41 10 Vol.41 No.10
2019 10 Chinese Journal of Geotechnical Engineering Oct. 2019

DOI 10.11779/CJGE201910011

12 *1 3 1 4
1. 430071 2. 100049
3. 541000 4. 361000
3 15Hz 100 400 kPa
3 3
TU435 A 1000—4548(2019)10—1872—10
(1995— )

E-mail: Ixyucas@gmail.com

Structural damage and dynamic failure mechanism of granite residual
soils under impact loading
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Abstract: A series of impact tests with various frequencies and amplitudes are performed to study the influences of impact
loading on the mechanical behaviors of granite residual soils, particularly for the development of deformation and excess pore
water pressure. Similar critical values for amplitude and frequency are observed. Once the amplitude and frequency exceed
their critical values, the soil is damaged severely and its strength decreases. Under the impact loading with low frequency or
ultra-high frequency, higher pore water pressure is generated, resulting in a decrease of the effective stress and strength. Three
quantitative parameters of the morphological features of the hysteresis curve are proposed to evaluate the dynamic damage of
granite residual soils. Furthermore, three modes of impact damage and their characteristics are suggested. The structural
damage caused by impact energy dissipation and accumulation of plastic deformation is proved to be the dominant cause of soil
failure. The influence degree of impact loading on the granite residual soils depends on the natural structure strength and the
amount of micro-cracks of the soil, as well as the propagation of cracks and plasticity strain induced by impact loading. Based
on test results, it is suggested that the critical value for amplitude and frequency of the soils be ascertained before construction
and impact loading with high-amplitude and low or ultra-high frequency be avoided. This study can enhance the understanding

of the mechanical response of soils under impact loading and
41472292 11672320 41972285

provide technical guidance for construction.
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1
Table 1 Average indices of physical and mechanical properties of granite residual soils
CU 1%
3 (0.075 D
pl(g-em™)  w/% wi/%  we/% Ip S/%  c/kPa  @'/(T)
G, (D 4.75mm) mm<D<4.75mm) 0.075 mm)
1.82 346 272 481 248 233 93.0 8.1 32.13 12.5 36.3 51.2
1
Fig. 1 Micro- and meso-structural features of granite residual soils
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Table 2 Test schemes of granite residual soils under impact
loading
o, /kPa JHz A/kPa
Al 200
1 A2 100 3 300
A3 400
A4 100
A5 200
2 A6 100 5 300
A7 400
2 A8 200
Fig. 2 Mechanical test system for impact tests 3 A9 100 10 300
) Al0 400
All 200
4 Al12 100 15 300
=15 Hz Al3 400
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Fig. 4 Hysteresis curves and characteristic parameters of soils
under impact loading

2 E; kl/m’

a



1876 2019
Acr
2.2
7 A=400 kPa f
f~3 10Hz
/
7 f & —N uo;, —¢,
=3 Hz 10
ul oy 0.4 =10
Hz 500 ul oy 0.2
f~3Hz
5 f=5Hz 30 f~10Hz
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Fig. 9 Curves of axial strain, pore water pressure and characteristic parameters of granite residual soils under impact loading
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Table 3 Features of failure modes of granite residual soils under impact loading
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Fig. 10 Schematic diagram of failure modes of granite residual
soils under impact loading
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