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No. B-3 SHORT DESCRIPTION OF A FIELD-TESTING METHOD WITH CONESHAPED SOUNDING APPARATUS
P. Barentsen, Employee of the Rijkswaterstaat, Netherlands

The subsoil in the western and most populous part of Holland consists of a packet of alluvial ground 
(clay, peat) of 2-20 meters thick, resting upon a solid layer of sand. The lay out of a number of new 
roads in this territory has led to a search for a method enabling a quick and cheap gathering of particu
lars about the consistency of alluvial soils, which as a rule show a small bearing capacity.

The study of this problem led to the construction of the conical sounding apparatus as shown in
Fig. 1»

In a gaspipe of an inside diameter of 3/V* a rod (15 mm) can freely move up and dowrio At one end 
of this rod a cone is protuding outside the pipe. This cone has an angle of 60° at the top and a base 
of 10 cm a A ridge on the rod prevents the cone being pressed more then 15 cm outside the pipe.

By screwing pieces of 1 m on the pipe same con be lengthened to any desirable length. By lowering 
down into the pipe thin steel bars of a length of 1 m, it is further possible to exert at any desirable 
depth a pressure on the cone.

An investigation of the subsoil can now be effected as followst By means of a simple instrument 
with handles, the apparatus can be pressed into the ground at intervals of 50 cm by 1 or 2 personso

When the cone has attained a depth of 50 cm the pressing handles are removed from the pipe, and a 
pressure indicator is affixed on the small steel bar projecting outside the pipe.

With same a pressure is nav effected”by ore or more workmen, which pressure is registered by the 
Bourdon-gauge on. During these measurings the pipe is kept in place by the friction of the surrounding 
ground, whereas the bars can move without any appreciable friction in the pipe.

The plunger of the Bourdon-gauge has a diameter of 10 cm2 being the same as the base of the cone.
The pressure registered on the Bourdon-gauge has still to be corrected by adding to same the weights of 
the bar (or bars) on the cone. The weight of each bar is 1 kg.

In order to make reliable observations it is important always to measure the pressure when the cone 
is coming down at the same rate of speed.

With reference to this the real pressure resistance of a soil is defined as being the pressure which 
is required to lower the cone at a rate of about 1 cnv/seOo

This resistance is larger than the one existing at the beginning of the movements of the cone.
The quickness of the movements can be sufficiently estimated by looking at the movement of the bar 

with reference to the pipe (Fig. 2). If a pressure registered at the moment the lowering of the cone 
begins should be adopted a certain effect would be produced by the compression of the soil. A constant 
speed is required because measurings are taken in a region in which the elasticity and plasticity of 
the material, can give different results with the same ground, according to the manner in which the 
pressure is exerted (quickly or slowly)0

In Figo 1 the pressure registered at the moment the first movement of the cone is indicated by a 
dotted line whereas the pressure during the lowering movement of the ccne is indicated by a full line.

It has been ascertained during the carrying out of the roadembankment6 that if the subsoil was clay, 
disturbances of the equilibrium took place if the vertical soil pressure was equal to 3/8 of the pressure 
resistance estimated as described above ( 7 = 1  cm/sec.)
" The valuableness of the apparatus lays especially in the fact that for highway works, which have 
still to be carried out, it will be possible to obtain before hand an insight in the behavior of the soil.

This can be done by a comparison (free of every theoretical calculation) of figures obtained during 
the carrying out of previous works, with sounding measures taken at the place where the new works are 
projeoted.

The time required for one sounding with intervals of 50 0111 
up to a depth of 10 to 12 m is for soft soils not more than 10 
to 15 minutes.

The apparatus in the above described form is only adequate 
for soils of a sounding firmness of 10 kg/om .

So it is not suitable for sand.
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Conolusion

1. A portable sounding apparatus is described with which re
liable information can be acquired within a short time, about 
the consistency of the different layers out of which the 
undersoil consists (Fig* 3)*

2* The particulars gathered in this way make it possible to 
predict with a tolerable oertainty, on the basis of comparison 
with works previously executed, the behaviour of the under 
soil, when road embankments are carried out*

Consequently it is possible to determine previously 
which will be the most adequate system of working«

SO L ID  SA N D . CONE- RESISTANCE • 
SURFACE o f  t h e  BA SE =J0cm*

F IG .  I



Teats.
In charge of the Rijkswaterstaat the above described sounding apparatus was tested to find the relation 
between the data obtained and the physical characteristics of the soil. For this purpose 8 samples of 
different types of soil were compressed in the simple consolidation apparatus under 8 different loads 
from 0.25 to 2o0 kg/cm^, until, judging the low settlements, consolidation seemed complete. Then cone- 
tests were taken on the samples with the cone-test apparatus.

The data thus found were compared with those derived from an approximative theory. The formula 
describing the loss of equilibrium of the soil when a wedge is driven into it, is:

Cwe=  Pb [efTr.tg2(l;5 + % ) ]  +  C +  (ef7r -l) cotg <f>] (l)

or Cw e =  V F b + vo-c* (2 )

(acc. to Prof. ir. A. S. Keverling Buisman, De Ingenieur 1935> nr* lb an<i 18)

C’ =. wedge resistance,

C =. cohesion,

Pt, —  load on soil surface,

(f> =  angle of friction

f • = tan <0
e = 2 .7 2

7T = 3.1i+

In the test without load on the soil surface, 0^ = 0, and when the angle of 
friction is 0°i

vc =  5oiU c

When we suppose as was empirically found that 

^ke ~
cone resistance), then

cke -  1*3 * 5.1i|C =  6.66C 

The cohesion depends on the load that has been put on the sample. So this 
relation can be written:

C =  f.p£

or

Pb -  c/f

if the pressure in all planes was equal to This not being the case and 
in planes under different angles the same cohesion is not available, we 
have to introduce a coefficient of , so

P'b = C M  •f.

ot .f will appear as the effective friction coefficient.

Writing the found cone resistance as 

cke~ n*Pk

( 3)

(4)

(5)

(6)

(7)

(8 )



(9)

(10)

undisturbed disturbed

Type of soil ------------------------------
_ . Clay
Peat Zoetermeer Clay Loam

n = Ck©/P*b 2.7 3.1 2 .2 2.25

at. f 0.i|05 0.^65 O .33 O .333
effect <p 22° 25° 18°15’ 18°40'

than with (7 )
Cjjg =  Il.C/pi .f

And as Cj^ =  6.66C (5) we can fix the effective friction coefficient as 

o<. . f = n/6.66

For different types of soil the found values for n andoi.f are com
piled in the following table!

B-3

11 (11)

Cswe — c» vcs (12)

An extension was given to the previous tests 
by doing the consolidation tests in 15 cm high 
rings to make it possible to do sounding oone 
tests on the samples. The formula describing 
the equilibrium of a sounding wedge in a soil 
sample is represented by (1 1).

CSWQ— wedge resistance,

<f> ~ angle of friction, 
f = tan 
IT ̂  3 . U 4 

e = 2.72

If the ang]e of friction is 0° than

ciwe =  8=28 C (13)

When we suppose to be

^ske —  1*3 ^swe (14)
(cske=  sounding cone resistance) then:

cske “  x 8,2B c =10*75 C

The effective cohesion, depends again on the load under which the sample 
has been consolidated, being

C = o< .f .p^

or ( /
Pb = %•-? (7)

(<X .f being again effective friction coefficient).

Is the found sounding resistance

then this is 

and when

^ske

Jske

m*?b 

m.C/c* .f

Cske =  10»75 C (15)

we can fix the effective friction coefficient again as

o^.f = m /  IO.75

The values f amd out of this series of 8 tests are compiled in the 
following table:

(15)

(16)

(17)

Disturbed, but consolidated 
different loads

under

Loam Clay Clay Peat Peat

cone test
n = cke/Pb 
0<• . f 

effect <jp

1.55 

0.233 
13 °5'

2.25

0.339
18°40'

3.15

0.J+73
25°20>

3

0.45
24o10»

sounding
cone-test

m = Cske/Pb 

o( . f 

effect Ÿ

2 .7

0.251

i405'

3.1

0.288

16°5 *

7.3

0.673

34°i o*

9.3

0.865

40°50'
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It is obvious that peat and also clay and peat are consolidating, during the cone test and in par
ticular the sounding test, under the pressure exerted by the cone on the sample. So the increase of the 
frictional resistance during these tests is not negligible»

The data for the effeotive angle of friction for clay and loam seem to be reasonable, also those 
for peat found out of the cone test and seem to justify the theoretical values0 For the sounding cone 
in peat such high values are found, that it must be supposed that the frictional resistance increases 
during the test as result from the load being applied on the oone. With regard to these circumstances we 
oome to the provisional conclusion that the surface cone resistance is about 7 x, the sounding cone 
resistance 11 x the cohesion, except for peat -where the SoC.r» is up to 21 x the cohesiono The sounding 
test does not give any direot particulars relating to the compressability of the soil®

No. B-k EXPLORATION OF SOIL CONDITIONS AND SAMPLING OPERATIONS
Vf. So Hanna B.So.j PhoD.; Mo Io StructoEo; A» Mo Royal 

Soc. of Engineers (Egypt)

The object of the exploration of soil conditions under structures is the extraction of undisturbed 
samples of the soil for Laboratory testing and for accurate soil classificationo A description of tho 
soil conditions is .given in papers No. C-l and D-lo This paper deals mainly with the experience of the 
Laboratory in soil extraction and with the preservation of samples» In all the boring operations, the 
hand operated gear was used with 6” or 8" lining tubeso The driving of the extraction pipe is done by 
a 50 kgo drop hammero In all the borings the water level was at few meters below the ground level.

The first extraction pipes used were 50 lnm» diameter tubes 2+.0 cm» long, and inside surface slightly 
smoothed. Exit of water inside the pipe was a direct one through the holes in the connecting pipe 
(Fig. la)o Results showed, however, that considerable compression took place, with an average of about 
30?. in quite stiff clays. This was measured by the difference between the distance through which the 
pipe has been driven, and the length of the extracted sample. This method is evidently an approximate 
one, but it showed that compression had taken place. Various attempts were made with an inlet of a 
smaller diameter than the rest of the pipe, and in this way compression was reduoed to about 10$o

The 50 pipes were later substituted by 100 rams, pipes (Fig. I*5), the exit remaining the same as 
in the first type. The disturbance was in general less than in the 50 mmso, but the removal of the 
samples from the pipes, especially for silty soils subjected them to a good deal of disturbance» Split 
pipes were later used, but against expectations, in many oases of clay samples and invariably in silty 
ones, the sanples sheared along diametral plane of the split, when attempt was made to remove the two 
split halves from the sample. (Fig. 1°).

The Laboratory resorted later to an extraction pipe after the design of A, Casagrande» The cutting 
edge was carefully machined, and made about 2 mm. smaller in diameter than the remainder of the pipe0 
The use of a wire loon to shear off the sample before pulling up for extraction did not prove very 
satisfactory. (Fig. la)«

Sometimes the valve provided at the top for the exit of water failed to act and as a result the 
sample was forced out of the pipe soon after the extraction pipe began to be lifted upwards» Later, 
however, the same type was used with 120 mm. diameter and with a rubber tube attached to the exit, and 
this may be connected to a small hand operated suction pump. (Fig. le).

A sample extracted by this method was considered undisturbed if it kept its shape without expansion 
to fill the 1 mm. gap. The compression of samples by this pipe appears to be negligible, and was not 
deducted when measured by the method described before.

Generally speaking, it proved satisfactory in all cases of cohesive clays with the compressive 
strength "q^n above 0.8 kg/cm2. Most samples of the dark clay, and practically all samples of the brown 
clay (the properties of these clays are fully discussed in papers No. C-l and D-l) kept their shape, and 
they were assumed therefore undisturbed. Pure dark clay samples are however difficult to extract with 
this type because they are liable to slip out although the suction pipe used in type (l®) helped to pre

vent slipping. Clays weaker than qj 0.8 kg/om2, and silty soils all seem to suffer certain amount of 
disturbance, because they expand ana fill the 1 mm. gap. There are, however, certain types of clays 
which cannot be extracted undisturbed with this or any other similar type driven or pressed into the 
soil. Brittle, slated clays, clays with tendency to break up into small bits, and similar types are 
disturbed. In almost all types of soils, it has been found necessary to extract a sample of about JO cm. 
length, because one had to disoard the upper 10 or 15 ceu as disturbed samples, because most samples are 
extracted under water level.

The practice adopted at first was to paraffin the samples in the pipes and keep them in store until 
retired. This did not prove very satisfactory beoause in many cases rusting took place and penetrated 
through the sample especially along the surfaces between soils of different types» Further shrinkage of 
the paraffin cover often caused snail gaps and sample became no longer air tight.

Samples paraffined directly by a coat of 5-7 mm. of a hot mixture of oeresine and paraffin gave 
satisfactory results in the oase of cohesive soils, although the cover is liable to get damaged through 
transport. Samples kept inside airtight glass jars, behaved in a similar way. Non-cohesive soils got 
disturbed through transport and in many cases lost their shape.

The method which gave the least disturbance seemed to be where the sample had been paraffined by a 
thin coat, placed inside a glass jar of sufficiait diameter, and where paraffin had been poured all 

round.


