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Fire Resistance Requirements for 
Rubber-Tire Warehouses 

D. Yung* and J. R. Mehaffey** 

Abstract 
The normalized heat load approach is used to analyze the severity 

of warehouse fires involving a large volume of rubber tires. The 
results suggest that for a compartment with a fire resistance rating 

of two hours, the maximum number of tires that can be stored safely 

per square meter of compartment surface area is 0.8 to 1.2for normal 
weight concrete walls, and 0.4 to 0.7 for lightweight concrete walls. 

Introduction 
Rubber tires are usually stored in warehouses on shelves or racks. The 

racks are usually arranged in such a way as to provide maximum storage 
capacity with minimal aisle separations for easy access. The 1985 
National Fire Code ofCanada1 does not require that such warehouses be 
equipped with sprinklers if the volume occupied by the tires is less than 

425 m3
. A large warehouse, in principle, could be constructed without 

sprinklers ifthe warehouse is divided into several smaller fire compart

ments with each storing no more than 425m3 oftires. The statement in 
the Code, however, does not specify what fire resistance rating is 
required of the fire compartment boundaries. This raises concerns and 
these concerns led to this study on the fire resistance requirements for 

the fire compartment boundaries. 
In this study, due to the lack of experimental data on the burning char

acteristics of rubber tires inside a compartment, the rubber tires are mo
deled as an equivalent cellulosic load with the same heat content as that 
of the rubber tires. This approach produces a more severe heat assault 

•National Fire Laboratory, Institute for Research in Construction, National Research 
Council of Canada, Ottawa, Ontario, Canada KIA OR6. 

**Building Construction Technology Department, Forintek Canada Corp., Ottawa, Ontario, 

Canada KlG 3Z5. 
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on the boundary walls and hence a conservative estimate of the fire 
resistance requirements. 

Conclusions from this study indicate that rubber-tire fires can be very 
severe. As a result, the code writing committees have made certain 
changes to the National Fire Code ofCanada.2 For example, the volume 
of tires permitted in an unrated compartment has been reduced from 425 
to 375m3• Also, the fire resistance rating for compartments containing 
more than 375 m3 of tires has been specified to be not less than 2 h. 

Assessing Fire Resistance Requirements 
The fire resistance rating of a building element, for examp\e a wall 

assembly, is usually determined by standard tests conducted in conform
ance with CAN4-S 101, "Standard Methods of Fire Endurance Tests of 
Building Construction and Materials."3 (CAN4-S101 is the Canadian 
counterpart of the American ASTM-Ell9, "Standard Methods of Fire 
Tests of Building Construction and Materials.") In the test, the specimen 

of a building element is exposed on one side to a standard fire exposure 
in a furnace. The fire follows a prescribed temperature-time curve 
deemed to be representative of that encountered in actual building fires. 
The fire resistance rating, -r, is the time in hours or fractions thereoffor 
which the specimen maintains its structural integrity (withstands the 
passage of the flame) and resists the transmission of heat (temperature 
on the unexposed surface does not rise more than 139°C). For some pro
ducts, the fire resistance rating may be determined by either the exten
sion or interpretation of information derived from standard tests or by 
mathematical modeling. 

An actual fire in a compartment within a building seldom resembles 

the one in the standard fire resistance test. That is, the temperature

time curve encountered in a real fire situation is seldom identical to that 
of the standard test. To establish fire resistance requirements for com

partment boundaries, a mechanism is required to relate the severity of 
the anticipated fire to that ofthe test fire. Detailed studies

4 
have shown 

that the severity of the thermal assault on a boundary, as a result of 
exposure to a fire, can be quantified by a parameter called the normal
ized heat load. The normalized heat load, H, is defined as: 

where 
q 

t 

-r* 

= heat flux penetrating the boundaries, WI m2 

= time, s 
= duration of fire exposure, s 

(1) 



102 FIRE TECHNOLOGY MAY 1991 

"{ ktx 
withk 

p 
andc 

= thermal inertia of the boundaries, J. m-2 s-l12K-1 

= thermal conductivity, W/(m. K) 

= density, kg/m3 

= specific heat, J!(kg . K) 

The normalized heat load is the total heat absorbed by unit surface area 
of the boundaries during the fire divided by the thermal inertia of the 
boundaries. f 

A compartment fire and a standard test fire have the same equivalent 
fire severity if they deliver the same normalized heat load to the bounda
ries. Consequently, fire resistance requirements can be set by requiring 
building elements to endure, in a standard test fire, a normalized heat 
load greater than that expected to be imposed on the same element in a 
real world fire. The relationship between the required fire resistance 
rating, r, of a specimen and the maximum normalized heat load, H, it can 
endure is given as:4 

r = 0.11 + 0.16 X 10--4 H + 0.13 X 10-9 J{l (2) 

for H < 9 x 104 s1n K. The above equation shows, for example, a required 
fire resistance rating of two hours for an expected maximum normalized 
heat load of 7.39 x 104 s1n K. That means an element with a two-hour 
rating can withstand any compartment fire for the whole duration of the 
fire provided the fire delivers a normalized heat load to the element not 
greater than 7.39 x 101 sw K. 

Modeling Tire Fires 
Models for characterizing compartment fires and for predicting the 

normalized heat load delivered to the compartment boundaries have 
been developed within the past few years.

4 
These models indicate that 

the severity of the fire depends on the type offuel burned, the size of the 
ventilation opening, and the thermal properties of the compartment 
boundaries. The models for cellulosic fuels, such as wood, have been 
developed to a level that they can make quite accurate predictions.6 

Those for non-cellulosic fuels, such as plastics, have yet to be tested 
against experiments. Very little is known about the characteristics of 
warehouse fires involving tires as fuel, except for a limited number of 
tests conducted to study the effectiveness of using sprinklers to control 
the fire.

6 

With only limited information on the phenomenology oftire fires, it is 
difficult to model compartment fires involving tires. However, it has been 
found, during the course of developing models for compartment fires, 
that a compartment fire involving a cellulosic fire load is more severe 
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(i.e., there is more heat assault on the compartment boundaries) than a 
compartment fire involving a non-cellulosic, but calorifically equivalent, 
fire load (where generally more heat is lost through the ventilation 
opening).6 For the purpose of this study, the fire load is modeled as an 
equivalent wood load with equal calorific value. This approach allows a 
conservative estimate of the severity of the fire, and a safe estimate ofthe 
fire resistance requirements of the boundaries. 

The typical weight of an average passenger tire is 11 kg, and the heat 
of combustion is about 34 MJ I ki. The heat of combustion for wood is 
about 18 MJ I kl. The equivalent wood mass for a tire is thereftre about 
20.8 kg. The total equivalent fire load is simply: 

G = 20.8N (3) 

where G is the equivalent fire load in kg and N is the total number of 
tires. 

During the fully developed stage of a fire, the rate ofburning depends 
on the amount offuel in relation to the ventilation of the compartment. 
When the amount of fuel is relatively small, the bumingrate is controlled< 
by the fuel surface area and is considered to be fuel controlled. When the 
amount of fuel is relatively large, the burning rate is controlled by the 
rate of entry offresh air and is considered to be ventilation controlled. In 
this case, when the fuel load is very large and the door opening is relative-
ly small, the fire can be expected to be ventilation controlled. It should 
be noted that ventilation controlled fires are more severe than fuel con
trolled fires.

6 
By modeling the fire as ventilation controlled, a conserva

'tive estimate of the severity of the fire is found. Under ventilation con
trol, the burning rate is found to be:

4 

R = 0.0236 tP (4) 

where R is the burning rate in kg Is and tP is the ventilation parameter 
also in kg Is. The ventilation parameter is defined as: 

tP =P A .Ygh 
a • o 

(5) 

where Pais the density ofthe atmospheric air (1.2 kglm3);A. is the area 
of the ventilation opening in m2

; g is the gravitational acceleration (9 .8 
m I s2

); and h. is the height of the ventilation opening in m. 
The maximum normalized heat load absorbed by the boundaries 

during the fire is given as:
4 

1260 G 
H = x 104, s 112K 

ａｾＫＹＳＵ｜ｦｩＰ＠
(6) 
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In the above expression, A is the total surface area of the compartment 
boundaries (walls, ceiling, and floor). For this study, the cei1ing and floor 
are assumed to have the same construction as that of the walls. 

In applying the above model to warehouse fires involving tires, the 
following assumptions are implied: 

• The ceiling-roof assembly stays in place during the fire. 

• There are no sprinklers or any other fire-fighting efforts w}thin 
the compartment. . 

• The release of heat due to combustion takes place complete)y 
within the compartment. 

• Fresh air enters and fire gases exit the compartment through 
one opening only. 

• The fire within the compartment reaches flashover. 
• Uniform conditions prevail within the compartment. 

If any of.these conditions are violated, except the last one, the fire 
conditions within the compartment would be less severe than the model 

predicts. The last assumption is made to render simplification in the 
present modeling. 

Model Predictions: Compartment with 425 m 3 of Tires 
For a compartment containing 425m3 of tires, the compartment size, 

after allowing for racks and aisles providing access to the tires, is 

assumed to be as shown in Figure 1 (drawn to scale): 22.5 m long, 13.5 
m wide, and 7 m high with a typical door of3.6 m high by 2.4 m wide. The 

largest number of tires that can be put into 425 m3
- hence the most 

severe fire load- is by piling all the tires into a single pile. This is shown 

in Figure 1 with a probable pile size of9.22 m by 9.22 m by 5 m high. A 

typical passenger tire is 0. 750 TTl: in diameter and 0.175 min width. The 

arrangement of the tires is therefore probably 12 across by 12 deep by 25 
high, a total of 3600 tires. 

With 3600 tires, the equivalent wood fire load G is 74,900 kg (Equa

tion 3). Based on the dimensions of the ventilation door, the ventila

tion factor, cP, is 61.6 kgls (Equation '5). Assuming the walls, ceiling, and 

floor are made of normal weight concrete, the thermal inertia y k fX is 
2192J. m-2 s-112 K-1

•
4 The total surface areaofthe boundaries is 1100 m2

• 

Substituting these parameters into Equation 6, the normalized heat 

load His 21.4 x 104 s 112 K. This is a very high normalized heat load, out 

of the applicable range of Equation 2 for estimating the required fire 
resistance rating. This means the required fire resistance rating is 
extremely high. If lightweight concrete is used, similar calculations 

would show the normalized heat load to be even higher because of its 
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Figure 1: Assumed warehouse dimensions for storing 425m3 of tires. 

lower thermal inertia ( y k p:: = 931 J. m-2 s-1n K-1 
). 

The fact that the fire is so severe is not unexpected because of the large 
fire load inside the compartment. If Equation 4 is used, the burning rate 
is found to be 1.45 kg/s. With an equivalent heat.of combustion of 18 MJ/ 
kg and assuming a combustion effici.ency of 80%, the heat generation 
rate is very high, 20.9 MW. Because of the large fire load, 74,900 kg, the 
duration of the fire is also very long, 14.3 hours. A strong fire burning for 
a long time imposes a very severe thermal assault on the boundaries. 

Since the fire is of long duration, a steady state heat transfer calcu
lation was performed to shed some light on how thick the walls have to 
be in order to resist the fire. In the steady state heat transfer calculation, 
the heat generated from combustion is dissipated via conduction through 
the boundaries and subsequently free convection on the outside of the 
boundaries, and via convection and radiation through the ventilation 
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door. The formulation and calculation methods are shown in the Appen
dix on p. 110. 

The results ofthe calculation are shown in Figure 2 where the outside 
surface temperature rise of the boundaries is plotted as a function of the . 
boundary thickness for both normal weight concrete and lightweight 
concrete. As mentioned previously, the criteria for satisfactory perfor
mance are structural integrity and an outside surface temperature rise 
not greater than 139°C.Assumingthe concrete boundaries can maintain 
the structural integrity, Figure 2 shows that the required thickneS!f to 
meet the temperature criterion is enormous: about 3 m for normal 
weight concrete and close to 1m for lightweight concrete. This confirms 
the results of the normalized heat load approach that the fire severity is 
indeed very high. 

Since the .construction of concrete walls of these thicknesses is not 
practical, other calculations were performed, shown in the next section, 
to determine whether fire resistance requirements can be reduced if the 
compartment is limited to a smaller size with a correspondingly smaller 

tire load. 

w· 1000 
(/J 

c: 
UJ 
c: 
:::> 

ｾ＠
c: 
UJ 

ｾ＠ NORMAL WEIGHT CONCRETE 
UJ 
I-

I 

UJ 
u 
ｾ＠
c: 
:::> 
(/J 

w 
0 
(i) 
1-
::J 

500 
LIGHTWEIGHT CONCRETE 

0 139 

ＰｾＰＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭｾＲｾＭＭＭＭＭＭＭＭＭＭＭＭｾＳ＠

WALL THICKNESS, m 

Figure 2: Compartment outside surface-temperature rise as a function of wall 

thickness for two different types of concrete: normal weight and lightweight. 
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Model Predictions: Compartments with Two-hour Fire 
ResistanceRequirements 

In this section, calculations are performed using the normalized heat 
load approach to determine which arrangements of compartment sizes 
and tire loads would not result in a fire resistance requirement of more 
than two hours. For the walls to perform satisfactorily throughout the 
fire, the normalized heat load absorbed by the walls must be less than 
7.39 x 104 s 112 K, as was discussed earlier in this paper. The normalized 
heat load, H, as shown by Equation 6, depends on the com#artment 
surface area, A, the boundary thermal inertia, v k /X , the fuel load, G, 
and the ventilation factor, cP. In what follows, the fuel load, G,'is deter
mined (indirectly the number of tires, N, through Equation 1) for six 
different reasonable combinations of A and <P, and for both normal weight 
concrete and lightweight concrete. 

Three compartments are considered (affecting the compartment sur
face area A): large, 22.5 m x 13.5 m x 7 m high; medium, 10m x 10m x 
7 m high; small, 10m x 10m x 4 m high. The door is considered to be 2.4 
m x 3.6 m high. Two door openings are considered (affecting the venti
lation parameter<!>): full, in which the door is fully open; and half, 
in which the door is half open (i.e., 2.4 m x 1.8 m high, in the event 
something is blocking the doorway). The case when the door is 
fully closed is not considered here because the fire would not be 
a severe one as it could not develop into a severe one without the 
supply of fresh air. As discussed earlier, thermal inertia is 2192 
J. m· 2 s·1

'
2K"1 for normal weight concrete and 931 J . m-2 s-112 

K"1 for lightweight concrete. To achieve a two-hour fire resistance 
rating, the wall thickness must be 113 mm (masonry) to 130 mm 
(monolithic) for normal weight concrete, and 95 mm (masonry) to 
103 mm (monolithic) for lightweight concrete. g 

Table 1: Maximum number of tires permitted (/'V) for normal weight 
concrete compartments with a two-hour fire resistance rating 

Fire Fire N/Floor N/Surface 

Com part- Duration Load Area Area 

ment Opening N (hrs) (MJ/m2) ( m-2) (m-2) 

Large Full 975 3.9 1200 3.2 0.9 
Large Half 845 9.5 1040 2.8 0.8 
Medium Full 505 2.0 1880 5.1 1.1 
Medium Half 405 4.5 1510 4.1 0.9 
Small Full 410 1.6 1539 4.1 1.2 
Small Half 315 3.6 1190 3.2 0.9 
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Results are shown in Table 1 for normal weight concrete and in Table 
2 for lightweight concrete. In both tables, the number oftires permitted, 
N, the fire duration, and the fire load per floor area are shown. Also 
shown in the two tables is the number of tires permitted per floor area 
and per compartment surface area. It is· interesting to note that the 
number permitted per compartment surface area is in a narrow range of 
0.8 to 1.2 for normal weight concrete walls and 0.4 to 0.7 for ｬｩｧｨｴｾ･ｩｧｨｴ＠
concrete walls. It is suggested that these numbers be used as guidelines 
for the maximum number oftires permitted to be stored in a single two
hour rated fire compartment. 

Tables 1 and 2 show that the maximum number of tires permitted in 
compartments with lightweight concrete boundaries is roughly half of 
what is permitted in compartments with normal weight concrete bound
aries, even though both have the same two-hour fire resistance rating. 
This is because lightweight concrete has higher thermal resistance than 
normal weight concrete. In a standard fire test, the fire follows a pre
scribed temperature curve. In a real fire situation, however, the temper
ature inside a compartment is affected by the thermal resistance of its 
boundaries. If the same amount of fire load is present, the temperature 
inside a lightweight concrete compartment is much hotter than that in
side a normal weight concrete compartment, causing a higher thermal 
assault on the lightweight concrete boundaries. This is why results show 
that the maximum number of tires permitted in lightweight concrete 
compartments is lower than permitted in normal weight concrete com
partments. 

Conclusions 
The normalized heat load approach was used to analyze the severity 

of warehouse fires involving 425 m3 of rubber tires. The fire safety re-

Table 2: Maximum number of tires permitted (N) for lightweight 
concrete compartments with a two-hour fire resistance rating 

Fire Fire N/Floor N/Surface 
Com part· Duration Load Area Area 

ment Opening N (hrs) (MJ/m2) ( m-2) (m-2) 

Large Full 500 2.0 620 1.6 0.5 
Large Half 400 4.5 500 1.3 0.4 
Medium Full 280 1.1 1060 2.8 0.6 
Medium Half 205 2.3 760 2.1 0.4 
Small Full 240 0.9 890 2.4 0.7 
Small Half 165 1.8 610 1.7 0.5 
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quirements of the 1985 National Fire Code do not apply if the volume of 
tires stored in a compartment is less than 425m3

• With limited informa
tion on compartment fires involving tires, the tire load was modeled as 
a calorifically equivalent wood load. Results show the severity of such a 
fire to be extremely high, requiring the walls to have a fire resistance 
rating of much larger than two hours. The fire was shown to have a heat 
generation rate of 20.9 MW and a duration of 14.3 hours. Separate 
calculations based on steady-state heat transfer analysis also crfirmed 
the extreme severity of such a fire, requiring the walls to have a thick
ness of about 3m for normal weight concrete and close to 1 m fpr light
weight concrete in order to be able to prevent the spread of fire. 

Because of the extreme severity of compartment fires involving a 
large volume of tires, other arrangements of smaller compartment sizes 
and reduced tire loads were studied to determine what the allowable tire 
loads would be if the fire resistance rating of the compartment bound
aries is limited to two hours. Twelve different cases were studied, 
involving three different compartment sizes, two different ventilation 
openings, and two different wall constructions. Results show that the 
permissible number of tires per square meter of compartment surface 
area is in the narrow range of 0.8 to 1.2 for normal weight concrete and 
0.4 to 0. 7 for lightweight concrete. It is suggested that these numbers be 
used as a guide for determining the maximum number oftires permitted 
to be stored in a single two-hour rated fire compartment. 
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Appendix: Steady State Heat Transfer Calculatiml 

I 

Under steady state conditions, the heat generated by the fire within 
the compartment, Qc, is dissipated partly through the boundary wall, Qw; 

and partly through the door via both convection, Q", and radiation, Qr. 
This heat balance can be written as: 

(Al) 

The heat loss through the boundary wall, Qw in W, can be written as: 

(T8 - Ta)A 

Qw = (S/k) + (1/h) 
(A2) 

where T6 is the fire gas temperature in K; Ta is the outside ambient 
temperature inK; A is the total surface area of the compartment bound
aries in m2

; ois the wan thickness in m; k is the wall thermal conductivity 
in W/(m ·I{); andh is the outside free convection heat transfer coefficient 
in W/(m2 

• K.) . Equation A2 assumes that the heat transfer between the 
fire gases and the outside air is carried out via heat conduction through 
the wall and free convection on the outside surface. This implies that the 
thermal resistance between the fire gases and the inside surface of the 
compartment wall is negligible compared with that of the wall and that 
of the outside surface. This assumption, however, is a reasonable one and 
it helps to eliminate the necessity to evaluate the heat transfer coeffi
cient on the inside surface, which is usually quite difficult to do. In the 
present fire resistance study, the consequence ofthis assumption is that 
a slightly·higher than actual amount of heat is allowed to pass through 
the wall, and hence a more conservative estimate of the temperature rise 
on the outside surface. 

In applying Equation A2 to this study, the ambient temperature, Ta, 

is assumed to be 298 K. The heat transfer coefficient on the outside 
surface, h, can be evaluated following standard free convection analysis.A1 

In this study, the temperature rise on the outside surface is in the range 
of200 K to 1000 K Within this temperature range, the value found for 
his quite constant, 5.95 W/(m2 

• K), and this constant value is assumed 
in the present calculation. 
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The next term is the heat convection tenn through the door, Qu in W 
This term can be expressed as: 

(A3) 

where m8 is the mass flow rate of the fire gases out of the door in kg Is, 
and c

8 
is the constant pressure specific heat of the fire gases inJ!(kg. K). 

The mass flow rate, m8 , can be expressed as:4 

r 
I 

m
8 

= 0.138 cP+ 0.47 R (A4) 
I 

where cPandR are the ventilation parameter and burning rate defined 
by Equations 5 and 4, respectively, in the text. The specific heat, c,, in 
Equation A3 for fire gases is difficult to assess because of the unknowns 
in the fire gases. In the absence of that information, its value can be 

. taken to be that of the air at that temperature. The temperature 
expected for the fire gases is in the range of 1400 Kto 1700 K, and the 
specific heat of air in this temperature range is relatively constant, at 
1.24 x 103 J/(kg · K). This value is assumed for c

8 
in this study. 

The last tenn in Equation A1 is the radiative heat loss through the 
door, Qr in W This term can be expressed as:A2 

1 
4 4 

Qr = 3Auu(T8 - Ta) (AS) 

where Au is the door opening in m2
, <J is the Stefan-Boltzmann constant, 

5.67 x 10-a W /(m2 K 4
). The factor 113 takes care of the fact that the gas 

emissivity is not 1 and that the gas temperature is not uniform over the 
whole door. In addition, radiant heatis lost through the door primarily 
through the bottom 113 of the door. 

If the heat generated by the fire, Qe, is known, EquationsAl toA5 can 
be used to iterate for the fire gas temperature, T

8
. Once the fire gas 

temperature is determined, the heat loss through the wall, Qw, can be 
detennined (EquationA2) and subsequently the temperature rise on the 
outside surface, (T0 - T0 ), can be determined via the following heat 
transfer relationship: 

(T - T ) = Q.., (A6) 
o a h 

where To is the outside surface temperature inK. 
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Nomenclature _ 

A total surface area of compartment boundaries, m2 

c constant pressure specific heat of boundary walls, J/(kg · K) 

c, constant pressure specific heat of fire gases, J/(kg · K) 

g gravitational acceleration, 9.8 m/s2 

G total wood equivalent fire load, kg 

h outside free convection heat transfer coefficient, W/(m2 
• K) 

hu height ofventilation opening, m 

H normalized heat load, s112 K 

k thermal conductivity of boundary walls, W/(m. K) 

V k fX thermal inertia of boundary walls, J . m-2 s-112 K-1 

Trig mass flow rate of fire gases, kgls 

N total number oftires 

q thermal assault on the boundaries, W/m2 

Q heat rate, W 

R wood equivalent burning rate, kgls 

t time, s 

T temperature, K 

Greek Letters 

8 boundary wall thickness, m 

p density ofboundary walls, kglm3 

p,. density of outside air, kglm3 

a Stefan-Boltzmann constant, 5.67 x lQ-3 W/(m2K4
) 

-r fire resistance rating, hrs 

-r"' fire duration, s 

l/J ventilation parameter, kg/s 

Subscripts 

a outside air 

c combustion 

g fire gases 

o outside surface of boundary walls 

r radiation 

v ventilation opening, or convection 

w boundary walls 


