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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 this study, different tests have been conducted on the rocky materials of mianeh dam and
the results have been studied to realize the behavior of these materials. These experiments Consist of Large
Scale  direct  shear  test  (30×30)  and  large diameter triaxial test (20cm in diameter and 40cm in height) Carried
out in geotechnical laboratories. In this study, the Following issues have been taken into account and
discussed: Degree of compatibility between the triaxial tests results and the Large scale direct shear tests results
and physical properties of materials for the Materials used in the dam under Consideration.
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INTRODUCTION breakage, depending on the individual particles’

Knowing  the precise behavior of rockfill materials on Several factors responsible for the amount of particle
the main materials of most large dams is inevitable. breakage are proposed: stress level, stress path, particle
Different reports of settlement and deformation inspection size, relative density, particle angularity, mineral hardness
of rockfill dams during of operation of these structures and water presence [5]. The particle breakage increases as
denote that the after settlement of these dams owe much the stress level increases [6].
more than earth dams and occurrence of these Despite the extent of usage and necessity of
deformations is likely to result in Cracking of the core or recognizing the behavior of rockfill materials, the difficulty
may lead to high stresses in the body of the dam. of conducting laborite tests on the rockfill materials has

Earth and rockfill dams, owing to their special made it difficult to fully understand the stress - strain
features Comparing to Concrete dams, are of high interest behavior of these materials. Laboratory tests have  shown
and more Welcomed. For this reason, the enhancement of that the behavior of rockfill materials depends on a variety
information and Knowledge of engines and experts of factors such as stress level, void ratio, gradation,
regarding the design and specific Problems of Such dams amount of fine particles, maximum grain size, moisture
in indispensable. content, mineral composition and particle shape. As the

Laboratory tests have shown that the behavior of stress level increases, dilation and compressibility
rockfill materials depends on a variety of factors such as decrease [7].
stress level, void ratio, gradation, amount of fine particles, Whereas initial settlement and creep rate increase.
maximum grain size, moisture content, mineral composition Failure  envelopes  of  rockfill  materials  are  usually non-
and particle shape. As the stress level increases, dilation linear,  for which particle breakage is responsible. The
and compressibility decrease [1, 2]. breakage, depending on the individual particles’

Whereas  initial settlement and creep rate increase [3]. specifications,  can  occur  even  at  relatively  low
Failure envelopes of rockfill materials are usually non- stresses. Several factors responsible for the amount of
linear, for which particle breakage is responsible [4]. The particle  breakage are proposed: stress level, stress path,

specifications, can occur even at relatively low stresses.
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particle size, relative density, particle angularity, mineral With regard to the behavior of rockfill materials, it is
hardness and  water presence. The particle breakage
increases as the stress level increases.

In this study, in order to investigate the rockfill
materials behavior, the large scale tests including direct
shear of 30cm dimension and triaxial test of 40cm height
have been used.

Effective Parameters on the Behavior of Rockfill
Materials: The main effective factors on the behavior of
rockfill materials are: shape size, grading, moisture
Content, resistance and type of Canals made up of grains.
In general, performing shear strength tests on the rockfill
materials is difficult which is mostly due to the requiring
to use large - scale equipments and applying high
stresses to Cause failure in the sample and accordingly
laboratorial studies on these materials are much fewer
Comparing to earth materially.

With respect to grading, the better the aggregates are
graded, the higher the frictional resistance will be which
is due to the better interlocking of grains with each other.
To the Contrary, aggregates with poor grading or uniform
grading, have less frictional resistance. The impact of type
of grading on the angle of internal friction is about 2 to 3
degrees. In well graded materials, the percentage of
Crazing is less and the angle of friction will be higher [7].

What is more, the grain size will also influence the
Compressive strength and ductility of materials [8],
performed substantial experiments on the rockfill
materials.  The  results  reported by these researchers
show a significant decline in the angle of internal friction
with  the  increase  of  grains sizes. These researchers
have indicated that in sample in which the maximum
diameter of the particle is 6 inches, the angle of friction is
3to 4 degrees less than a sample in which the minimum
diameter of the particle is 0.5 inches.

The angularity of grains also has a Considerable
effect on the shear strength and deformation of materials.
The deformation Caused by Crushing in angular materials
in more than rounded materials, which is mostly because
they are not well compacted when compacting materials.
Aggregates with more angular Particles have higher shear
strength [9]. If has been found that materials which have
been- dry- Compacted, after wetting undergo substantial
deformations. The impact of water in decreasing the
strength of stone materials is mostly attributed to Crazing
and development of the phenomenon in stone materials
and strength decrease in different stones due to
saturation, ranges from 6 to 53 Percent.

worth mentioning that, the behavior of a rockfill mass is
subject to Properties of the stone they have been made up
of and investigating the ores Constitutes an aggregate,
the engineering and physical Properties of the aggregate
can be predicted [10].

Most projects in which rockfill materials are used,
stiffness and type of parent rock has been found to be the
main Characteristic influencing other Properties of the
Materials.

Besides, the aggregates resistance is one of the
effective  factors in behavior of rockfill materials. Particles
resistance is Proportional to the Force acting on the
interface of the two Particles results in their Crushing.
Different materials undergone the some stress have
different degrees of Crazing, thus, Crazing of materials is
a function of their strength.

It  has  also been found that in drained triaxial test,
the angle of friction in sounds decreases with the increase
of confining Pressure. The impact of Confining Pressure
and the surcharge on the angle of internal friction is an
important factor in the Stability analysis of rockfill slopes.
Strength and deformation of materials is subject to
Confining Pressure and surcharge and is a function of
Pressure history and magnitude of the Pressure [9].

For materials with 5 Catered grading curve, these
notion equals 4 and in materials with uniform grading
Curve, this ratio has been recommended to be 6. If the
interpolation between D and is not met, the behavior of
materials will be affected. If this ratio decreases, it will
result  in lowering of density and increasing of Porosity.
In this Case, during Compaction in materials with loose
rocks, more materials are likely to be crushed.
Furthermore, D/d ratio will also affect the angle of friction
of materials [11].

Characteristics of Experiments and Materials: The
materials used in this study have been Prepared from
borrow source of rockfill dam, namely Mianeh dam
(Aydoghamoush) which are currently under Construction
in North West of Iran, It should be noted that the type of
rockfill materials of Mianeh dam is Andesite.

In order of Convert field grading in to laboratorial
grading the Parallel scale method has been used. In this
Case, the grading Curve of Local materials (real) are
transferred to the left with a Constant shift so that the
maximum sizes of Particles are decreased to the minimum
laboratorial  sizes.  The  maximum  grain  size  has  been
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taken 1 inch. In order to figure out the impact of improper Results of Large Diameter Triaxial Tests (Well Graded):
performance of grading, two well graded and poor graded The    rockfill   materials   samples   have   been  tested
curve have been used in tests. In Figure (1), the under well  graded  conditions.  These  samples  have
laboratorial grading curve has been illustrated. been tested in triaxial test under different confining

The experiments have been conducted in Drained - pressures  of  1,  2,  3,  5  and  7  kg/cm .  As  it  can  be
Consolidated - (CD) Conditions and the Confining seen in Figure (5), the approximate linear stress- strain
Pressures  range  from  1-7 kg/ cm    for   triaxial  test and behavior  of   these   materials  increases  with  the2

1-4.5 kg/ cm  for shear test. The lateral Loading Nate, with increase of confining pressure. This approximately linear2

respect to the relative similarity of samples Conditions, behavior continues for the confining pressure of 7 kg/cm
has also been considered 0.5mm/min. In terms of from the commencement  of  loading up to deformations
Compaction rate, in this study all experimental samples of of about 1 percent. The samples fail in confining
traxial and direct shear tests are remolded samples  that pressures of 1 and 2 kg/cm  in deformations between 2 to
are Prepared from the modified standard with the dry unit 4 percents.
Wight Corresponding to 95% of maximum dry unit weight Also as it is obvious from Figure (6), the rate of
and optimum wet Content. dilatancy in samples increases when confining pressures

decrease. Such that in deformations of 15 percents, the
Results of Large Scale Direct Shear Tests (Well dilatancy of sample in confining pressure of 7 kg/cm  is
Graded): In Figure (2), Mohr - coulomb line is illustrated less than 1 percent. Figure (7) illustrates the angles of
for samples. The angle of internal friction of these two internal friction of well graded sample.
dams’ materials is 51.3 (in degree).

Figure (3) shows the axial deformation – shear stress Results of Large Scale Direct Shear Tests (Bad Graded):
behavior  of  samples in well- graded condition. In practice, it is likely that due to the poor grading the
According to this figure, the deformation in failure has designed gradation curve is not implanted well. In order
increased with decrease in surcharge. It can be observed to know the effect of improper grading implementation  on
that  the  curves  don't have a distinct peak point in none the  behavior of rock fill materials, the poorly graded
of the applied surcharges. samples have been studied in both direct shear test and

Figure (4) illustrates the vertical deformation large scale tri axial test and the results are compared with
variations versus axial displacement for the same well graded samples.
materials. As it can be seen, in the surcharge of 1 (kg/cm ) For  direct  shear  test,  the  test  was conducted on2

the sample, after a slight compression, undergoes the poorly- graded samples with surcharges of 1, 2, 3 and
dilatancy and after 30 mm of deformation, about 4.5 mm 4 kg/cm . Figure (8) illustrates the shear stress curve
are added up to the high of the sample. versus axial displacement of these samples.

2

2

2

2

2

Fig. 1: Laboratory grading curves of rockfill materials
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Fig. 2: Mohr – Coulomb envelope

Fig. 3: Axial deformation – shear stress behavior of samples in well graded condition

Fig. 4: Vertical deformation variations versus axial displacement for the same materials
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Fig. 5: Deviatory stress versus a mean strain

Fig. 6: Volumetric strain versus axial strain

Fig. 7: Angles of internal friction in triaxial test
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Fig. 8: Shear stress versus axial displacement

Fig. 9: Vertical deformation versus axial displacement 

Fig. 10: Mohr – Coulomb envelope for poorly graded materials 



World Appl. Sci. J., 11 (3): 330-337, 2010

336

Fig. 11: Deviatoric stress versus a mean strain   (Poorly graded materials)

Fig. 12: Volumetric strain versus axial strain (Poorly graded materials)

Fig. 13: Angles of internal friction for poorly graded samples
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Figure (9) shows the vertical deformation curve granulation of materials with extensive on-site
versus   axial   displacement   for  direct   shear  results. In reduction of more resistance from his show.
surcharge of 1 kg/cm , first it was compressed up to axial2

displacement of 4mm and then it was dilated continued up APPRECIATION
to the deformation of 30 mm.

According  to Figure (10), the angle of internal The author would like to thank Dr. Ali Ghanbari and
friction for the plane failure of these materials in direct Dr. Amir Hossein sadeghpour for his Time and help
shear test has been calculated about 49.14 degrees. during this research and the preparation of this

Results of Large Diameter Triaxial Tests (Bad Graded):
The triaxial   test  has  been  carried  out  on poorly REFERENCES
graded  samples  in  confining   pressures   of   1,   3  and
7 kg/cm . The results of these tests have been illustrated 1. Charles,     J.A.     and       K.S.       Watts,     1980.2

in Figures (11) and (12). It can be seen from Figure (11) The Influence of Confining Pressure on the Shear
that the failure of these samples takes place in confining Strength  of  Compacted  Rockfill,  Geotechnique,
pressure of 0.5 kg/cm  in deformations of less than 2 30(4): 353-367.2

percents. But, in confining pressures of higher than 3 2. Marsal, R.J., 1967. Large Scale Testing of Rockfill
kg/cm2 the  peak point  of  the  curve  has been shifted to Materials, J. the Soil Mechanics and Foundations
the right. In Figure (12) the lateral pressure is 0.5 kg/cm Div., ASCE, 93(SM2): 27-43.2

and the sample has undergone 0.5% dilatancy from the 3. Aghamajidi, M., 2004. Laboratory Investigation of
beginning  of  loading  after a slight compression and axial Creep in Rockfill Materials”, MSc thesis, Tarbiat
strains. Modarres University, Tehran, Iran.

It can be concluded from the analysis of results 4. Marsal, R.J., 1973. Mechanical Properties of Rockfill,
obtained from direct shear tests and triaxial tests on Embankment Dam Engineering. New York,
poorly graded materials that the friction angle of poorly Casagrande Wiley, pp: 109-200.
graded materials in large scale direct shear is about 2 to 3 5. Lade, P.V., J.A. Yamamuro and P.A. Bopp, 1996.
degrees and in maximum confining pressure in triaxial test Significance of Particle Crushing in Granular
is about 4 degrees less than the friction angle of well Materials, J. Geotechnical and Geoenvironmental
graded materials (Figure 13). Engineering, 122(4): 309-316.

The investigation of the obtained results also shows 6. Fumagalli, E., 1969. Tests on Cohesionless Materials
that in higher surcharges and confining pressures the well for Rockfill Dams, J. Soil Mechanics and Foundation
graded materials have a higher bearing capacity and Engineering, ASCE, 95(SMI): 313-330.
dilatancy comparing to poorly graded materials. 7. Brauns, J., 1968. Über den EinfluB des

CONCLUSION von Haufwerken, besondersvon regelmäbigen

In this study, different tests have been conducted on Veröffentlichungen des Institutes fÜr Boden-und
rockfill  materials  taken  from Shahid Madani dam located Felsmechanik Der Universität Karlsruhe, Heft, pp: 33.
in North West of Iran. The results obtained from this 8. Marachi, D.N., C.K. Chan and H.B. Seed, 1972.
study are summarized as follows: Evaluation of properties of rockfill  Materials. J. the

The friction angle of rockfill materials in large scale SMI, 8672, 98: 95-114.
direct shear is 3 to 4 degrees more than triaxial test. 9. Gharavy, M., 1996. Experimental and numerical
According to this, it is necessary to consider a higher investigations into the mechanical characteristics of
safety factor in using the friction angle obtained from rockfill materials. Ph. D. Thesis, University of
direct shear test. Friction angle in the interests of Newcastle Upon Tyne, UK.
good grain by about 4 degrees higher than the Bad 10. Marsal, R.J., 1965. Discussion of Shear Strength
Seeds material is classified. proceedings of 6  International conference on Soil
Increasing the overall burden and pressure, Mechanics and Foundation Engineering, 3: 310-316.
deformation of materials with the ability to aggregate 11. Parkin, A.K., 1991. Rockfill Modeling, Advances in
massive grain with uniform grain size is less so. Rockfill Structures, NATO ASI Series, pp: 35-51.
According to studies, this research can be concluded
that rockfill materials with uniform granulation,
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