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Abstract

The direct shear test is widely used to determine shear strength parameters (c, ¢°) of soil. However, its validity has been
questioned due to several issues, such as uneven stress distribution, the creation of a predetermined failure plane, lateral
constraints, difficulties in controlling drainage conditions, and limitations in measuring pore water pressure, which is
essential for understanding soil behaviour under different conditions over time. This study addresses these concerns by
comparing the shear strength parameters obtained from a direct shear test (DST) and a direct, simple shear test (DSST).
To further explore these issues, a fully automated universal shear device was used to perform shear tests on clay, sand, and
composite soil (clay + sand), covering both consolidated and shear phases of DST and DSST. Specimens were fabricated
at their optimal moisture content, and the composite soil was developed by mixing clay with sand in proportions of 10%,
25%, 50%, and 75% of the mass of sand. This research aims to clarify the relationship between these two testing
methodologies through comprehensive testing and to enhance the knowledge of the principal mechanism of the 2 tests.
The findings revealed that the DST yielded higher shear strength values than the DSST results. It was also observed that
the friction angle of sand specimens generally decreased with the addition of clay for both tests. Additionally, the c, the
kaolinite soil in DST and DSST, decreased in the sand as the clay contents increased.
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1. Introduction

In the design of geotechnical infrastructures, shear strength remains the most essential input parameter, yet its
assessment poses significant challenges [1]. Also, shear strength parameters, namely cohesion (c¢) and angle of internal
friction, (¢°) are fundamental to geotechnical design, influencing slope stability, bearing capacity, and earth pressure
calculations [2]. Laboratory testing remains the cornerstone for evaluating these parameters, with the Direct Shear Test
(DST) and Direct Simple Shear Test (DSST) being among the most widely employed methods [3, 4]. While both tests
aim to simulate shear behaviour under controlled conditions, their mechanics, boundary constraints, and stress paths
differ significantly, leading to variations in measured parameters and interpretive reliability [5, 6].

The Direct Shear Test (DST), standardised under ASTM D3080, involves shearing a soil specimen along a
predefined horizontal plane. Its simplicity, cost-effectiveness, and rapid data acquisition have made it a staple in
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geotechnical laboratories. However, DST suffers from stress non-uniformity and constrained deformation, which may
not reflect in-situ soil behaviour accurately [7-10]. Conversely, the Direct Simple Shear Test (DSST), developed by the
Swedish Geotechnical Institute in 1936, applies uniform shear stress across the specimen without enforcing a failure
plane. This allows for progressive deformation and lateral displacement, better simulating field conditions around pile
shafts or embankments. DSST is particularly valuable for evaluating cyclic loading and strain-softening behaviour,
though it is more complex and less commonly used due to equipment limitations [11, 12].

Recent comparative studies have highlighted systematic differences between DST and DSST results. Zhang et al.
[13] found that DST consistently yields higher shear strength values than DSST under identical soil conditions,
attributing this to DST's rigid boundary constraints and forced failure plane. Similarly, Aneke et al. [14] emphasised that
DSST captures a more distributed failure mechanism, making it more representative of field behaviour. Zhang et al. [15]
extended this comparison to soil-geosynthetic interfaces, concluding that while DST provides conservative estimates,
DSST offers nuanced insights into interface behaviour under realistic loading paths. Moreover, moisture content and
fines significantly influence the disparity between the two tests. For instance, increasing water content reduces (¢°) in
both tests, but affects cohesion differently DSST shows an increase in cohesion with added water in clayey soils, whereas
DST shows a decrease. Researchers have systematically contrasted DST and DSST results to quantify discrepancies in
shear strength parameters. Trends indicate that DST often yields higher peak ¢ and ¢ values than DSST under identical
soil and loading conditions. Rigid boundary constraints and the imposed failure plane in DST accelerate mobilisation of
shear resistance. DSST's distributed deformation and volumetric changes produce lower, albeit more field-
representative, shear parameters. These differences underscore the importance of matching test protocols to specific
design scenarios [16- 19],

Gundersen et al. [20] suggested that soil type, gradation, mineralogy, and fabric firmly control shear responses. Clean
sands exhibit pronounced dilatancy under simple shear, whereas fine-grained clays develop significant excess pore
pressure during undrained loading. The presence of fines or organic content alters interparticle contact mechanics,
leading to divergent DST and DSST outcomes. Stress history and anisotropy further modulate test results, but these
factors are rarely incorporated into standard protocols. A comprehensive evaluation must account for the full spectrum
of soil characteristics. Besides soil type, gradation, mineralogy, and fabric exert, Hassona et al. [21] supported that post-
peak softening and residual shear strength govern large-deformation stability in slopes and embankments. DSST's ability
to sustain large shear displacements makes it better suited for residual strength evaluation. With its fixed failure plane,
DST often underestimates volumetric collapse and residual friction angles. However, residual behaviour has been
studied for only a narrow range of soils, leaving a knowledge gap in applying post-peak parameters to diverse
geotechnical scenarios.

Despite extensive research, several critical gaps undermine the robust application of DS and DSS test results such
gaps are as follows: a) lack of standardised sample preparation protocols ensuring equivalent density and fabric for both
tests, b) insufficient studies combining in situ stress path replication with DSS testing to benchmark against DS
outcomes, ¢) limited integration of microstructural observations to explain macroscopic strength differences, d) absence
of a unified constitutive model calibrated by parallel DS and DSS data sets, and €) sparse data on anisotropic and layered
soils under cyclic and multi-directional loading conditions. Among all these identified gaps, this study attempts to bridge
the gap mentioned in "a". Addressing these gaps will be essential to enhance the predictive capability and transferability
of laboratory-derived shear strength parameters to field conditions.

In conclusion, the direct shear and direct simple shear tests remain cornerstone methods for assessing soil shear
strength, offering unique insights into soil behaviour under shear. However, disparities arising from boundary
conditions, sample preparation, and stress path differences limit their direct comparability and field applicability. By
standardising specimen preparation, synchronising stress paths, integrating microstructural analyses, and developing a
unified constitutive model, the proposed approach aims to bridge the current gap. This comprehensive framework will
enhance confidence in laboratory-derived shear strength parameters and improve the fidelity of geotechnical design.

2. Theoretical Approach

The theoretical foundation of this study is based on the principles of classical soil mechanics, particularly the
behaviour of soils under shear stress. Soil shear strength is a critical parameter in geotechnical engineering, influencing
the stability of slopes, foundations, earth-retaining structures, etc. The shear strength of soil is governed by two primary
components: cohesion (c) and angle of internal friction, (¢°) as described by the Mohr-Coulomb failure criterion. This
study employs two laboratory methods, the Direct Shear Test (DST) and the Direct Simple Shear Test (DSS), to evaluate
these parameters.

The DST assumes failure along a predefined horizontal plane and is widely used due to its simplicity and
applicability to granular soils. However, it may not accurately represent stress conditions in cohesive soils. The DSST,
on the other hand, allows for uniform shear deformation under constant vertical stress, providing a more realistic
simulation of field conditions, especially for saturated clays. The theoretical comparison between these methods is
grounded in their ability to replicate in-situ stress paths and failure mechanisms.
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By analysing the stress-strain behaviour and failure envelopes obtained from both tests, the study aims to validate
each method's reliability and applicability theoretically. The approach also considers the limitations of each test in terms
of boundary conditions, drainage control, and sample disturbance. Ultimately, the theoretical framework supports
interpreting experimental results and guides recommendations for selecting appropriate testing methods based on soil
type and engineering context.

3. Materials and Methodological Program
3.1. Klipheuwel Sand (KS)

The KS, characterised by its reddish-brown hue, has a natural moisture content of 2.63%. As per the Unified Soil
Classification System, it is sourced from Cape Town, South Africa, and is classified as well-graded sand with minimal
fines and angular particles. Its local availability and substantial abundance influenced the choice of this sand in the Cape
Town area. Its cleanliness and easy handling contributed to the test results' consistency.

3.2. Kaolin

Kaolin serves as a representative example of soft soil. Consequently, it was chosen for this study to evaluate the
outcomes under conditions analogous to those of Klipheuwel sand. Furthermore, its consistent and easily manageable
properties facilitated the reproducibility of the results. The kaolinite clay utilised in this research is sourced and provided
locally in Cape Town.

3.3. Composite Material

The sieve analysis of the geomaterial is shown in Figure 1, and the test was performed according to ASTM D1140
[22] protocol. The sieve analysis for Kaolinite clay indicated that the sampled soil comprised 70% clay, 25% silt, and
5% sand fractions, totalling 100% of the fine fraction. The kaolinite soil used in this study is classified as a low plasticity
soil (CL) with an average particle diameter (D50) of less than 0.075 mm, following Unified Soil Classification System
(USCS) testing procedures. The composite soil was prepared using various proportions of 10%, 25%, 50%, and 75% of
the mass of sand. However, a 50% sand and 50% clay ratio was utilised for the sieve analysis to maintain equal
percentages of Klipheuwel sand and kaolinite clay in the composite soil material.

105 -

Percent passing by Weight (%)

Klipheuwel Sand
Kaolinte Soil

Composite Soil

1 10 100
Sieve size (mm)

Figure 1. Soil gradation curve

Furthermore, Kaolinite clay's sieve analysis results showed that the sampled soil recorded 70%, 25%, and 5% of
clay, silt, and sand fractions, respectively, to a total fine fraction of 100%. The kaolinite soil used herein is categorised
as soil with low plasticity (CL), with an average particle diameter at Dso of less than 0.075 mm based on the Unified
Soil Classification System (USCS). The composite soil was developed using 10%, 25%, 50%, and 75% sand. However,
the 50% sand and 50% clay ratio was tested for the sieve analysis to maintain equal percentages of fKlipheuwel sand
and kaolinite clay in the composite soil material.
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The preliminary findings on the examined geomaterials are summarised in Table 1. However, the test result revealed
that Kaolinite clay has a liquid limit of 36%, a plastic limit of 21.4%, and a plasticity index of 14.6%. As per the chart
provided by Mitchell & Soga [23], soils with a liquid limit between 30% and 40%, a plastic limit ranging from 20% to
25%, and a plasticity index of 10% to 15% are classified as low plasticity soils.

Table 1. Mechanical properties of the geomaterial used herein

Soil Properties Kaolin  Kliphuewel  Composite
Gs (Specific Gravity) 2.6 2.65 2.7
OMC (%) Optimum Moisture Content 23 10.7 15.21
MDD (kg/m?3) Maximum Dry Density 18.65 15.23 17.56
Particle Size (mm) 0.065 0.045 3.35
Cu (Uniformity Coefficient) 1.75 6 3
Cc (Coefficient of Curvature) >> 25 2.3
LL (%) Liquid Limit 36 11 24
PL (%) Plastic Limit 21.4 >> 11.12
P1 (%) Plasticity Index 14.6 >> 12.9

3.4. Sample Preparation Procedures

Figure 2 is a flowchart, and it illustrates the methodological workflow for assessing soil shear strength parameters
using two laboratory techniques: Direct Shear Test (DST) and Direct Simple Shear Test (DSS). It begins with Sample
Collection, where soil specimens are obtained from field sites, ensuring they represent the in-situ conditions. The next
step is Sample Preparation, which involves trimming, conditioning, and placing the samples into appropriate testing
moulds while maintaining controlled moisture and density. The Testing Phase is divided into two branches: DST and
DSS, each designed to simulate different shear conditions. In the Direct Shear Test (DST), a horizontal shear force is
applied along a predefined plane under constant normal stress to measure shear resistance. The Direct Simple Shear Test
(DSS) applies shear deformation while maintaining vertical stress, allowing for more uniform stress distribution and
better simulation of field conditions. Both tests generate data on shear stress and strain, critical for evaluating soil
behaviour under load. The Data Analysis involves calculating key shear strength parameters such as cohesion (c) and
internal friction angle, (¢°) from the test results. These parameters are then compared between DST and DSS to
understand the influence of testing methods on soil strength characterisation. Finally, the Interpretation phase synthesises
the findings to inform geotechnical design decisions, highlighting the suitability of each test for different soil types and
engineering applications. Its worthy to note that each test condition was performed on a minimum of three identical
specimens, and the results reported in the manuscript represent the arithmetic mean of these replicates.

Sample Collection

Sample Preparation

Testing Phase

Direct Shear Test
(DST)

Direst Simple
Shear Test (DSST)

Data Analysis

Interpretation

Figure 2. Flowchart Methodological Process
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All soil types i.e., pure kaolinite, Klipheuwel sand, and a 50:50 (w/w) composite blend were first oven-dried at 105
°C for 24 h and lightly macerated with a porcelain mortar. Standard Proctor trials (ASTM D698) were performed to
determine the quantities of the molding misture contents. The results of the compaction tests yielded maximum dry
densities and optimum moisture contents of 1.48 g/cm3 at 24.5 % moisture for kaolinite, 1.68 g/cm?3 at 9.2 % moisture
for Klipheuwel sand, and 1.58 g/cm3 at 17.8 % moisture for the composite respectively. To prepare specimens, each
dried soil was weighed to achieve 95 % of its maximum dry density in a 100 mmx116 mm mold (x 0.1 g) and wetted
incrementally with deionized water to reach 95 % of its OMC and the following targeted moisture contents were
achieved 23.3 % for kaolinite, 8.7 % for sand, 16.9 % for composite). The moistened mixtures were then placed in sealed
plastic bags for six hours, with gentle kneading every hour to ensure uniform moisture distribution before compaction.
After compaction, the fabricated specimens produced and specimens passed the targeted moisture contents and dry
densities. The failed specimens were discarded and were replaced with another fabricated that satisfied the targed
moisture contents and dry densities values.

4. Methodological Programs
4.1. DST and DSST

The DST and DSST were performed in this study following ASTM D3080 [24] and ASTM D6528 [25], respectively.
The test started by first fabricating the specimens. The obtained soil samples were mixed at varying moisture contents
until a homogenous blend was achieved. The prepared soil samples were trimmed to fit into the shear box cell.
Subsequently, the shear box setup apparatus was set up by placing the soil sample in the shear box and ensuring it was
evenly distributed. The shear box is typically divided into two halves, with a single shear plane. After the setup, a
standard load was placed on the soil sample as the shear box apparatus was automated, and the loads were gradually
applied to allow for consolidation. The applied shear load to the sample was allowed to shear at a controlled strain rate
of Imm/min, which enables it to be slow enough to ensure drained conditions. The load is applied until the specimen
fails or reaches the desired displacement at a confined pressure of 50 kPa, 100 kPa and 200 kPa as captured by the
software controlling the testing programming. Upon the completion of the test, the shear stress and displacement during
the test were captured and stored in the data logger. Generally, the specimens were compacted in three different layers,
with all the samples tested at almost the same density and the tests undertaken. The procedures for conducting DST and
DSST tests exhibit notable similarities. The direct shear test employs a circular shear box, while the direct, simple shear
test utilises a circular ring. The circular shear box and the circular ring have a diameter of 64 mm and a height of 31
mm. Both tests used a sample with an identical predetermined mass of 400 g to ensure consistency and minimise
potential discrepancies in the results. Furthermore, the soil samples in both tests were subjected to a uniform
displacement rate of 1 mm/min during shearing. Figures 3-a to 3-c illustrate a specimen prepared for testing alongside
a specimen post-test (DSST). Figures 3-a to 3-d depict the setup and specimen samples from the direct shear test after
completion.

© O

Figure 3. (a) Specimen ready for testing and; (b) Specimen after test (sand-clay composite); (c) Direct shear test setup and;
(d) Sample after test (composite)
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4.2. Universal Shear Device

The universal shear apparatus employed in this investigation was used to conduct shear tests with complete
automation, encompassing both consolidation and shear phases. It utilises the ShearTrac-11 configuration for DST and
the ShearTrac-11-DSS for DSST, as illustrated in Figure 4. In contrast, the DST and DSST tests were performed on
Klipheuwel and Kaolin soils. Samples consisting of sand and clay were evaluated at varying water contents.
Additionally, a composite sample of sand and clay was tested with different proportions of clay. The moisture content
(MC) levels examined were 5%, 10%, 15%, 20%, and 25%, while the clay content in the composite was varied at 10%,
25%, 50%, and 75%. Klipheuwel sand was dried at 106°C for 24 h to mitigate any influences from moisture variations.
Conversely, Kaolin was not dried due to its inherently low moisture content.

DS —— DSS

Figure 3. (a) ShearTrac-11 (DS) and (b) ShearTrac-11-DSS

5. Results Analysis
5.1. Variation of Sand with the Stiffness Curve

Figure 5 depicts the relationship between shear stress and strain derived from direct and simple shear tests. The
results revealed that the application of confining stress significantly impacts the results of both testing methods, with
shear stress consistently increasing as confining stress rises. This behaviour can be attributed to enhanced interparticle
friction and the densification of soil particles. Consequently, higher confining stress alters the stress path, leading to an
increase in shear stress. Additionally, the maximum shear stress, T recorded in the direct shear tests reached 193 kPa
at a shear strain of 1.73%, whereas the peak shear stress from the direct, simple shear test was 119 kPa at a shear strain
of 11.02%. This discrepancy is expected, as the failure plane in the direct shear box is located at the centre of the
specimen rather than at its weakest point.

240 -
240 -
200 -
200 -
160 160 A
_ 200 (kPa) =
[¢]
£ 120 - % 120
= 200 (kPa)
4 80 i
80 100 (kPa) 100 (kPa)
0 50 (kPa) 10 - 50 (kPa)
0 L T T T T T T 1 O T T T T T 1
0 1 2 3 4 5 6 7 0 10 20 30 40 50
5 (%) &5 (%)

Figure 4. Variation of kaolinite clay with stiffness curve
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In contrast, the DSST produces a more uniform stress distribution within the sample, yielding more accurate results.
The peak shear stresses observed for all soil samples in the DST were consistently higher than those obtained from the
DSST. Additionally, the sandy soil exhibited a brittle response in both the direct shear test and the direct simple shear
test results. A similar observation was made by Ikechukwu et al. [26] and Hidayat et al. [27], indicating that the variation
in (z,,) it governs the response of practical stress principles and the path followed. Thus, the loading stress path plays a
crucial role in determining the shear behaviour of the soil.

5.2. Variation of Kaolinite Clay with Stiffness Curve

The stress-strain curves for kaolinite clay obtained from both Direct Shear Tests (DST) and Direct Simple Shear
Tests (DSST) are demonstrated in Figure 6. The tests were conducted at varying confining pressures of 50 kPa, 100 kPa,
and 200 kPa. Like the findings in section 4.1, the DST protocol recorded a peak shear stress of 109 kPa at a confining
pressure of 200 kPa. In contrast, the DSST protocol recorded a lower peak shear stress of 69.46 kPa at the same confining
pressure. This trend is primarily linked to stress distribution. It is important to note that in the direct shear test, the
shearing force is applied along a predefined horizontal plane, which might not necessarily be the weakest plane of the
soil sample, potentially resulting in higher shear stress as the soil resists deformation along this plane [28].

DST DSST
125 - 125 -
200 (kPa)
/
100 - 100 A
75 A __ 15 A 200-(kPa)
= 100 (kPa) S
[ ()
50 A N 50 -
50 (kPa) 100 (kPa)
/’ —
25 - — 25 50 (kPa)
O T 1 0 T T 1
0 2 4 6 8 0 20 40 60
5 (%) § (%)

Figure 5. Kaolinite clay stress-strain curves for DST and DSST test results

Additionally, the shearing mechanism plays a significant role. Direct shear testing induces shearing along a single
plane, leading to stress concentrations and possible non-uniform deformation. In contrast, the DSST allows the entire
specimen to deform without forming a single shearing surface, resulting in a more uniform stress distribution and lower
shear stress value. The kaolinite clay exhibited ductile behaviour compared to the tested sand, which was anticipated.
However, the shear strain for DST curves ranges from 2% to 6%, while the DSST shear strain ranges from 10% to 40%.
These observations are consistent with the stress-strain relationships noted in the study. As previously reported, DST
and DSST [29, 30]. Stated that lower shear strength is often recorded in DST at 55 mm horizontal displacement or higher
than DSST at the same horizontal displacement

5.3. Variation of Composite Soil with Stress-Strain Curve

The relationship between shear stresses and composite soil is illustrated in Figures 7-a to 7-d. It was observed that
the stress-strain curves exhibited a decline with increasing clay content. Furthermore, adding kaolinite clay resulted in
a ductile response within the stress-strain curves. Notably, the data indicated that an increase in the proportion of kaolin
clay mixed with Klipheuwel sand led to a reduction in peak shear strength across both testing scenarios. Consistent with
expectations, the peak shear stress value recorded in the DST was greater than that of the DSST. The progressive increase
in kaolin clay content in Klipheuwel sand correspondingly diminished the maximum shear stress and overall strength.
The lowest maximum shear stress was recorded at a clay concentration of 75% for both tests. These findings align with
previous research conducted by Wang et al. [31] and Zhao et al. [32], which posited that varying clay contents in sand
mixtures induce a significantly overconsolidated behaviour characterised by a nonlinear Mohr-Coulomb failure
envelope. Additionally, the silt within the sand matrix markedly affected the anisotropic behaviour of transition silt-clay
soils' stress-strain and strength properties.
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Figure 7 (a-d). 10%, 25%, 50% and 75% kaolinite clay stress-strain curves for DST and DSST test results

It is common knowledge that shear stress is the force per unit area exerted by a material when subjected to a shear
force. However, understanding the shear stress properties of the composite soil investigated herein is essential for various
engineering applications, such as foundation design, slope stability, and earth-retaining structures. The composite soil
investigated in this study was developed by blending Klipheuwel sand and kaolinite clay at varying proportions.

The combination of these 2 soils caused the composite soil to have a distinct characteristic: sand is coarse, with
larger particles and higher permeability, while clay is fine-grained, with smaller particles and lower permeability.
Therefore, the developed composite soil exhibits unique shear stress behaviours influenced by the proportion of each
component in the mixture. Thus, peak shear stress values from all the Kaolin clay concentrations added to Klipheuwel
sand obtained from DST and SST are given in Table 2.

Table 2. Peak t for Klipheuwel sand with varying percentages of Kaolin clay

Clay 50 KN/M? 100 kn/M? 200 kN//m?
content  psT  DSST  DST DSST DST  DSST
10% 327 3158 793 4256 117 8457
25% 249 2353 538 4182 108  66.78
50% 261 2365 467 3713 996 6191
75% 406 2297 471 3676 82 5754

5.4. Variation of Sand with Shear Strength Parameters

Figure 8 illustrates the Coulomb failure envelopes for Klipheuwel sand, which were obtained from both DST and
DSST. The analysis focused on the correlation between maximum shear stress and the applied normal pressure, as
represented by the Coulomb failure envelope. The failure curve was constructed using data from all specimens subjected
to testing. For each test, the maximum shear stress values were plotted against normal stress for every given confined
pressure of 50 kPa, 100 kPa, and 200 kPa. A line of best fit was added to the graph based on the line equation to ascertain
the shear strength parameters, namely the internal friction angle and cohesion. The internal friction angle was derived
from the arctangent of the slope of the best-fit line, while the Y-intercept indicated the apparent cohesion value.

It is important to note that soil density significantly affects shear strength. Shear strength parameters are primarily
influenced by soil particles' internal friction and cohesion, which depend on density. Therefore, the densities of the sand
specimens tested under DST and DSST were kept consistent. The internal friction angle for the fabricated sand specimen
in the direct shear test was 44.20°, with a cohesion value of 0 kPa. The internal friction angle obtained from the DSST
for the same specimen was 27.02°, with a cohesion value of 17.64 kPa. The densities of the sand specimens tested were
slightly different, with the direct shear test specimens having a density of 1.66 Mg/m3, while those tested using the
direct, simple shear test had a density of 1.65 Mg/m3. These findings are consistent with previous research conducted
by Baig et al. [33], Natarajan and Siva Sankara Reddy [34], and Narayan et al. [35], which suggests that although density
does influence shear strength parameters, the degree of saturation has a more significant impact. Furthermore, their
studies highlight that soil shear strength is not a constant property but can vary considerably under different conditions,
depending on factors such as density and moisture content.
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Figure 6. Failure envelopes for Klipheuwel sand

5.5. Variation of Kaolinite Clay with Shear Strength Parameters

The relationship between the shear strength parameters of the kaolinite clay, precisely the angle of internal friction
and shear strength, is depicted in Figure 9. This graph illustrates the Kaolin clay failure envelopes derived from direct
shear and direct, simple shear tests. The kaolinite clay, classified as a cohesive soil, exhibited an internal friction angle
of 25.81° during the direct shear test. Consequently, the cohesion value decreased to 16.50 when subjected to direct,
simple shear test (DSST) procedures. This represents a percentage reduction of 36.1% when comparing the results from
the DST and DSST. Additionally, cohesion values of 35.6 kPa and 26.7 kPa were recorded for the DST and DSST
formats, respectively, indicating a reduction of 25% in cohesion values between the two testing methods. The density
of the specimens used in the direct shear test was measured at 1.62 Mg/m?, while the density of the specimens tested
under the DSST was slightly higher at 1.63 Mg/m3 DSST.

120
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80

60 A

Tm (kPa)

40 1

20 { 1 1

50 75 100 125 150 175 200 225 250
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Figure 7. Strength envelopes for Kaolin clay Strength envelopes for Kaolin clay

The direct shear test (DST) imposes horizontal displacement across a preset shear plane, allowing measurement of
peak frictional resistance and cohesive strength. By plotting shear stress against normal stress at failure, the friction
angle (¢°) and cohesion (c) are derived from the envelope slope and intercept, respectively. For the kaolinite samples,
the 25.81° friction angle highlights moderate interparticle resistance characteristic of fine-grained clays.
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Under the direct simple shear test (DSST), specimens experience uniform shear deformation while maintaining
constant vertical stress. This method often better simulates in-situ shear conditions. The DSST results showed cohesion
reduced to 26.7 kPa from 35.6 kPa in the DST, a decrease of 25%. The disparity underscores how shear mode and strain
distribution influence bonding and frictional engagement between clay particles. When comparing the two methods
directly, cohesion under DSST was 36.1% lower than under DST. This steeper drop reflects that continuous shear in
DSST disrupts interparticle contacts more effectively than the stepwise slicing in DST. Engineers must account for this
difference when interpreting laboratory data for field applications, especially where progressive strain is expected.
Density variations between tests were marginal: 1.62 Mg/m? in DST versus 1.63 Mg/m3 in DSST. The slight increase
under DSST may arise from minor volume changes during consolidation or from equipment calibration tolerances.
Although small, such density shifts can impact measured strength parameters, so consistent sample preparation and
compaction protocols are essential for reliable comparisons

5.6. Variation of Composite Soil with Shear Strength Parameters

The variation in shear strength parameters of composite soil is illustrated in Figures 10-a and 10-b, which depict the
failure envelopes. The addition of clay to the sand mixture profoundly affects shear strength parameters, as evidenced
by Skuodis & Norkus [36] and Onyelowe et al. [37] findings. This influence is attributed to the high specific surface
area and electronegativity of clay particles, which play a crucial role in the physicochemical interactions governing the
behaviour of clay minerals. An increase in the clay content within the soil leads to heightened plasticity, swelling and
shrinkage, compressibility, and cohesiveness while concurrently resulting in a marked reduction in the internal friction
angle. Specifically, the internal friction angle decreased from 44.20° to 15.80° with the addition of 75% kaolinite clay
in the direct shear test and from 27.02° to 12.80° in the direct, simple shear test under the same conditions. Both tests
indicate a decline in cohesion and internal friction angle as the kaolinite content increases, with the percentage
differences in these parameters summarised in Table 3.

Table 3. c and ¢° values obtained from both DST and DSST

Klipheuwel sand % %
with Kaolin clay DST DSST Difference  Average
% c [0} c [0} o ¢
Clay (kPa) © (kPa) ©)
10 13.9 28.2 10.8 19.9 29.2
25 16.2 28.0 111 15.8 45.4
341
50 18.5 26.4 11.3 14.3 45.9
75 23.2 15.2 12.6 12.8 15.7
10% 25%
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Figure 10 (a) Strength envelopes for composite soil 10% and 25% clay blends a,,; (b) Strength envelopes for composite soil
with 50% and 75% clay blends

The findings of this research are consistent with the studies conducted by Vithana et al. [38], Kong et al. [39], and
Aneke & Onyelowe [40], which established that cohesion rises with an increase in clay content within sand mixtures.
Conversely, the internal friction angle diminishes as clay content increases. The progressive incorporation of clay into
Klipheuwel sand enhanced cohesion while lowering the internal friction angle, as evidenced by the DST and DSST
testing methodologies.

5.7. Correlation Factor

The DST and DSST relationship is complex and influenced by the specific conditions under each test. Despite these
complexities, general correlations can be established based on the shear strength parameters derived from both testing
methods. Figures 11-a and 11-b present the internal friction angle results for various specimens, including Klipheuwel
sand, kaolinite clay, and composite soil. The results indicate that the Direct Simple Shear Test (DST) consistently
generates a higher internal friction angle than the Direct Simple Shear Test (DSST). This pattern is evident across all
soil samples analysed. The variation is especially significant in kaolinite clay, demonstrating an average percentage
difference of 9.04% in the internal friction angle relative to Klipheuwel sand. Table 4 presents a detailed summary of
the friction angle values for all specimens tested.
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Figure 11. (a) Shear strength parameters relationship between DST and DSST sand and Kaolinite soil; (b) Shear strength
parameters relationship between DST and DSST for composite soil

Table 4. Difference in percentages of ¢° for all the soil samples

BN

%

Soil sample DST DSST Difference  Average

Klipheuwel 44.2 27.0 38.9
Kaolin 258 165 35.9 389
Composite Soil  28.2 14.3 49.1

The results from the composite soil are particularly noteworthy, indicating that a minor addition of clay does not
significantly impact the ¢°. The increase in the internal friction angle is observed only at a 75% clay content. Moreover,
a mixture of clay and sand shows a substantial decrease in the internal friction angle as the clay content increases,
corroborating findings by Dafalla [41].

5.8. Test Mechanics and Results Justifications

This study assessed the shear strength parameters using the DST and the DSST. Each of these methods utilises
distinct approaches and serves various purposes. The DST is preferred for its simplicity but has limitations related to
stress inhomogeneity. To address these limitations, DSST was developed. In the direct shear test, the shearing action is
applied at a predetermined specimen centre, which might not correspond to the weakest plane within the soil sample.

The Direct Shear Test (DST) and the Direct Simple Shear Test (DSST) are extensively utilised in geotechnical
engineering to determine soil shear strength. Despite serving similar purposes, these tests differ significantly in
mechanics, conditions, and outcomes. In the DST, the soil sample is placed within a shear box split into two parts. A
vertical standard load is applied, followed by a horizontal force that induces shear along the interface of the box halves.
This test captures the shear stress at the failure point and the corresponding normal stress. On the other hand, the DSST
involves lateral confinement of the sample, often achieved using a series of rings or a wire-reinforced membrane. Shear
force is applied uniformly across the sample, simulating a plane strain scenario. This method ensures that the vertical
stress varies, but the volume of the sample remains constant, simulating undrained conditions.

This distinction explains the variation in results between DST and DSST testing conditions. Using the Mohr-
Coulomb failure criterion, the DST determines shear strength parameters (c, ¢°). However, the results are affected by
the predefined shear plane, which may not correspond to the soil's weakest plane. Additionally, the DST assumes
constant vertical stress during shearing, allowing sample height and volume changes. In contrast, the DSST evaluates
shear strength under constant volume (undrained) conditions, better simulating real-world conditions for saturated soils.
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Furthermore, the DSST does not restrict the failure plane, enabling the soil to fail along its weakest path. The DSST
results are also influenced by principal stress rotation, a factor not considered in DST. It is essential to evaluate the DST
and DSST results in this study. In DST, the stress distribution is uneven due to the rigid boundaries of the shear box,
which can result in stress concentrations and an overestimation of shear strength. In contrast, DSST achieves a more
uniform stress distribution, providing a closer representation of real-world conditions where stress rotation and
redistribution occur. Regarding failure planes, DST constrains failure to a predefined aircraft, which may not align with
the soil's natural weakest plane, potentially leading to higher shear strength measurements. Conversely, DSST enables
failure along the soil's weakest path, offering a more accurate representation of shear strength.

The results were also assessed based on volume changes during testing. DST allows volume alterations during
shearing, which can impact pore pressure and shear strength, especially in saturated soils. On the other hand, DSST
maintains constant volume throughout the test, simulating undrained conditions and providing valuable insights into the
behaviour of saturated soils under rapid loading. Additionally, DST does not account for the rotation of principal
stresses, an essential factor in many geotechnical scenarios. By incorporating principal stress rotation, DSST proves
more effective for analysing complex stress conditions, such as those beneath embankments or around pile foundations.
Overall, the DST tends to mobilize higher shear strengths than DSST, largely due to its prescribed shear plane and
boundary conditions. Reliance solely on DST- derived parameters could lead to underestimated safety factors and non-
conservative designs. It is assertined that the DSST better captures fabric anisotropy and realistic shear surface
development, providing more conservative strength estimates. Therefore, applying an empirical reduction factor to DST
strengths based on corresponding DSST results to ensure adequate safety margins is recommended.

6. Conclusion

The findings indicate that the DST vyields higher strength estimates than the DSST. The comparative evaluation of
shear strength across the tested soils revealed a remarkably consistent difference between the two methods. This
uniformity was especially pronounced in specimens compacted at the optimum moisture content, although a slight
scatter of values appeared in the wetter samples. The divergence in strength outcomes stems directly from the contrasting
shear modes: in the conventional direct shear test (DST), shearing is confined to the lower half of the specimen,
concentrating stresses and yielding higher peak strengths; in the direct simple shear test (DSST), the entire soil column
undergoes uniform shearing, distributing deformation more evenly but producing lower strength readings. Because the
DSST mobilises shear resistance throughout the full height of the sample, it better replicates field-like stress paths and
strain distributions, thereby offering a more realistic assessment of in situ shear behaviour. Consequently, deploying the
DSST protocol is likely to generate shear strength parameters that more accurately reflect the performance of soils under
actual loading conditions.

Despite the systematic strength offset between DST and DSST results, the two methods exhibit a strong proportional
relationship. Yet their divergent mechanisms and fundamental assumptions mandate the development of a robust
correlation framework to translate parameters from one test into the context of the other. For instance, the internal
friction angle measured in the DST can serve as a reference point for interpreting DSST outputs, but deriving a precise
conversion factor remains a complex challenge that warrants further experimental and analytical study. Ultimately, this
work emphasises that method selection must align with project objectives: while the DST offers simplicity and wide
historical precedent, the DSST provides a more comprehensive shear profile. By integrating insights from both
approaches, geotechnical engineers can enhance the reliability of designs and tailor test strategies to the nuanced
demands of varied soil conditions.
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