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Abstract: The rockfill structures are widely constructed throughout the world and rockfills are largely used in
these structures as main materials or filler materials. In the crust of earth dams, the rockfill materials role is to
stabilize the body of the dam, however, the behavior of these materials in Particular their shear strength is not
fully understood. In order to investigate the possible effects of two main factors on a rock fill material, several
medium-scale direct shear tests have been conducted with different stress levels in dry, saturated and Dry
saturated conditions. In addition, a comparison of the tests results with the results of the triaxial tests
conducted on the same material indicates comparatively higher predictions by the direct shear tests.
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INTRODUCTION particle breakage is responsible. The breakage, depending

Knowing the precise behavior of rockfill materials on at relatively low stresses. Several factors responsible for
the main materials of most large dams is inevitable. the amount of particle breakage are proposed: stress level,
Different reports of settlement and deformation inspection stress path, particle size, relative density, particle
of rockfill dams during of operation of these structures angularity, mineral hardness and water presence [6]. The
denote that the after settlement of these dams owe much particle breakage increases as the stress level increases.
more than earth dams and occurrence of these Saturation degrades the strength parameters and
deformations is likely to result in Cracking of the core or deformation module of rockfill materials [7, 8]. effects of
may lead to high stresses in the body of the dam. water which acts on the grain-to-grain contacts [9, 10].

In the earth and rockfill dams, rockfill materials The results of the dry and saturated tests were
obtained either by blasting or from river bed are used in compared together to probe the effects of stress level and
the shell of the dam. The material collected from river bed wetting. Furthermore, the results of the saturated
consists of rounded sub-rounded particles which are testswere compared with the results of Consolidated
primarily weathered rocks. The rockfill material used in the Drained (CD) triaxial tests conducted on the material.
dam construction is large in size and direct testing of the
prototype material would require a test apparatus of a Characteristics of Experiments, Appurtenances and
very large size [1]. Materials

Various methods are used to scale down the size of Appurtenances: These experiments consist of Large Scale
the particles to facilitate testing of the rockfill materials. direct shear test (30x30x15 cm) was used for testing. The
The behaviour of the rockfill materials is affected by such apparatus had an upper and a lower shear box and the
factors as mineralogical composition, particles grading, sample was sheared strain-controlled by pushing the
size and shape of particles and stresses [2]. lower shear box horizontally. Two gauges were used to

Laboratory tests have shown that the behavior of measure vertical displacements and shearing forces.
rockfill materials depends on a variety of factors such as
stress level, void ratio, gradation, amount of fine particles, Materials of Rockfill: In general, performing shear
maximum grain size, moisture content, mineral composition strength tests on the rockfill materials is difficult which is
and particle shape. As the stress level increases, dilation mostly due to the requiring to use large – scale
and compressibility decrease [3, 4]. Whereas initial equipments and applying high stresses to Cause failure in
settlement and creep rate increase. [5] Failure envelopes the sample and accordingly laboratorial studies on these
of rockfill materials are usually non-linear, for which materials are much fewer Comparing to earth materially.

on the individual particles’ specifications, can occur even
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Table 1: Characteristics of Rockfill Material 

Mineralogy Water Absorption Water Content G Los Angeles Abrasion Point Load Indexs

Limestone 4% 0.13% 2.74 37% 4.1

Fig. 1: Prototype and modeled rockfill gradation curves Five normal stress levels (100, 200, 400, 700 kPa) for the

In the meantime, rockfill materials were obtained from levels (400, 650, 750 kPa) for the dry-saturated condition
an under-construction rockfill dam. The material has a were applied. In order to verify the reproducibility and
maximum particle size of 800 mm. Table 1 shows the repeatability of the results, the dry and saturated tests in
characteristics of the material along with the standards each normal stress were repeated. Also in the dry-
employed for their determination. saturated condition, the test with 750 kPa normal stress

Characteristics of Materials: In order of Convert field
grading in to laboratorial grading the Parallel scale method Results of Large Scale Direct Shear Tests:
has been used. In this Case, the grading Curve of Local
materials (real) are transferred to the left with a Constant Dry Tests: In figure 2, DC stands for the dry condition,
shift so that the maximum sizes of Particles are decreased the first number is the test number and the last three digits
to the minimum laboratorial sizes. The maximum represent the normal stress value in kPa. In DC 1-100 and
Laboratorial sizes of grains for the triaxial test are 2 inches DC 2-100, the final horizontal displacements were less
and for the direct shear test, the maximum grain size has than the others because the shear stress stabilized sooner
been taken 1 inch. and the tests were stopped. In this figure and hereafter,

Testing the prototype rockfill material was almost dilation is considered positive.
impossible because of its coarseness and the limitations
of the shear box dimensions. Therefore, the laboratory Saturated Tests: Figure 3 shows the shear stress-
test specimens were scaled down (in terms of particle horizontal displacement and vertical displacement-
sizes) by some degrees. The prototype gradation was horizontal displacement behavior of the saturated
broad Figure 1; so, based on the literature, the maximum specimens. SC stand for the saturated condition, the first
particle size of about 1.5 inches (3.71 cm) was selected by number is the test number and the last three digits
using D/d=4 and the scalping method was employed for represent the normal stress value in kPa. Again, SC 1-100
modeling the gradation curve. and SC 2-100 were stopped at less horizontal

Experimental Process: The experiments have been dry tests, the materials show post-peak softening
conducted in Drained – Consolidated – (CD) Conditions behavior after reaching a peak and dilate after the initial
and the Confining Pressures range from 100-750 kpa for contraction. Figure 3 shows the shear stress-horizontal
shear test.The lateral Loading Nate, with respect to the displacement and vertical displacement-horizontal
relative similarity of samples Conditions, After the displacement behavior of the saturated specimens.

specimen was prepared, it was first subjected to the
selected normal stress and then sheared by applying
horizontal load at a rate of 0.5 mm/min..

The quantity of various sizes of the materials required
to achieve the modeled gradation for preparing the
specimen at the specified density, =2.1 gr/cm , wasd

3

determined by weight.
For the saturated shear tests, the specimens were

compacted dry in the shear box and then saturated for 36
hours. In the dry-saturated tests, the specimen was first
sheared (in dry conditions) up to 95 percent of the
minimum shear strength of the dry tests in the same stress
level; then, the test was stopped, the specimen was
saturated for three hours and shearing was continued.

dry and saturated conditions and three normal stress

was carried out twice.

displacements like SC 1-100 and SC 2-100. Similar to the
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Fig. 2: a) Shear stress-horizontal Deformation
b) Vertical displacement-horizontal Deformation

Dry-Saturated Tests: The dry-saturated shear tests in
this research were carried out to simulate the saturation
collapse phenomenon. Saturation collapse is a complex
phenomenon involving settlement and shear strength
reduction in constant stress levels due to wetting
(saturating) of dry granular materials.

Figures 4, 5 and 6 show the shear stress-horizontal
displacement and vertical displacement-horizontal
displacement behaviors of the specimens tested under
400, 650 and 750 kPa normal stresses in the dry-saturated
condition. The results are compared in these figures with
the average results of their corresponding dry and
saturated tests. 

The above figures show that in the first part of dry-
saturated shearing (which is in dry condition), the shear
stress-horizontal displacement behavior is pretty similar
to  the  shear  stress-horizontal  displacement  behavior
of  the material tested in dry conditions. This similarity
was  expected  and  further  supported  the  repeatability
of the tests results. After saturation, shear stresses
reduce about 30% in a constant  horizontal  displacement.

Fig. 3: a) Shear stress-horizontal Deformation
b) Vertical displacement-horizontal Deformation

Fig. 4: Shear stress-horizontal displacement and vertical
displacement-horizontal displacement With 400 kPa
normal

This sudden reduction recovers about 50% within about
1 mm horizontal displacement. After that, shear stresses
reach their peak and then show a post-peak softening
behavior.
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Fig. 5: Shear stress-horizontal displacement and vertical Fig. 7: Gradation curves of different material used for
displacement-horizontal displacement With 650 kPa comparison
normal

Fig. 6: Shear stress-horizontal displacement and vertical The characteristics of these tests are introduced in
displacement-horizontal displacement with 750 kPa Table 2, where DS and TR stand for direct shear and
normal stress triaxial tests, respectively. The gradations of the above

Likewise, the vertical displacement-horizontal
displacement behavior of the material in the first part of CONCLUSIONS
the dry-saturated tests is similar to its corresponding
behavior in the dry tests. The saturation causes sudden The tests results on the dry specimens showed that
settlements. After that, the vertical displacement- stress level affects the behavior of the rockfill material.
horizontal displacement behavior is more or less similar to The shear strength of the material increased non-linearly
their corresponding   behavior   I n  the  saturated  tests. as  the  normal  stress  increased. Therefore,  a non-linear

Comparison of Direct Shear and Triaxial Tests Results:
The results of the dry and saturated tests carried out in
this research are compared with the results of the triaxial
tests on the same material (in saturated conditions) carried
out. Moreover, the results are compared with the direct
shear and triaxial tests results conducted on two other
rockfill materials:

Triaxial and direct shear tests on angular basalt
materials with two different gradations G  and G  [11],1 2

Triaxial and direct shear tests on an angular limestone
material [12].

tests are shown in Figure 7.

Table 2: Characteristics of Rockfill Materials and Tests Compared in This Research

Test Apparatus Maximum Particle Relative Rate of Shearing

Reference Symbol Condition Dimensions (cm) Mineralogy Size (mm) Density (gr/cm ) (mm/min)3

This DS-TD CD 30x30 Angular 37.5 2.1 0.5

Research DS-TS limestone

Gharavy DS-G1 CD 30x30 Angular 37.5 G =2 0.2751

TR-G1 Dia.=20 basalt 0.254

Gharavy DS-G2 CD 30x30 Angular 37.5 G =1.84 0.2752

TR-G2 Dia.=20 basalt 0.254
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relationship should be applied for defining the failure 6. Lade, P.V., J.A. Yamamuro and P.A. Bopp, 1996.
envelope of this material. Significance of Particle Crushing in Granular

The increase of the normal stress reduced the peak Materials, J. Geotechnical and Geoenvironmental
friction angle (in decreasing rates) and the dilation angle. Engineering, 122(4): 309-316.
Also, the comparison of the materials’ gradations before 7. Alonso, E., 2003. Exploring the Limits of
and after the tests showed that particle breakage occurred Unsaturated Soil Mechanics: The Behavior of
during the tests and the breakage amounts increased with Coarse Granular Soil and Rockfill, The Eleventh
increasing the normal stress. Spenser J. Buchanan Lecture, Collage Station,

A similar trend was observed in the saturated TX77840 USA.
specimens; however, wetting reduced the strength 8. Soroush, A. and A. Aghaei Araei, 2006. Analysis of
parameters’   values.    The    shear    strength,   peak Behavior of a High Rockfill Dam, Proceeding of the
friction   angle,   dilation   angle   and  particle  breakage Institution of Civil Engineering, Geotechnical
of the saturated specimens were less than those of the dry Engineering, 159(GEI): 49-59.
specimens. 9. Farmer, I.W. and P.B. Attewell, 1973. The Effect of
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