Stabilized Sand with Zeolite under Impact Load
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ABSTRACT

Cement productionshassnumerous environmental side effects, and it is desirable to reduce the pollutants
during cement production. One way of alleviating cement production pollution is by reducing its consumption.
Demand for cement can befreduced by introducing alternative materials with the same benefits but are less
detrimental to the environment. A'natural substitute for cement in infrastructure civil projects is a pozzolan,
which is naturally found andsis a side product of some industrial processes. One type of pozzolan that has wide
availability in Middle Eastern countries is zeolite. Zeolite has been investigated by previous researchers as a
replacement for cement for specific types of civil infrastructure development. However, no previous study has
investigated zeolite as a substitute for cement for stabilizing sandy soils under impact loading. The feasibility of
replacing a percentage of cement with zeolite for stabilizing the sand soil under impact loads is being assessed.
Different percentages of cement are replaced.with zeolite, and samples are tested under impact loads. Tests
indicate that there is an optimum percentage of replacement.at which the soil strength under impact loads shows
the greatest increase. The optimal replacement percentage is found.to be between 30% to 50%. Any replacement
below or above that optimal range would hurt the impact strength of the soil samples. The positive effect at
optimum replacement percentages can be attributed to the reaction of Calcium Hydroxide and silicate-
aluminum structures. Calcium Hydroxide is generated by cement’hydration, and silicate-aluminum structures
come from the introduction of zeolite into the mix. dealing with any’ aspect of engineering from fundamental

sciences to applications in engineering systems.
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1. Introduction

Cement production has numerous environmental side
effects, and it is desirable to reduce the pollutants during
cement production. One way of alleviating cement
production pollution is by reducing its consumption.
Demand for cement can be reduced by introducing
alternative materials with the same benefits but are less
detrimental“to the environment. A natural substitute for
cement in infrastructure civil projects is a pozzolan,
which is naturally found and is a side product of some
industrial processes. One. type of pozzolan that has wide
availability insMiddle Eastern countries is zeolite.
Zeolite has been investigatediby previous researchers as
a replacement for cement for, specific types of civil
infrastructure development. The effects of zeolite on the
shear strength of cement-stabilized soils have been
investigated by Shushpasha et.al. (2019) considering
different amounts of cement and percentages of its
replacement with zeolite "[1]. The<use of zeolite in
combination with crumb rubber<for ‘sand stabilization
has been studied by Soltani et al. (2014)« The best
combination was suggested to be 7.5 % crumb rubber in
the form of granules and 30 % zeolited@s a substitute for
cement [2]. In recent years, studies haveibeen conducted
on replacing cement with zeolite in soil stabilization [3-
6].

This research aims to investigate the effect of
replacing cement with zeolite on the impact strength of
cement-stabilized sand. This issue has not been
investigated in the technical literature. On the other
hand, due to the impact nature of dynamic and seismic
loads, the resistance to impacts in the form of the final
number of impacts that can be tolerated is important. In
the present study, an experiment was designed to
investigate the effect of zeolite on the impact strength of
sand mixed with cement. The samples have different
percentages of cement and zeolite.

2. Methodology

The soil used in this study was obtained from the
southeastern region of Tehran. The portion of the soil
that remained on the No. 200 sieve (fine to medium
sand) according to ASTM D 422-63 was used to prepare
the samples. Type Il Portland cement from Shahrud
cement factory was used for the experiments.
Clinoptilolite zeolite prepared from Semnan was used.
Samples with different percentages of cement of 4, 6, 8
and 10% of the dry weight of the samples were
considered. Also, the percentage of cement replacement
with zeolite was selected to be 0, 10, 30, 50, 70 and 90
% of the cement weight. To determine the optimum
moisture content of the samples and their optimum dry

density, standard Proctor compaction tests were
performed according to ASTM D698. The curing time
of the samples with dimensions of 30 cm x 30 cm x 5
cm was 28 days at a temperature of 23° C.

The impact strength of each sample was considered
equal to the number of impacts required to create visible
cracks in the samples. The impacts are caused by the
free fall of a 250 g weight from a height of 95 cm.

3. Discussion and Results

Figure 1 illustrates the results of impact strength tests
for different conditions. The value of impact strength is
shown on the vertical axis. The optimal amount of
zeolite replacement for all samples is between 30% and
50% of cement. For all samples, replacement of more
than 60% to 65% has an adverse effect on the strength.
This means that the strength decreases compared to the
initial sample of pure cement. For most samples,
replacement of 0 to 10% of zeolite does not have a
significant effect on the strength.
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Figure 1. Comparison of impact resistance of samples

The results show that the amount of zeolite in
combination with‘cement has an optimal percentage in
all samples. With increasing the amount of zeolite, the
strength increases and<whenwthe zeolite reaches the
optimal percentage, the strength reaches a maximum. If
the amount of zeolite; exceeds the optimal percentage,
the strength decreases., Zeolite contains silicon oxide
and aluminum oxide minerals called aluminum silicates.
On the other hand, the reaction process of cement and
water leads to the production of calcium hydroxide
particles. The reaction of aluminum silicate and calcium
hydroxide increases the strength.<'If the“amount. of
zeolite and consequently the amount/of aluminum
silicate is low, the excess calcium hydroxide does_not
participate in the reaction and the strength does not
increase. On the other hand, if the amount of‘zeolitesis
excessive, as a result, the excess amount of aluminum
silicate remains in the mixture and reduces the strength.



4, Conclusions

In this study, the effect of zeolite additive on the impact
strength of cement-stabilized sand was investigated.
According to the results of the experiment designed and
constructed in the present study, the optimal percentage
of cement ‘replacement with zeolite was suggested for
each mixture. The results also show the range of
replacement percentages of zeolite that have a negligible
or adverse effect on the strength. The optimal
replacement amount is between 30% and 50% zeolite.
Replacement of more than 65% has an adverse effect on
the impact resistance. It is observed that replacement up
to 10% does not have a significant effect on the impact
strength.
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