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Granular materials often demonstrate macro-scale anisotropic behavior. Traditional methods of assessing small strain
stiffness through elastic wave propagation, typically applied vertically in triaxial tests, fall short in capturing the particle
orientation and anisotropic characteristics of soils under dynamic shear conditions. This study presents a novel approach by
modifying a conventional triaxial apparatus to include planar piezoelectric transducers capable of measuring elastic wave
propagation (P-waves and S-waves) in both vertical and horizontal directions. The apparatus was used to test three granular
materials under monotonic compression with multi-direction P&S wave measurement.
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(1) Introduction
The design of safe and resilient structures necessitates thorough geotechnical investigation, where elastic wave velocity and small strain stiffness play crucial roles. Previous
studies focused on vertically propagating waves using planar piezoelectric transducers, there 1s limited research on horizontally propagating waves research, which 1s not
conducive to explaining the anisotropic characteristics of soil during dynamic shear processes. Therefore, the objective of this research 1s as follows:
a) Evolution of stress wave velocity of two directions (vertical and horizontal) during triaxial compression
b) Influence of grain characteristics on the mechanical behavior of granular materials
c¢) Try to reflect the principle of particle orientation change and anisotropy from the relationship between vertical and horizontal waves in dynamic shear processes
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(2) Experimental Procedure-Membrane Setup&Experimental Setup
New methodology for testing horizontal wave  Sensor installation Wave measurement Testing materials
Materials | Silica Sand No.5 | Smooth Spherical Glass Beads | Natural River Sand
100 (955) (SSGB) (NRVS)
5 G, 2.64 2.5 2.66
g oo e 0.699 0.589 0.622
E sof € 1.067 0.694 0.882
= s ; i e | Ry, ORI D, 14% 60%,80% 14% 60%,80% 14% 60%,80%
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(3) Dynamic Wave Propagation Tests (4) Experimental Results
Relative density difference : P-wave velocity ratio change :
v" Considering both P- and S-waves, there are six “o ~_ LowDr s | ol | S-wave ratio (Vshh/Vsvh) change
Eg types of elastic wave components as illustrated the ol BBy gl | 1 o0 |
Sh(T) left hand.(e.g. SVh means Shearing WaVe Wthh i: 150 High Dr Medium Dr | E’i osf Ratio of Vphh/Vpvv significantly decreases| ol reflecting increasing degree of anisotropy
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Sth(T) the time interval for P-waves 1s measured using e Reflecting dilatancy during shearing | | ssan
the Start-to-Start reading, while the time interval We e | Ve | 02 e Silieas
for S-waves 1s measured using the Peak-to-Peak P D S "O - "o 2 4 6 s 0 1 u
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reading (P-waves travel faster, thus using the QO o _ .
Start-to-Start reading for S-waves would be S | (_O ) | Reflecting anisotropy during shearing
affected by the interference from P-waves). | O |
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Peak-to-Peak .
0.02 : : : : : : 8.00E-01 (5) Conclusion
. D v" The relative density of granular samples significantly affects the small-strain stiffness at the initial stage of shearing,
*H o while different materials exhibit various elastic wave development trends due to changes in particle orientation during
0.005 Start-to-Start L 2.00E-01 .
: 5 the shearing process.
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R Ao v" The decrease in the ratio of horizontal P-waves to vertical P-waves during shearing reflects the dilative characteristics
R 40080l of granular materials, with particle shape and orientation changes influencing this shearing behavior.
-0.015 -~ - -0.00E-01
002 | | | | | | | 8.00E01 v" The variations in horizontal S-waves and vertical S-waves indicate anisotropy in small-strain stiffness during dynamic
\ / shearing, with vertical stiffness typically being greater than horizontal stiffness.
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