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Abstract. In order to understand the shear mechanical properties of the interface between clay and structure and better serve
the practical engineering projects, it is critical to conduct shear tests on the clay-structure interface. In this work, the direct shear
test of clay-concrete slab with different joint roughness coefficient (JRC) of the interface and different normal stress is
performed in the laboratory. Our experimental results show that (1) shear strength of the interface between clay and structure is
greatly affected by the change of normal stress under the same condition of JRC and shear stress of the interface gradually
increases with increasing normal stress; (2) there is a critical value JRC, in the roughness coefficient of the interface; (3) the
relationship between shear strength and normal stress can be described by the Mohr Coulomb failure criterion, and the cohesion
and friction angle of the interface under different roughness conditions can be calculated accordingly. We find that there also
exists a critical value JRC,; for cohesion and the cohesion of the interface increases first and then decreases as JRC increases.
Moreover, the friction angle of the interface fluctuates with the change of JRC and it is always smaller than the internal friction
angle of clay used in this experiment; (4) the failure type of the interface of the clay-concrete slab is type | sliding failure and
does not change with varying JRC when the normal stress is small enough. When the normal stress increases to a certain extent,
the failure type of the interface will gradually change from shear failure to type Il sliding failure with the increment of JRC.
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1. Introduction

The interaction between soil and structure is always an
important research topic in the fields of civil engineering
and geotechnical engineering. Mechanical properties of the
soil-structure interface are important factors that affect the
bearing capacity of the building or structure, and the
roughness of the structure also has a strong influence on the
mechanical properties of the interface. Therefore,
understanding the shear performance of the soil-structure
interface is paramount for the correct evaluation of the
construction quality, ensuring construction safety, and the
reasonable reduction of the engineering cost, which has
very important theoretical research significance and
engineering practical value.

Many scholars have conducted shear tests on the soil-
structure interface to study different factors affecting the
shear performance of the interface. Mortara (2007)
conducted shear tests by using an improved direct shear
apparatus (that is, the constant normal stiffness direct shear
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apparatus,) to study the friction characteristics of the
interface and soil deformability. Zhang and Zhang (2006,
2009) believed that the three factors that had the greatest
influence on the mechanical behavior of the interface were
the size of coarse-grained soil particle, the roughness of the
contact surface, and the normal stress by carrying out
monotonic cyclic shear tests on the interface of coarse-
grained soil and structure. Aksoy et al. (2016) added
different ratios of low plastic clay into the sand to obtain
sand with different friction angle. The friction angle
between the sand and different material structures was
measured through the interface shear test, which provided
the basis for the pile design in the actual project. Hu and Pu
(2004) conducted a series of direct shear tests on the soil-
structure interface and they found that there was a critical
roughness value on the soil-structure interface, and the
failure mode can be divided into shear failure and sliding
failure according to the different roughness. Zhang et al.
(2006) observed and measured the movement of soil
particles in the soil-structure interface tests by using a new
micro measurement method, and the results showed that the
roughness and normal stress of the interface had a very
significant effect on the movement of soil particles near the
structure. Canakci et al. (2016) conducted direct shear tests
on the contact surface of soil with concrete, steel, wood and
other building materials under different normal stresses, and
they believed that the water content of soil, the type of
material and the roughness of the contact surface had a
great impact on the friction characteristics between building
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materials and soil. Samanta et al. (2018) analyzed the
interface shear strength of sand and different building
materials, namely steel and concrete, by using direct shear
test device, and studied the influence of surface roughness,
average grain size of sand particles, relative density of sand
body and size of direct shear box on the interface shear
performance of sand, steel and concrete. Mu et al. (2019)
established a slurry diffusion model for single random
rough fracture considering the coupling effect of slurry and
geological fracture, studied the flow characteristics and
coupling response of slurry in the rough fracture, and
claimed that the roughness and shear stress between the
cracks were the main factors causing the grouting split. Gu
et al. (2017) and Huang et al. (2019) used the discrete
element method to study the cyclic shear behavior of soil
structure interface at the macro and micro levels. Saberi et
al. (2016, 2018, 2019) proposed different plastic
constitutive models to solve the shear behavior of soil
structure interface, and studied the stress characteristics
between gravel soil, sand soil and structure interface. Jing et
al. (2017) performed a series of three-dimensional interface
shear tests using the discrete element method with various
degrees of normalized roughness and analyzed the effect of
roughness on the shearing behavior of the soil-hard
structure interface. Moreover, several researchers (Feng et
al. 2012, Su et al. 2018) carried out a series of monotonic
direct shear tests on the interface between coarse-grained
soil and steel, and studied the influence of the relative
roughness and average particle size of coarse-grained soil
on the shear behavior of the interface between sand and
steel. Farhadi (2017) and Lashkari (2010) conducted a

Clay

Fig. 2 ZJ type strain controlled direct shear apparatus (quadruple shear) and clay sample

series of extensive direct shear tests to study the shear
mechanical properties of the sand-structure interface, and
proposed an interface model based on the generalized
plastic theory to describe the effect of cyclic rotational
shear on the mechanical behavior of the sand-structure
interfaces. The influence of temperature on the physical and
mechanical properties of soil-structure interface has also
been studied by many scholars (Di Donna et al. 2016, Zhao
et al. 2017, Yazdani et al. 2019, Xiao et al. 2014).

In the studies mentioned above, the contact surfaces of
different types of soil and structure were tested. However,
the shear mechanical properties between clay and structure
have been rarely studied. The study of friction angle and
cohesion in contact surface under different surface
roughness and normal stress is limited. In this paper, we
explore the relationship between shear strength and shear
displacement of the interface and investigate shear
deformation characteristics under different normal stress
and roughness through direct shear tests of the clay-
concrete slab with different roughness coefficients.
Furthermore, Mohr Coulomb criterion is used to describe
the relationship between shear strength and normal stress of
the interface to study the influence of roughness coefficient
of interface on cohesion and friction angle, and the failure
mechanism of contact surface.

2. Laboratory test
2.1 Experimental prepartion

Fig. 1 shows the large-scale direct shear apparatus
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Fig. 4 The finished concrete slab with regular sawtooth

(a) Group D (b) Group E » | (c) Group F
Fig. 6 Concrete slab with random roughness after splitting

(model: ShearTrac II1) used in this study. The sample size in 2.2 Specimen prepation

the testing apparatus is 305 x 305 X100 mm (length x width

x height) for the upper shear box and 400 x 305 x 100 mm Clay samples are recovered from a coastal oil storage
for the lower shear box. The maximum horizontal load of project in this work. The shear strength parameters of the
the direct shear apparatus can be up to 50 kN, and the field clay in the engineering geological exploration report
horizontal load can be applied at a constant displacement are taken as the basis when preparing the sample. The shear

rate up to 15 mm/min. strength parameters of samples with different water
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contents are measured first because the shear strength of
clay samples is largely affected by the moisture content.
The clay samples with different moisture contents are made
respectively. The values of cohesion and internal friction
angle of these samples are determined by carrying out quick
consolidated shear tests with ZJ type strain controlled direct
shear apparatus (quadruple shear). Fig. 2 shows the ZJ type
strain controlled direct shear apparatus (quadruple shear)
and clay sample. Experimental results show that the
moisture content of the clay is 20%, the cohesion is 40.86

kPa, and internal friction angle is 22°. The clay samples in

the follow-up tests are all made by using this parameter
ratio.

In this work, the preparation process of the soil sample
is strictly controlled as a very important part. The soil used
in the test is silty clay with natural saturated moisture
content of 33.9%, liquid limit of 32.8%, plastic limit of
17.5% and plasticity index of 15.3. There is no organic
matter in the soil. The clay with the same proportion of
parameters mentioned above is added to the upper shear
box by layer method after the soil sample is sealed and
consolidated, and there are five layers in total. The weight
of the first three layers of soil samples is the same, which is
2 kg. After weighing the required weight of clay, put it into
the upper shear box and make it evenly distributed as far as
possible. After that, the soil sample is compacted by light
compaction test, and each tamping hit is hit 56 times. And
then the upper surface of the clay is then roughened with a
scraper to bond more tightly with the clay above. The last
two layers of soil samples each weigh 1.5 kg. The fourth
layer of soil sample is compacted and roughened with the
same method mentioned above. For the fifth layer of soil
sample, it is only necessary to tamp them without scratching
the upper surface.

The testing program is divided into 6 groups according
to different roughness of concrete slab, including 3 groups
of regular sawtooth concrete slab and the surface roughness
is changed by adjusting the climbing angle of concrete
surface sawtooth, which is separately 0°, 20°, 30°. The
concrete slab fabrication steps are as follows: (1) weigh
cement, sand and water according to the mix proportion of
1:2.34:0.41 by weight; (2) pour the weighed cement and
sand into the mixer, fully mix and add the corresponding
weight of water, and then mix for 5 to 10 minutes; (3) fix
the triangular prism with fixed angle tightly at the bottom of
the formwork to make the concrete slab. (see Fig. 3 for the
schematic diagram of the formwork with angle); (4) pour
the mixed cement mortar into the formwork, and use the
method of layered pouring to ensure the quality of the
sample and improve its compactness; (5) place the poured
specimens on the vibration table to vibrate until there is no
bubble from the surface of the sample; (6) after vibration
place the sample under normal temperature, and remove the
formwork after 24 hours of mortar hardening; and (7) the
test piece is placed in the normal temperature environment
for maintenance after the formwork is removed, and the
water is sprinkled regularly for 28 days for maintenance.
The finished concrete slab is shown in Fig. 4, and their
dimensions are listed in Table 1.

There are three other groups of concrete slabs with

Table 1 Dimensions of concrete slab with sawtooth
climbing angle

Group Climbsiir;ge angle Dimensions
A 0° 400 mmx300 mm>100 mm
B 20° 400 mmx300 mm>100 mm
C 30° 400 mmx300 mm>100 mm

Table 2 Dimensions of concrete slab with random
roughness surface

Group Surface roughness category Dimensions
D Random rough surface 300 mmx*300 mmx75 mm
E Random rough surface 300 mmx*300 mmx75 mm
F Random rough surface 30 Ommx300 mmx75 mm

random roughness. They are two concrete slabs of the same
size with irregular surface obtained by splitting test with a
large concrete block of 300 x 150 x 150 mm (length x
width X height). And the manufacturing process of the
random roughness concrete slab is the same as that of the
regular sawtooth concrete slab, except that the mould needs
to be replaced with the size of 300 x 150 x 150 mm (length
x width x height). Because the size of the random
roughness concrete slab is not the same as that of the
apparatus, two concrete test blocks with the sizes of 400 x
300 x 25 mm (length x width x height) and 100 x 300 x 50
mm (length x width x height) need to be made as cushion
blocks to ensure that the position of the concrete slab in the
lower shear box is fixed. The splitting test is conducted on a
uniaxial compression testing machine and the concrete
splitting process is shown in Fig. 5. In order to ensure that
the size of the two concrete test blocks obtained by splitting
is the same, the central axis of the complete concrete block
must be aligned with the upper and lower cushion strips of
the splitting fixture, and the testing machine should be
controlled to press the fixture at a certain rate until the
complete concrete block is cracked. The three groups of
random roughness concrete slabs after splitting are shown
in Fig. 6, and their dimensions are listed in Table 2.

2.3 Caculation of JRC on rough surface of concrete
slab

It is necessary to carry out quantitative analysis on the
morphology characteristics of each contact surface for
analyzing the influence of surface roughness on the
mechanical properties of the interface. In 1973, Barton and
Choubey (1977) first proposed ten classical joint contour
lines to evaluate the roughness coefficients. According to
this method, the roughness value of the structural surface is
determined by comparing with the standard profile line, but
the error of this method is relatively large because of its
strong subjectivity. After many extensive researches, it is
found that the surface of rough structural surface can be
regarded as many irregular geometric surfaces, so it can be
described by statistical parameters or functions. The
parameters describing the joint surface morphology can be
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Fig. 7 Joint surface morphology of concrete slab with random roughness (a: Group D; b: Group E; c: Group F)

Table 3 Calculated JRC value of roughness surface for each
group of concrete slab

Group Climbing angle JRC
A 0° 0
B 20° 16.7079
C 30° 24.9966
D 7.3374
E 10.5657
F 15.0117

divided into two categories: height difference parameter
(Lukyanov and Lisenko 1982) and texture parameter (Adler
and Firman 1981). Theoretically, the full height distribution
density function and autocorrelation function of the surface
morphology can describe the geometric characteristics of
the surface morphology completely. But in practical
application, several parameters or their combinations will
be selected according to different purposes.

The characteristic parameters of the height distribution of
the surface morphology are also expressed by the
correlation moments of the density function of the height
distribution, such as the average height of the center line,
the root mean square of the height, etc. At the same time, it
needs to describe the texture parameters of the surface
morphology, such as the forward and reverse shape
difference coefficient (Thomas 1981), the frequency
spectral density function of the surface morphology (Nayak
1973), and the surface structure function (Sayles and
Thomas 1977). In this work, the calculation equation of
JRC and the root mean square of slope Z> proposed by Tse
and Cruden (1979), which are widely used, are selected to
calculate the JRC value as,

JRC = 32.2+ 32.471gZ, (1)
And the Z, is obtained by the following formula,

Zy = %fL (d—Z)Z az ()
0

where L is the sample length and Z (x) is the random
surface profile function.

Eq. (1) is only used for the calculation of a single
section line, so the average JRC of the joint surface is used
to quantify the morphological characteristics of the rough
structure surface in this paper, and the calculation equation
can be expressed as,

JRC =~ JRC; (3)

where m is the number of profile lines, and JRC; is the
roughness coefficient of the ith profile line.

Eq. (3) can be directly used to calculate the roughness
coefficient of regular sawtooth concrete slab. For the
random roughness concrete slab, the rough surface of two
concrete slabs (length x width x height: 300 x 150 x
75mm) obtained by splitting is placed upward, the three-
dimensional laser scanner is used to collect the roughness
information of the structural surface, and then the
GEOMAGIC and other relevant software are used to
optimize and process the collected structural surface
morphology information. Finally, the information of
structural surface along the undulating direction of the joint
surface is calculated by MATLAB, and the corresponding
surface roughness coefficient is obtained. Fig. 7 shows the
morphology of the collected random rough surface concrete
slab, and the calculated JRC value for each concrete slab is
provided in Table 3.

2.4 Experimental design
In the direct shearing tests, the shearing displacement

speed is taken as 0.8 mm/min and remains unchanged
throughout the shearing process until the specimen is



44 Wendong Yang, Ling Wang, Jingjing Guo and Xuguang Chen

N\ %\“Q\e
oo™

\S)
NG
\\0"6‘6
co

7

Soil sample

Concrete slab

Fig. 8 Diagram of sample placement of consolidated clay-concrete slab and the load application directions

damaged. The normal stress is taken as 100 kPa, 200 kPa,
and 400 kPa, respectively. Taking regular sawtooth concrete
slab as an example, the diagram of clay sample and
concrete slab after consolidation in the direct shear
apparatus and the application directions of normal stress
and horizontal shear stress are shown in Fig. 8.

3. Experimental results

Fig. 9 shows the initial shear strength-displacement data
of each group of clay-concrete slab interface, and the
statistical table of initial shear stress is listed in Table 4.

It is worth noting that there is a size difference between
the concrete slabs in groups A, B, C, and the concrete slabs
in group D, E, F, therefore the error caused by size
difference should be considered (Yu ef al. 2014, Zhang and
Wang 2017). In order to eliminate the influence of the
change in the actual shear area on the test results in the
process of direct shear test, Zhang et al. (2017) established
a modifier equation based on the shear strength of circular
shear box. In this paper, the same calculation method is
used to calculate the shear strength modifier equation of
rectangular shear box. The calculation equation of shear
stress in direct shear test may be written as,

L = CR
07 g

“4)

where S is the initial shear area; C and R are the rigid
coefficient and dial indicator readings, respectively.

The initial shear area of the rectangular shear box can be
given as,

S =P (5)

where / is the side length parallel to the shear direction; 4 is
the ratio between the side length perpendicular to the shear
direction to /.

The effective contact area between the soil sample and
the concrete slab after the shear test is started can be
expressed as,

Sactuar = H(I=9) (6)

where ¢ is shear displacement.
The actual shear strength should be:

CR

()

TActual = S
Actual

The relative error between the initial shear strength and

Table 4 Statistical table of initial peak shear strength

Peak Shear strength 7/kPa

Group

100 kPa 200 kPa 400 kPa
A 40.51 70.82 116.72
B 81.87 99.62 161.04
C 67.81 84.47 139.40
D 83.95 108.43 158.16
E 92.70 132.48 166.85
F 86.31 110.72 158.48

Table 5 Statistical table of peak shear strength after
correction

Peak Shear strength 7/ kPa

Group

100 kPa 200 kPa 400 kPa
A 40.51 70.82 116.72
B 81.87 99.62 161.04
C 67.81 84.47 139.40
D 95.14 122.85 179.17
E 105.06 150.05 189.03
F 97.82 125.42 179.51
Table 6 Statistical table of shear failure types
Failure type
Group
100 kPa 200 kPa 400 kPa
A sliding failure shear failure shear failure
B sliding failure sliding failure sliding failure
C sliding failure sliding failure sliding failure
D sliding failure sliding failure shear failure
E sliding failure sliding failure shear failure
F sliding failure sliding failure sliding failure

the actual shear strength obtained from the combination of
Egs. (4)-(7) is:
é
e =—~ (®)
l
In this work, the maximum shear displacement is 4 cm
and the side length parallel to the shear direction is 30 cm.
According to Eq. (8), the relative error is 13.33%. The test
results of groups D, E and F are corrected according to the
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Fig. 9 Initial shear strength-displacement data of contact surface for each group of clay-concrete slab
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Fig. 10 JRC -peak shear strength curves of contact surfaces

relative error. The corrected results are given in Table 5.
Fig. 10 shows the diagram of JRC-peak shear strength
under different normal stresses.

The failure types of contact surface can be divided into
two categories: shear failure and sliding failure. Based on
whether there is obvious peak in the shear strength-
displacement curve of each group in Fig. 9 and the failure
form of contact surface after the failure of the sample, we
can judge the failure type of contact surface for each
sample, as shown in Table 6.

The following conclusions may be drawn from Figs. 9-
10 and Table 6.

1. When the value of JRC is unchanged, the shear
strength of the contact surface of clay-concrete slab is
greatly affected by the change of normal stress. Specifically,
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Fig. 11 Fitting curve of shear failure strength of the interface for each group of clay-concrete slab

the shear strength of the interface increases with the
increase of normal stress.

2. From the JRC value of rough surface for each group
of concrete slab in Table 3, it can be seen that the order of
JRC value of each group is: A<D < E <F <B < C. From
Fig. 10 we find that under the same normal stress, the shear
strength of contact surface increases first and then decreases
with the increase of JRC, which indicates that there is a
critical value JRC, for joint roughness coefficient. Under
the condition of constant normal stress, the shear strength of
contact surface increases with the increase of JRC when
JRC < JRC,; while the shear strength of contact surface
decreases with the increase of JRC when JRC > JRC,;.

3. We observe that the failure type of all clay-concrete
interfaces is sliding failure when the normal stress is 100

kPa. When the normal stress is 200 kPa, the failure type of
group A is shear failure, but it is sliding failure in group B,
C, D, E and F. When the normal stress is 400 kPa, the
failure type of group A, D and E is shear failure, while it is
sliding failure in group F, B and C, which means that the
failure type of contact surface gradually changes from shear
failure to sliding failure with the increase of JRC.

4. Discussions

4.1 Analysis of mechanical properties of clay-
concrete interface

The relationship between peak shear strength and
normal stress of clay-concrete interface is shown in Fig. 11
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Table 7 Statistical table of shear strength parameters

Group  Fitting equation Cohesion Frictionoangle corre?ation ,
c/kPa @/ coefficient R

7=17.56+0.2505 ¢ 17.56 14.06 0.9947
B 7=51.1840.2699 o 51.58 15.10 0.9861
C  7=4035+0.2438 ¢ 40.35 13.70 0.9881
D 7=66.98+0.2803 ¢ 66.98 15.66 0.9997
E  7=85.57+0.2678 ¢ 85.57 14.99 0.9474
F  7=70.78+0.2720 ¢ 70.78 15.22 1.0000

based on the data in Table 5. We find that the relationship
between them conforms to the Mohr Coulomb failure
criterion. Therefore, Mohr Coulomb failure criterion is used
to calculate the cohesion and the friction angle of the
interface:

T =otang + ¢ C)

where 7 is the shear stress of the interface, and o is the
normal stress.

The shear strength parameters of each group obtained by
the Mohr Coulomb failure criterion are listed in Table 7.
Fig. 12 shows the relationship between the cohesion of the
interface and JRC. We find that the cohesion of clay-
concrete slab interface increases first and then decreases as

JRC increments. This shows that there is also a critical
roughness coefficient JRC. for the cohesion of the
interface. The cohesion of the contact surface will increase
as the roughness coefficient of the contact surface increases
when JRC < JRC,; while the cohesion will decrease with
the increase of the roughness coefficient when JRC > JRC.,,.
Theoretically, the cohesion will fluctuate around the
cohesion of the clay itself when JRC decreases to a certain
extent.

In order to study the influence of the roughness
coefficient of the contact surface on the friction angle, the
relationship curve between them is shown in Fig. 13. As
expected, we find that the friction angle of each interface is
smaller than the friction angle of clay itself. Moreover, it is
found that the friction angle of the interface of clay-
concrete slab varies with the roughness within a small
range. The reason for this phenomenon is that the shear
stress at the contact surface of clay and concrete slab is
relatively complex, including the binding force between
clay and concrete slab surface, the relative movement
between the clay on the rough part of the contact surface
and the upper soil mass, and the friction force between clay
and concrete structure surface. And the action mechanism
of normal stress on these shear stresses is different, so the
change of friction angle has no obvious regularity, but
fluctuates in a small range.

4.2 Analysis of failure mechanism of clay-concrete
slab interface

According to previous research experience, the failure
types of soil-structure interface can be categorized as shear
failure and sliding failure, as described as follows. (1) In
general, when the normal stress is relatively small, the
failure will occur on the interface of clay-concrete slab
when the sliding failure occurs. The failure is mainly related
to the sliding clay particles on the surface of the concrete
slab. The upper soil sample is not damaged when the failure
occurs. We name this failure type as type I sliding failure.
(2) However, the failure type of the contact surface is still
sliding failure when the normal stress increases to a certain
extent, but the upper soil sample has been damaged and
formed its own damaged zone at this time, and its failure is
mainly related to the internal shear deformation of the soil.
We call this failure type as type II sliding failure. (3) The
failure surface formed by shearing is on the clay-concrete
slab interface when the failure type is shear failure, this type
of failure is related to the sliding clay particles on the
concrete slab surface and the internal shear deformation of
the upper soil mass.

As listed in Table 6, the failure type of the interface of
clay-concrete slab is sliding failure when the normal stress
is 100 kPa and the failure mode will not change with the
change of the JRC of the contact surface. This is because
when the normal stress is small, the failure of the contact
surface is mainly controlled by the clay sliding particles on
the surface of the concrete slab. The shear strength is
primarily provided by the friction between the concrete slab
and the upper clay particles. When the JRC of the joint
surface of the concrete slab is less than the critical value,
the friction between the concrete slab and the upper clay
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sample will increase as JRC increases, so the shear strength
of the contact surface will increase. However, when the
joint surface JRC of the concrete slab is larger than this
critical value, the accumulated clay particles on the surface
of the concrete slab will increase with increasing JRC, and
the friction force between the clay specimen and the
concrete slab will decrease as shear progresses, so the shear
strength of the contact surface will decrease. Fig. 14 shows
the shear process of type I sliding failure of clay-concrete
slab interface.

When the normal stress is 400 kPa, it is found that the
failure type of contact surface in group A, D and E is shear
failure, while that in group F, B and C is sliding failure with
the increase of JRC, which means that the failure type
gradually changes from shear failure to type II sliding
failure as JRC increases. We first discuss the shear failure in
three groups of tests as follows. In these direct shearing
tests, the shear strength of the contact surface is mainly
determined by the friction between clay particles and
concrete slab at first, while as shearing continues, the shear
strength is then contributed by the friction between the clay
particles and the concrete slab surface and the strength of
the upper soil itself. When the shear displacement reaches a
certain value, the shear strength of the contact surface
reaches the maximum value. At this time, the shear failure
surface is formed between clay and concrete slab. Fig. 15
shows the schematic of the shearing process clay-concrete
slab interface where shear failure is shown on the right
figure. Secondly, we explain the other three groups of tests,
in which the failure type of contact surface is sliding failure.

With increasing JRC and over a certain critical value, the
failure type of the specimen changes from shear failure to
type II sliding failure. This is because the surface roughness
of the concrete slab is large and the upper soil quickly
forms its own shearing damaged zone. In this case, the
shear strength of contact surface is mainly controlled by the
shear strength of the soil itself. Fig. 16 shows a schematic
of the shearing process of type II sliding failure of clay-
concrete slab interface.

5. Conclusions

In this paper, we conducted direct shearing tests on clay-
concrete with different contact surface roughness and
obtained the relationship between shear strength and shear
displacement of the contact surface. The relationship
between shear strength and normal stress of the contact
surface with different roughness is well fitted by the Mohr
Coulomb failure criterion. The influence of JRC on the
shear strength and other mechanical properties of the
interface between clay and concrete slab is studied, and the
formation mechanism of shear failure surface is analyzed.
The following conclusions may be drawn from this study.

e Under the condition of constant JRC, the shear
strength of the contact surface of clay-concrete is greatly
affected by the change of normal stress, which shows that
the peak value of shear strength increases with increasing
normal stress.

* There exists a critical value JRC,; for the joint surface
roughness of concrete. Under the condition of constant
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normal stress, the shear strength of interface increases with
the increase of JRC when JRC < JRC,; while the shear
strength decreases with the increase of JRC when JRC >
JRC,. Theoretically, the shear strength of the contact
surface should be reduced to the shear strength of the clay
itself and become stable.

* The relationship between peak shear strength of clay-
concrete slab interface and normal stress can be described
by the Mohr Coulomb failure criterion. The cohesion and
friction angle of the contact surface under different
roughness are calculated according to the Mohr Coulomb
criterion. There is also a critical value JRC, for the
cohesion of the clay-concrete interface. The cohesion
increases with the increase of JRC when JRC < JRC;
while the cohesion decreases with the increase of JRC when
JRC > JRC,. Furthermore, in theory, the cohesion should
reach a stable value near the cohesion of clay itself. The
change of JRC on the joint surface of concrete slab has no
obvious effect on the friction angle of the interface. The
friction angle only fluctuates within a small range and is
always smaller than the internal friction angle of clay itself.

* The failure type of the interface of the clay-concrete
slab is type I sliding failure when the normal stress is
relatively small, and the failure type will not change with
the JRC change and the upper clay specimen is not
damaged. The failure type of contact surface will gradually
change from shear failure to type Il sliding failure with the
increase of JRC when the normal stress increases to a
certain extent, and the upper clay sample will have different
degrees of failure.
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