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ABSTRACT: This paper presents a summary of topics addressed during Discussion Session 1.1 Assessment of Deformation Proper-
ties Including Time and Rate Effects. The three primary topics selected for discussion included: quantification and mitigation of sam-
ple disturbance, strain rate effects, and static liquefaction. The paper highlights the contributions to the discussion session of the di s

cussion leader, discussion panel members, and the general audience.

RESUME: Cet article constitute un résumé des sujets discutés pendant la séance de discussion 1.1 L'Evaluation des propriétés de
déformation incluant les effets de temps et de vitesse. Les trois sujets principaux choisis incluaient: I'énumération et la mitigation du
remaniement de I'échantillon, I'éffet de la vitesse de déformation, et la liquéfaction statique. L'article souligne les contributions de
|'animateur des débats, des participants invités, et de I'audience a la séance de discussion.

1 INTRODUCTION

This paper presents a summary of the topics presented and dis
cussed during Discussion Session 1.1 Assessment of Deforma-
tion Properties Including Time and Rate Effects The session
members were as follows:
Chairman: Dr. . Vanicek, Czech Republic
Discussion Leader: Dr. D.J. DeGroot, USA
Session Reporter: Dr. J.C. Santamarina, USA
Panel Members:  Dr. S. Leroueil, Canada
Dr. G. Mesi, USA
Dr. D. Lo Presti, Italy
Dr. M. Lipinski, Poand
Following the opening remarks by Chairman Vanicek, Dis
cussion Leader DeGroot introduced three issues that were s=-
lected as the primary topics for the discussion session: quantifi-
cation and mitigation of sample distwbance strain rate effects
and datic liquefaction The pandlists addressed these topics with
short presentations after which the discussion was opened to the
genera audience. The paper is organized by the topics noted
above and brings together the different contributions from the
discussion leader, discusson panel members, and the genera
audience.

2 SAMPLE DISTURBANCE

DeGroot indicated that visual detection of sample disturbance
can be done by xray techniques but that methods to quantify
sample disturbance needs to be more widely implemented in
practice. Currently, some quantification methods are: volumetric
change during recompression to the in situ state of stress (Andr e-
sen and Kolstad 1979), specimen quality designation (SQD; Ta-
zaghi et a. 1996), residual pore pressure or suction, determina-
tion of Gyax, and assessment of Delg, at the in situ state of stress
as a function of overconsolidation ratio (Lunne et al. 1997). Lo
Presti pointed out that sampling with a Shelby tube can cause
50% reduction in G, in silts and 80% in soft clays. Severa
panel members expressed support for method of measuring
volumetric change during recompression for quantification of
sample disturbance.

The ability to collect high quality samples with the Laval and
Sherbrooke block samplers was highlighted by DeGroot. How-
ever, Jamiolkowski (Italy) noted that these samplers are not

commonly used in practice and that other techniques could be
used instead, such as sharp edge samplers. Jardine (UK) empha-
sized the importance of operator safety when handling sharp-
edge samplers, and indicated that suction at the bottom of the
sample can be readily avoided by adding an airline at the tip of
the sampler.

Leroueil noted that each sampling technique causes a certain
level of gtrain for a given soil. This strain imposed during sam-
pling must be com pared against the strain a soil can take in order
to understand the level of sampling distubance that is caused.
Following Clayton et al. (1998), he recommended: to avoid in-
side clearance when sampling soft clays, to use low wall thick-
ness to diameter ratio (less than 1/40), and to maintain a cutting
edge between 5° and 7°.

Mesri highlighted that the issue of sample disturbance must
be analyzed within the more general context of data gathering
and interpretation. In particular, present correlations were devel-
oped with specimens gathered using traditional sampling tech-
niques, therefore, they will loose validity when better sampling
and mitiggtion techniques are used.

T wo methods are currently used to mitigate the effects of
sampling disturbance: the NGI recompression technique pro-
posed by Bjerrum (1973) and recompression above the in situ
state of stress followed by data interpretation in terms of normal-
ized parameters or SHANSEP as proposed by Ladd and Foott
(1974) at MIT. Lo Presti advocated the use of the NGI technique
to avoid consolidating above the in situ state of stress.

3 STRAIN RATE EFFECTS

DeGroot introduced the general topic of strain rate effects and
asked if it is possible to quantify the connection between strain
rate effects and soil structure. He noted that liquidity index is
one such parameter and suggested that Burland's (1990) frame-
work using intrinsic soil properties could also be used. DeGroot
aso asked the panel what are the practical implications of strain
rate effects in geotechnical engineering practice.

Leroueil addressed the effect of strain rate on strength, com-
pressibility and residua strength, and highlighted that while
strain rate effects are significant, they are often neglected in
practice. He made the following observations and supported
them with data and case histories:



The effective strength friction angle is amost independent

of gtrain rate in normally consolidated (NC) soils, yet, the
strength envelope lowers when the strain rate decreases in
overconsolidated soils (OC) clays. On the other hand, the
undrained strength increases 10% per log cycle of strain in
both NC and OC soils. This explains the higher undrained
strength measured with the self-boring pressuremeter, as
compared to that measured in the laboratory.

The preconsolidation stress typically increases by 10% per
log cycle of strain rate (Cao et al, 2001). Thus, given the low
strain rates in situ (e.g., under embankments), the in situ
compression curve is often below the laboratory curve, and
larger primary consolidation settlements should be expected
in situ.

The residual strength, in terms of tanf' increases about 2%
to 3% per log cycle of strain and it has virtually no effect on
the factor of safety. However, it appears that the rate of dis
placement is very sensitive to factor of safety: data show that
the strain rate can decrease by two orders of magnitude when
the factor of safety increases by about 5%.

Finally, Leroueil observed that strain rate effects appear not
to be significantly affected by microstructure

Mesri confirmed that strain rate affects deformation parame-
ters, and addressed the issue of whether the relationship between
effective stress and the void ratio at the end of primary consoli-
dation depends on the duration of primary consolidation. This
question became apparent after Terzaghi introduced the theory
of consolidation, and was explicitly raised by Leonards (1972)
and by Ladd et a. (1977). To address the question, Mesri pre-
sented data obtained with 500 mm and 125 mm long specimens
and showed that the void ratio at the end of primary consolida-
tion is independent of strain rate. Additional laboratory and field
data also show that the inferred preconsolidation stress is aso
independent of the strain rate. Therefore, predicted settlements
closely match observed settlements (e.g., Mesri and Choi 1985,
Mesri et al. 1995). Thus, while deformation parameters vary
with strain rate, the longer the specimen the lower the strain rate
but the longer the time to the end of primary consolidation (i.e.,
void ratio changes with respect to time and with respect to effec-
tive stress are interrelated). The combined effect is that the void
ratio at the end of primary is unique.

Hansbo (Sweden) questioned the utility of presenting evs-s
plots in semi-log plots. DeQroot noted that even alinear e-vs-s
relationship appears as a miseading curved line in semi-log
space. Mesri agreed with the validity of linear-linear plots, par-
ticularly for high quality specimens and highlighted the impor-
tance of tradition in this regard.

Lo Presti addressed dtrain rate effects in connection to the
creep settlement of sands (e.g., the G parameter by Schmert-
mann 1970). In particular, he showed extensive data that con-
firms that the G coefficient isinversely proportional to the bear-
ing capacity factor of safety, i.e., the higher the applied load, the
higher the value of G,.

Jardine (UK) ratified that creep increases as factor of safety
decreases and it is affected by the intermediate stress anisotropy.
Hence, oedometer and axisymmetric triaxial data may differ.

Lo Presti also addressed strain rate effects on soil stiffness
and damping. Data were presented for a stiffness correction pa-
rameter that takes into consideration both strain level and strain
rate (Akai et a. 1975). Data for damping ratio show that D aso
varies with frequency, i.e., strain rate: at low frequencies (f < 0.1
Hz), the damping increases due to the viscosity of the soil skel e-
ton while at higher frequencies (f > 1 Hz), damping increases
dueto fluid viscosity.

4 STATIC LIQUEFACTION

Lipinski reviewed criteria and conditions necessary for static
liquefaction. He highlighted the importance of fast sampling of

transducers during the execution of laboratory experiments to
properly capture short duration events. Furthermore, he placed
emphasis on the position of the instability line in stress path
space, which for the soils and conditions he studied appears at
g/p' = 1 which corresponds to a stress raio s',/s', =2.5.

Leroueil highlighted the non-uniqueness of the instability line
(except for very loose soils). Furthermore, he indicated that
while liquefaction is often related to the state parameter in the
literature, it is more relevant to relate it to the changein void ra-
tio from the void ratio starting at the instability line.

Verdugo (Chile) noted the difficulties related to sands with
very flat steady state lines making the utilization of the steady
state line very sensitive to measurement errors in the determina-
tion of thein situ void ratio.

5 CONCLUSIONS

The discussion session highlighted important scientific and prac-
tical aspects of soil behavior with respect to sample disturbance,
strain rate effects, and static liquefaction. Research has shown
the detrimental effects of sample disturbance on clay kehavior
and it is strangly recommended that sample disturbance be quan-
tified during site investigations. Variations in strain rate affect
soil behavior with important practical implications on key design
parameters such as shear strength, yield stress, and soil stiffness.
Accurate measurement of static liquefaction requires high qual-
ity laboratory equipment using fast sampling rates. Test results
suggest the possible existence of a unique instability line that
could be used to define the necessary conditions for static lique-
faction to occur.
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