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Abstract. The present study intends to make an initial assessment of the effect of a natural zeolite addition on shear 
strength of cement stabilized loess soil. Unconsolidated undrained triaxial compression shear tests were performed for 
zeolite & cement-treated and cement-treated samples. It is found that the addition of natural zeolite does not reduce 
the shear strength of the cement stabilized loess. It causes only slight changes in shear strength parameters of non-
compacted loess-cement. This allows the natural zeolite to be successfully used for an improvement of the durability, 
impermeability, sorption and retardation characteristics of the loess-cement.

Keywords: loess-cement, zeolite, non-compacted stabilization, shear strength. 

Introduction
The loess is considered as a problematic soil be-
cause of its susceptibility to collapse under wetting. 
In order to improve the geotechnical behaviour of 
loess, the soil stabilization with hydraulic binders 
has been widely applied (Sariosseiri, Muhunthan, 
2008; Antonov, 2013; Evstatiev, Karastanev, 2013; 
Bahmyari et al., 2021; Lenoir et al., 2021).

The so-called plastic loess-cement is prepared at 
a water content W much higher than the Wopt, usu-
ally at or slightly above the liquid limit WL of soil 
and it is placed with or without minor compaction. 
The improvement of soil properties occurs due to 
hydration reaction, ion exchange at the surface of 
clay minerals, bonding of soil particles and/or fill-
ing of void spaces by chemical reaction products. 
Multiple of cement based pozzolanic materials and 
varied additives, such as lime, bentonite, fly ash, 
natural zeolite, etc., could be used to refine engi-
neering properties of loess soil.

The natural zeolites are а large group of hydrated 
alumosilicates with three-dimensional framework. 
About fifty different species of this mineral group 
have been identified. The natural zeolite is a materi-
al with high cation exchange capacity, high adsorp-

tion and hydration-dehydration properties, which is 
frequently used in soil stabilization. Furthermore, it 
shows pozzolanic reactivity, which is related to its 
open structure and large specific surface area. Some 
studies indicated that the natural zeolite could be 
used for improvement of the durability, impermea-
bility, sorption and retardation characteristics of sta-
bilized soils and concrete (Chan, Ji, 1999; Colella et 
al., 2001; Alaghebandian et al., 2020).

The literature analysis shows that only limited 
information is available on the effect of natural zeo-
lite addition on the shear strength of a plastic soil 
cement. The aim of the present paper is to assess the 
effect of natural zeolite addition on undrained shear 
strength parameters of cement stabilized loess soil.

Materials and methods
Materials
Loess soil from the region of the Kozloduy area 
(North Bulgaria) was used in the present study. The 
index properties of the loess are determined accord-
ing to the BDS EN ISO/ TS 17892. 

As stabilizers a Portland cement and zeolite 
were used:
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Portland cement – CEM II/B-L 32.5 type, con-
taining 65–79% clinker, 21–35% limestone and up 
to 5% additional components;

Natural zeolite – mined from the Beli Plast quar-
ry (South-Eastern Bulgaria), with particle-size frac-
tion smaller than 0.08 mm, containing about 70% 
of clinoptylolite, and SiO2/Al2O3 ratio of 3.04 by 
weight.

Drinking water is used for preparation of the 
loess stabilized test specimens.

Methods
Unconsolidated undrained (UU) triaxial compres-
sion tests were performed on specimens of a stabi-
lized loess soil after a 28 days curing. The testing 
was carried out with automatic triaxial compression 
machine with electronic control of the loading and 
constant digital recording of the load and deforma-
tion (Fig. 1a). The laboratory procedure followed 
the requirements for UU triaxial compression test-
ing according to BDS EN ISO/ TS 17892-8.

Two types of the plastic loess-cement specimens 
were tested as follows:

• LC – prepared by mixing of loess with 10% 
Portland cement CEM II with respect to the 
weight of dry loess soil at W = 40%. 

• ZLC – prepared by adding 10% zeolite to 
LC with respect to the dry weight of loess, 
i.e. mixing of loess soil with 10% zeolite and 
10% Portland cement CEM II at W = 40%.

The specimens with a diameter/height ratio of 
1:2 were prepared without compaction in accord-
ance with JGS 0821 (JGS, 2000). The specimens 
were sealed and stored in a curing chamber at a rela-
tive humidity of 95% and a temperature of 20 °C 
for 28 days curing. Thereafter the specimens were 
taken out of the moulds and their surfaces were 
smoothed to plain and parallel end surfaces and ap-
proximate height of 100 mm. The sample height, 
diameter and weight were measured so that the den-
sity to be determined. After the 28 curing period the 
test specimens were immersed in water for 4 hours 
before the testing.

Results and discussion

To characterize the loess soil a series of classifica-
tion and index tests were performed, which include 
determination of grain size distribution (BDS EN 
ISO 17892-4), liquid and plastic limits (BDS EN 
ISO 17892-12) and particle density (BDS EN ISO 
17892-3). Grain size distribution analysis shows 
that the tested soil is composed of 4% sand, 94% 
silt and 2% clay fractions (Fig. 1b). The particle 
density of tested soil is 2.73 g/cm3, the liquid and 
plastic limits are 32.1% and 17.9%, respectively. 
According to the European Soil Classification Sys-
tem (ESCS), the loess soil is classified as low plas-
ticity clay (ClL) (Fig. 1b). Based on the plasticity 
index (< 20%) of loess soil, it was considered that 
the cement and natural zeolite are suitable stabiliz-
ers (Riza, Rahman, 2015).

The triaxial tests have been performed at con-
fining pressures of 100, 200 and 400 kPa. Fig. 1c 
shows snapshot of post-test triaxial sample and 
the shear plane. The stress–strain curves for each 
specimen are presented in Fig. 1d and Fig.1e. The 
failure envelopes for the total stress Mohr’s circles 
have been drawn (Fig. 1f and Fig. 1g) and the val-
ues of undrained cohesion (cu) and undrained fric-
tion angle (φu) have been determined as presented 
in Table 1.

The test results clear indicate that the addition 
of zeolite does not worsen the shear strength of the 
cement stabilized loess. The failure mode of both 
loess-cement mixtures is one and the same. In all 
the tests the magnitude of the deviator stress Δσ 
increased rapidly with the increased of the strain 
e and a clear peak of the stress Δσmax can be dis-
tinguished. The stress-strain curves of both mix-
tures are characterized by a brittle behaviour (Fig. 
1c) and the deformations at failure ef are much the 
same (Table 1).

The values of shear strength parameters show 
slight enhancement of the cu and a minor reduc-
tion of the φu of ZLC mixture compared with those 
determined for the LC mixture but the dry density 
(ρd) of specimens does not significantly change  

Table 1. Results of UU triaxial tests on specimens of stabilized loess soil after 28 days curing

Mixture ID LC ZLC

Parameter Δσmax, kPa εf, % W, % ρd, g/cm3 Δσmax, kPa εf, % W,% ρd, g/cm3

σ3 = 100 kPa 1973 1.39 38.53 1.29 2038 1.11 38.83 1.27
σ3 = 200 kPa 2083 2.01 37.26 1.28 2061 2.11 37.98 1.27
σ3 = 400 kPa 2172 2.97 38.14 1.29 2103 3.12 38.14 1.28
cu, kPa 744 925
φu, deg 14 5
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(Table 1). These results may be attributed to a 
natural zeolite addition. High amounts of reactive 
SiO2 and Al2O3 in the natural zeolite chemically 
reacts with the Ca(OH)2 from the Portland cement 

hydration and form additional C–S–H gel and alu-
minates, leading to modifications in microstructure 
(Poon et al., 1999; Alcantara et al., 2000; Tchaka-
lova, Iliev, 2022).

Fig. 1. (a) Grain size distribution curve of the loess soil; (b) Plasticity characteristics of the used loess soil based on ESCS;  
(c) Stress–strain curves for LC specimens; (d) Envelope for the total stress Mohr’s circles for LC specimens; (e) Stress–strain 
curves for ZLC specimens; (f) Envelope for the total stress Mohr’s circles for ZLC specimens
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Conclusions
The performed study intends to present an initial as-
sessment of the effect of natural zeolite addition on 
shear strength of cement stabilized loess soil. UU 
triaxial compression shear tests were performed for 
zeolite&cement-treated and cement-treated sam-
ples. Based on the experimental results, the follow-
ing conclusions can be drawn:

• as per ESCS based on the consistency limits 
of the loess soil is classified as ClL (low plas-
ticity clay). The cement and natural zeolite 
are identified as suitable stabilizers for this 
soil group;

• the addition of natural zeolite does not reduce 
the shear strength of the cement stabilized 
loess; it causes only slight changes in shear 
strength parameters of non-compacted loess-
cement;

• this allows the natural zeolite to be success-
fully used for improvement of the durabil-
ity, impermeability, sorption and retardation 
characteristics of the loess-cement; it ought 
to be noted that natural zeolites have different 
chemical compound and prior using them as 
additive for cement stabilization of loess it is 
necessary to characterize them.
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