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Impact of displacement amplitude and frequency on the cyclic shear
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Abstract: The mechanical behavior of the granite residual soil-concrete interface is critical to the overall stability
and safety of geotechnical structures. To investigate the effects of shear amplitude and shear frequency on the cyclic
shear characteristics of granite residual soil-concrete interfaces, a series of large-scale horizontal cyclic direct shear
tests were conducted, varying shear amplitudes (1, 3, 6 and 9 mm) and shear frequencies (0.1, 0.5, 1 and 2 Hz). Key
parameters, including shear stress-displacement response, maximum shear stress, and vertical displacement, were
analyzed. The results indicate that maximum shear stress increases with shear amplitude, although the growth rate
gradually decreases. Significant changes in vertical displacement primarily occur within the first 20 cycles, after
which it stabilizes, reflecting the particle rearrangement effects during the initial cycles. Shear stiffness decreases at
higher shear amplitudes, while the damping ratio exhibits a fluctuating trend, suggesting that the energy dissipation

mechanism of the soil is influenced by shear amplitude. Numerical simulations further reveal that, as the number of
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cycles increases, the number of force chains within the soil also rises, with most force chains consisting of three

particles. The principal directions of normal and tangential contact forces are closely related to the shear direction,

with the principal direction deflecting approximately 35° in response to changes in shear direction.

Key words: soil mechanics; soil-structure interface; shear displacement amplitude; shear frequency; direct shear

test; numerical simulation
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Fig.2 Particle size distribution curve of granite residual soil
used in test!®]
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Table 1 Physical parameters of granite residual soil used in test

PN SIS RIREAKE RAENERE BRI

(natural water (optimum water (relative (plastic  (liquid

content) content) density of soil  limit) limit)
wo/% Wopt/ Yo particles)ds wp/% wi/%
23.8 14.3 2.69 23.2 415

2RI A A LA KR SRR K R
Table 2 Relationship between soil water content and matrix suction

of granite residual soil used in test

£ 7K F (water content)w/% FE 5 71 (matric suction)s/kPa

14 1478
19 583
24 23
29 1
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Fig.3 Concrete specimen with a roughness coefficient
JRC =951
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Table 3  Cyclic shear test scheme
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Fig.4 Interface shear stress-shear displacement curves under
different shear amplitudes
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under different cycle numbers
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Fig.8 Shear stress-displacement responses of soil-concrete

interface under various frequencies
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