 
of structural fire protection. Chapter 2 discusses the develop­
ment of fire in enclosures and the effect of fire on the behavior 
of concrete, steel, and wood, including the properties of these 
materials at elevated temperatures. Chapter 3 describes meth­
ods for the calculation of the fire resistance of various structural 
members. Part 2, which consists of Chapters 4 and 5, deals with 
the development of fire and the calculation of fire resistance using 
mathematical models, respectively. It is hoped that, in addition 
to providing a basis for new standards, this manual will also be 
useful to architects, engineers, building officials and students 
in any branch concerned with structural fire safety. 
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CIP 

The material presented in this publication has been pre­
pared in accordance with generally recognized engineering 
principles and practices, and is for general information only. 
This information should not be used without first securing 
competent advice with respect to its suitability for any general 
or specific application. 

The contents of this publication are not intended to be 
and should not be construed to be a standard of the American 
Society of Civil Engineers (ASCE) and are not intended for 
use as a reference in purchase specifications, contracts, reg­
ulations, statutes, or any other legal document. 

No reference made in this publication to any specific 
method, product, process, or service constitutes or implies 
an endorsement, recommendation, or warranty thereof by 
ASCE. 

ASCE makes no representation or warranty of any kind, 
whether express or implied, concerning the accuracy, com­
pleteness, suitability or utility of any information, apparatus, 
product, or process discussed in this publication, and 
assumes no liability therefor. 
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MANUALS AND REPORTS ON ENGINEERING PRACTICE 

(As developed by the ASCE Technical Procedures Commitee, July 1930, and 

revised March 1935, February 1962, 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 

everyday work, rather than the findings that may be useful only occasionally or 

rarely. It is not in any sense a "standard," however; 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 that Division or Council. As a step in the process of 

this review, proposed manuscripts 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 was compiled and indicates clearly the several processes through which 

it has passed in review, in order that its merit may be definitely understood. 

In February 1962 (and revised in April, 1982) the Board of Direction voted to 

establish: 

A series entitled '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 

reports of joint committees, bypassing of Jounral publications may be autho­

rized. 
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PREFACE 

Fire is the primary cause of loss of life and property in buildings in 
North America. Stimulated by conflagrations in many parts of the world, 
techniques to control or mitigate the effects of fire have been developed 
over the last two decades. Significant advances have been made in the 
development of knowledge of basic fire phenomena and fire dynamics 
in addition to the development of methods to protect buildings and 
their occupants against fire. Attention to techniques, materials, and 
details now enables the designer to confine a fire to only one part of 
a building, where a few years ago the entire building would have been 
lost. The ability to prevent spread of fire and to protect the building 
occupants does not automatically assure fire safety, however. Fire safety 
measures must be consciously incorporated into the design and con­
struction processes from the preliminary planning to the completion of 
the construction. 

While it is possible to improve considerably the fire safety design of 
buildings, there is a lack in attention on the part of architects and 
engineers to firesafety provisions (National Commission on Fire Pre­
vention and Control 1973). One of the reasons cited is the insufficient 
availability of training in professional education and practice, leading 
to lack of or low levels of awareness of the principles and applications 
of fire protection in buildings. Whereas training is given in numerous 
institutions in many areas of building design, and many books and 
manuals are available in these areas, this is not the case in the area of 
fire. 

The main objective of the Manual is to document selected data that 
over the years have been produced in the area of fire safety and to 
transfer this knowledge to the building design practitioner. Because the 
area of fire safety is very wide, mainly structural fire safety provisions 
and related subjects are discussed. 

A considerable amount of research has been carried out in the area 
of structural fire protection in recent years. The use of numerical tech­
niques has made it possible to develop mathematical models that sim­
ulate the behavior of various structural members in fire. A large number 
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of models that calculate the fire resistance of structural members now 
exists. Most of the models have been programmed for computer 
processing. 

Much data on the thermal and mechanical properties of various build­
ing materials at elevated temperatures have also been produced in 
recent years. Knowledge of these properties, which are used as input 
data for the computer programs, is essential to be able to predict the 
behavior of structural members during exposure to fire. Methods for 
estimating the expected severity of building fires and temperature-time 
relations that characterize the severity of these fires have also been 
developed. At present much information exists for the determination 
of the required fire protection for various structural members. 

In the Manual all the subjects mentioned above and several more are 
discussed. Although the Manual was written with the aim to provide 
a basis for the development of new standards for the calculation of fire 
resistance, it is hoped that it will also be used by architects, engineers, 
building officials, and students in any branch concerned with structural 
fire safety. 

T. T. Lie 
Principal Research Officer 
Institute for Research in Construction 
National Research Council of Canada 
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EXECUTIVE SUMMARY 

The writing of the Manual was initiated by the Committee on Fire 
Protection in the Structural Division of the American Society of Civil 
Engineers. It was written with the aim of providing information on 
current techniques and developments to improve fire safety in build­
ings. It deals mainly with structural fire safety, although related subjects 
are also discussed. 

The Manual consists of two parts: The objective of Part 1, consisting 
of Chapters 1-3, is to introduce the subject matter to the building design 
practitioner who has had no experience with fire other than in work 
with building codes. The material in this part is mainly descriptive. 

In Chapter 1, various aspects related to structural fire protection are 
discussed, including building codes, their background and purpose, 
and the role structural fire protection plays in building fire safety. 

Chapter 2 discusses the development of fire in enclosures and the 
effect of exposure to fire on common materials of construction, which 
includes concrete, steel, and wood. A large part of the chapter deals 
with the thermal and mechanical properties of these materials at ele­
vated temperatures. In order to understand and eventually predict the 
performance of structural members in a fire, knowledge of the material 
properties that determine the behavior of a member at elevated tem­
peratures is essential. A part of Chapter 2 deals with experimental 
evaluation of the fire resistance of structural members and describes 
the most common testing methods to determine the fire resistance of 
these members. 

Chapter 3 provides methods that will enable the determination of 
the fire resistance of various building elements with the aid of simplified 
formulas and rules. Also, references are given in which fire resistance 
ratings, obtained from test results, can be found for a large number of 
building elements. In addition, extension rules are given that will enable 
the interpretation of test or calculated results for conditions that differ 
from those in the test or calculation. The materials considered in this 
chapter are concrete, steel, and wood, eventually in combination with 
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