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Margaret joined Arup in 1974, and these papers were first published in 2002 in 
honour of her retirement.

Margaret represents to me, and to many other fire safety scientists and fire safety 
engineers, the epitome of placing applied and rigorous technical excellence at the 
heart of the design and construction of the built environment.

Serious fires continue to impact people’s safety, the environment, and our critical 
infrastructure. Therefore, continues to be important to reflect and focus on proven 
routes to evidence-based safety methods and solutions.

Margaret passed away in August 2017. In her honour, we are republishing her 
papers as a mark of our ongoing respect to her incredible body of work. We want 
to carry on her legacy of knowledge transfer from science, engineering and applied 
research into the creation of a safe built environment.

Margaret expected fire safety engineers to be “tough enough to stand up to a good 
deal of questioning”, and in turn “to be able to push other people in the same way: 
justify what you are saying if you expect to be taken seriously”.  

Her own work, published here, withstands this test; and it is for this rigour that she 
remains so deeply respected and so greatly admired.

To those who knew her well, she was above all a devoted, kind and patient teacher. 
Margaret stayed in touch with us over the years, and until her death. She was 
always a much beloved and respected member of Arup Fire.

We hope these papers will continue to serve the fire safety profession and all 
those who participate in the creation of our built environment. And that they will 
continue to act as a beacon of excellence.

These papers, nearly two decades later, remain a unique collection.

 And a fitting tribute to Margaret’s profound influence.

Foreword

Dr Barbara Lane FREng FRSE CEng
Arup Fellow, Fire Safety Engineering
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Many fires in the home used to be 
started by glowing coals, flying embers, 
and sparks from open grates. Although 
fireguards were widely used, fine mesh 
spark guards were not popular because 
they cut down too much radiation. 
Accordingly, we at the Fire Research 
Station were asked to investigate the 
effect on the ignition hazard if the 
mesh size of these spark guards was 
increased. At the same time, Dennis 
Lawson (Head of the Physics Section 
and later Director of the FRS) came up 
with the idea of using newly developed 
plastic fibre mesh instead of the 
traditional metal mesh. Lawson also 
introduced me to probit analysis. 

Before long, the spark guard problem 
was solved in a completely different 
way. After a winter when there was an 
appalling number of deaths caused by 
fog, legislation was brought in to permit 
only smokeless fuel to be used for home 
heating.

Figure used to describe the probabilistic analysis of 
a spherical particle passing through the mesh of a  
spark guard.

PAPER 1   
The performance of spark guards 
J.H. McGuire, BSc, AMIEE, AInstP and Margaret Law, BSc, Fire 
Research Station, Boreham Wood, Herts, British Journal of Applied 
Physics, Vol. 9 December 1958, pp 470-474. Institute of Physics, UK

© IOP Publishing. Reproduced with permission. All rights reserved

Figure used to describe the probabilistic anal
particle passing through the mesh of a spark 

Lawson also introduce
analysis. 

Before long, the spar
was solved in a complete
After a winter when 
appalling number of de
fog, legislation was brou
only smokeless fuel to b
heating. Many fires in the home used to be 

started by glowing coals, flying embers, 
and sparks from open grates. Although
fireguards were widely used, fine mesh
spark guards were not popular because 
they cut down too much radiation. 
Accordingly, we at the Fire Research 
Station were asked to investigate the
effect on the ignition hazard if the
mesh size of these spark guards was
increased. At the same time, Dennis
Lawson (Head of the Physics Section 
and later Director of the FRS) came up
with the idea of using newly developed 
plastic fibre mesh instead of the
traditional metal mesh. Lawson also 
introduced me to probit analysis. 

Before long, the spark guard problem
was solved in a completely different
way. After a winter when there was an 
appalling number of deaths caused by 
fog, legislation was brought in to permit
only smokeless fuel to be used for home 
heating.

Contents



10 Contents



11 Contents



12 Contents



13 Contents



14 Contents



Figure used to describe the locus of a given configuration factor, which 
defines the necessary separation distance between buildings to minimise 
the risk of fire spread.

After the Great Fire of London in 1666, 
rules were drawn up that controlled street 
widths according to the size of buildings, 
and specified that external walls should 
be of fire resistant construction such as 
brick and stone. Through the succeeding 
centuries the windows normally occupied 
only some 30% of these walls, although 
the city by-laws actually placed no limit 
on the proportion of glazing that could be 
installed. When curtain-walling systems 
were introduced after the Second World 
War most were rejected because they did 
not have the fire resistance required by 
the by-laws. However, a curtain wall that 
was 100% glass and thus of negligible 
fire resistance could be accepted 
because it was called a ‘window’. A new 
approach was needed. This paper gives 
the technical background to changes in 
the regulations, based on an estimation 
of the limiting intensity of radiation to be 
received by an exposed building and on 
the intensity of radiation emitted by the 
building on fire. 

The legal system controlled the design 
method in two important ways. First, 
equations or diagrams were not 
permitted in a regulation. Secondly, there 
could only be control of the spacing of 
a building in relation to its site boundary 
and not to how far away it was from 
the building across the road. This 
problem was solved by the so-called 
‘mirror image’ method: you calculated 
how far away you should be from a 
facing building and halved it to give the 
minimum distance to the boundary. Since 
the other building had to do the same 
from the other side of the boundary, the 
method was most exactly solved for 
buildings of similar size. This approach 
was checked out by the regulators on a 
number of city layouts and gave answers 
that were considered good enough. 

This was my first experience of turning 
research results into a practical 
application. The regulators tried to 
find ways that the rules might be 
circumvented, but the method was 
robust enough to cope because the 
underlying assumptions –albeit very 
simple – were scientifically consistent. 

PAPER 2  
Heat radiation from fires and building separation 
Margaret Law, BSc, Fire Research Technical Paper No. 5, 1963, 
Department of Scientific and Industrial Research and Fire Offices’ 
Committee, Joint Fire Research Organisation. Reprinted in REH 
Read, (ed) 1991. External fire spread: building separation and 
boundary distance. Building Research Establishment Report BR 187, 
Borehamwood. HMSO, UK 
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Figure showing a section through a wide compartment. It is used to 
describe the mass flow rate of air into the compartment in relation to the 
height of the openings.

In the 1960s there were various 
research programmes related to the 
behaviour of fires inside buildings. One 
of the projects was a study of the fully 
developed compartment fire, which 
was very relevant to the standards of 
structural fire protection required by 
building regulations, a topic discussed 
in Post War Building Studies No. 20 
‘Fire Grading of Buildings: Part 1’. This 
paper brings together results of various 
experiments, both model and full-scale, 
that contributed to a fundamental 
analysis of the features that influence fire 
behaviour inside compartments.

PAPER 3   
Fully-developed fires - two kinds of behaviour 
PH Thomas, MA, PhD, AMIMechE, MIFireE, AJM Heselden, BSc 
and Margaret Law, BSc, Fire Research Technical Paper No. 18, 1967 
Ministry of Technology and Fire Offices’ Committee, Joint Fire Research 
Organisation. HMSO, UK 
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Figure showing the minimum intensity of radiation required to cause pilot 
ignition of different types of wood and with varying moisture content.

In the years after the Second World 
War the threat of nuclear attack was a 
major concern. Thermal radiation from 
the fireballs of atom bombs had caused 
extensive fire spread and many human 
injuries. Consequently, much attention 
was paid to likely effects in terms of 
ignition of buildings and skin injuries. 
Some research projects were directed 
at assessing the intensity of radiation 
that could cause ignition during the 
relatively short duration pulse of heat 
from an atomic explosion, and wood 
was selected as the most representative 
combustible building material. This 
paper summarises the results of various 
experiments and illustrates a simple 
model of ignition: the attainment of a 
‘critical temperature’ at the irradiated 
surface of the wood specimen.

The results of the research may have 
been incorporated in civil defence 
manuals but they were also available for 
more general use, as demonstrated in 
Paper No 2. 

PAPER 4  
The ignition of wet and dry wood by radiation 
DL Simms and Margaret Law, Ministry of Technology, Fire Research 
Station, Boreham Wood, Herts, Combustion and Flame, Volume 11, 
Number 5, October 1967, pp 377-88. Elsevier Science, UK 

Reprinted from Combustion and Flame, Vol.11 No.5, The Ignition of Wet 
and Dry Wood by Radiation, pp 377-88, Copyright 1967 with permission 
from Elsevier.
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Figure 3 from this paper: a log-log plot showing that the maximum 
value of window radiation is directly proportional to the maximum 
compartment temperature raised to the fourth power.

This paper contains an analysis of
radiation from compartment fires using 
data not available when Paper No 2 
was in preparation. It also profits from 
other work, such as that in Paper No 3. 
It confirmed that the model underlying 
the Building Regulations for building 
separation was reasonable. It is worth 
noting that our statistical colleagues 
planned the experimental programme so 
that the significance of various effects 
could be analysed efficiently. This is 
illustrated in the paper.

Gordon Butcher was one of the people 
directly involved in the compartment 
fire programme. When his experiments 
were completed, I was transferred to 
work in his Section with instructions 
to ‘get something useful out of the 
results’. On the first day I looked at the 
measurements of radiation, plotting 
them against the absolute compartment 
temperatures. I then burst into Gordon’s 
office, shouting ‘Planck was right!’ 
The graph I was waving in my hand is 
reproduced here as Figure 3.

PAPER 5  
Radiation from fires in a compartment 
Margaret Law, BSc, Fire Research Technical Paper No. 20, 1968 
Ministry of Technology and Fire Offices’ Committee, Joint Fire Research 
Organization. HMSO, UK 

Figure 3 from this paper: a log-log plot showing that the maximum
value of window radiation is directly proportional to the maximum
compartment temperature raised to the fourth power.

Paper 5.
Radiation from fires 
in a compartment

radiation from compartment fires using
data not available when Paper No 2 was
in preparation. It also profits from other
work, such as that in Paper No 3. 
It confirmed that the model underlying 
the Building Regulations for building
separation was reasonable. It is worth
noting that our statistical colleagues
planned the experimental programme so
that the significance of various effects
could be analysed efficiently. This is
illustrated in the paper.

Gordon Butcher was one of the people
directly involved in the compartment fire
programme. When his experiments were
completed, I was transferred to work in
his Section with instructions to ‘get
something useful out of the results’. On
the first day I looked at the measurements
of radiation, plotting them against the
absolute compartment temperatures. I
then burst into Gordon’s office, shouting
‘Planck was right!’ The graph I was
waving in my hand is reproduced here as
Figure 3.

Margaret Law, BSc
Fire Research Technical Paper No. 20, 1968
Ministry of Technology and Fire Offices’
Committee, Joint Fire Research Organization.
HMSO, UK 
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A. BUILDING USED FOR TESTS SHOWING THE SHUTTERS WHICH REDUCE THE WINDOW AREA TO 5.6 M2

B. LOAD OF 218 KG WITH 11.2 M2 WINDOW AREA (TEST K)

PLATE 1
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Figure showing the difference between the standard fire and real fires. 
The relationship between fuel load density, compartment size and 
ventilation is described by the ‘effective fire resistance’.

In 1971 the Fire Research Station held a 
symposium to present results of all the 
work carried out on building fires and fire 
resistance. I aimed to show to people 
in building control and consultancy how 
various aspects could be viewed in 
context with the current regulations. One 
example was the standard fire resistance 
test, which I related to compartment fires 
in terms of an ‘effective fire resistance’. 
This was the period in the standard test 
that would have the same heating effect 
as the compartment fire at a critical 
point in a protected structure. Effective 
fire resistance showed explicitly how 
the effect of fuel load, ventilation, and 
compartment size affected fire severity, 
in terms of the standard test. This paper 
explains and illustrates this work.

I had already reported the work to my 
colleagues in the European Convention 
for Constructional Steelwork, and 
Ove Pettersson offered to do the 
same analysis to see if the calculated 
temperature-time curves that he had 
published with Magnusson and Thor 
would give a similar relationship. 
The result was almost the same and 
accordingly it is his version that is 
often quoted, being referred to now as 
‘t-equivalent’. 

I view the t-equivalent relationship as 
a useful illustration that works well 
because it is the area under the time-
temperature curve, rather than its shape, 
which characterises the heating effect 
on protected elements. However, the 
t-equivalent concept has limitations. It
is often important to estimate the actual
temperature and duration of the fire, for
example the intensity of radiation may be 
an important issue, or the structure may
be unprotected steelwork.

PAPER 6  
Prediction of fire resistance 
Margaret Law (Fire Research Station), Paper No. 2 of Symposium No. 5, 
Fire resistance requirements of buildings - a new approach. 28 September 
1971. Department of the Environment and Fire Offices’ Committee Joint 
Fire Research Organization. HMSO, UK 
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Figure showing the location of temperatures relevant to the calculation 
of heat accumulation in bare external steel. The plate shows the plaque 
presented by Engineering News Record, which designated Margaret Law 
as a man.

A weathering steel had been developed 
in the 1960s which, if left unpainted, 
would acquire a weathered external 
layer or skin giving protection from rust 
and corrosion to the steel beneath. 
Its use was attractive for bridges and 
other external structures since it did not 
need painting. However, when this steel 
formed the structure on the exterior of 
a building the benefits were not realised 
because the by-laws and codes required 
all elements of building construction, 
whether inside or out, to have fire 
cladding. Arup R&D was commissioned 
jointly by Constrado and the American 
Iron and Steel Institute to devise an 
engineering design method to identify 
locations outside the building where 
fire cladding was not needed. Turlogh 
O’Brien, then Leader of Arup R&D, and I 
produced three reports: the background 
analysis reproduced here, a state-of-
the-art report, and a design manual. 
The analysis of fire exposure was based 
on research results obtained in various 
countries. 

The main US Building Codes accepted 
the method. However, there was 
general astonishment in the USA to find 
engineering methods actually being 
applied to fire safety and I was cited by 
the journal Engineering News-Record 
as having ‘made marks’. At the annual 
ENR ‘Man of the Year’ banquet I was 
presented with a bronze plaque that 
categorised me as a man (because that 
was the only mould they had). 

PAPER 7 
Fire safety of external building elements - 
the design approach 
Margaret Law, Engineering Journal, Second Quarter, pp 59-74, 1978. 
American Institute of Steel Construction (AISC), USA

Copyright © American Institute of Steel Construction. Reprinted with 
permission. All rights reserved.

Figure showing the location of temperatures relevant to the
calculation of heat accumulation in bare external steel. The plate
shows the plaque presented by Engineering News Record, which
designated Margaret Law as a man.

A weathering steel had been
developed in the 1960s which, if left
unpainted, would acquire a weathered
external layer or skin giving protection
from rust and corrosion to the steel
beneath. Its use was attractive for bridges
and other external structures since it did
not need painting. However, when this
steel formed the structure on the exterior
of a building the benefits were not
realised because the by-laws and codes
required all elements of building
construction, whether inside or out, to
have fire cladding. Arup R&D was
commissioned jointly by Constrado and
the American Iron and Steel Institute to
devise an engineering design method to
identify locations outside the building
where fire cladding was not needed.
Turlogh O’Brien, then Leader of Arup
R&D, and I produced three reports: the
background analysis reproduced here, a
state-of-the-art report, and a design
manual. The analysis of fire exposure was
based on research results obtained in
various countries. 

The main US Building Codes accepted
the method. However, there was general
astonishment in the USA to find
engineering methods actually being
applied to fire safety and I was cited by
the journal Engineering News-Record as
having ‘made marks’. At the annual ENR
‘Man of the Year’ banquet I was presented
with a bronze plaque that categorised me
as a man (because that was the only
mould they had). 

Margaret Law
Engineering Journal, Second Quarter, pp 59-74,
1978. American Institute of Steel Construction
(AISC), USA
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Fire safety of external 
building elements – the 
design approach
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Plate showing Centre Pompidou in Paris, one of the four case studies 
contained in this paper and one of Margaret Law’s earlier projects with 
Arup.

Engineers and architects always find 
case studies interesting and I aim 
to show designers how fire safety 
engineering can help them. This paper 
contains examples from an international 
point of view. 

PAPER 8 
Designing fire safety for steel - recent work 
Margaret Law, ASCE Spring Convention, New York, May 11-15 1981. 
American Society of Civil Engineers (ASCE), USA

Reprinted here with permission from ASCE.This material may be 
downloaded for personal use only. Any other use requires prior 
permission of the American Society of Civil Engineers.
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Fig. 1   The Royal Exchange Theatre, Manchester
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Fig. 2   Centre Pompidou, Paris (side view)
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Fig. 3   Bush Lane House, London
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Fig. 4   Central Bank Offices, Dublin
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Figure comparing the calculated and measured temperatures of columns 
placed outside the windows of burning rooms.

In 1978 a large experimental programme 
of compartment fires was carried out 
in Germany, set in a block of flats. 
Structurally speaking, the main interest 
was the fire exposure of external steel. 
Unprotected elements were placed in 
the zone of maximum flaming and, not 
surprisingly, reached high temperatures. 
Nevertheless, the measurements of fire 
behaviour were valuable, so in this paper 
I analysed them and compared them with 
the analysis in Paper No 7.

PAPER 9  
Notes on the external fire exposure measured 
at Lehrte 
Margaret Law, Ove Arup Partnership, 13 Fitzroy Street, London, W1T 
4BQ (Gt. Britain)

Reprinted from Fire Safety Journal, Vol.4 No.4, Notes on the external 
fire exposure measured at Lehrte, pp 243-246, Copyright 1981/82 with 
permission from Elsevier.
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columns placed outside the windows of burn
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Figure showing the relationship between time for the average 
temperature of protected steel to reach 550°C in the standard fire 
resistance test and the physical properties of the insulating material, 
together with the perimeter and cross-sectional area of the steel.

In the early 1980s there was very 
little scope for introducing fire safety 
engineering into structural fire design. It 
was important to engage the structural 
engineers in order to make progress. This 
paper was designed to show how much 
information was already available that 
could be applied to practical design. It 
was presented at an ordinary meeting of 
the Institution of Structural Engineers and 
subsequently received the Institution’s 
Oscar Faber Award.

PAPER 10  
A basis for the design of fire protection of building 
structures 
Margaret Law, BSc, FIFireE, Ove Arup & Partners, The Structural 
Engineer, Vol. 61A, No.1 January 1983. Institution of Structural Engineers 
(I Struct E), UK

Reprinted from Fire Safety Journal, Vol.4 No.4, Notes on the external 
fire exposure measured at Lehrte, pp 243-246, Copyright 1981/82 with 
permission from Elsevier.

Figure showing the relationship between time
temperature of protected steel to reach 550°C
resistance test and the physical properties of
material, together with the perimeter and cros
the steel.
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Plate showing the atrium in the Lloyds Building, London. This is a 
significant example of Margaret Law’s work at Arup where she applied 
engineering principles to fire safety design.

The design approach to fire safety was 
usually discussed in relation to structural 
fire protection and compartmentation, 
because they were major components 
of building regulations. Nevertheless, the 
design approach was also being adopted 
in relation to smoke management and 
means of escape and the measures 
that were used depended on building 
systems. The aim of this paper was 
to explain how fire safety could be 
incorporated into buildings, using these 
systems, and to illustrate what had been 
done in some recently constructed tall 
buildings.

This paper was presented first in Hong 
Kong and then in Guangzhou. At that 
time I think that fire safety engineering 
was not so familiar in the Republic of 
China and our discussions were very 
interesting…

PAPER 11  
Fire safety systems in tall buildings 
Margaret Law, Technical Director, Ove Arup & Partners and DA 
Whittleton, Director, Ove Arup & Partners HK Ltd, International 
Conference on Tall Buildings, No. 3, Hong Kong & Guangzhou, 10-15 
December 1984. Proceedings pp 522-526. Editors Cheung, YK & Lee, 
PKK. Organising Committee of the International Conference on Tall 
Buildings, Council on Tall Buildings and Urban Habitat, USA
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Plate showing an internal view of Stansted Airport and computer 
graphics showing the combined results of computational fluid dynamics 
for smoke movement and evacuation modelling. The last man out 
with a walking stick is now recognised in Airport escape design as 
representative of the demographic change in the population. Margaret’s 
work on Stansted Airport formed the basis of Arup’s fire safety design at 
several International Airports (see Paper 18).

In 1984 I was asked to provide a paper 
for a Symposium on ‘Building Services 
for Airports’ organised by the Chartered 
Institution of Building Services Engineers 
(CIBSE). It seemed to me that since 
CIBSE members were used to installing 
fire protection systems in buildings, they 
would probably be interested to have a 
measure of how useful they had been 
in practice. Not long before, the British 
Airports Authority had commissioned 
Arup R&D to prepare a review of the 
fire design of a new airport terminal. 
One important issue was the need 
for large compartment volumes, not 
permitted under Building Regulations 
without obtaining a relaxation. This 
involved our collecting a range of data 
from experiments, surveys, and fire 
statistics, to illustrate how various 
measures could compensate for lack of 
compartmentation. I was pleased to have 
the opportunity to provide this collection 
of data and other information to a wider 
audience. It was also useful to have the 
design aspects on record. The paper was 
awarded the CIBSE Bronze Medal.

PAPER 12  
Fire protection in terminal buildings 
Margaret Law, Ove Arup Partnership, London, Paper in Building Services 
For Airports, Symposium at Gatwick, UK, 6-7 November 1985. Reprinted 
with kind permission from The Chartered Institution of Building Services 
Engineers (CIBSE), UK

Paper 12.
Fire protection in 
terminal buildings

In 1984 I was asked to provide a paper
for a Symposium on ‘Building Services for
Airports’ organised by the Chartered
Institution of Building Services Engineers
(CIBSE). It seemed to me that since
CIBSE members were used to installing
fire protection systems in buildings, they
would probably be interested to have a
measure of how useful they had been in
practice. Not long before, the British
Airports Authority had commissioned Arup
R&D to prepare a review of the fire design
of a new airport terminal. One important
issue was the need for large compartment
volumes, not permitted under Building
Regulations without obtaining a
relaxation. This involved our collecting a
range of data from experiments, surveys,
and fire statistics, to illustrate how various
measures could compensate for lack of
compartmentation. I was pleased to have
the opportunity to provide this collection
of data and other information to a wider
audience. It was also useful to have the
design aspects on record. The paper was
awarded the CIBSE Bronze Medal.

Margaret Law, Ove Arup Partnership, London,
Paper in Building Services For Airports,
Symposium at Gatwick, UK, 6-7 November
1985. The Chartered Institution of Building
Services Engineers (CIBSE), UK 

Plate showing an internal view of Stansted Airport and computer
graphics showing the combined results of computational fluid
dynamics for smoke movement and evacuation modelling. The 
last man out with a walking stick is now recognised in Airport
escape design as representative of the demographic change in 
the population. Margaret’s work on Stansted Airport formed the
basis of Arup’s fire safety design at several International Airports
(see Paper 18).
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Plate showing the concourse at Liverpool Street Station, London. 
Furniture calorimeter tests on passenger rolling stock were 
commissioned by Arup to enable us to estimate the peak heat release 
rate for the carriages using this station. The resultant fire dynamics 
model was then used on other rail stations in the U.K.(see Paper 15).

When I am asked to contribute a paper 
to a meeting I normally agree if it fits a 
specific purpose or purposes. It may be 
to force myself to make some sense of 
ideas floating around in my head, or it 
may be to set down for the record some 
interesting design aspects of a specific 
project. Sometimes it aims to spread 
propaganda about fire safety engineering. 
It goes without saying that one should try 
to tailor the paper to the audience - and 
the most difficult people to engage in an 
audience are researchers. They think that 
consultants treat their work in a cavalier 
way – which of course we do – and we 
think that researchers take a ridiculously 
narrow view of our work with no sense 
of proportion – which of course they do. 
Therefore this paper had two purposes, 
one to sort out ideas and the other to 
show why consultants are supporters of 
fire research. 

PAPER 13  
Translation of research into practice - building design 
Margaret Law, Ove Arup Partnership, London, Fire Safety Science - 
International Symposium No 1 Gaithersburg, Maryland, 7 - 11 October 
1985. Proceedings, pp 603-609. Editors Grant, C & Pagni, P. Taylor & 
Francis, USA
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Figure showing the temperature rise on the axis of the smoke plume at 
height, x, above the balcony and with varying plume heat content and 
widths. This work allowed designers to vary the heat output, Q, but use it 
in a way consistent with other plume equations.

With the growth of fire safety engineering 
as a discipline, it was inevitable that 
informed discussion in the UK would 
extend beyond the walls of the Building 
Research Establishment. The SFSE 
(Society of Fire Safety Engineers, later 
the Institute of Fire Safety, now merged 
with the Institution of Fire Engineers) 
organised a Technical Seminar ‘Flow 
through openings’ to bring together 
views on this topic. My paper shows 
measurements collected from various 
experimental programmes –including 
some from the United States – and 
compares them with various models of 
fire and smoke behaviour.

PAPER 14   
A note on smoke plumes from fires in multi-level 
shopping malls 
Margaret Law, Ove Arup Partnership, 13 Fitzroy Street, London, W1T 
4BQ (UK), Fire Safety Journal, 10 (1986) pp 197-202. Elsevier Science, 
UK

Reprinted from Fire Safety Journal, Vol.10 No.3, A Note on Smoke 
Plumes from Fires in Multi-Level Shopping Malls, pp 197-202, 
Copyright 1986, with permission from Elsevier.
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Figure showing how the mass flow of smoke above narrow openings 
varies with heat output, total width of opening and height above the 
base of the opening. This work was used directly in the design of a 
smoke extract system for St Paul’s Thameslink Station, shown in the 
plate, where mass flow of smoke from above the carriage windows was 
important.

Figure showing how the mass flow of 
smoke above narrow openings varies 
with heat output, total width of opening 
and height above the base of the 
opening. This work was used directly in 
the design of a smoke extract system 
for St Paul’s Thameslink Station, shown 
in the plate, where mass flow of smoke 
from above the carriage windows was 
important.

PAPER 15   
Design formulae for hot gas flow from narrow 
openings-  
points for consideration 
Margaret Law, Arup Research and Development, Paper 2 in Technical 
Seminar, “Flow through openings”, SFSE meeting 13 June 1989, Fire 
Research Station, Borehamwood. Society of Fire Safety Engineers, UK

Design formulae for hot gas
flow from narrow openings –
points for consideration

engineering as a discipline, it was
inevitable that informed discussion in the
UK would extend beyond the walls of the
Building Research Establishment. The
SFSE (Society of Fire Safety Engineers,
later the Institute of Fire Safety, now
merged with the Institution of Fire
Engineers) organised a Technical
Seminar ‘Flow through openings’ to bring
together views on this topic. My paper
shows measurements collected from
various experimental programmes –
including some from the United States 
– and compares them with various
models of fire and smoke behaviour.

Margaret Law, Arup Research and Development
Paper 2 in Technical Seminar, “Flow through
openings”, SFSE meeting 13 June 1989, 
Fire Research Station, Borehamwood. 
Society of Fire Safety Engineers, UK 

Figure showing how the mass flow of smoke above narrow
openings varies with heat output, total width of opening and height
above the base of the opening. This work was used directly in the
design of a smoke extract system for St Paul’s Thameslink Station,
shown in the plate, where mass flow of smoke from above the
carriage windows was important.
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I was originally asked, as a consultant, 
to write a paper on ‘What is a Fire 
Engineer?’ as an introduction to a BRE 
forum on ‘Future Demand for Fire Safety 
Engineers’. It was clearly a poisoned 
chalice. This contribution developed 
eventually into ‘a paper to sort out my 
ideas’, which I found quite interesting to 
do.

PAPER 16  
What is a fire engineer? 
Margaret Law, BSc, FIFireE, MSFSE, MSFPE, Arup Research and 
Development, London, UK, Journal of Applied Fire Science, 1 (1) 3-6 
1990-1. Baywood Publishing Company Inc, USA
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Plate showing the Hong Kong and Shanghai Bank, Hong Kong. Arup 
were the consulting engineers and Margaret Law developed a fire safety 
engineering approach for the Building. Although this paper is targeted at 
tall buildings it presents a probabilistic approach that can be applied to 
most buildings.

This paper brings together various 
assessments from statistical data that 
could be incorporated in a risk-based 
code for tall buildings. The idea was to 
give a lot of information in a very simple 
way, so as to engage the interest of all 
engineers, not just fire safety engineers.

PAPER 17   
Quantifying fire safety for tall buildings 
Margaret Law, Ove Arup Partnership, London, UK, Tall Buildings: 2000 
and Beyond, Fourth World Congress, 5-9 November 1990, Hong Kong. 
Not published in Proceedings.
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Figure showing a simple schematic of the ‘open cabin’ for Stansted 
Airport. This was developed by Margaret Law to allow large undivided 
concourses, free from fire compartment limits, which architects needed 
in order to realise their ambitions for modern airports. The ‘open cabin’ 
allowed such a fundamental change in airport design that Arup used this 
technique on many other International Airports including Kansai, Japan 
and Chep Lap Kok, Hong Kong. It was also adapted for use on large rail 
stations including the new MTRC stations in Hong Kong.

The American Society of Heating, 
Refrigerating and Air-Conditioning Engi-
neers (ASHRAE) and CIBSE decided 
to hold a joint Annual Meeting in 1990, 
at Atlanta. I was asked to support the 
British contingent with a paper about 
fire safety. This paper contains various 
engineering relationships with case 
studies to illustrate how they have 
been used. I also set down for the 
record some assessments from various 
projects. I was particularly pleased with 
the furniture correlation giving maximum 
rate of heat release against total mass of 
combustibles, which extended over three 
orders of magnitude. This paper received 
the ASHRAE Best Paper Award 1990.

PAPER 18    
Fire and smoke models - their use in the design of 
some large buildings  
M. Law, Paper 90-10-3, ASHRAE Transactions, Vol 96 Part 1, pp
963-971, 1990. American Society of Heating, Refrigerating and Air-
Conditioning Engineers Inc.(ASHRAE), USA

Copyright notice:

©ASHRAE, www.ashrae.org. Used with permission from ASHRAE 
Transactions, Vol. 96, Part 1, Winter, 1990.

This paper received the
Paper Award 1990.
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Plate showing the three overseas speakers, Vaughan R Beck, Australia; 
Margaret Law, U.K.; Yngve Anderberg, Sweden.

Professor David Lucht of Worcester 
Polytechnic Institute decided to open 
discussions in the USA on the design of 
fire safety. He started the proceedings by 
inviting overseas speakers to describe 
recent developments in their own 
countries. The Building Regulations for 
England and Wales that were introduced 
in 1985 were completely new, because 
the old rulebook was thrown away and 
replaced by a few simple functional 
statements. My description of this 
change had already excited great interest 
at the annual meeting of the Architectural 
Association of Japan in 1987. By 
1991, UK engineers had experience 
of working under the new regulations. 
Although the change applied to all 
forms of engineering in buildings, it was 
particularly opportune for the relatively 
new discipline of fire safety engineering. 
The American participants liked what 
they heard about the international 
developments, voting for the Australian 
approach as their favourite option. 

PAPER 19   
Fire safety design practices in the UK - 
new building regulations  
Margaret Law, Ove Arup Partnership, London, UK, Conference on Fire 
Safety Design in the 21st Century, Worcester, Massachusetts, USA, 8-10 
May 1991, Proceedings pp 228-235. Worcester Polytechnic Institute, 
USA
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Plate showing a structural detail at Kansai International Airport; a project 
on which Margaret Law worked and helped others at Arup Fire to 
develop and build on her original ideas.

Two of the themes introduced in this 
paper are, firstly, the need for scientific 
consistency and measurement in 
engineering design and, secondly, the 
need to understand the concerns of 
those professionals who are asked to 
accept new design approaches. 

PAPER 20   
Challenges in design 
Paper presented at “Fire Safety by Design: a Framework for the 
Future”, Borehamwood, November 1993. Margaret Law, Consultant, 
Arup Fire, 13 Fitzroy Street, London, W1T 4BQ, UK, Fire Safety 
Journal, 23 (1994), pp 115-122. Elsevier Science, UK

Reprinted from Fire Safety Journal, Vol.23 No.2, Challenges of Design, 
pp 115-122, Copyright 1994, with permission from Elsevier.
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‘Baby in the Buick’, reproduced from the original conference slides. 
Drawn by Margaret Law.

This paper was presented to an audience 
that was predominantly made up of 
researchers, who generally feel that they 
ought to be interested in the work of 
practitioners, but in reality are not.

Paula Beever, then leader of Arup 
Fire, and I decided to try to catch their 
attention by jointly presenting the paper 
in the form of a dialogue. We also, by 
means of pictures, illustrated some of the 
foolish rules that exist in most countries. 
The audience was nervous and edgy to 
begin with, wondering where we were 
going, until a picture was shown that we 
referred to as the ‘Baby in the Buick’. The 
penny dropped, there was a great howl 
of laughter, and we had them hooked. 

PAPER 21    
Magic numbers and golden rules 
Margaret Law and Paula Beever, Arup Fire, Ove Arup and Partners, 
13 Fitzroy Street, London, W1T 4BQ, UK, Proceedings of Fourth 
International Symposium on Fire Safety Science, Ottawa, Canada, 13 - 
17 June 1994, pp78-84, 1994. International Association For Fire Safety 
Science (IAFSS), UK
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Figure showing the relationship between mass flow of smoke above 
a balcony and the heat content of the plume, width of compartment 
opening and height above the virtual origin of the line plume.

This is the lecture given on the occasion 
of being awarded the Arthur B Guise 
Medal by the Society of Fire Protection 
Engineers in 1994. The choice of subject 
was up to me, and because science is 
the foundation of engineering it seemed 
appropriate to say something about it 
in relation to fire engineering. There also 
has to be empiricism, so the collection 
of data and measurements is very 
important. 

PAPER 22    
Using science and hunting facts 
Margaret Law, MBE, Ove Arup and Partners, London, England, Arthur 
B Guise Lecture, SFPE Seminar May 1994. Society of Fire Protection 
Engineers (SFPE), UK

Figure showing the relationship between ma
above a balcony and the heat content of the 
compartment opening and height above the v
line plume.
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Figure showing one of the many flame profiles used to describe potential 
fire impact on the Øresund Bridge. The eventual cable stay structure is 
shown in the plate.

Arup Fire had been asked to specify 
the ‘fire loads’ for the various parts of 
the Øresund link between Denmark 
and Sweden, by which was meant the 
fire exposures to be used as the basis 
of design for fire resistance. The paper 
served a dual purpose, as a direct 
contribution to the Conference and as a 
record of the various design aspects and 
assumptions used.

PAPER 23    
Structural fire design of the Øresund tunnel 
Chris Barber, Andrew Gardiner and Margaret Law, Arup Fire, Ove Arup 
and Partners, 13 Fitzroy Street, London, W1T 4BQ, UK, Proceedings of 
the International Conference on Fires in Tunnels, Boras, Sweden October 
10-11 1994. SP Report 1994:54. SP Swedish National Testing and
Research Institute, Boras, Sweden.

record of the various design aspects 
assumptions used.

13 Fitzroy Street, London, W1T 4BQ, UK
Proceedings of the International Conference 
on Fires in Tunnels, Boras, Sweden 
October 10-11 1994. SP Report 1994:54. 
SP Swedish National Testing and Research
Institute, Boras, Sweden. 

Figure showing one of the many flame profiles used to descri
potential fire impact on the Øresund Bridge. The eventual cab
stay structure is shown in the plate.

Contents



273 Contents



278 Contents



275 Contents



276 Contents



277 Contents



278 Contents



279 Contents



280 Contents



281 Contents



282 Contents



283 Contents



284 Contents



285 Contents



286 Contents



287 Contents



288 Contents



289 Contents



291 Contents



292 Contents



292 Contents



Computer graphic of a computational fluids dynamic model used on BP 
Forties Charlie, an offshore oil platform. Many of the relationships given 
in this paper can be used on both offshore and onshore structures.

It seemed that engineers in the process 
industry might not realise that there were 
various fire engineering relationships 
used in the design of non-industrial 
buildings that could be adapted for use 
in industry. This paper gives a broad 
summary of the information available. 

PAPER 24    
Design models for smoke control and evacuation
Margaret Law MBE, Consultant to Arup Fire, Seminar Fire Safety 
Management in the Process Industry, 21 March 1995, AEA Conference 
Centre, Warrington. Institution of Fire Engineers (IFE), Leicester, UK

Computer graphic of a computational fluids d
on BP Forties Charlie, an offshore oil platform
relationships given in this paper can be used 
onshore structures.
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Figure showing the statistical data for the proportion of fires exceeding a 
given area of direct burning in retail premises.

The 5MW fire was proposed by the 
BRE as a design fire for the purpose of 
defining the size of a vent or the extract 
rate of a fan in the smoke control system 
of a covered shopping centre. People did 
not know why this value was adopted. 
I found nine different explanations 
stemming from the BRE alone. It spread 
into American codes. American fire 
safety engineers were using it without 
understanding its justification. This 
paper sets down the results of my own 
investigations and includes statistical 
data. It also comments on the design 
approach.

PAPER 25    
The origins of the 5MW design fire 
Margaret Law MBE, Arup Fire, Fire Safety Engineering, April 1995 pp17-
20. Fire Safety Engineering, UK

Figure showing the statistical data for the pro
exceeding a given area of direct burning in re
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Plates showing the Royal Exchange Theatre, Manchester and the 
Eden Project, Cornwall. Both projects engineered fire safety from first 
principles, using evacuation and smoke movement models.

The ‘New Code of Practice’ was the draft 
British Standard that, with amendments, 
was published as DD240: Fire safety 
engineering in buildings. I was one of 
the consultants engaged by the lead 
consultant, Warrington Fire Research, 
to assist in the preparation of the draft. 
On being asked to make an Introduction 
to the Seminar under the above title, it 
seemed useful to address head on the 
reservations and concerns of those not 
familiar with the fire safety engineering 
approach. The concerns expressed most 
often were about ‘cutting things to the 
bone’ and the acceptance of risk, which 
meant the rejection of the ‘worst case 
scenario’.

PAPER 26   The New Code of Practice (Part 1) - 
The philosophy and understanding 
Margaret Law MBE, Consultant, Arup Fire, Partnership in Fire Safety 
Engineering Design of Buildings, Seminar at AEA Technology, 
Warrington, UK, 4 and 5 May 1995. Institution of Fire Engineers (IFE)

Paper 26.
The New Code of Practice 
(Part 1) – the philosophy 
and understanding

The ‘New Code of Practice’ was the
draft British Standard that, with
amendments, was published as DD240:
Fire safety engineering in buildings. I was
one of the consultants engaged by the
lead consultant, Warrington Fire
Research, to assist in the preparation of
the draft. On being asked to make an
Introduction to the Seminar under the
above title, it seemed useful to address
head on the reservations and concerns of
those not familiar with the fire safety
engineering approach. The concerns
expressed most often were about ‘cutting
things to the bone’ and the acceptance of
risk, which meant the rejection of the
‘worst case scenario’.

Margaret Law MBE, Consultant, Arup Fire
Partnership in Fire Safety Engineering Design 
of Buildings, Seminar at AEA Technology,
Warrington, UK, 4 and 5 May 1995. 
Institution of Fire Engineers (IFE) 

Plates showing the Royal Exchange Theatre, Manchester and the
Eden Project, Cornwall. Both projects engineered fire safety from
first principles, using evacuation and smoke movement models.
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Computer graphic of the proposed refurbishment of St Pancras Station, 
London. The scheme design used relationships contained in this paper 
as the basis for smoke movement analysis and is just one example of 
many projects where this technique has been applied.

The BRE published in 1993 the results 
of experiments in a model atrium 
with smoke flow above a balcony. 
Accordingly, I revisited the work given in 
Paper No. 14. The line plume approach 
was confirmed and extended and this 
work was incorporated in the design 
method published by CIBSE.

PAPER 27    
Measurements of balcony smoke flow 
Margaret Law, Arup Fire, Ove Arup and Partners, 13 Fitzroy Street, 
London, W1T 4BQ, UK, Fire Safety Journal, 24 (1995), pp 189-195. 
Elsevier Science, UK

Reprinted from Fire Safety Journal, Vol.24 No.2, Measurement of 
Balcony Smoke Flow, pp 189-195, Copyright 1995, with permission 
from Elsevier.

Computer graphic of the proposed refurbish
Station, London. The scheme design used re
in this paper as the basis for smoke moveme
just one example of many projects where thi
been applied.
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Plates reproduced from Paper 5 showing compartment fire experiments 
where fuel load density and ventilation area were both varied; 
experimental data that is still much in use today.

Some compartment fire experiments 
in a deep, well-insulated enclosure 
2.75m high were carried out in the BRE 
laboratory at Cardington. The primary 
purpose was to compare results with 
the t-equivalent equation for large 
compartment fires that was given in the 
Eurocode for Fire Actions. The results 
were interesting to me because of the 
work described in Paper No 6 and 
because of the alternative relationships 
that had been developed by other 
workers.

PAPER 28    
A review of formulae for t-equivalent 
Margaret Law, Arup Fire, Ove Arup and Partners, 13 Fitzroy Street, 
London, W1T 4BQ, UK, Proceedings of Fifth International Symposium 
on Fire Safety Science, 3-7 March 1997, Melbourne: Australia. 
International Association For Fire Safety Science (IAFSS), UK

Paper 28.
A Review of Formulae 
for T-equivalent

Some compartment fire experiments in
a deep, well-insulated enclosure 2.75m
high were carried out in the BRE
laboratory at Cardington. The primary
purpose was to compare results with 
the t-equivalent equation for large
compartment fires that was given in the
Eurocode for Fire Actions. The results
were interesting to me because of the
work described in Paper No 6 and
because of the alternative relationships
that had been developed by other
workers.

Margaret Law, Arup Fire,
Ove Arup and Partners, 
13 Fitzroy Street, London, W1T 4BQ, UK
Proceedings of Fifth International Symposium 
on Fire Safety Science, 3-7 March 1997,
Melbourne: Australia. International Association
For Fire Safety Science (IAFSS), UK 

Plates reproduced from Paper 5 showing compartment fire
experiments where fuel load density and ventilation area were
both varied; experimental data that is still much in use today.
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Plate showing the front cover of the Fire Research Station Annual Report 
featuring Margaret Law. This was her first year as a fire researcher and 
the picture shows Margaret carrying out experiments on the ignition of 
wood (Paper 4).

As I had been appointed Visiting 
Professor in the School of Computing 
and Mathematical Sciences, I chose to 
highlight in my inaugural lecture some fire 
engineering studies that relied on various 
computational methods in use before 
the modern computer was developed. 
The lecture also illustrates how fire 
engineering models have been applied in 
practice.

PAPER 29   
Developments in the discipline of fire safety 
engineering 
Margaret Law MBE, Visiting Professor of Fire Safety Engineering, 
School of Computing & Mathematical Sciences, University of 
Greenwich, An inaugural lecture delivered at the University of 
Greenwich, 3 June 1997. University of Greenwich, London, UK

Plate showing the front cover of the Fire Resea
Report featuring Margaret Law. This was her fi
researcher and the picture shows Margaret car
experiments on the ignition of wood (Paper 4).
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