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Abstract

This paper examines the impact of plastic limits and shear stress on the settlement of silty clay under predictive and experimental techniques.

The primary goal is to quantify how varying amounts of applied shear stress influence the rate and magnitude of settlement in soils with different
plasticity indices (PI). Through an extensive experimental procedure involving soil sampling and consolidation tests, the study monitored settlement
using advanced measurement techniques. A key finding is the strong correlation between high shear stress and an increased rate of settlement,
particularly in high-plasticity soils. The study observed that while predictive models tend to agree with experimental data, they often fail to
capture complex behaviors, especially at greater depths, were higher effective stress and soil density result in reduced settlement. This research
underscores the importance of considering the interaction between plastic limits and shear stress in geotechnical applications. It highlights the
need for more accurate predictive models to assess soil behavior under diverse loading conditions. The study contributes to the existing body of
knowledge by providing empirical evidence concerning shear stress, plastic limits, and soil settlement. It emphasizes the significance of plasticity
indices in governing soil behavior, more so the necessity for advanced predictive modeling techniques that can accommodate non-linear responses
and depth functions. In summary, the study offers valuable insights into soil settlement dynamics under shear stress, indicating that while current
predictive models are useful, they require significant improvement to align with empirical findings. The research draws attention to the importance
of understanding how shear stress and plastic limits interact within soil mechanics and calls for enhanced modeling techniques to better reflect
real-world scenarios. Finally, continued research in this field will improve the accuracy of predictions, ultimately informing engineering practices
and supporting safer and more efficient geotechnical designs.
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Introduction

This study aims to investigate the relationship between applied
shear stress, the plastic limits of soil, and the resulting settlement
under controlled laboratory conditions. We seek to establish a
quantitative measure of how varying levels of applied shear stress
influence the magnitude and rate of settlement for soils with

@ @ This work is licensed under Creative Commons Attribution 4.0 License | CTCSE.MS.ID.000774.

different plasticity. Soil settlement under varying shear stress and
plastic limits is at the heart of geotechnical engineering. Advances
in theoretical modeling and experimental methods in recent
decades have enhanced our understanding of these phenomena.
This literature review synthesizes findings from recent studies,
focusing on the relationship between shear stress, plastic limits,
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and settlement characteristics. Terzaghi (1943) established the
theoretical foundation for the theory of consolidation, emphasizing
that effective stress is the governing factor in soil response to
load. Building on this foundation, Skempton (1953) incorporated
plasticity into the analysis of settlement effects, highlighting that
soils with varying plastic limits demonstrate typical compressibility
behavior. More recent studies, such as those by Chen et al. (2021),
have further clarified these relationships, indicating that cyclic
shear stress significantly enhances settlement, particularly in low-
plastic silts.

Influence of Shear Stress

The impact of shear stress on soil deformation has been
thoroughly documented. Lee et al. [1] found that increased shear
stress is associated with greater settlement, especially in high-
plasticity clays. Gupta and Sharma [2] introduced a constitutive
model that connects the plasticity index (PI) to compressibility,
establishing that high-PI clays exhibit a nonlinear creep response
under static shear stress. Similarly, Kato et al. [3] employed
machine learning techniques to accurately predict settlement
based on shear stress, demonstrating high predictive capability for
estimating settlement rates across various soil types.

Role of Plastic Limits

Atterberg limits, particularly the plasticlimits, play a crucial role
in governing soil behavior during loading. Boulanger and Ziotnick
[4] discussed the impact of plasticity on compressibility, while
Zhang et al. [5] emphasized the sensitivity of clay compressibility
to shear stress and water content. Kumar and Singh (2021) also
highlighted the importance of precise plasticity measurement
for settlement estimates, showcasing how variations in PI affect
deformation in soil under dynamic loading.

Depth-Dependent Settlement Behavior

Research confirms that settlement behavior is significantly
influenced by depth. Al-Badran et al. (2020) measured boreholes
to demonstrate that shear stress redistribution at greater depths
can reduce settlement by 40-60%. Feng et al. (2025) supported
these findings through centrifuge modeling, explaining how
preconsolidation pressure at depth can limit plastic deformation.
This depth-dependent nature underscores the importance of
considering soil properties at varying depths in settlement analysis.

Advances in experimental techniques have deepened our
understanding of soil settlement. Zhao and Li (2020) detailed
laboratory testing methods for assessing soil consolidation, while
Wang and Zhang (2021) conducted experiments to evaluate shear
strength parameters. Yadav and Sharma (2022) investigated
emerging test methods, emphasizing dynamic assessments of soil
behavior under shear stress.

Recent Advances

Recent research has introduced advanced technologies and
techniques into settlement forecasting. Thompson and Martin
(2024) discussed the use of Al in predicting soil settlement,
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highlighting the strengths of computational methods. Nguyen and
Tran (2025) presented real-time monitoring of settlement using
IoT technology, which provides forecasts of dynamic soil behavior
under load. Zhou and Chen (2025) also explored how groundwater
conditions affect plasticity and subsequent settlement, revealing
significant interactions that influence settlement forecasts.

Materials and Methods

Materials

Soil Samples: Obtain representative soil samples from at least
three varied locations or sources.

Select soils with different plasticity indices (PI), for example:
Low plasticity clay (CL)

Medium plasticity clay (CI)

High plasticity clay (CH)

Collect enough material of each soil type for multiple tests (at
least 20 kg of each).

Equipment

Consolidation Apparatus (Oedometer): A standard
oedometer device with multiple cells for conducting parallel
tests. Ensure that the equipment is properly calibrated. Shear
Box Apparatus: For direct shear tests to determine shear strength
parameters (cohesion and internal friction angle). Atterberg Limits
Test Equipment: Includes a liquid limit apparatus, a plastic limit
apparatus, a drying oven, and distilled water. Loading Frame:
Capable of applying and maintaining loads on consolidation cells.
Dial Gauges/Displacement Transducers: High-accuracy dial gauges
or electronic displacement transducers for monitoring settlement,
with an accuracy of at least 0.01 mm. Data loggers should be used
for continuous monitoring. Weighing Balance: Accurate to 0.01 g.
Drying Oven: Thermostatically controlled to maintain temperature
at 105°C + 5°C. Mixing Bowls and Spatulas: For soil mixing. De-aired
Water: For soil slurry preparation. Filter Paper: For consolidated
drainage. Cutting Ring: To obtain undisturbed soil samples. Timing

Device. Stopwatch or timer.

Soil Characterization (Preliminary Tests) Index Properties:
Water Content (w): Determine the initial water content of each soil
sample according to ASTM D2216. Specific Gravity (Gs): Measure
the gravity of soil solids according to ASTM D854. Atterberg
Limits: Determine the liquid limit (LL), plastic limit (PL), and
plasticity index (PI) by ASTM D4318. Calculate PI as PI = LL - PL.
Particle Size Distribution: Conduct sieve analysis (ASTM D6913)
and hydrometer analysis (ASTM D7928) to derive the particle size
distribution curve. Soil Classification: Classify the soils using the
Unified Soil Classification System (USCS) based on index properties
and particle size distribution.

Shear Strength Parameters

Direct Shear Test: Perform direct shear tests (ASTM D3080)
on all soil types to determine cohesion (c) and angle of internal
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friction (@) at various normal stresses and establish reference
shear strength values. Consolidated Undrained (CU) Triaxial Test
(Optional): If funding permits, conduct CU triaxial tests with pore
water pressure measurements (ASTM D4767) to obtain a complete
range of shear strength parameters.

Experimental Procedure (Settlement Tests)

Sample Preparation: - For each soil type, prepare identical soil
samples for testing in the consolidometer. Remolded Samples:
Create remolded samples at a known initial water content close
to the liquid limit for uniformity. Thoroughly mix the soil with de-
aired water to achieve a consistent slurry. Target Density: Place
the soil slurry into the consolidometer ring to achieve a uniform
initial dry density across all samples. Record the initial height
and diameter of each sample. Undisturbed Samples (Optional): If
available, retrieve undisturbed samples using thin-walled sampling
tubes and cut them to fit into the consolidometer rings for a more
accurate representation of in-situ soil behaviour.

Consolidation Test Setup

a.  Place a porous stone at the bottom of the consolidometer
cell.

b.  Add afilter paper on top of the porous stone.

c.  Carefully position the soil sample the

consolidometer ring) on top of the filter paper.

(within

d.  Add another filter paper on top of the soil sample.
e.  Place another porous stone on top of the filter paper.

f. Seal the consolidometer cell and place it in the loading
frame.

g. Install the displacement transducer or dial gauge to
measure vertical settlement.

Loading and Shearing: Initial Loading: Apply an initial seating
load (e.g., 5 kPa) to the specimen and allow it to settle for a brief
period (e.g, 15 minutes). Record the initial dial gauge reading.
Incremental Loading: Apply a sequence of incremental vertical
loads to the specimen. An example of a loading sequence could be
10 kPa, 20 kPa, 40 kPa, 80 kPa, 160 kPa, 320 kPa, etc. The loading
sequence should be representative of the expected stress range
in the field. Shear Stress Application: This is a critical part of the
experiment. With each increase in vertical load, apply a controlled
shear stress to the soil sample while maintaining the vertical
load. There are various methods to achieve this: Tipping the
Consolidometer: Slowly tilt the entire consolidometer equipment
to introduce a component of shear stress.

Theoretical Background

Oe
K,——(K+H,
5 (K+H,)—

Oe
oz 1)

Rewrite the PDF: K, %—(K+H”)?: B
Z

Assume a solution of the form: e(zz,t) = Z(Z)Tt) 2)
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So we have

T, exp(kitj =%exp[%t]+c
1 t (17)

Where C is the integration constant. Dividing both sides by
exp| 21
p k

7, :%+ Cexp[—kitj
r/(18)

Solving the ODE for Z,

We had
(k+H,) s
: (19)
Rearrange
dz.__A_
dz K+H, © 20)

This is a first-order ODE with a solution of the form

A
Z  =Dexp| ———z
@) p[K+HC, ]

Where D is the integration constant?

General Solution

Combining the solution for 7, and Z(Z)

A t A
e(z,t):Z(Z)T(t) = Dexp(mzj %+Cexp[k—tj
cr (21)

t

Results and Discussions

Graphical Representation of Predictive and Experimental
Values of Settlement Influenced by Variation of Shear Stress and
Plastic Limits at Different Depths.

The study observed that as depth increased, there was a
decrease in settlement. Minimal settlement was noted at a depth
of 5 meters, as illustrated in Figures 1-13, which show a gradual
decline in settlement with increasing depth for both predictive and
experimental values. This trend can be attributed to several factors
related to shear stress, plastic limits, and soil behaviour at greater
depths. At 5 meters, the weight of the overlying soil layers leads to
significant compaction. This denser soil has higher shear strength
and lower compressibility compared to the shallower layers. The
increased density effectively resists further deformation under
additional shear stress, resulting in minimal settlement. This is
reflected in the effective stress and overburden pressure recorded
at 5 meters, where the overburden pressure is substantial. This
heightened effective stress within the soil enhances its shear
strength and reduces its susceptibility to settlement, effectively
countering the impacts of shear stress from the foundation load.
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Figure 1: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
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Figure 2: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
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Figure 4: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
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Figure 5: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
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Figure 6: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
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Figure 8: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
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The trend observed in soil behaviour indicates a reflection of
the plastic limit and overall soil behaviour. The clay’s plastic limit
influences its response to load. At 5 meters, the soil is likely below
its plastic limit, resulting in more elastic behaviour. This means
that, compared to shallower layers, which may be closer or above
their plastic limit exhibit more plastic deformation and settlement,

the soil at this depth deforms less permanently under shear stress.

Consolidation and the time effect are also evident in the rate
of consolidation at this depth. The consolidation rate at 5 meters
is slower than at shallower depths, suggesting that primary
consolidation (pore water expulsion) may be largely complete at
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this depth, while secondary consolidation (particle rearrangement)
continues at a slower pace due to the reduced void ratio in the
compacted soil. Consequently, minimal additional settlement
occurs over time.

The observed shear strength profile shows that clay’s shear
strength typically increases with depth due to greater density
and effective stress. At 5 meters, the soil likely has enough shear
strength to resist further deformation from applied shear stress,
resulting in minimal additional settlement. This depth represents
a critical point where the soil’s shear strength is adequately high to
effectively counteract further settlement.

Furthermore, groundwater pressure was noted as another

potential factor influencing settlement. If the groundwater table is
significantly below 5 meters, the effective stress would be higher,
contributing to reduced settlement. The soil deposition profile, or
lithology, also plays a role. If the soil profile at 5 meters consists of
a layer of particularly dense or strong material (such as a stiffer
clay layer or a layer with lower compressibility), this would further
contribute to the minimal settlement observed. Finally, the minimal
settlement at a depth of 5 meters is likely due to increased soil
density, higher effective stress, the soil’s behaviour below its plastic
limit, near completion of consolidation processes, also includes
high shear strength at that depth. The interaction of these factors
makes the soil at 5 meters highly resistant to further settlement
under applied shear stress (Tables 1-13).

Table 1: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth Predictive Values of Settlement influenced by Variation Experimental Values of Settlement influenced by Variation Shear
[m] Shear Stress and plastic limits [50/25KPA] Stress and plastic limits [50/25KPA]
0.2 0.178687291 0.1753312
0.3 0.171189922 0.1697703
0.4 0.164296368 0.1644496
0.5 0.157936509 0.1593625
0.6 0.152050676 0.1545024
0.7 0.146587778 0.1498627
0.8 0.141503808 0.1454368
0.9 0.136760664 0.1412181

1 0.132325183 0.1372
1.1 0.128168371 0.1333759
1.2 0.124264766 0.1297392
1.3 0.120591916 0.1262833
1.4 0.117129947 0.1230016
1.6 0.11076995 0.1169344
1.7 0.10784211 0.1141357
1.8 0.105065059 0.1114848
1.9 0.102427443 0.1089751

2 0.099919016 0.1066
2.2 0.095253536 0.1022272
2.3 0.093080452 0.1002163
2.4 0.091004308 0.0983136
2.5 0.089018759 0.0965125
2.6 0.087118003 0.0948064
2.7 0.085296721 0.0931887
2.8 0.08355003 0.0916528
2.9 0.081873441 0.0901921

3 0.080262816 0.0888
31 0.078714337 0.0874699
3.2 0.077224476 0.0861952
33 0.075789966 0.0849693
3.4 0.074407778 0.0837856
3.5 0.073075101 0.0826375
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3.6 0.071789322 0.0815184
3.7 0.070548008 0.0804217
3.8 0.069348892 0.0793408
39 0.068189858 0.0782691
4 0.067068928 0.0772
4.1 0.065984256 0.0761269
4.2 0.064934108 0.0750432
4.3 0.063916864 0.0739423
4.4 0.062931 0.0728176
45 0.061975086 0.0716625
4.6 0.061047778 0.0704704
4.7 0.06014781 0.0692347
4.8 0.059273992 0.0679488
49 0.0584252 0.0666061
5 0.057600374 0.0652
Table 2: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
Depth [m] Predictive Values of Settlem(?nt.inf_luenced by Variation Experimental Values of Settlen.lel_lt i_nﬂuenced by Variation Shear
Shear Stress and plastic limits [50/25KPA] Stress and plastic limits [50/25KPA]
0.2 0.178687291 0.1753312
0.3 0.171189922 0.1697703
0.4 0.164296368 0.1644496
0.5 0.157936509 0.1593625
0.6 0.152050676 0.1545024
0.7 0.146587778 0.1498627
0.8 0.141503808 0.1454368
0.9 0.136760664 0.1412181
1 0.132325183 0.1372
1.1 0.128168371 0.1333759
1.2 0.124264766 0.1297392
13 0.120591916 0.1262833
1.4 0.117129947 0.1230016
1.6 0.11076995 0.1169344
1.7 0.10784211 0.1141357
1.8 0.105065059 0.1114848
1.9 0.102427443 0.1089751
2 0.099919016 0.1066
2.2 0.095253536 0.1022272
23 0.093080452 0.1002163
2.4 0.091004308 0.0983136
2.5 0.089018759 0.0965125
2.6 0.087118003 0.0948064
2.7 0.085296721 0.0931887
2.8 0.08355003 0.0916528
29 0.081873441 0.0901921
3 0.080262816 0.0888
3.1 0.078714337 0.0874699
3.2 0.077224476 0.0861952
33 0.075789966 0.0849693
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3.4 0.074407778 0.0837856
3.5 0.073075101 0.0826375
3.6 0.071789322 0.0815184
3.7 0.070548008 0.0804217
3.8 0.069348892 0.0793408
39 0.068189858 0.0782691
4 0.067068928 0.0772

4.1 0.065984256 0.0761269
4.2 0.064934108 0.0750432
4.3 0.063916864 0.0739423
4.4 0.062931 0.0728176
4.5 0.061975086 0.0716625
4.6 0.061047778 0.0704704
4.7 0.06014781 0.0692347
4.8 0.059273992 0.0679488
4.9 0.0584252 0.0666061
5 0.057600374 0.0652

Table 3: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlemc?nt_int_]uenced by Variation | Experimental Values of Settlelfler_lt i_nﬂuenced by Variation Shear
Shear Stress and plastic limits [55/27KPA] Stress and plastic limits [55/27KPA]
0.2 0.212280502 0.2063008
0.3 0.203373627 0.1988992
0.4 0.195184085 0.1918184
0.5 0.187628572 0.18505
0.6 0.180636203 0.1785856
0.7 0.17414628 0.1724168
0.8 0.168106524 0.1665352
0.9 0.162471669 0.1609324
1 0.157202317 0.1556
1.1 0.152264025 0.1505296
1.2 0.147626542 0.1457128
13 0.143263196 0.1411412
1.4 0.139150377 0.1368064
1.6 0.1315947 0.1288136
1.7 0.128116426 0.1251388
1.8 0.124817291 0.1216672
1.9 0.121683802 0.1183904
2 0.118703791 0.1153
2.2 0.113161201 0.1096448
2.3 0.110579577 0.1070632
2.4 0.108113118 0.1046344
25 0.105754286 0.10235
2.6 0.103496188 0.1002016
2.7 0.101332504 0.0981808
2.8 0.099257436 0.0962792
29 0.097265648 0.0944884
3 0.095352225 0.0928
3.1 0.093512633 0.0912056
3.2 0.091742677 0.0896968
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33 0.090038479 0.0882652
3.4 0.08839644 0.0869024
3.5 0.08681322 0.0856

3.6 0.085285715 0.0843496
3.7 0.083811034 0.0831428
3.8 0.082386484 0.0819712
3.9 0.081009551 0.0808264
4 0.079677887 0.0797

4.1 0.078389296 0.0785836
4.2 0.077141721 0.0774688
4.3 0.075933234 0.0763472
4.4 0.074762028 0.0752104
4.5 0.073626402 0.07405

4.6 0.07252476 0.0728576
4.7 0.071455599 0.0716248
4.8 0.070417503 0.0703432
4.9 0.069409138 0.0690044
5 0.068429244 0.0676

Table 4: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlemgnt.int.luenced by Variation Experimental Values of Settlelflﬂ.lt i-nﬂuenced by Variation Shear
Shear Stress and plastic limits [57 /28KPA] Stress and plastic limits [57 /28KPA]
0.2 0.236296074 0.2283
0.3 0.226381553 0.2208965
0.4 0.217265517 0.213812
0.5 0.208855239 0.2070375
0.6 0.201071814 0.200564
0.7 0.193847677 0.1943825
0.8 0.187124636 0.188484
0.9 0.180852302 0.1828595
1 0.174986822 0.1775
1.1 0.169489854 0.1723965
1.2 0.164327726 0.16754
1.3 0.159470749 0.1629215
1.4 0.154892641 0.158532
1.6 0.146482181 0.150404
1.7 0.142610406 0.1466475
1.8 0.138938035 0.143084
1.9 0.135450051 0.1397045
2 0.132132906 0.1365
2.2 0.125963277 0.13058
2.3 0.12308959 0.1278465
2.4 0.120344097 0.125252
2.5 0.117718408 0.1227875
2.6 0.115204847 0.120444
2.7 0.112796384 0.1182125
2.8 0.11048656 0.116084
29 0.108269438 0.1140495
3 0.106139548 0.1121
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31 0.104091839 0.1102265
3.2 0.102121647 0.10842
3.3 0.10022465 0.1066715
3.4 0.098396845 0.104972
3.5 0.096634514 0.1033125
3.6 0.0949342 0.101684
3.7 0.093292686 0.1000775
3.8 0.091706975 0.098484
3.9 0.090174268 0.0968945
4 0.088691951 0.0953
4.1 0.08725758 0.0936915
4.2 0.085868865 0.09206
4.3 0.084523661 0.0903965
4.4 0.083219954 0.088692
4.5 0.081955853 0.0869375
4.6 0.080729581 0.085124
4.7 0.079539465 0.0832425
4.8 0.078383928 0.081284
4.9 0.077261485 0.0792395
5 0.076170734 0.0771

Table 5: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Predictive Values of Settlement influenced by Variation

Experimental Values of Settlement influenced by Variation

Depth [m] Shear Stress and plastic limits [60/30KPA] Shear Stress and plastic limits [60/30KPA]
0.2 0.257309699 0.2436424
0.3 0.246513488 0.2346651
0.4 0.23658677 0.2260752
0.5 0.227428573 0.2178625
0.6 0.218952974 0.2100168
0.7 0.2110864 0.2025279
0.8 0.203765484 0.1953856
0.9 0.196935356 0.1885797

1 0.190548264 0.1821
1.1 0.184562454 0.1759363
1.2 0.178941263 0.1700784
1.3 0.173652358 0.1645161
1.4 0.168667123 0.1592392
1.6 0.159508727 0.1495008
1.7 0.155292638 0.1450189
1.8 0.151293686 0.1407816
1.9 0.147495518 0.1367787

2 0.143883383 0.133
2.2 0.137165092 0.1260744
2.3 0.134035851 0.1229071
2.4 0.131046204 0.1199232
2.5 0.128187014 0.1171125
2.6 0.125449924 0.1144648
2.7 0.122827278 0.1119699
2.8 0.120312044 0.1096176

Citation: Nwaokezi EE, Eluozo SN* and Awodiji CTG. Numerical Simulation Applying Analytical Model to Predict Settlement Page 15 of 15
Influenced by Shear Stress and Plastic Limits in Silty Clay. Cur Trends Civil & Struct Eng. 12(1): 2025. CTCSE.MS.ID.000774.
DOI: 10.33552/CTCSE.2025.12.000774.


http://dx.doi.org/10.33552/CTCSE.2025.12.000774

Current Trends in Civil & Structural Engineering Volume 12-Issue 1

2.9 0.117897755 0.1073977
3 0.115578455 0.1053
3.1 0.113348646 0.1033143
3.2 0.111203245 0.1014304
3.3 0.10913755 0.0996381
3.4 0.1071472 0.0979272
3.5 0.105228146 0.0962875
3.6 0.103376624 0.0947088
3.7 0.101589132 0.0931809
3.8 0.099862404 0.0916936
3.9 0.098193395 0.0902367
4 0.096579257 0.0888
4.1 0.095017328 0.0873733
4.2 0.093505116 0.0859464
4.3 0.092040284 0.0845091
4.4 0.090620639 0.0830512
4.5 0.089244123 0.0815625
4.6 0.0879088 0.0800328
4.7 0.086612847 0.0784519
4.8 0.085354549 0.0768096
4.9 0.084132288 0.0750957
5 0.082944538 0.0733

Table 6: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlem(?nt_inf_luenced by Variation Experimental Values of Settlelfler_lt i_nﬂuenced by Variation
Shear Stress and plastic limits [62/32KPA] Shear Stress and plastic limits [62 /32KPA]
0.2 0.283612468 0.2689548
0.3 0.271712644 0.2590587
0.4 0.260771196 0.2495884
0.5 0.250676827 0.2405325
0.6 0.241334833 0.2318796
0.7 0.232664121 0.2236183
0.8 0.224594845 0.2157372
0.9 0.217066526 0.2082249
1 0.21002653 0.20107
1.1 0.203428838 0.1942611
1.2 0.197233036 0.1877868
13 0.191403488 0.1816357
1.4 0.185908651 0.1757964
1.6 0.175814064 0.1650076
1.7 0.171166996 0.1600353
1.8 0.166759262 0.1553292
1.9 0.162572837 0.1508779
2 0.158591462 0.14667
2.2 0.151186413 0.1389388
2.3 0.147737293 0.1353927
2.4 0.144442038 0.1320444
25 0.141290575 0.1288825
2.6 0.138273694 0.1258956
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2.7 0.135382955 0.1230723
2.8 0.132610608 0.1204012
2.9 0.129949526 0.1178709
3 0.127393141 0.11547

31 0.124935396 0.1131871
3.2 0.122570688 0.1110108
33 0.120293833 0.1089297
3.4 0.118100025 0.1069324
3.5 0.1159848 0.1050075
3.6 0.113944012 0.1031436
3.7 0.111973799 0.1013293
3.8 0.110070561 0.0995532
3.9 0.108230942 0.0978039
4 0.106451803 0.09607

4.1 0.104730211 0.0943401
4.2 0.103063417 0.0926028
4.3 0.101448846 0.0908467
4.4 0.099884083 0.0890604
45 0.098366856 0.0872325
4.6 0.096895033 0.0853516
4.7 0.095466605 0.0834063
4.8 0.094079681 0.0813852
4.9 0.092732478 0.0792769
5 0.091423313 0.07707

Table 7: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlem.ent. in.ﬂuenced by Variation Experimental Values of Settlefne_nt _inﬂuenced by Variation
Shear Stress and plastic limits [100/37KPA] Shear Stress and plastic limits [100/37KPA]
0.2 0.146792789 0.1451888
0.3 0.141087063 0.1403467
0.4 0.135808295 0.1357064
0.5 0.130910291 0.1312625
0.6 0.126353287 0.1270096
0.7 0.122102871 0.1229423
0.8 0.118129109 0.1190552
0.9 0.114405842 0.1153429
1 0.110910107 0.1118
1.1 0.107621668 0.1084211
1.2 0.104522614 0.1052008
1.3 0.101597045 0.1021337
1.4 0.098830789 0.0992144
1.6 0.093726851 0.0937976
1.7 0.091367594 0.0912893
1.8 0.089124194 0.0889072
1.9 0.08698832 0.0866459
2 0.084952423 0.0845
2.2 0.081153737 0.0805328
2.3 0.079379003 0.0787007
2.4 0.077680231 0.0769624
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2.5 0.076052645 0.0753125
2.6 0.074491863 0.0737456
2.7 0.072993855 0.0722563
2.8 0.071554908 0.0708392
2.9 0.070171597 0.0694889
3 0.068840756 0.0682

3.1 0.067559456 0.0669671
3.2 0.066324981 0.0657848
3.3 0.06513481 0.0646477
3.4 0.0639866 0.0635504
3.5 0.062878171 0.0624875
3.6 0.06180749 0.0614536
3.7 0.060772662 0.0604433
3.8 0.059771914 0.0594512
3.9 0.058803592 0.0584719
4 0.057866143 0.0575

4.1 0.056958115 0.0565301
4.2 0.056078144 0.0555568
4.3 0.05522495 0.0545747
4.4 0.054397328 0.0535784
4.5 0.053594146 0.0525625
4.6 0.052814337 0.0515216
4.7 0.052056895 0.0504503
4.8 0.051320872 0.0493432
4.9 0.050605372 0.0481949
5 0.049909548 0.047

Table 8: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlem_ent_ in_ﬂuenced by Variation Experimental Values of Settle{ne_nt _inﬂuenced by Variation
Shear Stress and plastic limits [105/39KPA] Shear Stress and plastic limits [105/39KPA]
0.2 0.162463911 0.14648896
0.3 0.15614906 0.14164724
0.4 0.150306748 0.13700768
0.5 0.144885849 0.132565
0.6 0.139842354 0.12831392
0.7 0.135138177 0.12424916
0.8 0.130740189 0.12036544
0.9 0.126619438 0.11665748
1 0.122750511 0.11312
1.1 0.119111008 0.10974772
1.2 0.11568111 0.10653536
1.3 0.112443216 0.10347764
1.4 0.109381643 0.10056928
1.6 0.103732826 0.09517952
1.7 0.101121702 0.09268756
1.8 0.098638803 0.09032384
1.9 0.09627491 0.08808308
2 0.094021668 0.08596
2.2 0.089817447 0.08204576
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2.3 0.087853248 0.08024404
2.4 0.08597312 0.07853888
2.5 0.084171779 0.076925
2.6 0.082444373 0.07539712
2.7 0.080786442 0.07394996
2.8 0.079193878 0.07257824
2.9 0.077662889 0.07127668
3 0.076189972 0.07004
3.1 0.074771885 0.06886292
3.2 0.073405621 0.06774016
3.3 0.072088391 0.06666644
3.4 0.070817602 0.06563648
3.5 0.069590841 0.064645
3.6 0.068405857 0.06368672
3.7 0.067260554 0.06275636
3.8 0.06615297 0.06184864
3.9 0.065081272 0.06095828
4 0.064043745 0.06008
4.1 0.063038779 0.05920852
4.2 0.062064865 0.05833856
4.3 0.061120586 0.05746484
4.4 0.06020461 0.05658208
4.5 0.059315683 0.055685
4.6 0.058452624 0.05476832
4.7 0.057614321 0.05382676
4.8 0.056799722 0.05285504
4.9 0.056007838 0.05184788
5 0.05523773 0.0508

Table 9: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlem_ent_ in_ﬂuenced by Variation Experimental Values of Settle{ne_nt _inﬂuenced by Variation
Shear Stress and plastic limits [105/39KPA] Shear Stress and plastic limits [105/39KPA]
0.2 0.171583507 0.14848904
0.3 0.164914184 0.14364751
0.4 0.158743925 0.13900832
0.5 0.153018734 0.13456625
0.6 0.147692133 0.13031608
0.7 0.142723896 0.12625259
0.8 0.138079035 0.12237056
0.9 0.133726974 0.11866477
1 0.129640872 0.11513
1.1 0.125797073 0.11176103
1.2 0.122174644 0.10855264
13 0.118754997 0.10549961
1.4 0.115521569 0.10259672
1.6 0.109555667 0.09722048
1.7 0.106797972 0.09473669
1.8 0.104175701 0.09238216
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1.9 0.101679115 0.09015167
2 0.099299391 0.08804
2.2 0.094859175 0.08415224
2.3 0.09278472 0.08236571
2.4 0.090799054 0.08067712
2.5 0.088896598 0.07908125
2.6 0.087072228 0.07757288
2.7 0.085321232 0.07614679
2.8 0.083639272 0.07479776
29 0.082022344 0.07352057
3 0.080466748 0.07231
3.1 0.078969059 0.07116083
3.2 0.077526103 0.07006784
3.3 0.076134933 0.06902581
3.4 0.074792811 0.06802952
3.5 0.073497187 0.06707375
3.6 0.072245687 0.06615328
3.7 0.071036094 0.06526289
3.8 0.069866338 0.06439736
3.9 0.068734483 0.06355147
4 0.067638716 0.06272
4.1 0.066577338 0.06189773
4.2 0.065548756 0.06107944
4.3 0.064551472 0.06025991
4.4 0.063584079 0.05943392
4.5 0.062645254 0.05859625
4.6 0.061733749 0.05774168
4.7 0.060848388 0.05686499
4.8 0.059988064 0.05596096
4.9 0.059151729 0.05502437
5 0.058338392 0.05405

Table 10: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
Depth [m] Predictive Values of Settlem.ent- in.ﬂuenced by Variation Experimental Values of Settlefne.nt 'inﬂuenced by Variation
Shear Stress and plastic limits [110/42KPA] Shear Stress and plastic limits [110/42KPA]
0.2 0.183499029 0.1783152
0.3 0.176366558 0.1722643
0.4 0.169767809 0.1664656
0.5 0.163645035 0.1609125
0.6 0.157948531 0.1555984
0.7 0.152635278 0.1505167
0.8 0.147667857 0.1456608
0.9 0.14301357 0.1410241
1 0.138643711 0.1366
1.1 0.134532981 0.1323819
1.2 0.130658994 0.1283632
1.3 0.127001872 0.1245373
1.4 0.1235439 0.1208976
1.6 0.117163699 0.1141504
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1.7 0.114214498 0.1110297
1.8 0.111410125 0.1080688
1.9 0.108740165 0.1052611
2 0.106195183 0.1026
2.2 0.101446617 0.0976912
2.3 0.099228103 0.0954303
2.4 0.097104544 0.0932896
2.5 0.095069973 0.0912625
2.6 0.09311891 0.0893424
2.7 0.091246318 0.0875227
2.8 0.089447555 0.0857968
29 0.087718341 0.0841581
3 0.086054717 0.0826
3.1 0.084453022 0.0811159
3.2 0.08290986 0.0796992
33 0.081422081 0.0783433
3.4 0.079986756 0.0770416
3.5 0.078601159 0.0757875
3.6 0.077262749 0.0745744
3.7 0.075969156 0.0733957
3.8 0.074718167 0.0722448
3.9 0.073507711 0.0711151
4 0.072335849 0.07
41 0.071200764 0.0688929
4.2 0.070100753 0.0677872
43 0.069034213 0.0666763
4.4 0.06799964 0.0655536
4.5 0.066995618 0.0644125
4.6 0.066020815 0.0632464
4.7 0.065073971 0.0620487
48 0.064153902 0.0608128
49 0.063259488 0.0595321
5 0.06238967 0.0582
Table 11: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
Depth [m] Predictive Values of Settlem_ent_ in_ﬂuenced by Variation Shear Experimental Values of Settlefne_nt _inﬂuenced by Variation
Stress and plastic limits [115/44KPA] Shear Stress and plastic limits [115/44KPA]
0.2 0.200975127 0.1983152
0.3 0.193163373 0.1922643
0.4 0.185936172 0.1864656
0.5 0.179230277 0.1809125
0.6 0.172991248 0.1755984
0.7 0.167171971 0.1705167
0.8 0.161731463 0.1656608
0.9 0.15663391 0.1610241
1 0.151847873 0.1566
1.1 0.147345645 0.1523819
1.2 0.143102708 0.1483632
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13 0.139097289 0.1445373
1.4 0.135309986 0.1408976
1.6 0.128322147 0.1341504
1.7 0.12509207 0.1310297
1.8 0.122020613 0.1280688
1.9 0.119096371 0.1252611
2 0.116309009 0.1226
2.2 0.1111082 0.1176912
2.3 0.108678398 0.1154303
2.4 0.106352596 0.1132896
2.5 0.104124256 0.1112625
2.6 0.101987378 0.1093424
2.7 0.099936443 0.1075227
2.8 0.09796637 0.1057968
2.9 0.096072468 0.1041581
3 0.094250404 0.1026
3.1 0.092496167 0.1011159
3.2 0.090806037 0.0996992
33 0.089176565 0.0983433
3.4 0.087604542 0.0970416
35 0.086086983 0.0957875
3.6 0.084621106 0.0945744
3.7 0.083204314 0.0933957
3.8 0.081834183 0.0922448
3.9 0.080508445 0.0911151
4 0.079224977 0.09
41 0.077981789 0.0888929
42 0.076777015 0.0877872
43 0.0756089 0.0866763
4.4 0.074475796 0.0855536
4.5 0.073376154 0.0844125
4.6 0.072308511 0.0832464
4.7 0.071271492 0.0820487
4.8 0.070263797 0.0808128
49 0.069284201 0.0795321
5 0.068331543 0.0782
Table 12: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.
Depth [m] Predictive Values of Settlem_ent_ in_ﬂuenced by Variation Shear Experimental Values of Settlefne_nt _inﬂuenced by Variation
Stress and plastic limits [117/31KPA] Shear Stress and plastic limits [117/31KPA]
0.2 0.152061911 0.1500448
0.3 0.146151378 0.1449427
0.4 0.140683129 0.1400504
0.5 0.135609311 0.1353625
0.6 0.130888734 0.1308736
0.7 0.126485749 0.1265783
0.8 0.122369349 0.1224712
0.9 0.118512435 0.1185469
1 0.114891222 0.1148
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1.1 0.111484744 0.1112251
1.2 0.10827445 0.1078168
1.3 0.105243867 0.1045697
1.4 0.102378317 0.1014784
1.6 0.097091174 0.0957416
1.7 0.094647231 0.0930853
1.8 0.092323303 0.0905632
1.9 0.090110762 0.0881699
2 0.088001787 0.0859

2.2 0.084066748 0.0817088
2.3 0.08222831 0.0797767
2.4 0.08046856 0.0779464
2.5 0.078782552 0.0762125
2.6 0.077165746 0.0745696
2.7 0.075613967 0.0730123
2.8 0.074123369 0.0715352
2.9 0.072690404 0.0701329
3 0.071311793 0.0688

3.1 0.069984501 0.0675311
3.2 0.068705714 0.0663208
3.3 0.067472822 0.0651637
3.4 0.066283397 0.0640544
3.5 0.065135181 0.0629875
3.6 0.064026068 0.0619576
3.7 0.062954094 0.0609593
3.8 0.061917425 0.0599872
3.9 0.060914345 0.0590359
4 0.059943246 0.0581

4.1 0.059002625 0.0571741
4.2 0.058091067 0.0562528
4.3 0.057207247 0.0553307
4.4 0.056349918 0.0544024
4.5 0.055517906 0.0534625
4.6 0.054710106 0.0525056
4.7 0.053925476 0.0515263
4.8 0.053163033 0.0505192
49 0.05242185 0.0494789
5 0.05170105 0.0484

Table 13: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlem'ent' in'ﬂuenced by Variation Shear Experimental Values of Settlefne.nt .inﬂuenced by Variation
Stress and plastic limits [119/33KPA] Shear Stress and plastic limits [119/33KPA]
0.2 0.164639406 0.1550448
0.3 0.158239995 0.1499427
0.4 0.152319451 0.1450504
0.5 0.146825962 0.1403625
0.6 0.141714932 0.1358736
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0.7 0.136947763 0.1315783
0.8 0.132490883 0.1274712
0.9 0.128314953 0.1235469
1 0.124394218 0.1198

1.1 0.12070598 0.1162251
1.2 0.117230153 0.1128168
1.3 0.113948902 0.1095697
1.4 0.110846333 0.1064784
1.6 0.105121874 0.1007416
1.7 0.102475786 0.0980853
1.8 0.099959639 0.0955632
1.9 0.097564093 0.0931699
2 0.095280678 0.0909

2.2 0.09102016 0.0867088
2.3 0.089029659 0.0847767
2.4 0.087124355 0.0829464
2.5 0.085298892 0.0812125
2.6 0.083548355 0.0795696
2.7 0.081868224 0.0780123
2.8 0.080254334 0.0765352
2.9 0.078702844 0.0751329
3 0.077210204 0.0738

31 0.075773128 0.0725311
3.2 0.074388569 0.0713208
33 0.073053701 0.0701637
3.4 0.071765895 0.0690544
3.5 0.070522706 0.0679875
3.6 0.069321855 0.0669576
3.7 0.068161215 0.0659593
3.8 0.0670388 0.0649872
39 0.065952752 0.0640359
4 0.064901331 0.0631

4.1 0.063882908 0.0621741
4.2 0.062895953 0.0612528
4.3 0.06193903 0.0603307
4.4 0.061010788 0.0594024
4.5 0.060109958 0.0584625
4.6 0.059235342 0.0575056
4.7 0.058385813 0.0565263
4.8 0.057560307 0.0555192
4.9 0.056757818 0.0544789
5 0.055977398 0.0534

Table 14: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlement influenced by Variation Shear | Experimental Values of Settlement influenced by Variation
P Stress and plastic limits [121/35KPA] Shear Stress and plastic limits [121/35KPA]
0.2 0.177552301 0.1754392
0.3 0.170650975 0.1695883
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0.4 0.164266074 0.1639816
0.5 0.158341724 0.1586125
0.6 0.152829829 0.1534744
0.7 0.147688764 0.1485607
0.8 0.142882325 0.1438648
0.9 0.138378871 0.1393801
1 0.134150627 0.1351

1.1 0.130173115 0.1310179
1.2 0.126424675 0.1271272
1.3 0.122886071 0.1234213
1.4 0.119540163 0.1198936
1.6 0.113366727 0.1133464
1.7 0.110513103 0.1103137
1.8 0.107799611 0.1074328
1.9 0.105216178 0.1046971
2 0.102753672 0.1021

2.2 0.098158996 0.0972952
2.3 0.096012377 0.0950743
2.4 0.093957638 0.0929656
2.5 0.091989002 0.0909625
2.6 0.090101168 0.0890584
2.7 0.088289261 0.0872467
2.8 0.086548792 0.0855208
2.9 0.084875617 0.0838741
3 0.083265907 0.0823

3.1 0.081716118 0.0807919
3.2 0.080222966 0.0793432
33 0.078783403 0.0779473
3.4 0.077394593 0.0765976
3.5 0.076053899 0.0752875
3.6 0.074758864 0.0740104
3.7 0.073507193 0.0727597
3.8 0.072296745 0.0715288
3.9 0.071125517 0.0703111
4 0.069991632 0.0691

4.1 0.068893332 0.0678889
4.2 0.067828969 0.0666712
4.3 0.066796993 0.0654403
4.4 0.065795948 0.0641896
45 0.064824464 0.0629125
4.6 0.063881251 0.0616024
4.7 0.062965092 0.0602527
4.8 0.06207484 0.0588568
4.9 0.061209412 0.0574081
5 0.060367782 0.0559
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Table 15: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlem.ent. in.ﬂuenced by Variation Shear | Experimental Values of Settle{ne.nt 'inﬂuenced by Variation
Stress and plastic limits [123 /37KPA] Shear Stress and plastic limits [123/37KPA]
0.2 0.190800595 0.1767472
0.3 0.183384318 0.1709063
0.4 0.176523 0.1653136
0.5 0.170156596 0.1599625
0.6 0.164233424 0.1548464
0.7 0.158708752 0.1499587
0.8 0.153543674 0.1452928
0.9 0.148704189 0.1408421
1 0.14416045 0.1366
1.1 0.139886151 0.1325599
1.2 0.135858015 0.1287152
1.3 0.132055374 0.1250593
1.4 0.128459807 0.1215856
1.6 0.121825732 0.1151584
1.7 0.118759181 0.1121917
1.8 0.115843219 0.1093808
1.9 0.113067019 0.1067191
2 0.11042077 0.1042
2.2 0.105483256 0.0995632
2.3 0.103176465 0.0974323
2.4 0.100968408 0.0954176
2.5 0.09885288 0.0935125
2.6 0.096824183 0.0917104
2.7 0.094877078 0.0900047
2.8 0.093006742 0.0883888
2.9 0.09120872 0.0868561
3 0.0894789 0.0854
31 0.087813472 0.0840139
3.2 0.086208907 0.0826912
33 0.084661928 0.0814253
3.4 0.08316949 0.0802096
35 0.081728759 0.0790375
3.6 0.080337093 0.0779024
3.7 0.078992027 0.0767977
3.8 0.07769126 0.0757168
39 0.076432639 0.0746531
4 0.075214148 0.0736
4.1 0.074033897 0.0725509
4.2 0.072890115 0.0714992
4.3 0.071781137 0.0704383
4.4 0.070705398 0.0693616
4.5 0.069661425 0.0682625
4.6 0.068647833 0.0671344
4.7 0.067663314 0.0659707
4.8 0.066706635 0.0647648
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4.9

0.065776631

0.0635101

0.064872202

0.0622

Table 16: Predictive and Experimental Values of Settlement Influenced by Variation in Shear Stress and Plastic Limits.

Depth [m] Predictive Values of Settlem_ent_ in_ﬂuenced by Variation Shear Experimental Values of Settle{ne_nt _inﬂuenced by Variation
Stress and plastic limits [123/37KPA] Shear Stress and plastic limits [123/37KPA]
0.2 0.20438429 0.2019584
0.3 0.196440024 0.1952256
0.4 0.189090227 0.1887752
0.5 0.18227058 0.1826
0.6 0.175925718 0.1766928
0.7 0.170007727 0.1710464
0.8 0.164474931 0.1656536
0.9 0.159290908 0.1605072
1 0.154423685 0.1556
1.1 0.149845086 0.1509248
1.2 0.145530175 0.1464744
1.3 0.141456811 0.1422416
1.4 0.137605264 0.1382192
1.6 0.130498889 0.1307768
1.7 0.12721402 0.1273424
1.8 0.124090462 0.1240896
1.9 0.121116616 0.1210112
2 0.118281972 0.1181
2.2 0.112992941 0.1127504
23 0.110521922 0.1102976
2.4 0.108156667 0.1079832
2.5 0.105890527 0.1058
2.6 0.103717401 0.1037408
2.7 0.101631676 0.1017984
2.8 0.099628184 0.0999656
29 0.097702156 0.0982352
3 0.095849184 0.0966
31 0.094065189 0.0950528
3.2 0.09234639 0.0935864
33 0.090689277 0.0921936
3.4 0.089090588 0.0908672
35 0.087547286 0.0896
3.6 0.086056543 0.0883848
3.7 0.084615718 0.0872144
3.8 0.083222345 0.0860816
39 0.081874119 0.0849792
4 0.080568879 0.0839
4.1 0.079304603 0.0828368
4.2 0.078079392 0.0817824
4.3 0.076891462 0.0807296
4.4 0.075739137 0.0796712
4.5 0.074620841 0.0786
4.6 0.073535088 0.0775088
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4.7 0.072480478 0.0763904
48 0.07145569 0.0752376
49 0.070459476 0.0740432
5 0.069490658 0.0728
Conclusion 3. Chen Y, Liu X, Zhang H (2021). Cyclic shear effects on settlement

This study demonstrates a considerable correlation between
shear stress, plastic limits, and silty clay settlement, and identify
a marked discrepancy between predictive analytical models
and empirical, experimental data. One key observation is the
direct, considerable relationship between increasing shear stress
and increased settlement rate, an effect which is particularly
pronounced in soils of high plasticity. One of the findings from
the study is the consistent decrease in settlement with depth.
Settlement was minimal at a depth of 5 meters. This is because
of the geotechnical factors combined which individually enhance
the soil’s resistance to deformation. The high overburden stress at
this depth results in heightened effective stress, which then leads to
heightened density and shear strength of the soil. This compaction
reduces compressibility of the soil. Also, the plastic limit of the
clay plays a critical role in the loading response of the clay. For a
5-meter depth, soil would likely be behaving more elastically since
it's below its plastic limit, and less permanent strain compared
to deeper layers that may be at or above their plastic limit. The
process of consolidation also contributes to this behaviour;
primary consolidation is largely completed at lower depths, and
any subsequent secondary consolidation is at a much-reduced rate
due to the decreased void ratio in the denser material.

The research identifies a significant flaw in the prediction
models used for study. Although the models provide a convenient
benchmark, the models overestimate settlement at shallow
depths and underestimate at deep depths relative to experiment
findings. Finally, the small settlement that has been observed at
a depth of 5 meters is a result of the interaction between higher
soil density, higher effective stress, the soil being below plastic
limit, and advanced soil consolidation. These lead to a high shear
strength that acts to resist the applied shear stress effectively. The
study emphasizes the necessity of predictive model development
that better incorporates these depth-dependent, intricate soil
behaviours to make settlement predictions more reliable. This
development is important for application in maximizing safer and
less expensive geotechnical engineering designs in actual scenarios.
Future studies are advised to enhance modelling techniques to
better incorporate these empirical findings.
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