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Foreword

This publication contains papers presented at the Symposium on Applica-
tion of Fire Science to Fire Engineering, held in Denver, CO, on 26-27 June
1984. Sponsors of the event were ASTM Committee E-S on Fire Standards and
the Society of Fire Protection Engineers. The event was organized by Subcom-
mittee E-5.32 on Research. T. Z. Harmathy of the National Research Council
of Canada served as symposium chairman and as the editor of this publication.

The editor wishes to thank all those who contributed to the success of the
symposium: members of Task Group No. 9 of ASTM Subcommittee E-5.32
and staff members of the Society of Fire Protection Engineers who helped in
organizational matters; the authors of the papers with months or even years of
hard work behind their presentations; ASTM staff who provided administra-
tive support and monitored the reviewing of the papers; and, of course, the 72
referees who accepted the thankless but important task of reviewing the papers.
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Introduction

The symposium on which this book was based was the eleventh in a series
arranged by Committee E-5 on Fire Standards during the past 25 years. Of
the previous ten symposia, four dealt with miscellaneous topics related to fire
tests and product performance in fire tests. The other six were devoted to
special topics, such as moisture in materials in relation to fire tests, restraint,
smoke, ignition, heat release, noncombustibility, design of buildings for fire
safety, fire risk assessment, and behavior of polymeric materials in fire.

The Denver symposium differed from the previous symposia in that it
looked beyond the problem of testing and product performance. The papers
were planned to present a rounded and comprehensive review of the status of
fire science and technology.

Some may ask why ASTM should be interested in topics not specifically
related to standards and the standards writing process. The answer is that
ASTM is a society strongly committed to progress, and progress means
searching for solutions not attainable by the application of standard perfor-
mance tests.

Every test method reflects a level of understanding with respect to the prod-
uct performance. Experience and the evolution of scientific knowledge are
constantly at work to invalidate some existing test methods and to render oth-
ers superfluous.

In spite of progress, standard fire tests will, for some time to come, yield
much of the information needed in fire safety design. It is very important,
therefore, that all those involved in the development of test standards be fully
aware of the nature and limitations of these standards and be ready to alter or
even discard them if science proves them to be inadequate. As fire science
probes more deeply into the mechanism of fire phenomena, it comes to light
that some of the existing fire test methods were built on precarious founda-
tions. No wonder; they were designed to solve practical problems in an age
when those problems were not fully understood.

Unfortunately, altering the test standards is not an easy task. There is usu-
ally stiff resistance to any change, partly by the users of the test results and
partly by the industry. Having acquired familiarity with the interpretation of
the results, the users often find it difficult to adjust to changes reflecting a
new level of understanding. And some segments of the industry are also less
than enthusiastic. Having tests conducted is a major investment for them in
the interests of the marketability of their products, and there is always a
chance that the suggested changes in the test standard may lead to a loss of

1



2 FIRE SAFETY: SCIENCE AND ENGINEERING

their market share. To minimize the burden that the changes might bring to
the users and manufacturers, it is accepted generally that the updating of old
test standards should not be so excessive as to invalidate the majority of avail-
able test results. Where major changes are required, the most painless route,
it would seem, is to discard the old test procedure and either replace it with
another less expensive procedure or allow the use of theoretical methods of
performance assessment.

Fire science has come of age during the past 30 years. Although it cannot
solve all fire safety problems, it can at least give guidance in the updating of
old test standards and in the writing of new performance standards.

Task Group No. 2 of Subcomittee E-5.32 has undertaken the responsibility
of scrutinizing all existing fire test standards in the light of available knowl-
edge and making suggestions as to their improvement or replacement. An-
other task group, Task Group No. 7, has developed nine criteria for good
performance tests, to be applied to new test methods. Among them are:

1. A test standard must address a well-defined component of the potential
for harm.

2. Those tests that are expensive and time-consuming must be sufficiently
fundamental, so that their principal features can be described analytically or
by numerical follow-up techniques.

3. The set of prescribed test conditions must, even if in an idealized way,
simulate those prevailing in real-world fires with overwhelming frequency. If
no single set of test conditions can be regarded as overwhelmingly important,
the product must be tested for a range of conditions.

Clearly, it is no longer possible to write performance standards without a
thorough understanding of product behavior. Of course, the ultimate goal of
fire science is to eliminate the need for performance tests, in other words to
make it possible for the fire safety features of buildings to be designed on
scientific considerations, supported by test data on basic material properties.
The advantage of performance tests to yield early solutions without an insight
into product behavior wears off with time as basic research catches up with
developments. Inevitably, a stage will be reached when it will be more practi-
cal to derive solutions to all but a handful of problems directly from basic
knowledge rather than from performance tests. Judging from the progress of
fire science during the past 30 years, we have good reason to believe that that
stage will be reached not too far in the future. The papers presented at the
Denver symposium no doubt will contribute significantly to the preparation
of the scientific foundations of fire protection engineering.

T. Z. Harmathy

Fire Research Section, Division of Building
Research, National Research Council of
Canada, Ottawa, Canada; symposium
chairman and editor.
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The Potential of Scientifically Based
Fire Protection Engineering?

REFERENCE: Nelson, H. E., “The Potential of Scientifically Based Fire Protection En-
gineering?” Fire Safety: Science and Engineering. ASTM STP 882, T. Z. Harmathy, Ed.,
American Society for Testing and Materials, Philadelphia, 1985, pp. 3-7,

ABSTRACT: Fire science advances of recent years are now creating a state of knowledge
that permits the emergence of a scientifically based fire protection engineering technol-
ogy. It is proposed that a clear overview of an effective engineering approach is apparent
and to at least an initial degree supported by engineering capabilities. A conceptual
mode! of the elements of an analytical method is provided along with a list of references
that present procedures for calculating the impact of each element. Test methods need to
provide the data required to execute the calculation procedure.

KEY WORDS: engineering, fire safety. fire protection engineering, mathematical meth-
ods, technology. technology transfer

I will discuss the inviting potential in fire protection engineering. I am par-
ticularly optimistic about the developing capabilities for competent engineer-
ing approaches to hazard and risk appraisals. The challenge lies in the need
for test methods that analytically measure technically valid fire performance
parameters useful in engineering analysis.

I believe that there is an emerging scientifically based fire protection engi-
neering technology awaiting those who will make the effort to acquire it. I also
believe that such a technology is critically needed to bridge the communica-
tion gap between the science and testing community and the applied world of
building regulation, design, and operation.

Historically, at least until the past decade, fire research was largely empiri-
cal and much of fire testing was abstract and definable only in terms of the
testing apparatus used. While empirical research has resulted in some major
impacts on methods that have been applied to fire safety, these impacts have

!Head, Fire Safety Performance, National Bureau of Standards, Center for Fire Research,
Washington, DC 20234.
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been sporadic. Conversely, many test procedures have become dominant
forces unto themselves without a base in science.

Three or four decades ago this combination of empirical research, surro-
gate test values, and validation by experience was sufficient. Most buildings
were inherently massive and highly compartmented. Wood and paper were
the prime combustibles of concern. The rate of change in building technology
was slow, and the cumulative history of how buildings reacted when exposed
to fire or other stress was a reasonable prediction of future expectations. Our
current system of consensus code and test standards arose in that atmo-
sphere.

The code and its companion standard and test system was designed to ad-
dress not just fire safety but rather the total scope of public health and safety.
Wherever credible technology existed, it was incorporated. But when it was
not available, committee consensus judgment was used. In the case of fire
safety, technology input has been a minor influence; judgment has been the
dominant force. The result is a rigid set of requirements and a regulatory
system that has difficulty in accommodating to new materials, new designs,
and new expectations on both cost and safety. Until recently it was not the
practice of consensus bodies to record their objectives or expectations when
setting requirements. Even today only a few bodies, such as ASTM, include
any type of commentary as part of their official output. Usually the value and
intent of code-type requirements are not apparent.

Virtually every code has an equivalency clause that permits alternative ap-
proaches provided equal performance can be achieved. It is, however, diffi-
cult to demonstrate the required equivalency when the factors which need to
be considered are established by consensus. As a result, the code document
rather than its original purpose frequently becomes the objective. Expertise
becomes entombed in relating fixed requirements to building materials and
systems. Sometimes the ability to test and measure a parameter rather than
the importance of that parameter determines the requirement. Under this
concept, innovation, rational design, and cost control have frequently been
constrained and frustrated.

Over the past several decades, however, a relatively small but fortunately
persistant group of research scientists and engineers have labored in laborato-
ries and universities around the world. They have dedicated their efforts to
determining the basic principles of unwanted fire, to measuring the variables
involved, and (in recent years) to developing coordinated engineering ap-
proaches to predict the course of fire, the response of fire safety features, and
the resulting impact on people, property, and productive missions. As a
result, there is a progressively emerging fire protection engineering technol-
ogy that can potentially be used to evaluate the fire safety performance of a
building or structure that differs widely from the current prescriptions of the
code. It will also provide an assessment of the impact of a code requirement as
it applies to a specific building or set of circumstances.

With the current state of knowledge and data, it is now possible to make at
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feast a first order quantitative engineering evaluation of fire development and
impact from the moment of ignition to the final determination of the results
of the fire.

Such an engineering approach can be the basis for individual building
analysis or for the appraisal of the generalized requirements for regulatory
purposes. Also, by combining engineering technology with a probabilistic
evaluation of the liklihood of events and conditions, significant advances can
be made in the technology of fire risk analysis.

In order to assemble this emerging technology in a useful fashion, a con-
ceptual model that partitions the problem in a manner responsive to the cur-
rent available and emerging engineering capabilities is needed. Figure 1 is a
diagram of such a model. The model is designed to treat fire as an energy-
induced stress on the building and to measure the response of the building
and its fire protection systems to that stress. The model also considers the
analytical aspects of human response. From an engineering calculation
standpoint, the key elements are those in the boxes labeled GROWTH &
TRANSPORT, FIRE SAFETY SYSTEMS, and ACTIONS.

Usable analytical calculation methods now exist for each of the elements
shown in these boxes. In a number of cases, several established engineering
approaches are available. I have selected a series of established procedures

GROWTH & FIRE SAFETY HAZARDOUS
TRANSPORT SYSTEMS CONDITIONS
FmST STRUCTURAL TEMPERATURE
TEM
ossomAn
o—
PROPERTY DATA
ROOM — — FARLURE
OF ORIGN EXTINGUISHMENT
vARIES
BULDING COMPARTMENT SMOKE & HEAT - Love!
DESCRIPTION OF ORIGN VENTING - Location
- Layout - Time
REST OF SMOKE WPACT
- Matertals BULOING CONFINEMENT —_—
- Systoms - DILUTION HARM
T l AVOIDANCE
OF HARM
ACTIONS (THAT INFORMATION
MODIFY BURLDING) Loss
- Doors SALVAQE
- Windows OECISIONS ACTIONS LOCATION OF
- P— “EXPOSED"
Slevstors [ worumear ] [ aame ] =
- Other PLACE
POSSIBLE > l conFme |
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FIG. 1—Model of elements of an engineering approach.
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that are expressed in terms of level of imposed energy stress, the response of
the building and protection systems to that stress, and the resulting impact on
environmental conditions in the building. Sources for these procedures are
listed in the Bibliography. The listed references are not necessarily the most
advanced engineering methodology but are rather those that are available in
the open literature to engineers or scientists willing to expend the effort to
obtain and use them.

As the new fire protection engineering technology emerges, it produces an
increasing demand for data. The type of data needed are measurements of
physical values that meet the demands of the calculation systems. The testing
community must concentrate on the development of valid reproducible tests
of engineering quantities and step away from tests that only rank order or
provide measurements in terms of arbitrary values relatable only to the test
device involved.

Meeting the dual challenge of improvement of the calculation methods and
the provision of the supporting data is the key to moving fire safety from an
indefinite to a definite technology.

Fire protection engineering technology is past the embryotic stage but is
still a struggling child that continues to require support and encouragement.
The development of the underlying science and the production of scientifi-
cally based data must continue to nurture this technology.

I am, however, firmly convinced that the maturity of fire protection engi-
neering as a fully useful and credible technology will occur. The pace at which
technology replaces subjective judgment is a function of the level of interest,
demand, and support given by the fire protection engineering and related re-
search and testing communities. Key to this technology development are the
assembly of research into appropriate engineering forms, the production and
cataloging of the essential data, and continued emphasis on proof testing and
other verification programs.

Acquiring a truly scientifically based fire protection engineering capability
will be essential to those who wish to continue in the field of fire protection
engineering. Development of scientifically based analytical measurement
methods is essential to this. Changes must take place. Past practices have
required expenditures for fire safety beyond that appropriate for the level of
safety provided.

Finally, I believe that the time of “‘burn to learn fire research,” *‘test to
rank” measurements, and unengineered arbitrary requirements has passed
whether or not those of us in the field recognize that fact. We now have made
critical advances so that all fire experiments large and small should be pre-
ceded by the best engineering predictions and the results used to verify and
improve analytical methods.
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REFERENCE: Marchant, E. W., “Fire Performance Standards for Buildings,” Fire
Safety: Science and Engineering, ASTM STP 882, T. Z. Harmathy, Ed., American Soci-
ety for Testing and Materials, Philadelphia. 1985, pp. 8-20.

ABSTRACT: A building is described as a multifunctional agent of environmental change
that has to achieve adequate and acceptable performance so that a safe and comfortable
environment will result for any human activity. The 14 aspects of whole building perfor-
mance are listed and examples of advantageous and disadvantageous interactions are of-
fered. Fire safety performance interacts with all other aspects and is distinguished by not
being part of the day-to-day environment. All fire safety problems cannot be solved by the
application of conventional elements of fire safety technology, and, therefore, the perfor-
mance approach to fire safety is important as more flexibility in the selection of solutions
becomes possible. The identification of relative values of the components of fire safety is
an important problem, and these values change according to building type. Performance
profiles and levels of acceptability are discussed. Difficulties associated with the measure-
ment of fire safety performance are discussed, and the selection of appropriate appraisal
techniques is emphasized. The control of fire safety standards by governmental officials
and private professionals is examined, and mention is made of the possible introduction
of self-regulation for continuing fire safety standards in buildings.

KEY WORDS: building, performance, interactions, fire safety, testing, regulations, con-
trol

The production of an efficient building depends on the ability of the de-
signer and his consultants to assess clearly the functional or performance re-
quirements that the building will be expected to fulfill. The requirements
should be capable of definition as they will reflect the activities to be carried
out within the completed building. The building design team interprets and
integrates the functional requirements into a building design that is likely to
result in a pleasant, comfortable, and safe building.

The need for a building is established easily as very few human activities

1Senior lecturer, Unit of Fire Safety Engineering, University of Edinburgh, Edinburgh, Scot-
Jand, United Kingdom EH9 3JL.
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can be pursued outside a building, and a major reason is because the natural
environment is not always an acceptable one in which work or leisure tasks
can be pursued effectively; a building is definitely required if the general secu-
rity of an activity is an important subfunction. A building therefore will dis-
place part of the natural environment and replace it with an environment that
is cooler or warmer, lighter or darker, safer or more dangerous than the envi-
ronment that it replaces.

A building is therefore a multifunctional agent of environmental change
and acts principally as a modifer of the natural environment. This concept
has been discussed by Jokl [1], who regarded the environment in which a
“subject” (man) exists as the “transfer field”’ that contained all the agents of
environmental change, and who proposed that combinations of agent-flux
and agent-intensity produce the environmental stress at a particular instant.
Human reaction (the reaction of the subject) to the environmental stress was
considered capable of depression as a syndrome—a general state which com-
prises any number of ‘‘symptoms,” that is, the manifestation of a general
human reaction to a specific stressful agent. For example, the change in phys-
iological and psychological responses which the illumination levels in an envi-
ronment change beyond the limits of perception at an instant in time would
be regarded as a symptom of the change in an environmental agent. An over-
all expression of “well being’* would describe a *‘syndrome,” a combination
of reactions that allows man (the central subject) to perceive an acceptable
environment.

It can therefore be understood easily that if a building is to produce a satis-
factory environment, an analysis must be carried out of the differences be-
tween the properties of the natural environment and the desired properties of
the environment to be created within a building. Only with a knowledge of
these differences and their consequences on ‘‘the subject” can the designer
progress towards the creation of an acceptable and safe building.

As an aid to the classification of the components of the natural environ-
ment and to assess the degree of change needed to achieve an acceptable envi-
ronment, Berkoz [2] has proposed a design model for a natural climatization
subsystem. The use of this model will help the designer to specify the
optimum performance required of the building, as a sequence of barriers, to
modify the natural climate so that comfort conditions are achieved. The
model, an interactive network similar to those being developed for aspects of
fire safety design, contains required performance profiles for the various sub-
components of climate, and the quantitative performance requirement for
each climatic subcomponent will vary according to its quantity in the natural
environment and the acceptable range of quantitative values for that compo-
nent in the building space. An example of a climatic subcomponent that af-
fects fire safety directly is the natural wind [3,4]. The natural wind can negate
all the advantages of a smoke vent system in simple buildings and can reduce
the additional safety provided by mechanical smoke control to an unaccepta-



