BOUW

Speerpunt

RESEARCH SCHOOL
INTEGRAL DESIGN OF STRUCTURES

Thermal conductivity
Of Gypsum Plasterboards

Subject

Ire

Thermal properties of gypsum plasterboards under f

Goal

f gypsum plasterboards with

ies 0
One of the more compl

t the thermal properti

IC

is to pred

-research

One of the goal of this PhD

ed thermal

icat
behaviour.

our.

behavi

ire

ir f

the

improve

in order to
the thermal cond

ion

to calculate

different compos

ire

fluences the f

n

eter

IS

properties
Expected Results

S..W..W,
9>
o 28F%
- 55
= 233
o s O
- ©°
- ()
+—
(7p]

ity

v

Conduct

Th
material

Thermal

The scheme below shows the fact

difference

per unit area per unit temperature

!
LA Eii
A

saturated two
. We found that the best

boards is related

density. The normal

d by Zehner and
th shape-factor

Ine

results can be obtal

density of the boards is
between 55-75%

on wi

Schlunder Equat

of 5.

" A

A |
\Y

ty of Twente

fa

/ +31 53 489 6922

Jos Brouwers / h.j.h.brouwers@ctw,utwente.nl / +31 53 489 4056

Arién de Korte / a.c.j.dekorte@ctw.utwente.nl

Researcher
Supervisor

University of Twente / Construction Management and Engineering

Program/Subprogram Intelligent Safe Secure Building / Fire-resistance materials

IVersi

Host University

The Netherlands

>
o
2
o
c
<
[5]
)
i
o
c
k=
@
9]
=
=3
c
]
e
©
>
=
>
(5]
]
i




PhD Projects Book 2008

Thermal conductivity
Of gypsum plasterboards

Arién de Korte?, Jos Brouwers?

1PhD Researcher, a.c.j.dekorteil@ctw.utwente.nl

2 Supervisor, H.J.H.Brouwers@ctw.utwente.nl

University of Twente, Faculty of Engineering Technology, Construction Management and
Engineering, Enschede, The Netherlands

Subject
Plasterboards often protect the steel structures of buildings, because its low thermal conductivity and
its high volumetric enthalpy. Within this PhD-research the thermal properties of gypsum plasterboards
under fire are studied. One of the more complicated thermal properties to estimated and calculated is
the thermal conductivity of the boards. This property is described here in more detail. Thermal con-
ductivity of the porous medium is influenced by several different (physical) factors; chemical composi-
tion, void fraction, (micro)-structure and moisture content. Besides that literature propose several
equations to calculate the thermal conductivity of porous media.
Goals
The goal of this part of the research is to predict the thermal conductivity of gypsum plasterboard
based on this physical properties (density, chemical composition, (micro-)structure and moisture con-
tent) at both room temperature and during fire.
Research Question

e Which theoretical equation describes the thermal conductivity in the best way?

e Which influence have the physical properties on the thermal conductivity and how could they be

taken into account?

e Which changes in the thermal conductivity occur during fire?
Strategy
The thermal conductivity of plasterboard can be assumed to be a three-phase system consisting of
two saturated two-phase systems with air and water as fluid respectively. The first step is to calculate
the thermal conductivity for this two saturated systems based on the equations from literature. The
second step is to apply this concept to various types of board and compare the results with the ex-
perimental results available. The third step is to introduce the moisture content and drawn some con-
clusions with regard to the amount of absorbed water. The final step is to predict the thermal conduc-
tivity during fire based on the data about the changes in physical properties (density, composition,
moisture content, ...).
Results
The three-phase system can be best computed with the equation of Somerton, which uses the results
of two-phase systems. Several equations are proposed to calculate the two-phase thermal conductiv-
ity. The best results, when comparing with experimental data from different gypsum plasterboards,
were obtained in this research with the equation of Zehner and Schlunder with a particle-shape factor
of 5. This particle shape factor describes the microstructure and particle shape which is characterized
by needle-shape particles which have a high degree of interlocking. Within this research a moisture
content of 2.8% is found to right value in order to explain the thermal conductivity to sufficient ex-
tent. The thermal conductivity of gypsum plasterboard during fire is influenced strongly by the
changes in the physical properties.
Preferred Partners Applications / Sponsors
The research is sponsored by the 6" FP-framework project “The Integrated Safe & Smart Built Con-
cept” and usergroup cement-immobilisates-concrete at the University of Twente.
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