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3. Amorphous
4. Pozzolanic Materials
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1. Cementation
2. Hydrated

SANY-Y VY i led o leh £ Jgtans o i

(Ob 22> . 6) yjafarianm@iiees.ac.ir «(sls> .g) ahadad@semnan.ac.ir «( (s ,.! /) imanamiri@semnan.ac.ir : .o, u.;)aT


mailto:imanamiri@semnan.ac.ir

\# YO0 ((1F+) Hlwsl) ¥ o)lods AT wlo ) dumo 9 oyl o (oo 49 25 [ Olos L& (5 pol

G (o9, =Y
logae daygeS i ,3 culgsy 5 oslatal ol
asdl Wl g pSedar jba (et g Al gle,lS
5 o9 Olrl )3 Sedgy Olgld polae 5 Ol Cwdd !
20955 Sl o Lo Sl e 8IS 55 5 (laoms i
33,5 oolaiwl atilosw dwle 44 S9438 oolo (lgicay oole ol 511G
awle & (09380 oole lgieay colgs; 5l gt cal 5o Calple
OTFA L al3) ol ond oozl loges b siionts sl
0ab oS dunle Saglin (sla el el 3B g 812
lae e Jols RSLsT iy (g K oo b

a5 b Ghalesl s, 5 siledised (T LUl 2 )b g (B yas

owlojl sl eolizw!s yg0 zlao —V-Y
bl (lanls S5 ol anlllae ol 5 saboslitul zllas
09,0l Al LIS 50 cabady g0 cud wiliy leww g Sudgd)
ombe &3 shls aS 634 SP g4 5l satosliinl awle .ail o
2 bl anle (58 Slasin adbge Jbagly g 50
&5 onl gonaily e uisred g clawl oals S3 (V) Jgu
Jolss el oas 03451 (V) IS0 )3 logws 5 Sudgd) e
ASTM D 4253- s Jaslisl olwl 1yl dusle aieS § i

] 00 ML’XA 4

iy dslo (K3 308 laiiio - Jgaxr

Slode 3, laskewl S
YIVY ASTM-D854-92 Gs
LN ASTM-D4253-4 €max
+[OA ASTM-D4253-4 emin
<IYE Dso(mm)
VA ASTM-C136 Cu
«[AA Cc
sp ASTM D2487 ale (canails
100 ~
90 -~
80 L
5 _.'. /
g s
o 00 Ed Babolsar
1’5 50 /7 Sand
‘3; 40 / ........... Cement
‘;j 30 /
20 Ve — — Zeolite
10
0
0.001 0.01 0.1 1 10

mm) <l,d s3lasl
P

Sl 3 el 53 <yl sl (suizails (sicin ¥ S

8. Zeolite
9. Silicate Structure
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5. Microsilica
6. Perlite
7. Metakaolin
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10. Hydration Heat
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13. Pneumatic Actuators
14. Data Logger
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11. Cyclic Simple Shear
12. Roscoe
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1. Introduction

Using a simple shear test, it is possible to investigate the behavior and recognition of soil resistive
parameters. Cementation is one of the subsets of soil remediation that falls into the category of physical and
chemical remediation that binds soil particles together and prevents the breakdown of the soil skeleton and
increases shear strength (Consoli, 2009; Finn, 2002). The behavior of soil resistance parameters is investigated
using simple shear tests. Shear stresses in the soil can be divided into static and dynamic (Li et al, 2016). One
of the best ways to reduce cement consumption and production is to use pozzolanic materials, especially
natural pozzolans, and replace them with cement. Pozzolans are widely used in the cement and concrete
industry (Rahgozar et al, 2018). Micro-silica, perlite, methakaolin and zeolite are the most well-known natural
pozzolans. Since the cost of producing pozzolans other than zeolite is almost high, their use would not be
economical on a large scale. Zeolite mainly contains silica, and aluminum oxide, which reacts with calcium oxide
and thereby increases the strength of the resulting compound. The addition of zeolite improves the spatial
structure properties of the zeolite, as well as reduces the porosity of the resulting mixture (El Mir and Nehme,
2017). This paper presents the results of laboratory investigations on the shear strength of cemented sand and
the effect of zeolite replacement on cement. To achieve this purpose, mineral zeolite, Shahroud cement, and
Babolsar sand were used.

2. Methodology
2.1. Experimental study

In order to investigate the effect of zeolite on shear strength parameters of sand and cement-zeolite
mixtures, samples made by the wet scraping method were used. All specimens have a diameter of 70 mm and
a height of 35 mm. Compared to the specimens used in triaxial testing, the sample can be prepared in one layer,
regardless of the density variations in height. These specimens were manufactured using molds with a
diameter of 70 mm. Divide the constituent materials into four sections to achieve proper uniformity in the
fabrication of the specimens and blend each section separately to finally achieve a more uniform composition.

The amount of water to make the specimens is determined by the proctor compaction test and the
determination of optimum moisture content. Prefabricated specimens were prepared as mixtures of 2, 4 and
6% cement. For zeolite, replacement of cement by 0, 30, 45, 60 and 75% was considered. Six samples were
made from each mix design, which were kept in special containers to prevent significant changes in moisture
content before testing to complete the process of operation. Three of them were tested at 7-day intervals and
the other three at 90-day intervals (180 samples).
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2.2. Cyclic Simple Shear

The application of this device is to investigate the behavioral properties and determination of soil resistance
parameters. This device allows to study of the deformation and shear strain (during shear stress) and the slip
plate is not applied to the soil sample.

E 1) Vertical actuator & load cell

& a

Soil

’ Horizontal
Specimen 4—  actuator &
load cell
I I
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(LTI

Il

L]

I

Fig. 1. Cyclic simple shear: a) Sample placement in the apparatus, b) Schematic shape of apparatus

Loading forces are applied through pneumatic actuators mounted horizontally and vertically. The load cells
capacity is 5 kN. The specimen is fixed between the base pedestal and piston top cap and enclosed by a number
of circular rings with 70 mm of nominal inner diameter to prevent lateral displacement during simple shear
tests. The data obtained from the load and frequency applied by the system connected to the device are
collected and stored using Geosys software for analysis.

3. Results and discussion

A Monotonic simple shear test was performed on pre-fabricated specimens with curing time (7 and 90 days)
according to ASTM D 6528-00. For this purpose, 90 samples from 15 mixing designs were tested. Normal
stresses of 100, 150 and 200 kN / m2 were applied to each mixing scheme. Tests were performed according to
the strain-control method. It can be seen in Fig. 2 that the values of cohesion obtained during 90 days, as
opposed to 7 days, have significantly higher values and have a greater effect on increasing shear strength. The
reason for this can be attributed to the completion of the reactions between cement and zeolite.

It should be noted that a slight increase in the values of the internal friction angle is also observed, which
may be due to the sufficient cement curing time and completion of bonding processes between cement and
sand and zeolite as well as the completion of the cementation process. (Compared to the 7-day curing time).

7 Days 90 Days
16 120
14 B2% C O4% C O6%C B2%C O4%C O06%C
— 100 M —
ol o
iﬁ, 10 % 80
S 8 S 60
w w
5 6 g
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0 0
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Replacement of zeolite instead of cement(%) Replacement of zeolite instead of cement(%)
C= Cemenet C= Cement

Fig. 2. Diagram of Cohesion changes obtained from simple monotonic shear tests
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4., Conclusions

The results of monotonic simple shear tests show that with increasing cement percentage and increasing
shear strength, the shear strength is increased.

By testing on samples with different replacement percentages of zeolite instead of cement, it is observed
that the highest increase of resistance is related to 30% replacement, which is at best 25% higher than without
zeolite (cemented sample only).

The modulus of elasticity, such as the shear strength parameter, has the highest value in replacing 30%
zeolite instead of cement, which reduces soil deformation.

Increasing the curing time (from 7 days to 90 days) and completing the reactions between cement and
zeolite, the maximum shear strength of the specimens occurs at higher strain. This indicates that the addition
of zeolite as a cement-reactive material increases the softening ratio.
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