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Subject

The current PhD-research focuses on the modelling of 
hydration and fire behaviour of gypsum plasterboards. 
This part of the research analyses the sound velocity through 
slurries as well as non-porous and porous materials. The focus 
is on using the sound velocity for the microstructure prediction
of porous materials, especially gypsum plasterboards, during 
and after hydration as tool to assess the hydration.

Ultrasonic sound speed 
and hydration of gypsum

Results
For slurry, the model of Robeyst (2008) showed a 
good agreement with experimental data when 
taking into account an air content 10 ml per kg of 
hemi-hydrate or an average air layer of 32.8 nm 
on the surface of hemihydrates particles. This 
model is based on the theoretical model of Harker
and Temple (1988) for ultrasonic propagation in 
colloids. It takes into account the bulk moduli of 
the continuous (fluid) and discontinuous (solid) 
phase as well as the size and shape of the solid 
particles. The bulk modulus of the fluid is 
corrected for the presence of entrapped air.  

For gypsum materials the ‘direct’ methods  
gave  the  best results. These methods use fixed 
sound velocity for the  different  phases instead of 

Fig. 1, Experimental ultrasonic setup

sound velocity based on the bulk and shear moduli in case of the ‘indirect’ methods. The best 
agreement was found between the experimental and theoretical values using serie arrangement 
according to Ye (2003) with solid sound velocity of 6800 m/s.

The reliability of this method was also 
proved during the reverse analysis. This 
analysis showed that the differences in the 
prediction of void fraction are in the range of 
+1.4% and -2.4%. Besides the equation 
proposed by Ye, the equation of Dalui et al. 
(1996)  with n = 0.84 and cs = 4571 m/s also 
gave good results for the lower void fractions, 
but unfortunately it is not suitable for higher 
void fractions. 

Finally, the sound velocity during the 
hydration of gypsum is studied. The use of 
linear relation between the amount of 
hydration-product (gypsum) formed and sound 
velocity gives a reasonable result.

Fig. 2,  Experimental results 
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Fig. 3, Experimental results versus simulated sound 
velocity



Ultrasonic sound speed and hydration of calcium sulphates    
The relation between ultrasonic sound speed and hydration degree 
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Subject:  The relation between ultrasonic sound speed and hydration of gypsum 
The subject is part of the current PhD-research which focuses on the modelling of hydration and fire 
behaviour of gypsum plasterboards.  

Goals 
The ultrasonic measurements are use as a tool to measure the hydration rate of calcium sulphates.  

Strategy  
The research analyses the sound velocity through slurries as well as non-porous and porous materials. 
The focus is on using the sound velocity for the microstructure prediction of porous materials, espe-
cially gypsum plasterboards, during and after hydration. 

Results 
For slurry, the model of Robeyst (2008) showed a good agreement with experimental data when tak-
ing into account an air content 10 ml per kg of hemi-hydrate or an average air layer of 32.8 nm on 
the surface of hemihydrates particles. This model is based on the theoretical model of Harker and 
Temple (1988) for ultrasonic propagation in colloids. It takes into account the bulk moduli of the con-
tinuous (fluid) and discontinuous (solid) phase as well as the size and shape of the solid particles. The 
bulk modulus of the fluid is corrected for the presence of entrapped air.   
For gypsum materials the ‘direct’ methods gave the best results. These methods use fixed sound ve-
locity for the different phases instead of sound velocity based on the bulk and shear moduli in case of 
the ‘indirect’ methods. The best agreement was found between the experimental and theoretical val-
ues using serie arrangement according to Ye (2003) with solid sound velocity of 6800 m/s. The reli-
ability of this method was also proved during the reverse analysis. This analysis showed that the dif-
ferences in the prediction of void fraction are in the range of +1.4% and -2.4%. Besides the equation 
proposed by Ye, the equation of Dalui et al. (1996)  with n = 0.84 and cs = 4571 m/s also gave good 
results for the lower void fractions, but unfortunately it is not suitable for higher void fractions. 
Finally, the sound velocity during the hydration of gypsum is studied. The use of linear relation be-
tween the amount of hydration-product (gypsum) formed and sound velocity gives a reasonable re-
sult. 
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