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ABSTRACT: Recently, the advantages of using asphalt concrete in the core compared to the clayey
core have increased the application of core asphalt concrete in embankment dams. Due to the importance
of the interfacial behavior of the asphaltic core and soil filter in the stability of these dams and the need
for a more detailed investigation of the complex behavior of materials in the core-filter interface, in
the present research, interfacial behavior of soil filter and asphalt core in the Mijran embankment dam
(Mazandaran province) was investigated. For this purpose, a direct shear apparatus on a large scale
is used. Soil materials, including clayey gravel (GC) and poorly graded gravel (GP), are according to
the grain size distribution used in Mijran dam construction. In this research, the influence of factors
such as compaction percentage of filter material and shear rate were investigated on shear strength and
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interlocking parameters (dilatancy angle and shear stiffness), as well as interaction ratio in the soil of P

filter and the core asphalt concrete interface. In this investigation, the ratio of the interfacial friction
angle of soil material- asphalt concrete to the soil materials friction angle was defined as the interaction
ratio. According to the findings, upon increasing the compaction level, the increasing amount in the face
interaction ratio in the interface GP material was higher compared to the GC material in the interface.
On the other hand, the influence of the shear rate on the interaction ratio was similar in both the GC and

Large-scale direct shear apparatus

Soil material-asphalt concrete inter-

Interaction ratio

GP materials in the interface.

1- Introduction

The embankment dam is a structure or facility that is built
on the river or canal by using materials without the mortar, in
order to store and raise the water surface behind it [1]. The
large embankment dams in the world are built with different
materials and there are three proposals for their construction:
1. Earth core; 2. Reinforced concrete or asphalt surface or
geomembrane at upstream; and 3. Asphalt concrete core [2].
Compared to an earth core, the placement and compaction of
asphalt concrete are less sensitive to adverse weather conditions.
Asphalt concrete is practically impermeable, flexible, resistant
to erosion and aging, efficient and compressible, and allows the
construction of a jointless core [3]. The interaction of asphalt
concrete and filter soil material in the dam with the asphalt
concrete core plays an important role in the performance of
this type of dam [4]. In relation to the static and dynamic
analysis of the dam with asphalt concrete core in laboratory,
as well as the numerical modeling of this type of dam, there
have been studies (Tajdini et al. [4-5]; Abdelaziz [6]; Cong
et al. [7]; Zhang et al.[8]; Beren et al. [9]; Ghaffari & Binay
[10]; Raj Bhat [11]).

By reviewing the relevant literature and previous studies,
it can be said that there are few studies regarding the static
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investigation of the behavior of the interface between
soil materials and asphalt concrete core in embankment
and rockfill dams with asphalt concrete core. In the
aforementioned studies, a direct shear device with a small
box was used to investigate the interface behavior. Therefore,
due to the limitations that exist in the results resulted from
experiment with a small-scale shear box, the need to conduct
research with a large-scale direct shear device is felt in order
to investigate the behavior of the interface element. On the
other hand, despite the influence of factors such as the relative
density of soil materials and shear rate on the behavior of the
interface, these factors have not been given much attention in
the studies related to asphalt concrete core dams.

2- Methodology

In order to investigate the effect of variable parameters,
i.e. the type of filter material, the relative density of the filter
material and the shear rate, on the strength parameters of the
filter soil material and the interface between core asphalt
concrete and filter soil material (the interface materials), 2 sets
of tests have been conducted in the large-scale direct shear
machine, using UU method, according to ASTM-D3080 [12]
standard. The specifications of the samples made for the large-
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Table 1. Specifications of samples made for direct
shear test

Variable Spec
pecimen name

parameter
GC-Dr(50, 65, 80%)-Dry-V(1mm/min)
Asphalt (B:4%)-GC(Dr:50, 65, 80%)-Dry

Relative -V(1mm/min)

density GP-Dr(50, 65, 80%)-Dry-V(Imm/min)
Asphalt (B:4%)-GP(Dr:50, 65, 80%)-Dry -
V(Imm/min)
GC(Dr:65%)-Dry-V(0.5, 1, 1.5, 3mm/min)
Asphalt (B:4%)-GC(Dr:65%)-Dry-V(0.5, 1,
1.5, 3mm/min)

Shear rate

GP(Dr:65%)-Dry-V(0.5, 1, 1.5, 3mm/min)

Asphalt (B:4%)-GP(Dr:65%)-Dry-V(0.5, 1,
1.5, 3mm/min)

scale direct shear test have been presented in Table 1. In this
table, GC and GP, Dr, V and B, are referred to soil materials,
relative density, shear rate and bitumen, respectively.

3- Results and Discussion
3- 1- Investigating the effect of relative density on shear
strength parameters (cohesion and internal friction angle)
According to the changes in the shear strength parameters,
it can be seen that in GC materials and GC interface materials,
with the increase of relative density from 50% to 80%,
cohesion and internal friction angle have an upward trend.
On the other hand, in both categories of GP materials and GP
interface materials, under dry conditions, with an increase in
relative density from 50% to 80%, the amount of cohesion and
internal friction angle, decreased and increased, respectively.

3- 2- Investigating the effect of relative density on the
interaction ratio

The ratio of the internal friction angle of the interface to
the internal friction angle of sand materials (3/9) is called the
interaction ratio. The changes of the interaction ratio against
the relative density are shown in Figure 1.

Figure 1 indicates an increase in the interaction ratio with
an increase in relative density, in both categories of GC and
GP interface materials.

3- 3- Investigating the effect of shear rate on shear strength
parameters (cohesion and internal friction angle)

By examining the cohesion changes of the samples, for
different shear rates, it can be seen that in both categories
of soil materials (GC and GP) and GC and GP interface
materials, with increasing shear rate, the amount of cohesion
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Fig. 1. Changes of the interaction ratio in terms of rela-
tive density, under dry conditions and normal stress of
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Fig. 2. Changes of the interaction ratio in terms of
shear rate, under dry conditions and normal stress of
300 kPa

has increased. Regarding the changes in the internal friction
angle, it can be said that in GC and GP soil materials,
increasing the shear rate did not affect the value of the internal
friction angle and its value remained constant. In the GC and
GP interface materials, the internal friction angle has slightly
increased with the increase of the shear rate from 0.5 to 3
mm/min.

3- 4- Investigating the effect of shear rate on the interaction
ratio

The changes of interaction ratio against different shear
rates are shown in Figure 2.

Examining figure 2 shows that with the increase of the
shear rate from 0.5 mm/min to | mm/min, the interaction ratio
decreased and with the increase of the shear rate to 3 mm/
min, the interaction ratio increased and reached a constant



A. Gholipoor Noroozi et al., Amirkabir J. Civil. Eng., 55(2) (2023) 85-88, DOI: 10.22060/ceej.2022.20861.7548

value. Also, by comparing the interaction ratio values of GP
materials under different shear rates, it can be seen that with
the increase of shear rate from 0.5 mm/min to 1 mm/min, the
interaction ratio remained constant at 0.87. By increasing the
shear rate from 1 mm/min to 3 mm/min, the interaction ratio
increased by 2.3% and was fixed at 0.89.

4- Conclusions

According to the results of this study, the interaction ratio,
for different values of relative density in dry conditions, for
GC and GP materials, in the ranges 0of 0.909-0.915 and 0.847-
0.869, respectively, and for different values of shear rates in
dry conditions for GC and GP materials was obtained in the
ranges of 0.911 -0.955 and 0.870-0.890, respectively.
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Fig. 2. Large-scale direct shear machine used in the research
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Table 1. The results of the tests performed on soil materials
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Table 2. Characteristics of samples to investigate the effect of relative density
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Fig. 9. Changes trend of a) cohesion and b) internal friction angle, versus relative density for soil materials and
interface materials, under dry conditions and normal stress of 300 kPa
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Fig. 1. Changes trend of shear stiffness- relative density for soil materials and interface materials, under normal
stress of 300 kPa
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Fig. 2. Changes of the interaction ratio in terms of relative density, under dry conditions and normal stress of 300 kPa
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Table 3. Characteristics of samples to investigate the effect of shear rate
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Fig. 13. Shear stress-horizontal displacement changes for soil materials and interface materials, under dry conditions,
different shear rates and normal stress of 300 kPa
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Fig. 14. Changes trend of a) cohesion and b) internal friction angle, versus shear rate for soil materials and
interface materials, under dry conditions and normal stress of 300 kPa
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Fig. 15. Changes trend of dilation angle- shear rate for soil materials and interface materials, under normal stress
of 300 kPa
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Fig.17. Changes of the interaction ratio in terms of shear rate, under dry conditions and normal stress of 300 kPa
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