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Abstract 
 
The report describes a fire test with a front wheel loader rubber tyre under a large 
laboratory calorimeter. The aim was to measure the heat release rate when a large vehicle 
tyre burns. A maximum heat release rate of no less than 3 MW after 90 minutes was 
recorded. This information will help to assess the process of fire evolution in different 
types of construction machinery. It is of particular interest in connection with 
underground fires. It was found that a design value of 0.2 MW/m2 is a good value to 
employ when one needs to estimate the maximum heat release rate of a large tyre. This 
value was found to be reasonable when the exposed fuel surface area was definable. It 
was also found that 86 % of the total heat energy was released 2.5 h after ignition. 
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Preface 
 
The test was conducted as part of a research project focusing on fire safety in tunnels 
during construction.  The test was financed by the Swedish Nuclear Fuel and Waste 
Management (SKB), Knowledge Foundation (KKS), Luossavaara-Kiirunavaara AB 
(LKAB) and the Swedish Civil Contingenciens Agency (MSB, the former Swedish 
Rescue Services Agency, SRV). We would like to acknowledge the financiers and the 
advisory group coupled to the research project.  We would also like to acknowledge 
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charge and the technicians at SP Fire Technology are acknowledged for their important 
contribution to this work. 
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Sammanfattning  
 
Försök med hjullastar däck genomfördes under en huv vid SP Brandteknik. 
Försökets syfte var att mäta brandeffekten när ett stort däck brinner. Att 
gummidäck kan brinna och ge mycket rök har länge varit känt. Mindre känt är 
vilken högsta brandeffekt ett stort däck från ett arbetsfordon kan utveckla. 
Tidigare har man gjort försök med vanliga personbils- och lastbilsdäck. De högsta 
uppmätta brandeffekterna har legat mellan några hundra kW upp till en MW, för 
ett lastbilsdäck. 
 
Däcket som användes (inklusive fälg) vägde 723 kg, bredden var 0,6 m och 
ytterdiametern 1,75 m. Däcket placerades i en balja fylld med grus som var 
mättad med dieselolja. Brandgaserna samlades upp i Industrikalorimetern för 
mätning av brandeffekten. För att bedöma risken för brandspridning uppmättes 
den infallande strålningen på ett avstånd av 1,5 m från däckets centrum.  
 
Före försöket med däcket, genomfördes två förförsök. Där uppmättes brandeffekt 
och avbrinningshastighet av dieselolja med och utan grus. I försöket utan grus 
uppmättes högsta brandeffekten till 1,6 MW men med grus var motsvarande siffra 
1,1 MW. Detta visar hur stor effekt närvaron av gruset har på brandeffekten. 
Dieseln i baljan antändes och efter ungefär tre minuter var brandeffekten uppe i 
2,3 MW. Strax därefter avtog branden och brandeffekten reducerades till 0,4 MW 
efter 23 minuter när dieseln i baljan hade förbrukats. Branden tilltog så 
småningom igen och efter 60 minuter var den 1 MW. Efter ytterligare 10 minuter 
var brandeffekten uppe i 2 MW och efter 90 minuter uppmättes den högsta 
effekten på 3 MW. Under denna period observerades mycket svart rök men 
röktätheten uppmättes ej. Efter 90 minuter började branden avta och efter 150 
minuter släcktes branden manuellt. 
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1 Introduction 
 
Knowledge of the heat release rates from rubber tyres is limited. This information is very 
important when estimating the heat release rate from heavy construction vehicles such as 
drilling machines, front wheel loader (see Figure  1), dumpers etc. The tyres constitute a 
large portion of the flammable material in such vehicles. Therefore, an understanding of 
the fire behaviour of large rubber tyres is important when designing for fire safety in 
underground constructions, especially in the mineral mining sector and during the 
construction phase of tunnels or other underground systems. Numerous large heavy 
construction vehicles can be used on-site at the same time which increases the risk that 
such a vehicles will be involved in a fire. A literature survey shows that very few fire 
research studies have been carried out worldwide on rubber tyres and their heat release 
rates.  
 

 
 
Figure  1  A front wheel loader with similar type of rubber tyres as used in the test.  
 
In 1993, the Building Research Establishment (BRE) in the UK [1] carried out large scale 
tests on tyres under a large calorimeter at the Fire Research Station's Cardington 
Laboratory. The calorimeter was able to measure up to approximately 3 MW. Two tests 
were carried out. In the first test, the tyres were stacked horizontally and in the second, 
vertically. In each test a stack of eight tyres was burned and numerous measurements 
were made, among them the heat release rate.  The tyres used were ordinary passenger car 
tyres without a steel rim. The exact dimensions are not known. The vertical stacking 
(eight tyre high) produced a far more severe fire than the horizontally stacked tyres. The 
peak heat release rate was measured to be 1300 kW for the verticle stack compared to 500 
kW for the horizontal stack. The reason was the faster fire spread and better flow of air to 
the centre of the tyres in the vertical stacking compared to the horizontal.   
 
The Fire Laboratory of SINTEF in Norway presented in 1995 heat release data from two 
tests (A and B) with rubber tyres used for Heavy Goods Vehicles [2]. A pair of dual load-
bearing wheels were tested under a laboratory calorimeter. The ignition was simulated by 
heating up the wheel rims. An insulated pipe was welded to the wheel rims and heated up 
by a gas fire passing through the pipe. Through conduction, the metal wheel rim was 
heated up to a temperature that ignited the rubber tyres. This procedure was continued for 
about 30 minutes prior to ignition. The size of the tyres varied, but in test A the tyres 
were of type 285/80 R22.5 and in Test B the tyres were of type 315/80 R22.5. This means 
that in test A the tyre was  285 mm wide with 228 mm (0,8 x 285) high vertical surface 
and the rim diameter was 22,5 inches (575 mm). The exposed rubber area is estimated to 
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be 4,2 m2 for test A and 4.8 m2 for test B (dual tyres). The measured maximum heat 
release rate for test A was 878 kW and for  test B 964 kW. The time it took to attain the 
maximum heat release rate was 29 minutes and  27 minutes, respectively, from the 
ignition. The fire duration was about 60 minutes in both cases.  
 
In 2005, Lönnermark and Blomqvist [3] carried out tests where the maximum heat release 
rate was registered using ordinary passenger car rubber tyres. The aim of the tests was to 
assess the emissions to air and water from a fire in tyres. Each test involved 32 passenger 
car tyres without a wheel rim. Two different storage setups were used: heaped and piled. 
Both set-ups represent common ways to store used tyres.  The heap storage was more 
spread out. It had a base of 3 × 3 tyres, with the tyres stacked in a certain pattern above. 
The pile configuration consisted of a base with 2 × 2 tyres stacked on each other in a 
straight vertical pile. This means that there were 8 tyres in each stack, i.e. a total of 32 
tyres. In both set-ups the tyres were placed on a steel pan, 2 m × 2 m, under a large 
calorimeter.  The tyres varied somewhat in size, but tyres that were as similar as possible 
were used.  The maximum heat release rates from the tests were as follows: heap storage 
– 3.7 MW, 3.6 MW and 3.7 MW, respectively; pile storage – 3.6 MW.  The maximum 
heat release rate in the pile storage test occurred after 19 minutes from ignition. Dr 
Anders Lönnermark at SP Fire Technology reported via personal communication that the 
heat of combustion from the tests given in [3] was 27 MJ/kg.  
 
It is clear from the studies mentioned above, that it is difficult to make a direct 
comparison between these tests. If one compares the results based on the maximum heat 
release rate of an exterior exposed rubber tyre surface area and assume that this external 
surface area is totally engulfed in flames, the results become more comparable. If we 
assume a standard passenger car tyre to be 195/60 R15 for the BRE and SP tests, the 
exposed external surface area is estimated to be about 0.75 m2. This means that the heat 
release rate per exposed surface area will be 0.11 MW/m2 for the BRE piled tests (1.3 
MW/16/0.74 m2), 0.21 MW/m2 and 0.20 MW/m2, respectively, for the SINTEF tests 
(0.878 MW and 0.964 MW divided by 4.2 m2 and 4.8 m2, respectively) and 0.15 MW/m2 
(3.6 MW/32/0.75 m2) for the SP piled tests.  
 
This rough estimation indicates that the maximum heat release rate for rubber tyres per 
exposed external area is in the range of 0.11 – 0.21 MW/m2.  This information can be 
used to estimate the highest heat release rate for a certain size of a rubber tyre. One 
should also keep in mind, that there is an important difference between the SINTEF test 
and the other tests, namely the presence of the rim in the SINTEF tests and the way the 
passenger car tyres were piled up, which may influence the estimation of the exposed fuel 
surface area. If the SINTEF tests are removed then the range of heat release rate for 
rubber tyres per exposed external area is 0.11 – 0.15 MW/m2. The test results presented 
here will be compared to these earlier studies. 
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2 The test set-up 
 
2.1 Diesel test 
The main objective of this test was to measure the heat release rate from a rubber tyre of a 
front wheel loader. In order to ignite the tyre, a relatively large ignition source is required. 
Therefore, a diesel pool with a steel pan diameter of 1.25 m was used as the ignition 
source. The size of that pool was reasonable in comparison to the width of the tyre (0.67 
m). During construction of tunnels, the road surfaces are usually made of  gravel 
(unpaved road surfaced with gravel) and therefore if there will be a leakage of any kind, 
the liquid will pour into the gravel.  This may influence the size of the pool fire. In the 
literature, the heat release rate measured is usually based on pool fire tests with freely 
exposed liquid fuel (without the presence of other solid materials such as gravel). 
Therefore, prior to the main test with the front wheel loader tyre, two tests were carried 
out in order to see the influence of a gravel on the heat release rate. The first test was 
conducted under the calorimeter with 25 litre of diesel in the fuel pan and no gravel. The 
second test was conducted by putting a 50 mm thick gravel bed with stones sized between 
0 and 18 millimeter into the pan and pour it with 25 litre of diesel oil, see Figure  2.  The 
gravel was saturated by diesel, as can be seen in Figure  2, but it was not compacted prior 
to the tests.  
 

 
Figure  2  A photo of the diesel pan with loosely compacted gravel with stones sized from 0 – 
18 mm. A total of 25 litre of diesel were poured into the 1.25 m diameter pan. 
 
In order to start the test, a small amount of heptane was poured into the pan (1/2 litre). 
This made it possible to ignite the diesel more easily. In Figure  3, the measured heat 
release rate from both tests are shown. The difference is large and is mainly due to the 
heat feedback from the flames towards the fuel surface of the diesel and the amount of 
freely exposed diesel fuel. In the beginning of the test, the diesel which is freely exposed 

http://en.wikipedia.org/wiki/Pavement_(material)�
http://en.wikipedia.org/wiki/Road�
http://en.wikipedia.org/wiki/Gravel�
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above the gravel surface will burn up easily. After some time the heat release rated 
peaked and then started to reduce in size as transportation of diesel fuel vapour from 
further down below the gravel surface was reduced. As can be seen in Figure  3 both the 
growth rate and the maximum heat release rate is considerably lower than in the test with 
freely exposed diesel fuel. This test show that the road surface, especially if it is made of 
gravel, can influence the size of the initial fire considerably. This must be considered 
when trying to estimate the fire size and fire growth for vehicles of this type. Photos from 
the tests are given in Appendix 1.  

 
Figure  3 Measured heat release from a diesel pool fire with and without a gravel bed. 
 
2.2 The rubber tyre 
The wheel consists of an air pressurized rubber tyre attached to a wheel rim, which is the 
outer circular design of metal on which the inside edge of the tyre is mounted. The bead 
of the tyre was in contact with the rim on the wheel. The bead is reinforced with steel 
wire and compounded from high strength low flexibility rubber. The sidewall is the part 
of the tyre that bridges between the tread and bead. The sidewall is reinforced with rubber 
and fabric plies that provide strength and flexibility. 
 
The rubber tyre tested was of type Good Year with the identification 26.5R25 Tubeless. It 
also have the identification GP-4B AT, Unisteel, 193 B Type 65, Radial Construction, 
Made in Luxemburg, 0301 NJ 0520. The total diameter of the tyre was 1.75 m and the 
total width (tread) was 0.67 m. The tread is the part of the tyre which comes in contact 
with the road surface. The total external and exposed surface area of the rubber tyre is 
estimated to be about 8 m2. The total weight, including the wheel rim, was 723 kg. After 
the test, the wheel rim, steel wires in the tyre and some left overs from the rubber were 
weighed. The total weight of steel products was 310 kg and of rubber was 35 kg. This 
means that the rubber in the tyre weighed 413 kg in total. Prior to the test, the air pressure 
was released in order to avoid an explosion of the tyre. The wheel rim was welded to a 
steel stand in order to stabilize the position of the tyre during the entire test. This means 

Diesel pan test D=1.25 m with and without gravel
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that the tyre could not collapse to the ground in case of sudden air release or opening up 
of the tyre which could occur in a real fire situation.  
 
A wheel housing was constructed around the rubber tyre, see Figure  4. It was constructed 
to simulate the wheel housing of a real front loader, see Figure 1. The width of the wheel 
housing, which was made of 2 mm thick steel, was 0.3 m. Other measurements are given 
in Figure  4. A photo of the set-up is given in Figure  5. The steel beam, that was welded 
to the rim (see Figure  5 and Figure  6) in order to stabilize the tyre during the test, was 
thermally insulated .  
 

 
Figure  4  Measures of the test setup of the tyre, the steel wheel housing and the pool fire 
with gravel underneath the tyre.   
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Figure  5  A photo of the rubber tyre test setup  prior to the test.  The calorimeter hood is 
centered above the rubber tyre and a Schmidt-Boelter heat flux meter is positioned 1.5 m 
beside the tyre.  
 

3 Test results and observations 
 
3.1 Fire development 
The fire was initiated by pouring 1/2 litre of heptane into the pan mixed with gravel and 
diesel oil. The rubber tyre was mounted directly on the gravel surface, and therefore 
blocked a certain portion of the pan fuel surface. The radiation heat flux from the tyre and 
the heat release rate were measured during the test. An attempt to measure the smoke 
generation was made but due to technical difficulties no useful results could be obtained.  
 
The heat release rate is presented in Figure  7. After ignition, the diesel fuel started to 
burn and flames very soon reached the top of the wheel house. After 2:56 
minutes:seconds a first peak heat release rate of 2.3 MW was measured. The first heat 
release rate peak can only be explained as a combination of a burning rubber tyre (surface 
layer) and burning diesel. At this time mainly the sidewall (the side seeing the heat flux 
meter) and the lower parts of the tread were burning. Slightly later, or after 4:16 
minutes:seconds  the top of the tread was also burning, see Figure  9. According to the 
free burn diesel/gravel pan test without the rubber tyre, the peak heat release rate was 
about 1.1 MW after 2:36 minutes:seconds from ignition. This would mean that about 1.2 
MW was the contribution from burning rubber.  
 
In Figure  8 a comparison of the initial heat release rate (the first 25 minutes) from the 
rubber tyre test and the test with the diesel pan filled with 50 mm gravel, is shown. It 
confirms that the rubber tyre burns more intensively in the beginning of the test. When 
the first layer has burned off, the fire intensity of the tyre was reduced considerably at the 
same time that the contribution from burning diesel in the pan reduces. After about 23 
minutes only the tyre is burning and the total heat release rate is about 0.4 MW. The fire 
now starts to slowly increase again in a linear fashion and reaches about 1 MW, 64 
minutes after the ignition.  
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Figure  6  A photo taken just after the ignition.  

  

 
 
Figure  7  The measured heat release rate during the test with a front loader rubber . 
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Figure  8   Comparison of the initial heat release rate of the rubber tyre test and the test with 
a diesel pan with gravel.   
 

 
Figure  9  A photo taken after 4:16 minutes from ignition. The heat release rate is about 2 
MW.  The peak heat release rate was 2.3 MW, reached at 3 minutes after ignition.  
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Figure  10  A photo taken when the heat release rate has reduced to  0.4 MW 20 minutes 
after ignition.  
 
During the linearly increasing period, mostly the tread and the sidewall faced towards the 
heat flux meter were burning. After 64 minutes the heat release rate started to increase 
rapidly and a new peak of 2 MW was obtained after 69 minutes. The reason for this rapid 
increase is related to the fact that the opposed tyre wall became fully involved in the fire. 
Further, in the area between the tyre and the wheel rim, one can observe an increase in the 
size of the flames. This indicates that during this period there was an increase in 
production of pyrolysis gases from the inside of the tyre. From about 70 minutes after 
ignition to 90 minutes after ignition, the increase in heat release rate is only moderate, see 
Figure  8. The heat release rate is about 2 MW and after about 90 minutes from ignition a 
sudden increase up to 3 MW is noted, see Figure  9. This increase is probably related to 
the sudden change in the exposed fuel area and access of air to the combustion zone. The 
fire spread to the inner section of the tyre results in a higher total heat release rate. After 
this period, the fire starts to decay and 150 minutes after ignition, the measurements were 
shut off. The heat release rate was only 0.3 MW at this time. An ember of glowing rubber 
and some minor flickering flames were observed at this time.      
 
3.2 Smoke observations 
As no successful smoke measurements were carried out, the smoke production can only 
be described subjectively. During the first 10 minutes some black smoke was observed 
above the tyre. This smoke is a combination of particles and gaseous residues from the 
diesel fuel and the rubber. During the 10 to 60 minutes period, less smoke was produced, 
see Figure  10. After about 70 minutes, the smoke density clearly increased (see Figure  
12) and from 70 to 120 minutes the smoke was relatively thick.  
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Figure  11  A photo taken at 60 minutes from ignition. The heat release rate is about 1 MW.  
 

 
Figure  12  A photo taken 70 minutes from ignition. The heat release rate is about 2 MW.  
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Figure  13  A photo taken 80 minutes from ignition. The heat release rate is about 2 MW.  

 
Figure  14  A photo taken 90 minutes from ignition. The heat release rate is about 3 MW.  
Notice that the tyre is burning on two sides, i.e. on the inside and outside of the tyre. This 
explains the sudden increase in the peak heat release rate.  

 
3.3 Heat flux 
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The heat flux from the fire was measured 1.5 m from the tyre. The measurements were 
carried out using a Smidth-Boelter heat flux meter, located 0.9 m above floor level and 
centred to the tyre, see Figure  15. The heat flux curve follows very well the heat release 
rate curve shown in Figure  7.   
 

 
Figure  15  Heat flux measurements 1.5 m from the centre of the tyre. The height from the 
floor and up to the heat flux meter was 0.9 m.  
 
It is possible to calculate, roughly, the radiation from a burning object by using the 
following equation: 
 

 24
"

x
Qq
π

η=     (1) 

 
where "q is the radiation in kW/m2, Q  is the heat release rate in kW, x  is the distance in 
metre and η is the ratio of radiative heat flux of the total heat release rate. This ratio is 
usually about 0.3, but can vary depending on fuel type and fuel configuration. In Figure  
16, a comparison of the measured and calculated heat fluxes using equation (1) is shown. 
The value of η =0.25 gives a very good correlation between the measured and the 
calculated value. Equation (1) therefore appears to give a good correspondence for 
prediction of risk for fire spread between two adjacent vehicles.  
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4 Discussion 
 
4.1 Diesel test 
Prior to the test with the tyre, some preparatory tests were carried using diesel oil, with 
and without gravel in a pan that had a diameter of 1.25 m. The diesel oil was used to 
ignite the tyre. The first test was conducted under the calorimeter with 25 litre of diesel in 
the fuel pan and no gravel. The second test was conducted by first making a 50 mm thick 
bed of gravel with stones sized between 0 – 18 millimetre in the pan and then adding 25 
litre of diesel oil. The difference in measured heat release rate turned out to be rather 
large. The reason is mainly due to the heat feedback from the flames towards the fuel 
surface and the amount of freely exposed diesel fuel. Without a bed of gravel, the highest 
heat release rate was measured to be 1.8 MW and with gravel it was 1.1 MW. Further, the 
characteristic behaviour was very different. In the beginning of the test, the diesel which 
was freely exposed above the gravel surface burned off quickly. After a short time the 
heat release rated peaked and then started to reduce in size. Both the growth rate and the 
maximum heat release rate were found to be considerably lower than in the test with 
freely exposed diesel fuel. This test show that the road surface, especially if it is made of 
gravel, can influence the size of the initial fire considerably. This must be considered 
when trying to estimate the fire size and fire growth for vehicles of this type.   
 
4.2 Rubber tyre 
The test with the tyre was carried out by igniting a pan with gravel which was placed 
under the tyre. After ignition the diesel fuel started to burn and flames very soon reached 
up to the top of the wheel house. A first peak heat release rate of 2.3 MW was measured 
after 2 minutes and 56 seconds. The first heat release rate peak can only be explained as a 
combination of a burning rubber tyre (surface layer) and burning diesel. At this time, 
mainly the sidewall (the side seeing the heat flux meter) and the lower parts of the tread 
were burning.  A rough estimate of the burning area when the peak occur is 5.9 m2. If we 
subtract a contribution from the diesel fire of about 1.1 MW, we have approximately 1.3 
MW from the tyre (see Figure  8). This means that the heat release rate per exposed fuel 
surface at this time is 0.20 MW/m2. This is in line with the results obtained from other 
studies mentioned in the introduction. The fire intensity reduces again and the next abrupt 
increase occur after about 70 minutes, when both sides of the tyre are fully involved in 
the fire and certain amount of gases are coming from the inside of the tyre. The total 
exposed exterior fuel surface area of an intact tier is about 8 m2, meaning that the heat 
release rate per unit fuel surface area is about 0.25 MW/m2. This is slightly higher than 
that developed previously and can be explained by pyrolysis gases produced and leaking 
from inside of the tyre due to openings close to the rim. The third and last peak occur 
after about 90 minutes from ignition. The maximum heat release rate at this time was 
about 3 MW. It is very difficult to estimate the exposed burning area under these 
conditions.  
 
The measurements were turned off 150 minutes into the test, before the tyre was totally 
burned out. At 150 minutes (2.5 h), the heat release rate was still about 0.3 MW. The total 
integrated heat content up to 2.5 h was 9.6 GJ. If we use a heat of combustion of 27 
MJ/kg [3] and we know that the rubber weight was 413 kg, then the total heat content is 
somewhat higher, 11.2 GJ. This difference can be related to the fact that the 
measurements were turned off before all combustion had taken place and also due to 
uncertainty in the assumption of a heat of combustion value of 27 MJ/kg for this type of 
tyre. In conclusion we can say that after 2.5 h, about 86 % of the total energy was 
released.  
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4.3 Heat flux 
The simple correlation given by equation (1) appears to give a very good correspondence 
with the experimental data. This supports the use of this formula to estimate the risk for 
fire spread between vehicles.  
 

 
Figure  16  Comparison of measured Heat flux at 1.5 m from the centre of the tyre and 
calculated heat flux according to equation (1). The height up to the heat flux meter was 0.9 
m.  
  

Comparison of measured and calculated heat 
flux 1.5 m from the tire

0

5

10

15

20

25

30

0 20 40 60 80 100 120

Time (minutes)

H
ea

t f
lu

x 
(k

W
/m

2 )

Heat flux measured Heat flux calculated



21 

 

 

5 Conclusions 
 

• A front wheeler loader tyre can give a maximum heat release rate of 3 MW.  
 

• The maximum heat release rate is related to a collapse situation of the tyre, and 
when the combustion gases heritage from both exterior and interior sides of the 
tyre.      

 
• The value of 0.2 MW/m2 is a good design value to employ when one needs to 

estimate the maximum heat release rate of a large tyre. This value was found to 
be reasonable when the exposed fuel surface area was definable.  

 
• 86 % of the total heat energy was released by 2.5 h from ignition. 

 
• Equation (1) yields a reasonable values when using the fraction of radiative heat 

release rate to total heat release rate of 0.25.   
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