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The study uses the ensemble averaging method with a pressure-velocity sensor; the EAp,
method targets thermal-acoustic clay brick development. Under the three objectives of the study were
to:

1. Find the optimum condition for thermal-acoustic clay bricks production and cost

analysis.

2. Find the appropriate condition of ensemble averaging technique with a pressure-velocity

sensor for porous clay bricks.

3. Compare sound characteristics between the standard method and the ensemble averaging

technique with a pressure-velocity sensor.

The first objective was the production part. The experiment started by using four different
sizes of charcoal—large, medium, small, and fine, with average particle sizes 2, 1, 0.5, and 0.4 mm,
respectively, added to raw clay with various amounts from 0 to 30 wt% for creating porous clay bricks.
The extruded brick samples were then fired at 900-1100°C, before testing multiple properties. The
results revealed that the fired clay bricks' mechanical properties improved with increasing firing
temperature due to the mullite phase formation. However, the mechanical properties rapidly
deteriorated when the ratio and size of the charcoal increased. In terms of the physical and mechanical
properties, 15 wt% of small charcoal and firing temperature of 1100°C were the optimal conditions for
manufacturing clay bricks that satisfy the Thai Industrial Standard.

By contrast, the clay bricks that use large and high percentage charcoal with firing
temperature at 1100°C afforded low thermal conductivity and a higher sound absorption coefficient due
to the resulting bricks' more porous nature. The regression analyses demonstrated that the physical
properties were correlated with the other properties, a correlation value higher than 0.80. Moreover,
cost research presented that added charcoal 15wt% cost increases only 0.03 THB/piece and presented
low thermal conductivity and a higher sound absorption coefficient than traditional clay bricks. Also,

added charcoal 30wt% can reduce cost (.05 THB/piece.




The second objective selected the 30 wt% of large charcoal and firing temperature of 1100°C
to reproduce and measured the sound absorption coefficient using the EApy method. The investigated
factors focused on the influence of sample size, measurement position, material properties, and surface
condition of the samples. The validation revealed that the EAp, method is applicable for the
measurement of porous clay bricks and found that 10 em? but 30 cm?® or larger samples give better
results and low standard deviation. The optimum measurement position was approximately 1 cm
‘around the center of the sample. Sound absorption coefficients measured at places far away from the
center were higher because of the gap effect. At over 1000 Hz, the sound absorption coeflicient showed
a clear difference because of the physical property and was confirmed by the regression analysis. At
around 1500 Hz, the surface condition affects the sound absorption coeflicient.

The third objective used an impedance tube method as a standard for comparison with the
EAp method. The sample still reproduces from clay bricks that use large and high percentage charcoal )
with firing temperature at 1100°C. The results indicate that both measurement methods are precise
measurements because they were low standard deviations. The different samples presented slightly
dissimilar data depend on the physical properties of each sample. In the frequency region between 100
and 400 Hz, results found that the sound absorption coefficient considerably good agreement in sound
absorption coefficient values measured by both methods. However, the differences between both
became moderate at a frequency above 800 Hz. The sound absorption coefficient measured by the tube
method was always higher than that of the EApy method. In some samples, the tube method's imaginary
parts crossed the zero line. They became positive because resonance occurs in this frequency. However,

the phenomenon is not found in the EAp method, indicating that the EA method reduces the

interference effect caused by the sample's edges and surface normal impedance.
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