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Abstract 

The soil strength parameters (cohesion and friction angle) applied 

in the active aspect of retaining structure design or deep excavation 

analysis are based on the results obtained from the traditional 

drained or undrained axial compression triaxial shear test. 

However, the axial compression test does not represent the real soil 

lateral extension behavior for which such parameters are sought and 

also the volume change behavior under drained condition.  This 

paper has presented a successful process to predict the lateral 

extension behavior from a series of traditional axial compression 

shear tests under multi-confining pressures. A modified version 

of Hooke’s law is employed herein to predict the drained 

lateral extension behavior from a series of drained axial 

compression test results associated with an isotropic rebound 

volumetric change. The detail of the modified Hooke’s law 

applied in this research has well presented to support the 

theoretical transfer process. The logical idea for the 

prediction of the drained lateral extension strength from the 

traditional drained axial compression test can be illustrated 

through the development of stress paths that the stress path 

of a drained lateral extension test can be intersected by many 

other stress paths of the drained axial compression tests in 

multi-combination of effective confining pressures. The 

drained lateral extension test behavior of deviatoric stress 

and volumetric strain versus axial strain curves which are 

achieved from multi-tests applying in Nevada sand.  The 

fundamental behavior of interest in both the drained lateral 

extension and the drained axial compression tests is the 

stress-strain-strength behavior and the volume change. The 

test results from the drained lateral extension tests are 

successfully evaluated from a series of drained axial 

compression tests response coupled with the sand’s 

associated drained isotropic rebound behavior. 
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It has been a long time that the soil strength parameters applied in 

the active phase of geotechnical engineering design is based on the 

internal friction angle ( ) and cohesion (c) achieved from the 

traditional drained or undrained triaxial compression shear test 

accompanied by data of deviatoric stress versus axial strain and 

volumetric strain (or pore water pressure) response.  However, the 

axial compression test does not represent the real lateral extension 

behavior for which such parameters are sought.  The state of the 

principal stresses in the drained lateral extension test is similar to 

the one in the drained axial compression test. The major principal 

stress, 1’, for both drained axial compression and drained lateral 

extension is in the axial direction.  The minor principal stress, 3’, 

is in the lateral direction (or confining pressure) in both tests.   

The conception of prediction for drained lateral extension behavior 

from the traditional drained axial compression test (DAC) can be 

illustrated in Fig. 1.  Lateral stresses release in drained lateral 

extension test (DLE) can be dismantled as a combination of an 

isotropic rebound respond and a drained axial compression 

behavior.  The axial release stress in isotropic rebound respond can 

be neutralized in drained axial compression behavior.  Hence, the 

net lateral stress status in this combination of two different stresses 

behaviors can remain constantly as in drained lateral extension test. 

[10,11] 

 

 

 
 

Fig. 1. Diagram of the reproduction of drained lateral extension 

test response from drained axial compression and isotropic 

rebound behavior [11] 

 

The other aspect of stress variation can be illustrated through the 

development of different stress paths. The stress path of a DLE test 

can be intersected by many other stress paths of the DAC 

development in different effective confining pressures as shown in 

Fig. 2. [10] For instance, the stress path of a drained lateral 

extension test under the effective confining pressure of 400 kPa can 

be intersected by multiple traditional drained axial compression 

tests at different stress level at point A through point J. 
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Fig. 2. Evaluation of the drained lateral extension test behavior at 

effective confining pressure of 400 kPa from a series of drained 

axial compression tests [10] 
 

 

The mechanical behavior in the triaxial test can be discussed and 

analyzed in terms of Hooke’s law.  Hooke’s law and its 

modification can be used to characterize the effective stress stress-

strain relationship in the strain tensor for the triaxial test both in 

drained and undrained conditions. These basic and modified 

theories were developed and reported by previous researchers at the 

University of Nevada, Reno. [2,3,4,6,7] The modified Hooke’s law 

from previous research is expanded herein to predict mechanical 

response in the drained lateral extension test from the drained axial 

compression test. 

 

Hook’s law can be rewritten and modified in terms of the triaxial 

test deviatory stress and the effective confining pressure 

components. The principal strains of the specimen can be presented 

in terms of the applied effective stresses as 

 

   (1) 

   (2) 

   (3) 

where; 

1, 2 and 3 are the major, intermediate and minor 

principal strains; 

1’, 2’ and 3’ are the major, intermediate and minor 

principal effective stresses; 

E is the Young’s modulus; 

 is the Poisson’s ratio. 

 

The total volumetric strain can be the sum of the 1, 2 and 3 as: 

 

    (4) 

or 

   (5) 

 

The concept of the 1’ and 2’ in triaxial test is no more than [8,9] 

 

    (6) 

    (7) 

 

where;  

d1 and d2 are the difference of the action stress compared 

to the minor principal stress that can be written as:  

 

   (8) 

   (9) 

 

Eq. (1) through Eq. (5) can be modified through substitution for 1’ 

and 2’ based on Eq. (6) and Eq. (7). This yields the following set 

of equations: 

 

  (10) 

   (11) 

   (12) 

 (13) 

where 

* is presented to distinguish the possible difference between 

the drained value for deviatoric stress and the one associated 

with confining pressure. 

 

In the traditional triaxial axial compression test, there are only two 

principal directions, axial and lateral, acting on the soil specimen 

inside the glass chamber (i.e. the major principal stress 1’ and the 

minor principal stress 3’).  The Eq. (9) will be equal to zero due to 

two minor principal stresses introduced from the same effective 

confining pressure, 3’. Therefore, the strains are introduced by the 

single, d1’, in the shear loading portion of the triaxial test.  The 

minor principal stress in Eq. (10) to Eq. (13) can be rewritten 

(substituting 3’ for 3’) as [10,11] 

 

    (14) 

    (15) 

    (16) 

   (17)  

 

The Eq. (17) can be explained as the components of the volumetric 

strain, v,shear , during the shear and the volumetric strain v,iso from 

the isotropic rebound during the consolidation and rebound process 

as the following equations. [1,5] 

 

   (18) 

where 

   (19) 

and 

   (20) 

 

The isotropic consolidation and rebound respond are illustrated in 

Fig. 3.  

 

 
Fig. 3. Diagram of isotropic consolidation and rebound response 

due to undrained condition [1,5,11] 
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Such isotropic consolidation or rebound (where 3’ is an increase 

or decrease in effective confining pressure imposed without the 

development of deviatoric stress, i.e. d1 = d2 = 0) can occur as 

part of the drained consolidation or rebound phase of the triaxial 

test, or in conjunction with undrained shear loading.  Note that in 

undrained shear of a saturated sand or clay, v of Eq. (18) (relative 

to the starting condition at 3c, ec) is zero (e remains unchanged 

from ec), such that v,iso = - v,shear as pictured in Fig. 3 where the 

total response is along the horizontal solid line. [11] 

The deviatoric stress viewed as a change, d, is positive (+ d) in 

the drained axial compression test but d is negative (- d) both in 

the drained lateral extension test and in isotropic rebound (where 

3’ is taken equal to d).  The major principal stress, 1’, is in 

the axial direction of both the drained axial compression test and 

the drained lateral extension test.  The minor principal stress, 3’, 

is in the lateral direction acting on the sides of the specimen in both 

the drained axial compression test and the drained lateral extension 

test ( 2’= 3’).  

 
In the drained lateral extension (DLE) test, the major principal 

strain, ( 1)LE, is associated with zero deviatoric stress change (i.e. 

1’= d = 0) in the axial direction and  deviatoric stress changes 

in the lateral direction (i.e. 2’ = 3’ = d) that are negative 

( d = d).  Axial stress 1 in DLE test of Eq. (1) can, therefore, 

be rewritten as  

 

  (21) 

or 

  (22) 

 

where 

d is the deviatoric stress change ( + or - ) and d is its 

magnitude (a positive value). 

 

The intermediate and the minor principal strains, ( 2)LE and ( 3)LE, 

in the horizontal direction are the same due to the same decreasing 

lateral stress ( d = - d) and can be expressed from Eq. (2) and Eq. 

(3) as 

 

 (23) 

or 

 (24) 

 

The volumetric strain, ( v)LE, can likewise be rewritten as 

 

     

 (25) 

or 

  (26) 

 

In the drained axial compression test, the major principal strain, 

1,AC, is associated with a deviatoric stress ( d = d ) applied in the 

axial direction. A rewritten Eq. (1) yields 

 

   (27) 

 

The intermediate and the minor strains, 2,AC and 3,AC , are 

identical and it follows from Eq. (2) and Eq. (3) that 

 

 (28) 

The volumetric strain, v,AC, can be assessed as 

 

     

  (29) 

 

In the isotropic rebound portion of a test where 1’, 2’ and 3’ 

are taken equal to d, the major, 1,iso, the intermediate, 2,iso, and 

the minor, 3,iso, principal strains are identical due to the isotropic 

stress release ( d = - d). The isotropic strain can be assessed from 

Eq. (1), (2) and (3) as 

 

     

  (30) 

or 

 (31) 

 

The volumetric strain in isotropic expansion / rebound, v,iso, can be 

rewritten as the sum of the three principal strains, i.e. 

 

 (32) 

 
From Fig. 3, the volumetric strain, v,LE, from the drained lateral 

extension test is characterized as the sum of the volumetric strain, 

v,AC, from the drained axial compression test plus the volumetric 

strain, v,iso, from isotropic rebound.  The sum of Eq. (29) and Eq. 

(32) can be presented as 

 

   

  (33) 

 

which is identical to Eq. (25) or Eq. (26). [4,6] 

 

On the other hand, the sum of the major principal strain, 1,AC, from 

the drained axial compression test and the major principal strain, 

1,iso, from the isotropic rebound test is 

 

   

  (34) 

 

which is the same as Eq. (21) or Eq. (22). 

 

 
The hypothesized application of modified Hooke’s law to evaluate 

the DLE triaxial test’s stress-strain-volume change response from 

DAC tests at the same stress states.  The fundamental behavior of 

interest in both the DLE and the DAC tests is the stress-strain-

strength behavior and the volume change response.  The 

fundamental question to be addressed by the present laboratory test 

program is whether the stress-strain-volume change response from 

one test is derivable from that of another, or is there some stress 

path dependency that would prevent it.  To accomplish such a task, 

the question arises as to the interval in values of 3r to employ in a 

test program characterized in Fig. 4 to provide a set of intersections 

to check the validity of the assumed formulation.  In Fig. 4, the 

interval of 3r of the axial compression tests (i.e. 3r,AC), is 50 kPa.  

Depending on the value of 3r of the lateral extension test (i.e. 3r,LE) 

this yields as many as five points of intersection along the stress 

path for the lateral extension test where 3r,LE is 400 kPa (OCR=1) 

[11].  
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The major principal strain, 1, in the DLE test due to the deviatoric 

stress ( d) can be obtained from Eq. (22) while that of the major 

principal strain in the DAC test is given in Eq. (27).  Such strain is 

in the axial direction for both tests.  In isotropic rebound, the strain 

is the same in the three principal directions and can be calculated 

from Eq. (30) or Eq. (31).  Eq. (34) provides the basis for the 

combination of the axial strain, 1,AC, from the drained axial 

compression test and that from isotropic rebound, 1,iso, for 3’ = 

d,  to assess axial strain, 1,LE, that develops in the drained lateral 

extension test. 

 
Fig. 4. The stress paths for drained axial compression test and 

drained lateral extension test [10] 

 

The corresponding drained volumetric strain, v,LE, during shear in 

the lateral extension test due to the deviatoric stress ( d) can be 

obtained from Eq. (26).  Eq. (33) presents the combination of the 

volumetric strain, v,AC, from the drained axial compression test 

(Eq. 29) with the volumetric strain, v,iso, from the isotropic rebound 

(Eq. 32) that yields v,LE in the lateral extension test.   

 

prepared for both the DLE test series and the DAC test series.  All 

pressures under drained conditions.  The stress-strain-strength 

curves and the volumetric strain curves of the DAC tests at different 

The DLE tests are associated curves shown in Fig. 7 and Fig. 8. 

 

 
Fig. 2 indicates a drained lateral extension test within Ione utility 

3r,LE) drained lateral extension test stress path is at a 

deviatoric stress d

to an effective confining pressure 3’ (= 3r,AC = 3r,LE - d

point of intersection (B) is at d

confining pressure 3’ (= 3r,AC

intersection (J) is at d 3’ = 3r,AC

 

For the interval in 3r,AC d 

at points of intersection (A-J) along the drained lateral extension 

 

 in LE     

 in isotropic rebound  

  

 

Values of 1,AC and v,AC for d at 3r,AC (= 3’) in the drained axial 

compression test are obtained as well as the value of v,iso for 3’ 

from 3r,LE to 3’ on the master isotropic rebound curve.  Then 

 

    

 and 

    

where 

     

 

 

compression tests 

 

 
Fig. 6. Volumetric strain v.s. axial strain from drained axial 

compression tests 

 

Fig. 9 presents the deviatoric stress versus axial strain at an original 

test.  The spots from 1 to 6 are the predictive deviatoric stresses 

associated with the stress level and axial strain from multiple DAC 

tests under different effective confining pressures.  Meanwhile, the 

curve of volumetric strain versus axial strain in drained extension 

test is shown in Fig. 11 and the spots from 1 to 6 present the 

predictive volumetric strain associated with isotropic rebound from 

multiple DAC tests.  In the other model, the DLE test behavior 

predictive values from DAC tests are presented in Fig. 10 and Fig. 

12.  Fig. 9 and Fig. 10 provide evidence that the DLE test deviatoric 

stress versus axial strain response can be assessed quite well from 
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DAC test data in association with isotropic rebound response.  Fig. 

11, indicates an adequate capability of assessing the corresponding 

volume change response in higher confining pressure at 400 kPa. 

In the other hand, there is not enough evidence to practice the 

volume change prediction in lower confining pressure at 200 kPa 

(Fig. 12). 

 

 
Fig. 7. Deviatoric stress v.s. axial strain from drained lateral 

extension tests 

 

 

 

 
Fig. 8. Volumetric strain v.s. axial strain from drained lateral 

extension tests 

 

 

 

 
Fig. 9. Predicted v.s. recorded drained lateral extension stress-

strain response of very loose to loose Ione sand under 400 kPa 

confining pressure 

It is somewhat difficult to achieve accurate volume change respond 

in lower confining pressure in DLE tests as shown in Fig. 8. The 

specimen suddenly collapses after reaching peak strength under 

reducing the chamber pressure. The instant free water flows 

through the volume change device which stops data recording [12]. 

 

 

 
Fig. 10. Predicted v.s. recorded drained lateral extension stress-

strain response of very loose to loose Ione sand under 200 kPa 

confining pressure 

 

 
 

Fig. 11. Predicted v.s. recorded drained lateral extension 

volumetric strain response of very loose to loose Ione sand under 

400 kPa confining pressure 

 

 
 

Fig. 12. Predicted v.s. recorded drained lateral extension 

volumetric strain response of very loose to loose Ione sand under 

300 kPa confining pressure 
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The intent of this research was to contribute toward the evaluation 

of more complex test response based on results obtained from the  

traditional drained axial compression triaxial test.  Previous 

research at the University of Nevada, Reno has shown that isotropic 

and anisotropically consolidated undrained axial compression 

behavior can be evaluated from isotropically consolidated, 

rebounded, drained triaxial test results. It has also been shown that 

isotropically consolidated undrained lateral compression and 

undrained axial extension response can be evaluated from 

isotropically consolidated, rebounded, drained lateral compression 

tests.  [1,2,3,4,5,6,7,10]   

 

In the research presented herein,  

A modified version of Hooke’s law expressed in terms of the 

applied deviatoric stresses ( d1 and d2) and the effective 

confining pressure change ( 3’) as presented in Theoretic 

Development section, is employed to relate drained lateral 

extension (DLE) test behavior to drained isotropic rebound 

followed by drained axial compression (DAC) test response.   

The hypothesized equivalence is demonstrated via test results 

in multi-confining pressures both in DAC and DLE tests 

presented in Fig. 2 and Fig. 4.  In this result, what appears to be 

a situation of deviatoric stress unloading, as characterized by 

the word “extension”, is in reality isotropic unloading (i.e. a 

decrease in all-around effective confining pressure, ’ in 

chamber pressure) followed by an increase in deviatoric stress. 

The combination of test results from DAC and DLE are shown 

in Fig. 5 to Fig. 8.  Through tracking the DAC test results, the 

soil strength of DLE can be very successfully predicted by 

converting in different stress levels as shown in Fig. 9 and Fig. 

10. This achievement is a strong evidence which reflects that 

the modified Hooke’s law can be used herein. 

The volume change responses of DLE are very difficult to be 

accurately collected especially in low confining pressure. Due 

to the instant collapse of specimens after reaching the peak 

strength, the volumetric device did not function normally to 

record the data in soil dilatancy behavior as shown in Fig. 8. 

Therefore, the prediction of volume change response from DAC 

test is not quite fitting in the volume change - axial strain curve 

in DLE test as illustrated in Fig. 12. 

The triaxial shear test system employed in this research was the 

automated computer control system which was designed and 

fabricated by Clarence Chan (CKC) in 1987.  The system is 

controlled by the Fortran 77 program written by X.S. Li in 1989 

and only can operate under MS-DOS. [10] The volumetric 

device can only  record  5 signals per second. This deficiency is 

one of the factors  losing the volume change response for low 

confining pressure tests. Unfortunately, this CKC system is 

currently the only available system which can semi-control the 

chamber pressure and axial loading (deviatory stress, d) 

which can be applied in this research. 

 

Recommendations for future work, 

Cohesionless soil sample selection can be the effort to improve 

the volume change prediction for DLE from DAC tests. The 

sample materials which had been adopted by previous 

researchers and this paper are relative uniform and fine with Cu 

= 1.1 ~ 1.6 and D50 = 0.14 ~ 0.24 mm. The selected materials 

for the following tests can be well graded in particle size (Cu > 

6). The well-graded materials (SP) will have better compaction 

during isotropic consolidation and dilatancy behavior under 

shear status. 

In order to develop a detail prediction of stress response in DLE, 

more DAC tests with 25 kPa confining pressure interval can 

generate more predicted data to fit in the stress-strain curves as 

shown in Fig. 9 and Fig. 10. 

A newer triaxial shear system should be adopted to conduct the 

tests. The available commercial triaxial system has to be 

modified to be enabled to control the chamber pressure and 

axial loading simultaneously. 

The modified version of Hooke’s law can also be applied to 

predict the drained later compression behavior from drained 

axial extension test.  
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