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Experimental study on cyclic shear softening characteristics of gravel−geogrid 
interface 
 
LIU Fei-yu1,  JIANG Huai1,  WANG Jun2 
1. Department of Civil Engineering, Shanghai University, Shanghai 200444, China  
2. College of Architecture and Civil Engineering, Wenzhou University, Wenzhou, Zhejiang 325035, China 

 
Abstract: In order to study the softening characteristics of gravel−geogrid interface during and after cyclic shearing, a series of displacement 
controlled monotonic direct shear tests, cyclic direct shear tests with 2 000 cycles and post cyclic direct shear tests were carried out on 
the gravel−geogrid interface using dynamic direct shear apparatus. The shear strength characteristics, volume change behavior, shear 
stiffness and damping ratio of the gravel−geogrid interface under four groups of normal stresses of 20, 40, 60 and 80 kPa were studied. The 
direct shear characteristics of the gravel−geogrid interface before and after cyclic shear were compared and analyzed. The results show 
that: in the cyclic direct shear test, the average peak shear stress of gravel−geogrid interface first increases and then decreases, and finally 
tends to be stable with the increase of number of cycles, and the interface shows shear softening characteristics; the vertical displacement 
increment of gravel−geogrid interface decreases gradually with the increase of number of cycles; the shear stiffness first increases and 
then decreases with the increase of number of cycles, and finally tends to be stable; the damping ratio first decreases and then increases 
with the increase of number of cycles, and finally tends to be stable; under the same normal stress, the peak shear stress increases and 
the residual shear stress decreases in the cyclic direct shear test compared with the monotonic direct shear test; the cyclic shear makes 
the interface cohesion increase significantly and the internal friction angle decrease. 
Keywords: direct shear test; shear stress; shear stiffness; damping ratio 

 

1  Introduction 

Reinforced soil structures can improve the bearing 
capacity and overall stability of soil, and has high econo- 
mical and environmental benefits. This type of structures 
has been widely used in subgrade, slope, port, seawall 
and other civil engineering projects in recent decades[1]. 
The behavior of reinforcement−soil interface interaction 
is crucial to study the mechanical properties and stability 
of reinforced soil structures, and is important in the design 
of reinforced soil structures[2]. 

The direct shear behavior of reinforced soil interface 
under static conditions have been studied by various 
scholars. Liu et al.[3] conducted an experimental study 
on the shear behavior of geocell reinforced soil by using 
large-scale direct shear apparatus, and determined the 
nonlinear relationship between shear stress and shear strain 
of reinforced soil and the shear strength enhancement 
mechanism. Liu et al.[4] evaluated the effect of geogrid 
transverse ribs on the shear strength of reinforced soil 
interface through large-scale direct shear tests. Kamalzare 
et al.[5] conducted large-scale direct shear tests on two-layer 
soil samples reinforced with different geosynthetics, and 
studied the influence of geosynthetics on the shear strength 
parameters of road subbase. Liu et al.[6] studied the effects 

of particle size distribution, relative density, type of rein- 
forcement and normal stress on the monotonic direct 
shear characteristics of reinforced soil interface through 
large-scale direct shear tests. Through a series of large-scale 
direct shear tests, Sweta et al.[7−8] examined the influence 
of different normal stresses and shear rates on the monotonic 
direct shear characteristics of geogrid−ballast interface, 
and found that the shear strength of interface decreased 
with the increase of shear rate and normal stress. 

In practical engineering, reinforced soil structures are 
often affected by dynamic loads such as traffic loads, wave 
loads and seismic loads. Therefore, it is necessary to 
ascertain the cyclic shear characteristics of reinforcement− 
soil interface. Wang et al.[9] conducted a series of cyclic 
direct shear tests and post−cyclic direct shear tests to 
investigate the shear characteristics of the interface between 
geogrid and sand with different particle size distribution, 
and discussed the influence of cyclic shear stress history 
on the shear characteristics of the interface between rein- 
forcement and soil. Wang et al.[10] conducted 10 cycles 
of cyclic shear test using a large-scale direct shear test 
device, and studied the cyclic shear characteristics of 
coarse-grained soil−geogrid interface under various particle 
sizes. The results show that the interface shows cyclic 
hardening, and the interfacial damping ratio decreases 
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with the increase of the number of cycle and the relative 
density of the filling, and the larger the particle size is, 
the greater the interfacial contraction value is. Liu et al.[11] 
studied the effects of normal stress, shear amplitude of 
shear displacement and number of cycles on the cyclic 
shear behavior of interface using cyclic shear tests of 
10 cycles. Vieira et al.[12] carried out 40 cycles of strain 
controlled and stress controlled cycle shear tests with a 
large direct shear test device, and studied the characteristics 
of sand−geotextile interface under monotonic and cyclic 
shear. Liu et al.[13] studied the influence of shear rate, 
thickness of thin sand layer, amplitude of shear displace- 
ment and other factors on the cyclic shear characteristics of 
Sandwich reinforced soil interface through a series of 
cyclic shear tests with 10 cycles. Feng et al.[14−15] 
conducted 50 cycles of cyclic shear tests on soil−structure 
interface using a large-scale three-dimensional apparatus, 
and studied the three-dimensional cyclic mechanical pro- 
perties of the interface under different shear paths. Based 
on the cyclic shear test of geomembrane−sand interface 
with 10 cycles, Cen et al.[16] established a theoretical 
dynamic model to describe the cyclic shear characteristics 
of reinforced soil interface. 

In summary, due to the limitation of test instruments, 
the number of cycles is scanty in the study of cyclic shear 
behavior of reinforcement−soil interface, which cannot 
accurately reflect the cyclic shear behavior and post cyclic 
direct shear behavior of reinforcement−soil interface under 
the continuous action of dynamic loads such as traffic 
loads and wave loads. In this paper, the monotonic direct 
shear tests, cyclic direct shear tests and post-cyclic direct 
shear tests of gravel−geogrid interface are carried out by 
using dynamic direct shear apparatus. The variation of 
shear stress, vertical displacement, shear stiffness, damping 
ratio and interface softening behavior of gravel−geogrid 
interface under different normal stresses during continuous 
cyclic shear are studied, and the post cyclic direct shear 
behavior of interface after cyclic shearing are studied, 
which provides theoretical basis for the response analysis 
of reinforced soil−structures under dynamic loads. 

2  Test materials and methods 

2.1 Test materials and instruments 
The soil is dry gravel with grain size of 2−8 mm, its 

effective grain size D10 = 3.32 mm, continuous grain 
size D30 = 4.28 mm, median particle size D50 = 4.96 mm, 
limited particle size D60 = 5.32 mm, coefficient of uni- 
formity Cu = 1.61, and coefficient of curvature Cc = 1.04. 
Gravel particle gradation curve is shown in Fig.1. The 
reinforced material adopted in the test is biaxial poly- 
propylene geogrid, and the technical indexes are shown 

in Table 1. RAW-60/2 microcomputer-controlled electro- 
hydraulic servo dynamic direct shear apparatus developed 
by Tongji University is used in the test. Its main functions 
and indexes are reported in reference [17]. 

 

Fig. 1  Grain size distribution curve of gravel 
 

Table 1  Main characteristics of geogrid 

Geogrid 
Mass per 
unit area 
/(g·m−2)

Aperture 
size 
/mm 

LD and 
TD ribs 
width 
/mm 

Maximum 
elongation 

/% 

Ultimate 
tensile 

strength 
/(kN·m−1)

TD LD TD LD TD LD

Polypropylene 
geogrid 280 30×30 5 5 13 15 20 20 

 
2.2 Testing program 

The relative density Dr of the sample is 80%, and 
mass of the sample is calculated according to the size 
of the shear box. The sample is compacted in layers to 
ensure the same relative density and reduce the influence 
of relative density on the test results. In the monotonic 
direct shear tests, the upper shear box is fixed, and the 
lower shear box moves from the equilibrium position 
along one direction until the specified shear displacement 
is reached. In the cyclic direct shear tests, sinusoidal wave 
is used as the loading waveform of cyclic shear horizontal 
displacement, and the lower shear box is subjected to 
cyclic shear, and finally returned to the equilibrium position. 
After the cyclic direct shear tests, the post−cyclic direct 
shear tests are continued. 

In this experiment, the shear rate used in monotonic 
direct shear tests and post−cyclic direct shear tests is 1 
mm/min. The frequency of cyclic direct shear tests is 

 
Table 2  Testing Program 

Test type 
Normal 
stress 
/kPa

Shear rate 
/(mm·min−1) 

Frequency 
/Hz 

Amplitude
/mm 

Number of 
cycle N

Cyclic direct 
shear test 

20, 40,
60, 80 － 0.2 2 2 000 

Post cyclic 
monotonic direct 

shear test 

20, 40,
60, 80 1 － － － 

Monotonic 
shear test 

20, 40,
60, 80 1 － － － 
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0.2 Hz, which is the common frequency of traffic loads. 
The normal stresses are 20 kPa, 40 kPa, 60 kPa and 80 
kPa, and the amplitude of shear displacement is 2 mm. 
The testing program is shown in Table 2. 

3  Cyclic direct shear test 

3.1 Variation of shear stress 
The cyclic direct shear tests of gravel−geogrid interface 

with a shear displacement amplitude of 2 mm, a frequency 
of 0.2 Hz, number of cycles of 2 000 and normal stresses 
of 20, 40, 60 and 80 kPa were carried out. The average 
absolute value of maximum and minimum shear stress 
in a hysteresis loop is defined as the average peak shear 
stress τ of the hysteresis loop[12]. The average peak shear 
stress in the first hysteresis loop is the initial interface 
shear stress τa. The maximum average peak shear stress 
in all hysteresis loops is the interface peak strength τp. 
The average peak shear stress at the stable residual stage 
is the interface residual strength τr. When the shear amp- 
litude is 2 mm, the variation curve of the average peak 
shear stress with the number of cycles at the gravel− 
geogrid interface under different normal stresses is shown 
in Fig.2. It can be seen from the figure that the average 
peak shear stress at the gravel−geogrid interface under 
different normal stresses increases with the cyclic shear 
first, and then decreases to a stable residual strength 
after reaching the peak strength of the interface. The 
reinforcement−soil interface shows the characteristics 
of shear softening. The specific values of initial shear 
stress, interface peak strength and interface residual strength 
under different normal stresses and the number of cycles 
corresponding to the interface peak strength and residual 
strength are shown in Table 3. 

It can also be seen from Fig.2 that the peak strength 
of the interface during cyclic shearing increases with the 
increase of normal stress, which can be explained by the 
Mohr-Coulomb shear strength criterion. That is, the greater 
the normal stress is, the greater the shear strength of the 
sample is. The larger the normal stress, the fewer the 
number of cycles required for the interface to reach the 
peak strength during cyclic shearing. This is can be exp- 
lained that an increase in normal stress leads to an increase 
in the densification of soil particles in the initial stage of 
cyclic shearing, which also leads to an increase in the 
interlocking between soil and geogrid. It would be easier 
for the interface to reach the peak strength. The greater 
the normal stress, the more the number of cycles required 
to achieve the interface residual strength. This is because 
the increase of normal stress leads to the continuous 
crushing of soil particles and the continuous abrasion and 
deformation of the geogrid after the interface failure, which 

results in the weakening of the interlocking effect between 
the soil and the geogrid, and the cycle number corres- 
ponding to residual strength increases. 

 
Fig. 2  Curve of average peak shear stress 

 
Table 3  The values of τa, τp, τr and corresponding number 
of cyclic shear 

Normal 
stress
/kPa 

Initial shear 
stress  

τa /kPa 

Interface 
peak 

strength
τp /kPa

Number of 
cycle 

corresponding 
to τp N 

Interfacial 
residual 
strength  
τr /kPa 

Number of 
cycle 

corresponding 
to τr N  

20 12.96 20.35 169 17.79 about 300 

40 27.54 36.94 139 29.36 about 400 

60 32.82 53.70 95 32.00 about 600 

80 45.62 69.50 73 34.22 about 800 

 
Since the average peak shear stress at the interface 

under each normal stress tends to be stable after the cycle 
number of cyclic shear directs reaches 1 000 cycles, this 
paper focuses on the variation of the shear characteristics 
of the gravel-geogrid interface in the first 1 000 cycles. 

Figure 3 shows the shear stress−shear displacement 
hysteresis curves of gravel−geogrid interface with selected 
number of cycles under different normal stresses. It can 
be seen from the figure that under different normal stresses, 
the shear stress−shear displacement curve of gravel−geogrid 
interface shows an outward expansion trend in the number 
of cycles from the first cycle to the cycle corresponding 
to τp, and the interface shows shear hardening. After the 
number of cycles corresponding to τp is reached, the 
hysteresis curve gradually shrinks, and the interface shows 
shear softening. After reaching the number of cycles 
corresponding to τr, the hysteresis curve tends to overlap, 
and the shear stress gradually tends to be stable. The 
tendency of hysteresis loops corresponds to the variation 
of average peak shear stress with number of cycles in 
Fig.2. Referring to the definition of degradation coef- 
ficient[18], the ratio of the average peak shear stress τ  
to the peak interface strength τp in the Nth hysteresis 
loop is defined as the hardening coefficient Hτ. Figure 4 
shows the development curve of interface hardening 
coefficient with cyclic shear under different normal stresses. 
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(a) σ = 20 kPa 

 

(b) σ = 40 kPa 

 

(c) σ = 60 kPa 

 

(d) σ = 80 kPa 

Fig. 3  Shear stress−shear displacement curves of 
gravel−geogrid interface 

 

Fig. 4  Development curves of gravel−geogrid interface 
hardening factor 

 
The hardening coefficient of each interface increases rapidly 
at the initial stage of cyclic shear. With the increase of 
cycle, the growth rate of hardening coefficient decreases 
continuously, and until the peak strength of interface is 
reached, the hardening coefficient decreases gradually 
and tends to be constant. Whether in the early growth 
stage or the late decline stage of the hardening coefficient, 
the change rate of the interface hardening coefficient under 
the normal stress of 80 kPa is the largest, followed by 
60, 40 and 20 kPa, which shows that the greater the 
normal stress, the faster the hardening and softening of 
the interface. The higher the normal stress is, the smaller 
the final hardening coefficient of the interface is, which 
shows that under a high normal stress, the softening 
phenomenon of the shear stress of the gravel−geogrid 
interface after cyclic shearing is more obvious 
3.2 Variation of vertical displacement 

Figure 5 illustrates the vertical displacement−shear 
displacement curves of gravel−geogrid interface with 
selected number of cycle under different normal stresses. 
Since the area of the shear surface remains constant in 
the shear process, the change of the vertical displacement 
can reflect the volume response of the soil. The positive 
vertical displacement indicates the shear contraction of 
the soil, and the negative vertical displacement indicates 
the dilatancy of the soil. 

It can be observed from Fig.5 that at the initial stage 
of cyclic shear, the vertical displacement of the interface 
under each normal stress increases rapidly, but the sub- 
sequent vertical displacement increment decreases with 
the increase of the number of cycle. The shear contrac- 
tion of soil is mainly concentrated in the first 100 cycles 
of shear. When the normal stresses are 20 kPa, 40 kPa, 
60 kPa and 80 kPa, the ratios of the shear contraction 
of soil in the first 100 cycles of shear to the final shear 
contraction are 77.5%, 75.5%, 73.4% and 72.7%, res- 
pectively. Because in the initial stage of cyclic shear, 
sliding of soil particles occurred at the interface between 
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(a) σ = 20 kPa 

 

(b) σ = 40 kPa 

 

(c) σ = 60 kPa 

 

(d) σ = 80 kPa 

Fig. 5  Vertical displacement−shear displacement curves of 
gravel−geogrid interface 

soil and reinforcement, that is position adjustment, so 
that the particles rearranged from the position in a relative 
disorder state into an organized state with certain orientation. 
It can also be seen from Fig.5 that the gravel−geogrid 
interface has undergone alternating changes of shear con- 
traction and dilatancy after the initial shearing. With the 
continuous cyclic shearing, the phenomenon gradually 
weakens, and the vertical displacement of the interface 
tends to be stable. 

The curves of vertical displacement versus number 
of cycles for gravel−geogrid interface under different 
normal stresses are plotted in Fig.6. During cyclic shearing, 
shear contraction generally occurs, and the increment in 
shear contraction increases with the increase of normal 
stress. The greater the normal stress is, the greater the 
vertical displacement is for the same number of cycles, 
and the greater the final shear contraction of the interface 
is. When the normal stresses are 20, 40, 60 and 80 kPa, 
the ultimate vertical displacements of the interface are 
5.7, 6.4, 7.03 and 7.74 mm. 

 

Fig. 6  Vertical displacement−number of cycle curve of 
gravel−geogrid interface  

 
3.3 Shear stiffness and damping ratio 

Shear stiffness and damping ratio are two important 
parameters for studying the dynamic shear characteristics 
of reinforcement−soil interface. Nye et al.[19] analyzed 
the dynamic response of geosynthetics−soil interface by 
shear stiffness and damping ratio. Using the same method, 
the cyclic shear characteristics of gravel−geogrid interface 
under normal stresses are analyzed using shear stiffness 
and damping ratio. 

Figure 7(a) presents the variation of shear stiffness 
of gravel−geogrid interface under normal stresses. Under 
the same number of cycles, an increase in normal stress 
leads to an increase in stiffness, thus a stronger ability 
of the interface to resist deformation is achieved. Under 
the same normal stress, the shear stiffness increases first 
and then decreases, and finally tends to be stable. With 
the increase of normal stress, the change rate of shear 
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stiffness increases. 
Figure 7(b) displays the variation of interface damping 

ratio with number of cycles under normal stresses. As 
the number of cycles increases, the interface damping 
ratio under each normal stress decreases first and then 
increases, and finally tends to be stable. The number 
of cycles when the damping ratio decreases to a certain 
value and then increases corresponds to the number of 
cycles when the interface reaches the peak strength. Under 
the same number of cycles, a greater normal stress yields 
a greater damping ratio, which shows that the increase 
of normal stress will accelerate the energy dissipation 
of gravel−geogrid interface in the process of cyclic shear. 

 
(a) Shear stiffness 

 
(b) Damping ratio 

Fig. 7  Development of shear stiffness and damping ratio 
with number of cycle  

4  Comparison between post-cyclic direct shear 
tests and monotonic direct shear tests 

4.1 Comparison of shear stress and vertical 
displacement 

Figure 8 shows the shear stress−shear displacement 
curves of gravel−geogrid interface under varying normal 
stresses in monotonic direct shear tests and post−cyclic 
direct shear tests. In both monotonic shear tests and post− 
cyclic direct shear tests, the shear stress at the gravel− 
geogrid interface increases first and then decreases, and 
finally tends to be stable. When the normal stress increases, 
the shear stress of the interface increases. Under the same 

normal stress, the peak shear stress in the post−cyclic 
direct shear tests is greater than that in the monotonic 
direct shear tests, and the shear displacement corresponding 
to the peak shear stress is smaller. This is because, compared 
with the monotonic direct shear tests, when the gravel− 
geogrid interface is subjected to cyclic shearing, the soil 
particles and geogrid are closer, embedded effect is stronger, 
and the shear resistance of the interface plays a more 
important role. 

 

Fig. 8  Shear stress−shear displacement curves of direct 
shear tests  

 
The ratio of residual shear stress to peak shear stress 

is defined as residual stress ratio[20] to describe the softening 
characteristics of gravel−geogrid interface after reaching 
peak shear stress. Table 4 gives the values of peak shear 
stress, residual shear stress and residual stress ratio obtained 
by monotonic and post−cyclic direct shear tests under 
different normal stresses. A reduction in the residual 
stress ratio of the interface between reinforcement and 
soil is observed after cyclic shearing, which may be due 
to the fact that the particles broken of the interface and 
the interaction between particles weaken in cyclic direct 
shear tests, resulting in a more obvious softening of the 
interface after reaching the peak shear stress. 
 
Table 4  The values of peak shear stress, residual shear stress 
and residual stress ratio 

Normal 
stress
/kPa 

Monotonic shear test Post cyclic monotonic direct 
shear test 

Peak 
shear 
stress 
/kPa 

Residual 
shear stress

/kPa 

Residual 
stress 
ratio 

Peak 
shear 
stress 
/kPa 

Residual 
shear stress 

/kPa 

Residual 
stress 
ratio 

20 27.49 20.57 0.75 31.85 20.17 0.63 

40 49.40 34.75 0.70 53.21 34.59 0.65 

60 70.15 49.71 0.71 72.96 46.38 0.64 

80 89.83 64.38 0.72 93.89 61.03 0.65 

 
Figure 9 illustrates the curves of vertical displacement− 

shear displacement obtained by monotonic direct shear 
tests and post−cyclic direct shear test under different normal 

0 10 20 30 40 50
0

10
20
30
40
50
60
70
80
90

100

20 kPa

40 kPa

60 kPa

Sh
ea

r s
tre

ss
 /k

Pa
 

Shear displacement /mm 

Monotonic shear test 
Post−cyclic monotonic 
shear test 

80 kPa

0 200 400 600 800 1 000
0 

5 

10 

15 

20 

25 

30 

35 

Sh
ea

r s
tif

fn
es

s /
(k

Pa
·

m
m

−1
) 

Number of cycle N 

σ = 20 kPa
σ = 40 kPa
σ = 60 kPa
σ = 80 kPa

0 200 400 600 800 1 000
0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

0.50 

D
am

pi
ng

 ra
tio

 

Number of cycle N 

σ = 20 kPa
σ = 40 kPa
σ = 60 kPa
σ = 80 kPa

6

Rock and Soil Mechanics, Vol. 42 [2021], Iss. 6, Art. 1

https://rocksoilmech.researchcommons.org/journal/vol42/iss6/1
DOI: 10.16285/j.rsm.2020.6692



LIU Fei-yu et al./ Rock and Soil Mechanics, 2021, 42(6): 1485−1492                    1491 

 

stresses. In the monotonic direct shear tests and the post− 
cyclic direct shear tests, the volume change of soil finally 
presents dilatancy. However, in the initial stage of the 
monotonic direct shear tests, the volume change shows 
a certain degree of contraction, and the volume change 
in the post−cyclic direct shear tests is dilatancy. Under 
the same normal stress, the dilatancy of soil in the post− 
cyclic direct shear tests is stronger than that in the mono- 
tonic shear test. A higher normal stress results in a smaller 
the dilatancy in monotonic direct shear tests and post− 
cyclic direct shear tests. 

 

Fig. 9  Vertical displacement−shear displacement curves of 
direct shear tests 

 
4.2 Comparison of shear strength parameters 

Figure 10 shows the envelope curves of peak shear 
stress and residual shear stress at gravel−geogrid interface 
in monotonic direct shear test and post−cyclic direct shear 
test. It can be seen from the figure that the value of the 
correlation coefficient R2 of the envelope curve is close 
to 1, which indicates that there are good linear relationships 
between the peak shear stress and the residual shear 
stress of the interface and the normal stress. The linear 
relationship is described by the Mohr-Coulomb criterion: 
τ = σtanϕ + c, where c, ϕ  are the apparent cohesion and 
the internal friction angle of the interface. The apparent 
cohesions obtained by the envelope curves of peak shear 
stress and residual shear stress are denoted as peak apparent 
cohesion cp and residual apparent cohesion cr, respectively, 
and the obtained internal friction angles are denoted as 
peak internal friction angle ϕp and residual internal friction 
angle ϕr, respectively. The specific values of cp, cr, ϕp 
and ϕr obtained from monotonic direct shear test and 
post−cyclic direct shear test are shown in Table 5. 

Table 5 shows that after cyclic shearing, the peak and 
residual apparent cohesions of the interface increase obvi- 
ously. The peak apparent cohesion increases by 58% 
compared with that before cycle shearing, and the residual 
apparent cohesion increases by 67%. The apparent cohesion 
at the interface mainly reflects the constraint effect of 

 
(a) Monotonic direct shear test 

 
(b) Direct shear test after cyclic shearing 

Fig. 10  Envelopes of peak shear stress and residual shear 
stress of gravel−geogrid interface in direct shear tests 

 
Table 5  The values of c and ϕ in monotonic direct shear 
and post−cyclic direct shear tests 

Test type cp /kPa cr /kPa ϕ p /(º) ϕ r /(º) 

Monotone direct 
shear test 7.28 5.26 46.12 36.5 

Post−cyclic direct 
shear test 11.51 8.79 45.85 32.62 

 
reinforcement on soil[21], which indicates that after cyclic 
shearing, the constraint effect of reinforcement is enhanced 
at the interface of reinforcement and soil. The peak internal 
friction angle and residual internal friction angle of the 
interface decrease after cyclic shearing, which may be 
related to the reduction in interlocking effect between 
soil particles caused by particle breakage. 

5  Conclusion 

（1）During cyclic shearing, the change of the average 
peak shear stress at the gravel−geogrid interface first inc- 
reases and then decreases, and finally tends to be stable. 
The interface shows shear softening. The greater the normal 
stress is, the more obvious the softening phenomenon 
of the interface after cyclic shearing is. 

（2）After initial shearing, the interface of gravel− 
geogrid changes alternately in shear contraction and dila- 
tancy. The greater the normal stress, the greater the vertical 
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displacement for the same number of cycles, the greater 
the ultimate shear contraction of the interface. 

（3）During cyclic shearing, the damping ratio first 
decreases and then increases with increasing number of 
cycles. Under the same number of cycles, the greater the 
normal stress is, the greater the shear stiffness is and the 
greater the damping ratio is. 

（4）Under the same normal stress, the peak shear 
stress in the post−cyclic direct shear tests is greater than 
that in the monotonic direct shear tests, and the residual 
shear stress is lower than that in the monotonic direct 
shear tests. Cyclic shearing significantly raises the interfacial 
apparent cohesion and reduces the internal friction angle. 
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