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Fig.1 Acoustic emission monitoring system for soil shear test

AR JOR S RN E 2 BroR . B 58, SR AR

H T AR B AT AR DX ARG 43 A1 )z 1% AR R il e b
BE, HR 3 A R IRV = B i A TR, BAT
KAt R A5 BRI LBREE R, SRR R
O R B AR S R ot 5 o, A 138 2 4 T
JESE By G OoALE B (E 2(a) ) s 3645, 7 Bk
S B TR, BB SRR, B R AT R T el
AR eI 9 s D 47 2 3o 190 e AL i fe 5 85 )
F (182

(2) LTV T

() Wi

(b) () s FHR 5 3 LR E BJm , 8 )2 B R 58
BT 30 % SO R F ol b b I s A AT TN DE S
22 [ e 2 By 18 5 U AR rp b A e A 1
R BT U ECE T A RHAIR AL E (K 2(d)) s 285,
WA G FE RN SR L AR R AT PR A
N, VAR B AR 75 e S A T o A L o (] 2
(e)) s fmem, M R AR il A 2, IR = By DIRR , ik
BIFUE LR S A HL, 10 sl 2 AE {5 5 R 2 i

FriEr o (B 2(6) (g))o

2 R EERIE RS
Fig.2 Sample loading and testing process
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Tab.1 Clay shear test plan and results
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Fig. 3 Relationship between water content and loading curves under different loading rates
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Fig. 4 Ringing counts under different loading rates and moisture contents
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Fig. 5 Fitting curves of ring counts under different loading rates
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Fig.6 Energy at different loading rates and moisture contents
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Fig.9 AE feature parameter pattern recognition
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Evolution of Acoustic Emission Characteristics During Soil Shear Testing
Based on Active Waveguide System
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3.Meishan City Emergency Management Bureau, Meishan 620020, China)
Abstract:

Objective Monitoring internal shear processes and assessing potential risk perception in landslides is crucial for maintaining the stability of
earthy slopes. This research uses an active waveguide system and acoustic emission (AE) technology to examine the evolution of AE signal char-
acteristics under different shear conditions. The primary objectives are to 1) characterize the behavior of AE signals, including ring count, energy,
and b—value, during the soil shear process, 2) analyze the influence of water content and loading rate on AE signal evolution, as these factors sig-
nificantly affect soil stability, 3) establish a theoretical framework for selecting characteristic indicators that enhance the predictive capabilities of
AE technology in monitoring soil slope stability, 4) support the development of more effective monitoring and early warning systems for soil
slope sliding, improving the safety and management of infrastructure and human settlements in landslide-prone areas.

Methods Through a systematic experimental approach, the study aimed to uncover the multifactorial dynamics of AE signals during soil shear,
providing valuable insights for the application of AE technology in geotechnical engineering and slope stability assessments. The research meth-
odology was designed to systematically investigate the AE characteristics of soil under shear conditions using an active waveguide system. The
approach encompassed several key stages, beginning with the selection and preparation of the soil material. Chengdu clay, representative of high-
water-content soils, was chosen for its prevalent geotechnical properties, including high water content and a complex pore structure. The clay was
meticulously compacted within a specially designed shear box, ensuring a controlled environment for the experiments. An active waveguide rod

was integrated into the setup to enhance the sensitivity of AE signal detection and reduce signal attenuation, a common challenge in granular me-



5 3 ] R ST AN RG-S Ui R S R SRR A ML 105

dia. The waveguide rod was positioned within a granular material bed, facilitating the transmission of AE signals from the shear zone to the sen-
sors. The experimental design involved varying two critical parameters: the loading rate and the water content of the soil. Three distinct loading
rates (5, 10, and 20 mm/min) and five different water content levels were selected, resulting in a comprehensive matrix of 15 test conditions. Each
test was conducted under displacement control, with a predetermined shear displacement of 50 mm, beyond which the test was halted to analyze
the accumulated AE data. The AE signals were captured using a DS5-16 b—type data acquisition system with a sampling frequency of 3 MHz and
a frequency response range of 100 to 400 kHz. The system recorded the AE events, including the ring count, energy, and b—value, which were es-
sential parameters for analyzing the soil's shear behavior. The data collected were then subjected to statistical and cluster analyses to identify the
underlying patterns and correlations between the AE parameters and the experimental conditions. This comprehensive methodology established a
robust understanding of the AE signal evolution during soil shear, providing insights into the multifactorial processes involved and contributing to
the development of predictive models for soil slope stability.

Results and Discussions The research yielded substantial insights into the behavior of AE signals during the shear testing of soil, underpinned
by the analysis of three pivotal AE parameters, ring count, energy, and b—value, each responding distinctly to variations in shear displacement and
soil water content. Ring count findings: The research identified that the ring count escalates swiftly with an increase in shear displacement, with
drier soils demonstrating heightened AE signal activity. This indicates that soil moisture plays a critical role in the generation of AE signals. The
ring count’s exponential decline with increasing water content highlights the need to consider soil consistency in AE monitoring systems. Energy
observations: The study demonstrated that AE energy, representing the aggregate energy emitted during soil shearing, exhibits a gradual increase
with shear displacement. Soils with reduced water content were observed to release higher energy, likely due to greater frictional resistance in less
hydrated conditions. In addition, the energy output was shown to escalate with faster loading rates, indicating the importance of the rate of stress
application in energy release. b—value insights: The b—value, a measure of AE event magnitude distribution, displayed a trend of decreasing ini-
tially with shear displacement and then leveling off. This trend implies that as soil approaches failure, there is a rise in the proportion of high-
magnitude AE events. The b—value is negatively correlated with water content, with higher water content of soil showing larger b—values, poten-
tially attributable to the water’s lubricating effect, which can decrease frictional energy dissipation. Multifactorial Analysis: Cluster analysis clari-
fied the multifactorial nature of AE signal characteristics influenced by shear rate and water content. The analysis showed distinct patterns be-
tween different water content groups, with lower water content correlating with lower h—values and higher ring counts. In addition, a positive cor-
relation was observed between energy and ring count, with both parameters increasing with water content. The impact of the loading rate on result
distribution was also noted, with higher shear rates leading to more pronounced class separation.

Conclusions This study concludes that AE signal characteristics are sensitive indicators of soil behavior during shear, demonstrating significant
potential to enhance the predictive capabilities of AE technology in soil slope stability monitoring. The findings highlight the necessity of a de-
tailed understanding of the interaction between AE parameters and soil properties, which is essential for developing accurate monitoring systems.
It highlights the value of employing a multi-parameter analysis in AE-based monitoring to achieve a more comprehensive evaluation of soil slope
conditions. The study advances the development of early warning systems capable of detecting the onset of slope instability with increased preci-
sion by integrating insights from ring count, energy, and b—value analyses. These conclusions affirm the effectiveness of AE technology in geo-
technical engineering, particularly for predicting and alerting against soil slope failure. The results provide a theoretical foundation for applying
AE in monitoring, providing a basis for future research and practical applications in soil mechanics and slope stability management.

Key words: soil shear; loading rate; moisture content; acoustic emission; characteristic parameters
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