
There is a need to provide the latest 
information on fires involving cars in car 
parks, so that fire safety guidance can be 
reviewed and, where necessary, updated. 

Although fires in car parks are rare and there have been few 
deaths or injuries recorded to date in the UK there are concerns 
regarding new and emerging risks from modern cars and 
alternative fuels. 

Up-to-date information needed
There is a need to gather up-to-date information on fires 
involving cars in car parks so that the current fire safety 
guidance can be reviewed and, where necessary, updated. 
As a result the UK’s Department for Communities and Local 
Government – (D)CLG, Sustainable Buildings Division has 
commissioned BRE to carry out a project called Fire spread in 
car parks. 

The basis for the existing guidance in the UK’s Approved 
Document B (AD B) (a supporting document for the UK’s 
Building Regulations) for fire safety strategies in car parks 

relates to fire initiation and fire growth. This guidance was 
written based on cars that were designed decades ago. 
There is increasing concern about the consequences of fires 
in car parks associated with modern car design (eg plastic 
fuel tanks), and how these fires may spread to other vehicles 
parked nearby. This concern has recently been heightened by 
the entry into the market place of cars powered by alternative 
fuels such as LPG.

It is essential that the UK’s Building Regulations (via AD B) 
are able to offer the best practicable and proportional 
guidance for the fire safety and fire protection of buildings 
that are above, or contain, enclosed car parks. The overall 
aim of the (D)CLG project is to gather information on the 
nature of fires involving current car design and use this new 
knowledge as a basis – where necessary – for updating 
current guidance in AD B (and possibly AD A – Structure) on 
fire safety strategies for car parks.

There may be other issues relating to AD B, particularly B4 
– External fire spread – and AD A, should the use of alternative 
fuels lead to an increased risk of explosion. Continued overleaf…

Fire spread in car parks
Quarterly digest of news from the European Network of Building Research Institutes (ENBRI)� Issue 34 April 2007



Project work
The project work involves a desk study to gather relevant information and review 
statistics and literature on all relevant issues, followed by a workshop, computational 
modelling and full-scale experimental studies. 

While this work is necessarily focusing on concrete structures, because concrete is the 
most widely used material, it will include all other forms of construction such as steel 
frame, brick/block and timber. The project will report on any other relevant issues that 
are identified in the course of the work, such as the implications for Part A of the UK’s 
Building Regulations in the context of accidental loadings.

The review will encompass all aspects of fire safety in car parks, and include case 
studies of actual incidents, fire safety strategies, European and/or international 
experience, the effectiveness of detection and ventilation provisions in car parks, the 
effectiveness of sprinklers, and fire fighting issues.

The analysis will examine the findings from all of the tasks with the aim of 
establishing the:

Severity of car fires in modern car design, the potential for fire spread and fire sizes, 
and benchmarks for car fire size given a range of vehicle types.

Combustion products produced by such fires, and the likely survivability.

Potential hazards arising from fuel leakage/spillage in unventilated/underground/
enclosed car parks.

Additional hazards arising from cars designed to use alternative fuel(s), the potential 
explosion effects of cars powered by alternative fuels, and other risks of cars 
powered by hybrid systems – eg using a diesel or petrol engine as a primary power 
supply, combined with a secondary power supply using batteries.

Need or otherwise for different considerations for underground, enclosed and 
open-sided car parks.

As well as informing (D)CLG of any changes needed to current guidance, the findings 
will also provide a knowledge-base for fire safety engineering solutions in car park 
design. It is hoped that this important project will make a significant contribution to the 
safety of car parks in the future.

For further information please contact:
Martin Shipp 
Tel: +44 (0)1923 664100 
Email: shippm@bre.co.uk
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SBi Merger with Aalborg 
University

On 1 January 2007 the Danish 
Building Research Institute 
(SBi) merged with Aalborg 
University setting up a centre 
for knowledge about the built 
environment. The merger is part 
of a broader series of mergers 
in Denmark as the Danish 
government wishes Danish 
sector – focused research 
institutes to merge with 
universities. The pivotal point of 
this merger is to set up a Danish 
Center of Excellence for the 
Built Environment.

SBi director Lone Møller 
Sørensen explains: 

‘Our vision is particularly 
focused on working together 
with business and industry. The 
idea is for the national Center 
of Excellence to target its 
research-based services directly 
at the construction and housing 
sector’.

Initially Aalborg University 
and SBi will have a total of 
281 researchers and Ph.D. 
students in the area of the built 
environment with a plan to grow 
this number.

Find out more about the merger 
at: www.sbi.dk

Fire spread in car parks…

Contact us
We would be interested in hearing from anyone with:

Case studies
Information on the design of cars and trends in design, including 
dimensions, fuels and internal/external materials etc. 
Information regarding the design of enclosed car parks and trends in design, 
including the various (non-fire) issues that have to be considered in car park 
design. 

For further information/comments please contact:
Martin Shipp (shippm@bre.co.uk)

•
•

•

Executive Secretariat ENBRI 
c/o WTCB-CSTC 
Rue du Lombard, 42 
1000 Brussels 
Belgium

Tel:  +32 2 716 42 11 
Fax:  +32 2 725 32 12 
Web: www.enbri.org



Flat roof watertightness 
defects related to poor 
performance of lap 
joints of single layer 

roof waterproofing systems (including 
mechanically-fastened systems) give 
rise to moisture problems inside 
buildings. 

These problems impact adversely on 
the buildings internal climate conditions 
and overall durability. A research project 
aiming at analysing the parameters that 
influence the lap joints’ performance 
was undertaken within an MSc thesis 
supervised by a LNEC researcher.

Shear and peel tests (Figures 1and 2) 
have been carried out on both new 
and conditioned (aged) sheets in water 
and in an oven in order to evaluate that 
performance.

APP and SBS bitumen sheets with 
4.0mm thickness and a polyolefin 
synthetic sheet (TPO) with 1.5mm 
thickness were used. All samples were 
reinforced with polyester felts.

Test specimens were prepared with 
lap joints having 50 and 100mm width 
overlaps for bituminous sheets. TPO 
sheets were prepared with 20 and 
40mm overlaps. Two different joint 
execution techniques were used:

Case 1: Torch and hot air flow.
Case 2: Hot air flow only.

Average and maximum forces occurring 
in peel tests and maximum force reached 
in shear tests were measured along with 
rupture mode. Four types of rupture 
mode occurred:

Sheets’ separation due to 
adherence loss.

Rupture of one sheet at the lap joint 
border.

Rupture of one sheet inside the 
lap joint and subsequent sheets’ 
separation.

Rupture of one sheet outside the lap 
joint.
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Test results were analysed in order to 
evaluate the influence of the following 
parameters on the lap joint performance: 

Sheet constituent material.
Lap joint width.
Joint execution technique.
Specimen conditioning.

One of the most obvious differences in 
lap joint performance according to the 
sheet constituent material was related 
to the mode of rupture of these joints 
in the peel test. While lap joint rupture 
of bituminous sheets occurred by 
separation of sheets due to adherence 
loss this mode of rupture never occurred 
for the TPO sheets. 

Concerning the influence of lap joint 
width it was observed that:

There was substantial reduction in 
shear resistance of APP bitumen and 
TPO sheets with the reduction in lap 
joint width, both for new sheets or 
for sheets conditioned in water or in 
oven.

In peel tests, the results for the three 
sheets were in general less random 
than in shear tests.

Reduction in peel resistance was 
always observed with the reduction 
in lap joint width for both new and 
conditioned sheets.

Concerning the influence of the joint 
execution technique, no substantial 
difference was noticed for the shear 
resistance of new or conditioned APP or 
SBS bitumen sheets with the same lap 
joint width. Concerning the influence of 
specimen conditioning it was noted that 
in the:

Case of both SBS bitumen and 
TPO sheets, an increase in shear 
resistance was always observed after 
specimen conditioning.

Case of APP bitumen sheets, the 
same effect was observed in a more 
moderate way for joints executed by 
torch, but it was not so obvious for 
joints executed by hot air flow.
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For further information please contact: 
J. Grandão Lopes at LNEC 
Tel.: + 351 21 8443525  
Email: glopes@lnec.pt

Performance of lap joints in single 
layer roof waterproofing systems 

Figure�1�Specimen�for�shear��
resistance�test

Conclusions
It is not recommended to 
make lap joints with 50mm 
width in bituminous sheets for 
single layer systems.

The technology to execute 
lap joints by hot air flow in 
bituminous sheets does not 
yet appear to have been 
completely mastered.

The lap joint performance of 
TPO sheets with 20 or 40mm 
overlap was satisfactory.

A higher variability in results 
obtained for APP bitumen 
sheets shows that this material 
is more sensitive to the joint 
execution technique than SBS 
bitumen sheets.

Test results may be used in the 
future as a basis for studying 
mechanically-fastened sheets 
tested in wind up lift tester 
apparatus.
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Figure�2�Specimen�for�peel��
resistance�test



A precondition 
for creation of 
new materials 
or materials 

with improved properties is knowledge 
about the influence of composition, 
structure and microstructure on 
macroscopic materials properties. 

The most direct, but also fast and 
accurate, method for determination 
of micro-structural and morphological 
features of solid materials is Scanning 
Electron Microscopy (SEM). The images 
are obtained by detection of secondary 
electrons released on impact of primary 
electrons with the materials surface or 
by detection of back-scattered primary 
electrons. 

Typical resolution of advanced SEM 
devices is below 0.01m. Most SEM 
instruments are additionally equipped 
with Energy Dispersive Spectrometers 
(EDS) which, based on analysis of 
emitted X-rays, allow for qualitative and 
even semi-quantitative elemental analysis 
of inspected materials. 

Beside simple determination of average 
elemental composition of micrometer-
sized or larger surface areas, it is possible 
to determine distribution of selected 
elements along a line (line analysis) 
or within a pre-selected surface area 
(mapping analysis). 

In conventional SEM devices images can 
only be generated under high vacuum 
conditions (below about 10-5mbar). This 
conventional method has recently been 
expanded by new detectors that are able 
to create images under middle- and low-
vacuum conditions, that is, from about 
10-2 up to few mbars. 

The SEM devices equipped with such 
detectors (mostly in addition to the 
conventional detectors) are known as 
Low-Vacuum SEMs (LV-SEMs), but 
also as natural SEMs, environmental 
SEMs or variable-pressure SEMs. The 
most important advantage of LV-SEM 
is that the observed specimens need 

Low-vacuum scanning electron 
microscopy

– a direct method for microstructural investigations of materials

Crystals�of�Ca(OH)2�in�cement�gel

SEM�micrograph�of�self-cleaning�coating�with�EDS�analysis

not be pretreated with layers of gold, 
carbon or other conductive materials. 
This guarantees that the materials are 
observed in their pristine state and can, 
if necessary, be used for further analyses 
with other methods. Most advanced 
LV-SEM devices are even appropriate 
for inspection of samples that contain 
moderate amounts of water, for example 
gels, pastes, water-based paints, fresh 
concretes. 

Furthermore, biological materials need 
not be liophilized so that their natural 
structure remains completely preserved. 
In extreme cases LV-SEM allows even 
inspections of selected natural processes 
proceeding on materials surfaces, such 
as corrosion, hydration of cement, 
materials aging and similar physical-
chemical processes. 

Another advantage of LV-SEM is that 
EDS analysis, as well as line or surface 
distribution, of elemental carbon can be 
determined, which facilitates investigation 
of many inorganic-organic composites. 
A disadvantage of LV-SEMs is a lower 
resolution (the maximum resolution is 
typically 5nm), if compared with the 
conventional typical detectors (2-4nm).

The LV-SEM device located at ZAG was 
the first such device in Slovenia. It allows 
magnifications from 18-300.000 times 
with a maximum resolution of 3.5nm 
in high-vacuum mode and 5 nm in LV 
mode. In the latter mode pressures from 

1 to 130 Pa (1.10-2 – 1.3mbar) can be 
used. The accelerating voltage can be 
changed from 0.5 to 30kV. Investigation 
of quite large samples (up to 15cm in 
diameter) is possible. Using EDS analyzer 
it is possible, at least in principle, to 
determine quali- and semi-quantitatively 
all elements from boron to uranium with 
an accuracy of 0.2 wt.%. 

The microscope is routinely used for 
investigation of a large spectrum of 
materials used in civil engineering, 
from concretes, metals and stones to 
ceramics, glasses and polymers.

For further information, please 
contact:
Andrijana Sever Skapin, Ph.D. 
Email:andrijana.skapin@zag.si 

Vilma Ducman, M.Sc.  
Email: vilma.ducman@zag.si
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There are two ways to 
digitalize construction 
processes. One way is 
to make a large complex 
model that includes and 

describes everything. Another way is 
to do as the Danish Building Research 
Institute (SBi) has done and to make 
a smaller but more specialized system 
that is based on an open standard 
and which only describes relevant 
information in detail. 

An open standard Basic Model™ 
developed by SBi is an open standard 
which means it is a long-term solution 
that can follow a construction project 
from the planning stages to demolition. 
Basic Model™ provides advisers, 
contractors and building owners with 
a common, object-oriented model 
from which they can draw on specific 
information relevant for their business, 
regardless of which software platform and 
methodology they choose to use.

Basic Model™ is an XML-format and can 
be shown as eg a digital tender, where 
jobs, quantities, qualities, descriptions 
and a 3D-model are grouped together. 
Because Basic Model™ is an open 
standard it gives the user and the owner 
of data complete access to the data. This 

enables the user to develop their own 
personalised specific solutions based on 
their specific needs.

Associated with Basic Model™, SBi 
has launched a so-called Basic Suite 
which consists of programmes that 
create cohesion in the process leading 
up to a tender. Among other things, the 
programme examines 2D-drawings for 
drawing errors, converts 2D-drawings to 
3D-drawings, links objects, properties, 
jobs and models to one another and 
generates a digital tender that meets the 
requirements of the new building owner. 

‘We hope that in future more enterprises 
will work together to develop 
programmes for Basic Model™. The 
open standard makes it possible for 
everyone to contribute’,  
says senior researcher, architect Nils 
Lykke Sørensen who developed Basic 
Model™ and the Basic Suite with 
architect Peter Scheutz from the Danish 
company Scheutz & Clemmesen.

For the future an index model designed to 
help the user plan, budget and compare 
buildings is being developed.

For further information please contact:
Email: jek@sbi.dk

The construction 
sector’s answer to Linux
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The CEReM (Consortium d’Etudes 
et de Recherches sur les Mortiers or 
Consortium for Study and Research 
on Mortars) is continuing its work to 
improve understanding of phenomena 
and mechanisms governing mortar 
behaviours. Work carried out since 2003 
is bearing fruit.

Mortars are composed essentially of 
hydraulic binders (cement, lime etc…), 
polymers, sand and various additives. 
They have properties that deserve to be 
better understood because their use has 
to satisfy a large number of requirements, 
some of which are particularly severe. 

They can be used for façade rendering, 
tile adhesives, screeds or repair mortars, 
and users (professionals and individuals) 
expect that the properties (mechanical 
strength, bond, etc.) of mortar will remain 
unchanged in the long term. 

The objective that the CEReM has set 
itself is to pool international knowledge 
on the subject. The consortium was 
first set up in 2003 under the leadership 
of CSTB and is composed of mortar 
manufacturers (like SNMI), raw material 
producers (cement, polymers, sand, 
additives, etc.) and chemistry, mechanics, 
microstructure research laboratories. 

The CEReM works as a college type 
organisation to decide on which studies 
should be carried out and asks public 
laboratories to undertake the work, these 
institutions include:

The Ecole Supérieure de Physique et 
de Chimie de Paris.

The Ecole des Mines de Saint-Etienne.

The University of La Rochelle.

The Ecole Normale Supérieure de 
Cachan.

The INSA Toulouse.

The Ecole Polytechnique Fédérale de 
Lausanne.

Four PhD theses and several short 
studies have already been awarded to the 
institutions on different research themes. 
The results will be presented annually to 
all members of the CEReM. 

The Ecole des Mines de Saint-Etienne 
is undertaking a study on organic 
admixtures added in cement. The work 
is focused on the interaction between 
cellulose ether and cement. The institute 
is seeking to get a better understanding 
of interactions between the different 
molecules to explain the setting time 
and to make the product more easily 
handled during its application. This is a 
complex challenge as mortar comprises 
more than twenty inorganic and organic 
constituents. 

•

•

•

•

•
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What are the advantages for each 
partner? 
This may not be immediately obvious 
as the various partners, ie cement 
manufacturer, the chemist and the 
formulator all have different interests. The 
results of the work show that the:

Chemist can innovate and reduce the 
costs of organic binders.

Cement manufacturer can optimise 
cement formulas depending on the 
types of additives that he uses.

Mortar formulator can rationalise 
the use of each product used in the 
composition of the final product. 

 As a result everyone benefits.

For further information please contact:
Email: luc.bourdeau@cstb.fr

•

•

•

The work of the Consortium d’Etudes 
et de Recherches sur les Mortiers
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