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Abstract

Current geotechnical practice in highway construction emphasizes the quality of fines while often overlooking
their optimal proportion in borrowed earth materials. This study investigates the influence of plastic fines content
(0%, 5%, 10%, 15%, and 20% by dry weight) on sand-fines mixtures' compaction characteristics and bearing
capacity. Using Standard Proctor and California Bearing Ratio (CBR) tests under unsoaked and soaked conditions,
the research evaluates how fine content affects mechanical performance in different moisture states. Experimental
results demonstrate a consistent increase in Maximum Dry Density (MDD) and Optimum Moisture Content
(OMC) with higher fine percentages due to enhanced particle packing and moisture affinity. Unsoaked CBR values
initially improved by 5.7%, peaking at 20.5% with 5% fines compared to 19.4% for pure sand, before declining at
higher fines contents. In contrast, soaked CBR values exhibited progressive deterioration, showing a 39.3%
reduction at 20% fines relative to the control specimens. This strength loss under saturation results from the
swelling of the plastic fines and reduced shear resistance when wet. The findings demonstrate that limited fine
content (<5%) can enhance dry-state performance, but higher proportions significantly compromise saturated
strength. These results challenge conventional material selection criteria that focus solely on fine quality.
Therefore, the proportion of plastic fines should be carefully considered in subgrade design, with 5% representing
a practical threshold for balancing strength and saturating susceptibility in moisture-variable environments. The
research provides quantitative evidence to refine geotechnical specifications for more durable highway
infrastructure.
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1 Introduction

Understanding the strength and suitability of soil is essential for the construction of roads and other infrastructure.
The California Bearing Ratio (CBR) serves as a critical empirical index for evaluating the load-bearing capacity
of subgrade soils and foundation materials in the design of flexible pavements (Ekeocha and Egesi, 2014; ASTM
International, 2017). This test, first developed by the California Division of Highways and subsequently by the
U.S. Army Corps of Engineers, is an indirect determining test of stiffness modulus and shear strength, as it concerns
subgrade soils (USACE, 1984). With the high CBR wvalues, it indicates the high quality of the material,
consequently making it easier to achieve a relatively lower pavement thickness and a more cost-effective and
sustainable design (ASTM International, 2017; Bowles, 1996). The test is performed to determine the resistance
of a soil sample to penetration by a standard plunger in a control density and moisture environment, and therefore,
making it an important parameter for pavement engineers (ASTM International, 2017; Al-Obaydi et al., 2022).
The CBR values of different types of soil determine their suitability as pavement layers, which will directly affect
the intended design thickness of the pavement structure (Das, 2021).

A lot of research has been conducted on the mechanical behavior of granular soils, especially when sand is mixed
with plastic fines. Studies have consistently shown that the inclusion of plastic fines has a significant impact on
the major geotechnical parameters, including maximum dry density (MDD) and optimum moisture content (OMC)
(Sreedhar and Fatima, 2017; Liu and Evett, 2009; Das, 2021). To provide an example, Sreedhar (2016) noted that
the incrementation of fine particles in sand can initially enhance MDD by filling the gaps between coarser grains
and result in better gradation up to an optimal fines content of approximately 30% (Sreedhar and Fatima, 2017,
Phan et al., 2016; Kolay and Wadiah, 2005). Beyond this limit, MDD reduces due to the change of gradation and
augmented cohesion of fines (Phan et al., 2016; Kolay and Wadiah, 2005). Similarly, OMC is likely to increase
alongside the fines content, corresponding to the increased surface area that needs more water to compact (Phan et
al., 2016; Liu and Evett, 2009). The impact of fines on CBR values has also been reported: un-soaked CBR often
experiences an early improvement due to densification and a better gradation, then deterioration due to the
embedding of sand particles within a fines matrix at a higher percentage (Sreedhar and Fatima, 2017; Kesharwani
et al., 2016). In contrast, soaked CBR values typically show a gradual decline with the increase of plastic fines due
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to the fines’ plasticity enhancement under fully saturated conditions, causing a change of load-bearing from coarse-
to-coarse contacts to fines-to-fines contacts (Shaker et al., 2014; Kim et al., 2018; Phan et al., 2016).

Although numerous international studies have examined CBR behavior with varying fines content (Chang et al.,
2023; Sreedhar and Fatima, 2017; Phan et al., 2016), there is a lack of localized research on the CBR performance
of Bangladeshi sand—clay mixtures under both un-soaked and soaked conditions. Particularly for the design of a
durable pavement in a monsoonal climate of Bangladesh, where the moisture content of a subgrade varies
drastically, the soaked and un-soaked CBR of sand and fine mixtures becomes very crucial (Khan et al., 2014). In
order to fill this gap, this paper thoroughly examines the CBR properties of pure Bangladeshi sand with different
ratios of plastic fines (0%, 5%, 10%, 15%, and 20% by weight). The main goals are to identify unsoaked CBR and
soaked CBR values of pure sand and to examine systematically the effects of various fines content on these CBR
values. The research involves preparing sand fines mixtures at specified ratios, conducting Standard Proctor
compaction tests to determine OMC and MDD, and performing CBR tests under both conditions (Sreedhar and
Fatima, 2017; Phan et al., 2016). By examining these parameters, this study provides valuable insights into the
mechanical behavior of sand fine mixtures, with emphasis on optimizing fine content to enhance the strength and
load-bearing capacity of pavement subgrades in Bangladesh’s unique geotechnical environment (Phan et al., 2016).

2 Materials and Methodology

2.1 Collection and Characterization of Materials

To investigate the California Bearing Ratio (CBR) characteristics of sand mixed with fine soil particles, the study
utilized two primary materials: fine sand as the coarse fraction and clayey soil as plastic fines. The clayey soil
sample was specifically collected from a low-lying area near the railway line, close to Shimultoli, Joydebpur level
crossing. Before conducting the main tests, both materials underwent characterization to determine their
fundamental properties. This included measuring the natural moisture content, which was found to be 19.91% for
fine particles and 8.55% for sand. Atterberg limits tests were also performed on the fine particles, revealing a
Liquid Limit (LL) of 45% and a Plastic Limit (PL) of 25.5%. The specific gravity of the fine soil was determined
to be 2.62, while that of the sand was 2.76. Additionally, a sieve analysis was conducted on the sand to determine
its fineness modulus, which was calculated to be 1.27.

Table 1: Summary of Characteristics of Sand and Fine Particles.

Properties of materials Fine Particles Sand

Present Sreedhar and M. Present Sreedhar and M. V.

study V. S. (2016). study S. (2016).

Fineness Modulus (FM) - - 1.27 -
Specific Gravity (G) 2.62 2.60 2.76 2.67
Liquid Limit (LL) 45.0 % 52.50 - -
Plastic Limit (PL) 255% 21.20 - -
Plasticity Index 19.5 % 31.30 - -
Classification of Soil Medium High-Plasticity - Well-Graded Sand
(USCS) Plastic clay (CH) (SW)

2.2 Sample Preparation and Compaction

For the experimental program, plastic fines (clayey soil) were added to the pure sand in varying proportions by
weight: 0%, 5%, 10%, 15%, and 20%. The preparation of these soil mixtures involved mixing oven-dried soil
samples (passing a 19mm sieve) with optimum moisture content. The compaction characteristics of these mixtures
were determined using the modified AASHTO test (AASHTO T180, 2017). This test involved compacting the soil
samples in a mold (4-inch internal diameter, 4.6-inch internal height) in three layers, with each layer receiving 25
blows from a 10-pound hammer falling from a height of 18 inches. The moisture content and dry density were then
calculated, and moisture-density relationships were established for each mixture. Table 2 shows the summary of
the Proctor Compaction Test (Standard) at different ratios.

Table 2: Summary of Proctor Compaction Test (Standard) at Different Ratios.

Sand: Fines OMC (%) MDD (gm/cc)
100:0 12.8 1.603
95:5 14.0 1.615
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90:10 14.8 1.62
85:15 15.5 1.631
80:20 16.3 1.640

2.3 California Bearing Ratio (CBR) Testing

The core of the experimental methodology involved conducting CBR tests on the prepared soil mixtures to evaluate
their subgrade strength. These tests were performed on specimens compacted to their optimum moisture content
as determined by the AASHTO method, under an application of a surcharge of 4.5 kg. Both un-soaked and soaked
CBR values were determined for each mixture proportion. For the soaked condition, samples were wet for four
days with water available at the bottom of the mold. The load readings were recorded for every 0.25 mm of
penetration, and load versus penetration graphs were plotted. To determine the CBR, the loads at 2.5 mm and 5 mm
penetrations were recorded, and the CBR was then calculated at 2.5 mm penetration using the equation:

Test load

CBR (%)= ——————
%) Standard loadX

100 (D

3 Results and Discussion
3.1 Compaction Characteristics

3.1.1 Optimum Moisture Content (OMC)

The variation in OMC with an increase in fines content is presented in Figure 1(a). It shows an increasing trend
with the rising percentage of fine particles. This increase is due to the higher surface area of fine particles, which
requires more water for effective compaction. The Optimum Moisture Content (OMC) of pure sand was 12.8 %.
Figure 1(b) shows how OMC varies with increasing fines content. A quadratic regression model describing this
percentage change in OMC is presented in Equation (2).

AOMC = 0.0026F? - 0.0982F> +2.2898F + 0.0112 (R =1) 2)

Where, AOMC = Percentage change in optimum moisture content over that for zero plastic fines
F = Percent plastic fines content.
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Figure 1. (a) Variation in OMC with fines content Figure 1. (b) Variation in Percentage change in OMC
with fines content

3.1.2 Maximum Dry Density (MDD)

The variation in MDD with an increase in plastic fines is presented in Figure 2(a). This study revealed that the
compaction characteristics of sand-fine mixtures are significantly influenced by the addition of fine particles. The
Maximum Dry Density (MDD) of the soil mixture tends to increase with the addition of fine particles up to a
certain limit. This is attributed to the fine particles filling the pore spaces within the sand, thereby improving the
overall gradation of the mixture. Throughout the compaction tests, the Maximum Dry Density of the sand—fine
mixtures increased consistently with each incremental addition of fines, reaching its highest level at the greatest
fines proportion. Beyond this point (though the study only went up to 20% fines), previous research suggests MDD
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might decrease as fines become excessive, leading to a poorly graded mixture and reduced ease of particle
movement under compaction. The percentage change in MDD with fines content is presented in Figure 2(b). The
regression equation for the percentage change in MDD is as given in equation (3)

AMDD = 0.0002F3 - 0.0062F2 + 0.157F + 0.0187(R2 = 0.9923) 3)

Where AMDD = Percentage change in MDD over that for zero plastic fines
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Figure 2. (a) Variation in MDD with fines content ~ Figure 2. (b) Variation in Percentage change in MDD
with fines content

3.2 California Bearing Ratio (CBR)
The CBR tests were conducted on specimens of each soil mixture, compacted at their respective optimum moisture
contents, using the AASHTO Heavy Compaction procedure, with a 4.5 kg surcharge applied. The results are
summarized in Table 3.

Table 3. Summary of CBR Test Results

SL. Sand (%) Clay (%) Un-Soaked CBR Soaked CBR (4 days)

NO. CBR Values (%) % of Reduction CBR Values (%) % of Reduction
1 100 0 19.40 - 16.80 -

2 95 5 20.50 +5.6 15.10 -10.0

3 90 10 18.20 -6.4 13.60 -19.0

4 85 15 15.10 -223 11.30 -32.9

5 80 20 13.40 -31.1 10.10 -39.8
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Figure 3. (a) Variation of CBR values with fines  Figure 3. (b) Variation of percentage change in CBR
content values with fines content

3.2.1 Un-Soaked CBR

The variation in un-soaked CBR values with an increase in plastic fines content is presented in Figure 3(a). The
un-soaked CBR values of the sand-fine mixtures exhibited an initial increase followed by a decrease as the fine
particle content increased. Initially, the addition of fines helps improve the gradation of the sand, which was poorly
graded in its pure state. This improvement in gradation contributes to a higher un-soaked CBR value. Specifically,
pure sand had an un-soaked CBR of 19.40% (control). With the addition of 5% fines, the un-soaked CBR increased
to 20.50%, representing a 5.6% increase. However, as the fine content further increased, the un-soaked CBR values
began to decrease. The CBR dropped to 18.20 % (—6.40 %) at 10 % fines, 15.10 % (-22.30 %) at 15 % fines, and
13.40 % (-31.10 %) at 20 % fines. This reduction at higher fine contents is attributed to the sand particles becoming
embedded in a clay matrix, shifting the load-bearing mechanism from sand-to-sand contact to fines-to-fines
contact, which is less effective. The percentage change in Un-soaked CBR value with increase in fines content is
presented in Figure 3(b). The results indicate that there is an optimal fines proportion at which the un-soaked CBR
reaches its peak; any further increase in fines content beyond this point causes the CBR to decline. The regression
equation capturing this parabola-shaped trend is provided in equation (4), confirming a second-order relationship
between fines content and un-soaked CBR (R2=0.67).

AU-CBR = -0.0934F?+ 0.0666F+ 2.5086, (R*=0.67) 4)
Where AU-CBR = Percentage change in Un-soaked CBR value over that for zero fines.

3.2.2 Soaked CBR

In the soaked condition, the soaked CBR values consistently and significantly decreased with increasing fine
particle content. Pure sand exhibited a relatively high soaked CBR value of 16.80 %. However, this value declined
progressively with increasing fines content: from 16.80 % for pure sand to 15.10 % at 5 % fines (—10%), 13.6 % at
10 % fines (—19.0 %), 11.30 % at 15 % fines (-32.9 %), and 10.120 % at 20 % fines (-39.8 %) (see Table 3). This
definite reduction is primarily due to the plasticity of the fine particles, which become more pronounced under
saturated conditions, negatively impacting the load-bearing capacity of the soil mixture. For the clay used in the
present study, there was an overall decrease of 39.8% in the CBR value after soaking for four days. The regression
equation that describes the variation in soaked CBR value is given in equation (5) below.

AS-CBR = 0.0037F?- 2.1243F + 0.3457, (R* = 0.9923) 5)
Where AS-CBR = Percentage change in 4-day soaked CBR value over that for zero fines.

4 Conclusion
The following conclusions can be drawn from these experimental results:
e Beyond their inherent properties, the quantity of plastic fines has a clear impact on both compaction
behavior and CBR characteristics of sand—fines mixtures.
e Both Maximum Dry Density (MDD) and Optimum Moisture Content (OMC) increase steadily as fines
content rises to 20%.
e Un soaked CBR values peak at 5 % fines, then decline progressively as fines content increases beyond
this point.
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e Plastic fines exert the greatest influence under saturated conditions. As fines content grows, the Plasticity
Index increases and soaked CBR values fall continuously, reaching a maximum reduction of 39.8 % at
20 % fines.

e Increasing fines content shifts load transfer from sand grain contacts toward fines-to-fines contacts,
fundamentally weakening the mixture’s overall bearing capacity.

In summary, although adding fine particles improves compaction, excessive fines, especially under soaked
conditions, detrimentally reduce CBR. These findings underscore the need to carefully control fines content in the
design of highway embankments, pavement layers, and retaining structures to ensure long-term performance.

References

Al-Obaydi, M. A., Abdulnafaa, M. D., Atasoy, O. A., and Cabalar, A. F. (2022). Improvement in Field CBR Values
of Subgrade Soil Using Construction-Demolition Materials. Transportation Infrastructure Geotechnology,
9(2), 185-205. https://doi.org/10.1007/s40515-021-00170-x

American Society for Testing and Materials. (2017). ASTM D1883: Standard test method for CBR (California
Bearing Ratio) of laboratory-compacted soils. ASTM International.

American Association of State Highway and Transportation Officials. (2017). AASHTO T180: Standard Method
of Test for Moisture-Density Relations of Soils Using a 4.54-kg (10-1b) Rammer and a 457-mm (18-in.) Drop

Bowles Joseph E. (1996). FoundationAnalysisAndDesign. In Foundation Analysis and Desing: Vol. 5 Th'.
http://ejournal.unsrat.ac.id/index.php/jss/article/view/3920

Chang, L., Wang, Y., and Wang, H. (2023). Influence of sand content on mechanical properties of sand-silt
mixtures from check dam deposits in the Loess Hilly of Ningxia, China. PLoS ONE, 18(11 NOVEMBER),
1-30. https://doi.org/10.1371/journal.pone.0287552

Das, B. M. (2021). Principles of geotechnical engineering (Tenth edition / Braja M. Das.). Cengage Learning.

Sreedhar, M. V. S, and Fatima, Z. (2017). Influence of Plastic Fines on Compaction and CBR Characteristics of
Soil Mixtures. [International Journal of Engineering Research And, V6(07), 233-239.
https://doi.org/10.17577/ijertv6is070131

Ekeocha, N. E., and Egesi, N. (2014). Evaluation of Subgrade Soils using California Bearing Ratio (Cbr) in Parts
of Rivers. Journal of Applied Sciences and Environmental Management, 18(2), 185.
https://doi.org/10.4314/jasem.v18i2.5

Kesharwani, R. S., Sahu, A. K., and Khan, N. U. (2016). CBR value of sandy subgrade blended with coarse
aggregate. International Journal of GEOMATE, 10(2), 1743—1750. https://doi.org/10.21660/2016.20.48585

Khan, A. J., Siddique, A., Islam, M. S., Sathi, S. N., Nasrin, S., and Hossain, A. (2014). Efficacy of jute geotextiles
as sub-grade reinforcement for rural road construction in Bangladesh.
https://www.researchgate.net/publication/285397032

Kim, D., Nam, B. H., and Youn, H. (2018). Effect of clay content on the shear strength of clay—sand mixture.
International Journal of Geo-Engineering, 9(1). https://doi.org/10.1186/s40703-018-0087-x

Kolay, P. K., and Wadiah, N. (2005). Effect of Fine Content on Shear Strength Characteristics of Sandy Soil.
National Civil Engineering Conference, February 2017, 718-725.

Liu, C., and Evett, J. B. (2009). Soil properties : testing, measurement, and evaluation.

Phan, V. T. A, Hsiao, D. H., and Nguyen, P. T. L. (2016). Effects of fines contents on engineering properties of
sand-fines mixtures. Procedia Engineering, 142, 213-220. https://doi.org/10.1016/j.proeng.2016.02.034

Shaker, A. A., Elkady, T. Y., and Dhowian, A. (2014). Swell and Compressibility of Sand-Expansive Clay
Mixtures. 15-24. https://doi.org/10.1061/9780784413388.002

USACE. (1984). Flexible Pavements for Roads, Streets, Walks and Open Storage Areas-Mobilization
Construction. 45. https://www.usace.army.mil/

842



