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The project is a part of the resemh programme "Tim r consuuctions and fire" and 

has been financed by funds from the Swedish Fire Research oard. The aim of the 

project is to illustrate the possibility of calculating the fire resistance of building 

panels and wall constructions. The work has been planned in consultation with the 

steering group "Timber consmction and fire" of the Swedish Fire Research 

The members of the steering group have been as follows: 

Vidar Sjodin, chairman Rockwool Inc. 

Birgit Ostman, secretary Swedish Institute for Wood Technology Research 

Bengt Bengtsson Swedish Wood Panel Inc. 

Wans Ohlsson National Board of Physical Planning and Building 

Ulf Wickstroni The Swedish National Testing Institute 

Kai Odken Royal institute of Technology, Stockholm 

Jan Hagstedr Swedish Timber Council 

The calculations in this work a r e  based on the model developed by the author and 

presented in [l]. The simulations comprise a total of 23 different calculation cases. 

The calculations have been compared with experimenrally determined fire resistan- 

ces in most of the cases. In two cases the influence of a varied opening factor for a 

fire compartment type A is studied. 

This document refers to research grants 814-89-1 and 814-89-2 from the Swedish 

Fire Research Board within the limits of the special programme "Timber consnuc- 

tions and Fire" to the author's company Bedec Engineering. The special programme 

is a collaboration between the Swedish Fire Research Board, the Swedish Council 

for Building Research, the Swedish National Board for Technical Development and 

the Swedish Institute for Wood Technology Research. 

The author wishes to thank Marianne Abrahamsson who typed the final version of 

the manuscript and Lewis J Gruber for correction of the English language. 

Luud, January 1990 

Berdl Fredlund 
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Traditionally, the fire resistance of building components and building structures is 

determined by experiments according to the internationally accepted test method 

I S 0  834 or its Swedish c o u n t e ~ a n  IS 02 48 20. For example, testing of a wall in 

a full scale f~miace implies that samples of h e  dime~rsion 3x3 m are used. The wall 

samples are installed in a verticai position on one side of the furnace. The tempera- 

ture in the furnace is then increased according to the requirements in the test 

method. If a loadbearing structure is tes , external load is applied to the smcture. 

The fire rreisrance of a building component is defined as the time when some of the 

following performance requirements are no longer complied with. 

The insulation requirement, i.e. the rise in tenr~~eerture or1 the unexposed 

face is not allowed to exceed 140 on average or 180 06 for a single 

point 

The integrity requirement, i.e. the building component is not allowed to be 

penetrated by flames or hot gases 

- The loadbearing requirement. This requirement is to be excluded for non- 

loadbearing structures 

In the following theoretical analysis it is the first requirement, i.e. when the rise in 

temperature on the unexposed face exceeds 140 06, that determines the fire resis- 

tance of the walls and the wood based boards studied. 

Since full scale testing is v e v  expensive, small scale tests have been developed [2].  

These methods are however only possible to use when non-loadbearing structures 

are resicd. 

It is of course desirable io be able to estimate the fire resistance by analytical 

methods. In this connection the addition principle might be mentioned. The method 

is based on adding the fire resistances of separate building comporients to a tord fire 

resistance of a building structure. The fire resistance of the separate building com- 

ponents is determined from experiments. 



The objective of this study is to demonstrate that he fire resistance can be calculated 

on the; basis of analytical rreatment instead of the results of furnace tests. llre cal- 

culations in this work are based on the model developed by the author and pre- 

sented in [l]. 

The calculated fire resistances are compared with those measured in tests in accord- 

ance with IS0  834 and presented in (21 and 131. 



h this chapter the theoretical model according to [ I ]  is st~mmxised. The fomula- 

tion is based on energy and mass transfer in two dimensions. 

Energy transfer is assumed to occur as lkermal conduction and convective flow as 

volatile pyrolysis products and water vapour move along the pore system of the 

wood material. 

One fuudamental assumption is that for each xbitrary point and time there is total 

thenodynamic equilibrium, i.e. the solid phase and the gaseous phase in the mate- 

rial have the same temperature over a small space about the considered point. 

also neglect the contributions due to the work done by pressure. 

The original moist wood material is assumed to be divided into four phases: active 

wood material which forms volatile pyrolysis products, a charcoal phase which can 

be oxidised at the surface of the material, water in the liquid phase, and water 

vapour. 

The energy content per unit volume is assumed to be equal to the sum of the energy 

contents of each constituent material. In calculating the temperature rise in the mate- 

rid, the effect of thermal inertia in the gaseous phase can be ignored. 

The energy released internally is obtained as the sum of the rate of pyroysis times 

the reaction energy and the rate of vaporisation times the latent heat of vaporisation 

respectively, attention being paid to the sign of the phase transformation energies 

(vaporisation or condensation). In this context, consideration must also be given to 

the differences in energy content (enthalpy) of the reacting substance and the reac- 

tion products. 

Pyrolysis is assumed to confomi to a mean reaction which is described by an 

Antlenius function. Vaporisation is assumed to conform to a relationship which is 

obtained if the pore system is fully saturated so long as there is water left in the pore 

system. The oxidation of charcoal at the surface of the material is also assumed to 

conform to a type of Arrhenius function. The thennal properties of the wood mate- 

-- ---.--- 
Description ofthe amlyrical model 



rial are calculated as weighted mean values of the concenerations of the constituent 

materials obtained at the time under consideration. 

The boundary conditious consist of an exchange of energy with the sunoundings. 

The energy flow at the boundary comprises radiation and convection. The con- 

vective energy flow is influericed by outward flow of gases at the boundary. 

The fundamental equation for conservation of energy in two dimensions can be 

summarised as 

Kx,Ky  

P 
c 

t 

Ql* 
* 

W 

= temperature, K 
= positionai coordinates ill the x and y directions, respectively, m 
= thermal conductivity in the x and y directions, respectively, 

WnrlK-I 
= convective temx in the x and y directions, respectively, 

= mass per unit volume, kgm-3 

= specific heat capacity, kg'-'K-' 

= time, s 

= net exotllermic effect in conjunction with pyrolysis, JII-3s-1 

= net exothermic effect in conjunction with vaporisation of water, 

Jm-3s-I 

The convective tenus K, and tcy are defined as 

where 

mXg,myg = flow of volatile pyrolysis products in x and y directions, 

respectively, kgm3s-l 

mx,,myv = vapour flow in x and y directions, respectively, kgm-2s.' 

cg = specific heat capacity of volatile pyrolysis products, 
Jkg-"K-' 

CV =- specific heat capacity of vapour, Jkg-'K-1 



Illhe net exotlierinic effect in conjunctior~ with pyrolysis l *  and vaporisation 

defined as 

where 

A H I , A ~ - P ~  = enthalpy chilnge doe to pyrdysis and vaporisation, 

respectively, J k g i  

Hg,Hv = enthalpy of volatile pyrolysis products and vapour, 

respectiveiy, Jkg-I 

= mass per unit volalrne of active material, volatile pyro- 

iysis products, water and vapour, respectively, kgm-3 

The enthalpy change due to pyrolysis AWr and vaprisation AH, is given by 

where 

I-Il,H, = enthalpy of active material and water, respectively, Jkg-l 

L&, = heat of reaction and latent heat of vaporisation, respectively, Jkg-l 

Equations (2.4) and (2.5) contain the derivatives with respect to time of p, pg, pw 
and p,, for which we need expressions. 'These derivatives can be written as 

-- 
Dexcnprion of the amlyrical model 



where 

b = preexperirne~iial rate coristant for pyrnlysis, s-l 

EA = activation energy, Jmol-l 

R - universal gas constaut, Jmol-'K-l 

G, = rate of generation of water vapour, kgrn-3s-l 

Explicit expressions for the v;rporisation tcmi G, in equation (2.10) and fox the 

flow teims m,,,, inyD m,, arld my, are given in  Section 2 2. 

Generally speaking, nansfer of water may t'&e place in both the gaseous and liquid 

phases. In a number of models, this problem is studied in corinection with the dry- 

ing of wood. In the drying processes in question, however, mass transfer is nor- 

mally very slow, and vapour transfer due to pressure differences can therefore 

usually be ignored. 

It is stated in [4] that in certain cases a reasonable assumption is to divide the 

moisture flow into a vapour flow and a water flow. An important example given is 

drying in conjunctiori with relatively rapid heating, when account must be taken of 

the fact that the heat flow is different from the total energy flow. At moderate 

moisture contents, there are no continuous water phases, and moisture flow takes 

place esscnticilly in the vapour phase. 

Generally speaking, the forces driving the moisture flow are dependent on differ- 

ences in concentration, ternperatwe gradients arid pressure gradients. The flow due 

to differences in concentration is assunred to conform to Fick's law. The pressure 

gradients in the material initiate a flow which is assumed to conform to Darcy's 

law. 

According to the universal gas law, ternper;imre c lmges  irr llre gaseous phase in a 

volume which is largely constant give rise to a change in pressure. In fire exposure 

applications, however, this pressnre change is small conipared to the pressure 

changes due to vaporisation of water, giving a steep pressure rise (51. 



The moclel for mass transfer of volatile pyrolysis products and water vapour which 

is presented here is based on gas flows driven by pressure gradients. Flow is given 

according to Darcy's law. ass transfer in the liquid phase is considerably slower 

than that in the gaseous phase and can therefore be neglected. 

e assume that the two gaseous phases, water vapour and volatile pyrolysis pro- 

ducts, follow the universal gas law. This applies for dilute gases, i.e. low pressure 

and not very low temperatures. The saturation pressure for water vapour is a 

function of temperature and can, as a go approximation, be assumed to follow an 

exponential function. The f~indamenul assumption made here is that vapovisation is 

sufficiently rapid for complete saturation of water vapour in the pores to be 

possible. This holds so long as there is water in the liquid phase at the point in the 

material which is under consideration. 

The total pressure is obtained according to Dalton's law as the sum of the partial 

pressures of water vapour and volatile pyrolysis products. 

The comprehensive differential equation for the mass flow in the two directions X 

and y is 

total pressure, Pa 

mass nairsfer coefficient in x and y directions, respectively, 

mole s kg-' 
thermal expansion coefficient, mole J-'S-' 

total rate of molar production of water vapour and volatile 

pyrolysis products, mole nrJs-' 
mass capacity coefficient, mole J-l 

The rate of molar production of volatile pyrolysis products and water va 

fined as 



where 

g = molar mass oh water and volatile pyrolysis products, res 

kg mole-' 

G,,Gg = rate of generaeion of water vapour and volatile pyrolysis products, 

respectively, kgm-3s"' 

The production of volatile pyrolysis products Gg is given by an Anhenius rela- 

tionship according to equation (2.8); we have 

A relationship for the production of water vapour G, is needed in equation (2.13). 

For a known temperature and pressure distribution, G, can be calculated from the 

relationship 

where 

a,,ay r-: mass rransfer coefficient in x and y directions, respectively, S 

kl  ,k2 = constants in expression for saturation pressure of water vapour 

The relationship between the mass transfer coefficients a,, ay and v,, cpy is given 

by 

where 

i = direction concerned, X or y 

Equation (2.15) contains temperatures and pressures which, during the iterative 

calculation, are obtained from the immediately preceding calculation step. 



ben a new pressurc disb-ibuiion has been calculated, the corresponding gas and 

vapour flows can calculated according to 

where 

i = direction concerned, x or y 

j = volatile pyrolysis pr ucts or water vapour 

m = mass flow, kgrn-2s-1 

Finally, for known mass flows the change in concentration of volatile pyrolysis 

products and water vapour can be calclilared lion1 the relationship 

In order that equations (2.1) and (2.12) may be solved, the boundary and initial 

conditions must be specified. The initial conditions are given by the initial tempera- 

ture and pressure distribution in the solid phase at the reference time zero. The 

boundary conditions for the energy conservation equation are specified as pre- 

scribed energy flow rates or temperatures at the boundaries. The mass flow at all 

boundaries is determined by the fact that the pressure along the boundaries is out- 

ward pressure. 

-- 
Descrlprion ofthe amlyfical model 



The heat balance and mass balance equations set out contain non-linear boundary 

conditions and material properties which vary with temperature, pressure and mass 

fraction of the substance in different stales. Analytical solutions are available only 

for linear applications of sirnple geometries and sirnple boundary conditions. The 

only way in which a solution can be obtained in a more general case is therefore a 

numen'cal method. 

The method chosen in this case is the finite element method. A descniption of the 

finite element approximation and the evaluation of all the element matrices using 4- 

node isoparanlenic elements are given in [l]. 

The integration with respect to time is an implicit single step method. The implicit 

method is unconditionally stable but this obviously does not imply that the size of 

the computational increments is subject to limitations. The limiting factors are due to 

the physical nature of the problem. Examples that may be mentioned are that the 

changes in boundary conditions and non-linearities in  the transfer and capacity 

marrices must be reprcduced in a reasonable manner. 

- - 
Chapter 2 



In this chapter, the material data for the model developed are put together. Experi- 

mental detemination of physical data did nor part of this project. 'The data 

given have thus been collected by studies of the literature. In certain cases, the 

physical data have k e n  estimated on the basis of information found in the literature. 

Generally speaking, it is difficult to obtain reliable material data for material proper- 

ties at elevated temperatures. For wood, the reasons are that the properties of the 

original material are subject to a large scatter, and that there are practical difficlrlties 

in determining material parameters at high temperatures. 

In order that calculations may be ciirried out according to the model developed, we 

need infonnation concerning material properties for the following components 

- solid wood 
- chipboard 
- fib1-e board 
- plasterboard 
- mineral wool 
- glass wool 
- charcoal 
- calcinated gypsum 
- water 
- water vapour 
- volatile pyrolysis products 

The material propcrties we need are thennal conductivity, specific heat capacity, 

reaction rate and heat of reaction, surface reaction rate, permeability and dynamic 

viscosity. 

In the calculations which have been carried out, all the material data have been taken 

e do not distinguish between the ttreranal properties of solid wood, 

chipboard or fibre board. The only input data which have been varied are thick- 

ness, density and moisture content. 



3.1.1 'Rmmal conthicciviiy of wood and charcod 

The thermal conductivity of the original wood varies as a function of the mass per 

unit volume of dry W material, water content and temperature. During pyrolysis 

material decomposes to charcoal and volatile 

partially charred material, the thmnal conductivity is assumed to vary linearly be- 

tween the original W material and the final clrarcoal. The effect of the tempera- 

ture on the thermal cond~rctivity of ch~ucoal, and the moisture content in the wood 

are taken into consideration. The rhernial cor~duclivity of wood as a function of 

moistwe content and density for radial lieat transfer is given by 

The tlierrnal cond~lctivities of dry wood material and clrarcoal as a fuiiction of 

temperature are illustrated in Figure 3.1. 

---.--W- 

THERMAL CONDUCTIVITY WOOD AND CHARCOAL, 
DENSITY 450kg/m3,150kg/m3 

Cond (W/m/ 

rlrarerial and chircod as a 

function of tentperatnre 



3. 1. 2 Specific heat capacity of w ~ o l y s i s  products 

In the calculations of energy transfer an the heat generated internally in conjunction 

with phase changes we need information concerning specific heat capacity as a 

function of temperature for the constimerrr materials. 

Figure 3.2 shows the specific heat capacity as a function of temperattlre for original 

wood, charcoal, volatile pyrolysis prducts and water vapour. 

SPECiFIC HEAT CAPACITY OF WOOD AND 
PYROLYSIS PRODUCTS 

2500 

2000 

1500 

1000 
. , . . . . . . . VAWI 
........ 

500 GAS 
CHAR 

- WOOD 
0 
0 200 400 600 BOO 1000 

Figure 3.2 Specific heat capacity of original wo , c h ~ c o a l ,  volatile p ~ o l y s i s  

products and water vapour as a function of temperature 



3.  l .  3 The kinetics of w 

The process of pyrolysis is assum to conform to a mean reaction described by an 

Anhenius function according to equation (2.8), and repe 

where 

EA = activation energy, Jmol-l 

R = universal gas constant, 8.314 Jmol-1K-1 

b = preexperimental rate constant for pysolysis, S-l 

p1 = mass per unit volume of active material, kgm-3 

T = temperature, K 

t = time, S 

In the calculations the following numerical data have been used 

Since there is great uncertainty regarding the heat of reaction, it has been decided 

that in the simulations described in this report, this parameter would not be used in 

order to fit the calculation results to experiments. Quite simply, as a temporary 

solution, we assume that the heat of reaction hg=O. 

3.1.4 Surface reactions 

It is assumed that the chemical reaction at the surface is described by the following 

empirical equation [7] 

= T, p e<EAmT.) 

where 

s = rate of recess )f mate rial surface due to the reaction, ms-l 

Ts = surface temperature, K 
p = empirical constant, S-'K-l 

EA = activation energy, J n d l  

R = universal gas constant, Jmol-1K-l 

Chapter 3 
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In the calculations the following numerical data have 

The heat of reaction at the surface of the material is obtained if we assume that the 

reaction occurs between carbon and oxygen, with carbon monoxide as the reaction 

product. The carbon monoxide then reacts with oxygen in the transition layer out- 

side the solid phase and forms carbon dioxide. The heat of reaction at the surface of 

the material, given by the first reaction, is 

3.1.5 Pemeability of wo 

The permeability of wood and building panels of wood varies considerably. In 

addition, if the description of the material also includes the carbon layer, it is further 

complicated as a result of shrinkage and cracking. In [I], these problems are further 

discussed and the permeability estimated. 

In the computer program the variation in permeability D is given by 

where 

k ~ l  = preexponential constant depending on material, m2 

k ~ z  = exponential c3nstant 
p = current density, kgm-3 

p2 = density of charcoal, kgm-3 

po = original density, kgm-3 

In the simulations the following numerical data have been used 

-P- - 
mid properties 



3.1.6 Dynamic viscosity 

ass transfer of volatile pyrolysis products and water vapour occurs under the in- 

fluence of gradients in total pressure. The dynamic viscosity of the gases varies as a 

function of temperature. In [I] the dynamic viscosity of volatile pyrolysis products 

is given, based on experiments according to 181. 

The weighted mean value of the dynamic viscosity of the volatile pyrolysis products 

together with water vapour is given in Figure 3.3. 

r DYNAMIC VISCOSITY OF VAWR AND GAS 
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50 
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Figure 3.3 Dynamic viscosity of volatile pyrolysis products and water vapour 
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The thermal properties of plaster vary as a function of density, chemical composi- 

tion and temperature. Gypsum is calcium sulphate consisting of two moles of 

hydration water per one mole calcium sulphate, CaS0~21320.  Y weight gypsum 

consists of 21 % hydration water and 79% calcium sulphate. 

If the gypsum is heated it is calcined, i.e. the hydration water vanishes. Calcination 

occurs mainly in two steps. At 100 OC 314 of the hydration water vanishes accord- 

ing to the reaction 

The energy needed for this reaction is 515 klkg-1 gypsum or 3270 

water. In addition, energy of 2260 kJkg-l is required for vaporisation of the water. 

The remaining part of the hydration water is released at 210 OC according to 

The energy required for this reaction is 185 kJkg-l gypsum or 2967 kJkg-l released 

water. Even in this reaction the vaporisation energy must be added. 

At 360 O C  a f~~rtherreaction takes place. The calcium sulphate is changed to a more 

stable form. The reaction is slightly exotermic and is therefore neglected in the cal- 

culations. 

In order that the calculations may be carried out, we need the thermal properties of 

gypsum for the following phases 

- original gypsum CaS04.2H20 

- partly calcined gypsum 051-120 

- calcium sulphate CaS04 

--- 
ierial properties 



3.2.1 Thermal conductivity of plasterboard 

On the basis of the measurements according to [91 the rliermal conduc~vity has been 

calculated for the three phases of gypsum. The measured thermal conductivity is 

adapted to the theoretical model [l] in the following way 

The measured thennal conductivity is extrapolated linexly from 780 "C to 

1000 "C 

- The relationship above 210 OC, that is CaS04, is extrapolated linearly down 

to 0 "C. At 0 06 we gct the thermrrl conductivity 0.10 

- The measured thermal conductivity at 0 OC is 0.28 m-]K-]. The differ.. 

ence between 0.28 and 0.10 Wm-'K.' is assumed to depend on the water 

content, 21% by weight, in the original plasterboard. In this context we 

make no difference between hydration water and free water. This means that 

the thermal conductivity remains constant at a constant temperature until the 

water is transferred from the point under consideration due to pressure 

gradients. 

- The thermal conductivity of plasterboard is assumed to vary linearly with the 

mass per unit volume of the constituent components calcium sulphate and 

water. If the fraction of water is denoted u, we have the following rela- 

tionship 

where 

hgyps = thernlal conductivity of gypsum 

pgyps = density of plasterboard 

hcaso4 :: thermal conductivity of CaS04 according to extrapolated 

relationship in [9] 

halo = resulting conductivity of water evaluated according to equation 

(3.6) at 0 "C 

-- - 
Chapter 3 
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The thermal conductivity of plasterboard as a function of temperature and degree of 

calcination according to equation (3.6) is plotted in Figure 3.4. 

----- - 

THERMAL C O N D I J ~ I V I T Y  OF PLASER 
DENSITY 790kg/m3 

Figure 3.4 Thermal conductivity of plasterboard as a function of temperature 

and the degree of calcination 



3.2.2 Specific heat capacity of plasterbo.xd 

The specific heat capacity of gypsum as a function of temperatlire and degree of 

calcination is given in 1101. The specific heat capacity is specified at 25,400,600, 

06 and given in cal K'-lmol-l. The data are recalculated in Jkg-'K-' 

and extrapolated linearly to 0 OC. The curves are plotted in Figure 3.5. 

SPECIFIC HEAT OF PLASTER 
DENSlTY 790kg/m3 

Temp (Deg C) 

Figure 3.5 Specific heat capacity of plasterboard as a function of temperature 

and degree of calcination 



3.2.3 Permeability of plasterboard 

In order to carry out the calculations of the movement of free water in the plaster- 

board, we need the permeability of the material. In [l  I] the permeability is reported 

equal to 0.38.10-12 rn2. The value is taken from an unpublished report from the 

Swedish Plywood Association (1978). e also need a relationsllip of the variation 

of permeability as a function of calcination. To my knowledge, there are no such 

data reported. As a temporary solution we assume a variation of the permeability 

according to equation (3.3). 

In the sirnubations the following numerical data have been used 

The constant k ~ 2  is assumed and gives 148 times increased permeability of CaSOq 

compared with the original plasterboard: 

3.2.4 Temperature criterion for the loss of plasterboard 

From tests a reasonable temperature criterion for the loss of plasterboard turned out 

to be SS0 OC at the rear face of the board. This criterion is used in the calculation for 

want of better criteria. 

aterial properries 



In some of the calculations there is an insulating material present. The required 

thermal properties are presented in this section. 

3.3.1 Thermal conductivity of glass w a d  and mineral wool 

ased on data from the manufacturer of glass wool and mineral wool, and tests of 

softening temperatures of the insulating materials, an approximate relationship of 

the thermal conductivity as a function of temperature has been derived according to 

Figure 3.6. 

-- 
THERMAL CONDUCTIVITY OF INSULATION 

Dens 17-23kg/m3 and 3Zkp/m3 

Figure 3.6 Thermal conductivity of glass wool p=17-23 kgm-3 and mineral 

wool p=32 kgm-? as a function of temperature. The effect of the 

softening of glass wool above 600 OC rurd the softening of mineral 

wool above 750 ()C is taken into consideration. 



To reproduce the effect of softening of glass wool above 6 OC, the ther-mal con- 

has been increased. At 670 W the thermal conductivity is assumed to be 3 

1 and above 800 OC to m-lK-l. A linea interpolation is performed 

for i n t e d i a t e  tern 

A similar procedure is used for mineral wool. ut the softening of mineral wool 

arises in two steps. At 700.800 O C  the defamation is about 30% of the original 

etween 750 and 1150 OC the resultant thermal conductivity is calculated 

as 110.7 times the linearly extrapolated values of thermal conductivity data horn the 

manufacturer. At 1150 OC h e  deformation of the mineral wool is about 50% of the 

original thickness and the resultant thermal conductivity is assumed to be twice the 

linearly exBapo1atg.d values. 

~. 

m i d  properties 



3.3.2 Specific heat capacity of glass wool and mineral wool 

The relationship for the specific heat capacity of glass wool and mineral wool as a 

function of temperature is set out in Figure 3.7. 

S P E I F I C  HEAT CAPACITY O F  INSULATION 
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Figure 3.7 Specific heat capacity of glass wool and mineral wool as a function 

of temperature 

3.3.3 Permeability of glass wool and mineral wool 

The permeability of glass wool and mineral wool is assumed to be constant at 

0.2.10-8 m2. This gives us the following constants in equation (3.3) 

- ---p-- -- 
Chapter 3 



In this study 23 different calculation cases are presented. Some of the results of the 

calculations which have been cmied out a e  presented in tlris chapter. The presen- 

tation is given in diagrams in which the three different calculated quantities tern-, 

peuature, density and moisture ratio, have been set out as a function of the distance 

from the surface exposed to fire at different times. For practical reasons all calcu- 

lated data cannot be given in this chapter. A complete presentation is however 

available in Appendix A. 

e differenr calculation cases are presented in Tables 4.1 an 4.2. The numerical 

resdts presented in this chapter are based on calculations cmied out with the one 

dimensional version of the computer program 00D1. The input data for the 

simulalions are based on the material data put together in Chapler 3. 

Table 4.1 S u m  of calculation cases for wood based boands 

-- - - -- 

Cdcula- tmid Thick- Density oundary condition* 
tion case ness ratio 

mm kgm-3 % Fron t Rear 
face side 

1 Chipboard 12 700 0.5 IS0834 no insulation 
2. Chipboard 12 700 8.0 IS0834 no insulation 
3 Chipboard 12 700 11.0 IS0834 no insulation 
4 Chipboard 12 700 no insulation 

5 Chipboaxi 12 700 2 no insulation 

6 Chipboard 19 7 8.0 IS0834 no insulation 
7 Fibre board 9 8 0.5 IS0834 no insulation 
8 Fibre board 9 800 8.0 IS0834 no insulation 
9 Fibre board 9 800 11.0 IS0834 no insulation 

10 Fibre board 9 800 8.0 IS0834 insulation 
11 boarding 13 500 4.0 IS0834 no insulation 
12 arding 13 5 no insulation 
13 ard 12 7 no insulahon 
14 ard l 3  790 no insulation 

-" 

* IS0834 means that the gas temperature follows IS0834. The fire lo 
the opening factors 0.04 and 0.08 mln respectively in a fire 
nt type A define the fire e 

The air temperature in the room at the rear face is ()C. Insulation means the 
provision of 100 mm mineral wool behind the wo 

** Hydration water 



'Table 4.2 ummaey of calculation cases for wall constructions 

Calcuta- aterid* Thickness Density oisture ratio 
don case inin kgm3 % 

Fibre board 
Glass wool 
Asphalt board 

Chipboard 
Glass wool 
Chipboard 

Chipboard 
ineral wool 

Chipboard 

Chipboard 
Mineral wool 
Chipboard 

Chipboad 
Chipboard 

ineral wool 
Chipboard 

Chipboard 
Mineral wool 
Chipboard 

Plasterboard 
Mineral wool 
Plasterboard 

Plasterboard 
Mineral wool 
Plasterboard 

21.0 hydration water 
n n 

2i:0 hydration water 

21.0 hydration water 
0.0 

21.0 hydration water 

* The front side (towards the fire) is given first 

In all calculation cases given in Table 4.2, the boundary conditions on the front side 

follow the gas temperature time curve according to IS0834. The air temperature in 

the room at the rear face is constant, 20 OC. 



In Figures 4. l a  to 4. l c  the calculated temperature, density and moisture distribu- 

tions are given at different times for a 12 mm chipboard with moisture ratio of 8.0% 

(calcuXaiiou case number 2). 

P,----- 

CBlPBOARD 12mm 
Dens 700kg/m3, Moisture content 8% 

1 Dept,h (mm) l 

Figure 4. la  Calculation case number 2. Temperature distribution in a 12 mm 

chipboard at different times. The density is 700 kgm-3 and the 

nioisture ratio is 8.0 %. Fire exposure according to IS0834. 

Figure 4.la gives the fire resistance, i.e. when the rise in temperature on the un- 

exposed face exceeds 140 OC. The fire resistance is 14 min and 18 sec. In figure 

4.la we can also read out the regression of the exposed surface. At 12 minutes the 

regression is about I mm and at 18 minutes 2.5 mm. 

Numerical results 



CHIPBOARD 12mm 
Dens 700kg/m3, Moist.ure ratio 8% 

Depth (mm) 

Figure 4. l b  Calculation case uurnber 2. Density distribution in a 12 mn chip- 

board at different times. The original dry density is 700 kgm-3 and 

the moisture ratio is 8.0%. Fire exposure according to IS0834. 

In Figure 4.lb the effect of pyrolysis on the density is summarised. From the rela- 

tionship we can also see when the material has dried out. This is indicated by the 

density level 700 kgm-3. 

If the beginning of the chming zone is defined as the point when 20% of the origi- 
material is lost, we have for chipboard (p0=7M kgm3) the level 560 kgm-3. 

The charring depth at 12 minutes according to Figure 4.lb is then 6 mm giving a 

mean charring rate of 0.5 rnnl min.'. This is a reasonable charring rate according to 

experiments. 

Chapter 4 
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CHIPBOARD 1Zmm 
Dens 700kg/m3, Molsture ratio 8% 

Figure 4. l c  Calculation case number 2. 

board at different times. 'The density is 700 and the moisture 

content is 8.0%. Fire exposurc according to lS0834. 

In Figure 4.lc the drying process of tire chipboxd is more clearly seen. Owing to 

pressure gradients which arise, there is a gi-adual and steep rise in moisture ratio. In 

those parts of the material where the temperature is above 100 OC, vaporisation 

occurs. The pressure gradients give rise io a mass flow directed towards the cooler 

parts of b e  n~aterid where the vapour condenses. 

- 
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Figures on pages 72 to 77 in the Appendix set out the compkte set of the calcukdtion 

cases I to 6 for the chipboard. The results from these calculations are summarised 

in Table 4.3 

Table 4.3 Calculated fire resistance of chipboard, density 700 kgm-3 

Calculation Thickness oisture ratio Fire resistance 

case No mm 7 ! !  min:sec 

* Fire compartment type A, 200 Jm-2, 0.04 m1/2 

** Fire compartment type A, 203 Jm-2, 0.08 rnlD 

From Table 4.3 the importance of raking the initial moisture ratio into account is 

evident. We can also conclude that in a natural fire characterized by a fire cornpart- 

ment type A, a fire load of 200 MJm-2 and opening factor of 0.04 m112 and 0.08 

m1I2 1-espectivcly, the fire resistduce is reduced by 3 to 5.5 minutes. 



In Fhgures 4.2a to 4% the calculated temperature, density and moisture 

tions are given at differeni rimes for a 9 mm fibre board with moisture ratio of 8.0% 

(calculation case number 8). 

FIBRE BOARD 9mm 
Dens 800kg/rn3. Moisture ratio 8% 

1 Depth (mm) 1 

Figure 4.2a Calculation case number 8. Tenrperature distribution in a 9 mm 

fibre board at different times. The density is 8 

moisture ratio is 8.0%. Fire exposure according to IS0834. 

Figure 4.2a gives the fire resistance. The temperature rise on the unexposed face 

exceeds 140 06 after l1 min and 12 sec. The regression of the exposed surface at 

12 minutes is only about l mm according to Figure 4.2a. 



FIBRE BOARD 9mm 
Dens 800kg/m3, 

1000 
Dens (kg/m3) 

800 
.OZh 
.04h 

600 .06h 
.08h 

400 .1Oh 

.12h 

200 .14h 
.18h 

0 .20h 
0 2 4 6 8 10 12 14 16 18 20 

Depth (mm) I 

Figure 4.2b Calculation case number 8. Density diseibution in a 9 mm fibre 

board at different times. The original dry density is 800 kgm-3 and 

the moisture ratio is 8.0%. Fire exposure according to IS0834. 

In Figure 4.2b the effect of pyrolysis on the density is summarised. From the rela- 

tionship we can also see when the material has dried out. This is indicated by the 

density level 800 kgm-3. 

In the same way as in Subsection 4.1, the beginning of the charring zone is deter- 

mined from Figure 4.2b at the density level 640 kgm-3. The charring depth at 12 

minutes according to Figure 4.2b is then 5.5 mm giving a mean charring rate of 

.46 mm min-1. 



- -- .-W .- 

FIBRE BOARD 9mm 
Dens 800kg/m3, Moisture ratio 8% 

Depth (mm) 

Figure 4 . 2 ~  Calculation case n~~rnber 8. 

board at different times. The density is 800 kgm-3 and the moisture 

content is 8.0%. Fire exposure according to IS0834. 

In Figure 4 . 2 ~  the drying process owing to pressure gradients is illustrated. 



Figures on pages '78 to 81 in the Appendix set out the complete set of calculation 

cases 7 to 10 for the fibre board. The results 60m these calculatiorls are surnmar- 

ised in Table 4.4. 

Table 4.4 Calculated fire resistance of fibre board, density KO0 kgm-3 

-pp-- 

Calculation Thickness oisture ratio Fire resistance 

case No mm % mixsec 

* With 100 mm mineral wool behind the fibre board 

From Table 4.4 the importance of taking the initial moisture ratio into account is 

evident. We can also conclude that the mineral wool behind the fibre board has a 

marked influence on the fire resistance 

-" - -- 
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In Figures 4.3a to 4 . 3 ~  the calculated temperature, density and moisture disrribu- 

tions are given at diffeererit times for a 13 mm wood boarding with a rnoisture ratio 

of 4.0% (calculation case number 11). 

P--- - 
ODD BOARDING t 3mm 

Dens 500kg/m3, Moisture ratio 4% 

Depth (mm) 1 

Figure 4.3a Calculalio~~ case nunlbcr 11. Temperature dis@ibuhon in a 13 mm 
wood boarding at different limes. The density is 500 kgm-3 and the 

moisture ratio is 4.0%. Fire exposure according to IS0834. 

Figure 4 . 3  gives the fire resistance. 'Tiie temperature rise on the unexposed face 

exceeds 140 OC after 11 min and 2 sec. The regression of the exposed surface at 12 

minutes is about 1 mm according to Figure 4.3a. 

- -M" 
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~ e p t h  (mm) I 

Figure 4.3b Calculation case number I I. Density distribution in a 13 mm wood 

boarding at different limes. The oliginal dry density is 500 km-3 

and the moisture ratio is 4.0%. Fire exposure according to IS0834. 

In Figure 4.3b the effect of pyrolysis on the density is summarised. From the rela- 

tionship we also can see when the material has dried out. This is indicated by the 

density level 500 kgm-3. 

In the same way as in Subsections 4.1 and 4.2, the beginning of the charring zone 

is determined from Figure 1 1 3  at the density level 400 kgm-3. The chaning depth 

at 12 min according to Figure 4.3b is then 8.5 mm giving a mean chming rate of 

0.71 mm min-1. This is a reasonable charring rare according to experiments. 

--.-U- -- - - 
Chapter 4 



M--- 

WOOD BOBRDlNG 13mm / Dens iOOkg/nls. Moisture ratio 4% -1 

1 Depth (mm) 1 

Figure 4 . 3 ~  Calculation case number 11. 

wood boarding at different timcs. The density is 500 kgm-3 and 

the moisture ratio is 4.0%. Fire exposure according to lS0834. 

I n  Figure 4 . 3 ~  the drying process owing to pressure gradients is illustrated 

-- 
Numerical results 



Figures on pages 82 to 83 in the Appendix set out the complete set of calculation 

cases 11 and 12 for the wood boarding. The results from these calculations are 

summarised in Table 4.5. 

Table 4.5 Calculated fire resistance of wood boarding, 

density 800 kgm-3 

Calculation Thickness oisture ratio Fire resistance 

case No m m - -  % min:sec p 

From Table 4.5 the importdnce of taking the initial moisture ratio into account is 

evident. 



In Figures 4.4a and 4.4b, the calculated temperature and density diswibutions are 

ifferent times for bra 13 mm plasterboard (calculation case number 14). 

W--- -- 
PLASI'ERDOARD 1.3mm 

Dens 790kg/m3 

Depth (mm) 
L -- 

Figure 4.4a Calculation case number 14. Temperature dislribudon in a 13 mm 

plasterboard at different times. The density is 790 kgm-3. Fire 

exposure according to IS0834. 

Figure 4.4a gives the fire resistance. The tenlperarure rise on the unexposed face 

exceeds 140W after 19 min and 32 sec. Compared with the 13 mm wood boarding 

the fire resistance is approximately increased by 5 minutes. This is due to all the 

hydration water in the plasterboard that has to evaporate before the temperature rises 

-"p-- --- - 
N u m r ~ c a l  results 
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,101 
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,161 
,201 
,301 
,401 
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Depth (mm) 

Figure 4.4b Calculation case number 14. Density distribution in a 13 mm plaster- 

board at different times. The original density is 790 kgm-3. Including 

21% hydration water. Fire exposure according to lS0834. 

In Figure 4.4b the effect of calcination is summarised. From the relationship we can 

see when the material has been fully calcined. This is indicated by the density level 

624.1 kgm-3. 

p 
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Figures on page 84 in the Appendix set our the complete set of calculation cases 13 

and 14 for the plasterboard. The results from these calculations are summarised in 

Table 4.6. 

Table 4.6 Calculated f i e  resistance of plasterboard, 

density 790 kgm-3 

Calculation Thickness Fire resistance 

case No mm m a e c  

From Table 4.6 we can see the effect of the thickness of the plasterboard. Increas- 

ing the thickness by 1 mm from 12 mm gives an increased fire resistance of 36 

seconds. 

Numerical resulG 



II  constructions 

111 this subsection the description of the process in two wall constructions is given. 

The two calculation cases reported are number 19 with 19 mm chipboard and 25 

mm mineral wool, and number 22 with 13 mm plasterboard and 25 mm mineral 

wool. The complete set of calculation cases 15 to 23 on wall constructions is given 

i n  the Appendix in Figures on pages 85 to 93. 

In Figures 4.521 to 4.5c, the calculated temperature, density and moisture distri- 

butions are given at different times for a wall construction with 19 mm chipboard +- 

25 mm mineral wool + 19 mm chipbard (calculation case number 19). 

1000 
Temp (&g C) 

- 1.4: 
a00 - 1.2. 

- 1.0: 
600 - .80. 

- .601 
400 ,401 

A ,301 

200 - ,201 
- ,101 

0 .051 
0 25 50 95 100 125 150 

Depth (mm) 

Figure 4.5a Calculation case number 19. Temperature distribution in a wall 

construction with 19 mm chipboard + 25 mm mineral wool + 19 mm 

chipboard at different times. The density of the chip a d  is 

and the density of the mineral wool is 32 k -3, The moisture ratio 

in the chipboard is 8.0%. Fire exposure according to IS0834. 



Figure 4 3  gives the fire resistance for each material layer. The temperature rise 

each material exceeds 140 C C  after 21 min and 5 sec (first chipboaud), 35 

min and 41 sec (second chipboard). 

In Figure 4.5b the effect of pyroiysis on the density and the chipboard is s u m  
marised. From the relationship we can also see when the two chipboards have 

out. This is indicated by the density level 700 kgm-3. 

In the same way as in the previous subsectiorrs the charring zone can be detemined 

from Figure 4% at the density level 560 kgm-3. 

19; CIiIPEK)ARD+25mm 
19mm CHIEJFMARD, Dens 700kg/m3,32kg/rn3 

Depth (mm) 

Figure 4.5b Calculation case number 19. Density discribuiion in a wall con- 

struction with 19 mm chipboard + 25 mm nlineral wool + 19 mm 

chipboard at different times. The density of the chipboard is 700kb.g~-3 

and the density of the mineral wool is 32 k -3. The moisture ratio 

in she chipboard is 8.0%. Fire exposure according to IS 



In Figure 4 . 5 ~  the drying process owing to pressure gradients is illustrated. In the 

calculations it is assumed that the total pressure in the insulation layer rem;iins at 

atmospheric due to leaking through the boards. 

Depth (mm) 

Figure 4 . 5 ~  Calcnlation case nunibcr 19. Moisture distribution in a wall con- 

struction with l 9  mm chipboard + 25 mm mineral wool + 19 mm 

chipbwxrd at different times. The original dry density of the chipboard 

is 700kgm3 and the density of thc rniner;~l wool is 12 itgrw3. The 

initial moisture ratio in  the chipboard is 8.0% and in the niirieral 

wool 0.0%. Fire exposure ;iccording to ISOK34 



In Figures 4.6a and 4.6b the calculated temperature and density disniburions are 

iven at different times for a wall corisuuction with 13 plasterbod 4- 25 mm 

I c 13 mm plasterboard (calculation case nu 

Figure 4.6a gives the fire resistance for each material layer. The temperattzre rise 

hind each material exceeds 140 "C after 18 min and 20 sec (first plasterboard), 24 

min and 57 sec (mineral wool) and finally, 55 min and 55 sec (second plaster- 

board). In Figure 4.6a we can also determine the tinre for ihe loss of the first 

lasterboard, i.e. when the tenrperature criterion 550 O C  at the rear face is satisfied. 

The loss time is 24 min. 

, p---.--- - -p---.--------- 
13mm PLASTERRs25mm MlWEKAL 

13mm PLASTER Dens 790kg/m3,32kg/rn3 1 
1000 

1.0h 
800 .90h 

.80h 
600 .70b 

.60h 

400 .50b 
.40h 

200 .30h 
.ZOh 

0 
.10h 

0 25 50 75 100 125 150 
Dept.h (mm) 

Figure 4.6a Calculation case number 22. Temperature disfdution in a wall con- 

struction with 13 mnr plasterboard + 25 mm nlineral wool + 13 mm 

plasterboxd at different tinres. The density of the plasterboard is 

790 kgm-3 arid the density of the mirrerai wool is 32 k 

exposure according to ISOR34. 



In Figure 4.6b, the effect of calcination on the density of the plasterboard is sum- 

marised. From the relationship we can see the calcination depth at a given time. 

This is indicated by the density level 624.1 k g ~ n - ~ ,  i.e. the plasterboard density 

minus the 21% of hydration water. 

13mm PLASTERc25mm MINERAL WOOLt 
13mm PLASTER, Dens 790kg/m3,32kg/m3 

1000 
Dens (kg/m3) 

- 
800 - 

600 - 
- 

400 - 
- 

200 

0 
0 25 50 75 100 125 150 

Depth (mm) 

Figure 4.6b Calculation case number 22. Density distribution in a wall construc- 

tion with 13 mm plasterboard + 25 mm mineral wool c 13 mm 

plasterboard at different times. The original density of the plaster- 

board is 790 kgm-3 including 21% hydration water and the density of 

the mineral wool is 32 k g ~ n - ~ :  Fire exposure according to IS0834. 
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Figures on pages 85 to 93 in the Appendix set out the complete set of calculation 

cases 15 to 23 on wall conset.uctions, The resulis from these c;ilculations are sum- 

marised in Table 4,7. 

Table 4.7 Calculated fire resistances of wall consLructions 

Calcula- Material 'Thickness Density oisture 
tion case content 

mm kgm3 % 

Fibre board 
Glass wool 
Asphalt b a r d  

Chipboard 
Glass wool 
Chipboard 

Chipboard 
ineral wool 

Chipboard 

Chipboard 
inera1 wool 

Chip board 

Chipboard 
Mineral wool 
Chipboard 

Chipho:ud 
ipboard 
neral wool 

Chipboard 

Chipboard 
Mineral wool 
Chipboard 

PlasterLmwrd 
Mined  wool 
Plasterboard 

asterboard 
ir~eral wool 

Plasterboard 

Fke 
resistance 
min:sec 
-- 

9:07 
23:1% 
33:52 

9:18 
2450 
3 6 4  

9:22 
29:47 
50:45 

1124 
3%: 
71:43 

2195 
35:25 
70:41 

25:4 1 
53:02 
68:OX 

100: 1% 

20:36 
50: 11 

105:45 

18:20 
2457 
55:55 

* Hydration water included in the density of the plasterboard 

--p-...p .--.--p--....----- 
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From Table 4.7 we can see that the fire resislance for a material layer is influenced 

by the material layer behind it. As an example, compare the fire resistance of the 19 

mm chipboard in case number 19 with the fire resistance of the first chipboard in 

case number 20. The fire resistance in case number 20 is increased by 4 min and 36 

sec due to the change in material from mineral wool to chipboard. The temperature 

rise behind the chipboard in case number 19 is faster due to the material properties 

of the insulation. This implies that the total fire resistance of a wall construction 

cannot be determined by adding the individual fire resistance of a material layer 

determined from separate. tests. The complete construction must be tested. An 

alternative method is described in the calculations. 

Discussion o f  nunlerical resu 

The charring depth at a given lime is determined from the Figures showing the den- 

sity dist~ibutions. As seen from these relationships, the chaning takes place as a 

gradual decrease of density from the original material to the final density of the 

charcoal. The detemination of the charring rate demands a definition of a density 

level for the charring front. 

In the calculations the final charcoal density of the building panels, with original 

density more than 500 kgm-3, is put to 200 kgn1.3 and for wood nlate~ials with 

original density less than 500 kgm-3 to l50 kgm-3. hen a visible ch'uring stats, 

the density level is above the final charcod density and below the original density. 

In the calculations the beginning of the charring zone is defined as the point where 

the density is decreased by 20% of the original dry wood material. The data for the 

different materials are as follows 

chipboard (PO = 700 kgm-3) ~ 0 . 8  = 560 kgnr3 

fibre board (PO = 800 kgm-3) p0.8 = 640 kgm-3 

wood board (p" = 500 kgm-3) p0.8 = 400 kgm-3 

These density levels are used in the calculation of the mean charring rate at 12 min- 

utes fire exposure according to IS0834. The analysis is limited to the moisture ratio 

8%. The influence of the insulation in the wall construction is not taken into con- 

sideration. In the case with wood panels, the calculations include only the moisture 

ratios 4 and 12%. The charring rate of a wood panel with 8% moisture ratio is 

approximated as the mean value of these two calculatiori cases. 



Figure 4.7 sets out the determined charring rate of the three materials as a function 

of the original dry density. 

'The relationship in Figure 4.7 is somewhat improper because we have compared 
materials with the same moisture ratio 8%. ut the different dry densities of the 

materials give different moisture content at the same moistme ratio. If the values of 

the wood panel with 12% moisture ratio is used instead, the comparison between 

the three materials is more accurate. The chming rate is then decreased from 0.63 

to 0.56 mm per minute. The relationship in Figure 4.7 is then apr~roximately linear. 

- -- ------p- 

CWARING RATE AS A FUNCTION OF DENSP!'Y 

Figure 4.7 Chxring rate as a function of original cky density 



The influence of moisture ratio on the charring rate can be studied for the fibre 

board and chipboard in Figures 4.8 and 4.9 respectively. 

As is clearly seen, the moisture ratio has a decisive influence on the chaning rate. 

An insulation of the rear face influences the chaning rate as well. The charring rate 

of the fibre board at 8% moisture ratio is increased from 0.46 mm min-l to 0.58 

mm min-l when the rear face has an insulation. 

- 
CHARING RATE OF FIBRE BOARD 

6 
Moisture ratio (%) 

Figure 4.8 Charring rate of fibre board as a function of moisture ratio 



-- --- 
CHARING RATE OF CHIPBOARD 

Moisture ratio (%) 

Figure 4.9 Charring rate of chipboard as a function of moisture ratio 
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The comparison of calculated and measured fire resistance is based on an evaluafion 

of the calculations described in Chapter 4, and experiments according to /2], 131, 

1121, 1131 and [141. The compakon is based on the pelfomance requirement as set 

out in the internationally accepted test method I S 0  834. This implies that the fire 

resistance is taken to be the time when the insulation requirement is no longer com- 

plied with, i.e. when the rise in temperature on the unexposed face exceeds l40 OC. 

fire resistance 

The tests on the wood based bouds have been cartied out at the fire laboratory of 

the Swedish Institute for ood 'Technology esearch, Stockholln [%I and 131. The 

results of tests on wall constructions are collected from several testing institutes and 

are summarised in 1121, 1131 and [14]. The test results refer to both ma l l  size and 

full size furnaces. 

The tests on the boards 121 and 131 are perf~rmed in a small size furnace with the 

external size 620x525~600 mm. 

The furnace consists of a steel box with the interior covered with insulating brick, 

orosil-G. The density of the brick is 850 kgm-3 and the thickness 70 mm. 

e internal surface of the furnace is covered with 3 mm thick fire resistant cement 

plaster. The furnace is heated with Calor gas and the regulation of oxygen and gas 

is operated manually in such a way that a thennal exposure according to I S 0  834 is 

obtained. 

The temperatures in the furnace and the test object are measured with thermo. 

couples of type Cromel-Alumel. 

The results from the small size furnace have been compared with test results from 

the full size furnace at the Fire Laboratory of National wedish Testing Institute, 

oris. The agreement between tests in small size and full size furnaces is shown to 



In Table 5.1 some of the results from tests in the small size furnace are summar- 

ised. The summary is based on tests reported in [2] and [3]. 

Table 5.1 sets out only the test result for the time when the insulation requirement 

Tback= 140 OC, is no longer complied with. 

Table 5.1 Expe~imentally determined fire resistance of wood based boards. 

The f i e  resistance is taken to be the time when the insulation require. 

ment Tback= 140 OC, is no longer complied with. 

aterid Thickness Density oisture Fire resis- Ref 
ratio tarice 

mm k p 3  % min:sec 

Chipboard 12 725 8.1 16:02 
Chipboard 12 720 8.1 14:45 

E21 
P1 

Chipboard 
Chipboard 

Fibre board 
Fibre board 
Fibre board 
Fibre board 
Fibre board 
Fibre board 
Fibre board + insul 
Fibre board + insul 

boarding 
boarding 
boarding 

Wood boarding 

Plasterboard 
Plasterboard 
Plasterboard 

The tests on wall conseructions m reported from both small size and full size fur- 

naces. The results from tests are summarised in Table 5.2 and the size of the fur- 

nace used is indicated in the table. In cases where the temperature is measured 

tween material layers, the f i e  resistance for each layer is given. 



Fable 5.2 Experin~cnrally dctexmined fire resistance of wall constrilclions. The 

f l e  sesisraice is en to be the Lime when the insulation requirement 

,k=140 OC is no longer complied with. 
-p-.--v- P - 

ick- oisture Furnace Fire Ref 
ness ralio size: resistance 
m1 kgm-3 % nlinutes 

Fibre board 9 800 8.0 
Glass wool 95 22.5 0.0 
Asphalt board I3  350 8.0 F 35 

680 8.0 
32 0.0 

Chip board 12 680 8.0 F 125 113 

19 700 8.0 S 22 
Mineral wool 25 32 0.0 S 28 
Chipboard 19 700 8.0 S 66 L141 

19 400 8.0 S 26 
19 700 8.0 S 49 

1 25 32 0.0 S 55 
Chipboard 19 700 8 .O S 92 1141 

Chipboard 19 700 8.0 S 2 1 
ineral wool 100 32 0.0 S 40 

19 700 8.0 S 110 1141 

asterboard 13 8 S 18 
ineral wool 25 0.0 S 26 

Plasterboard 13 800 S 53 

Plasterboard 13 800 S 19 
32 0.0 27 

asterboard I3  800 S 59 L14 



Notes to Table 5.2: 

1 The density is in several cases very approximate 

2 e moisture ratio is not explicitly given in the test reports but the 8% 

moisture ratio is normally a reasonable value indoors. 

3 Furnace size: S = small size F = full size 

4 Fire resistance: In two cases there are several tests on the same wall type 

The test results are separated by slashes in the column. 

As seen in Table 5.2 there is a considerable scatter in the test results of walls nuni- 

hers two and three. The maximum difference for wall number two is 17 minutes 

and for wall number three 10 minutes. The scatter is nor an exception in fire rests. 

In these cases the different fire resistances may be explained by the loss of the 

chipboard arid some of the insulation in the wall. 

fire resistance 

The calculated fire resistance is given in Tables 4.3 to 4.7 in Chapter 4. The cal- 

culated and measured fire resistance of wood based boards is summarised in Table 

5.3 and Figure 5.1, and the fire resistance of wall constructions is given in Table 

5.4 and Figure 5.2. 

A comparison of the calculated fire resistance of boards and those measured in the 

tests shows very good agreement. The maximum differeuce between the tests and 

the calculations is only about 1 minute. 



le 5.3 Calculated an measured fiie resistance of WO 

ick- Density oisture FiTe resistance 
lahon ness raho calculated measured 
case No mm k g r 9  % rnin:sec min:sec 

4 Chipboard* 12 700 8.0 11:24 

7 Fibre board 9 800 0.5 8:12 8:18/8:51 
Fibre board 9 800 8.0 11:12 11:21/11:51 

9 ibre board 9 8 11.0 1216 12:39/13:01 
10 ibre board*** 9 8 8.0 9:48 11: 19/10:43 

I I ood boarding 13 500 4.0 11:02 12:01/12:46 
12 md boarding 13 500 13.0 14:18 13:57/14:58 

13 Plasterboard 12 790 - 1859 
14 Plasterboard 13 790 1932 17:26/18:27/20:00 

* Fire compartment type A, opening factor 0.04 m1I2, fire load 2 
** Fire comparment type A, opening factor 0.08 111~/2, fire load 2 
*** ith 100 mm mineral wool behind the fibre board, p=150 k g ~ n - ~  

-.U---A .p 
G o ~ ~ i p r i ~ o n  of  calculnred and nrea.sured$re resistance 
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Fire resistance 

" 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

Calculation case 

Calculate 

Measured 

Figure 5.1 Comparison of calculated and nleasured fire resistance of wood based 

boards. In the figure the scatter from the tests is indicated. The calcula- 

tion cases are numbered according to Table 5.3. 

The differences between calculated and measured fire resistance m considerably 

larger than those for the boards. This is due to the greater difficulty in 

approximating the behaviour of a wall construction. e have phenomena such as 

the loss of the board and insulation as well as the influence of differences attributed 

to the manufacture of the wall. This is also reflected in the greater scatter in test 

results. A further complication is to measure accurately the surface temperatures of 

the different materials inside the wall constmction. 

However, the calculated fire resistances of the wall consuuctions in most cases give 

an acceprable agreement with experimentally determined (ire resistances. 

- 
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Fire resistance 
(mid  

" 15 16 1'7 18 19 20 21 22 23 
Calculation case 

a Caiculate~ 

Measured 

Figure 5.2 Comparison of calculated and measured fire resistances of wall 

constructions. The calculation cases are numbered according to 

Table 5.4. 

The measured fire resistance of the wall corresponding to calculation case number 

18 is extremely high, 125 minutes. This seems to be some misjudgement from the 

tests, especially as the test on wall number 21 with 19 mm chipboard only gives the 

fire resistance 100-1 10 minutes. 

The calculations illusudte that the computer programme WOOD is well suited for 

gencrclisal~on of the test results. 



In an increasing number of countries, fire classification of elements of consmction 

which is based on analytical treatment instead of the results of furnace tests in 

accordance wit IS0  834 is beginning to he peimided. In weden, analytical fire 

engineering design of loadbearing and separating constrr~ctions as an alrenradive to 

design on the basis of standiudised thermal action in accordance with IS0834 has 

fora  long time. 

One fundamental prerequisite for analytical treatment of the design process is the 

development of an analytical model laor the essential hysical process in heated 

wood material. The rnodel must be capable of treating transient temperature and 

moistme states in both unchzmed and charred portions of the cross section, as well 

as the growth of the charred layer in combination with its oxidation at the surface 

due to variable thermal action. aterial data for such a model must also be pro- 

duced. 

The calculations in this work are based on the rnodel developed by the author and 

presented i i ~  (I]. Simulatiorrs have been made with the unidimensional computer 

00D1. All the material data for descriphon of the wood material have 

also been taken from [I  1. 

Since the model demands a large quantity of material data which vary both with 

temperature and the density and moisture content of the maierial, it is obviously 

possible to modify the properties so that a satisfactory description of the physical 

processes is obtained. 'This is however a reprehensible procedure. All that this ap- 

proach provides is a measure of how well the input data have been chosen. The 

following method for the choice of input dara has therefore been decided on. 

In the calculations which have been c a r k d  out, all nnterial data have been taken 

from [l]. The in ut data which have been varied x e  the thickness, density, mois- 

ture content arid thermal exposure of the material. These few and simple input data 

that are known in conjunction with a fire e~rgineerirrg design. 

The results of all calculatioi~s are presented in diagrams in which the three different 

calculated quantires have been set our as a function of the disance from the surface 

to fire at different times. The presentation comprises temperature profile, 

istribution and moisture profile. 



Assessment of the fire resistance of the boxd material is based on the same perfor- 

mance requirements as those set out in the intema~onally accepted test method, IS0 

834, or its Swedish counterpart SIS 02 48 20. This implies for the calculations that 

the fire resistance is taken to be the time when the insulation requirement is no 

lied with, i.e. when the rise in temperature on the unexposed face 

exceeds I40 oC. 

A comparison of the calculated fire resistances and those measured in the tests 

agreement. The lnaximum difference between the tests and the 

calculations is only about 1 minute for wood base boardes. For the wall cons~uc-  

lions the maximum difference is larger but nomally not more than 10 minutes. 
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