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Abstract. It is well known that the mechanical properties of wet plaster are lower than those of dry
plaster, but the origin of this phenomenon is not well understood. Mechanical spectroscopy has
been chosen to characterise the contacts between crystals in set plaster. These experiments have
shown that this contact can be described by a slipper, with a threshold dependent on the content of
moisture in plaster.

Introduction

Plaster is a common material used for constructions. Many works have been carried on processing
of plaster, but few studies have been carried on the mechanical behaviour of plaster.

This material is an hydraulic binder characterised by a linear elastic macroscopic mechanical
behaviour when it is dry. It becomes non linear, and its mechanical strength drops drastically in wet
environment. This result is well known [1], but its physical origin is not well understood.

The objective of this work is to use mechanical spectroscopy to characterise the plasticity of plaster
induced by water in relation with the microstructural mechanisms involved.

Materials and Method

The plaster studied in this work is a Selecta 3 hemi-hydrate hydrated at a water on plaster ratio of
0.8.

The microstructure of this material is characterised by a network of tangled needles of gypsum
(CaSOs, 2 H,0), as shown on Fig. 1. During fracture, the needles are always debonded and not
broken, suggesting that the sliding between needles in contact is certainly an important parameter to
consider.

Figure 1: Microstructure of a dry plaster (fracture surface).



Experimental Procedure

Two methods have been used to measure internal friction: torsion and flexion techniques. Torsion
pendulum allows measurement of high amplitude of deformation (up to 4.107%) at low frequency
(about 1 Hz) [2]. The specimen used in this system is a dog-bone specimen with a central part of
2x5x2 mm’, and a total length lower than 40 mm (Fig. 2). The stress is applied by electromagnetic
coils and the deformation is measured optically.

Figure 2: Specimen used in torsion pendulum (central part: 2x5x2 mm®*).

Flexion apparatus is a resonant system which allows a loading at high frequency (about 1kHz) but
with low amplitude of deformation (about 10%). The specimens are parallelepipedic with a total
dimension of 40x5x] mm®.

Both type of specimens are moulded, and no machining is required.

The main results presented here were obtained on torsion pendulum by varying the amplitude of
deformation at a constant frequency. The temperature was also constant whereas the water content
and the pressure (atmosphere pressure or low vacuum) have been changed.

Experimental results

The experiments have been carried out at various relative humidity [3], including extreme
conditions (dry plaster under low vacuum, and wet plaster saturated with water).

Under vacuum, the internal friction is low and independent on the level of loading. When the
relative humidity increases (35%, 70%) the internal friction increases, and exhibit two stages (Fig.
3): a first stage for low amplitudes where internal friction is nearly constant, and a second stage for
high amplitudes where internal friction increases linearly with the amplitude of deformation. This
type of evolution is also observed in wet plaster, and in that case the level of internal friction is
higher.

An important observation is that the level of internal friction depends only on the relative humidity,
and is completely reversible.
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Figure 3: Internal friction in plaster at various content of water (torsion pendulum).



A comparison has also been made between water and ethanol (Fig. 4). When plaster is saturated
with ethanol, the evolution of the internal friction with the amplitude of deformation is similar to
that observed when plaster is saturated with water.
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Figure 4: Internal friction in plaster wetted by water and ethanol (torsion pendulum).

In order to understand if plasticity in wet plaster is a specific phenomenon due to this extreme
condition, experiments have been carried out on resonant flexion apparatus at various relative
humidities. These experiments show that internal friction increases progressively from dry plaster to
wet plaster. Hence the phenomenon of plasticity observed on wet plaster occurs also on plasters in
moist atmospheres but is more or less developed in accordance with the relative humidity.
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Figure 5: Internal friction in plaster in relation with the content of water (flexion pendulum).

Discussion

When the plaster is wet, a thin layer of water molecules can be introduced between gypsum needles
in the zones in contact [4]. The plasticity can thus be explained by a sliding of needles induced by
water. This can be described, to simplify, by a Saint-Venant Model with a spring of modulus E, and
a slipper with a threshold oy. If a cyclic deformation of amplitude enax is applied, the internal
friction is zero when the amplitude is lower than Gy/E, and increases linearly for higher amplitudes.

But due to the water absorbed, a non zero damping is measured on wet plasters even at low
amplitudes (Fig. 3 and 4). This phenomenon has been observed on many porous materials [5-9].
Hence to take into account this effect, a dashpot (with a viscosity 1) has to be added in order to



improve the Saint-Venant model (Fig.6). In that case, the internal friction is given by the following
expressions, in a good agreement with the experimental results (Fig. 3 and Fig. 4):

AW=E fore,,.ax<0—°+0—0 1+i (1a)
W, M E no nw
AW TE E E
=—+8(—¢,, -1 fOF Emay > 24 0[] 4 — (1b)
W, n o, E no nw
2n

where T is the period of the cycle of deformationand w = T
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Figure 6: Model proposed to describe the internal friction in wet plasters.

The experimental results of Figure 3 and Figure 4 indicate that the viscosity 1, the modulus E and
the threshold oy in expressions (1a) and (1b) are both dependent on the level of relative humidity.
The evolutions observed on plaster have also been measured on other materials like sandstone for
example [10]. In that case friction between the grains can also be described by the Saint-Venant
model.

Conclusion

As shown on the micrograph (Fig. 1), the microstructure of the plaster is a network of fine and
tangled needles of gypsum.

When an increasing amplitude of loading is applied to plaster, the dissipated energy is constant
below a limit value of the amplitude of deformation, then increases linearly. This variation is
enhanced when the relative humidity increases, and depends only on the relative humidity level.
This phenomenon indicates that the type of friction between adjacent gypsum needles can be
modelled by a slipper with a threshold which depends on moisture.
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