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1- Introduction

According to AASHTO recommendations, the resilient
modulus (MR) is one of the fundamental parameters for
designing pavement layers and determining their
thickness. MR represents the elastic modulus of soil,
calculated based on reversible strains under dynamic loads
and varying stress states. Analyzing MR variations is one
of the most effective methods for evaluating the
performance of stabilized pavement layers.

Recently, to conserve resources, the use of innovative
materials (rather than traditional ones) for soil stabilization
has become widespread. These materials include enzymes,
polymers, sulfates, ions, resins, oils, and others, which
effectively mitigate risks associated with soil stabilization.
Furthermore, in line with environmental concerns and the
Kyoto  Protocol’s  recommendations,  biological
stabilization methods—such as the use of biopolymers—
have been introduced. Biopolymers offer advantages like
simplicity, cost-effectiveness (requiring no specialized
equipment), short mixing times, and high efficiency,
particularly in clay soils.

Determining MR through laboratory testing is time-
consuming and expensive. As per AASHTO guidelines,
MR can instead be estimated using validated correlations
with other soil parameters, such as the California Bearing
Ratio (CBR) and uniaxial compressive strength (qu).
However, the applicability of these correlations must be
verified for each specific scenario.

In this study, the focus is on subgrade clay soil. For
stabilization, Nicoflok solid polymer (chemical method)
and Beta-glucan biopolymer (biological method) were
employed. Through laboratory experiments, their effects
on qu and MR were investigated. Subsequently, the
accuracy of the Thomson correlation for stabilized soils
with these additives was analyzed.

2- Materials and Tests

In the present study, soil samples were collected from the
subgrade of Amol-Sari Freeway in Mazandaran province.
Based on the gradation, hydrometer analysis, and
Atterberg limit tests, the soil is classified as high-plasticity
clay (CH) under the Unified Soil Classification System
(USCS).

Beta-glucan solution as a biopolymer and Nicoflok
powder as a solid polymer were used for biological and
chemical stabilization respectively. Beta-glucans comprise
of D-Glucose monomers and have glycosidic bonds found
in various forms such as cells, bran, fungi and bacteria in
nature.

To examine the effect of stabilization, compaction tests
(ASTM D698), unconfined compressive strength tests
(ASTM D2166), and resilient modulus tests (AASHTO
T307) were conducted.

3- Test Results

In general, stabilizing clay with calcium-based cations
such as Nicoflok and cement resulted in a decrease in
maximum dry density and an increase in optimum
moisture content due to the accumulation of particles in
larger spaces, low cation density and pozzolanic reaction.
However, this trend stopped with the addition of Nicoflok
to the highest value and the optimum moisture content
decreased to some extent, which can be due to an increased
effect of the hydrophobic properties of Nicoflok particles.
Beta-glucan is a water-absorbing polymer with a density
less than soil; therefore, the accumulation of low-density
Beta-glucan fibers increased the optimum moisture
content and decreased the maximum soil density. The
optimum moisture content increased with the increase in
the concentration of Beta-glucan.

The unconfined compressive strength test results are
shown in Table 1.

*Manuscript received August 13, 2023, Revised November 18, 2023, Accepted December 24, 2024.

! Corresponding Author: Assistant Professor, Department of Civil engineering, Khodabandeh Branch, Islamic Azad
University, Khodabandeh, Iran. Email: shafaghatian@tabrizu.ac.ir

2 Associate Professor, Department of Civil engineering, Tabriz University, Tabriz, Iran.



https://civil-ferdowsi.um.ac.ir/article_46131.html?lang=en
https://civil-ferdowsi.um.ac.ir/
https://doi.org/10.22067/jfcei.2024.83919.1248
https://orcid.org/0000-0002-7525-8829

Siamak Shafaghatian, Gholam Moradi

84

Tablel- Unconfined compressive strength test results

Chemical Biological
03% | 0.7% | 1% | 2g/lit | 4g/lit | 8g/lit
3 | Esec | 129.7 | 144.14 | 13146 | 121.8 | 182.42 | 150.41
Days | qu 1.92 3.33 3.15 2.73 3.34 35
7 | Esec | 199.27 | 144.8 | 202.58 | 205.6 | 244.65 | 241.05
Days | qu | 2.32 3.62 4.32 4.56 5.02 4.32
14 | Esc | 196.67 | 149.21 | 200.57 | 207.58 | 254.5 | 252.04
Days | qu | 2.96 4.07 4.61 5.05 5.46 4.21
28 | Esec | 197.62 | 160.04 | 202.6 | 208.42 | 250.1 | 248.8
Days | qu | 343 431 4.94 5.48 5.6 4.2
Chemical stabilization using Nicoflok increased the e Biological stabilization (Beta-glucan): The optimal
resilient modulus. This trend proceeded with the increase concentration is 4 g/L. At 8 g/L, strength and stiffness
in Nicoflok percentage and its effect on improving decline after 7 days due to excessive unbound fiber
cementing performance and particle bonding. The colonies (visible as fungal growth and surface erosion).
increasing rate of Mg was more evident in the first 14 days
of curing. The highest amount of Mr was 358 MPa 3. Resilient Modulus (MR) Behavior

achieved at an additive value of 1% and a curing period of
28 days.

In the biological stabilization, Mg increased up to a
concentration of 4 gr/L and after that it did not change
much until a concentration of 8 gr/L and even decreased
from day 14. At a concentration of 8 gr/L fungus and
erosion were observed on the samples, which could have
been caused by the increase of uncombined Beta-glucan
fiber colonies with clay partilces at this concentration in
the stabilized soil structure.

4- Assessing the accuracy of Thomson's model in
estimating Mr of the studied soil
Equation 1 states the Thomson model:
Mg= a.qut+b Q)

In which a and b are constants. In this model, Mg is
linearly correlated with qu. To evaluate this relationship in
different stress states (different test sequences), the data of
two curing periods of 14 and 28 days in three doses of
Nicoflok and Beta-glucan was considered.

5- Conclusion
1. Density and Optimum Moisture Content Changes
Chemical and biological stabilization of clay reduce
density and increase optimum moisture content. This
trend occurs due to:
Pozzolanic reactions in chemical stabilization,
Accumulation of lightweight fibers in the soil structure
in biological stabilization.
In chemical stabilization, when Nicoflok content increases
to 1%, the optimum moisture content decreases again due
to the polymer’s hydrophobic properties, while maximum
dry density increases.

2. Compressive Strength and Elastic Modulus
Both Nicoflok and Beta-glucan enhance compressive
strength and modulus of elasticity. However, the trends
differ:
Chemical stabilization (Nicoflok): Rapid strength gain
occurs within the first 7 days, then slows.

S

Nicoflok increases MR more significantly than Beta-
glucan, especially during the initial 14-day curing
period, with slower progress afterward.

At 8 g/L Beta-glucan, MR decreases after 14 days.

. Thomson Model Accuracy
The Thomson model reliably estimates MR for
Nicoflok-stabilized ~ clay, particularly  under
serviceability stress conditions typical for highways
(Fig. 1).
Its accuracy is lower for Beta-glucan-stabilized soil.
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Experimental Study of the Correlation between Resilient modulus and Uniaxial Compressive Strength
in Chemical and Biological Stabilization of Clay Subgrade Soil

Siamak Shafaghatian, Gholam Moradi

Abstract Due to the high cost and time-consuming nature of testing, it is useful and common to use valid correlation
relationships with common soil parameters to determine the resilient modulus (Mg) for design purposes. However, the
validity of these relationships for stabilized soils has been less investigated. Stabilization of weak subgrade soil is a
method of avoiding weak soil replacement costly and time-consuming problems. According to the Kyoto Protocol, a lot
of research has been done on novel materials such as polymers and new methods like biological stabilization. This study
aimed to investigate the effect of chemical and biological stabilization of clay subgrade soil on the resilient modulus and
uniaxial compressive strength (qu) and accuracy of the Thompson model for correlation between these two parameters.
For chemical stabilization, a solid polymer called Nicoflok and for biological stabilization, a biopolymer solution called
Beta-glucan were employed. In both methods, the dry unit weight of the soil decreased and its optimum water content and
qu increased. Despite similar results in the uniaxial test, the solid polymer increased the Mg of the stabilized soil more
than the biopolymer. Based on the regression analysis of tests data, the Thompson model had more accurate results in
the Nicoflock stabilized soil than the biopolymer ones.

Key Words Resilient modulus (Mg), The Thompson model, Chemical and biological stabilization of clay subgrade soil,
Nicoflock, Betaglucan.
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