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ABSTRACT: AE is a non-destructive method that captures high-frequency waves from micromechanical
events in soils, offering insight into deformation onset and proximity to failure. This study evaluates AE as an
early-warning indicator using drained triaxial tests on Ottawa sand at two relative densities, 40% and 85%. A
conventional triaxial apparatus instrumented with resonant sensors embedded in the end caps recorded acoustic
activity during creep and shear. AE intensity was quantified by signal strength (SS) and compared with
deviatoric stress, axial strain, and volumetric strain. During creep, the SS rate was near zero, then increased
immediately at the onset of shearing, demonstrating sensitivity to the start of deformation. Up to peak strength,
both densities exhibited similar SS rates despite different stress levels, indicating AE activity is more closely
tied to strain state than to absolute stress. Beyond peak, deviatoric stress softened while the SS rate remained
elevated and increasingly intermittent, consistent with persistent localized shearing; the denser specimen
showed a larger post-peak rise, aligning with stronger dilation and contact interlocking/breakage. Overall, the
results indicate that AE can both detect the initiation of deformation and qualitatively gauge proximity to peak
and subsequent transition toward residual strength, supporting its use for early-warning applications in granular
soils.

1 INTRODUCTION primarily qualitative interpretation. More recently,
Smith et al. (2018) Slope ALARMS demonstrated

AE’s capability for slope monitoring, including
relationships between AE rate and deformation rate.
Nevertheless, two practical questions remain central
to early-warning in soils: (i) how reliably AE
indicates the onset of deformation, and (ii) how AE
evolves as the material approaches and passes peak
strength toward residual.

This paper evaluates these questions using
drained triaxial tests on Ottawa sand. We assess the
feasibility of AE for detecting the onset of
movement, operationally, the start of the shear phase
following creep, and for gauging deformation
progression by comparing AEs against conventional
mechanical measurements. We further examine how
relative density influences AE response. The findings
are intended to inform analysis choices and support
the eventual translation of AE methods from
controlled laboratory settings to field applications.

Granular soils govern the performance and safety of
many geotechnical systems, yet their macroscopic
response emerges from discrete, nonlinear
interactions at grain contacts such as rearrangement,
sliding/rolling friction, force-chain formation and
collapse, and occasional crushing (Been & Jefferies,
1985; Li et al., 2009; Wan & Nicot, 2010). Acoustic
emission (AE) monitoring offers a direct window
into these micromechanical processes by capturing
transient high-frequency waves generated as strain
energy is released at contacts (Koerner & Lord, 1974;
Pollock, 1968). In sands, AE sources have been
linked to contact slip and rolling (Koerner et al.,
1976; Liu et al., 2022; Smith & Dixon, 2019b; Solh
& Abdelaziz, 2024), fabric reorganization within the
force network (Michlmayr et al., 2012), and particle
damage (Mao & Towhata, 2015); fluid effects (e.g.,
seepage or undrained pore-pressure transients) can
further modulate the signal (Hung et al., 2009; Solh
et al., 2025).
AE is well established in other disciplines, such as

bridges (Behnia et al., 2014), aircraft (Grigg et al., 2 METHODOLOGY
2021), and pipeline systems (Lu & Wilson, 2012), 21
with multiple standards, but its use in geotechnical '
engineering remains less mature. Early field Ottawa sand (20/30 mesh) was used in this study.
applications by Koerner et al. (1981) monitored It is classified as a poorly graded sand (SP) per the
dams, embankments, and foundations, showing AE  Unified Soil Classification System (USCS), with its
activity increasing as failure approached, albeit with ~ grain-size distribution shown in Figure 1. The sand
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has a specific gravity of 2.65 and minimum and
maximum void ratios of 0.49 and 0.73, respectively.
A summary of the physical properties of the sand is
provided in Table 1.

Table 1: Physical properties of Ottawa sand (20/30 Mesh)

Property Value
Specific gravity, Gs 2.65
Mean particle diameter, Dso (mm) 0.60
Coefficient of uniformity, C, 1.36
Coefficient of curvature, C. 0.90
Maximum void ratio, €max 0.73
Minimum void ratio, emin 0.49

Two cylindrical specimens (100.6 mm diameter,
215.3 mm height) were prepared to target relative
densities of 40% and 85% using the
Undercompaction method (Ladd, 1978). Specimens
were flushed with CO: to accelerate saturation
(Chaney et al., 1979), followed by back-pressure
saturation to 550 kPa while maintaining a constant
effective confining stress of 35 kPa, achieving B >
0.95. Each specimen was then isotropically
consolidated to a confining pressure of 300 kPa and
subsequently sheared under drained conditions at a
strain rate of 1%/h. AE signals were recorded
continuously during the consolidation and shear
phases.
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Figure 1. Grain-size distribution of Ottawa sand (20/30
mesh).

2.2 Acoustic-Enabled Triaxial System

A conventional triaxial apparatus was modified by
embedding two AE sensors in the top and bottom end
caps (Figure 2). The sensors (ISPK6IUC, Mistras
Group) are resonant-type, sensitive over 10-100 kHz
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with a nominal resonance at 60 kHz and include
integrated 26 dB preamplifiers to improve signal-to-
noise ratio. Data were sampled at 1 MHz to prevent
aliasing (Smith, 1997), and a 10-100 kHz digital
band-pass filter was applied to suppress low-
frequency background noise and out-of-band high-
frequency content.
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Figure 2. Schematic of the AE-enabled triaxial test setup
with sensors embedded in the top and bottom end caps.
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2.3 AE Acquisition Method and Parameter

The hit-based method was used to analyze the
recorded AE waveforms. A fixed threshold of 45 dB
(re 1 uV at the sensor input) was set; when the
rectified signal first exceeds this threshold, a new hit
is initiated. A hit terminates once the signal remains
below the threshold for the Hit Definition Time
(HDT), and a subsequent Hit Lockout Time (HLT)
prevents immediate re-triggering. Based on prior
system calibration, HDT = HLT = 600 ps.

The intensity of each hit was quantified by the
signal strength (SS), computed using Eq.l1 and is
expressed in pV.s.

SS = XrelVil.At (1)
where, V; is the value of the digitized voltage at
sample i, At is the sampling interval (1us for IMHz
sampling rate), and FTC/LTC denote the first/last
threshold crossings of the hit.

3 RESULTS AND DISCUSSION

Figure 3 illustrates the evolution of deviatoric stress
(04), volumetric strain (&v), and signal strength (SS)
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rate (computed in 60-s windows from the bottom-cap
sensor) with respect to time and axial strain (&)
during the creep and shear phases. After isotropic
consolidation and dissipation of excess pore pressure,
the creep phase began with negligible volumetric
change and zero deviatoric stress (Figure 3b). During
drained shear, the denser specimen (Dr = 85%)
reached a higher peak strength than the looser
specimen (Dr = 40%), followed by softening toward
a similar residual strength at large strain (Figure 3a).
Both specimens exhibited slight initial contraction
followed by dilation, with greater dilation at higher
relative density (Figure 3b).
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Figure 3. Evolution of (a) deviatoric stress, (b) volumetric
strain, and (c) signal-strength (SS) rate for Ottawa sand at
relative densities of 40% and 85% during the creep and
shear phases.
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In terms of AE response, the SS rate was very low
during creep, then increased markedly once shearing
commenced, indicating sensitivity to the onset of
deformation (Figure 3c). The SS rate showed no clear
inflection at the contractive—dilative transition.
Beyond peak strength, deviatoric strerss softens
while the SS rate remains elevated and increasingly
intermittent, consistent with persistent localized
shearing and continued contact rearrangement. The
absence of a pronounced peak in SS rate aligns with
the “Type 2 behavior described by Smith and Dixon
(2019a), in which no clear peak accompanies the
transition from contractive to dilative response.

Up to peak stress, both specimens produced
comparable emission rates despite the higher stresses
in the dense specimen, implying that the SS rate is
more strain- than stress-controlled; after peak, the
dense specimen shows a greater increase in SS rate,
consistent with stronger dilation and contact
interlocking/breakage. Overall, the results suggest
that AE reflects the evolving strain level, with
increased emissions as the soil approaches its
ultimate capacity , consistent with observations in
concrete, steel, and rock materials (Wang et al., 2023;
Zhang et al., 2025).

4 CONCLUSIONS

This paper demonstrates that AE technique is a
practical indicator of both deformation onset and
proximity to failure in granular material. During
creep, the SS rate remains near zero, but it increases
immediately with the start of shearing showing that
AE captures the initiation of micro-slip and fabric
rearrangement.

Up to peak strength, specimens at Dr = 40% and
85% produce comparable SS rates despite different
stress levels, implying that AE activity is more
closely tied to the strain state than to absolute stress.
Beyond peak strength, deviatoric stress softens while
the SS rate remains elevated and increasingly
intermittent, consistent with persistent localized
shearing and continued contact rearrangement; the
denser specimen shows a larger post-peak rise. Taken
together, these trends indicate that AE can 1) flag the
early start of deformation and 2) provide a qualitative
gauge of closeness to peak and transition toward
residual strength, supporting its use for early-warning
applications in granular soils.

Future research should examine the influence of
soil type and deformation rate on AE response,
extend the application of the technique to cohesive
soils, and validate AE-based indicators in larger-



scale physical models to bridge laboratory
observations with field-scale geotechnical systems.
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