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 Dynamic loads with different magnitudes cause shear stress and strain in the soil and 

increase the pore water pressure, reducing soil strength and leading to structural failure. 

This article presents the behavior of natural river-sand specimens subjected to cyclic 

loads under both drained and undrained conditions, as observed in cyclic triaxial tests 

conducted in the laboratory. The experiments were performed on sand specimens with 

a relative compaction of 0.95 when changing the loading amplitude with three different 

levels of 30 kPa, 50 kPa and 60 kPa. Experimental results show that, under the 

condition of drained cycle load, the pore water pressure does not form; only 

accumulated strain and dynamic parameters are almost unchanged. Meanwhile, with 

the condition of undrained cyclic load, the pore water pressure increases and causes 

liquefaction of the specimen, then the axial strain increases dramatically and is not 

capable of recovery. When varying the loading amplitude under drained condition, the 

initial-strength values increase as the amplitude of the load increases. This trend has 

the opposite direction when testing under undrained condition, which means that when 

increasing the loading amplitude, the initial-strength values decrease and the 

liquefaction potential of the specimens is faster. Further, under the undrained 

condition, the loading amplitude of 30 kPa effect is almost negligible on the 

liquefaction ability of the specimen. 

Keywords: Sand, Drained condition, Undrained condition, Loading amplitude, Cyclic 

triaxial tests. 

  

 

INTRODUCTION 

 

The behavior of soil specimens subjected to cyclic 

loads in drained and undrained conditions is an 

important area of study in geo-technical engineering 

(Vedran Jagodnik and Željko Arbanas, 2022). These 

studies aimed to understand how soil responds and 

deforms under cyclic loading and unloading when the 

drained conditions vary (Souza Junior et al., 2020). By 

investigating this behavior, engineers can better predict 

the performance of soil in various geo-technical 

applications, such as foundation design, slope-stability 

analysis and offshore structures. 

In drained condition, the soil specimens are allowed 

to freely drain excess pore water pressure generated 

during loading and unloading cycles. This condition 

mimics scenarios where the soil is well-drained, such as 

sands or cohesionless soils with adequate permeability. 
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Under cyclic loads, the soil experiences changes in 

stress and strain, leading to various responses. These can 

include progressive accumulation of deformation, such 

as shear strain, axial strain, dilation and settlement 

(Wichtmann et al., 2005). The drained behavior of soil 

specimens can be influenced by factors, such as 

confining pressure, stress history and the initial void 

ratio of the soil (Duque et al., 2022). 

On the other hand, undrained condition occurs when 

the soil specimens are not allowed to drain during cyclic 

load. This situation represents cases when the load has 

affected in a short time, which causes inadequate 

drainage in the specimen, or when the drained condition 

of the soil is not guaranteed. In undrained condition, the 

excess pore water pressure generated during loading is 

not dissipated and can significantly affect soil behavior. 

The undrained response of sand specimens can exhibit 

phenomena, like pore pressure buildup, contractive or 

dilative behavior and potential liquefaction under 

certain loading conditions (Zhehao Zhu et al., 2021). 

The undrained shear strength and stress-strain behavior 

of the soil are crucial factors in assessing stability and 

the potential for catastrophic failure in geo-technical 

structures. 

Studying the behavior of sand specimens under 

cyclic loads in both drained and undrained conditions 

helps engineers gain insights into the soil's response and 

its influence on geo-technical applications. This 

knowledge aids in the design of foundations, retaining 

structures and earthworks, as well as in evaluating the 

stability and performance of natural and engineered 

slopes. Furthermore, understanding the cyclic behavior 

of sand in drained and undrained conditions is vital for 

mitigating geo-technical hazards and ensuring the safety 

and reliability of infrastructure projects in various 

geological settings. 

In this research, the behavior of river-sand 

specimens with a relative compaction of 0.95 is studied 

under drained and undrained cyclic loads in the 

laboratory with the change of three different loading 

amplitudes of 30 kPa, 50 kPa and 60 kPa in over 5000 

loading cycles, which is a long enough time to evaluate 

the effect of a type of dynamic load, such as an 

earthquake which takes only a few minutes. This study 

provides significant insights into soil behavior, which is 

crucial for the design of foundations and other geo-

technical structures. 

 

MATERIALS AND METHODS 

 

Experimental Materials and Specimen Reconstitution 

Uniform and clean sand (grain diameter from 0.1 to 

1.0 mm) has been used in this study, which was taken 

from the Trai Giam mine in Ham Tan district in Binh 

Thuan province in Vietnam. This sand is analyzed 

through grain size (Figure 1), relative compaction 

testing and specific gravity testing, as illustrated by the 

parameters in Table 1. 

The grain-size curve of sand is presented in Figure 1 

(ASTM D422-63). 

 

 

Figure (1): Grain-size curve of the experimental sand 

 

The sand is reconstituted to achieve a relative 

compaction (K) of 0.95. The relative compaction 

referred to here is the ratio of the dry soil under 

compaction to the maximum dry unit weight of the soil 

obtained during the laboratory compaction test (ASTM 

D698-12 and Braja M. Das and Khaled Sobhan, 2013), 

which is determined by the formula: 

 

𝐾 =
𝛾𝑘

𝛾𝑘
𝑚𝑎𝑥                                              (1) 
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where K is the required relative compaction 

(dimensionless), 𝛾𝑘 is the dry soil (kN/m3) and 𝛾𝑘
𝑚𝑎𝑥 is 

the maximum dry unit weight in the laboratory (kN/m3). 

To determine the value of maximum dry unit weight, 

the authors compacted the specimen with five different 

moisture content levels (ASTM D1557-12 and 

Vietnamese standard 8721). From there, a relationship 

curve between dry soil and moisture content is presented 

in Figure 2. 

 

 

Figure (2): Relationship curve of compacted dry soil and moisture content of sand 

 

From the function shown in Figure 2, the maximum 

dry unit weight 𝛾𝑘
𝑚𝑎𝑥 is calculated as 1.65 g/cm3 with an 

optimum moisture content wo of 7.27%. 

 

Table 1. Typical parameters of sand used for the experiment 

Characteristic Symbol Value Unit 

Specific gravity GS 2.64 - 

Effective grain size D10 0.183 mm 

Relative compaction K 0.95 - 

Maximum dry unit weight 𝛾𝑘
𝑚𝑎𝑥 1.65 kN/m3 

Optimum moisture content wo 7.27 % 

 

Methods 

Theoretical Methods of Soil Behavior When Subjected 

to Cyclic Loads in Drained and Undrained Conditions 

 

Method for Consolidated Drained Soil 

In this test method, the shear characteristics are 

measured under drained condition and applied to field 

conditions where soils have been fully consolidated. The 

shear strength can be expressed in terms of effective 

stress, because a strain rate or load application rate slow 

enough to allow pore pressure dissipation during shear 

is used to result in negligible excess pore pressure 

conditions (ASTM D7181 - 20). 

The axial strain is determined for a given applied 

axial load as follows: 

𝜀1 =
∆𝐻

𝐻𝑐
 ,                                (2) 

where 𝜀1 is the axial strain, ∆𝐻 is the change in the 

height of the specimen during loading (mm), Hc is the 

height of the specimen after consolidation (mm), which 

is determined from the following equation: 

𝐻𝑐 = 𝐻0 − ∆𝐻0,                                           (3) 

with H0 being the initial height of the specimen 

(mm), while ∆𝐻0 being the change in height of the 

specimen at the end of consolidation (mm). 

The principal stress difference (deviator stress), 

𝜎1 − 𝜎3, for a given applied axial load is calculated as 

follows: 

(𝜎1 − 𝜎3) =
𝑃+𝐾+𝜎3∙(𝐴−𝑎)

𝐴
− 𝜎3,                                  (4) 

y = -0.0044x2 + 0.064x + 1.4168
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where A is the corresponding cross-sectional area 

(mm2), 𝑎 is the area of the loading piston at the point 

where it enters the cell (mm2), 𝜎1 is the major principal 

stresses in a triaxial test (kPa), 𝜎3 is the minor principal 

stresses in a triaxial test (kPa), P is the load to be applied 

to the piston to reach 𝜎𝑣𝑐
′  (vertical effective stress), 

calculated as follows: 

 

𝑃 = (𝜎𝑣𝑐
′ − 𝜎ℎ𝑐

′ ) ∙ 𝐴𝑐 − 𝐾 + (𝜎ℎ𝑐
′ + 𝑢𝑏)𝑎;  

𝐾 = 𝑊 − [(𝐴𝑐 − 𝑎) ∙ ℎ𝑐 ∙ 𝛾],                                    (5) 

 

with 𝜎𝑣𝑐
′  being the vertical effective stress, defined at 

the center of the specimen (kPa), 𝜎ℎ𝑐
′  the lateral effective 

stress, defined at the center of the specimen (kPa), Ac the 

area of the specimen after isotropic consolidation 

computed (mm2), ub the back pressure (kPa), hc the 

distance from the top of loading cap to mid-height of the 

specimen, after isotropic consolidation (mm) and W is 

the weight of the piston, top cap and top half of specimen 

(g). 

 

Method for Consolidated Undrained Soil 

The constitutive relation of dynamic parameters is 

determined by the axial stress and strain in the specimen 

(ASTM - D3999). 

The axial stress and strain in the specimen can be 

obtained from its response to increasing dynamic 

loading. The maximum dynamic shear stress 𝜏𝑑 and 

dynamic strain 𝛿𝑑 in the specimens are calculated 

according to the following equations: 

 

𝜏𝑑 =
𝜎𝑑

2
;                                                                         (6) 

 

𝛿𝑑 = (1 + 𝜇) ∙ 𝜀𝑑,                                                       (7) 

 

where 𝜎𝑑 is the maximum dynamic stress in the 

specimen (kPa), 𝜀𝑑 is the maximum dynamic strain in 

the specimen (mm) and 𝜇 is the Poisson's coefficient of 

the material. 

The dynamic elasticity modulus (Young’s modulus) 

is determined from the behavior of soil through the 

stress-strain under cyclic axial load (Figure 3) and can 

be calculated as follows: 

 

𝐸𝑑 =
𝜎𝑑

𝜀𝑑
=

(𝜎𝑑1−𝜎𝑑2)

2
(𝜀𝑑1−𝜀𝑑2)

2

,                                                      (8) 

 

where 𝜎𝑑1, 𝜎𝑑2, 𝜀𝑑1, and 𝜀𝑑2 are the maximum values 

of axial compressive stress, axial tensile stress, axial 

compressive strain and axial tensile strain, respectively. 

 

Figure (3): Stress-strain behavior of soil under 

cyclic load and determination of elasticity modulus 

 

Therefore, the dynamic shear modulus of a specimen 

is defined as: 

𝐺𝑑 =
𝐸𝑑

2∙(1+𝜇)
∙                                           (9) 

The damping ratio is an important dynamic 

parameter of soil that expresses the hysteresis 

characteristic of its stress-strain behavior under cyclic 

loading (Figure 4), which is determined as follows 

(Jianfeng Li et al., 2020): 

 

𝐷 =
𝐴𝐿

4∙𝜋∙𝐴𝑇
∙ 100%,                                                    (10) 

 

where AL is the area inside the hysteresis loop 

(kN-m), AT is the area of the triangle calculated and 

𝐴𝑇 = 0.5 ∙ 𝐿 ∙ 𝑆, with L and S being the edges joined by 

the hysteresis loop and the coordinate axes (Figure 4). 

 

Figure (4): Determining the shear modulus and 

damping ratio of soil under cyclic load 
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Experimental Method for Sand Specimens Subjected 

to Cyclic Loads in Drained and Undrained Conditions 

The experiments in this study were performed on a 

cyclic triaxial apparatus (Figure 6). The test specimens 

are compacted in a circular cylindrical mold with a 

diameter of 7 cm and a height of 14 cm (Md Asfaque 

Ansari and Lal Bahadur Roy, 2023). When compacting 

each layer in the mold, it is necessary to control the 

uniformity of calculated relative compaction. 

The experimental stages were performed as follows: 

Reconstituting-specimen Stage 

The soil mass and the amount of water to create 

moisture for the specimen are calculated with the 

studied relative compaction. The rubber membrane is 

placed on the specimen mold. Rubber rings are used to 

seal the bottom and top of the specimen. The specimen 

is compacted into the mold and a reconstituted specimen 

is obtained with a diameter of 7 cm and a height of 

14cm, as shown in Figure 5. The specimens must be 

absolutely sealed. 

 

 
 

Figure (5): Reconstituted-specimen preparation by compaction method 

 

Natural-saturation Stage 

Put the specimen under vacuum before removing the 

prototyping mold. Place the triaxial cell and let the 

degassed water from the tank enter it. The initial 

pressure has been created in the triaxial cell to stabilize 

the specimen when it is no longer under vacuum. Aerate 

the carbon dioxide through the specimen by the pore and 

back systems for 30 to 40 minutes to push out all other 

gases in the specimen (Figure 6a). Next, natural 

saturation is achieved by passing degassed water 

through the specimen through the pore and back 

systems. The water will dissolve the carbon dioxide 

present in the specimen and fill the voids with water 

(Figure 6b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6): Naturally-saturated specimen with carbon dioxide and degassed water 
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Saturation Stage by Device: Start equipment, such as 

aircompressor, gauge device and computer. Increase the 

value of the cell back pressure until the saturation value 

B ≥ 0.95 is obtained (displayed on the computer). Save 

the back-pressure value at the time of saturation. 

Consolidation Stage by Device: Set the back-

pressure target to the value at the previous saturation 

step. The cell-pressure target value equals the back value 

plus 100 kPa. Perform specimen consolidation until the 

consolidation degree reaches over 98% and the effective 

stress of 100 kPa, then stop. 

Stage of Performing the Load: Set parameters on 

Dyna Triaxial software, such as undrained or drained 

condition, loading type, loading frequency, effective 

pressure, loading amplitude and number of observation 

cycles. In this study, the load is axial and sinusoidal with 

the frequency of 0.5 Hz (ASTM-D3999). The loading 

amplitude is calculated by the formula: 

𝐴𝐿𝑜𝑎𝑑 = 2 ∙ 𝐶𝑆𝑅 ∙ 𝜎0
′ ,                                                  (11) 

where ALoad is the loading amplitude (kPa) and CSR 

is the stress ratio, which is between 0.15 and 0.3 

(ASTM-D3999), 𝜎0
′ is the effective stress (kPa), in this 

research 𝜎0
′ = 100 𝑘𝑃𝑎. The authors used three 

different CSR values of 0.15, 0.25 and 0.3. Therefore, 

the specimens have been subjected to cyclic loads of 

varying amplitudes (30 kPa, 50 kPa and 60 kPa) and 

their behaviors have been closely monitored. 

Next, observe the experiment through the number of 

loading cycles (T.S. Hou et al., 2020). 

 

RESULTS AND DISCUSSION 

 

Results 

Behavior of Sand Subjected to Cyclic Load in Drained 

Condition 

Under the effect of cyclic load in drained condition 

with thousands or even millions of loading cycles, the 

test specimens only have strain accumulation. 

Therefore, in this study, the authors observe the 

behavior of sand specimens under drained condition 

with over 5000 cycles. It can be seen that the strain of 

the sand specimens only increases slowly and 

moderately. It seems that the grains are arranged more 

stable and dynamic parameters such as axial strain, 

damping ratio and Young's modulus change very little 

and tend to be steady. 

In the cyclic load under drained condition, the results 

indicate that the axial strain is cumulative from 0.02 to 

0.03 at the loading amplitude of 30 kPa. This value 

changes from 0.03 to 0.05 at the loading amplitude of 50 

kPa and from 0.03 to 0.06 at the loading amplitude of 60 

kPa (Figure 7). 

 

 

Figure (7): Axial-strain accumulation of sand specimens subjected to cyclic load in 

drained condition with varying loading amplitudes 
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Considering the damping ratio of the specimens 

when changing the amplitude of cyclic load applied in 

drained condition, with the loading amplitude of 60 kPa, 

the damping ratio has a higher value, with a stability of 

between 5.5% and 5.8 %. In the two remaining cases of 

loading amplitude of 30 kPa and 50 kPa, the damping 

ratio has relatively equal values and the stability is 

between 4.3 % and 4.7 % (Figure 8). 

 

Figure (8): Damping ratio of sand specimens subjected to cyclic load in 

drained condition with varying loading amplitudes 

 

Besides, it can be seen that the difference in Young's-

modulus values with cases of loading changes in 

comparison with the damping ratio. With the loading 

amplitude of 30 kPa, Young's-modulus value is lower 

and the stability is between 100 MPa and 102 MPa. 

Meanwhile, Young's-modulus value is stable between 

146 MPa and 149 MPa with the loading amplitude of 50 

kPa and between 149 MPa and 150 MPa with the 

loading amplitude of 60 kPa (Figure 9). 

 

Figure (9): Young’s modulus of sand specimens subjected to cyclic load in 

drained condition with varying loading amplitudes 
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Behavior of Sand Subjected to Cyclic Load in 

Undrained Condition 

When the applied load is small with an amplitude of 

30 kPa (corresponding to CSRmin), similar to the above 

case with over 5000 observation cycles, the specimen is 

almost only moderately deformed and the sand grains 

seem to be rearranged more stable. The sand specimen 

has not undergone the liquefaction phenomenon. The 

specimen is liquefied with a finite number of 

liquefaction cycles under the increase of loading 

amplitude. The liquefaction cycle number of the sand 

specimen is 1738 cycles at the loading amplitude of 50 

kPa and 773 cycles at the loading amplitude of 60 kPa. 

It can be seen that the axial strain is cumulative from 

0.02 to 0.03 at the loading amplitude of 30 kPa. 

Meanwhile, the rapid and unrecoverable rise of the axial 

strain has been seen in the remaining loading- amplitude 

cases (Figure 10). 

 

 

 

Figure (10): Axial-strain accumulation of sand 

specimens subjected to cyclic load in undrained 

condition with varying loading amplitudes 

 

 

Considering the damping ratio of the specimens 

when changing the amplitude of cyclic loads applied in 

undrained condition, with the loading amplitude of 30 

kPa, the damping ratio is stable between 1.1% and 1.5%. 

The sand specimen has an increase of the damping ratio 

from 4.2% to 17% at the loading amplitude of 50 kPa 

and from 5% to 19% at the loading amplitude of 60 kPa 

when the specimens have been liquefied (Figure 11). 

 

 

Figure (11): Damping ratio of sand specimens 

subjected to cyclic load in undrained condition with 

varying loading amplitudes 

 

Meanwhile, a decrease of Young's modulus from 

189 MPa to about 173 MPa is noticed, then it tends to 

stabilize at the loading amplitude of 30 kPa. We see a 

different trend in Young’s modulus in the remaining 

loading-amplitude cases; its value decreases from 172 

MPa at the loading amplitude of 50 kPa and from 167 

MPa at the loading amplitude of 60 kPa, with a rapid-

drop tendency at the time of liquefied specimen (Figure 

12). 

 

 

Figure (12): Young’s modulus of sand specimens 

subjected to cyclic load in undrained condition with 

varying loading amplitudes 

 

Comparison of Dynamic Parameters under 

Experimental Conditions 

From the studied results, the authors built a table 

comparing the dynamic parameters studied for three 

loading magnitudes corresponding to three loading 
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amplitudes in drained and undrained conditions (Table 2). 

 

Table 2. Dynamic parameters under loading in drained and undrained conditions 

Values of 

research 

parameters 

Loading amplitude (kPa) 

Drained condition Undrained condition 

30 kPa 50 kPa 60 kPa 30 kPa 50 kPa 60 kPa 

Number of 

observation 

cycles 

Over 5000 

cycles 

Over 5000 

cycles 

Over 5000 

cycles 

Over 5000 

cycles 

Liquefied 

specimen with 

1738 cycles 

Liquefied 

specimen with 

773 cycles 

Axial strain 

Accumulates 

from 0.02 to 

0.03 

Accumulates 

from 0.03 to 

0.05 

Accumulates 

from 0.03 to 

0.06 

Accumulates 

from 0.02 to 

0.03 

Increases very 

quickly when 

the specimen 

liquefies 

Increases very 

quickly when 

the specimen 

liquefies 

Damping ratio 

(%) 

Stability 

between 

4.3% and 

4.5% 

Stability 

between 

4.5% and 

4.7% 

Stability 

between 

5.5% and 

5.8% 

Stability 

between 

1.1% and 

1.5% 

Increase from 

4.2 % to 17 % 

Increase from 5 

% to 19 % 

Young’s 

modulus (MPa) 

Stability 

between 

100MPa and 

102 MPa 

Stability 

between 

146MPa and 

149 MPa 

Stability 

between 

149MPa and 

150 MPa 

Moderate 

decline from 

189 MPa to 

173 MPa 

Decrease from 

172MPa to 

very low 

Decrease from 

167MPa to 

very low 

 

DISCUSSION 

 

The results show that the sand behavior under cyclic 

loading varies significantly with the loading conditions, 

demonstrating its complexity. 

The damping ratio has been observed in both drained 

and undrained conditions by cyclic triaxial tests (Figures 

8 and 11). The damping ratio in these results is 

consistent with previous studies (Vedran Jagodnik and 

Željko Arbanas, 2022). Besides, it is worth noting that 

the damping-ratio values in this study are lower than the 

results of Vedran Jagodnik and Željko Arbanas (2022). 

Further, with a low loading amplitude of 30 kPa, despite 

loading in undrained condition, the sand specimen still 

tends to be stable, with rearrangement of particles and 

increase of compaction without causing liquefaction. 

When the sand specimens are subjected to cyclic 

load under drained condition, the Young's-modulus 

value is significantly lower at the loading amplitude of 

30 kPa, which is only 0.67 times that of the 60-kPa case. 

The influence of loading amplitude under undrained 

condition on the liquefaction ability of the specimen can 

be easily seen. Increasing the loading amplitude causes 

faster liquefaction of the specimen with fewer cycles, 

through 773 cycles with the loading amplitude of 60 kPa 

and through 1738 cycles with the loading amplitude of 

50 kPa. At the time of the liquefied specimen, the axial 

strain and damping ratio increase suddenly (Figures 10 

and 11). In addition, the strength of the specimen is 

almost completely lost, causing specimen destruction 

(Figure 12). This is consistent with several findings in 

previous years (Vucetic & Mortezaie, 2015). 

The rule of the excess pore water pressure formation, 

strength decline and sudden increase in damping ratio 

and axial strain under undrained cyclic load is also 

observed in the behavior of natural red sand, which has 

been researched and published previously by the 

authors. However, considering the same loading 

amplitude of 60 kPa and frequency of 0.5 Hz, the 

liquefaction ability of natural red sand is faster than that 

of river sand which is shown as 184 liquefaction cycles 

of natural red sand and 773 cycles of river sand (Van 

Thuy Do, Duc Tiep Pham, Van Hieu Nguyen & Cao 

Thang Pham, 2024). It is shown that, under undrained 

cyclic load, river sand has a better liquefaction 

resistance than natural red sand. The reason is that river 

sand has many rough particles which create hook 

insertion, forming a better connection between the 

particles. 

The results also provide interesting data. As the load 
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amplitude increases, the damping ratio becomes higher 

in both conditions (Figures 8 & 11 and Table 2). It can 

be seen that there is another trend of the Young's-

modulus values, which is a high value corresponding to 

a big amplitude in undrained condition and the opposite 

in drained condition (Figures 9 & 12 and Table 2). 

The drained tests focused on the results of strain 

accumulation. Although damping ratio and strength are 

also considered, they increase very little (Figures 8 & 9). 

Further, under drained condition, the experiments allow 

volume changes; so, the pore water pressure does not 

form. Therefore, the sand specimens become more 

compacted and solid, but they need to be additionally 

examined at a higher number of loading cycles. 

In two cases of load amplitude of 50 kPa and 60 kPa 

under undrained condition, the axial strain and damping 

ratio are completely consistent with the results given by 

Vedran Jagodnik and Željko Arbanas (2022). 

Varying load magnitudes play a vital role in the 

operation of different loads depending on the type of 

construction. For example, in the foundation of traffic 

construction, excessive vehicle loads can cause 

liquefaction and destruction of the foundation if it is 

flooded. 

 

CONCLUSIONS 

 

The change in loading amplitude greatly affects the 

strength of the construction foundation. In case of heavy 

rain, it can cause flooding that completely saturates the 

foundation. Thence, under the effect of dynamic loads, 

it can cause serious consequences for the structure. The 

behavior of sand specimens subjected to cyclic load with 

varying loading magnitudes under different drainage 

conditions in this study is important for engineers to be 

able to better predict the characteristics of soil in various 

geo-technical applications, such as foundation design, 

slope-stability analysis, .... etc. 

The results show that the loading amplitude greatly 

influences the soil behavior and the accumulated strain 

under both drained and undrained conditions. Bigger 

loading amplitude causes higher damping ratio in both 

cases; however, the strength value tends to be opposite 

in the two cases. 

The axial strain of the experimental soil shows 

interesting behavior under both drained and undrained 

conditions. Under undrained condition, the soil degrades 

rapidly with suddenly increasing and unrecoverable 

axial strain at the time of liquefied specimen. Further, 

the pore water pressure accumulates significantly to 

destroy the specimen. In drained condition, the material 

seems to be more compacted and solid under the effect 

of cyclic loads, but needs to be additionally examined at 

a higher number of loading cycles. 

These findings are expected to enhance geo-

technical engineering by improving the understanding 

of soil mechanics and aiding in designing safer, more 

effective structures. 
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