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1. INTRODUCTION 

The most widely used laboratory equipments for 

investigating the strength and deformation behavior of 

soilsis either the triaxialor direct shear apparatus. The 

apparatus is versatile and can be used for the measurement 

of many parameters,including shear strength 

characteristics, consolidation characteristics and the 

permeability of soil. Its key features include facilities for 

the control of the magnitude (but not direction) of the 

principal stresses, the control of drainage, and the 

measurement of pore pressures [1]. 

In traditional tests, each specimen undergoes a phase of 

consolidation and shearing and thus supplies a single stress 

versus strain trend and of course only one state of stress at 

failure. A series of three or more specimens, consolidated at 

various stress levels, supplies an ensemble of stress data 

allowing identification of a failure envelope and thus shear 

strength parameters. Sometimes it is impossible to have a 

set of homogeneous or identical re-compacted specimens, 

for economic reasons or because some soils formations may 

be difficult to sample. In such circumstances the multistage 

shear testing technique appears to be an attractive 

alternative. This technique has been successfully used to 

determine shear strength parameters by just one sample.  

Kenney and Watson [2] conducted multistage undrained 

tests (MCU). They report reasonable consistent between c' 

and φ' obtained from MCU tests with the values obtained by 

using conventional undrained tests (CCU). MCU tests were 

conducted by consolidating and loading it until about 

failure strain, then repeating the process twice again with 

two higher cell pressure. The total strain that the sample 

was subjected to during MCU test amounted to about 25%. 

To avoid subjecting the sample of high strain, Sridharan 

and Narasimha Rao [3] investigated a new approach to 

multistage testing, which made use of Kondner's [4] 

hyperbolic stress-strain relationship for predicting  the state 

of stress at failure from the stress-strain and pore-water 

 
 

pressure-strain curves of soils can be approximated by 

rectangular hyperbola, for which the equation is shown in 

(1). 

��/� = � + ���  (1) 

where: 

 �� =shear strain 

 � =shear stress 

 � =y-interception of ��/� and �� relationship  

      = 1/��  (from asymptotic value) 

 � =slope of ��/� and �� relationship 

      = 1/�
 (from asymptotic value)  

 �� =initial tangent modulus and  

 �
 =failure shear strength, with the normal stress, �� 

Similarly for predicting pore-water pressure (�), Sridharan 

and Narasimha Rao [3] used (2). 

�/� = �� + �� �  (2) 

where: 

 �� =y-interception of �/� and � relationship  

 �� =slope of �/� and � relationship  

       = 1/�
. and 

 �
 =pore-water pressure at failure  

The multistage test suggested by Sridharan and Narasimha 

Rao [3] referred to as NMCU tests consisted of: a)  

assessing whether the soil lends itself to extrapolation using 

Kondner’s method, b) consolidating the sample to a cell 

pressure and shearing it to 2 to 4% axial strain, c) repeating 

the consolidation-shear sequence at two higher cell 

pressure, d) using Kondner’s method to predict failure 

stressed at each cell pressure, and e) using the results for all 

three cell pressure together to determine shear strength 

parameters. Sridharan and Narasimha Rao [3] report 

success using this method, however using Kondner’s 

method the value of ���� and  �
 predicted were higher than 

actual. Sridharan and Narasimha Rao [5] had suggested that 

in extrapolating data using Kondner’s method better 

prediction is possible if one extrapolates only to a finite 
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value of strain using (1) and (2) rather than to the 

asymptotic value of infinite strain. They had tentatively 

suggested using a strain of 15% 

Even though the multistage testing technique has been used 

with some success in the past to determine shear strength 

parameters, to define undrained shear strength [6],[7] or 

effective shear strength both in unsaturated [8],[9] and 

saturated soils [3],[10] in triaxial apparatus and in direct 

shear apparatus [11] but still lacking in concerning and 

carrying out on the drain condition of testing especially in 

direct shear apparatus.  

In this paper, a series of single and multistage testing is 

performed using direct shear apparatus as drained condition 

to investigate on the shear strength parameters of the single 

stage-multistage comparative study. The preparation of the 

soil specimens is controlled as the field condition by using 

field dry density and optimum moisture content (OMC). 

2. METHODOLOGY 

2.1 Preparation of Specimens 

The red KhonKaen loess soil sample was collected as 

disturbed sample at a depth of 3-4 m. The index properties 

and compaction characteristics are shown in Table.1. 

 
The experimental program was a parametrical study aiming 

at studying the effect of important reconstituted conditions 

of soil such as initial water content, initial dry density on 

shear strength parameters. As using disturbed samples, they 

were prepared in ‘identical’ fashion by controlling initial 

water content as OMC and initial dry density as the field 

dry density (that is about 89.6% of compaction) by using 

hydraulic jack slowly pressing to 60 mm in squared width 

and 20 mm in height. 

2.2 Single Stage Procedure 

To perform the shear strength testing, a two-stage loading 

procedure was used in each of these tests. In the first stage, 

a consolidation was applied. In the direct shear test, the 

consolidation was applied by applying a vertical load to the 

horizontal plane, becoming the eventual failure plane. In 

traditional tests, each specimen undergone a phase of 

consolidation and shearing and thus supplied a single stress 

versus strain trend and of course only one state of stress at 

failure [7]. A series of 3 or 4 specimens, consolidated at 

various confining stress levels, supplied an ensemble of 

stress data allowing identification of a failure envelope and 

thus shear strength parameters.  

 

In this paper, the series results of single stage testing were 

carried out in direct shear apparatus to compare with the 

results of multistage series. Single stage tests were 

conducted till 8-15% strain on four samples at confining 

pressures of 100, 200, 300 and 400 kPa. And the loading 

rate was 0.002% strain per minute for direct shear test as 

drained condition required. 

2.3 Multistage Procedure 

A multistage test induces more than one consolidation and 

shearing on the same soil specimen loaded inside a direct 

shear box. Specimen preparation and initial test stages of 

saturation are identical to those of traditional direct shear. 

Especially the saturation stage in triaxial test, it is required 

more or less 5 days to gain the value of B (pore pressure) 

parameter more than 0.9 and to finish the settlement in this 

process. This method enables substantial homogeneity of 

the results and appreciable time consuming. 

After saturated and consolidated specimen in stage I is 

finished, in the shearing stage the specimen is sustained to 

produce a significant amount of shear stress. Then the 

specimen is released from horizontal stress. To start the 

next stage, the specimen is subjected to a higher normal 

stress before the following shearing stage takes place. 

In this paper, the strain for each compression stage has been 

carried up to only 3% in each test. In all cases, the peak 

value of shear strength are expected for strain values greater 

than 8%, as is the case of many clayey and silty-clayey soils 

of medium to low plasticity [7] and also as is the case of 

many not dense condition of compacted soil. The normal 

stress and loading rate in multistage test were used the same 

as a series in single stage test. In the results of direct shear 

test, the test was conducted to not failure but carried to 3% 

of strain in each stage, and the ultimate peak values are 

predicted by making use of Kondner's hypothesis [4]. 

3 RESULTS AND DISCUSSION 

Direct shear tests were carried out in both single stage and 

multistage test saturated specimens with normal stresses of 

100, 200 ,300 and 400 kPa. The single direct shear testing 

result on saturated condition is shown in Fig.1. 

In consideration of the hyperbolic stress-strain relationship, 

the hyperbolic model represents the nonlinear stress-strain 

curve of soil using hyperbola. It can be seen that 

transforming the hyperbolic equation result in a linear 

relationship between ��/�and ��, shown in (1). The validity 

of Kondner's hypothesis is shown in Fig. 2. The stress 

dependent stress-strain behavior of soil is represented by 

varying the initial tangent modulus, ��, and the failure shear 

strength, �
 with the normal stress, ��. 

These plots do produce straight line relationships and as 

such indicate that the behavior of soils lends itself to 

prediction by Kondner's technique. The failure shear stress 

(�
) for single tests have been predicted from asymptotic 

values and using (1) for failure strains of  10, 15, and 20%. 

Table.1Properties of soil 
___________________________________________________ 

      Property  KhonKaen loess soil  ___________________________________________________ 

Specific gravity (Gs) 2.64 

Liquid limit (LL) 21.2% 

Plastic limit (PL) 14.3% 

Unified Soil Classification System (USCS) SM-SC 

OMC 9.25 % 

γd max 2.02 g/cm3 

γd,field 1.81 g/cm3 
___________________________________________________ 
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Fig.1 Testing results in single stage direct shear test 

Fig.2 Hyperbolic representation of stress

single stage direct shear test  

The predicted and experimentally obtained values of 

presented in Table. 2. Also presented in this table is value of 

percentage agreement, which is the ratio if predicted to 

experimentally obtained values. A study of Table. 2 shows 

that the value of �
  predicted by using 

infinity is always higher than experimental values. 

Agreement with experimental value is better when value of 

strain used is about 15%. 

Since Kondner's technique was found to be valid for 

KhonKaen Loess soil, it is possible to conduct the 

multistage direct shear test to predict failure stresses. Fig.3 

presents the plot of ��/�  versus ��  for multistage direct 

shear test carried up to 3% strain in each stage that are 

predictably linear Table.3 presents the values of 
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Fig.2 Hyperbolic representation of stress-strain curve in 

The predicted and experimentally obtained values of �
 are 

presented in Table. 2. Also presented in this table is value of 

percentage agreement, which is the ratio if predicted to 

experimentally obtained values. A study of Table. 2 shows 

predicted by using ��  approaching 

infinity is always higher than experimental values. 

Agreement with experimental value is better when value of 

Since Kondner's technique was found to be valid for 

Loess soil, it is possible to conduct the 

multistage direct shear test to predict failure stresses. Fig.3 

for multistage direct 

shear test carried up to 3% strain in each stage that are 

resents the values of �
 

predicted from asymptotic value.  As can be seen from the 

Fig.4, the  

Fig.3 Hyperbolic representation of stress

multistage direct shear test 

Fig.4 Failure Envelope in Direct Shear Test

predicted results of strength parameters in multistage test 

are relatively validity by giving the quite lower value of 

internal friction angle (about 4% of error) with no cohesion. 

So the prediction of failure stresses using Kondner's 

relation is nearly perfect when results are 

value of finite strain determined by analyzing data of single 

stage test. 

4 DISCUSSION AND CONCLUSIONS

Testing results demonstrate that is possible and convenient 

to perform multistage shear test on compacted soil to 

measure shear strength. The drained direct shear test was 

carried out by using the multistage technique and, as 

shown, the results are quite well comparable to those of 

traditional shear tests. The proposed multistage shear 

testing procedure can be used to evaluate the shear str

parameters from a single test. 
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Table.3: Predicted Values of τfforKhonKaen Loess Soil 

σn, 

kPa 

Experimental 

Value of τ at 3% 

Strain, kPa 

Value of τf  Obtained 

from Asymptotic 

Value, kPa 

Predicted Value of τf 

Using (1) for Shear 

Strain of 15%, kPa 

100 50.4 62.9 59.4 

200 115.3 153.8 141.8 

300 166.1 263.2 234.4 

400 265.2 312.5 297.0 

 

6 REFERENCES 

[1] Head, KM, Manual of Soil Laboratory Testing. Vol.3: 

Effective Stress Tests. London, UK Pentach Press, 

1986. 

[2] Kenny, TC and Watson, GH. "Multi-stage Triaxial 

Test for Determining c' and f' of Saturated Soils," in 

Proceedings of the 5th International Conference on 

Soil Mechanics and Foundation Engineering, Vol. 1, 

Praris, France, 1961, pp. 191-195. 

[3] Sridharan, A and Narasimha Rao, S, "A New Approach 

to Multi-stage Triaxial Test," Journal of Soil 

Mechanics and Foundation Division, Proceedings of 

the American Society of Civil Engineer, Vol. 98, No. 

SM11, Nov. 1972, pp. 1279-1286. 

[4] Kondner, RL, "Hyperbolic Stress-Strain Response, 

Cohesive Soils," Journal of  Soil Mechanics and 

Foundation Division, Proceedings of the American 

Society of Civil Engineer, Vol. 89, No. SM11, Jan. 

1963,pp. 115-143. 

[5] Sridharan, A and Narasimha Rao, S, "Hyperbolic 

Representation of Strenght, Pore Pressure and Volume 

Changes with Axial Strain in Triaxial Tests," in 

Proceedings of the Symposium on Strength and 

Deformation Behavior of Soils, Vol. 1, Bangalore, 

India, 1972, pp. 33-42. 

[6] Anderson, WF, “The Use of Multi-Stage Triaxial Tests 

to Find the undrained Strength Parameters of Stony 

Boulder Clay,” in Proceedings, Institution of Civil 

Engineers, Pt. 2, Vol, 57, Thomas Telford Ltd., 

London, 1974, pp. 367-373. 

[7] Soranzo, M, “Results and Interpretation of Multistage 

Triaxial Compression Test”, Advanced Triaxial 

Testing of Soil and Rock, ASTM STP 977, ASTM, 

Philadelphia, 1988, pp. 353-362.  

[8] De Beer, EE, “The Cell Test”, Geotechnique, Vol.2, 

No. 2, 1950, pp. 162-172. 

[9] Ho, DYF and D. G. Fredlund, DG, “A Multi-Stage 

Triaxial Test for Unsaturated Soils”, Geotechnical 

Testing Journal, Vol. 5, No. 12, 1982, pp. 18-25. 

[10] Kenny, TC and Watson, GH “Multiple-Stage Triaxial 

Tests for Determining c’ and ϕ’ of Saturated Soils”, in 

Proceedings, Fifth International Conference on Soil 

Mechanics and Foundation Engineering, Paris, Vol. 1, 

1961, pp. 191-195.  

[11] Gan, KY and Fredlund, DG, “Multistage Direct Shear 

Testing of Unsaturated Soils”, Geotechnical Testing 

Journal, Vol. 11, No. 2, 1988, pp. 132-138. 
 

 

International Journal of GEOMATE, March, 2012, Vol. 2, 
No. 1 (Sl. No. 3) 
MS No. 3m received Aug. 10, 2011, and reviewed under 

GEOMATE publication policies.  

Copyright ©2012, International Journal of GEOMATE. 

All rights reserved, including the making of copies unless 

permission is obtained from the copyright proprietors. 

Pertinent discussion including authors’ closure, if any, will 

be published in March 2013 if the discussion is received by 

Sept. 2012. 

Corresponding Author:DolrerdeeHormdee 

T
ab

le
. 

2
: 

P
re

d
ic

te
d

 a
n

d
 E

x
p

er
im

en
ta

l 
v

al
u

es
 o

f 
 �



in

 s
in

g
le

 s
ta

g
e 

d
ir

ec
t 

sh
ea

r 
te

st
s.

 


