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1. Introduction

Improvement of weak soils with adding elements such as fibers that can increase tensile strength and
stabilizing soils with additives that react chemically with them to make soils with desirable engineering
properties is called reinforcement and stabilization (Consoli et al 2009). Researchers have always tried to
improve bearing capacity, strength and properties of soil using different methods such as mechanical and
chemical modifications and also reinforcement by high tensile strength elements Ghiassian, H. and Holtz, D,
H., 2005). Randomly distributed discrete fibers offer strength isotropy and limit potential planes of weakness
that can develop parallel to oriented reinforcement (Yetimoglu, T. and Salbas, 0., 2003). Cementation in its
general sense is binding and in geotechnical engineering, cementation is sticking soil particles to each other
to form a cohesive mass with a higher strength. Soil structure is one of the factors that can affect behavior of
(fine and coarse- grained) soils. Cementation plays an important role in the structure formation of coarse-
grained soil. Soil structure is geometric arrangement of the soil particles and the forces, if any, between them
the objective of this research is experimental study of the effect of reinforcement and stabilization on the
behavior of sandy soil and evaluating effect of fibers on the shear behavior of cemented sand using strain-
controlled triaxial tests under consolidated undrained conditions.

2. Methodology

The soil used in the present study was obtained from shores of Caspian Sea (in the city of Babolsar located
in the north of Iran) that according to ASTM D2487-00 (ASTM, 2000) is classified as poorly graded sand (SP).
Table 1 shows some physical properties of Babolsar sand. The 12 mm- Polyvinyl alcohol fibers (PVA) are
compatible with cement and can strongly adhere to cement matrix due to their hydrophilic nature. The fiber
contents in this study were considered as 0, 0.5 and 1% by weight of soil. Portland cement type II of
Mazandaran cement factory (Neka) was used. Sample preparation is very important for an experimental
study. Samples are placed in triaxial cell after 28 days of curing. Sample saturation is carried out in 3 steps. At
first, CO2 gas is passed through the sample. Then, de-aired water is passed through the sample and finally, cell
pressure and back pressure are applied simultaneously so that Skempton coefficient (B) reaches at least to
0.9 for a back pressure of 500 kPa. Samples are consolidated under confining pressures of 50, 100 and 200
kPa and then, loading is applied with the rate of 0.3 mm/ min for undrained tests. The applied load,
displacement and pore pressure variations of samples are measured and registered during the tests. Strain-
controlled loading was applied in this research for samples according to ASTM-D4767-04 (ASTM, 2004).
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3. Results and discussion
3.1. Stress-strain and Excess pore pressure behavior

The results of undrained triaxial tests for cemented samples with fiber contents of 0, 0.5 and 1% under
confining pressures of 50, 100 and 200 kPa were analyzed the effects of fibers on the shear stress were
studied. Fig. 1-a show stress-strain curves. Fibers can cause the behavior of samples more ductile and cause
samples to reach to their peak shear strength under higher strain. In addition, fibers decrease stiffness of
samples. Generally, fiber-reinforced cemented samples showed high residual strength because after passing
the peak shear strength point, fibers keep the bearing capacity of reinforced samples and prevent complete
destruction of sample structure. Moreover, fibers cause samples to fail under higher stress in comparison
with unreinforced ones. It is observed that cemented bonds gradually destroy with increasing strain. While
bonds break, stresses carried by these bonds transmit to soil structure or to pore water pressure. In addition,
while confining pressure increases, the tendency to dilative and contractive behavior decreases and
increases, respectively. As observed in Fig. 1-b, the behavior of samples is at first, contractive with generation
of positive pore water pressure and then, dilative with generation of negative pore water pressure.
Generation of pore pressure for all cemented samples is at first, the tendency to volume decrease and then,
the tendency to volume increase.
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Fig. 1. (a) Deviator stress and excess pore pressure variation with for a sample with 8% cement after 28 days curing

3.2. The energy absorption potential

Fig. 2 shows the energy absorption potential. The energy absorption potential depicts the required energy
to cause a deformation in reinforced materials. This energy can be obtained by calculating the area under
stress-strain curve. The absorbed energy for different strains has been normalized to the absorbed energy for
strain of 10% (for various fiber contents).
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Fig. 2. Variation of normalized absorbed energy for 8% cemented samples with different fiber contents at 200 kPa
confining pressure.
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4., Conclusions

The results demonstrate that randomly distributed fibers affect the behavior of cemented sand
significantly so that they increase the peak and residual strengths of samples and change the brittle behavior
of cemented soil to the more ductile one. The tendency to contractive behavior increases, final suction
decreases and phase transformation state occurs in higher strain levels with increasing fiber content.
However, the general behavior has not been changed. In other words, all samples have both contractive and
dilative behaviors and after generation of initial positive pore water pressure, the negative pressure began
and continued to the end of the test. Furthermore, fibers increase failure strain and energy absorption
potential and decrease stiffness and loss of residual strength.
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