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Abstract 
The soil samples were collected from a shallow landslide hazard site of the 
Rangamati Sadar in Bangladesh to determine the shear strength properties of 
the soil. Multistage triaxial consolidation undrained test has become world-
wide more accepted to determine the shear strength parameters. Multistage 
triaxial undrained tests were performed on five samples taken from five dif-
ferent depths of boreholes. Samples were evaluated under two natural condi-
tions and three remolded situations. Samples were consolidated before shear-
ing at confining pressures from 50 kPa to 1200 kPa. All the test results are 
discussed in terms of deviator stress versus axial strain, mean effective stress 
versus deviator curves, stress ratio versus axial strain, and excess p. w. p. ver-
sus axial strain curves. The samples consolidated at low effective stress first 
displayed peak positive values of excess p. w. p., followed by increased strains 
due to sample bulging failure, and only a few samples formed a shear surface 
failure. The strength parameters were estimated using the maximum deviator 
stress as the failure criterion i.e. the overall value of the cohesion is 20 kPa 
and the friction angle is 34˚. Hence, the critical state line has been constructed 
and the critical state parameters have been calculated. The critical state stress 
ratio M was calculated to be 0.036. The shear strength of soil is one of the sig-
nificant mechanical properties that are thoroughly used to assess the landslide 
and liquefaction potentiality of the soil. 
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1. Introduction 

The research area Rangamati Sadar, a southeastern folded part of Bangladesh is 
part of a hilly terrain where landslides have occurred frequently. It is very im-
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portant to determine the soil property i.e., shear strength the stability of slopes, 
retaining walls, and foundations. The triaxial test is the most commonly used 
laboratory equipment for studying soil strength and deformation behavior. In 
conventional tests, each specimen goes through a consolidation and shearing 
phase, resulting in a single stress vs. strain trend and, only one level of stress at 
failure. 

The multi-stage triaxial tests, which use one specimen to determine its strengths 
under several different stages of confining stresses, appear to be an attractive al-
ternative for the geomechanical characterization of shallow landslide site soil 
samples. In a multi-stage triaxial test, the specimen is clipped up to a shearing 
termination point under an initial confining pressure and then reconsolidated 
under a higher confining pressure for the next shear stage. This process is re-
peated multiple times to obtain soil strength under various confining stresses. 
The multi-stage triaxial test is an information-rich testing technique that utilizes 
a minimum number of specimens and can circumvent the consequences of the 
variability of specimens often observed from one single-stage triaxial test to the 
other [1]. Since its first practical application in the early 1950s [2], multi-stage 
triaxial tests have been successfully used to characterize the strength of various 
rocks and soils [3]-[8]. 

Authors [9] performed MCU (multistage undrained testing) that specifies rea-
sonable consistency between the data acquired from MCU tests and those ob-
tained from conventional undrained tests (CCU).  

Although various research [1] [2] [10] [11] [12] [13] have demonstrated the 
economic viability of doing multistage triaxial testing on saturated soils, they 
have also identified the shear strength or effective shear strength of saturated as 
well as unsaturated soils [1] [10] [12] [14] and reviewed the test [13]. Consoli-
dated undrained triaxial tests on various clay specimens using both conventional 
and multistage approaches and found that multistage compression tests con-
curred well with those conducted by [12].  

Multistage triaxial tests can collect the most information from a small number 
of tests and reduce the effect of soil variability from one test to the next. The test 
results are easily applicable to soil slope stability and earth pressure problems. 

It is important to understand the geotechnical properties and shear strength 
behavior on those properties and the associated difficulties related to the strength 
of this soil. This study intends to investigate the effect of engineering geological 
& geomechanical factors on landslides within the Rangamati Sadar area, Ban-
gladesh. The main objective of this research work is to determine the subsurface 
condition and shear strength parameters of soils. The results will contribute to a 
better understanding of the nature of landslide occurrences i.e., slope stability of 
the area.  

2. Methodology 
2.1. Multistage Procedure 

A multistage test involves more than one consolidation and shearing on the 
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same soil specimen loaded inside a direct shear box. During the saturation stage 
of a triaxial test, it takes around 5 days to get a value of B (pore pressure) greater 
than 0.9 and complete the settling in this process. This strategy achieves signifi-
cant homogeneity of outcomes while taking a significant amount of time. After 
the saturated and consolidated specimen in stage I is finished, the specimen is 
sheared to produce a large amount of shear stress. The specimen is then freed 
from stress. The specimen is subjected to higher normal stress before the shear-
ing stage to begin the next stage.  

The test procedure for the multi-stage undrained compression test used con-
sisted of consolidating a sample under various cell pressures (at a range of effec-
tive confining pressures from 50 kPa up to 1200 kPa), computing the height and 
volume of the sample after each consolidation phase, increasing both the cell 
pressure and the pore pressure by equal amounts to dissolve any free air, and 
loading the sample until fail or brittle was reached. The overall strain applied to 
the sample during the MCU test was approximately 25%. All the samples carried 
out on strain rates of 0.002%/min to 0.005%/min for different types of soil by 
[13] [15] [16] [17] used a strain rate of 0.002%/min in their multistage testing on 
silty clayey soils. Any undrained test was finished, the load was taken out of the 
sample, and the pore pressure was allowed to stabilize for some time before the 
test was continued or the sample was taken out (Figure 1). 

2.2. Triaxial Test Sample 

Light cable percussion drilling was used to collect the samples. Undisturbed soil 
samples were collected with thin wall open Shelby tubes (U100) and disturbed 
samples were collected using a split spoon sampler. Natural samples were prop-
erly trimmed before each test. Cylindrical test specimens of length 76 mm. and 
diameter 38 mm. were prepared vertically from the central core part of the U100 
tube. The test samples are described in Table 1 and the index data of some of the 
samples are in Table 2. 
 

 

Figure 1. Consolidated Undrained Triaxial apparatus under test in laboratory ground in-
strumentation & engineering Pte Ltd, Singapore. 
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Table 1. Summary of basic geotechnical properties. 

Location Sample No Depth (m) Sand (%) Silt + Clay (%) Density (ᵨs) Mg/m3 Classification 

Bangladesh 
Betar 

BH1 S1 1.50 - 2.00 29.78 70.22 2.66 
CL-MLS 

Silty Clay with Sand 

Passport 
Office 

BH2 S3 3.65 - 4.15 60.4 39.60 2.93 
SMS 

Silty fine medium Sand 

Gayye 
chara 

BH4 S1 2.13 - 2.62 21.42 78.58 2.68 
CL-MLS 

Silty Clay with Sand 

C. M. B 
Ecopark 

BH6 S2 2.13 - 2.62 80.84 19.16 2.70 
SMS 

Silty fine medium Sand 

Monoghar 
Playground 

BH10 S1 0.90 - 1.40 51.38 48.62 2.57 
SC-S 

Clayey fine medium dense Sand 

 
Table 2. Undrained testing details different soils of Rangamati landslide sites. 

Sample 
no. 

Depth 
(m) 

Initial 
Moisture 

content (%) 

Particle 
density (ᵨs) 
(Mg/m3) 

Bulk 
density ρ 
(Mg/m3) 

Initial Dry 
density ρd 
(Mg/m3) 

Dry 
density ρd 
(Mg/m3) 

Initial 
void ratio 

(e0) 

Wet weight 
of Sample 

(g) 

Dry weight 
of the 

sample (g) 

CU100 1.5 - 2.00 26 2.93 1.70 1.35 1.71 1.165 147.5 140.5 

CU200 2.13 - 2.62 26 2.68 1.92 1.52 1.85 0.758 166.3 163.3 

CU300 2.13 - 2.62 21 2.70 1.77 1.47 1.78 0.841 153.1 152.1 

CU400 3.65 - 4.15 27 2.66 1.66 1.31 1.63 1.026 143.4 139.5 

CU600 0.9 - 1.40 26 2.57 1.62 1.39 1.76 0.846 140.0 134.0 

 
Consolidated undrained triaxial tests with pore water pressure measurements 

were carried out on the five undisturbed samples (Two natural Clay Samples i.e., 
CD200 and CD400, and three remolded sand samples i.e., CD100, CD300, and 
CD600) collected from several depths from a borehole in the Rangamati landslide- 
prone area of Bangladesh. The triaxial tests are conducted on the undisturbed 
soil specimens under consolidated undrained test with pore pressure measure-
ment (CU) following the BS 1377-8: 1990 (7) [18] Standard Test Method at la-
boratory Ground Instrumentation & Engineering Pte Ltd in Singapore. 

Before the tests, after placing and sealing the specimens inside the triaxial 
chamber and taking measurements of diameter and height, the soil specimens 
are saturated from the top until a value of B (the pore-water parameter) is 1.00 
and it takes 4 - 5 days. For this purpose, the cell pressure and saturation water 
pressure (back pressure) are applied and increased gradually. A difference of 10 
kPa between cell pressure and back pressure is maintained to prevent swelling or 
consolidation during saturation. After completing the saturation process, the soil 
specimens are consolidated under a confining pressure of σ3, and pore water is 
allowed to drain out. Samples were consolidated for up to 24 hours at a range of 
confining pressures from 50 kPa up to 1200 kPa before shearing. The undrained 
compression stage was carried out at a constant rate of up to 20% strain. 
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Figure 2 shows different types of failure as bulging and Shear surface failure 
due to effective confining pressure. Samples are named by using letters and num-
bers. Two letters are used to designate each test. The first and second letters in 
each test indicate the type of shearing (consolidated undrained) and the number 
indicates the load applied to it, tested remolded state, which was consolidated at 
a confining pressure of 50 kPa before shearing. Remolded samples were pre-
pared from the natural soils of the three boreholes and reformed with the same 
void ratio and dry density as the natural samples.  

A single soil sample is subjected to three stages of confining pressures equiva-
lent to 50, 100, and 200 kPa in the multi-stage triaxial (MST) compression test. 
The multi-stage triaxial compression test (MST) is an alternate method that re-
quires only one soil specimen to be evaluated at three stages of shearing with 
various confining pressures as opposed to the usual three soil specimens used in 
traditional triaxial compression tests (CTC) approaches by [9] [10]. In addition 
to requiring fewer soil samples than CTC, adopting MST also saves time in the 
lab and minimizes the impact of heterogeneity on the specimens being evaluated. 
The fundamental benefit of a multi-stage triaxial test over a typical triaxial test is 
that it can provide accurate shear strength values without raising the related la-
boratory costs. 

3. Results and Discussions 

The landslide hazard site sample’s basic geotechnical properties and testing de-
tails are shown in Table 1 and Table 2. The next sections follow details about 
multistage stress-strain curves, excess pore water pressure vs. axial strain, stress 
ratio, and stress path curves. 

3.1. Stress-Strain Curves 

The deviator stress (q) versus axial strain (ε %) curves under different confining 
pressures for all the samples are shown in Figure 3. It can be seen that the 
stress-strain curves show a maximum stress level in each case. The deviator 
stress increases with increasing the axial strain until the maximum value is 
reached (i.e., peak point). In general, the deviator stress of most of the samples  
 

  
(a)                                   (b) 

Figure 2. Failure nature—(a) Bulging and (b) Shear in Triaxial Consolidated Undrained 
test. 
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Figure 3. Deviator stress versus axial strain curves of different depth soil samples. 
 
dropped off significantly immediately after peaking in stage III. The samples 
seemed to show signs of failure in the third stage of loading. The drop in strength 
in stage III appeared to be related to the amount of strain accumulated while sam-
ples were failing. It is suggested that the specimen should not be deformed ex-
cessively during the earlier stage of loading (past peak strength). The peak values 
of q for samples consolidated to effective pressures of 1200 kPa or more have a 
more prominent peak than those consolidated to lower stresses. It can also be 
seen from this figure that the maximum deviator stress increases with increasing 
effective consolidation pressure. 

The axial strains to attain maximum deviator stress for these samples range 
from 6% to 20%. The maximum deviator stress and the corresponding values of 
axial strain, mean effective stress, and excess pore water in each case are summa-
rized in Table 3.  

3.2. Excess Pore Water Pressure versus Strain Curves 

The excess pore water pressures (p. w. p.) versus strain curves for all samples are 
shown in Figure 4. The excess pore water pressure increases initially, reaches a 
peak, and then decreases with increasing strain. Tests at low confining pressure 
(50 to 300 kPa) initially showed low values of positive pore water pressures, fol-
lowed by higher axial strains. All the samples had no negative pore pressure at 
higher confining pressures. Generally, most of the tested samples show normal 
behavior during the shearing process, indicating the behavior of normal to 
lightly over-consolidated soil. The test results also indicate that the confining 
pressure (σ3) has an important role in the variation of pore water pressure dur-
ing loading so that excess pore water pressure increases as confining pressure 
increases.  

The graph of excess pore water pressure vs. axial strain (Figure 4) reveals a 
general trend between excess p. w. p. and confining pressure. In all samples, the 
maximum positive excess pore water pressure values lie between approximately 
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7 kPa to 321 kPa. The highest value of positive excess p. w. p. is for sample BH-4 
(S1) of effective pressure CU400, whereas the lowest value was for sample BH-6 
(S2) of effective pressure CU150. Table 3 shows the highest deviator stress in 
each state. These values lie in the 150 kPa to 400 kPa range from stage I to stage 
III. In all samples, excess pore water pressures have reached their maximum val-
ues at lower axial strains than that of the maximum deviator stress. 
 

 

Figure 4. Excess pore water pressure versus axial strain curve of different depth soil sam-
ples. 
 
Table 3. Summary of stress and strain parameters at maximum deviator stress. 

Sample 
No 

Stage 
Max deviator 

stress (q) 
kPa 

Excess p. w. p. 
at max q(u) 

kPa 

Axial strain 
at max q 

(ε, %) 

Mean effective 
stress (p') 

at max kPa 

CU50 I 93.3 15 6 72.2 

CU100 II 155.7 33 9 136 

CU200 III 242 80 20 231.1 

CU100 I 327.4 73 6 283.8 

CU200 II 570.8 118 9 560.7 

CU400 III 965.1 321 20 952.7 

CU150 I 287 7 6 231.1 

CU300 II 458.8 33 9 386.5 

CU600 III 706.6 83 20 660.3 

CU200 I 260.6 43 6 232.2 

CU400 II 507.2 83 9 464.7 

CU800 III 853.2 232 20 788.4 

CU300 I 369.4 137 6 341.9 

CU600 II 798.5 214 10.9 779.2 

CU1200 III 1293.5 297 20 1277.3 
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By comparing the excess p. w. p. and strain curves, it is evident that samples at 
low effective consolidation pressures, 50 to 300 kPa, showed a continuous change 
of p. w. p. up to the end of the test and therefore, these samples have not reached 
a steady state at the end of shearing. If it has been possible to continue shearing 
at more than 20% strain, it might be possible that these samples might have 
reached the steady state as they did not form distinct shear surfaces. 

It can be seen from Figure 4 that the excess p. w. p. for tests all the samples 
tended towards constant values at very large strains (approximately over 20% 
strains) except CU300, which indicates that they are approaching the critical 
state. However, these two samples formed distinct shear surfaces. It is therefore 
difficult to justify that these samples have truly reached the critical state. Other 
can be seen in cohesive samples from Figure 4, at low to medium effective con-
solidation pressures (CU50, CU100, and CU150) seem to be constant at stage III 
until the end of the test and they also formed a bulging failure. Therefore, these 
samples also have reached the critical state at the end of shearing. In all samples, 
excess pore water pressures have reached their maximum values at higher axial 
strains on stage III than the point at which maximum deviator stress occurred 
(Figure 4). 

3.3. Stress Ratio (q/p') vs. Strain Curves 

[19] Pointed out that the maximum stress ratio (q/p') value does not necessarily 
occur at the same strain as the peak deviator stress. The maximum stress ratio 
criterion is preferable to the peak stress ratio criterion in some ways because it 
can provide a better correlation of shear strength with other parameters, or be-
tween different types of tests. It is particularly useful for clays in which the de-
viator stress continues to increase at larger strains. [20] Mentioned that soils are 
frictional materials and their strength increases with normal stress so the stress 
ratio is more important than the shear stress alone. The maximum q/p ratio versus 
strain graphs is shown in Figure 5. The maximum q/p ratios occurred at strains 
from 3.99% to 8.97%. 
 

 

Figure 5. q/p' ratio versus strain (%) curves of different depths of soils. 
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The maximum q/p values for these samples lie from 1 to 4.02. The highest and 
lowest maximum stress ratio values for these samples are observed in tests CU100 
and CU150 respectively. After reaching the maximum q/p values at 6% strains, 
some of the samples reached a constant stress ratio state at strains greater than 
20% (Figure 5). After reaching the maximum q/p' values at low strains (Stage I) 
all samples showed a tendency to drop continuously to strain 9% strain. At stage 
III maximum soils reached a constant stress ratio state except for CU1200 (Figure 
5). A variation in the maximum q/p ratio value is observed with the increase of 
effective confining pressures for these samples. In general, low effective consoli-
dation pressure (Stage I) samples showed higher values of maximum q/p ratio 
value than the high effective consolidation pressure samples. 

3.4. Effective Stress Paths in q - p' 

The effective stress paths for all the samples (both natural and remolded) under 
different confining pressures are shown in Figure 6. The stress paths are drowned 
in the (p' - q') plane using the Cambridge stress system, p' is the mean effective 
stress q' is the deviator stress, σ'1 is a major principle effective stress and σ'3 is a 
minor principle effective stress. The stress paths at low effective consolidation 
pressures, 50 to 200 kPa, (Figure 6) initially increased a straight line and then 
showed a tendency to move towards the left. At higher effective consolidation 
pressures, 400 to 1200 kPa, each stress path at the beginning of each test, shows a 
tendency to move towards the left with an increase of deviator stress. A clear 
change of behavior can also be observed in the excess p. w. p. versus strain 
curves as shown in Figure 4.  

With the increase of p and q', each stress path shows a tendency to move to-
wards the left when they are approaching failure. After reaching the failure zone, 
the stress paths curve starts to down (possibly approaching the critical state line, 
CSL). The values of mean effective stress at maximum deviator stress and the  
 

 

Figure 6. Effective stress paths of different depth soil samples. 
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corresponding maximum deviator stress for these stress paths are mentioned in 
Table 3. The failure points and end points are almost close to each other for 
most of the samples. It is found in Figure 6 that the mean effective stress values 
at failure increase with increasing confining pressure. Consequently, the deviator 
stress at failure also increases with the increase of mean effective stress (Figure 
6). Figure 6 describes the shear stress and pore water pressure curves as a func-
tion of shear duration for various normal stresses. In this research, the void ratio 
is considered a weathering process function and is unrelated to stress history. 

3.5. Failure Surface of Soils 

A failure envelope in terms of effective stress for a set of tests is plotted in the q − 
p' space, as shown in Figure 7. It shows a linear failure envelope. All the lower 
confining pressure samples failed with the formation of shear planes. At low ef-
fective consolidation pressures sample BH4/S1 (100 kPa), the shear planes were 
distinct. Samples CU100, CU300, and CU400 failed with several indistinct shear 
planes with bulging failure. Two samples also failed with distinct shear planes. 
However, at high effective consolidation pressures, in samples CU400 to CU600, 
shear planes were more prominent and distinct and the samples failed along a 
distinct single shear plane. Similar distinct polished shear planes were observed 
by [21] on London Clay. The failure surface for the whole range of tests for these 
soils showed a linear up to approximately p' = 1200 kPa. The slope of the curve 
reduces steadily as p' increases and samples reach a maximum q/p' ratio before 
failure followed by a decrease with increasing strain to the end of the test. From 
the failure envelope, shear strength Parameters are Cohesion (c) values of 20 
(kPa), and a Friction Angle (φ) of 34˚ was obtained. The obtained value is very 
close to the author’s [9] [22].  

3.6. Critical State Behaviour 

Finally, based on the experimental results the critical state parameters for these 
soils have been calculated and shown in Figure 8. 
 

 

Figure 7. Failure surface of different depth soil samples. 

https://doi.org/10.4236/eng.2023.1510041


M. Khatun et al. 
 

 

DOI: 10.4236/eng.2023.1510041 591 Engineering 
 

 

Figure 8. Specific volume versus p' for different depth soil samples. 
 

[20] [23] mentioned that the intrinsic critical state parameters (M, λ, and τ) 
depend principally on the nature of the soil and might vary due to differences in 
grading and mineralogy from sample to sample.  

From the q/p ratio versus strain graphs (Figure 6) it was difficult to identify a 
single common ultimate stress ratio value for these soils. The values of the 
maximum q/p ratio showed a range of variations. The maximum q/p values ob-
tained in between 1 to 4.02. It is interesting to see that all samples at low effective 
consolidation pressures (50, 100, and 300 kPa) have a similar ultimate stress 
value of around 1. It is important to note here that these low confining pressure 
samples did not form distinct shear surfaces; therefore, the ultimate stress ratio 
for these tests might represent the critical state. A true critical state was not 
achieved for these low-stress tests, as pore water pressure continued to change 
even at large strains when the tests were terminated. However, most of the 
low-stress tests showed that the rate of decrease of pore water pressure reduced 
towards the end of the test and they did not form distinct shear planes indicating 
that the critical state was being approached. All the samples at stages I & II did 
not develop shear surfaces but in stage III at higher strain maximum samples 
developed bulging shapes and few samples developed distinct shear surfaces. 

On the other hand, samples at high confining pressures fail along distinct 
shear in a narrow band and the “overall” stress ratio and volume change are no 
longer representative of the sample as a whole. It is difficult to justify that these 
samples have truly reached a critical state. This makes it difficult to construct a 
single unique CSL for these soils. [24] mentioned a value of M = 1.73 for the riv-
er sand and noted that few intact samples of Rangamati soil reached reasonably 
well-defined constant ratio states at very large strains. 

All the undrained results of natural soils are also presented in the v (specific 
volume) versus p space to see the change of specific volume with increasing 
mean effective stress. These results are also evaluated in terms of the critical 
state. The v versus p curves for these soils are shown in Figure 8. By considering 
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the starting and end points of each test it is difficult to construct a single critical 
state line for these samples. However, if the greatest consideration is given to the 
low-stress tests, up to 300 kPa, where it was observed that failure did not involve 
a single distinct shear plane, a trend in terms of changes in mean effective stress 
(p) can be seen. This suggests that the CSL would fall between the endpoints for 
these four tests. Again, from Figure 6, it can also be seen that these soils at low 
effective consolidation pressures (50 to 200 kPa) also moved to the left except 
CU100 kPa moved left to the right side with almost a constant specific volume. 
However, the stress ratio value varies in all samples from 1 m to 4.02 m, consol-
idated between 50 to 300 kPa, and might represent the critical state as they do 
not form distinct shear surfaces. These are the difficulties in defining the critical 
state of this fine to medium loose sand. 

On the other hand, the high effective consolidation pressure, samples 400 to 
600 kPa, initially moved towards the assumed critical state line due to a tendency 
to contract that produces positive pore water pressures. They moved towards the 
assumed critical state line with a lower specific volume. The tests at 400 - 800 
kPa (Figure 8) show an overall movement of an increase in p, even though they 
are above the apparent CSL. This is probably due to the formation of distinct 
shear planes in these tests. Initially, they do show a decrease in p consistent with 
the sketched CSL. The change in direction may represent the initiation of a dis-
tinct shear surface when the pore water pressures measured no longer indicate 
what is happening within the failure surface itself. However, as these soils at high 
confining pressures also formed distinct shear surfaces, it is difficult to establish 
with confidence that these samples truly reached the critical state at very large 
strains. It is, therefore, logical to consider only low-stress tests (50 - 300 kPa) in 
defining critical state lines. 

[20] Pointed out that the critical state parameters for a particular soil are gen-
erally considered to be constant. The variation seen in the stress ratio values and 
also difficulties in defining the CSL from v versus p' curves made it difficult to 
obtain typical critical state parameters for these soils. However, based on all ob-
served results on tested soils a rough estimation was made to obtain the critical 
state parameters for the sandy soils of Rangamati. The intrinsic critical state pa-
rameters critical state friction constant, M, isotropic normal compression line, 
and an ordinate critical state line are shown and compared with the other values 
as quoted by [20] in Table 4. 
 
Table 4. Comparison obtained critical state parameters of Rangamati soil with some typ-
ical soils [24] [25] [26]. 

Soil λ Γ M 

London Clay 0.16 2.45 0.89 

Tropical clay, Dhaka 0.06 1.83 0.95 - 0.96 

River Sand (Coarse-grained) 0.16 2.99 1.28 

Balukhali Soil 1.6 1.8 0.32 

Rangamati Soil (Medium to fine Sand) 0.046 1.73 1.84 
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4. Conclusions 

This research dealt with the behavior of the shallow landslide hazard site soil 
samples of the investigated area, including the different geomechanical parame-
ters of the soil. Multistage undrained triaxial tests were carried out on samples 
collected from five boreholes in the landslide-prone area of the Rangamati Sadar 
area. In undrained shearing at low confining pressure, samples showed positive 
values of excess p. w. p. followed by higher strains in all the samples. No negative 
pore water pressure was observed for those samples consolidated at higher effec-
tive stress. The samples showed a wide range of ultimate stress ratio values at 
strains from 3.90% to 8.97%. The effective stress path showed with increasing 
effective consolidation pressure each stress path tends to move towards the left 
when they are approaching failure. As the failure points and end points are very 
close to each other, it also indicates the strengthening behavior of the soil. The 
obtained cohesion value is 20 kPa and the friction angle is 34˚. The specimen did 
not form shear surfaces during stages I & II of low stress whereas in stage III at 
higher strain most samples develop bulging shapes and only a small number of 
samples produce distinct shear surfaces. The v-log p' curve, the critical state line 
(CSL), and the Normal consolidation line (NCL) are drawn as well as the critical 
state parameters have been calculated where are −λ = 0.043, Γ = 1.73, and M = 
1.84 were estimated under undrained shearing. However, as there are difficulties 
in defining one critical state condition for these soils, these values probably only 
represent the shallower samples.  

The evaluation of triaxial shear strength parameters to evaluate the landslide 
potentiality is extremely important to assess the risk and community living in 
the study area.  

This time benefiting research project has been taken to evaluate the hazards 
evaluation from the geomechanical point of view to mitigate the hazard in the 
study area, protect landslide-affected people, and build up different engineering 
structures safely and economically. 
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