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No. B-2 SAMPLING AND TESTING UNDISTURBED SANDS FROM BOREHOLES

J.P. van Bruggen, Engineer of Public Works, Rotterdam

A typioal section through the subsoil of Rotterdam is given in Fig. 1« Generally the upper strata 

are very soft, so that it is impossible to build on thano Practically all buildings therefore are found

ed on piles reaching down into the sand.

Though experience has given a oertain insight in the properties of the subsoil, some investigation 

generally oannot be omitted.

In the simplest form this consists of executing test borings by means of a bore-tool of the form 

shown in Fig. 2. With this tool even rather soft layers may be extracted and samples show little or no 

distortion. For sandy strata, however, this device oannot be used and must be substituted by a dipper«
In this case the samples lose their original form and the exact succession of strata oannot be observed« 

Some of the least disturbed material is stored immediately after bringing it up» For storage wide

mouthed jars are used; they are covered with cardboard, dipped in paraffin, and closed with "press-cap" 

lids» These in turn are covered with a thin rubber cap, providing an airtight closure» The samples are 

tested, when desirable, by the methods indicated by the U. S. Bureau of Soils (Publio Roads, 1931, vol.

12 no. 9) and A. Casagrande (Publio Roads, 1932# vol. 13 no. 8 and in "Die Aräometer-Methode", Berlin 

1934).
Other simple investigations are sounding tests, executed with the Barentzon-devioe, desoribed in 

paper No. B-3 of P» Barentsen»

The Maas-vehicular tunnel projeot made a more thorough investigation desirable; and it was neoes- 
sary to obtain practically undisturbed soil-somples»

Such samples from cohesive strata were obtained by means of a well-known device, shown in Fig» 3 and 

4» somewhat adapted to the special circumstances. The steel tubes enclose sampling tubes which after 

sampling are removed and dosed at both ends by means of tin-plate oaps. A simple means of obtaining an 

airtight closure is the use of an insulating ribbon as is used for eleotrical purposes. The device in 

Fig. 4 shows less resistance to penetration than the one in Fig. 3l the latter, however, has the advantage 

that the soil sample can be observed within the glass sampling tube. The heavy rubber balls were designed 

to aid in obtaining a vacuum over the sample during pulling and so facilitating the break between sample 

and surrounding soil» They have not been necessary for this purpose and in the course of the work they 

were omitted»

These devioes did not permit to obtain samples from sandy strata® In cooperation with the Bataafsche 

Import Maatschappij (of the Shell-group), ha/ever, it has been possible to impregnate sand strata with 

quickly coagulating asphalt emulsions which are in use for making water-bearing strata impervious» After 

coagulating the mass showed sufficient cohesion to make possible sampling in the aforesaid manner»

This rather simple idea lead to several difficulties in the execution» Experiments took place in 

the tunnel borings do. 50» 57 81111 58 (Fig. 5)»
The first difficulties were that even with rather coarse sands on the bottom of the borehole water 

from the borehole did not enter the soil. This was caused by suspended clay particles, originating from 

higher strata, that clogged up the pores in the sand» It proved necessary to clean the boreholes by 

means of a device, so arranged as not to disturb the bottom of the borehole» see Fig« 6. Even then the 

permeability of a sand showed great variations in successive tests» After closing the borehole and pump

ing in water under pressure, the average result of a number of tests weret
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50 22.30 1115 20 5.5 15
tt n it

40 -  45 10.0 ft

57 22.50 1326 20 11 .0 tl

58 22.27 1340 10 2.5
tt

n 11 n
15 6.5 tl

n u n
25 10.0 tt

Grain sizes of the samples are given in Fig» 7»

After preliminary tests in the other borings, boring 58 o-t a depth of 22.?7 - '»e.B chosen for impreg
nation. The coagulating emulsion was prepared by the Bataafsche Import Maatschappij; its composition 

cannot be given. The pumping plant is shown in Fig. 8. The fluid passes a filter composed of the same 

sand as the one to be impregnated, so to be sure that it will not be too viscous to enter the soil.

During the prooess the borehole was completely filled with water and thus the emulsion was forced into 

the sand strata#
The velocity of pumping emulsion did not differ materially of that of pumping water. Though the 

ooagulation should be effected in one or two days it was not possible to obtain a coherent sample before 
10 days had elapsed» Special investigations showed that the temperature and the composition of the 

groundwater affected the velocity of ooagulation to a marked extento

The sand showed a considerable resistance against penetration of the saxipler; it is estimated that 

a foroe of about 1000 kilogrames was necessary.
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Specially the initial resistance was high. It is presumed that the penetration of the upper 10 oenti- 

metres of sand (that is the thickness of the layer within the guide tube) was augmented by the clenching 

effect of the guide tube.

Laboratory tests showed that when using a dipper the sand at the bottom of the guide tube enters into 

suspension, so that when pulling the dipper up, a sediment is formed, see Fig. 9* This explains why it 

never was possible to clean the guide tube from sand for the full depth. On the otiier hand the disturbed 

zone under the cutting edge is relatively small, as is shown in Fig. 10. In the test of Figo 10 sand 

(under water) was brought up from a borehole by means of a suction pipe. As soon as the surface of the 

sand came lower then the cutting edge of the guide tube, it moved downward along the sides of the tube in 

a thin ring-shaped mass, passing under the edge without disturbing lower strata. It is interesting to 

note that the same phenomenon is known in pneumatic caisson foundation practice, where objects dropped at 

the surface near a caisson may be recovered at the cutting edge.

Testing undisturbed sands from boreholes. The samples were taken with the sampler shown in Fig. L.» For 

this occasion the tinplate tube was left out, the steel tube acting as a sample-container. In this way 

the sample was transported to the laboratory. The sand-cylinder was carefully pushed out in vertical, 

upstanding position while slightly warming the container» About 2 cm were pushed out and cut off.

This impregnated sand-cake was carefully enclosed between two porous stones in a copper ring of 

about the same diameter as the container.

The ring was placed in the apparatus for removing the emulsion. The evaporating fluid condensed 

against the water-cooled pipe and when dripping down on the porous stones and seeping through the sand, 

slowly washed the emulsion out of the sample (Fig. 11)«

The dissolved emulsion was gathered on the bottom of the bulb, the fluid evaporated, condensed, and 

so on. The fluid had to be renewed about three times, after which it remained clear, so that the last 

bit of emulsion had been washed out.

After this, the ring was, very carefully, put in place for a consolidation test in one of the ap

paratus, shown in a paper describing the Delft Soil Mechanics Laboratory (to be published in Vol. II).

The consolidation-test was made with equally increasing loads of 0.J kg/am • The time between two 

loads varied from one to two minutes.

The result of the test was represented on sœii-logarithmic paper; the consolidation-pressure plotted 

on the absoissa; the compression of the sample on the ordinate. A result is given in Fig. 12, the co

efficient of elasticity (for compression) C is derived from the logarithmic law of compression:

4 1  s= I  In £ +--AP 
d C p

d =  original thickness of the sample,

d =• compression of the sample when increasing the existing pressure with £ p  kg/cm >

In = Neperian logarithm,

C = the coefficient of elasticity.

It follows from the semi-logarithmic diagram, that the cotangent of the angle between the touching 

line to the curve ard the abscissa, is proportional to C.

I n ^ i -

C =
d.

A d

In most oases the touching line is drawn along the points forming the straightest lino.

In some way the coefficient of elasticity (A) when unloading is found to be

*  -------' a-

Before the samples were taken at great depth, an attempt was made to control the influence of the 

impregnation on sands.

In Rotterdam at soil surface sand only has been found when it has been hydraulically filled up for 

building purposes on very thick layers of peat (C 5 - 7 »  vol. weight 1 to 0.2) and clay (C 10 - JO 

depending on sand content, vol. weight 1.1; - 1.6). Below these layers fine sand-strata followed by 

coarse sands at depth of about 20 m R.P. are found.

The easiest way to obtain a control as mentioned above was to take samples of the hydraulic fill 

(river sand).
To this end, samples were taken in an open pit at small depth. A spot near this pit has been impreg

nated beforehand, and samples were taken at about the same depth. These samples were washed-out and on 

both sets of samples consolidation-tests were made. The comparison of the results proved satisfactory.
It was then decided to impregnate the sand-strata at great depths0

Three undisturbed and impregnated samples were taken at about 22«50 m (see Fig. 5) from the 

borings nr. 50» 57 and 58»
The results from the consolidation-tests on the latter are given in the table following, where also 

the results from consolidation-tests on disturbed samples obtained with auger and valve at about the 

same depth from the borings and brought in different states of density, are mentioned, while Figo 1J 

gives the grain size curve«
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Table of tast-results

Number of 

Boring

Volume of 

voids in %
C A State

50 32 I42O Treated with 

asphalt

57 - 37 1740
11

58 -

COrc\ 6IO rt

58 Ul 80 630 disturbed

45 37 6OO n

57 35 332 11+50 «1

50 31 350 1690 M

37 318 1750
tt

APPARATUS 
FOR REMOVING 
THE EMULSION

COOLING-WATER

Sand Ejector Extracting 

Sand Under Water. Absaugen 

von Sand Unter Wasser

KÜHLWASSER

APPARAT 
ZUR BESEITIGUNG 
DER EMULSION

SAND SA M PLE W ITH EMULSION 

SANO PROBE M IT EMULSION

W A T E R  T A B L E  

- S R U N D W A S S E R S P I E 6 E L
POROUS STO NES

FILTERSCHEIBEN

SU SP E N D ED  SA N D  

S U S P E N D I E R T E R  SA N D

CARBON-OISULPHIOE AND ACETONE

SCHW EFELKOHLENSTOFF UND AZETON

0,6 0,9 U 1,5 1,8 ¿¿ ¿A273,0 KG /C M ;

R E S S U R E

GRAIN SIZE CURVE 
KORNVERTEILUNGSDIAGRAMM
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