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1. Introduction

Chemical stabilization by cement is among the factors of optimizing the soil performance. Numerous studies
have been performed in the field of using cement as a stabilizing material (Naderi Nia- Naeini SA, 2009; Dupas
], Pecker A, 1979). The results of this research show that the addition of cement to the soil increases stiffness
and improves soil’s failure behavior and its engineering properties. Improving the engineering properties of
the soils stabilized with cement is essentially due to hardening of cement as a result of hydration of cement and
forming additional cementitious materials between the hydrated cement and clay particles in the soil (Shihata
SA, Baghdadi ZA, 2001).

On the other hand, although cement industry has adopted the most modern technologies to reduce
pollution, different stages of cement production and transportation have a great share in the environmental
pollution. Studies indicate that to produce one ton of cement and clinker in Iran 0.655 and 0.79 tons of CO2
greenhouse gas are emitted respectively (Milika Bildrici 2019).

Therefore the cement mix optimization is such that the lowest amount of energy is used to produce it with
the least damage to natural resources and finally the best performance possible is provided which is considered
as a main goal (Khaleghi, M. H. 1990).

So finding a suitable replacement for cement in development projects can be considered as one of the best
ways to protect the environment. Pozzolans that has long been used as a substitute for cement in construction
can reduce problems related to cement production and its environmental impact.
zeolite as a pozzolan causes a significant increase in the resistance of the specimens in cementation reactions
and adding zeolite to the soil can be considered as a stabilizer.

Zeolite is a Greek term that is composed of (Zein: to boil) Zeo- plus (-lite: rock) - lite and in 1976 for the first
time a Swedish mineralogist i.e. Cronstedt called stilbite mineral as zeolite in which a lot of water exited from
that mineral due to heating. Losing water in zeolite minerals is an easy and reversible reaction. Zeolite minerals
include basic and alkaline earth metals and they can participate in reversible displacement reactions. The
chemical and structural syntheses show that zeolite minerals are mainly composed of silicon, aluminum, and
oxygen contents (Fig. 1).

Therefore in this study, the effect of cement and zeolite mixture as a pozzolan to perform combination
reactions on shear strength of Babolsar sandy soil is addressed using (direct shear test) shear strength.
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Fig. 1. View of structural units in Zeolite molecular structure (Khaleghi MH, 1990)

2. Laboratory plan

To study the effects of Zeolite on the shear strength of cement sands the parameters of the level of cement
and zeolite, overhead strea abd processing time have been considered. It should be noted that since zeolite is a
pozzolanic material and pozzolanic strength increase is a time-consuming process 28-day processing time is
selected.

2.1. Sand

Due to the existence of large sand deposits in the Caspian Sea coast, Babolsar sand is used in this study.
Babolsar sand is bad aggregated sand the average grain size of which is 0.24 mm in accordance with the
standard. Minimum and maximum dry weight values were 1.77 and 1.49 tons per cubic meter and density of
solids is obtained 2.72 accordingly.

60

40

Passed weight percentage

0.0l 01 1 10
Grain size (mm)

Fig. 2. Diagram of Babolsar sand grading

2.2. Cement

Portland cement Type II of Neka plant in Mazandaran province is used. It is specifically used where average
hydration is necessary and sulfate attack is moderate. Its special level is 3060 grams per square centimeter.

2.3. Zeolite

The used zeolite is of Clinoptilolite type that has been extracted from a mine locating at 30km distant from
northern Semnan so its physical and chemical specifications are given in Table 1. (MolaAbasi H. and
Shooshpasha I. 2016).

Table. 1. The physical and chemical specifications of zeolite mineral used in this study

Specifications Zeolite
Specific weight (gr/m?) 1.19
Specific area (gr/cm?) 1000
Water absorption 60% volumetric
Cation exchange capacity (gr/meq) 2.6

Density of solid grains 2.2
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3. Mixture design

To examine effect of zeolite on shear strength of the cement- stabilized sand, the following mixtures have
been employed including different percentages of cement and percents of displacement of zeolite with cement:
Cement percentage: 2, 4, 6, and 8% of total specific dry weight of the sample
Displacement percentages of zeolite with cement: 0, 10, 30, 50, 70, and 90% cement.

4. Preparing the specimen

Tests were performed based on ASTM D 3080 standard in which the soil to prepare the specimens must be
enough to prepare three similar specimens for a specific state. In order to use the results for scientific purposes
and engineering applications, all specimens were prepared by dimensions 100*100mm by wet temping
method. In order to obtain a uniform density at height during the preparation of all specimens Lad’s reduced
density at three layers has been used. After making the appropriate specimens for direct shear tests and
preventing moisture changes before the test, each specimen was separately placed in plastic bags and was
tested according to the schedule

5. Results of direct shear test

Results of direct shear test indicate, by increasing the amount of cement, shear resistance increases, which
is the result of increasing viscosity parameters and internal friction angle due to completed chemical reaction
of cement. The addition of zeolite to cement to a certain percentage increases the shear strength of the
specimens compared to the specimens without zeolite (cement specimens) and in this study replacing50% of
cement with zeolite is the optimized percentage to increase shear strength. The specimens were increased up
to 60%.

Another important point is the effect of processing time to increase shear strength of the specimens; this
increased strength can be caused by producing zeolite gel from zeolite reaction with cement and water which
is a time-consuming process.

Mohr-Coulomb failure envelope figures show that the increase in shear strength of this study was mostly
due to the increased viscosity parameter and changes in internal friction angle is not very high, which can be
caused by a reaction between zeolite and calcium oxide in cement and which results in increased viscosity. Also
by increasing the percentage of zeolite particles in the specimens, strain increases proportional to the peak
strength.

6. Conclusion

In conjunction with the results of direct shear tests it was observed that by increasing cement the shear
strength of specimens continues to increase. Adding zeolite to sand-cement mixture to 50% increased the shear
strength of the specimens was increased up to 60%.

So, to achieve a certain resistance, the use of zeolite can reduce the consumption of cement while reaching the
desired resistance which will reduce its negative environmental impacts.
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