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SYNOPSIS: A comprehensive approach for a better evaluation of sampling effects on soil behaviour is advocated in this contribution. Ideally it should 
include: a conceptual framework or model as the basis for a good understanding of soil behaviour; an analytical and/or numerical procedure to predict 
stress and strain histories of representative soil elements subjected to sampling operations; evaluation, based on the previous considerations, of the 
effects of sampling on subsequent soil behaviour and performance of carefully controlled field and laboratory testing programmes to check the validity 
of the predictions from the approach. A brief example of application is presented concerning the effects of sampling on some aspects of the behaviour 
of soft clays. It is shown that sampling on soft clays may have two major effects: reduction in the residual effective stresses that can be largely 
overcome by reconsolidating to ‘in situ’ stresses and destructuring that is basically irreversible. It is also shown that that soil destructuring occurs in 
tube sampling of soft clays although it can be minimized by the use of advanced samplers. Extension of the approach to other soil types and sampling 
operations is strongly recommended.
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IN T R O D U C T IO N

Taking a specimen from the ground and placing it in a laboratory 
apparatus involves a large number of operations, each of which can 
increase the degree of disturbance of the sample in ways that may 
be both large and apparently unsystematic. As traditional laboratory 
testing methods sometimes do not permit to measure accurately some 
soil parameters there has been a clear tendency in practice to disregard 
laboratory testing as a source of design parameters in favour of ‘in-situ’ 
tests. However, very significant developments in sampling have occurred 
in recent times which have led to an important enhancement of the 
quality of the specimens retrieved. The following can be mentioned: a) 
development and increasing use of advanced large diameter samplers for 
soft clays, b) successful use of rotary coring to obtain samples of granular 
soils and of medium and stiff clays, c) successful aplication of ground 
freezing techniques to assist undisturbed sampling of cohesionless soil, d) 
evaluation of sample disturbance by comparing ‘in-situ’ and laboratory 
dynamic shear moduli. These and other related developments together 
with a growing awareness of the shortcomings of some ‘in situ’ tests and 
the introduction of advanced laboratory testing procedures (computer 
controlled stress path testing, internal strain measurements, local pore 
pressure observations, use of bender elements) makes a partial reversal 
of the trend towards ‘in situ’ tests likely.
Nevertheless, to take full advantage of those developments requires a 
more rational and accurate approach to the assesment of the effects of 
sampling on soil behaviour that can take into account factors such as 
soil type, stress history and sampling equipment and procedures. The 
present contribution advocates a comprehensive approach that requires:

i) a good understanding of soil behaviour preferably expressed as a 
conceptual framework or model

ii) an analytical and/or numerical procedure to predict stress and 
strain histories of representative soil elements subjected to sampling 
operations

iii) evaluation, based on i) and ii), of the effects of sampling on 
subsequent soil behaviour

iv) performance of carefully controlled field and laboratory testing 
programmes to check the validity of predictions from iii).

A continuous collection of information on sampling effects examined 
critically in accordance with the approach outlined above must lead to a 
much more accurate understanding of the effects of sample disturbance 
and, therefore, to a better use of the laboratory test data. For reasons 
of space only a brief example of this approach will be presented here 
concerning the effects of sampling on some aspects of the behaviour of 
soft clays.

S A M P LIN G  EFFECTS ON SOFT COHESIVE SOILS 

Framework for soil behaviour

Recent attempts at describing the basic features of natural and 
reconstituted clays have been based on the concept of a bounding 
surface (BS) that delimits a stress space area where relatively small 
strains occur. If the stress state goes beyond the BS larger strains 
take place that may lead to significant rearrangements of soil structure. 
(Leroueil and Vaughan, 1990). The BS for the unstructured reconstituted 
soil (the intrinsic BS) can be defined by the undrained stress path of 
Ko-consolidated samples (e.g. Gens, 1985). However post-depositiona! 
processes such as aging and cementing expand the BS outwards. 
Conversely, destructuring of the specimen due to sampling strains may 
move the BS inwards towards the intrinsic one.
Strains induced by tube sampling

The application of the Strain Path Method -SPM- to the estimation 
of sampling strains (Baligh, Azzouz and Chin, 1987) was a major 
breakthrough in the search for a rational method to evaluate sampling 
effects. Although further refinements of the theory to account better 
for equilibrium and to model more accurately the actual shape of the 
sampling tube would be desirable, the SPM provides a good estimate of 
the strain history of a soil subjected to tube sampling and its dependence 
on sampler geometry. SPM results show that strain levels increase 
significantly as the ratio tube diameter/thickness decreases (Fig. 1).
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F ig . 2 Stress path  for tube and block sampling of normally consolidated clay 

(modified from Hight, Gens and Jardine, 1985)
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Evaluation of sampling effects on subsequent soil behaviour

Using the adopted soil behaviour framework the stress path followed 
by an specimen subjected to tube samplig, extrusion and total stress 
relief is shown in Fig. 2. The strains developed during tube sampling 
are based on SPM calculations. In the case of block sampling a simpler 
path is followed with a smaller total pore pressure increase. Variations 
in sampling quality will result in different stress and strain histories 
and, therefore, in different initial effective stresses for subsequent soil 
testing. If UU tests are now performed, the resulting stress paths and, 
generally, the observed strengths will be different (Fig. 2) because of 
the different position of the initial state of the sample with respect to 
the BS. However, these differences do not necessarily imply irreversible 
sample disturbance as they may be explained without resorting to the 
assumption of a movement of the BS. Evidence of soil structural damage 
must be obtained from samples reconsolidated to ‘in-situ’ stresses. An 
inward movement of the BS will affect the compression undrained stress 
path and the ‘intact’ behaviour will not be recovered (Fig. 3). Note 
the much smaller effects predicted for extension tests. In this case the 
behaviour and strength differences observed in UU tests will be caused 
by both differences in initial effective stresses and changes in the BS size.
Performance of validation testing programmes

The first example corresponds to a testing programme on a reconstituted 
low plasticity clay, Lower Cromer Till, in which sampling was simulated 
in the laboratory (Gens, 1982). Partly because the soil was relatively 
unstructured, sampling caused negligible structural damage and ‘intact’ 
behaviour was recovered upon reconsolidation to initial stresses (Fig. 4). 
The quite different results from the UU tests can be readily explained 
using the soil behaviour framework with no BS movement. The second 
example is extracted from the comprehensive testing programme carried 
out on Bothkennar clay in the UK (Hight et al. 1992) Three types of 
sampler were used: the Sherbroke sampler -S- (Lefebvre and Poulin, 
1979), the Laval sampler -L- (La Rochelle et al., 1981) and the 100mm 
piston sampler -P-. The S-sampler can be equated, approximately, to 
block sampling; use of the L sampler involves the penetration in the soil 
of a very sharp 200mm tube followed by overcoring. Confirmation of 
soil destructuring from tube sampling is presented in Fig. 5 where it can 
be observed that the piston sampler does not recover intact behaviour 
(represented approximately by the S-sample). The results also show that 
because of a more favourable geometry and operational procedures the
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F ig . 3 Predicted destructuring effects of sampling of normally consolidated 

clay (modified from Hight, 1992)

Laval sampler has caused a much smaller level of disturbance. 
C O N C LU D IN G  REM ARKS

Sampling on soft clays may have two major effects: a) reduction in 
the residual effective stresses and b) destructuring, that results in an 
inward BS movement. The effects of a) can be largely overcome by 
reconsolidating to ‘in situ’ stresses if the volume change during this 
process is not large. However, the effects of b) are basically irreversible. 
Test results presented here demonstrate that soil destructuring occurs 
in tube sampling of soft clays although it can be minimized by the use 
of advanced samplers. Sampling effects are most apparent when the 
specimen is tested in compression.
Lack of space does not permit to present further applications to other 
soil parameters (e.g. shear stiffness) and to other soil types such as 
overconsolidated clays and sands (refer Hight, 1992). The extension of 
this comprehensive approach to other sampling methods and operations 
(rotary coring, borehole opening, water content redistribution, etc...) 
and to other soil types (laminated clays, cemented soils) should result in 
achieving a greater degree of confidence for laboratory tests as a source 
of information for the more sophisticated methods of design.

F ig . 4 U ndrained stress paths of Lower Cromer T ill specimens after sampling 

(Gens, 1982)
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F ig . 5 Observed effects of sampling of Bothkennar clay. Undrained compres

sion tests after reconsolidation (Hight, 1992)
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