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There is a continued demand for mass timber buildings 
using cross laminated timber (CLT) and glulam 
because of the low-carbon benefits they offer, the speed 
in construction and resulting efficiency in design, and 
associated cost savings. One of the typical concerns 
in the use of mass timber as a structural material, in 
particular for high-rise and other high-risk buildings, is 
to do with its safety in the event of a fire. In particular 
the need for evidence of its structural stability during 
and after the fire, supporting safe evacuation, property 
protection and fire-fighting. 
To address this challenge, since 2000 more than 40 fire experiments have 
been undertaken globally to understand the effect of exposed timber on 
fire dynamics. These experiments have been limited to compartments well 
under 90m2 (970ft2) in floor area and representative of residential units or 
an office for about 8 people. These experiments to date have been very 
informative and influenced building standards, codes and engineering 
guidance globally. The main findings where areas of mass timber have 
been exposed is that fires will be more intense in temperature, longer 
duration and slower in the decay phase of the fire. The exposed timber 
alters the fire dynamics of the classic room fire. 
To date, how fires grow and develop in larger spaces, formed with 
exposed mass timber and representative of compartment sizes more 
typical to office buildings and schools has not yet been studied.
As part of Arup’s commitment to safety and sustainability, it is conducting 
a series of full-scale fire experiments in a very large purpose-built 
compartment of 380m2 (4,100ft2), about the size of an office for 40 
people. This is a new facility uniquely available at CERIB, France (as 
shown in figure 1) The fire science group of Imperial College London led 
by Prof Guillermo Rein are participating in the experimental programme 
and are part of the steering group. The first experiment was successfully 
undertaken on 9th March 2021 and is summarised below. 
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Figure 1. The purpose-built facility 11m wide, 35m long and 3m in height, shown set up for Experiment 1
Figure 2. Flames growing seconds after ignition of the wood cribs, as the flames start to impinge on the exposed 
CLT. The central support structure that is protected with mineral wool insulation can be seen
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Experiment goals and set-up
The goals for the fire experiments are to 
investigate the impact of large areas of exposed 
mass timber on the fire dynamics that occur in 
an open-plan compartment, to understand how 
exposed timber structures including high rise 
withstand complete fire decay and smouldering, 
and to develop robust fire scenario calculations 
as the basis for future designs. These design 
fire scenarios will enable future evacuation, 
structural design and fire-fighting planning, all 
of which are critical components of the robust 
use of mass timber in buildings around the 
world.
The purpose-built structure, designed by Arup 
based on previous experiments led by Imperial 
College, and built by CERIB, consists of 
masonry walls and a CLT ceiling. The CLT 
panels forming the ceiling are exposed and 
designed to replicate the aesthetic desired in 
modern timber office buildings. The CLT ceiling 
comprises 5 ply CLT with MUF adhesive 
and in the first experiment was left without 
any other additional protection, throughout 
the compartment. Glulam columns were also 
included to allow research on the interaction 
between CLT ceiling panels and exposed Glulam 
columns. The CLT and glulam was purchased 
direct from a European supplier. The main fuel 
source for the experiment and the first fuel to be 
ignited was a series of wood cribs, as it allowed 
for a highly controllable fuel load.
Extensive instrumentation was provided to 
measure temperatures and heat flux inside the 
building. Temperatures were also recorded 
within the CLT and glulam columns to 
determine charring. Non-combustible screens 
were placed above window openings to allow 
measurement of flame extension outside the 
building and to determine its impact on the 
building envelope and vertical fire spread. 
Cameras within and outside the compartment 

captured flame spread in the cribs and the CLT, 
fire size and external flaming. The building 
design enables variation in both fuel load and 
ventilation, parameters which will be varied 
through the experimental campaign. No fire-
fighting intervention was undertaken in the first 
experiment, thereby enabling a detailed study 
of the long-term fire decay and smouldering 
behaviour of the CLT.

Initial outcomes from Experiment 1
While still early in the analysis stage of the 
results, preliminary observations from the first 
experiment have shown that initial fire spread 
across the exposed CLT ceiling was faster than 
expected, which will be studied with future 
experiments. Any increase in speed of fire 
spread impacts occupant evacuation options, 
and fire-fighting response scenarios. Further 
understanding of the speed and duration of the 
fire will enable robust design solutions to be 
developed. This information will also become 
very useful for numerical modelling of exposed 
timber to predict fire behaviour, as part of an 
engineer’s design responsibilities. 
It was also observed that once the fuel on the 
floor had been consumed and only glowing 
embers on the floor remained, the flaming 
combustion on the surface of the CLT panels, 
also reduced; this has also been observed in 
small scale experiments for this type of CLT. 
Without firefighting intervention, small pockets 
of the CLT then continued to smoulder for 
a significant number of hours breaching the 
CLT thickness in a number of places. This 
smouldering behaviour has also been observed 
in small compartments to date. As can be seen 
in figure 2, the combustible ceiling results in 
substantial external flame extension from the 
openings. The scale of the flame extension from 
openings will continue to be studied though the 
future experiments.
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Figure 3. Flames extending from openings, with a glulam column fully engulfed visible through the main opening
Figure 4. Monitoring of the flaming during the decay phase of the experiment by CERIB
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Conclusions
The experimental program will be running 
through 2021, to complete the number of 
experiments planned. Deconstruction and 
rebuilding followed by re-instrumentation 
means an 8 week turnaround between 
experiments. Analysis of results will inform 
future engineering design, industry guidance 
and potentially building codes. Once complete, 
all results will be made available so that further 
research can be continued by anyone interested 
in the experiments. More detailed results and 
learnings from this experimental programme 
will be shared over the coming months.

Figure 5. Flames decaying as fuel is consumed, with flaming subsiding on CLT panels. A period of smouldering at a 
number of timber interfaces then occurred
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