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Abstract. The fire performance of light timber frame assemblies mainly depends on
the protection provided by the cladding. A comprehensive experimental and numeri-

cal analysis on the fire behaviour of protective cladding made of gypsum plaster-
boards and wood-based panels has been recently carried out at ETH Zurich. The
paper describes the main results of the experimental and numerical analyses carried
out with gypsum plasterboards. The results of the experimental and numerical analy-

sis allowed the development of a design model for the verification of the separating
function (insulation and integrity criteria) of light timber frame wall-and-floor assem-
blies.
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1. Introduction

Light timber frame wall-and-floor assemblies are typical structural elements used in
timber engineering. The assemblies consist of solid timber studs or beams with
cladding made of gypsum plasterboards, wood-based panels or combinations of
these layers. The cavities may be filled with insulation made of rock, glass or wood
fibre. Unlike heavy timber structures in which the char-layer of fire-exposed mem-
bers performs as an effective protection of the remaining unburned residual cross-
section, the fire performance of load-bearing and non load-bearing light timber
frame assemblies mainly depends on the protection provided by the cladding [1–3].

In order to limit fire spread by guaranteeing adequate fire compartmentation,
elements forming the boundaries of fire compartments are designed and con-
structed in such a way that they maintain their separating function during the rel-
evant fire exposure (requirement on insulation I and integrity E). The required
period of time is normally expressed in terms of fire resistance using the ISO fire
exposure [4] and is specified by the building regulations. While fire tests are still
widely used for the verification of the separating function of light timber frame
assemblies, design models are becoming increasingly common.
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In timber buildings, walls and floors are mostly built up by adding different lay-
ers to form an assembly. For the verification of the separation function of timber
assemblies, component additive methods are common. These models are called
component additive models, since the fire resistance of a layered construction is
obtained by adding the contribution to the fire resistance of the different layers. In
[5] calculation models for the verification of the separating function of light tim-
ber frame wall-and-floor assemblies used in the UK [6], North America [7] and
Sweden [8, 9] as well as according to ENV 1995-1-2 [10] have been presented and
reviewed. The current design method according to EN 1995-1-2 (Annex E) [11] is
based on the Swedish component additive method. As an enhancement of the
method of ENV 1995-1-2 and the North American method, the Swedish compo-
nent additive method takes into account the influence of adjacent materials on the
fire performance of each layer and therefore describes the real fire performance
more appropriately. However, the design method is based on input data that was
deduced from a limited number of fire tests on wall assemblies and therefore only
covers a limited range of timber structures.

A comprehensive research project on the separating function of light timber
frame wall-and-floor assemblies with cladding made of gypsum plasterboards and
wood-based panels has been carried out at ETH Zurich in collaboration with the
Swiss Laboratories for Materials Testing and Research (EMPA). The objective of
the research project was the development of an improved design model for the
verification of the separating function (insulation and integrity criteria) of light
timber frame wall-and-floor assemblies. A large number of small-scale fire tests
permitted the analysis of different parameters (material, thickness, position and
number of the cladding layers) on the thermal behaviour of protective cladding
made of gypsum plasterboards and wood-based panels [12]. The results of the fire
tests allowed the verification and calibration of thermal properties used for ther-
mal finite element (FE) analysis. Based on an extensive FE parametric study, the
coefficients of the design model for the verification of the separating function of
light timber frame wall-and-floor assemblies were calculated. The design model
was verified by means of full-scale fire tests.

The paper first describes the basic idea of the design model for the verification
of the separating function of light timber frame wall-and-floor assemblies. Then,
the main results of experimental and numerical analyses on gypsum plasterboards
are presented. The results enlarge the knowledge of the fire behaviour of gypsum
plasterboard and permitted the calculation of the coefficients of the design model
for the verification of the separating function of light timber frame wall-and-floor
assemblies.

2. Design Model for the Verification of the Separating
Function

The developed design model for the verification of the separating function of light
timber frame wall-and-floor assemblies is based on the additive component
method given in EN 1995-1-2. The developed model is capable of handling timber
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assemblies with an unlimited number of layers made of gypsum plasterboards,
wood panels or combinations of both. The cavity may be void or filled with insu-
lation consisting of rock or glass wool.

The total fire resistance is taken as the sum of the contributions from the differ-
ent layers (claddings, void or insulated cavities):

tins ¼
X

tprot;i�1 þ tins;i ð1Þ

with
P

t
prot;i�1 ; sum of the protection values of the layers (in direction of the heat

flux) preceding the last layer of the assembly on the fire-unexposed side [min]; tins,i,
insulation value of the last layer of the assembly on the fire-unexposed side [min].

Protection and insulation values of the layers can be calculated according to
following general equations taking into account the basic values of the layers, the
coefficients for the position of the layers in the assembly and the coefficients for
the joint configurations:

tprot;i ¼ tprot;0;i � kpos;exp;i � kpos;unexp;i þ Dti
� �

� kj;i ð2Þ

tins;i ¼ tins;0;i � kpos;exp;i þ Dti
� �

� kj;i ð3Þ

with tprot,0,i, basic protection value of layer i [min]; tins,0,i, basic insulation value of
layer i [min]; Dti, correction time of layer i protected by gypsum plasterboards
type F according to EN 520 [13] or gypsum fibreboards according to EN 15283-2
[14] [min]; kpos,exp,i, position coefficient that takes into account the influence of
layers preceding the layer considered; kpos,unexp,i, position coefficient that takes
into account the influence of layers backing the layer considered; kj,i, joint coeffi-
cient.

The coefficients of the design method (basic times tprot,0,i and tins,0,i, correction
time Dti as well as position coefficients kpos,exp,i and kpos,unexp,i) were calculated by
extensive FE thermal simulations based on physical models for the heat transfer
through separating multiple layered construction [15]. The material properties
used for the FE thermal simulations were calibrated by fire tests performed on
unloaded specimens at the EMPA, Dübendorf, using ISO fire exposure and vali-
dated by additional fire tests.

The basic insulation value tins,0 corresponds to the fire resistance of a single
layer without the influence of adjacent materials, i.e. according to EN 1995-1-2
the average temperature rise over the whole of the non-exposed surface is limited
to 140 K, and the maximum temperature rise at any point of that surface does
not exceed 180 K for tests under ISO fire exposure (see Figure 1). The tempera-
ture of the layer at the beginning of the fire on the fire-exposed side as well as on
the fire-unexposed side is assumed as 20�C. The basic insulation value can be
assessed by tests according to e.g. EN 1363-1 [16].

Wall and floor assemblies consisting of a single layer are only of limited applica-
tion in timber assemblies. Most constructions consist of assemblies having two or
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more layers. The contribution of the each preceding layer to the separating func-
tion of the construction is mainly the protection of the backing layers. Therefore, it
seems more appropriate to introduce a basic protection value tprot,0 defined as the
time until failure of the fire protection in analogy to the calculation for the fire
protective cladding of load-bearing timber constructions according to EN 13501-2
[17]. The testing method for fire protective cladding according to EN 13501-2 is
performed with a particleboard of thickness 19 mm backing the layer under con-
sideration. The contribution to the fire protection of this cladding may be assumed
to be satisfied where the average temperature rise over the whole exposed surface
of the particleboard is limited to 250 K, and the maximum temperature rise at any
point of that surface does not exceed 270 K. Analogous to EN 13501-2, the defini-
tion of the basic protection value tprot,0 is illustrated in Figure 2.

The joint coefficient kj considers the joint details and their influence on the pro-
tection and insulation values of layers with joints. The position coefficient consid-
ers the position of the layer within the assembly (in direction of the heat flux),
because the layers preceding and backing the layer have an influence on its fire
behaviour. The position coefficient kpos,exp takes into account the influence of the
layers preceding the layer under consideration, while the influence of the layer
backing this layer is considered by kpos,unexp. The position coefficients kpos,exp were

Figure 1. Definition of the basic insulation value tins,0 according to
EN 1995-1-2 (the average temperature rise over the whole of the
non-exposed surface is limited to 140 K).

Figure 2. Definition of the basic protection value tprot,0 according to
EN 13501-2 [17] (the average temperature rise over the whole of
the exposed surface of the particleboard is limited to 250 K).
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calculated by extensive FE thermal simulations assuming that the layers fall off
when the temperature of 270�C is reached on the fire-unexposed side of the layers.
Fire tests showed that this assumption is conservative for gypsum plasterboards of
type F according to EN 520 [13] or gypsum fibreboards according to EN 15283-2
[14]. Therefore the protection or insulation values of layers protected by gypsum
plasterboards type F or gypsum fibreboards can be increased by using a correc-
tion time Dti.

In the following the main results of experimental and numerical analyses as well
as the calculation of the basic values tprot,0 and tins,0 for gypsum boards are descri-
bed and discussed. The position and joint coefficients as well as the correction
time Dti are not the subject of this paper.

3. Fire Tests

A series of 17 small-scale fire tests (in the following mentioned as V1 to V17) was
performed with non-loaded specimens using cladding made of gypsum or timber
subjected to ISO fire exposure [4]. The fire tests were carried out in the EMPA’s
horizontal small furnace with the internal dimensions of 1.0 9 0.8 m. The objec-
tive of the fire tests was to provide fundamental experimental data on the thermal
behaviour of cladding with regard to basic values (tprot,0 and tins,0) as well as the
influence of layers backing or preceding the cladding under consideration. Thus,
small-scale fire tests with non-loaded specimens were performed, some of them
only with one single cladding layer. The mechanical behaviour of the cladding
(e.g. falling off of the cladding) was not the subject of the fire tests carried out.

Gypsum plasterboards of type A and F according to EN 520 as well as gypsum
fibreboards according to EN 15283-2 from three different European manufactur-
ers were studied (see Table 1). Gypsum plasterboards of type A are regular com-
mon boards and contain a porous gypsum core with no reinforcement except the
paper-laminated surface. Gypsum plasterboards of type F have improved core
cohesion at high temperatures by adding other materials to the core such as glass
fibres and fillers. Gypsum plasterboards of type X commonly used in North
America also have improved core cohesion at high temperatures and may be

Table 1
Thickness and Mean Density of the Gypsum Boards Tested Under ISO
Fire Exposure

Manufacturer Type Thickness tested (mm) Density (kg/m3)

Manufacturer 1 Gypsum fibreboard (GF) 10, 12.5, 15, 18 1186

Manufacturer 2 Gypsum plasterboard (GP) of type A 15 908

Gypsum plasterboard (GP) of type F 15 853

Gypsum fibreboard (GF) 12.5 1504

Manufacturer 3 Gypsum plasterboard (GP) of type A 10, 12.5, 15, 25 810

Gypsum plasterboard (GP) of type F 15 889

Gypsum fibreboard (GF) 12.5 1313
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considered similar to gypsum plasterboards of type F. Gypsum fibreboards have a
gypsum core reinforced with paper fibres. Gypsum fibreboards usually have a
higher density in comparison to gypsum plasterboards of type A and F (see
Table 1) and may even exhibit a better fire performance than gypsum plaster-
boards of type F [18].

In addition to the different types of gypsum boards tested, the number, thick-
ness and position of the boards as well as the cavity insulation have been varied.
Usually, four different claddings were studied in each test (see Figure 3). A fire
test with four identical gypsum boards showed the same temperature development
for each cladding. Therefore the position of the claddings in the furnace did not
influence the temperature development. During the tests the temperature at selec-
ted locations was measured using thermocouples of type K. For each cladding the
thermocouples were placed on the fire-unexposed side as well as between cladding
and timber frame (see Figure 4). All details of the fire tests can be found in [12].

Figure 5a shows the temperature development on the fire-unexposed side of
gypsum fibreboards with different thickness. During heating the free and chemi-
cally bound water in the gypsum gradually evaporates at temperatures above
100�C. This causes a temperature plateau on the fire-unexposed side of the
boards, which is the main reason for the fire protective function of gypsum boards
used as cladding. The duration of this plateau depends on the water content in the
board and therefore on the thickness of the board.
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Figure 3. Test specimens for the small-scale fire tests: test specimen
V4 (a) and V5 (b).

154 Fire Technology 2010



Figure 5b shows the temperature development on the fire-unexposed side for
different types of gypsum boards (gypsum plasterboards of type A and F as well
as gypsum fibreboards) of the same thickness (15 mm). Even though gypsum

Figure 4. Position of thermocouples placed on the fire-unexposed side
as well as between cladding and timber frame for test specimen V2.
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Figure 5. (a) Temperature development on the fire-unexposed side
of gypsum fibreboards of different thickness tested as a single board;
(b) temperature development on the fire-unexposed side of different
types of 15 mm thick gypsum boards tested as a single board.
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boards of different type and manufacturer (with different density, fibres and fillers)
were tested, the duration of the plateau at about 100�C was more or less the same
and the overall temperature development measured up to about 200�C was quite
similar (the differences in time for the same temperature measured were less than
5 min). Thus, it can be assumed that the water content and therefore of gypsum
for the different boards was about the same. Further, the addition of fibres and
fillers to the gypsum core did not change significantly the thermal behaviour of
the boards. However, the reinforcement of the gypsum core with fibres and fillers
generally improves the stability and the mechanical properties (shrinkage, crack-
ing, ablation, falling off) of the boards after complete dehydration. Noticeable is
that the density of the gypsum fibreboards was much higher than for the gypsum
plasterboards (see Table 1), but no significant difference was observed with regard
to the thermal behaviour. Thus, the density does not seem to be a relevant param-
eter to describe the thermal behaviour of gypsum boards. The main parameter is
the water content and therefore the thickness of the board (see Figure 5a). Fire
tests conducted with regular gypsum plasterboards as well as gypsum plaster-
boards with improved core cohesion from different countries (Sweden, Canada,
USA, New Zealand and Japan) and tested as fire protective cladding for a woo-
den member showed similar results [19]. The density of the boards tested varied
between 651 and 864 kg/m3.

All results shown in Figure 5 were obtained by testing single gypsum boards
directly exposed to fire. In this way the thermal behaviour of the gypsum boards was
studied without the influence of additional layers. However, gypsum boards used as
cladding for light timber frame assemblies are usually backed by other boards
(gypsum, timber), insulation batts (rock, glass or wood fibre) or void cavities.
Figure 6a shows the temperatures measured for the small-scale fire test V4 with
15 mm thick gypsum fibreboards (see Figure 3a), which permitted the analysis of
the influence of the void cavity or cavities filled with different insulation
(RF = rock fibre, WF = wood fibre) as well as the influence of multiple layers.
Further, Figure 6a also shows the temperature development of 15 mm thick gyp-
sum fibreboards tested as single board (fire test V2, see Figure 4). It can be seen
that the temperatures measured behind the fire-exposed gypsum fibreboards for
the assemblies with the cavities filled with rock fibre or wood fibre (see thermo-
couples T25 and T35) were similar and increased faster than for gypsum fibre-
boards tested as a single board (see T10). Additional fire tests with gypsum boards
backed with glass fibre showed the same thermal behaviour as for gypsum boards
backed with rock fibre or wood fibre. Thus, insulating batts caused the fire-
exposed gypsum boards to heat up more rapidly. The temperature development
measured behind the fire-exposed gypsum fibreboard for the assembly with void
cavity (see T15) followed up to 250�C roughly the same development as for gyp-
sum boards backed with rock fibre or wood fibre (see T25 and T35). Subse-
quently, the temperature increase was slower. For the assembly with a double
layer of 15 mm thick gypsum fibreboards, the temperature development measured
behind the first gypsum fibreboard (see T5) followed up to 250�C roughly the
same development as for gypsum fibreboards tested as single board (see T10). But
then the temperature increase was slower. A possible reason may be the effect of
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some moisture migration from the second gypsum board towards the first gypsum
board. Noticeable is that the temperature measured behind the fire-unexposed
gypsum fibreboard for the assemblies with a void cavity and double layer (see T1
and T11) were quite similar. Thus, the void cavity did not influence significantly
the temperature development on the fire-unexposed side of the assembly.

Temperature measurements between gypsum board and timber frame (see for
example thermocouple T20 in Figure 6) as well as additional results of fire tests
with gypsum boards backed by timber boards (OSB, particle boards) showed that
the timber had a small influence on the thermal behaviour of the gypsum boards in
comparison to gypsum boards tested as a single board (see also thermocouples T10
and T20 in Figure 6). Figure 7 summarizes the measured time taken to reach the
temperature rise of 250�C (average) and 270�C (at any point) on the fire-unexposed
side of 15 mm thick gypsum fibreboards tested as a single board or backed with
different materials.

Table 2 summarizes the measured fire resistance of the small-scale fire tests V4
and V9 with regard to the insulation criterion. According to most standards (e.g.
EN 13501-2) the insulation failure is the time taken for the average temperature
on the fire-unexposed side of the whole construction to increase by 140�C and at
any point by 180�C. It can be seen that assemblies with cavities filled with rock
fibre batts showed the highest fire resistance although the thermal behaviour of
gypsum boards backed by insulating batts is influenced unfavourable (see
Figsures 6, 7). The shortest fire resistance was measured for the assembly consist-
ing of 3 layers of gypsum fibreboards, although the total thickness of the gypsum
fibreboards was the same as for the other assemblies given in Table 2. The main
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Figure 6. (a) Temperature development for the small-scale fire test
V4 (see Figure 3a) and V2 (see Figure 4); (b) position of the thermo-
couples (RF = rock fibre, WF = wood fibre).
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reason is that the 10 mm thick gypsum fibreboards fell off sooner than the 15 mm
thick gypsum fibreboards. Noticeable is that the insulation time of the assembly
with the cavity filled with 80 mm thick wood fibre batt was lower than for the
assembly with a void cavity. The reason was that first the wood fibre batt caused
the fire-exposed gypsum board to heat more rapidly, and secondly the wood fibre
batt started to shrink strongly when directly exposed to fire and fell off. Unlike
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GF

<
GF

25 to 26min
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30 to 32min 41min

air
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Figure 7. Time taken to reach the temperature rise of 250�C
(average) and 270�C (at any point) on the fire-unexposed side of
15 mm thick gypsum fibreboards tested as a single board or backed
with different materials.

Table 2
Measured Fire Resistance of the Small-Scale Tests V4 and V9 with
Regard to the Insulation Criterion (Temperature Rise Criteria: 140�C/
180�C at Unexposed Side of Assembly)

Fire test Test specimen Insulation time (min) Figure

V9 10 + 10 + 10 mm gypsum fibreboards 57

V4 15 + 15 mm gypsum fibreboards with cavity filled

with 80 mm thick wood fibre batts (q = 178 kg/m3)

72

V4 15 + 15 mm gypsum fibreboards with void cavity 80

V4 15 + 15 mm gypsum fibreboards 83

V9 15 + 15 mm gypsum fibreboards with cavity filled

with 80 mm thick glass fibre batts (q = 27 kg/m3)

85

V9 15 + 15 mm gypsum fibreboards with cavity filled

with 40 mm thick rock fibre batts (q = 31 kg/m3)

>85 (test stopped)

V9 15 + 15 mm gypsum fibreboards with cavity filled

with 40 mm thick rock fibre batts (q = 110 kg/m3)

>85 (test stopped)

V4 15 + 15 mm gypsum fibreboards with cavity filled

with 80 mm thick rock fibre batts (q = 42 kg/m3)

>105 (test stopped)
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the wood fibre batt, the rock fibre batt remained in place during the whole time of
fire exposure.

4. FE Thermal Analysis

For the calculation of the temperature development in gypsum boards subjected
to an ISO fire a FE thermal analysis was conducted using ANSYS. The heat
transfer to the surface of the member was calculated using temperature-indepen-
dent constant values according to EN 1991-1-2 [20] for the resultant emissivity by
radiation eres = 0.8 and the coefficient of heat transfer by convection
ac,exp = 25 W/m2 K and ac,unexp = 4 W/m2 K. Density, thermal conductivity and
specific heat capacity of gypsum vary as a function of temperature. Unfortunately,
the thermal properties of gypsum at high temperatures are difficult to measure.
Transient effects and the method of measurement can have a significant effect on
the test results [21]. Further, the thermal properties are influenced by mass trans-
fer of moisture into or out of the gypsum board as well as cracking and ablation.
In order to consider these effects the thermal properties are usually calibrated with
results of fire tests. Thus, thermal properties of gypsum used in FE thermal analy-
ses are often ‘‘apparent’’ values rather than ‘‘real’’ physically correct material
properties and explain the large scatter of values used by different authors [22].

For this study the variation of density with increasing temperature was deter-
mined by a thermo gravimetric analysis (TGA) carried out at the Institute for Geo-
technical Engineering of ETH Zurich. The analysis was carried out at a heating rate
of 20�C/min using a piece of gypsum board of type A used for the tests. The TGA
showed an initial mass loss of about 17% between 100 and 170�C and a second
mass loss of about 5% between 600 and 750�C and agreed well with results of other
studies (see Figure 8a) [23–25]. Further, the gases emitted during the TGA were
measured. Between 100 and 170�C water vapour (H2O) was measured and between
600 and 750�C carbon dioxide (CO2). Figure 8b compares the temperature-depen-
dent density used for the FE thermal analysis with values assumed by other authors.

Gypsum boards mainly consist of gypsum, a crystalline form of calcium sul-
phate combined with water known as calcium sulphate dihydrate (CaSO4 Æ 2H2O).
When exposed to increasing temperature calcium sulphate dihydrate undergoes
two endothermic decomposition reactions in which the chemical bound water is
removed leading to calcium sulphate anhydrite (CaSO4). In addition to calcium
sulphate dihydrate, gypsum board contains other materials in various quantities
depending on the manufacturer. For example, the results of the TGA in combina-
tion with an additional analysis with a Roentgen diffractometer showed that the
gypsum board tested consisted of more than 80% gypsum, about 10% calcium
magnesium carbonate (CaMg(CO3)2) and the remaining 10% was poorly indenti-
fied additional materials. A similar composition of a different gypsum board was
found in [25].

Figure 9 shows the temperature-dependent specific heat used for the FE thermal
analysis. In the figure values measured and assumed by other authors are also
given. The variation of the specific heat as a function of the temperature was cal-
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culated taking into account the different chemical reactions occurring during the
heating of gypsum boards. The first peak in Figure 9 represents the two endother-
mic reactions of the dehydration of gypsum as mentioned earlier. Based on the
TGA results it was assumed that both reactions occurred between 100 and 170�C.
The first peak was assumed by all authors, however, the total energy may differ
depending on the total amount of free and chemical bound water assumed in the
gypsum board or because of model calibration. The second peak represents the
decomposition of the calcium magnesium carbonate. Based on the TGA results it
was assumed that this reaction occurred between 600 and 750�C. Although the
second peak strongly differed from the values assumed by other authors, its influ-
ence on the temperature development is not so relevant, as the chemical reaction
occurs at elevated temperature and the reaction enthalpy is relative small.

The thermal conductivity was assumed based on measurements found in the lit-
erature [23, 24, 26] and calibrated to results of fire tests with single gypsum plas-
terboards. The value of the thermal conductivity assumed between 20 and 70�C,
which is higher in comparison to values assumed by other authors, takes into
account the increased heat transfer due to mass transfer of moisture. Shrinkage,
cracks and ablation of gypsum boards increase the heat flux due to radiation and
convection. For simplicity, these effects were modelled by increasing the thermal
conductivity starting from 600�C. This approach has already been used by other
authors. Figure 10 shows the temperature-dependent thermal conductivity used
for the FE thermal analysis. In the figure values measured and assumed by other
authors are also given.
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Figure 8. (a) Mass loss with increasing temperature measured
by thermo gravimetric analysis conducted by different authors;
(b) Temperature-dependent density used for the FE thermal analysis
in this study as well as in previous studies.
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The results of 12 small-scale fire tests on single gypsum boards were used to cal-
ibrate the material properties assumed for the FE thermal analysis (FEA). In this
way, the thermal behaviour of the gypsum boards was not influenced by other
layers. Figure 11a compares the results of the FE thermal analysis with the results
of the small-scale fire tests on single gypsum boards. The FE thermal analysis pre-
dicted the temperature development of the gypsum boards with a thickness of 10,
12.5 and 15 mm satisfactorily. For the gypsum board with a thickness of 18 mm
the increase of the temperature after complete dehydration based on the FE ther-
mal analysis occurred about 5 minutes earlier than in comparison to the fire test,
i.e. the result of the FE thermal analysis was conservative. After calibration with
the fire tests on single gypsum boards, the material properties were verified with
additional 15 small-scale and large-scale fire tests [27–29]. For example,
Figure 11b shows the comparison between FE thermal analysis and fire tests on
gypsum boards backed by timber board or particleboards. It can be seen that the
FE thermal analysis also predicted the temperature development of gypsum
boards satisfactorily. Additional detailed comparisons between FE thermal analy-
sis and fire tests can be found in [15].

5. Basic Values of Gypsum Boards

Based on the FE thermal analysis Equation (4) was developed for the calculation
of the basic protection value tprot,0 of gypsum boards, where tprot,0 was calculated
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Figure 9. Temperature-dependent specific heat used for the FE ther-
mal analysis in this study as well as in previous studies. The points
given in the figure indicate measured values of the specific heat.
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in analogy to the testing method for fire protective claddings given in EN 13501-2,
i.e. considering single gypsum boards backed by a 19 mm thick particleboard (see
Figure 2).
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Figure 10. Temperature-dependent thermal conductivity used for the
FE thermal analysis in this study as well as in previous studies. The
points given in the figure indicate measured values of the thermal
conductivity.
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Figure 11. Comparison between measured and calculated tempera-
tures for different fire tests.
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tprot;0 ¼ 30 � hp
hp;ref

� �1:2

min½ � ð4Þ

where hp is the thickness in mm of the gypsum board and hp,ref is the thickness of
a reference gypsum board (hp,ref = 15 mm).

EN 1995-1-2 gives rules for the calculation of the start of charring of timber
surfaces protected by fire protective claddings made of wood-based panels or
wood panelling as well as gypsum plasterboards. Thus, the start of charring has
the same significance as the basic protection value tprot,0. For claddings consisting
of one layer of gypsum plasterboard of type A or F the time of the start of char-
ring tch can be calculated as:

tch ¼ 2:8 � hp � 14 min½ � ð5Þ

where hp is the thickness in mm of the gypsum plasterboard. EN 1995-1-2
assumes a linear correlation between thickness of the board and the start of char-
ring. Equation (5) is based on fire tests with solid timber protected by the gypsum
boards [19]. Further, it was assumed that the solid timber protected by the gyp-
sum board started charring when the temperature between gypsum and particle-
board reached the temperature of 300�C.

Figure 12 shows the comparison of Equations (4) and (5) with all results of the
small-scale fire tests performed with gypsum boards backed by timber board or
frame. It can be seen that the difference between Equations (4) and (5) is quite
small and both agree well with the test results. Unlike EN 1995-1-2 Equation (4)
assumes a non-linear relationship between thickness of the board and the basic
protection value.

The FE thermal analysis permitted the development of Equation (6) for the cal-
culation of the basic insulation value tins,0 of gypsum boards. The basic insulation
value tins,0 was calculated assuming a single gypsum board and considering the
criterion of 140�C for the increase of the temperature on the fire-unexposed side
of the board (see Figure 1).

tins;0 ¼ 24 � hp
hp;ref

� �1:4

min½ � ð6Þ

where hp is the thickness in mm of the gypsum board and hp,ref is the thickness of
a reference gypsum board (hp,ref = 15 mm).

EN 1995-1-2 gives following equation for the calculation of the basic insulation
value tins,0 of gypsum plasterboards of type A and F:

tins;0 ¼ 1:4 � hp min½ � ð7Þ

where hp is the thickness in mm of the gypsum plasterboard. Like Equation (5)
EN 1995-1-2 assumes a linear correlation between thickness of the board and the
basic insulation value.
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Figure 13 shows the comparison of the basic insulation value measured in the
small-scale fire tests and calculated according to Equations (6) and (7) for all fire
tests with gypsum boards tested as a single board. It can be seen that the basic
insulation values calculated according to Equation (7) (EN 1995-1-2) were in a
good agreement only with the results of fire tests with 10 mm thick gypsum
boards. By increasing the thickness of the board the basic insulation values were
underestimated, i.e. Equation (7) led to conservative results. Vice versa, the results
based on the FE parametric study (Equation (6)) agreed better with the test
results. Unlike EN 1995-1-2 Equation (6) assumes a non-linear relationship
between thickness of the board and the basic insulation value.

6. Conclusions

The fire behaviour of gypsum boards was investigated by means of a large num-
ber of small-scale fire tests. In order to study the thermal behaviour of the gyp-
sum boards without the influence of additional layers some fire tests were
performed using single boards. The fire tests showed that the overall thermal
behaviour of different types of gypsum board (with different density, fibres and
fillers) was quite similar. Thus, the reinforcement of the gypsum core did not
influence significantly the thermal behaviour, but generally improved the mechani-
cal properties (shrinkage, cracking, ablation, falling off) of the boards after com-
plete dehydration. Further, the test results showed that the layer backing the
gypsum board may have a strong influence on the thermal behaviour of the gyp-
sum board. Insulating batts caused the fire exposed gypsum boards to heat more

Figure 12. Comparison of Equations (4) and (5) with all results of the
small-scale fire tests performed with gypsum boards backed by timber
board or frame.
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rapidly and fail sooner. However, assemblies with cavities filled with insulating
batts that remained in place after failure of the cladding showed the highest fire
resistance with regard to the insulation criterion. The temperature development in
gypsum boards subjected to ISO fire exposure was simulated with an FE thermal
analysis. The material properties assumed for the FE thermal analysis were cali-
brated with results of several fire tests on single gypsum boards and verified with
additional small-scale and large-scale fire tests. A FE parametric study permitted
the development of new equations for the calculation of the basic protection value
as well as the basic insulation value of gypsum boards. The new equations were in
better agreement with fire test results in comparison with the equations given in
EN 1995-1-2.
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