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Undisturbed Sampling Techniques for Sands and Very Soft Clays
Méthodes pour le Prélèvement d’Échantillons intacts dans le Sable et les Argiles très Tendres 

by S. Se r o t a  and R. A. Je n n i n g s , Soil Mechanics Laboratory, Messrs Richard Costain Ltd, London, S.E.l, England

Summary

Three types of samplers are described, namely:

(a) a sand sampler,
(b) a 4-in. diameter by 4 ft. 6 in. long sampler consisting of three

standard British sample tubes coupled together, and
(c) a 4-in. diameter by 4 ft. long stationary piston sampler which

is adapted to the use of standard British sample tubes.

The object of using the long samplers is that the disturbed zones 
at the top and bottom may be rejected and the central portion 
reserved as an undisturbed sample. Ail three samplers are described, 
and the sampling efficiency of the two latter are compared from 
experience in sampling sensitive normally Consolidated clays.

Introduction

Three sampling tools are described in this paper. The first 
is for obtaining undisturbed samples of sand from below the 
water table. The second is a modified form of the conventional
4 in. open drive sampling tube, and the third is a stationary 4 in. 
piston sampler.

The efficiency of the two latter samplers is indicated by a 
comparison of the measured c/p ratios of a number of samples 
taken in normally Consolidated clays with the cjp ratios derived 
from the measured plasticity indices of the samples (c =  
cohésion and p  =  consolidating pressure).

It is shown that for soils of low sensitivity (up to 5) there is 
little to choose between the conventional open drive sampler 
and the piston sampler although the latter loses far fewer 
samples, while even for soils with a sensitivity as high as 14-4 
it has been found possible, using very great care, to obtain 
properly undisturbed samples without resort to the piston 
sampler.

A short account is given of the sampling techniques that have 
been found to be most successful.

The Sand Sampler

The sand sampler is shown in Fig. 1. It uses the same 
principle for retaining the sample in the tube as was developed 
by Dr Bishop in his sampler described in Géotechnique of 
December, 1948.

It consists of a 2$ in. diameter by 15 in. long thin-walled 
brass tube, down the outside of which is soldered an -J- in. 
copper pipe which leads to a hole in the side of the sampler 
1 in. above the cutting edge. An air line leads from the non- 
retum valve at the top of the copper tube to the top of the 
bore hole.

A relief valve is placed inside the sampler head. It consists 
of a rubber non-return valve fitted to a port of 0-6 in. diameter. 
It is completely protected by the walls of the sampler head.

The brass sampling tube fits on to the head and is held in 
position by a screw at each side. A seal is obtained with a 
rubber ring. Standard boring rods or diamond drill rods are 
used for forcing the sampler into the sand and are removed by

Sommaire
Trois genres d’appareil de prise d’échantillon intact sont décrits:

(a) Le premier pour sable.
(b) Le deuxième 4 ft. 6 in. de longueur et 4 in. de diamètre, qui

comprend un ensemble de trois tubes pour prélèvement 
d’échantillons conformément à la norme britannique.

(c) Le troisième 4 ft. de longueur et 4 in. de diamètre, appartient au
type à piston fixe •—• adapté pour l’emploi avec les tubes pour 
prélèvement d ’échantillon défini par la norme britannique.

L’emploi des tubes longs pour prélèvement d’échantillon a pour 
but de rejeter les zones remaniées aux deux bouts et de conserver 
la partie centrale comme échantillon intact.

Tous les appareils pour prélèvement d’échantillon sont décrits, et 
l’efficacité de (b) et (c) est comparée d’après les essais sur argiles 
consolidées normalement.

a simple release arrangement before it is withdrawn. It is then 
lifted on a line to avoid unnecessary disturbance.

Air is pumped down the air line into the sampling tube while 
it is being withdrawn from the ground. A pocket of air is

Fig. 1 Sand sampler

Appareil de prise d'échantillon de sable

introduced below the sample and this prevents the sand being 
washed out of the bottom of the tube by the water below it. 
By producing an air/water surface at the bottom of the sample 
it causes surface tensions to develop which help to bind the 
sand grains together and to keep the sample in the tube.
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This sampler has been successfully operated at a depth of 
70 ft. below water level. The thin-walled tube causes a 
minimum of disturbance to the sand as it is being driven and a 
skilled operator loses very few samples with it. It is very simple 
to construct and quick to use. Its chief value is for obtaining 
in situ densities of sand layers and enabling a visual inspection 
of the sand structure to be made. It is felt, however, that really 
accurate density measurements can be made only if the in situ 
sand is at its critical density.

The Three-tier Open Drive Sampler

The conventional 4 in. diameter by 18 in. long sampler when 
used in very soft clay suffers from the defect that the top and 
bottom of the samples obtained are generally disturbed. The 
top is disturbed because there is inevitably a disturbed zone at 
the bottom of the bore hole, and the bottom because, when the 
sampler is withdrawn, the sample necks slightly before breaking 
off. When the disturbed ends of the sample are discarded

Fig. 2 Open-drive three-tier sampler
Appareil normal de prise d’échantillon d’argile en trois 

sections

there is often insufficient sample left for ail the tests that may 
be necessary.

To overcome this three standard sampling tubes were 
coupled together and a suitable cutting shoe, slightly smaller 
in diameter than the tubes, fitted to them. The driving head 
contains two or more relief valves consisting of rubber valves 
fitted over 0-6 in. diameter ports. The arrangement is shown 
in Fig. 2.

In soft clay the sampler is quickly pushed straight into the 
clay by hand, aided by the weight of the rods. When it has 
penetrated the proper depth it is left for ten minutes and then 
carefully withdrawn. The soil in each end tube is removed 
with a small hand scraper and the tubes uncoupled. The soil 
in the middle tube is preserved as the sample.

With this equipment it has been found possible to sample 
sensitive clays at moisture contents above the liquid limit, with 
shear strengths between 100 to 200 lb./sq. ft. and a sensitivity 
of as much as 14-4 without appréciable disturbance.

Stationary Piston Sampler

Fig. 3 shows a new type of piston sampler designed by the 
senior author in collaboration with Professor Skempton’s staff. 
The principal feature of this sampler is that the sampling barrel 
is made up of two standard 4 in. diameter by 18 in. long 
sampling tubes coupled to an 8 in. length of tube of the same 
diameter and to a 6 in. long cutting shoe of slightly smaller 
diameter. The piston, when at the bottom of the sampler, 
occupies the whole length of the cutting shoe, and three rubber 
rings make an efficient seal round its periphery against the 
inside of the sampling tube or the cutting shoe. The piston 
rod screws into, and projects slightly through, an axial vent in 
the piston head. When screwed up the vent is closed, but 
when unscrewed on the ground after sampling, the vent is open 
releasing the sample from the face of the piston.

A cone and bail clamp on the piston rod in the head of the 
sampler prevents the piston and piston rod extensions from 
dropping down and extruding the sample during withdrawal
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Fig. 3 Stationary piston sampler 
Sonde à piston stationnaire

from the bore hole. The clamp, however, permits free down- 
ward motion of the sample tubes relative to the piston. To dis- 
mantle the sampler and préparé it for sampling again, the bail 
clamp can be released by rotating a cam in the sample head.

To take a sample, the assembly is lowered down the bore hole 
suspended from a wire-rope sling, and 'N ' diamond drill rods 
are coupled on. Inside the drill rods the piston rod is also 
extended to the surface using flush-jointed ^-in. water barrel. 
When the assembly is just above the sampling position the 
piston rod extension is clamped to the drill rods and the whole 
then lowered into the ready-to-drive position. This clamp is 
then released, and the piston extension rods are clamped to the 
casing. The drill rods are then pushed down through the full 
travel of the sampling tubes, the piston remaining stationary. 
A ten minute period is allowed to elapse and the sampler is then 
raised to the surface. The head and piston are removed, and 
ail the soil except for that in the middle tube carefully augered 
out. This middle tube is then sealed and capped in the normal 
way for transportation to the laboratory.

246



This procédure was successfully employed in an investi
gation at Mombasa Harbour, whence the samples were sent 
by air to the United Kingdom packed in sponge rubber.

Détails of Sampling at Mombasa Harbour and Great Yarmouth 
Using the Piston Sampler and the Three-tier Open Driver 
Sampler

(a) Mombasa Harbour—A site investigation was carried 
out in Mombasa Harbour in connection with the design of 
three new deep water berths. Bore holes were put down to a 
depth of about 60 ft below sea bed from a floating craft. The 
soils consisted principally of very soft, normally C o n s o lid a te d  

silty clays, the characteristics of which are listed below :

Moisture
content

%

Liquid
limit

°//o

Plastic
limit

°f/o

Liquidity
index

Cohésion 
(lb./sq. ft.)

Sensi-
tivity

Average
values 59-6 80-4 25 0 0-62 341 3-3

Range 24-90 32-110 14-32 0-39-1-00 110-815 1-9-5-0

Sample type Attempted Recovered Lost

Open drive 33 28 15%
Piston 22 22 0

made more in hope than in anticipation of recovering the 
samples.

(b) Great Yarmouth—Ten borings were put down near 
Great Yarmouth to determine the stability of a proposed addi
tion to the sea defences following the extensive flooding in 1953. 
Undisturbed samples were required of the soft silty clay ad
jacent to the existing sea wall.

Bore holes Nos. 1 and 4 have been selected as typical of this 
investigation and the results of tests carried out on samples

C/P Measured 

Predicted 

1 2 3

cr

S

The soil was known to be so soft that in addition to taking 
open-drive samples with the three-tier sampler, the piston 
sampler was also used. This was done because the design of 
the project was very critical and every care had to be taken to 
ensure that the soil strength was not in the least underestimated. 
Vane tests were also carried out, but these showed very 
scattered results owing to the movements of the floating craft 
from which the observations were taken.

The undisturbed samples were sealed and transported to the 
United Kingdom for testing. In order to make a comparison 
between the quality of each type of sampling the cjp values and 
plasticity indices were calculated for each specimen where c 
represents the cohésion and p  the consolidating pressure. A 
fairly close relationship has been shown to exist between cjp 
and the plasticity index for normally Consolidated clays (see 
Sk e m p t o n  and H e n k e l , ‘The post glacial clays of the Thames 
Estuary at Tilbury and Shellhaven’, Proc. 3rd International 
Conférence on Soil Mechanics). The ratio of the measured value 
of cjp to the anticipated value as calculated from the plasticity 
index, using Skempton and Henkel’s relationship, was plotted 
against the effective overburden pressure for each specimen. 
Ideally for perfect sampling and a truly normally Consolidated 
clay, the ratio of cjp measured to cjp anticipated should be 
unity. When the clay has been over-consoÛdated the ratio 
should be greater than unity; poor sampling by disturbance 
with conséquent loss of shear strength would give a value 
below unity. The results are shown plotted on Fig. 4 where the 
différent types of sampling are indicated. It is evident from 
these results that:

(a) Some of the samples were over-consolidated.
(b) Of the remainder, the ratio of c/p measured to c/p 

anticipated is close to unity and, therefore, no significant 
disturbance is indicated.

(c) From the point of view of disturbance there is nothing to 
choose between the piston and the open drive sampler. How- 
ever, the piston sampler was much more successful in sample 
recovery as shown by the table below :
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Ratio of cfp  measured to cjp  anticipated, Mombasa 
Rapport de cjp  mesuré en cjp  calculé, Mombasa

from them are shown in the Table and Figs. 5 and 6. Sampling 
in bore hole No. 1 was carried out by the senior author while 
that in bore hole No. 4 by an experienced assistant engineer.

Table

The above table excludes sampling attempts in sands which were

Sample
No.

Depth
Moisture
content

(%„)

Liquid
limit

(%)

Plastic
limit

(%)

Cohésion 
(lb./sq. ft.)

Wet
density
(lb./cu.

ft.)

1/1
ft.
2

in.
6 42-5 52-0 24-7 201 107-5

1/2 6 6 55-1 47-5 20-8 201 105-6
1/3 10 6 64-7 48-2 23-3 201 99-5
1/4 14 4 57-1 50-4 22-0 201 99-7
1/5 24 0 55-8 56-6 23-3 259 100-0
1/6 34 0 57-8 53-4 23-5 317 102-8
1/7 44 0 59-2 55-8 24-0 317 105-0
1/8 52 9 39-1 42-0 19-2 432 111-0

4/1 2 3 125-3 154-2 61-0 158 82-9
4/2 8 6 66-4 60-0 22-5 130 97-4
4/3 13 6 82-7 75-0 23-0 Too soft to test
4/4 18 6 57-8 45-6 21-4 144 98-5
4/5 24 0 54-6 44-0 20-0 120 101-6
4/6 32 3 49-4 39-0 19-5 151 103-0
4/7 42 3 55-0 52-3 21-5 206 101-4
4/8 52 0 53 0 56-3 21-7 235 101-0
4/9 58 0 62-0 65 3 25-0 343 98-0
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A three-tier open drive sampler of the type described in this 
paper was used and, as the clay was very soft and known to be 
sensitive, particular care was taken to ensure that properly 
undisturbed samples were obtained.

The bore holes were kept fiooded to eliminate ground heave. 
The sampler was pushed steadily into the clay and having 
penetrated the correct depth was left for 15 minutes before 
being extracted. Only that part of the sample in the middle 
tube of the three was retained and on sealing the tube it was 
sent, packed in rubber mats to minimize the vibrations during 
the joumey, to London and tested as quickly as possible.

Quick undrained triaxial compression tests were carried out 
and, in calculating the strengths, allowance was made for the 
effect of the rubber membrane and the métal cap on top of the 
specimen during the test. Atterburg limits were also 
determined.

Three samples from bore hole No. 1 were re-moulded and, 
by kind permission of D r Skempton, were tested with the

C/P

0
3redicteü 

7___2
- 4 - 5

: /

\
i

Fig. 5 Yarmouth test results, bore hole No. 1
Résultats d’essais de Yarmouth, Sondage numéro 1

laboratory vane at Impérial College. These tests gave values 
for sensitivity of 8-8, 12-5 and 14-4. As far as the authors 
know, these Yarmouth clays are the most sensitive so far 
encountered in the United Kingdom.

The test results have been treated in the same way as were 
those obtained from the Mombasa samples and the results are 
shown plotted on Figs. 5 arid 6. It is evident that in bore hole 
No. 1, below 12 ft., the measured shear strengths were, except 
for one sample, taken at 43 ft. 6 in., almost exactly as pre- 
dicted from the plasticity indices. This is taken as being an 
indication of the high quality of the sampling. Above 12 ft. 
the cjp ratio is affected by the drying of the surface soil and by 
capillary effects and the measured cjp bears no relation to that 
derived from the measured plasticity.

Sampling in bore hole No. 4, which is 800 ft. from bore 
hole No. 1 was carried out in a similar manner, but here the 
comparison between cjp measured and cjp anticipated shows 
up the fact that below 20 ft. the measured shear strengths were 
25 to 30 per cent less than would have been expected from the 
plasticity indices. Above 20 ft. the comparison cannot be 
applied for the reason already given.

It is concluded therefore that the différence in the strengths

recorded for the two lots of samples is due primarily to the 
différence in the skill of the two operators on this particular 
job, but it should be pointed out that, even in bore hole No. 4 
where a 30 per cent loss of strength in the samples has apparently 
occurred, samples of measured shear strength of under 200 
lb./sq. ft. were being recovered at a moisture content 10 per 
cent above the liquid limit at a depth of over 30 ft. These 
samples would almost certainly have been very disturbed if the 
conventional single tube sampler had been used and it is doubt- 
ful if, even with the piston sampler, any better results could 
have been obtained from bore hole No. 1.

In sampling these sensitive clays it must always be borne in 
mind that, even after a good sample has been secured at the 
site, it must still be transported to the laboratory, extruded and 
tested and, unless very spécial care is taken in each of these 
opérations, the test results will indicate disturbance, which may 
not properly be attributable to the sampling. In the case under 
discussion, every précaution was taken and it is not at ail clear

Fig. 6 Yarmouth test results, bore hole No. 4
Résultats d’essais de Yarmouth, Sondage numéro 4

exactly to what the disturbance and conséquent loss of strength 
was due.

Conclusions

(1) The sand sampler has been used on a number of sites 
and has successfully recovered samples of sand at considérable 
depth below the water table. The sampler is of simple con
struction and is easy to operate.

(2) The three-tier open drive sampler appears to be quite 
successful for use in soft clays with sensitivities up to 5. For 
clays of greater sensitivity the piston sampler should be used.

(3) The piston sampler has been found to be much more 
reliable than the three-tier open drive sampler in recovering 
samples of very soft clay. The latter has a tendency to drop 
the sample as it is being lifted up out of the bore hole.

The authors are indebted to the East Suffolk and Norfolk 
Rivers Board and Messrs Coode and Partners for permission to 
use test results from work carried out on their behalf, to Messrs 
Richard Costain Ltd , fo r permission to publish this paper, and to 
M r D. J. Henkeî for his kind assistance in preparing data from 
the Mombasa investigation.
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