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1. Introduction

Gypsum board based systems obtain their fire resistance through
the low thermal conductivity and evaporation of water content of
gypsum, which delays the temperature rise through the system.

Thermal properties of gypsum are temperature-dependent. Among
them, thermal conductivity has a critical influence, yet there is a wide
difference Iin reported values in literature (Fig. 1). Given the effects of
porosity, non-homogeneity and moisture in gypsum, direct experimental
measurement of thermal conductivity of gypsum at high temperatures is
not an easy task. As an alternative, proposed here is a hybrid numerical
and experimental method to extract thermal conductivity of gypsum, as
summarised in the chart below.
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2. Thermal Conductivity — Temperature Relationship

Being a porous material, heat transfer through gypsum Is a
combination of conduction through the solid and convection and
radiation through the pores. The effective thermal conductivity of

gypsum may be calculated using the following equation [X:
2 2
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Where k* s the effective thermal conductivity of gypsum
K. Is the thermal conductivity of the solid
¢ Is the porosity of the material
k, Is effective thermal conductivity of gas to account for heat

transfer in the pores

k, =4.815x107T ™ +§x4deaT3 (2)

T Is absolute temperature

d, Is the effective diameter of the pores
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Fig. 1. Thermal conductivity of gypsum
as reported by various researchers (2]

Fig. 2. Effective thermal conductivity of
gypsum as used in this study

Hence, the effective thermal conductivity-temperature relationship
consists of three parts as demonstrated in Fig. 2: 1) Constant thermal
conductivity up to 95°C before water evaporation, equal to that at
ambient temperature reported by the manufacturer; 2) Linear reduction
of conductivity up to 155°C due to evaporation of water; 3) Non-linear
Increase in thermal conductivity based on equations 1 and 2.

3. Test Results

Some small-scale experiments have been performed on gypsum
board panels of two different types; Gyproc Fireline and Gyproc

(R
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Wallboard plasterboards, British Gypsum products. 400x400mm
specimens were placed horizontally on top of an electric kiln so that one
side of the panel was subjected to elevated kiln temperature and the
other side faced up to room temperature (Fig. 3). Fig. 4 shows the
heating curve achieved in the kiln as compared to a standard fire [3].
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Fig. 3. Typical set-up for the small-
scale fire tests

Fig. 4. Time-temperature curve for the
kiln against standard cellulosic fire curve

In Figs. 5 to 8, the temperature histories measured from the tests
and calculated by the program using pore size of 1mm are compared.
Also plotted in these figures are the numerical results utilizing thermal
conductivity of gypsum as used by Mehaffey et al [4].
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Fig. 5. Temperature history for 12.5mm
Fireline gypsum panel
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Fig. 8. Temperature history for 19mm
Wallboard gypsum panel

4. Conclusions

This paper has presented a hybrid method to determine the effective
thermal conductivity of gypsum at high temperatures, based on using
small-scale experimental results and a thermal conductivity model which
Includes the effects of radiation in voids. Despite the simplicity of the
method, the results are in good agreement with test measurements and
show great improvement when compared to those produced using
thermal conductivity values reported in literature.
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