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The SFPE Classic Papers [1,2] discussed in this review are based on work
conducted by Robert Brady Williamson from the early 1970’s through the
1980’s. This was an extremely active and productive period in terms of fire
science research at the University of California, (UC) Berkeley and I was
among the many students, research staff-members and faculty, who
interacted with Williamson at that time. These Classic Papers provide a
documentary record of the development of Williamson’s fire research during
a period when he initiated a series of experiments and observations to
characterize fire growth in compartments. This work led to formalization of
a range of deterministic and stochastic schemes which described and related
the phenomena observed to fire scenarios analyzed. It is the purpose of this
review to consider both the contents of the Classic Papers and also to
comment on Williamson’s work, which followed their publication by this
remarkable educator and fire researcher.

Nationally, the fire safety community in the 1970’s and 1980’s was aware
that more robustly funded and focused efforts were needed to address fire
hazards in the United States. As a consequence, major efforts were
eventually initiated at numerous fire research facilities and institutions.
Much of the funding for this work came from the National Science
Foundation (NSF) through the Research Applied to National Needs
(RANN) Program, from the National Bureau of Standards and subse-
quently from the [then] Center for Fire Research at the National Institute of
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Standards and Technology (NIST). These activities also included efforts
such as the Home Fire Project executed jointly by Harvard University1 [3]
and Factory Mutual Research and the efforts of the UC Berkeley Fire
Research Group, as well as efforts at other institutions.

The program at UC Berkeley which the NSF funded was directed at ‘Fire
Safety in Urban Housing.’ Participants in that program included investiga-
tors from the colleges of engineering and architecture as well as staff,
graduate, undergraduate, and postdoctoral researchers from a wide range of
programs including statistics, operations research, wood science and
technology, and other disciplines. Along with Professor Williamson,
mechanical engineering co-principal investigators included Professors
Patrick Pagni, and Boris Bressler among others. Prior to that point in time,
there had been an established structural fire safety program at UC Berkeley
headed by Professors Davis and Troxell and groundbreaking work by
Professor Boris Bressler was being conducted in developing new analytical
methods with which to study the fire endurance of concrete structures.

Robert Brady Williamson joined the faculty of the College of Engineering –
Department of Civil Engineering at UC Berkeley in the early 1970’s after recei-
ving a doctoral degree in applied physics at Harvard University and working
as a young faculty member for a few years at the Massachusetts Institute of
Technology (MIT). Much of his work up to that time had involved
microstructure of materials such as polyethylene single crystals and concrete
mixtures. While he came to Berkeley initially to work in the area of concrete
technology, Williamson soon became involved in fire science activities and he
subsequently developed his own fire research programs at the Structural
Engineering – Structural Mechanics facility at the Richmond Field Station.2

The Richmond site is remote from the main UC Berkeley campus and
possessed attributes useful for fire science experiments, including a large
open test bay, an ASTM E-119 wall test furnace, ASTM E-108 roof test
apparatus and other items some of which were left over from a post-World
War II fire research program funded by the US Navy. It was at this facility
that the first open corner experiments used to study fire growth were
conducted. The ‘Field Station’ site provided another distinct advantage in
those years. Unlike the main Berkeley campus where the E-119 wall furnace
was originally installed, activities there did not arouse too much controversy
when large amounts of smoke were created. These discharges – which
eventually led to the effective discontinuation of such work there – were

1Craig Beyler reviewed Dr. Emmons’ classic work during this same period in considering ‘‘Fire Induced Flow
Through an Opening’’ written with Joseph Prahl.
2At a memorial service held for Robert Brady Williamson, it came as a surprise to many of his colleagues
with fire science interests that his work in concrete technology had continued actively through the years at
Berkeley. At that time, he was recognized by a member of the Civil Engineering faculty for a series of
contributions in that area which began during his years at MIT.
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characteristic of many of the corner tests and compartment fire testing
activities, which became cornerstones of Williamson’s research [4,5].

It is my observation that because Professor Williamson came to UC
Berkeley as a trained and accomplished researcher, but not a fire science
researcher, he brought a mindset to his research, teaching and wide-
ranging consulting work that allowed those activities to tap into knowledge
from many areas. In contemporary language, we would call the work style
‘outside the box’ thinking. (It is also known by some as beginner’s mind [6].)

This intellectual stance led to inputs to Williamson’s work being welcomed
not just from established researchers such as Berkeley colleagues or Dr Abe
Broido from the Pacific SW Forest Experiment Station, but also from the fire
service officers and staff. Public and private fire investigators, building code
and other regulators and consultants, were welcomed as well as were
manufacturers with explanations about why their products functioned as they
did and questions and comments about how they could be made more fire
safe. The copious listing of citations that follows illustrates the breadth of fire
science related areas in which Robert Brady Williamson worked with his
students and other co-workers during the years through his retirement.

The first of the classic papers appeared in the Proceedings of the 16th
Symposium of the Combustion Institute in 1976. The paper begins by
highlighting the importance of assessing ‘fire hazard [response]’ of products
during the ‘growth phase’ of a compartment fire based on the recognition
that events during this period would greatly impact tenability issues and the
eventual course of the fire. As such – and much like Professor Howard
Emmons who studied fire dynamics during this same period – Williamson
was interested in systematically studying and characterizing details of how
fires grew in compartments.3 For this reason, the effects of variables like fuel
type and surface exposure, ventilation, and impact of ignition source type
and size were all of interest. In his analysis of compartment fire dynamics,
Williamson developed important relationships between what he saw as
strictly deterministic responses obtained in so-called ‘black box’ approaches
to fire growth and the boundary conditions for possible fire events that can
only be described by considering possible fires from a stochastic perspective.
For this purpose he invoked the framework provided by early versions of
the ‘NFPA Decision Tree’ and then presented experimental data to illustrate
a range of fire and – importantly – smoke development conditions in
compartments, which had been lined with materials having widely differing
fire performance properties. This classic paper reflects the state of fire
science activities at the time, considering both the nature of the research

3Beyler [3], comments on this same subject in Emmons work.
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conducted, the citations listed as well as the accompanying comments made
by colleagues in the Proceedings of the 16th Symposium.

The second classic paper ‘Coupling Deterministic and Stochastic
Modeling to Unwanted Fire’ is included because it provides a more refined
and evolved version of the basic concepts presented in the Combustion
Institute paper. This classic paper included both the results of several
additional years of his fire research as well as development of new and
important knowledge in the field which he integrated with his own research.
Typical of the development of such new knowledge were observations made
subsequent to the Brown’s Ferry Nuclear Power Plant fire accident, since
evaluations of that fire had a significant impact on systems approaches to
fire safety. Referring to difficulties faced by system analysts incorporating
fire risk and hazard components into generalized safety analyses,
Williamson commented as follows;

. . . it appears to this author, that one of the central reasons [for these
difficulties] is the lack of a simple model, understood sufficiently by generalists
to help them structure their fire safety problems in a manner enabling fire

protection specialists to supply the detailed answers [needed].

Significant development and maturation occurred in Williamson’s
ongoing research in areas such as modeling of fires [7,8] which, for the
second paper, could be coupled with system safety approaches developed by
NFPA International committees and related fire protection engineering
processes available at that time.

What makes the contents of both these papers significant is that they
consider the problem of unwanted fire both at global and materials
based levels. From the global perspective, both papers highlight the
occurrence and outcome of unwanted fires as being dependant on stochastic
processes. Addressing the same issues from a materials basis, Williamson
focused comments on the impact which specific types and classes of
materials had on fire development and outcomes as a result of their chemical
and physical properties. In the case of the subject work – as well as
throughout the years that followed – Williamson delved into and continued
to focus on how differences in physical properties and chemical make-up of
materials led to differences in their fire performance. The importance of
these properties continue to be recognized both through concepts such as
thermal inertia [K���C] [9] and other physical properties – such as melting
versus charring behavior – which have an obvious impact on the outcome of
fire scenarios.

Going back to the global level, in these papers Williamson’s analyses were
begun by asking questions such as ‘for a given set of circumstances, what is
the probability of an ignition occurring?’ and/or, ‘if ignition does occur,
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what is the likelihood of flame spreading from the initial site of ignition
and eventually involving the room where the fire begins?’ Answering
these questions is implicit in the ‘State Transition Model’ the analytical
scheme developed by Williamson at the time. Utilizing this analytical
approach, fire scenarios being examined were broken down into discrete
stages during which –

. fire source ignition takes place (or does not take place),

. a nearby element, such as a wall lining or piece of furniture is (or is not)
ignited,

. flame spread at the ceiling level is (or is not)observed, reflecting growth of
the hot layer in the affected compartment

. flashover does (or does not) occur threatening (or not threatening) the
boundariesof the compartment where the fire originated

For any given fire scenario, each of the discrete fire development periods
identified above may terminate if a given fire event terminates during that
stage. However, the possibility also exists for a range of fire growth
outcomes based upon whether that growth occurs – for example – slowly or
rapidly. Such scenario descriptions illustrate one focus of Williamson’s
work, namely, that ‘the time coordinate is a fundamental axis for
comparison.’ This opinion was consistent with the observation of a
Williamson colleague, Rexford Wilson in his paper ‘Time’ [10] which
stressed the importance of rates of growth of fire related phenomena, a
basic, valid tenet of fire safety engineering today. Consequently, slowly
developing fire incidents were observed to be less hazardous to life and
property than those which developed rapidly.

Williamson made specific observations of the importance of probabil-
istically controlled elements affecting fire growth. One such element is
ventilation, which in naturally occurring fires – as opposed to those in
laboratory settings – can lead to a large variation in results. Likewise, the
relative response of specimens exposed to different ignition sources was
stressed, as was the importance of the effects of compartment scale.
For example, the test compartment configuration was stressed in the
Combustion Institute paper and data presented there contrasted results
from open corner testing with a room configuration.

In the second classic paper, Williamson presents significant data that
contrasts the fire performance of conventional, well known and accepted
products such as cellulose-based and gypsum-based materials used as wall
linings with products based on synthetic polymers having markedly different
properties. An example is Williamson’s assessments and observations of the
fire response of cellular plastics in end use configurations in compartments.
These observations turned out to have significant practical importance
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in terms of life safety, property preservation and regulatory changes which
were focused on the safe use of these products. Not the least of these
observations was calling into question the characterization of fire related
properties of such products by references in the building codes to the ASTM
E-84 ‘Steiner Tunnel Test.’ Eventually, the US Federal Trade Commission
concluded that, for certain cellular foam commercial products, fire test
methods available at that time for foams were inadequate to describe
potential safety hazards which these products posed to the public [11].
An additional outcome of the FTC’s review and investigation was the
formation of the ‘Product Research Committee,’ whose work led to the
development and application of more coherent methods to assess fire related
properties of such contemporary products and materials. To that time, those
properties had escaped detection using the standard test methods then
available [12,13].

Building on the scope and directions of his early research, Williamson
remained productive for more than 20 years after the two seminal papers
discussed here were first presented. Examples of that later work are in the
following areas:

. fire growth within and between compartments [14–16]

. the spread of products of combustion within and between compartments [17]

. human response to fire threats in buildings4

. the application of fire protection engineering measures to fire safety
engineering problems5

In addition to being active in these specific research areas, Williamson was
also a remarkable educator. During his many years at UC Berkeley, he
served as a mentor to countless students and colleagues from the US and
other countries. As a result of his guidance and encouragement as well as
through generous use of resources made available from grants he received,
much was accomplished in the field by students from all backgrounds. Many
of these students carried the fire research tradition and commitment to
scientific exploration which Robert Brady Williamson established at UC
Berkeley to other universities, industry, government, and consulting. The
far-reaching areas where this work took place are illustrated by the accom-
panying citations, which include research on the importance of ignition
source configuration and impact [18–20], the importance of stochastic
elements to fire related events [21,22]; the physics of fire growth, [23,24] the
effects of physical properties on fire performance of materials and

4Mower et al. [16].
5Examples of these include work on the FLAIM [Fire and Life Safety Assessment Index] methodology for
offshore platforms funded by the US Department of the Interior which were developed with W.E. Gale and
Prof R. Bea and reported on at ASME and ISO meetings in the mid 1990’s.
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assemblies [25];6 and post-flash- over performance of building elements.7

The work of this remarkable educator and fire researcher has had – and will
have – an enduring effect on those who worked with him. It will also have a
long-lasting influence on the lives of millions of people he never met!
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