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ABSTRACT: In recent years, the use of embankment dams with asphalt concrete cores has become
more popular in comparison with clay core dams owing to its implementation restrictions. Because
in this type of dam, asphalt materials form the core of the dam and granular materials are used as a
filter around the asphalt core. Therefore, investigation of behavior at the contact surface between these
materials is of great importance. In this research, using large-scale direct shear experiments and applying
vertical stresses of 1, 3 and 5 kg/cm?2 in both dry and saturated states, the mechanical behavior at the
contact surface of asphalt materials and gravel filters has been investigated. The effect of parameters
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such as material density, gravel grain shape and bitumen type has been investigated. The results showed 5 = |
that the shear strength at the contact surface of the materials decreases with increasing moisture content.
Changing the shape of the filter material grains to the angular increased the shear strength of the contact

surface and the ratio of maximum stress to residual stress at the contact surface for dry and saturated

Asphalt concrete core
Direct shear test
states with different relative densities showed that this ratio increased very little at low densities. Bitumen

Residual stress

1- Introduction

For a long time, embankment dams have been built for
regulating and storage of water. An embankment dam is a
dam type that is widely used in the world [1]. Embankment
dams are comprised of two fundamental components, the
first is an impermeable core and the other is a support shell
that maintains dam stability [2]. Clay is often used as the
core material due to its low permeability, but its application
is associated with some limitations. In some projects, the
borrow materials are not close to the project site and the
transport of clayey material to the site is too costly. In some
projects, while the borrow materials are accessible but due
to the presence of rainfall and high humidity of clay, the
construction of clayey core is faced with some problems [3].
The application of asphalt concrete could be an appropriate
solution in these areas. The asphalt concrete core was first
used 50 years ago in Germany. From 1987 on, by introducing
the machine compaction equipment, great advancements were
attained in the execution and compaction of cores with the
surrounding filters. The asphalt concrete core is practically
impermeable; it is resistant against erosion and is flexible.
The core and filter materials are compacted and executed at
20 and 25-cm layers. The asphalt concrete core provides an
impermeable layer that is protected by the transition zone [4].

*Corresponding author’s email: ali.nabizadeh@sru.ac.ir

2- Materials and test method

Angular and rounded shape gravel materials have been
used for this research. The size of the largest used grain is
25 mm. for better investigating the physical properties of
the materials used in grain size analysis, the minimum and
maximum densities were calculated together with the specific
gravity of the solid particles. The physical properties of used
materials are given in Table 1.

The selected bitumen for making asphalt concrete is
grade 60/70 which belongs to the hard bitumen class and
is appropriate for the asphalt mix design needed for this
research.

Table 1. Properties of graded grains for test

Type of materials Angular Rounded
gravel gravel
Maximum Aggregate Size (mm) 25 25
Cc 28.70 23.75
C 241 2.30
ydmax 2.03 2.11
ydmin 1.57 1.66
Soil classification GW GW
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Fig. 1. Preparation of the asphalt mix at the lower half
of the direct shear box

In order to select the proper grain size distribution
for asphalt concrete mix, use the Fuller curve method to
making the asphalt concrete mix Finally an asphalt concrete
specimen was prepared for Marshall Test according to
Standard ASTM D 6927-06 with 6% bitumen.In order to
perform the test, use has been made of the direct shear test
apparatus with 15x30x30cm dimensions. The direct shear test
was performed according to ASTM D 3080-90 method. The
test was performed under four general states:

1-Gravel materials in the dry state

2-Gravel materials in the saturated state

3-Interface of the gravel materials and asphalt in the dry
state

4- Interface of the gravel materials and asphalt in the
saturated state

For performing the test, the specimens were placed within
the shear box at relative compaction values of 40%, 60% and
80% and under surcharge loads of 1, 3 and 5 kg/cm*Rapid
tests (Cu) were performed on the specimen and they
underwent shear at 1 mm/minute speed. The implemented
method for states no. 3 and 4 was similar to the previous ones
but with this difference that immediately after mixing, the hot
asphalt mix was placed at the lower half of the shear box, then
preparation of gravel materials with the above-mentioned
relative compaction values was done at the upper half of the
box. Figures 1 and 2 show a view of the preparation stages for
placing the specimen in the shear box.

3- Results and Discussion

In the saturated state the shear strength and dilation
behavior are reduced with respect to the dry state and the
reason could be attributed to the lubricating role of water
within the gravel materials.By compacting the gravel materials
one could enhance the interlocking of grains in the asphalt
materials and consequently improve the shear strength. The
angular gravel materials in contact with asphalt concrete
provide better interlocking, which results in increased shear
stress and internal friction angle between the materials.
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Fig. 2. Preparation of the filter materials at the lower
half of the direct shear box

g Gravel materials in dry state

+ Gravel materials in saturated state

+ Interface materials in dry state
Interface materials in saturated state
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Fig. 3. Changes in residual shear stress versus vertical
stress at 60% relative density

The gravel materials specimen and the gravel-asphalt
interface specimen in the saturated state fail at lower shear
stress and by the increase in the initial vertical stress; the
difference between failure envelops corresponding to the dry
and saturated states increases. This means that the internal
friction angle of the gravel materials is larger in the dry state
with respect to that in the saturated state.

The residual shear strength of non-plastic soils is
generally obtained from the correlation between the residual
shear strength in laboratory tests or from back analysis of the
post-failure geometry under static or seismic loadings. Figure
3 shows the linear residual failure envelope, and previous
studies confirm this. Also, it is observed that by the increase
in the surcharge load, the difference between residual shear
stress values increases in different states. By increase in
the relative density percentage, the shear stress to residual
stress ratio also increases, but per 40% relative density the
ratio approaches unity and the difference between dry and
saturated states becomes negligible.
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4- Conclusion

By increase in the relative density of both the gravel filter
and along the interface between gravel and asphalt (dry and
saturated states), the internal friction angle also increased.

By changing the shape of the grains from rounded
to angular, in both dry and saturated states, the amount of
maximum shear stress at a low compaction increases by
about 18-26%, but at intermediate compaction, it increases
by 12-22% and at high compaction, it increases by 11-16%.

Investigating the maximum stress to residual stress ratio
along the interface of specimens in dry and saturated states
with different relative density values, revealed that this ratio
has negligible increase at lower compaction percentages,
but at intermediate and large compaction percentages, the

increase is about 8-10%., the comparison made at similar
density percentages but in dry and saturated states showed

that this ratio does not show a significant change.
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Fig. 4. The behavior of gravel materials at different relative densities, in dry condition under sur-
charge load of 3 kg/cm2 (A)-Shear stress versus horizontal displacement, (B)-Vertical displace-
ment versus horizontal displacement
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Fig. 5. The behavior of gravel materials at different relative densities, in saturated condition under
surcharge load of 3 kg/cm2 (A)-Shear stress versus horizontal displacement, (B)-Vertical displace-
ment versus horizontal displacement
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Fig. 6. The behavior of interface materials at different relative densities, in dry condition under sur-
charge load of 3 kg/cm2 (A)-Shear stress versus horizontal displacement, (B)-Vertical displacement
versus horizontal displacement
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Fig.7. The behavior of interface materials at different relative densities, in saturated condition under
surcharge load of 3 kg/cm2 (A)-Shear stress versus horizontal displacement, (B)-Vertical displace-
ment versus horizontal displacement
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Fig.8. The behavior of interface materials with different grain shapes in dry condition under sur-
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Fig.9. The behavior of interface materials with different grain shapes in saturated condition under sur-
charge load of 3kg/cm2 (A)-40% relative density, (B)-60% relative density, (C)-80% relative density
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Table 4. Parameters of maximum friction angle
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Fig.10. Changes in maximum friction angle versus vertical stress at 60% relative density
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Fig.11. Changes in residual shear stress versus vertical stress at 60% relative density
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Table 5. Residual stress ratios along the interface materials under surcharge load of 3 kg/cm
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Fig.12. Changes in maximum shear stress versus vertical stress for interface materials with bitumen
type B60 and B80
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Table 6. Parameters of shear stress for interface materials with bitumen type B60 and B80

Dr e ® Cc
£ B60 YN </
£ B30 YY/f No

oS am3 o (s Of @ S )l Capnd e oy 1 A5 salss slus]
€5 93 2 2 9 M8lioe Yt Ogldl (SN G (] 486535 gdliae >
G2 b S S ) o o) o 035 555 24 ) ol 2> el
Al oo yide 3Ygb 9
ool o (sladiged )3 Slowy (I 4 B> QIS Capnd (g0
ol 45 3l Lt Sglite o (elaeSTy b gledl 5 Sis el ol
Sasly o Ll 3y (g2l jlew GRlBHml oSy ) cons
2 duolie pimen b o (]38l Moy Ve BA Coi g 40l g lawgie
e o l B L gLl g Sid Sl gy Sy slaeSTy

Lol aily gl

&bo
[1TA. Ghanbari, Principle of embankment Dam Engineering,

Kharazmi University Publishing, tehran, 2014.
[2] B.M. Das, Principle of Geotechnical Engineering, PWS
Publishing Company, 1994.

[3] S. Litkouhi, N.D. Street, Asphalt concrete core of the

Meijaran dam in brief, Dam Engineering, 20(3) (2010)
235.

[4] K. Hoeg, Asphaltic concrete cores for embankment dams,

Norwegian Geotechnical Institute Publicatie, (1993).

[5] S.G. Mahabadi, R.M. Roosta, Seismic analysis and
design of asphaltic concrete core embankment dams,
International Journal on Hydropower and Dams, 9(6)
(2002) 75-78.

[6] V. Davidenko, V. Khorkov, Design and construction of
earthquake-proof soil dams with asphalt concrete cores

in the northern constructional-climatic zone, Power

Yoy

Oygo bl g Suts el g3y il oy b b maw > pdlas
NB osn 290 ol S5 g (b las (ST slajial)y 5 oy
5l conl O)le 35 ool b Jl (S 085

oolod g g (b il las 93 pa )3 (s o515 GRIEI -
ol a8l ul5el J3l SWhaol 4l (sl § Sis) cliwl |
ol g el Sl Bl Sl al; olie & gysb 4
P @y faBlo  p)SkS Y b cov (il o 5 43555 b
\RVAIR rL ORI PR S LG NS SIS VA SR IV (o
il oo dx P YY/F o YVY FEIY g @ glil clls 3 5 a0 FV/A
LYN 13gis ilS 51 Slo gluil 5 Sis oy ol duslie pimen
ol s 45wl e Sl 51 STShaol a5l (ol 6Ske yobo &
Ll nJ SIS lgy s oi

plie l Solse slayial)ly olos glusl 5 Siis s g jo-
Cuoglio (sla ol )l 2o a8)S Jlas 1o LSS ol (g5lwjb (sladiges
b gdlas 3 s polie Sl eled a3 (St ddlge s> 4 (oD

Sl 9> pp 5> ABeS i @ 43950, I yild claails Sy L
LXENN 3535 oyl w515 3 by Gi5 Sl ol cpludl g St
Wb Uil asps ZVENY L) W51 9 AYYSIY bawgie o515
395 31 sy glusl ladiged by Cod digel oS15 Jl8l b wionen
ok dlas b 435530 slaails yip G 5 JiB ] o g aimd o oLt
WS adsS i 4 adsSa,S USS ) el LSl b a2l
P e B A )3 63518 plo > S 035 w9 JiB
5 stoglie slayiehly il canns SN0 b gl (625 )3 9 048 plosl



Building Materials, 124 (2016) 199-207.

[13] P. Tschernutter, A. Kainrath, Design considerations
and behavior of reinforced concrete core dams during
construction and impounding, Water Science and
Engineering, 9(3) (2016) 212-218.

[14] W. Zhang, Effect of tack coat application on interlayer
shear strength of asphalt pavement: A state-of-the-
art review based on application in the United States,

of Pavement Research and

International Journal

Technology, 10(5) (2017)

[15] W. Wang, S. Feng, Y. Zhang, Investigation of interface
between asphalt core and gravel transition zone in

embankment dams, Construction and Building Materials,
185 (2018) 148-155.

[16] W. Wang, S. Feng, Y. Zhang, Investigation of asphalt
core-plinth connection in embankment dams, Case
studies in construction materials, 7 (2017) 305-316.

[17] J. Gao, F. Dang, Z. Ma, Investigation for the key
technologies of ultra-high asphalt concrete core rockfill
dams, Soils and Foundations, 59(6) (2019) 1740-1757.

[18] J. Christoffersen, M.M. Mehrabadi, S. Nemat-Nasser,
A micromechanical description of granular material
behavior, (1981).

[19] R. Singh, D. Roy, Residual Shear Strengths of
Cohesionless Soils from Energy Approach, (2010).

Technology and Engineering, 39(3) (2005) 125-130.

[7] M. Baziar, S. Salemi, C. Merrifield, Dynamic
centrifuge model tests on asphalt-concrete core dams,

Geotechnique,59(9) (2009) 763-771.

[8] S.

Feizi-Khankandi, A. Ghalandarzadeh, A.A.
Mirghasemi, K. Hoeg, Seismic analysis of the Garmrood
embankment dam with asphaltic concrete core, Soils and

Foundations, 49(2) (2009) 153-166.

[9] M. Tajdini, A. Rostami, M.M. Karimi, H. Taherkhani,
Evaluation of the geo-mechanical parameters of the
interface between asphalt concrete and sand with
applying direct shear test and numerical modeling, in:
Advanced Materials Research, Trans Tech Publ, 2012,
pp. 116-121.

[10] S. Sadeghi, M. Ghazavi, S. and Yazdi, Investigating
the effect of core geometry on the seismic behavior of
embankment dams with asphalt concrete core, in: The

First Iranian Conference on Geotechnical Engineering,
Ardabil,2013.

[11] M. Tajdini, R. Mahinroosta, H. Taherkhani, An
investigation on the mechanical properties of granular

materials in interface with asphaltic

Construction and Building Materials, 62 (2014) 85-95.

concrete,

[12]W. Wang, K. Hoeg, Simplified material model for analysis

of asphalt core in embankment dams, Construction and

DOI: 10.22060/ceej.2022.20378.7407

A. Nabizadeh, S. Mohammadijou, S. Bahrami, Effect of Moisture Content, Bitumen, Gravel
Grain Shape and Density on Shear Strength Parameters of Well-Graded Gravel Materials in
Contact with Asphalt Concrete Core, Amirkabir J. Civil Eng., 54(10) (2023) 3743-3758.

o2 gl )l e (ol 4 digSy

YYoA



