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Abstract— The shear resistance is very different with 

different soft soils. Even in same soft soil type, shear 

resistance have significant difference utilizing different 

experimental methods. Calculation of embankment stability 

using these factors would give different results for the same 

problem. The main objective of this study is to study 

difference between shear resistances using shear resistance 

parameters of soft soils from different experiments, and 

evaluate the difference of stability calculation results of 

embankments using these parameters. The data was collected 

in Hai Phong area (Viet Nam) for three types of soft soils such 

as clay silt, mixed clay silt, and plastic–flow mixed clay. 

Embankment has been simulated as a section of national 

highway No.5. Bishop simplified method has ben applied to 

calculate the stability of embankment. The result shows that 

safety factor is the highest in the case using parameters from 

triaxial shear test with C’U’ scheme (Fs = 2.118), followed 

by triaxial shear test with CU (Fs = 1.628), vane shear test (Fs 

= 1.226), triaxial shear test with UU (Fs = 0.451), and direct 

shear test (Fs = 0.334), respectively. Additionally, this study 

also suggests the selection of suitable parameters in 

calculating embankment stability for specific cases. The 

result obtained in this study might be helpful for construction 

engineers in calculating embankment stability. 
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I. INTRODUCTION 

Embankment is one of a typical structures of road 

foundations. The calculation of the stability of road 

foundations plays important roles in determation suitable 

solution in road design and construction for ensuring its 

stability in using process. It can be observed that most of the 

incidents of road construtions that have been built on soft soil 

foundation often related to wrong and inappropriate 

subsidence forecasting or ground stabilization calculation due 

to the unsuitable or inexact selection of the calculating input 

parameters (Wood, 1990). 

  Internal friction angle (φ) and unit cohesion (c) are 

two soil shear resistance parameters that are the most 

important factors that have to take into account in calculating 

stability of embankments. Internal friction angle is defined as 

loads “insertion” and “surface friction” between particles. 

Unit cohesion is defined as the hard cohesion and molecular 

suction between particles (Lu and Likos, 2004). These factors 

could be determined by using labratory tests such as direct 

shear test, triaxial compression test, unconfined compression 

test, or field tests such as vane shear test, standard penetration 

test. As a matter of fact, these parameters obtained from 

differrent tests are quite different for the same soil samples. 

It is because testing results depends on the conditions of 

testing implements and testing principles (Taylor, 1948). 

Thus the calculation of soil shear resistance and embankment 

stability using these parameters is giving differrent results for 

the same problems.  

  The main objective of this study is to study 

difference between shear resistances using shear resistance 

parameters of soft soils from different experiments, and 

evaluate the difference of stability calculation results of 

embankments using these parameters. Data collected from 

national road N05, Hai Phong City, Viet Nam has been used 

for analysis. Present study also suggests suitable parameters 

in calculating embankment stability for specific practical 

cases. The stability calculation was carried out using  

Slope/W module with Bishop method in Geo-Slope software 

6.02.  

II. METHODS 

A. Experiments in Determation Shear Resistance 

Parameters 

Three tests were selected to determine soil shear resistance 

parameters in this suty inclusing direct shear test, triaxial 

compression test, and vane shear test. 

1) Direct Shear Test 

Direct Shear Test (DST) is the simplest in determation of the 

soil shear resistance parameters (Das and Sobhan, 2013). This 

test is conducted in the field on large sample inside soil mass 

or on the small sample in laboratory. DST is carried out in the 

base pre-assumed shearing surface inside sample (Tsytovich, 

1976).   

2) Triaxial Compression Test 

Triaxial Compression Test (TCT) is conducted in laboratory, 

in this case the shearing surface on sample is non-pre-

assumed the weakest surface, the transverse pressure is 

constant that applying to whole sample during experimental 

process, the vertical pressure will increase until the sample 

being sheared (damaged) (Tsytovich, 1976). The shear 

resistance parameters in the case of total stress or effective 

stress can be determined in different schemes including 

unconsolidated undrained (UU), consolidated undrained 

(CU), consolidated drained (CD) (Das and Sobhan, 2013).  

3) Vane Shear Test 

Vane Shear Test (VST) is a field experiment to determine soil 

un-drained shear resistance. It is carried out based on a 

principle that soil is being cut on pre-assumed surface, the 
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cohesion surrounding by shearing surface is shearing moment 

to be caused torque through a crane system (Tsytovich, 1976). 

B. Mohr - Coulomb’s Theory in Determation Shear 

Resistance 

Mohr (1900) introduced a theory that materials are failed due 

to a critical combination of normal stress and shearing stress 

neither maximum shear or normal stress individually. 

Therefore, the relationship between shear stress and normal 

stress on the failure plane can be expressed in the following 

functional form:  

 f
f                           (1) 

  Eq. (1) is non-linear function. However, it is 

sufficient to approximate the shear stress on the failure plane 

for most of soil mechanics problems as a linear function of 

the normal stress (Coulomb, 1973). Therefore, Eq. (1) can be 

rewritten in the form of linear function as following: 

tan
f

c           (2) 

  In which, c is unit cohesion,  is internal friction 

angle that are known as shear resistance parameters, 
f

  is 

shear strength,   is normal stress on the failure plane.  

C. Bishop’s theory in Calculation of Stability of 

Embankment 

Bishop .... proposed a simplified method for calculating 

stability of slope that is based on an ansumption that the effect 

of forces on the sides of each slice of slope are accounted for 

to some degree (Das and Sobhan, 2013). According to 

Bishop’s method, the safety factor of slope stability is 

calculated as following equation: 
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 Eq. (3) is described detail in Das and Sobhan (2013). 

If Fs is higher than unit indicating that the status of slope is 

stable and vice serva. Bishop’s simplified method is 

incorporated into computer programs such as Geo-slope 

software that is probably the most widely used in calculation 

of stability of embankment.  

III. DATA COLLECTİON AND İNTERPRETATİON 

Three types of soils such as clay silt, mixed clay silt, and 

plastic–flow mixed clay layers have been taken into 

consideration in analysis of stability of embankments. The 

physical and chemical parameters of these types of soils have 

been determined from labratory tests and field test with soild 

samples that have collected from Ho Dong area, Hai Phong 

city (Viet Nam) (Table 1). 

Table 1: Data collected from Ho Dong area, Hai Phong city (Viet Nam) 

Data 
Clay Silt Mixed clay Silt Plastic–flow mixed clay 

Change Average Change Average Change Average 

Clay composition (%) 39  63 51 39.6  60 49.8 45  68 56.5 

Density,  2.62  2.72 2.67 2.59  2.67 2.63 2.77  2.79 2.78 

Moisture, W (%) 54  67 60.50 55.7  66.4 61.20 47  58 52.50 

Plasticity index, Ip (%) 19.2  20.2 19.7 19.8  21.8 20.8 20.9  23.9 22.4 

Natural void, e 1.62  1.74 1.68 1.63  1.754 1.692 1.38  1.57 1.475 

Consistency, IL 1.38  1.44 1.41 1.31  1.4 1.36 0.87  0.99 0.93 

Volumetric weight,  (kN/m3) 16.0  16.4 16.20 15.7  16.7 16.20 16.3  17.5 16.90 

Direct shear 

c (kPa) 1.56  1.84 1.70 3.8  4.6 4.20 6.2  7.2 6.70 

φ (degree) 

 
2.05  2.31 2.18 3.93  4.49 4.21 5.95  6.33 6.14 

 (kPa) 1.6  1.88 1.74 3.87  4.68 4.27 6.30  7.31 6.81 

UU 

cuu(kPa) 

 
4.3  4.9 4.60 5.1  5.5 5.30 6.8  7.8 7.30 

φuu(degree) 

 

0.64  0.7 0.67 1.34  1.42 1.38 1.01  1.23 1.12 

 (kPa) 4.31  4.91 4.61 5.12  5.52 5.32 6.82  7.82 7.32 

CU 

ccu(kPa) 

 
6.34  6.46 6.40 7.1  7.5 7.30 13.2  15.8 14.50 

φcu(degree) 

 
16.5  18.3 17.40 14.13  14.61 14.37 10.7  11.46 11.08 

 (kPa) 6.64  6.79 6.71 7.35  7.76 7.56 13.39  16.00 14.70 

CU 

c’cu(kPa) 

 
11.2  14.2 12.70 12.2  13.4 12.80 12.6  14 13.30 

φ’cu(degree) 

 
18.31  20.15 19.23 25.21  26.69 25.95 20.04  22.76 21.40 

 (kPa) 11.53  14.57 13.05 12.67  13.9 13.28 12.96  14.42 13.69 

Vane shear Su (kPa) 16.5  18.3 17.40 17.86  18.54 18.20 18.65  22.35 20.50 
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IV. EMBANKMENT STABILITY CALCULATION SIMULATION 

Typical embankment of national road N05 from Hai Phong 

city to Ha Noi capital (Viet Nam) has been selected as 

stability calculation simulation in this study. Soft soil layers 

such as clay silt (layer 1), mixed clay silt (layer 2), and 

plastic–flow mixed clay are considered as road foundation. 

Road has been embanked with sand materials named “DAT 

DAP”. Fig 1 shows the typical embankment of national road 

that is used as a stability calculation simulation in this study. 

 
. Fig. 1: Typical Embankment Section 

Table 2: The specifications of embankment and materials 

No Specification Value 

1 Height 4 m 

2 Type of embanked soil 

 = 18,8 (kN/m3) 

c  0 kPa 

φ = 30o 

3 Talus slope 1:1 

4 Width 20 m 

V. RESULTS 

A. Difference of Soil Shear Resistances using Different 

Shear Resistance Parameters Obtained from Different 

Experiments 

The difference of soil shear resistances using different shear 

resistance parameters obtained from different experiments is 

shown in Figure 2 and Table 1. It can be observed that in the 

case of clay silt soil, the highest shear resistance belongs to 

the VST test (17.4 kPa), followed by the TCT with CU test in 

the case of effective stress (13.05 kPa), the TCT with CU test 

in the case of total stress (6.71 kPa), the TCT with UU test 

(4.61 kPa), and the DST test (1.74 kPa), respectively. 

Similarly, regarding to mixed clay silt soil, the VST test has 

the highest shear resistance (18.2 kPa), following by the TCT 

with CU test in the case of effective stress (13.28 kPa), the 

TCT with CU test in the case of total stress (7.56 kPa), the 

TCT with UU test (5.32 kPa), and the DST test (4.27 kPa), 

respectively. Also, with plastic-flow mixed clay soil, the VST 

test also has the highest shear resistance (20.5 kPa), followed 

by the TCT with CU test in the case of total stress (14.7 kPa), 

the TCT with CU test in the case of effective stress (13.69 

kPa), the TCT with UU test (7.32 kPa), and the DST test (6.81 

kPa), respectively.  

In comparison, the shearing resistance determined 

by the TCT with UU test that is higher than 2.65 times 

comparing with those obtained from the DST test. Moreover, 

the shearing resistance obtained from VST is larger than 3.86 

times and 7.5 times comparing to the TCT with CU test in the 

case of total stress and effective stress, respectively. 

Similarly, in the case of plastic-flow mixed clay soil, 

the shearing resistance determined from the TCT with UU 

test is higher than 1.07 times those obtained from the DST 

test. Also, the shearing resistance obtained from the DST test 

is higher than 1.39 times those obtained from the TCT with 

CU test in the case of total stress and 1.5 times in the case of 

effective stress. Moreover, the shear resistance identified 

from the VST test is higher than 3.01 times those obtained 

from the DST test. 

In addition, the shearing resistance determined from 

the TCT with UU test is higher than 1.25 times those obtained 

from the DST test in the case of mixed clay silt soils. 

Likewise, the shearing resistance obtained from the DST test 

is higher than 2.41 times those obtained from the TCT with 

CU test in the case of total stress and 2.0 times in the case of 

effective stress. Also, the shear resistance identified from the 

VST test is higher than 4.26 times those obtained from the 

DST test. 

 
Fig. 2: The difference of soil shear resistances using 

different shear resistance parameters obtained from different 

experiments 

B. Embankment Stability Calculation  

The stability safe coefficient of embankment (Fs) has been 

calculated using Geo-Slope software vession 6.02 of Canada, 

in Slope/W module with Bishop’s simplified method. The 

result is shown in Figure 3 and Figure 4. It can be observed 

that the stability degree of embankment is quite different form 

case to case. Using the shearing resistance obtained from the 

DST test and the TCT with UU test, the stability safety 

coefficient is very low (Fs = 0.334 and Fs = 0.451) indicating 

the instability status of embankment. In the case of using 

shearing resistance obtained from the TCT with CU test, the 

stability safety coefficient is higher significantly than stable 

value (Fs = 1.628 and Fs = 2.118) indicating the stability 

status of embankment. Similarly, in the case of utilizing 

shearing resistance obtained from the VST test, the stability 

safety coefficient is relatively high (Fs = 1.226) indicating the 

stability status of embankment.  

In comparison, the results also show that the stability 

safety coefficient of different circumstances has big 

difference. More specifically, the stability safety coefficient 

using the parameters determined from the TCT with UU test 

is higher than 1.3 times comparing with those obtained from 
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the DST test. Moreover, the stability safety coefficient using 

the parameters determined from the TCT with CU is larger 

than 4.7 times and 6.2 times the DST test in the case of total 

stress and effective stress, respectively. Likewise, the 

stability safety coefficient using the parameters obtained from 

the VST test is higher than 3.6 times those obtained from the 

DST test, and 2.7 times those obtained from the TCT with 

UU test.  

 
Fig. 3: The instability shear surface of embankment and its 

stability safe factor 

 
Fig. 4: The difference of stability safety coefficients of 

embankment using different shear resistance values obtained 

from different experimental methods 

VI. DISCUSSIONS AND CONCLUSIONS 

The difference between shear resistances using shear 

resistance parameters of soft soils from different 

experimental methods has been carried out in this study. 

Moreover, the stability calculation of embankment using the 

shear resistance determined from different parameters 

obtained different experimental methods has also been 

compared with each other. Data collected from National Road 

No 5 from Hai Phong city to Ha Noi capital (Viet Nam) has 

been utilized to carry out the study. Mohr - Coulomb’s theory 

and Bishop’s simplified methods have been used to calculate 

the shear resistance and stability safe factor in this study.  

The results show that there is clear difference 

between the shear resistance determined from different shear 

resistance parameters obtained from different experimental 

methods (DST, TCT, and VST). It can be explained that 

different experimental methods have different conditions of 

testing implements and testing principles, this leads to the 

difference between the experimental results. Out of these, the 

shear resistance determined from paramters obtained from the 

VST test is usually higher than other tests. It is because the 

VST test is carried out in the field where soil sampels is 

undisturbed and under impactions of above soil layers 

(Terzaghi, Peck and Mesri, 1996).  

In addition, the stability calculation results show that 

the stability safe cofficient is the highest using the shear 

resistance obtained the TCT with CU test in the case of 

effective stress (2.118), followed by the TCT with CU test in 

the case of total stress (1.628), the VST test (1.226), the TCT 

with UU test (0.451), and the DST test (0.334). It can be 

explained that in the case of the TCT with CU test in the case 

of effective stress, the soil sampe is consolidaed completely, 

therefore, the degree of stability of embankment in improved 

compared to other cases (Fredlund and Rahardjo, 1993).  

From the results obtained from this study, depending 

on the principle of experimental methods and the conditions 

of stability calculation problems, there are recommendations 

of selection of the shear resistance parameters from different 

experimental methods for calculation of stability of 

embankment as following: 

1) The shear resistance parameters obtained from the VST 

test is appropriate for calculating shearing stability of 

embankment on unconsolidated soft soil in the case that 

the applied load on ground is immediately or the ground 

is applied by embanking load in each period. 

2) The shear resistance parameters obtained from the TCT 

with UU test is suitable to be selected in the construction 

that has special importance, and requiring unique 

technology with high safety degree, or for the 

embankment with destructive surface. In addition, the 

shear resistance parameters obtained from the TCT with 

CU test should be used in case foundation of 

embankment is consolidated using pre-loading 

methods. 

3) The shear resistance parameters obtained from the DST 

test could be used in preliminary inspection step before 

designing and constructing the embankment.  

Overall, this study has been carried out to analyze 

the difference between the shear resistances obtained from 

different experimental methods. In addition, the analysis of 

stability calculation using the shear resistance obtained from 

different experimental methods has also been implemented. 

The results obtained from this study would be helpful for civil 

engineers in selection of experimental methods for 

calculating the stability of embankment.  
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