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SYNOPSIS. Experimental and theoretical research into the disturbing effects of the sampling process on saturated clay has been under 

taken and the scope and preliminary results are presented. In the experimental section, the influence cf stress relief upon undrained 

elastic modulus is evaluated through artificially consolidated samples from slurry in the triaxial apparatus. The effects of isotropic and 

anisotropic consolidation are investigated. The conparison between the observed behaviour of "in situ" conditions and "perfect sam 

pies" is presented. In the theoretical section the effect of sampler jacking upon soil stressing and straining around the sampler is be 

ing studied through a viscoplastic model of the saturated clay which has been inplemented via the Finite ElementMethod. The results ob 

tained so far are encouraging and show a promising line for fiiture research.

INTRODUCTION

The use of accurate soil moduli for deformation predictions is cf 

paramount importance in applied Geotechnical work. The main 

source of inaccuracies lies in ttie soil disturbance during the 

sampling process. In a recent note (Alonso and Casanovas, 1973) 

the suggestion was made of using undrained modulus obtained in 

an unloading-reloading cycle of the sanples in order to get 

closer agreement with the ("in situ") values obtained through 

plate loading tests . This procedure tended to minimize ihe ef 

fects of both stress relief and mechanical disturbance upon sam 

pie behaviour. In order to improve our knowledge of sampling 

disturbance the relative importance of each conponent should be 

evaluated separately. The experimental program presented sub® 

quently was aimed to evaluate the effects of stress relief upon 

undrained modulus.

Stress relief effects have been simulated in artificially prepared 

samples in a triaxial cell allowing for an unloading cycle under 

undrained (perfect samples) or fLilly drained (perfect, re con 

solidated, sanples) and a reloading cycle under the same condi 

tions in order to restore the "in situ" stresses. 

Isotropic and anisotropic loading paths have been used in bolh 

cases. The stress changes induced in the soil surrounding the 

sampler by the sampling operations contribute to the mechanical 

disturbance of the soil inducing shear strains and excess pore 

water pressures (eventually dissipated and, therefore, causing 

some volume change) leading to an altered soil condition prior 

to specimen testing. A simulation of the sarpler indentation into 

an ideal saturated clay has been initiated with the aid of the Fi 

nite ElementMethod, modelling the soil behaviour by a visc_o 

plastic constitutive law.

"PERFECT SAMPLING" - EXPERIMENTAL RESEARCH 

Description of the testing program. An effort has been 

made to simulate, under triaxial conditions, the stress relief 

(with and without drainage) associated to perfect sampling in o_r 

der to compare the deformation properties of these "altered" sam 

pies with the (also simulated) "in situ" samples.

A low plasticity clay (Ŵ  = 27% , I.P. = 8.5%) feirly well graded 

below the f f-4 0 sieve (100% smaller than 0.3 mm; 75% smaller than 

0.075 run; 50% snaller than 0.02 rnn; 25% smaller than 0.004 nm ) 
was selected to perform the tests. A slurry with a water content

lightly over the Liquid Limitwas prepared and sanples of 70 mm 

in diameter, 140 nm high were formed in the triaxial apparatus 

and allowed to consolidate under a chamber pressure of 200 gr/ 
cm2 to give sufficient consistency so as to remove the mould 
from the cell (Back pressure was kept high - 7 Kg/cm^ - to en 

sure full saturation). In order to form the sanples a slurry 

with 30% water content was poured inside the rubber mem 

brane placed inside a three part split metal mould and fully re 

moulded by hand in several layers.

Subsequent^, the initial conditions were applied as they appear 

in Table I. The samples were allowed

TABLE I - TRIAXIAL TEST PROGRAM ON 'PERFECT SAMPLING"

Sample 

Code (*)

Consolidation

Pressures 
(Kb cm2)

Unloading Reloading Deformation 

to Failure

ISI-1 f3 = 1 No No Undrained

PSI-0 <¡3 = 1 To <*3=0 

drainage

To 3̂=1 
drainage

Undrained

PSI-1 <r3 =1 To 03=0
Full

drainage

To <¡3=1 
. Full
drainage

Undrained

ISA-1 <Ji=1.5

0-3=0.75
no no Undrained

PSA-0 01=1.5 
(13=0.75

To (T}=0; 

<T1=0 
no 

drainage

To 3= 
0.75 

q=i.5 

no 

drainage

Undrained

PSA-1 Si =1.5 

03=0.75
To <̂ =0;

<r, =0
Full

drainage

To <T~=0.75 

0i =1.5 

Full 

drainage

Undrained

(“)lSIh"In Situ" Isotropic .Anisotropic; PSI|."Perfect sampling" 
ISA I PSA I "Istropic, Anisotropic
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to consolidate under fell drainage using lateral paper drains. 

The anisotropically consolidated samples were obtained by a£ 

plying four effec tive load increments that fol 

lowed approximately the Kq line, allowing the sample to consol 

idate under each load increment.

The final water contents in the different samples,after the un 

drained tests, had a mean value of 21.53% with a variation of 

-1.1% thus leading to a feirly uniform sample set for which vari 

ations in undrained behaviour due to differences in initial mois 

tore conditions are expected to be minimal.

Two markedly different shearing velocities were used. In the first 

series a velocity of 1% vertical deformation per minute was used 

while in a second series ttie velocity was reduced to 0.023 % 

vertical deformation per minute.

Results on isotropicaHy consolidated samples. The first, and 

well known, result that must be noticed is that the undrained 

strength of samples sheared at slow rates is lower than the 

strength associated to fester feilure rates, even for this very 

low plastic clay (de difference is nevertheless not significant 

from an engineering point of view, see Fig. 1)

Figure 1 - Stress-strain curve for MPI-0 test

Figures 2 and 3 represent the average re su lts fo r each type of

testwith high and low shearing velocity respectively. The trend 

is, in both cases, 1he same, the only main difference being the 

higher shear strength at feilure for the rapid tests.

The "in situ" behaviour in terms of moduli, lies between that of 

the "perfect sample" and the "reconsolidated p e r f e c t s a r T p le " . . I n  

allcases the undrained modulus reveals to be relatively sensible 

to ihe convention used to measure it. If we consider the usual 

approach of measuring Eu values atone half deviatoric strength, 

these points correspond to about 0.25% vertical deformation.

The range of Ey values varies from about 200 Kg/cm2 for the 

perfect sample to about 330 Kg/cm2 for the "reconsolidated per 

feet sanple " . "In situ" Ey values are close to 250 Kg/cm2. This 

means that at least an increase of 5C% in ihe modulus can be a 

chieved by reconsolidating the sample to the "in situ" stresses

Figure3-Stress- strain curves. Low velocity

Another interesting point is that the induced shear strains asso 

ciated to the sampling stress relief can be responsible for a los 

in Eu values of about 25% with respect to the "in situ" value . 

t\lso apparent .in these figures is an 8 to 10% loss in strength due 

to the disturbing effects of stress relief of the sample.

Results on anisotropically consolidated samples

I n samples anisotropically consolidated a high percentage of

velocityFigure 2- Stress-strain curves.High
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the total strength is already mobilised under drained conditions. 

The undrained phase of the shear process is thus responsible 

fbr a smaller amount of devitoric stress increase. In all cases 

foil strength is mobilised under extremely tow vertical s tr a in s 

(usually smaller than 0.1%).

A similar trend to the behaviour of isotropicaUy consolidated 

samples has been obtained. "In situ"stress-strain curves 

lie between "perfect saiTple" and "perfect,reconsolidated,sam 

p le " curves. These results are presented in Figure 4.Note thd: 

the horizontal scale is much smaller than the scale of Figures 
1,2 and 3. However, in terms of initial Eu values, samples are 

now considerably stiffer. Differences in moduli for 1he per 

fectand "in situ" samples are also larger.Note that similar 

trends are again obtained. Initial moduli of 800,600 and 400 Kg/ 

cm2 are measured for the "perfectreconsolidated", "in situ " 

and "perfect?1 sample. Variations of the order of 50% can thus 

be associated to the process of perfect sampling in terms of 

initial undrained moduli, the error tending to overestimate the 

actual value in the case of reconsolidated sample, and 

underestimate it if the initial stresses are re ored without vol 

ume change.

Most interesting is the influence of isotropic consolidation ( in 

1he laboratory) in reducing substantially the (vertical) deforma 

tion moduli with respect to the anisotropic ("in situ") values 

(Note lhatmean consolidation pressures are equal, in b o th the 

isotropic and anisotropic cares studied here). Accordingly, fh;n 

ing to apply the correct (anisotropic in general) "in situ"initial 

stress may lead, combining the observed results for isotropic 

and anisotropic samples, to an underestimation (safe side) of 

initial moduli by 2-3 times, depending if consolidation is alkmed 

or not during the first application of confining stresses.

SAMPLER DRIVING-NUMERICAL MODELLING

Viscoplastic flow approach : Basic concepts . When a body is 

sub̂ pcted to a very large deformation process involving plastic 

behaviour the elastic strains can be considered in most cases 

as negligible versus the plastic or viscoplastic ones. In such 

cases a viscoplastic model.Zienkiewicz and Cormeau ( 1~9 7 4 ) , 

allows to treat 1he defbrmation process of the body as that of a 

viscous fluid of non Newtonian kind wilh a non linear viscosity 

which is dependent on 1he constitutive behaviour of the material 

of the deformed body. Moreover, if the deformations occur at 

slow or moderate rates the whole process can be treated sinply 

as anon linear elastic problem and directuse can be made of 

available finite element computer programs for linear elasticity 

(Zienk.iewicz, 1978) sirrply replacing the concepts of disp lace 

ments by velocities, strains by strain rates and the 

shear modulus by the non linear viscosity as a function of the 

stress or strain rate level. The non linearity of the problem can 

be treated in an easy way using a simple direct iteration scheme 

which in most cases gives a fast convergence (Onate, 1978).

This well known procedure, comnonly known as the "flow ag 

proach" has been used extensively by manyj-Zienkiewicz and 

Godbole, 1974; Onate, 1978; Zienkiewcz et al, 1978; to solve a 
wide range of forming processes of metals plastic and glasses of 

various kinds like, extrusion, rolling, ,pt expansion, sheet form 

ing, indentation etc.

For a von Mises type of plastic or viscoplastic material the ex 

pression for the value of the visosity can be simply obtained 

(Zienkiewcz at, 1978). However the "flow solution" implies 

incompressible behaviour of the material and the analogous 

elastic formulation must be treated accordingly to deal with in

FIGURE 4. Sf ress- st rain  behaviour fo r 

anisotropically conso lid ated  samples

canpressibility. Full details of this can be found in previous ref 

erences.

Soil sampling with cylindrical sairplers may be wiewed as typical 

indentation processes which feil within the category of problems 

for which the flow approach is directly applicable and in this pa 

per it is suggested that it can be usedto treat the deformaticn 

process of the soil ad^cent to the sanpler during the sampling 

operation. In 'the example presented the formulation has been re 

stricted for simplicity only to soils which follow Drucker-Prager 

yield criteria with 0 = o as it could be the case of saturated 

clays under undrained conditions. More general constitutive laws 

will be studied in the foture.

Soil sampling procedures are actually transient problems for 

which the geometrical configuration changes with time. In the flow 

approach the nodal velocities obtained, once the non linear so 

lution has converged, are used to update the geometry by m eans 

of an appropiated time step size. Since the proc 

ess involves repetition of the solution in an Eulerian way,defcr 

mations can thus be followed until very large stages.

Example of application

Here we show a sinple example of application of the flowapprcarh 

for predicting the sampler travel, and soil over stressing and 

deformation during the sampling operation. The geometry of the 

problem, the finite elementmesh used and the boundary cond_i 

tions are shown in Figure 5. A yield stress of 0.5 Kg/cm2 has 

been taken-Adherence between sampler and soil has been assumed 

in this firstexample.Figures 6 a.b,c, show the velocity vectors 

at the soil surface, the surfece disturbance and the average 

element mean pressures for three different sanpler travels. For 

a non-sensitive normal or slightly overconsolidated clay these 

contours may be wiewed as con tours of equal excess pore water 

pressures . According to the figure, the soil penetrating the sam 

pier will under a considerable pore (and water content) redis - 

tributioru in addition to the straining produced by the sanpler dri. 

ving .
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Fur space reasons we will not go here into further discussion of 

the results shown and sinply state that they develop in the right 

direction. This sinple exanple jast gives a brief idea of the pos 

sibilities of the method .However many irportant effects like the 

treatment and influence of friction, sarpler identation velocity 

and geometry mesh disturbance, constitutive behaviour of soil 

etc. have to be investigated yet in more detail. Research is 

being carried Out in this area and it will reported in a near f u 

ture.

CONCLUSIONS.

1- For isotropically consolidated ssnples (initial state) and aL 

ways in terms of initial deformation modulus the "in situ" state 

lies between the‘berfect reconsolidated sampling"and "perfect 

sanpling'states . Variations recorded in moduli amount +_ 25 % 

over 1he "in situ" values .

2- For anisotropically consolidated samples the same trend is 

obtained. However the observed variations are now larger and 

deviations of + 50% over the "in site" moduli have been recorded 

for "perfectreconsolidated" and "perfect?1 sampling.

3- Anisotropic consolidation (vertical majDr principal stress ) 

increases substantially the rigidity in the direction of the major 

principal stress compared with that of samples isotropicalty con 

solidated to the same mean stress. This effect coupled with the 

influence of perfect sanpling may lead to important underestimajt 

im of "true" moduli (by 2-3 times).

4- A promising theoretical research into the effects of mechanical 

disturbance of sanples of saturated cohesive soil has been initL 

ate with the aid of a viscoplastic model of the soil implemented 
via the Finite Element Method-Preliminary results show that the 

model may be used to investigate the effects of sanpler geometry, 

side friction, velocity of driving and constitutive behaviour of 

soil.
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