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Introduction

• Laboratory experiments on granular fault zones play an important role in identifying the

fundamental processes in granular materials and linking field observations to theory.

• Active geophysical monitoring techniques have been successful in identifying processes that

affect frictional strength and changes in soil fabric, grain to grain contact network, and

strength and stiffness.

Motivation

• The main objective is to find the relationship between the ultrasonic wave attributes and

involved micro-mechanisms in compressional behavior of granular materials.

• Active ultrasonic imaging method, in particular compressional wave propagation, has the

potentials to identify yield stress and amount of crushed particles in a granular quartz layer.

Introduction and Motivation

Experimental Method and Materials

• One dimensional compression tests were conducted using a custom-made apparatus.

• A 6 mm granular quartz (Ottawa sand) layer was sandwiched between two forcing blocks.

• A loading machine is used to apply the normal stress ranged from 1 to 48 MPa.

• An ultrasonic wave measurement system was used to continuously monitor the layer.

• Five pairs of ultrasonic transducers were used for wave transmission through the layer.

• Spring washers were used underneath the transducers to keep the transducers in contact to

forcing blocks with a constant pressure during compression.

Results

• General variation of ultrasonic measurements during compression

Figure 6. Impact of initial porosity on mechanical behavior and ultrasonic measurements with 

normal stress. a) porosity, b) amplitude c) wave velocity, d) dominant frequency. 

• Transmitted amplitude is a good representative parameter for compressional behavior of

granular quartz layers.

• Impact of initial porosity and particle size were detected by evaluating the wave amplitude

• A transitional point was observed in the slope of normalized amplitude which occur at

normal stress close to yield stress.

• Linear correlation is found between the variations in the normalized dominant frequency and

the amount of particle crushing.

• The support provided by SCEC Award # 17242 is greatly appreciated.

Conclusions

Figure 1.  Schematic view of the compression apparatus

Figure 3. Transmitted a) compressional and b) shear waveforms

Figure 2.  SEM images of quartz particles with 100 magnification

a) Sand No. I. D50 = 0.32 mm, b) Sand No. II. D50 = 0.20 mm, c) Sand No. III. D50 = 0.10 mm

Figure 5.  Variation of mechanical and ultrasonic measurements with normal strain.

a) normal stress, b) amplitude, c) wave velocity, d) dominant frequency

• Impact of initial porosity

Figure 8. Impact of particle size on mechanical behavior and ultrasonic measurements with 

normal stress. a) wave velocity, b) dominant frequency. 

• Impact of particle size

Figure 9. Variation of normalized transmitted amplitude with normal stress a) specimens 

with different initial porosity, b) specimen with different particle size

• Linking the mechanical and seismic yield stress

Figure 10. Comparison of seismic and mechanical yield stress

Figure 11. Linear relationship between the amount of crushed particles and normalized 

dominant frequency for three different soils

• Correlation between normalized dominant frequency and grain crushing

Figure 7. Impact of particle size on mechanical behavior and ultrasonic measurements with 

normal stress. a) porosity, b) amplitude
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