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Administrative report of T C 24 -  Soil sam pling, évaluation and interprétation

C o m p t e  r e n d u  t e c h n i q u e  d e  l a  N o .  C T  2 4  -  E c h a n t i l l o n n a g e  d e s  s o l s ,  é v a l u a t i o n  e t  i n t e r p r é t a t i o n

1 INTRODUCTION

• To promote cooperation and exchange o f information on un

disturbed soil sampling with the objective o f documenting 

current practice and providing a forum for discussion o f fu

ture efforts and direction.

• To set up working parties dedicated to the development o f 

guidelines related to important specific topics such as the 

quantitative evaluation o f sample quality and the obtaining o f 

undisturbed samples o f  cohesionless soils via such techniques 

as the freezing method.

• To participate in the organisation o f international conferences 

that pertain to sampling o f soil, evaluation o f soil parameters 

and site characterisation which will help in keeping ISSMGE 

members continually appraised o f new developments in the 

area o f  the performance and utilisation o f soil sampling tech

niques.

Within this reference framework, efforts have been directed to

wards best adapting sampling practices for integration with good 

geotechnical engineering, emphasising not only the sampling 

activity itself, but also the ultimate use o f the sample and the test 

results obtained therefrom. Successful application o f this holis

tic approach involves consideration o f the following key aspects:

1. Explicit identification o f the purpose for the soil sampling 

(i.e., soil parameters and geotechnical information required, 

specific laboratory tests foreseen, etc.)

2. Details o f  the equipment and techniques employed in the per

formance o f the sampling activity.

3. Evaluation o f  the sample quality: quantitative programs in

volving comparison o f  monotonic and cyclic laboratory test 

results on soils sampled using different techniques, and in

cluding tests on reconstituted specimens; definition o f  read

ily evaluated indices for assessment o f  sample quality (small 

strain moduli, peak strains, etc.); other qualitative methods 

such as x-ray inspection, comparison o f lab test results with 

in situ test measurements (sample density in particular), con

sideration o f  recovery void ratio and visual inspection.

4. Critical review o f  correlations between laboratory test results 

and in situ performance.

Recommendations for the integration o f  appropriate sampling 

techniques with in situ testing for different soil conditions and 

design applications including: site characterisation strategies; 

transport, treatment and laboratory testing o f samples; interpre

tation o f test results, etc.

2 INITIATIVES

1. To disseminate information on sampling effects and promote 

good practice in sampling, through participation in short 

courses and presentation o f keynote lectures.

2. To provide forums for discussion on matters related to soil 

sampling.

3. To produce a document summarising current regional prac

tices in sampling, testing and characterising soft clays, stiff 

clays, granular soils and weak rocks.

4. To produce a document which describes best practice in the 

sampling o f different materials: soft clays, stiff clays, weak 

rocks, sands, peats, etc. The document would consider cur

rent regional practices and the availability o f sampling 

equipment.

5. To recognise the expanded brief o f TC24, an initiative has 

been put in place to organise an International Workshop on 

the Characterisation and Engineering Properties o f Natural 

Soils. The aim is to produce a book containing high quality 

invited and refereed papers which describe the characterisa

tion o f  a wide range o f natural soils, including soft clays, 

heavily overconsolidated clays, weak rocks, sands and resid

ual soils. The characterisation studies will rely on laboratory 

tests on high quality samples, on carefully interpreted in situ 

tests, and will have been integrated with an engineering geo

logical appraisal.

6. To conduct research in the areas o f sample disturbance, stress 

relief and the design o f samplers.

7. To respond to international standards being prepared on the 

subject o f soil sampling.

3 ACTIVITIES AND ACHIEVEMENTS

Members o f  the TC24 have been active in pursuing the initia

tives listed under 2, within the terms o f reference set out under 1.

1. Dissemination o f  information has been achieved by partici

pation o f TC24 members in the following conferences and 

short courses:-

First International Conference on Site Characterisation - ISC 

‘98, Atlanta, Georgia, USA. 19-22 April 1998. TC24 was repre

sented on the organising committee for ISC ‘98 by the Chair

man. Members o f TC24 served as session chairmen and discus

sion leaders and contributed several papers.

Fourth International Geotechnical Engineering Conference, 
Cairo University, Egypt January 2000. Keynote lectures were 

presented by Dr Suzanne Laçasse on ‘Parameters for design in 

clays' and by Dr David Hight on ‘Sampling effects in clays: an 

update'.

Seventh National Portuguese Congress, Porto, Portugal. 

April 2000. Dr David Hight was invited to deliver the opening 

lecture on ‘Sampling methods: evaluation o f sample disturbance 

and new practical techniques for high quality sampling in soils'.

Coastal Geotechnical Engineering in Practice - IS Yoko
hama, 2000, Japan. September 2000. Keynote lectures were pre

sented by Dr Hiroyuki Tanaka - ‘Re-examination o f established 

relations between index properties and soil parameters' and by 

Professor Serge Leroueil - ‘Considerations on stability o f em

bankments on clays'. Contributions were also made by M r Tom 

Lunne and Dr David Hight.

Short courses on Ground Investigation Practice at the Na

tional University o f Singapore (10-11 May 2000). Lectures were

2 9 4 5



given by Hiroyuki Tanaka, Tan Thiam Soon and David Hight, 

and at the University o f  Porto in Portugal (4-5 June 2001), where 

lectures were given by Serge Leroueil, Tom Lunne, David Nash 

and David Hight.

2. A workshop, organised by Dr Hiroyuki Tanaka, was held at 

the Port and Harbour Research Institute, Yokosuka, Japan, on 

18-19 September, 2000. There were over twenty participants 

and keynote lectures were given by Tom Lunne o f NGI, Dr 

Tanaka from PHRI, Professor Jacques Locat o f Laval Univer

sity and Dr David Hight o f the Geotechnical Consulting 

Group. The themes were the methods for sampling soft clay 

and for evaluating sample quality.

3/4 Efforts to produce documents on current regional practices 

and best practice are on-going

5. Invitations to contribute papers to the proposed book on the 

Characterisation and Engineering Properties o f Natural Soils 

have been issued and accepted. Selected papers and three 

overview papers will be presented at a Workshop to be held 

at the National University o f  Singapore in November 2002. 

An organising committee, under the Chairmanship o f Profes

sor Tan Thiam Soon, is in place and the Advisory Committee 

will include four members o f the current TC24 Committee: 

Professor Serge Leroueil, Dr Hiroyuki Tanaka, Mr Tom 

Lunne and Dr David Hight (Chairman).

6. Key research activities o f which the author is aware are as 

follows:

i. An outstanding study o f  the effects o f gas exsolution dur

ing deep water sampling, carried out at the Norwegian Geo

technical Institute for a group o f oil companies, and reported 

by Lunne et al (2001).

ii. Dr Hiroyuki Tanaka has continued to transport and operate 

personally the Japanese Standard Piston Sampler around the 

world, to demonstrate its virtues and the benefits o f  high 

quality sampling. His itinerary and the results o f  his endeav

ours are summarised in Tanaka (2000) and Tanaka et al 

(1996).

iii. Dr Takaharu Shogaki continues his research on the small 

diameter sampler (Shogaki, 1998).

iv. Dr Mike Long has carried out an important investigation 

into sampling effects in laminated clays, at Athlone in Ire

land.

v. Inspired by the work o f  Baligh (1985) and Baligh et al 

(1987), Professor Chris Clayton has completed a study into 

the strains associated with different sampling tube geome

tries. The work is presented in Clayton et al (1998).

7. Standards for soil sampling have been produced in Norway 

and France. A European Standard (CEN) is under develop

ment.

4 THE CHALLENGES AHEAD

The effects o f sampling on most types o f  soil are reasonably well 

understood; exceptions include, perhaps, residual soils, lami

nated clays and crushable granular soils. Methods to minimise 

sample disturbance during boring, sampling, transport, storage 

and preparation have been established. The benefits o f rotary 

techniques for carving samples out o f the ground, compared to 

pushing most sampling tubes into the ground, have been demon

strated. Nevertheless, it is possible to obtain high quality tube 

samples o f soft to firm clays, except, perhaps, those o f low plas

ticity, using properly designed samplers. The evidence is over

whelming that the combination o f  low area ratio and low outside 

cutting edge angle are essential in sampling tubes (e.g. Clayton 

et al, 1998). There is no doubt that the larger the diameter o f  the 

sampling tube with these characteristics, the higher the quality o f 

the sample. There appear to be benefits o f  using tubes with no 

inside clearance, at least in soft to firm clays.

The requirements for taking high quality tube samples in soft 

to firm clays have been embodied in the Laval sampling system 

(La Rochelle et al, 1981), which has been available for over 20

years. Similar quality o f  tube samples can usually be obtained 

using the Japanese Standard Piston Sampler, as demonstrated by 

Tanaka (2000). Rotary techniques for obtaining block samples 

downhole have been available even longer (Lefebvre and Poulin, 

1979), and their advantages over even the better tube samplers 

have been demonstrated by, for example, Lacasse et al (1985), 

Hight et al, 1992).

Our armoury o f sampling equipment is deficient when ii 

comes to the rotary coring o f  stiff to hard clays. We are still 

forced to use coring equipment designed for hard rocks. There is 

a challenge here to develop more appropriate coring methods, 

while taking advantages o f  the developments in mud technology, 

instrumented drilling and wireline techniques.

Methods o f  assessing the quality o f samples taken from the 

ground, i.e. whether or not they have retained the key character

istics o f the soil in situ, are becoming established. Volumetric 

changes during reconsolidation in the laboratory to estimated in 

situ stresses, when normalised by the initial void ratio, show 

great promise for distinguishing between samples o f  different 

quality (Lunne et al, 1997). Criteria applicable to soils o f dif

ferent plasticity and stress history and to different forms o f  dis

turbance need to be refined. In stiff structured soils and hard 

clays, comparisons o f  shear wave velocity in situ and in the labo

ratory, under the same conditions o f stress state and wavelength, 

and correcting for changes in void ratio, also appear to be capa

ble o f assessing sample quality.

The challenge, then, is not to continue to research the effects 

o f  sample disturbance, but to decide when it is beneficial to in

troduce methods which produce high quality samples. It is not 

sufficient, however, to modify only our methods o f sampling. 

We must, at the same time, re-think our methods o f  testing and 

analysis. Currently used semi-empirical methods o f design and 

analysis, the evolution o f  which have involved the use o f data 

from, for example, UU triaxial compression tests on poor quality 

tube samples, have built-in compensating factors. For example, 

the reduction in undrained triaxial compression strength, meas

ured in a UU test on a driven tube sample o f  soft clay, may pro

vide a strength similar to the average value mobilised beneath an 

embankment, yet differs at every point, except one, from the 

value actually mobilised around the potential failure surface. 

Improving sample quality in this case, while continuing to rely 

on UU triaxial compression tests, will lead to an unsafe situation.
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