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Effects of initial static shear stress on post-cyclic degradation of a plastic silt 
Influence du cisaillement statique initial sur la deterioration post-cyclique d’un limon plastique

Kazuya Yasuhara -  Department of Urban and Civil Engineering, Ibaraki University, Hitachi, Japan 

Noritaka Toyota -  Tokyo Electrical Power Co. Ltd, Japan

ABSTRACT : Post-cyclic degradations in strength and stiffness o f a reconstituted plastic silt were investigated using triaxial tests with 

special reference to the effect o f initial sustained shear stress. The results from a series of tests revealed that : ( l ) A s  found previously for 

the case o f no initial stress, the cyclically induced degradation of the secant modulus is more marked than that for undrained 

strength. 2) Degradations in undrained strength and secant modulus of a plastic silt with an initial shear stress can be predicted as 

a function of cyclic-induced excess pore pressures using the methods which were previously proposed for cohesive soils with no 

initial shear stress.

RESUME : La deterioration post-cyclique de la resistance et de la rigidite d'un silt plastique reconstitue - en particulier vis a vis de 

l'influence de constraints de cisaillement initiales et prolongees - a et6 etudiee par le biais de tests de deformation triaxiale. Ces tests ont 

revele que : 1) Conformement aux resultats d'essais anterieurs sans contrainte initiale, la deterioration induite de fafon cyclique du module 

secant est plus marquee que celle observEe dans le cas d'une contrainte non-canalis^e. 2) La deterioration de la contrainte non-canalisefi et 

du module secant d'un silt plastique soumis a un cisaillement initial peut etre predite sous la forme d'une fonction de l'exces de pression 

poreuse induit par un cycle, en utilisant les methodes precedemment proposees dans le cas de materiaux coherents en l'absence de 

cisaillement initial.

1 INTRODUCTION

It is generally admitted that soils beneath embankments and 
building structures are subjected to initial sustained shear 

stresses. This initial sustained shear stress influences the 

behaviour o f soils undergoing cyclic loading such as that induced 

by earthquakes. It is said that the cyclic strength of sands 

increases with increasing initial susutained shear stress (Vaid and 
Chem, 1983). On the other hand, recent research by Hyodo et al. 

(1994) indicates that the cyclic strength of clays demonstrates the 

opposite tendency to that for sand, that is to say, it decreases 

with increasing initial sustained shear stress. This conclusion is 

very important from a practical point o f view, because this 

implies that the instability o f clays beneath structures during 

earthquakes is increased as a result o f existing initial shear 
stresses.

The post-cyclic as well as the cyclic behaviour mentioned 

above is important for soils, for example in instability and 

residual settlement for clays and post-liquefaction flow  

deformation and settlement for sands. The authors (1992, 

1994a,b, 1997) have mainly focused on the investigation of the 

degradation characteristics for strength, deformation and 

compressibility o f cohesive soils using triaxial and direct-simple 

shear tests. Based on the results from laboratory investigations 

they have proposed methods for predicting the post-cyclic 

behaviour of cohesive soils. The methods assume that the 

behaviour of quasi-overconsolidated soils produced by cyclic 

loading is equivalent to that o f soils overconsolidated by stress 

release.

Although the effects o f this initial shear stress are considered 

important for clay behaviour after earthquakes as well as during 

earthquakes, the authors have not included an investigation of 
this effect in previous testing (Yasuhara et al., 1992, 1994a,b, 

1997). The present paper, therefore, aims at supplementing the 

data with respect to this subject using triaxial tests on a plastic 

silt and then confirming the applicability o f the previously 

proposed methods for degradations in strength and stiffness to 

the results from this series o f cyclic triaxial tests.

2 METHODS FOR EVALUATING THE DEGRADATION IN 

STRENGTH AND STIFFNESS OF SOILS AFTER 

UNDRAINED CYCLIC LOADING

The stress-strain curves o f soils during undrained monotonic 

shearing before and after undrained cyclic loading are 

schematically illustrated in Fig. 1. The relations previously

With no cyclic 
loading

monotonic shear

Fig. 1 Key sketch for the testing procedure in q versus ea plot.

proposed by the authors and adopted in the present study for 

predicting the post-cyclic degradations in undrained strength and 
secant modulus o f a plastic silt are given in the following forms, 
respectively:
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where s u>n c  and Su cy are undrained strength before and after 
cyclic loading, E so.N cand Eso.cyare secsant modulus before and 

after cyclic loading, Aq  and C are experimental constants, Cs and 

Cc are swelling and compression indices, respectively, and nq 
i s :

1
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The parameters included in Eqs. (1) and (2) are defined as :
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(after Mitachi and Kitago, 1976)
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(after Wroth and Houlsby, 1985)

(5)

(6)

where OCR is overconsolidation ratio and subscripts NC and OC 

denote normally consolidated and overconsolidated, respectively. 

The parameters, Aq , and A can sometimes be related to plasticity 

index in such a way as:

1 -  C j/C c -  0 .8 1 5 -  0.002/^

■ 0.757 -  3 .4 9 x 1 0  /  + 4.00 x lO’"/

(7)

(8)

Those were proposed by Ue et al. (1991).

Eqs. (1) and (2) are characterized by being given in terms of 

the cyclic-induced excess pore pressure. Therefore, the most 

important thing in adapting these is to measure or predict the 

cyclic-induced pore pressures both in specimens in the laboratory 
and in situ.

3 CYCLIC TRIAXIAL TESTS ON A PLASTIC SILT WITH 

SUSTAINED SHEAR STRESS

The soil used for specimens for cyclic triaxial tests was a plastic 

silt called Keuper Marl silt which contained 92% silt fraction. 

Index properties o f this soil are : ps = 2 .69  g/cm3, wL = 40.2% , 

Ip— 23.0, Cc = 0.230, Cs = 0.042. The reason for using a 

plastic silt in the present research was that little systematic 

research apart from work by Hyde and Brown (1976) had been 

carried out on the cyclic and post-cyclic behaviour of plastic 

and non-plastic silts although they are sometimes encountered at 

sites which have undergone damages after earthquakes.

A slurry of this silt with a water content o f 80% was poured 

into a large consolidation vessel and a vertical stress o f 70 kPa 

was applied to this slurry by steps until primary consolidation 

was complete. Each specimen of 5 cm diameter and 10 cm 

height was trimmed from the larger silt cylinder formed in the 

vessel.

The cyclic triaxial testing equipment used in the present study 

was designed to apply cyclic loads using either stress or strain 

control. This equipment, therefore, was capable o f performing 

both cyclic tests under stress-control and post-cyclic tests under 

strain-control as used in the present study. Cyclic triaxial tests 

were started by producing in each specimen an anisotropic stress 

state with an initial sustained shear stress by initially applying an 

isotropic confining pressure, p'c, to a specimen and then 

increasing the axial stress by steps, as shown in Fig. 2, until a 

prescribed stress state was reached with a mean effective 

principal stress, p'c, and initial sustained shear stress, qs . This 

implies that the mean effective principal stress, p'c, was kept 

constant (equal to 198 kPa) for 4  series o f tests, while the initial 

sustained shear stress varied in each series. The values of 
qs/p'c were 0, 0 .3, 0 .6  and 0.75. A cyclic stress with a constant 
frequency of 0.1 Hz. was then applied to the specimen until a

prescribed excess pore pressure was observed thus allowing the 

covering of a wide range of u/p'c. Pre-cyclic and post-cyclic 

undrained strengths and Young's moduli necessary for 

discussing the degradation were determined from monotonic 
triaxial stress and strain curves before and after cyclic loading. 

The strain rate in monotonic undrained compression tests was

0.1 %/min for all tests.

4  PREDICTION OF DEGRADATION CHARACTERISTICS 

IN STRENGTH AND STIFFNESS OF A PLASTIC SILT 

WITH SUSTAINED STATIC SHEAR STRESS

4.1 Effective Stress Path and Stress-strain Performance

A set o f effective stress paths in p' - q space for plastic silt in 

post-cyclic monotonic undrained triaxial tests is shown in Fig. 3 

for both specimens with and without initial sustained shear 

stress. A common characteristic was that as the cyclic-induced 

excess pore pressure increased, so the effective stress path in p'- 

q space rose vertically in a manner similar to overconsolidated 

clays during undrained shear. In addition, the stress path moved 

up or down on the critical state line (CSL) before it approached a 

critical point. This characteristic feature in the stress paths is 

reflected in the post-cyclic stress - strain curves as shown in Fig.

4.

4.2 Change in Strength and Stiffness after Undrained Cyclic 
Loading

Both peak strength, su, and stiffness or initial modulus of 

deformation, E5 0 , after undrained cyclic loading were determined 

from the stress-strain curves shown in Fig. 4. Post-cyclic 

degradations in strength and stiffness are normalized by the initial 

values o f undrained strength and Young's modulus and are 

plotted in Fig. 5 and Fig. 6 against the normalized excess pore 

pressure, u/p'c. It is clear in both figures that the degradation 

characteristics in strength and stiffness in relation to u/p'c are not 
influenced by the magnitude of sustained shear stress. The 

results calculated using Eq. (1) and Eq. (2) are drawn as thick 

lines in Fig. 5 and Fig. 6. Good agreement between calculated 

and observed values for change in undrained strength and 

stiffness can be seen in both figures.

4.3 Change in Rigidity Index

The rigidity index, defined by the ratio o f stiffness G or E to 

strength su, is used in many engineering applications such as the 

drivability o f piles in clays (Vesic, 1973), and the disturbance of 

clays due to sampling (Okumura, 1974).

By combining Eq. (1) with Eq. (2), we obtained the 

following expression for post-cyclic rigidity index, su cy'E5 o,Cy 

(= Ir.cy). for cohesive soils;

T,

V c / £ 5o .q, 1 - ( C /A ) ln n ,
(9)

The results calculated using Eq. (9) for change in the rigidity 

index for plastic silt are compared in Fig. 7  with those observed 

in post-cyclic triaxial tests. Fig 7  demonstrates that both 

calculated and observed values of rigidity index for plastic silt 

agree with each other, independently o f the magnitude of initial 

sustained shear stress.

4.4 Relationship between degradations in strength and stiffness

By eliminating u/p'c from both Eq. (1) and Eq. (2), we can 

correlate post-cyclic degradations in strength and stiffness. 

Thus, we have:

1 - { C / ( A - A . ) } l n ( ^ v / W )
(10)

Fig. 2 Key sketch for the testing procedure in p' versus q space.

Using Eq. (10), therefore, enables us to predict the degradation 

in post-cyclic stiffness in terms of that for post-cyclic undrained 

strength. To confirm this, the results calculated using Eq. (10)
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Fig. 4  Pre-cyclic and post-cyclic stress-strain curves.

are compared in Fig. 8 with the results observed in cyclic triaxial 

tests on plastic silt with and without initial sustained shear stress. 

As can be observed in Fig. 8, there is a good correspondence 

between calculated and observed results for both the degradations 

occuring as a result o f undrained cyclic loading. It can also be 

seen from Fig. 8 that the degradation in stiffness is more marked 

than that for undrained strength, although this was already
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confirmed by the authors (Yasuhara et al., 1994b : 1997) for 

cohesive soils with no initial sustained shear stress.
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Fig. 8 Relationship between degradations in secant Young's 

modulus and undrained strength.

5 CONCLUSIONS

1. As found previously for the case o f no initial sustained 

shear stress, the cyclically induced degradation of the secant 

modulus is more marked than that for undrained strength.

2. Degradations in undrained strength and secant modulus of a 

plastic silt with an initial sustained shear stress can be predicted 

as a function of cyclic-induced excess pore pressures using the 

methods which were previously proposed for cohesive soils 

with no initial shear stress.

3. The interrelation between degradations in strength and 

deformation modulus can also be predicted by the same 

equation as for clays with no initial shear stress.
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