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3. Natural zeolite
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1. Calcium-aluminate-hydrate
2. Calcium-silicate-hydrate
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Fig. 1. Particle size distribution curves of the studied soil.
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Characteristics Quantity measured

Ca0=63.4, SiO,=21.5 A,0;=4.9,
F6203:3.8, MgO:I S

Mineral composition

EC, mS/cm 10.86
pH (in 1:20 ratio) 12.78
SSA, m%/g 0.31

Table 2. Physico-chemical properties of used cement.
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Characteristics Quantity measured

Si0,=69.13, ALO;=11.16,
Ca0O=1.1, Fe;,05=0.9, MgO=0.5

Mineral composition

EC, mS/cm 2.34
pH (in 1:20 ratio) 8.19
SSA, m%/g 88.3

Table 3. Physico-chemical properties of used zeolite.
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1. Indirect tensile strength
2. Polypropylene
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Characteristics Quantity measured
Mineral composition Mainly kaolinite
Exchangeable cations Mainly Na®

Plasticity index (PI), % 19
Soil classification CL
Yamax> gr/cm’ 1.52
Dopts Y0 28.3
Compression index 0.78
UCS, MPa 0.19

Table 1. Physico-chemical properties of soil sample.
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3. Freezing-thawing
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1. Unconfined compression strength
2. Soil stabilization
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Fig. 3. Effect of additive content and time of curing on the
compression strength of cemented soil

s Plas uslie sl s s s LSS S

US55 edd @) s (gl Sl slie pim s
sl Jes 5 Olonw il 3lis (g5l (slae sad) (a-t)
2l ol ladiped) (b-1) IS8 5 Gy VB el
A e Ol Guy YA B el (g5l Jos Olowwr bz
Conglie oS JB 3l Kl e 3 5 TS
Condy el aglie 550 L Olew Lol oo S
A6 Ol &S cisl KL (-1 a-8) sl JS5 55 tal
Slaai sl 5k, 5 F-T laas 2 (Caslie Jals) o 5
oS lie sl s S il s ek (IS
il 4 (e Slddelr mhan b Jole @) Sos 53]

3. American Concrete Institute
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1. Scanning electron microscope
2. Magnification (SEM MAG)
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Fig. 4. Effect of F-T cycles on the soil mechanical performance
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Fig. 10. Effect of F-T cycles on the degree of damage index of soil

with sole cement (28-day of curing)
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Abstract:

Although cement stabilization is used extensively to modify the soft clays, it may show limited success in
some applications. Hence, this paper presents a multiscale investigation on the viability of employing zeolite
and fiber to enhance the durability of cement treated soil against the freezing-thawing (F-T) cycles. In so
doing, a wide range (0 to 30%) of additives including sole cement and cement-zeolite mixture (CZ) with
different cement replacement were separately added to a soft soil sample and then mixed with the optimal
fiber content of 0.75% (by weight), which was determined by the indirect tensile strength test. A set of
experiments at various curing days (up to 90 days) were performed to study the mechanical and
microstructural changes of the stabilized soils. The results indicated that while a low level of cement can
modify the geo-mechanical parameters of soil sample, the compressive strength of cemented soil could
decay up to 60% when the specimens exposure to the successive F-T cycles. Such changes may be ascribe to
the F-T-induced particles rearrangement and degradation of the cementation structure-bonding, forming
many new voids and cracks subsequently decreasing the interlocking of matrix. As a result, to get the
strength guidelines threshold and make the composite water proofing a high dosage of sole cement and a
long time of curing (at least 28-day) are needed, which may be uneconomical and lade to the brittle behavior.
Adding zeolite (< 25% proportion) to supplant part of cement could effectively enhance the engineering
properties of cement-mixed soil, due to an increase in the cementitious products [e.g. Calcium-aluminate-
hydrate (CAH) and Calcium-silicate-hydrate (CSH)] induced by the pozzolanic activity, subsequent
reduction of the inter pore-spaces and eventually a more compacted microstructure, as confirmed by the X-
ray diffraction (XRD) patterns and scanning electron microscope (SEM) images. It should be emphasized
that the zeolite/cement ratio is a very influential factor on the behavior of cement-zeolite mixture. Therefore,
the cemented soil mixes with Z.p, showed a further (up to 1.3 folds) resistance relative to the mere cemented
soil as well as a greater tensile strength; however, the binary system was still vulnerable under the F-T
action. In this case, the insertion of fiber could significantly enhance the soil durability (decrease the degree
of damage by an average value of 50%), which was more evident at the small binder dosage and early stage
of curing time. Incorporating fiber into the system also led to a higher tensile strength (nearly 1.5 times) than
those deduced from the stabilization alone. Moreover, this strategy was effective to overcome the brittle
nature of stabilized mixes, resulting an increase the post-strength up to 270%. These observations can be
justified by the extended cementing gels formation and the enhanced interlocking of matrix through the CZ-
fiber application. Overall, the combination of CZ blend and fiber can be considered as an effective technique
for the soft soil modification with the fact that triggered a prominent reduction (~ 30%) in the needed amount
of cement an time of curing (up to 3 folds) for the successful treatment against the F-T cycles.

Keywords: Soft soil, freeze and thaw cycles, zeolite, fiber, modified geo-mechanical properties.
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