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Technical session 1a: Laboratory testing (I): Fundamental properties 
Séances techniques 1a: Tests de laboratoire (I): Propriétés fondamentales  
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The Catholic University of America, Washington, D.C., USA 

R.J. Jardine 
Imperial College, London, UK 

S. Shibuya 
Kobe University, Kobe, Japan 

1 OUTLINE

The discussion session was held for the period of two hours 
(15:30 to 17:30) in the first day of the conference, Monday 12 
of September, 2005. The session was formatted according to ti-
me schedule shown in Talbe 1. It started with the opening ad-
dress by Prof. Poul Lade, the Catholic University of America, 
followed by General Report (GR) prepared by Prof. Richard 
Jardine, Imperial College. Since Prof. Jardine was obliged to 
cancel his trip to Osaka owing to other important comittment in 
U.K., Prof. Satoru Shibuya, Kobe University, delivered Jar-
dine’s GR on behalf of him. 

Three panelist reports (PRs) in the sequence of Prof. Diego 
Lo Presti, Pisa University, Prof. Junichi Koseki, Tokyo Univer-
sity, and Prof. Herve Di Benedetto, Ecole Nationale des 
Travaux Publics de l’Etat �ENTPE�were followed.  Discus-
sion was then open to the floor with the leadership of Prof. Lade. 
Three fellows from the floor made short presentations, each ad-
dressed to some of the pre-selected discussion topics A)-F) (see 
Table 1). The session was closed almost on the scheduled time 
with short remark given by the chairman. 

The session was popular with more than two hundred atten-
dants. On the whole, the session was featured with lively dis-
cussion on fundamental properties of geomaterials.

2 OPENING ADDRESS 

Prof. Lade pointed out that soil behavior depends on: 
1) Fabric of soil; it is strongly suggested to test intact speci-

mens since reconstituted soils behave different from natu-
ral soils, and void ratio/water content is not sufficient for 
full reference. 

2) Initial consolidation stress path and stress state; hence, it 
is crucially important to carefully reestablish the stress 
state in the field and do not move the yield surface in the 
process.

3) Accurate measurements; recent research indicates impor-
tance of accurate and reliable measurements of physical 
quantities 

4) Time effects; i.e., creep, stress relaxation and strain rate 
play important roles in measured behaviour. 

Planning, interpretation and use of experimental test data re-
quire a priori selection of a constitutive model based on frame-
works that include the appropriate soil behavior. This model is 
then used to make predictions of soil behavior in geotechnical 
structures. For example, characterization of anisotropic soil be-
havior requires a model that includes frameworks (elastic and/or 
plastic) and capabilities to represent anisotropic behavior. 
Therefore, selection of a constitutive model plays an important 
role in the characterization of fundamental properties of soils. 

Table 1. Time table for technical session 1a 
Time Allotted Speakers/ titles 
15:30- 15:35 Opening Address by the Chairman: Prof. P. V. 

Lade (US ) 
15:35 - 16:05 General Report: Prof. R.J. Jardine (UK)  Speaker: 

Prof . S. Shibuya (JPN) 
16:05 - 16:20 Panelist Report 1:  Prof. D.C.F. Lo Presti (Italy); 

“Stiffness non-linearity of granular soils” 
16:20 - 16:35 Panelist Report 2: Prof. J. Koseki (JPN); “Com-

parison of small strain moduli of unbound granu-
lar materials by static and dynamic measure-
ments” 

16:35 - 16:50 Panelist Report 3: Prof. H. Di Benedetto 
(France); “Small strain behaviour of granular ma-
terials non viscous and viscous effects” 

16:50 - 17:25 Floor Discussion on selected topics (Discussion 
Leader: Prof. P.V. Lade) 
A)   Potentially large differences between the 
characteristics of natural and reconstituted soils. 
Consequent need for high quality sampling and 
careful sample treatment in the laboratory. 
Benefits of high resolution instrumentation and 
precise stress path control. 
 Need for careful planning of tests, making al-
lowance for material creep characteristics and 
strain rate effects. 
 Importance of considering an appropriate con-
ceptual framework to both test planning and in-
terpretation.
Potential importance of non-linearity from very 
small strains; anisotropy (which may develop 
quite different patterns at different strain levels); 
reproducing in-situ anisotropic stress conditions; 
and the effects of creep, age and strain rates. 
Speakers (@7mins x 3):  

Prof. R. Finno (Northwestern University, US)   
Prof. T. Kodaka (Kyoto University, JPN)  
Prof. M. Almeida (Rio de Janeiro Univ., Brazil) 

17:25 - 17:30 Closing Address by the chairman: Prof.  P.V. 
Lade (US) 

3 GENERAL REPORT (GR) 

Mission of the GR was to review developments of laboratory 
testing to investigate fundamental properties of geomaterials. 
The objective was to stimulate discussion by providing a digest 
and promoting questions so that authors/delegates may wish to 
debate later. Brief overview of session papers (35 papers) was 
made under three main headings; i.e., i) Advanced laboratory 
mechanical testing, ii) regional geotechnical issues and ‘special’ 
soils, may also involve advanced testing, and iii) chemical test-
ing, image analysis and indexing techniques. Discussion 
point(s) was proposed for each contributed paper. Comments 
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were offered on popular themes, i.e., yielding characteristics, 
anisotropy, small strain behaviour, non-linearity, natural struc-
ture and etc. Common themes of the contributed papers were 
identified as shown in Table 2. 

Table 2 Identifying eight most common themes 

Theme  Number  
of papers 

Anisotropic stiffness, yielding and failure behaviour  8 
Stiffness behaviour at small strains  7 
Cyclic loading  5 
Effects of time and time derivatives  5 
Grouted or cemented soils  5 

Mechanical properties of natural soils linked to their par-
ticular ‘structures’  4

Measuring K0 stresses  2 
Particle image analysis techniques  2 

Regarding ‘yielding’ of soils, some key points were described 
when identifying yielding characteristics of soils; these were;  i) 
large differences between the characteristics of natural and re-
constituted soils, ii) need for high quality sampling and careful 
sample treatment, iii) benefits of high resolution instruments 
and precise stress path control, iv) need for careful planning of 
tests, allowing for material creep characteristics and strain rate 
effects, v) importance of appropriate conceptual framework that 
affects both test planning and interpretation, vi) non-linearity of 
stress-strain curve from very small strains, and vii)  anisotropy 
at different strain levels,  in-situ stress conditions, effects of 
creep, age and strain rates. 

In the end, it was mentioned that many good papers were 
contributed to this session, suggesting strongly reading proceed-
ings.

4 PANELIST REPORTS 

Prof. Lo Presti described influencing factors on small-strain 
stiffness of granular soils. He stressed the need of equipments 
for accurate stress and strain measurements and loading control, 
the need of planning appropriate tests for the problem under 
consideration, and possible use of reconstituted samples (but, it 
is necessary to know the in situ soil state). The application of 
simplified approaches proposed by Berardi and Lancellotta 
(1991), is promissing, however, it does not seem applicable to 
the behaviour at small strains.  

Based on the results of large-scale triaxial compression tests 
on sand and gravel, Prof. Koseki described effects of soil het-
erogeneity on dynamic and static moduli, together with other in-
fluential factors. Practical implications of the test results were 
also stated. It was concluded that in evaluating small strain 
stiffness of gravelly soils based on dynamic measurements, due 
attention should be paid on the combined effects of wave length, 
soil particle size and soil density, bearing  λ (real earthquake 
motion) >λ (in-situ dynamic measurement) in mind (n.b., λ:
wave length). He also stressed that direct use of the in-situ dy-
namic measurement results in the earthquake response analysis 
that may largely overestimate the small strain stiffness in case 
of gravelly soils.  

Prof. Di Benedetto focused on experimental observations 
from triaxial and hollow cylinder tests on small strain stiffness 
of dry sands and sand-clay mixtures. Modelling the behaviour at 
small strains was made by paying attention to linearity/non-
linearity, isotropy/anisotropy, influence of loading history and 
viscous effects. It was concluded that for certain loading condi-
tions, linear behaviour was observed with small viscous effects. 
Three-components model with symmetric and anisotropic ten-
sor (hypoelastic model) appears to be a powerful formalism to 
describe such behaviour. 

5 DISCUSSION FROM THE FLOOR 

Prof. Finno showed selected results of triaxial tests of block 
samples of Chicago glacial clays. In his study, effective stress 
during saturation and impact on reconsolidation strains, residual 
stress measurement, swelling during saturation and the effects 
on strains developed during reconsolidation to in situ vertical 
effective stress were each described. Secant shear and bulk 
moduli were formulated as a function of loading direction and 
strain level. Reconsolidation strains during Ko reconsolidation 
to �'v0 (in-situ effective vertical stress) were minimized when a 
specimen was saturated at its residual effective stress. Secant 
stiffness from block samples of lightly overconsolidated glacial 
clay depended grossly on direction of loading and strain level. 

Prof. Almeida described the behaviour of a tropical soil (i.e., 
saprolitic soil) when sheared under saturated conditions. It was 
clearly showed that the critical state line in q:p’ plot was non-
linear. Different critical state lines were observed for two differ-
ence horizons, suggesting that normalized plot in terms of ∆e/eo
versus p’ is useful. Discussion topics were raised regarding dif-
ferences of critical state curve in shape between natural and re-
constituted/compacted soils. However such differences may be 
less apparent in normalized plots. Block sampling ensuring high 
sample quality was determinant for the observed differences. 

Prof. Kodaka discussed on the issue of non-linearity and cy-
clic strength of sand treated with a colloidal silica.  The objec-
tive was to elucidate the mechanism of increasing cyclic shear 
strength of the silica treated. In Japan, unconfined compression 
test was standard for mechanical testing on treated sandy soils. 
Therefore, laboratory testing with confined conditions and with 
accurate deformation measurement is required to understand the 
mechanical properties of the treated sand such as the stress-
strain relation, effective stress path at undrained shearing, stiff-
ness at small strains, etc. Effects of the colloidal silica treatment 
resulted in addition of true cohesion, ductile stress-strain behav-
iour, elastic behaviour at higher strain levels and higher cyclic 
strength. Modeling is urgently needed to describe such effects 
of cementation in treated sandy soils. 

6 SUMMARY 

The framework of critical state soil mechanics is still useful. 
Much of the contributed papers to Session 1a deal with the real-
ity of natural soil behaviour by examining it against this yard-
stick. Modeling soil behaviour by considering effects of natural 
structure, viscosity, stress-strain non-linearity at small strains, 
etc may be urgently needed. In so doing, the capability of pre-
dicting deformation behaviour of natural ground will be greatly 
enhanced.
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