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Abstract: Shallow landslides are a common geo-hazard in 
the hilly regions of southeastern Bangladesh, particularly 
in Rangamati Sadar, where slope instability poses 
significant risks to infrastructure and human settlements. 
This study investigates the Multistage Consolidated 
Drained Triaxial behavior of normally consolidated clay 
and silty sandy soils obtained from shallow landslide-
prone zones. A series of drained triaxial tests were 
conducted under varying effective confining pressures to 
evaluate stress-strain response, volume change, and 
critical state behavior. Results reveal stress strengthening 
characteristics, with maximum deviator stress occurring 
between 2.6% and 15% axial strain, followed by strain 
softening or stabilization. The soils exhibited contractive 
behavior during shearing, stabilizing near peak stress. 
Shear strength parameters were determined, with 
cohesion (c′) of 23.3 kPa and friction angle (ϕ′) of 30°. 
Critical State Soil Mechanics (CSSM) parameters—λ = 
0.396, Γ = 1.84, and M = 0.044—were estimated, although a 
well-defined single Critical State Line (CSL) could not be 
established. These findings contribute to the 
understanding of soil behavior under drained loading 
conditions and provide valuable input for slope stability 
analysis and geotechnical design in landslide-prone areas. 
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Introduction 
The cohesiveness and internal friction angle of the soil 
must be accurately calculated while analyzing 
landslides. In the long-term study, effective parameters 
are used to assess stability issues with natural slopes. 
The pore water pressures, which alter with increasing 
axial stresses, must be measured to evaluate these 
effective parameters in the lab. The shear strength 
characteristics of sand can be observed more precisely 
using the consolidated drained triaxial test (Craig, 
2004). During the test, the pore water gets drained which 
is why excess pore water pressure cannot be developed. 
The behavior of soil with changing axial strain can be 
obtained through this drained test. Since it is a 
consolidated drained test, the sample has been 
consolidated at 50 kPa, 100 kPa, 200 kPa, 300 kPa, 400 
kPa, 600 kPa, 800 kPa and 1200 kPa before shearing 
took place.   

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 (Ho and Fredlund, 
1982). Since its first practical application in the early 
1950s (Taylor, 1951), multi-stage triaxial tests have been 
successfully used to characterize the strength of 
various rocks and soils (Goodman, 1974; Kovári and 
Tisa, 1975); Houston et al., 2008; Mishra and Verma, 
2015; Parker et al., 1980; Youn and Tonon, 2010). 

Methodology 
The triaxial tests are conducted on the undisturbed soil 
specimens under consolidated undrained test with pore 
pressure measurement (CU) following the BS 1377-8: 
1990 (8) Standard Test Method at laboratory Ground 
Instrumentation and Engineering Pte Ltd in Singapore.  

The total volume change of each specimen was also 
measured throughout the tests by monitoring the 
volumes of pore water and confining fluid. Stages I, II, 
and III are the stages at which the specimens were 
sheared, which were each applied with effective 
confining stresses of 50 kPa, 100 kPa, and 200 kPa to 
determine the Mohr strength envelopes. To minimize the 
effects of stress anisotropy and strain heterogeneity 
brought on by the earlier stages, it was decided that 
each effective confining stress should be twice as great 
as the one before it (Nambiar et al., 1985). 

Results 
The basic properties of the samples are listed in Table 1. 
The sample belongs to five individual boreholes of 0.90 
to 4.15 m depth were used for the consolidated drained 
tests. The basic geotechnical properties and testing 
details of the analyzed landslide hazard site samples 
are listed in Tables 1 and 2.  

The results of the multistage drained triaxial tests are 
graphically presented in Figures 1 to 6. 
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Table 1, Summary of basic geotechnical properties of the soils. 

 

Table 2, Drained testing details of natural soils of Rangamati landslide sites. 

 

 

Figure 1, Deviator stress versus axial strain curves of different soil samples. 
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Figure 2, Volumetric strain versus axial strain curves of 
different soil samples. 

 

Figure 3, Stress ratio versus axial strain curves of the 
soil. 

 

Figure 4, Effective stress path of the samples 

 
Figure 5, Failure surface of the tested samples. 

Conclusion 
The consolidated drained multistage triaxial tests 
carried out on normally consolidated clayey and silty 
sandy soils from landslide-prone zones provided 
valuable insights into their stress–strain and volume 
change behaviors. The soil exhibited predominantly 
stress-hardening response, with maximum deviator 
stress occurring within an axial strain range of 2.6% to 

15%, beyond which stress equilibrium or reduction was 
observed. The results confirmed that deviator stress 
increases with higher effective consolidation pressures, 
while volume change curves indicated a contraction 
behavior that stabilized after reaching peak stress. 

 
Figure 6, Specific volume (υ) versus mean effective 

stress values for different soil samples 

Table 3, Comparison of the obtained critical state 
parameters of Rangamati soil with some typical soils 
[Hossain (2001), Allman and Atkinson (1992), Khatun, 

et al., (2023]] 

 

The effective stress paths showed linear trends 
inclined with the horizontal, with closely positioned 
failure and endpoint states, further signifying the 
hardening characteristics of the soils. The shear 
strength parameters derived from the tests indicated a 
cohesion of 23.3 kPa and a friction angle of 30°. Failure 
modes varied across stages, with bulging observed 
predominantly at higher strains, while only limited 
samples exhibited distinct shear planes. 

In the critical state framework, the soils 
demonstrated difficulty in defining a unique critical 
state line; however, key parameters were estimated as λ 
= 0.396, Γ = 1.84, and M = 0.044. Overall, the study 
highlights that the drained multistage testing approach 
is effective in capturing the shear strength and 
deformation characteristics of soils with relatively 
stable structures and low volume change tendencies at 
failure. These findings contribute to a better 
understanding of soil behavior in landslide-prone areas 
and provide essential parameters for slope stability 
analysis and geotechnical design. 

Acknowledgement 
The authors acknowledge the financial support 
provided by the Ph.D. Scholarship from the Prime 
Minister Education Assistance Trust Fellowship 
Program. Special thanks are extended to Ground 



Khatun et al., Multistage Consolidated Drained Triaxial Behavior of Shallow Landslide… 

44 
 

Instrumentation and Engineering Pte. Ltd., Singapore, 
for providing laboratory facilities and technical 
assistance during the triaxial testing program.  

References 
Allman, M. A., and Atkinson, J. H. (1992). Mechanical 

properties of reconstituted Bothkennar soil. 
Géotechnique, 42(2), 289–301. 
https://doi.org/10.1680/geot.1992.42.2.289  

Craig, R. F. (2004). Craig’s soil mechanics (7th ed., 447 
p.). CRC Press, Boca Raton, FL, USA. Available at: 
https://priodeep.weebly.com/uploads/6/5/4/9/6549
5087/craig_s_soil_mechanics_2_.pdf  

Goodman, R. E. (1974). Methods of geological 
engineering in discontinuous rocks. West Publishing 
Company. 

Ho, D. Y. F., and Fredlund, D. G. (1982). A multistage 
triaxial test for unsaturated soils. Geotechnical 
Testing Journal, 5(1–2), 18–25. 
https://doi.org/10.1520/GTJ10795J  

Hossain, A. T. M. S. (2001). The engineering behaviour 
of the tropical clay soils of Dhaka, Bangladesh (Ph.D. 
dissertation, 348 p.). University of Durham, UK. 
https://etheses.dur.ac.uk/3792/   

Houston, S. L., Perez-Garcia, N., and Houston, W. N. 
(2008). Shear strength and shear-induced volume 
change behavior of unsaturated soils from a triaxial 
test program, Journal of geotechnical and 
geoenvironmental engineering, 134(11), 1619-163. 
https://doi.org/10.1061/(ASCE)1090-
0241(2008)134:11(1619)  

Khatun, M., Hossain, A. T. M. S., and Sayem, H. (2023). 
Multistage triaxial behavior of shallow landslide 
hazard site soil of Rangamati Sadar area, 
Bangladesh. Engineering, 15(10), 581–595. 
https://doi.org/10.4236/eng.2023.1510041  

 

 

 

 

 

 

 

 

 

 

 

 

 

Kovári, K., and Tisa, A. (1975). Multiple failure state and 
strain controlled triaxial tests. Rock Mechanics, 7(1), 
17–33. https://doi.org/10.1007/BF01239232  

Mishra, B., and Verma, P. (2015). Uniaxial and triaxial 
single and multistage creep tests on coal-measure 
shale rocks. International Journal of Coal Geology, 
137, 55–65. 
https://doi.org/10.1016/j.coal.2014.11.005  

Nambiar, M. R. M., Venkatappa Rao, G., and Gulhati, S. 
K. (1985). Multistage triaxial testing: A rational 
procedure. In R. C. Chaney and K. R. DeMars (Eds.), 
Strength testing of marine sediments: Laboratory and 
in-situ measurements. ASTM STP 883, 274–293. 
https://doi.org/10.1520/STP36340S  

Parker, J. C., Amos, D. F., and Sture, S. (1980). 
Measurement of swelling, hydraulic conductivity, 
and shear strength in a multistage triaxial test. Soil 
Science Society of America Journal, 44(6), 1133–
1138. 
https://doi.org/10.2136/sssaj1980.03615995004400
060002x  

Taylor, D. W. (1951). A triaxial shear test investigation 
on a partially saturated soil. Massachusetts Institute 
of Technology, Soil Mechanics Laboratory Report. 

Youn, H., and Tonon, F. (2010). Multi-stage triaxial test 
on brittle rock. International Journal of Rock 
Mechanics and Mining Sciences, 47(4), 678–684. 
https://doi.org/10.1016/j.ijrmms.2009.12.017  

 

https://doi.org/10.1680/geot.1992.42.2.289
https://priodeep.weebly.com/uploads/6/5/4/9/65495087/craig_s_soil_mechanics_2_.pdf
https://priodeep.weebly.com/uploads/6/5/4/9/65495087/craig_s_soil_mechanics_2_.pdf
https://doi.org/10.1520/GTJ10795J
https://etheses.dur.ac.uk/3792/
https://doi.org/10.1061/(ASCE)1090-0241(2008)134:11(1619)
https://doi.org/10.1061/(ASCE)1090-0241(2008)134:11(1619)
https://doi.org/10.4236/eng.2023.1510041
https://doi.org/10.1007/BF01239232
https://doi.org/10.1016/j.coal.2014.11.005
https://doi.org/10.1520/STP36340S
https://doi.org/10.2136/sssaj1980.03615995004400060002x
https://doi.org/10.2136/sssaj1980.03615995004400060002x
https://doi.org/10.1016/j.ijrmms.2009.12.017

