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Stabilized Sand with Zeolite under Impact Load
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ABSTRACT: 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 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
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with any aspect of engineering from fundamental sciences to applications in engineering systems.

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 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. 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 % zeolite as a substitute for
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cement [2]. In recent years, studies have been 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 II Portland cement from Shahrud cement
factory was used for the experiments. Clinoptilolite zeolite
prepared from Semnan was used. Samples with different
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Fig. 1. Comparison of impact resistance of samples.

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.

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
when the 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

1482

excess calcium hydroxide does not participate in the reaction
and the strength does not increase. On the other hand, if the
amount of zeolite is 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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Fig. 1. Mineral structure of zeolite [3].
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Fig. 3. Sand used in this study.
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Fig. 4. Sand particle size distribution curve.
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Fig. 5. Zeolite powder used in this study.
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Fe,0; (Iron Oxide) .10
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Fig. 6. Samples prepared for impact strength testing.
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w09y CAlESS gy (650l b sy gl sl auily sais
dio (69 Il &5 &S (gl oSy W eolaiwl (638 axans bl
D9 3y bolsre a4y dxbo jl 4y (G5l e WS 380 58
2 odd i SB diges U Gl odds dtily poal (o (o5 avin

Dgus 0430 3 gual

Sl dged Slo > -V -
culo (g0 Al o ) 45 ol 655 ) gilo Wges b,
bolio b b Sis Sjgo 4 bIS] )b s 4 clg g oo
S35 2o b pless b ladises (gl K> Sle 4 gl
e 5SS Sjgo a bl i 5 plege dwle LIS ¢ jaseis
5 dme LWL g 5l3 3590 Cagloy (139391 oy dlpo 53 2395 00 plosl
sl S8y S 4 o 4 205 dr i 098 e plsl LG sla Y
B9 oo Lol 503938l 48 sl gl o3le o BT g g o (o2 loowsd
bybs p3¥ Ol Jlade b o diga iy Cughy & sy S &
Joleo (S sladigel dad 4 0l 03938l (sadol Cugb) jlade (Mg o

Bl lojl 45 B diged Cdluw olSwd Y IS5

Fig. 7. Sample making device in the laboratory.

b dige cilu ooy =¥ Y
1y olZiinlojl ) Lo aiges bl (gly oad 03y ) a4 ol ¥ IS5
WST b Wl odds odnsS Ly 5 450y LB 10 b dges D o LS
g &9 S e I AB ol el oad Sk e (Bl 0y Y
o2 <l g )lul (655 S)i pw 59y p B Cunl 0 ab e (egtan
Ceond )3 Gl (L5 (egian 0 plod iz 1S5y cpl ol
o 51 oolizol b g5 o 4 315 1,5 008’ oSz 3l colSzasd ol 5V
A i buwgi (g8 (5985 dsS Y 4 Y Spp0 4 ) L Liges
Vo olawr 4 oS Sldas A pol p)SelS VA dgas p i 4y 459 S
Lo £85)) bawgs iasS Saps 50)0 .05 pbgl &Y o (el 4y
) o il 5o B 00 1 Eliy) o) s (g areld D90 JyiS ]
3 iz 1 o815 1) (505,)0055 g0l cizmed g 31T bgi (5554
3,ly (6551 &S Cuwl odid 0deS g ol aizyy LBy (gl 455 S Ll
sy Cugby b jblie 3 lslial STy o515 (5551 L w2y 53 0
S il o |y ol ln €903 o815 iy el 4 18 ey
o b ol 00 OBl o g5 ey 49 sl 00 plol Sl

Qﬁl&ﬁcwaﬁ)%&‘_”’])"A5V‘5W))Dmb)lbow

AEAN



VOF B AYAY doxio VFF Sl o oyl DY 095 ¢pusS ol () pos i 4yl

593 YA Bloj e 13 (659l Jos Jlo 45 Liglejl (g diges A JSWS

Fig. 9. Samples curing for 28 days.
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Fig. 10. Device for impact strength testing.
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Fig. 11. Absorbing foam under the test specimen.
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Fig. 12. Results of impact strength tests for sand with 4 % cement.
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Fig. 13. Results of impact strength tests for sand with 6 % cement.
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Fig. 14. Results of impact strength tests for sand with 8 % cement.
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Fig. 15. Results of impact strength tests for sand with 10 % cement.
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Fig. 16. Comparison of results of impact strength tests.
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Fig. 17. Aluminosilicate structure of four types of zeolites [34,35].
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Fig. 18. Three states arise from comparing the sizes of a and p.
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Fig. 19. SEM Image: soil with 10% cement [11].
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Fig. 20. SEM Image: soil mixed with 10 % cement and 30 % zeolite [11].
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