
RESEARCH ARTICLE

R. R. SHAKIR, Jungao ZHU

Behavior of compacted clay-concrete interface

© Higher Education Press and Springer-Verlag 2009

Abstract Tests of interface between compacted clay and
concrete were conducted systematically using interface
simple shear test apparatus. The samples, having same dry
density with different water content ratio, were prepared.
Two types of concrete with different surface roughness, i.
e., relatively smooth and relatively rough surface rough-
ness, were also prepared. The main objectives of this paper
are to show the effect of water content, normal stress and
rough surface on the shear stress-shear displacement
relationship of clay-concrete interface. The following
were concluded in this study: 1) the interface shear sliding
dominates the interface shear displacement behavior for
both cases of relatively rough and smooth concrete surface
except when the clay water content is greater than 16% for
the case of rough concrete surface where the shear failure
occurs in the body of the clay sample; 2) the results of
interface shear strength obtained by direct shear test were
different from that of simple shear test for the case of rough
concrete surface; 3) two types of interface failure
mechanism may change each other with different water
content ratio; 4) the interface shear strength increases with
increasing water content ratio especially for the case of
clay-rough concrete surface interface.

Keywords soil structure interaction, simple shear test,
interface, friction, compacted clay, interface modeling

1 Introduction

Compacted soil structure interface systems are encoun-
tered in various geotechnical engineering projects like:
earth dams, retaining walls, earth reinforcement, shallow
foundations and pile foundations. The understanding of the
behavior of soil structure interface plays an important role
in calculating strength especially for the system, depending

on friction in the calculated bearing capacity like piles.
Compacted soil is unsaturated soil which can be analyzed
in total stress or effective stress term. Few studies have
been obtained for unsaturated soil structure interface [1,2].
To solve the geotechnical engineering problem, the stress-
strain relationship and the description of deformation and
sliding have to be studied. Many studies have been
presented to describe the behavior of soil structure
interface using different types of apparatus.
Earlier comprehensive study of soil structure interface

was conducted by Potyondy [3]. It was postulated that the
most important factors affecting friction are intensive
normal stress, moisture content, roughness and the
composition of soil. Following him, direct shear was
used extensively to study the interface between sand and
concrete by other researchers [4]. Large direct shear has
been utilized to show the distribution of shear stress along
the shear plane of soil concrete interface [5]. Acar et al. [6],
using direct shear, concluded that the ratio of interfacial
friction to internal friction angle was independent of the
void ratio and then on relative density. Direct shear
apparatus with sample box of size (305 mm�305 mm) has
been used to investigate the behavior of sand-concrete
interface under cyclic loading [7]. Another type of direct
shear apparatus has been used to study sand-steel interface
with microscope test to follow the sand particle movement
[8]. The mechanical characteristics of the interface
between sand and concrete have been studied using direct
shear under relatively high stress [9]; however, steel plates
with different roughness were used instead of concrete to
avoid the limitation of wearing in concrete. The dual direct
shear apparatus has been developed and used to study the
sand-steel interface [10]. An extended type of direct shear
device has been developed to deal with soil structure
interface in three dimensional loading [11].
Other devices used to elaborate interface shear experi-

ments could be grouped into ring shear apparatus, ring
simple shear apparatus, cylinder shear apparatus, pull-out
apparatus and simple shear apparatus. Ring shear (torsion)
apparatus has been used to study soil-steel interface under
constant volume and constant stress condition [12]. Ring
simple shear apparatus has been used with membrane to
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test concrete soil interface [13]. Cylinder shear apparatus
has been developed to study soil structure interface [14]
which has many advantages but it is difficult to use. For
pull-out apparatus, there are different kinds: pull-out of
inclusion cylindrical form device [15,16], and recently the
soil pile slip apparatus [17]. Each apparatus has merits and
limitations. The well documented comparison between
interface shear apparatus were presented by Kisheda et al.
[18], Paikowsky et al. [10] and recently by Corfdir et al.
[14].
Simple shear apparatus was developed by Uesuge et al.

[19,20]. It was used in a series of studies on sand structure
interface. Tsubakihara et al. [21,22] studied the friction
between normally consolidated clay and steel plate using
simple shear and shear box direct shear test apparatus. In
their apparatus pore water pressure can be calculated
during the test and roughness of steel was regarded as a
factor that influences the relation of shear stress-strain. It
was postulated that the interface shear sliding dominates
the interface shear for the case of roughness less than the
critical value while the interface shear agrees with shear
within the soil for the case where roughness is larger than
the critical value. Furthermore, it was stated that the speed
of shear affects the maximum interface resistance. Wang et
al. [23] studied the interface between clay with different
water content and concrete but one type of concrete surface
roughness was used. Simple shear and shear box device
was utilized to test the interface between sand-mild steel
[19], the influential factor on the friction between sand and
steel [20], the behavior of the particle near the interface
layer [24], and the friction between dry sand and concrete
[25].
In this study, compacted clay concrete interface was

studied using simple shear device which has the advantage
of separating the total deformation into sliding and
deformation. The clay soil used in this study has constant
dry density with different water content ratios. In spite of
using unsaturated soil, the analysis of behavior was in total
stress with reference to water content ratio.

2 Experiments

Figure 1 shows the schematic diagram for the interface
simple shear apparatus used in this study. This device was
designed originally for the Geotechnical Research Institute
to test soil structure interface under dynamic load. In this
study, it was modified and used for clay concrete interface
test under monotonic load. Containers with inner size of
107 mm�107 mm were manufactured and filled with
concrete mortar, as it will be explained in the next section.
These containers consist of a rectangular base plate of
115 mm�115 mm welded with four plates of size of
115 mm�40 mm. The concrete box was fixed to a brass
base plate by two 6 mm bolts from the bottom. The area of
clay-concrete contact does not change because the concrete
dimension is greater than the contact area of the clay
sample even when sliding displacement occurs. The
sample container is a stack of rings manufactured from
aluminum with thickness of 1.4 mm and diameter of
60 mm, see Fig.1. The rings were lubricated to minimize
the friction induced between them in order to make
deformation of clay mass occur freely. The height of the
sample was 10 mm. Normal displacement is measured by
strain mechanical gauge with accuracy of 0.001 mm/digit
which is the same type used for tangential displacement.

Fig. 1 Schematic view for the simple shear apparatus. (a) Ring dimensions (unit: mm); (b) simple shear apparatus

Fig. 2 Schematic diagram of sliding, deformation and total shear displacement
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Figure 2 shows the schematic diagram for the method of
calculating the sliding and deformation displacement due
to shear stress application. The sliding displacement is
measured by subtracting the displacement of the bottom
ring which is located in contact with concrete from the
displacement of concrete i.e., (δs= δp – δb). The deforma-
tion displacement due to shear stress application is
calculated by subtracting the sliding displacement from
the displacement of the top ring of the stack of rings (δd=
δb – δu). The total displacement is calculated by adding the
sliding displacement to the deformation displacement (δt=
δs+ δd). Thus in simple shear test, displacement can be
divided into shear sliding displacement and shear defor-
mation displacement through which the behavior of
interface and the importance of each one of them can be
understood.

3 Soil structure interface materials

3.1 Preparation of concrete

Concrete structural material was prepared so that the
strength value is a practical value, at the same time it can be
sheared with clay repeatedly with minimum wear on the
surface. Two boxes were manufactured as concrete mortar
container. These boxes, which consist of four pieces
welded to a plate at the bottom, were used to minimize the
deformation during shear interface testing and were used as
external reinforcement. It was fastened by bolts to another
brass plate which slides on sliding steel balls as shown in
(Fig. 3).

The concrete was prepared by first mixing the sand and
cement, adding water with 60% water cement ratio and
mixing gradually, subsequently filling the two boxes with
concrete. The ratio of cement to sand was (1∶2.5). They
were filled by scratch then the surface was leveled using a
spatula. To prepare different types of surface roughness:
the surface of the concrete was finished by passing the
spatula horizontally in order to obtain a smooth surface
while lines were made by spatula along the vertical
direction to the direction of shearing in order to obtain
rough surface. The dimension of each box is 115 mm�

115 mm�40 mm. It was fastened by two screws to the
brass base plate; the diameter of the screw was 6 mm. The
two boxes of concrete were embedded under wet sand for
five months, and then they were used in the interface
testing with clay.

3.2 Preparation of clay soil sample

The main properties of clay such as plastic limit (PL),
liquid limit (LL) and specific gravity (Gs) were obtained
based on the Chinese Standard, see Table 1. The dry
density of the clay is 1.65 g/cm3 and the optimum water
content (Wc) is about 18%. Clay soil was prepared with
three different water contents: 10%, 16% and 21%. Water
was added to the clay and after mixing, they were saved in
a nylon bag to ensure equal distribution of water content.
The samples were compacted by pressing the soil to a
constant volume so that it will obtain constant dry density
where the weights of the soil samples were calculated from
the weight-volume soil relationship.

4 Testing method

The test specimen was prepared inside the frame of rings
by filling the container with clay then it was compacted by
pressing method so that it has the same dry density with
different water content ratio. The sample was positioned on
concrete construction material under its gravity weight. It
means that the specimen stands on most of the concrete
surface asperities which can be classified according to its
roughness profile, into micro level, nano level and so on.
There is no full contact between the samples and concrete
in the contact area at the beginning of the test because the
sample was considered as quasi-solid sample except for the
case of clay with high water content. The normal load was
applied on the sample then directly tangential load is
applied. The sliding displacement and deformation
displacement were measured for the two cases of clay-
rough and smooth concrete surface interface.

5 Simple shear test results

5.1 Sliding displacement vs deformation displacement

Figure 4 shows the relations between shear sliding
displacement and shear deformation displacement for
three normal stress values 50 kPa, 100 kPa and 150 kPa
for the case of clay-rough surface concrete interface. It can
be noticed from Figs. 4(a) and (b) for water content of 10%

Table 1 Main properties of clay

LL PL PLI. Gs dry density/(g/cm3) Wc/%

35.08 19.98 15.1 2.68 1.65 18

Fig. 3 Base plate and concrete box (unit: mm)
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and 16% that the deformation displacement is insignificant
and it does not exceed 0.35 mm for the three values of
normal stress used in this study while shear sliding causes
substantial displacement for the test. The insignificance of
the deformation displacement means that interface shear
strength depends mainly on sliding strength i.e. the
asperities of concrete govern the movement of the sample.
Furthermore, it can be seen that the deformation displace-
ment is influenced not only by normal stress but also by
soil moisture content. For the case where the water content
of clay is 21%, the results show high deformation
compared to the case with other moisture content and
failure occurs inside the sample for the case of normal
stress 150 kPa (see Fig. 4(c)).

5.2 Shear stress-total shear displacement relations

The results obtained from the tests were presented in curv-
es of applied shear stress against total shear displacement

so that the shear displacement will not only reflect the
characteristics of interface behavior but also the behavior
of the body of soil, which is not in contact with concrete.
From Fig. 5 it can be seen that normal stress is an important
factor that increases the shear strength of the interface, at
the same time it increases the shear strength when clay
moisture content increases, which will be discussed later in
Section 6.
The total displacement before yielding is small and close

to 0.6 mm for the case of clay with water content 10%
while it increases with increasing moisture content. The
greatest amount of displacement among all cases was
found to be close to 2 mm for the case of clay-rough
concrete interface whenWc= 21% (see Fig. 5(c)). It may be
attributed to the state of clay which becomes more plastic
with increasing water content. After this amount of
displacement and approximately after the governing of
sliding displacement, the interface shear strength will be
very small and so the sample continues sliding until failure
occurs. For the case of interface between compacted clay
and smooth concrete surface, the effect of normal stress
and moisture content, in general shows differences in
interface shear displacement characteristics compared to
that of interface with rough concrete surface. The total
shear displacement was small and the amount of shear
deformation before yielding is smaller than the case of
clay-rough concrete surface interface. With respect to the
interface shear strength, it depends on the effect of normal
stress also but it is less than the case of interface of rough
concrete surface.
Since the compacted clay has high density and the

normal stress range is 50 kPa to 150 kPa, the deformation
displacement is small and depends mainly on the asperities
of concrete and water content ratio. On the other hand, the
sliding displacement is the substantial displacement and
the interface strength will depend on the strength to sliding.
According to that, the small value of the interface shear
strength of clay-smooth concrete compared to clay-rough
concrete can be interpreted obviously (see Figs. 5(c) and
(f)).

6 Interface shear strength and moisture
content effect

6.1 Rough concrete

Figure 6 shows the interface shear strength relation
between normal stress and applied shear stress at failure.
The shear failure is taken approximately as the value
opposite to 15% of the total shear displacement which is
customarily used for curves that do not show clear point of
shear failure. It is known that the interface shear strength of
clay consists of two components: adhesion and friction
which are expressed by the old familiar relation of
Coulomb τs= c+σ tanδ, here δ is the contact friction.

Fig. 4 Relationship between shear sliding displacement and
shear deformation displacement for clay-rough surface concrete
interface. (a) Wc= 10%; (b) Wc= 16%; (c) Wc= 21%
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The Mohr Coulomb formula was proven to be a valid
formula for the shear stress-normal stress relation. The
relation is linear and the adhesion is indicated as the
interception point with shear stress axis when normal stress
is equal to zero. Figure 7 shows the relation between shear
stress at failure and water content for normal stresses of
50 kPa, 100 kPa and 150 kPa. It can be seen that the
interface shear strength increased with increasing moisture
content. The shear strength increased highly with respect to
the second component “angle of contact friction” when the
clay water content is greater than 16%. In another form it
can be concluded from these results that there are two
angles of contact friction, the first is between 10% and 16%
of clay water content and the second between 16% and
21% of water content. It is known from literature that the
friction strength decreases when the surfaces of dissimilar
materials are wet while in this study an opposite conclusion

was found. It may be attributed to the concrete surface
being dry and clay was used with different water content
which means there are different states of the material. Also,
with increasing moisture content the clay shows more
compressibility response which makes the density of clay
increase throughout loading and the bottom of clay has full
contacted with the concrete surface in most levels of
asperities size.

6.2 Smooth concrete

Figure 8 shows the interface shear strength relation for the
case of clay-smooth concrete interface. It can be seen that
the interface shear strength is less than that for the case of
rough concrete surface. The relation between shear stress
and normal stress is linear except when the clay has a water
content of 10%. It is divided into two parts in the range of

Fig. 5 Relationship between shear stress and total shear displacement for case of clay-rough concrete and smooth-concrete surface interface.
(a) Wc = 10%, rough concrete; (b) Wc = 16%, rough concrete; (c) Wc = 21%, rough concrete; (d) Wc = 10%, smooth concrete; (e) Wc = 16%,
smooth concrete; (f) Wc = 21%, smooth concrete
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normal stress that has been applied. The first is between
50 kPa and 100 kPa while the second is between 100 kPa
and 150 kPa. Each part has its own interface strength
components. The effect of water content on shear stress is

less than that of rough concrete. Figure 9 shows the
relation between shear stress and water content for three
normal stress values: 50 kPa, 100 kPa and 150 kPa.
Generally, the effect of water content for each case of
normal stress is insignificant particularly when the water
content was 10% and 21%.

7 Transition mechanism failure (TMF)

According to the relation between shear sliding displace-
ment and shear deformation displacement (see Figs. 4 and
7) and the shape of contact area of the sample inspection at
the end of the test (see Fig. 10), two types of mechanism
failure can be proposed.
Figure 10(a) shows the first mechanism failure. The clay

with dry density of about 1.65 g/cm3 and water content of
10% may behave as quasi-solid material where hardness
dominates the behavior of sliding and wearing occurs in
the contact area of clay. The aforementioned results show
that the shear deformation displacement is insignificant
and shear sliding displacement is of great value, therefore
the mechanism of failure will depend on the clay sample
sliding i.e. the deformed shape in the clay contact area.
The second type of mechanism of failure depends on the

deformation in the body of the sample. It was inspected
that the shape of failure is similar to (see Fig.10(b)) what
happens in the case of clay rough concrete interface when
the water content ratio is about 21%. Because of high
density and high water content of the clay sample, it
undergoes high compressibility which leads to full contact
of two dissimilar materials. The sliding takes place while
the part of the contact area undergoes stress concentration
and then deformation displacement occurs as it is indicated
in the contact area schematic (see Fig.10(b)). The point of
transition from one mechanism to another is determined by
the critical value of water content which is considered as
16%. The second mechanism is referred to the case when
the normal stress is 150 kPa and water content is 21%.

8 Direct shear test

The frame of rings in the simple shear test was replaced by
a circular box to compare the interface shear results with
that of the simple shear test. The same descriptions of
preparation of samples were used. The results obtained
from this test are presented in terms of the interface shear
strength and interface shear water content relation as
shown in Figs.11 and 12.
It can be seen from Fig. 11 that the relation of interface

shear strength is not linear as in the case of simple shear
test but it seems to be convex and even the magnitude of
the two components of shear strength: angle of contact
friction and adhesion are different compared to the case of
simple shear test. This can be attributed to the differences

Fig. 8 Relationship between shear stress and normal stress for
clay-smooth surface concrete interface

Fig. 9 Relationship between shear stress and water content ratio
for clay-smooth surface concrete interface

Fig. 7 Relationship between shear stress and water content ratio
for clay-rough surface concrete interface

Fig. 6 Relationship between shear stress and normal stress for
clay-rough surface concrete interface
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between the two experiments of simple and box shear
apparatus where in box shear, the specimen is forced to
have one plane of shear failure while for simple shear the
distortion occurs freely in the body of soil. Figure 12
shows the relation between shear failure and water content
which are also different compared to the simple shear test.
Here water content affects the results so it makes the curve
convex while for the simple shear it is concave.

9 Conclusions

A series of experiments was carried out on compacted clay
concrete interface using simple shear apparatus. The value
of dry density of clay was high and the experiment was

conducted under monotonic loading. Two types of
concrete were used: relatively rough and relatively smooth.
Generally, compacted clay concrete interface shows an
insignificant shear deformation displacement particularly
when relatively smooth concrete surface is used. The shear
sliding displacement continues after the point where shear
deformation displacement was decayed. When the test was
carried out on rough concrete interface, clay with water
content of 21% and high density under normal stress of
150 kPa, the deformation inside the clay sample was more
than the sliding displacement. The sample continues in
deformation until failure occurs. Water content is also
found to be the key factor that affects the behavior of the
interface. It was concluded from the results that moisture
water content reduces the shear deformation strength while
it increases the shear sliding strength. Since deformation
displacement was found to be significant, interface shear
strength increases especially when water content is 21%.
The results obtained from the simple shear test were
compared with the results obtained from the direct shear
test. It was concluded that the results of the direct shear test
obtain shear strength greater than that of the simple shear
test and the interface shear strength was not linear
compared with that obtained from the simple shear test.
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