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III  b  7
IMPROVED SOUNDINGS APPARATUS. AS DEVELOPED IN HOLLAND SINCE 1936

J. VERMEIDEN

Head of Field Investigations, Delft Soil Mechanics Laboratory

a. SOUNDING APPARATUS.

In the Proceedings of the First Interna
tional Conference on Soil Mechanics in 1936 a 
description has been given of the hand sounding 
apparatus of Barentsen 1) for the determination

FIG.1 a

FIG.1 b

of the penetration resistance of the soil. In 
view of the increased demand of modern field in
vestigations this apparatus showed some imper
fections.

A first imperfection is that the sounding 
tubes are forced down by hand, which limits the 
measuring range (up to 10 kg/cm2).

FIG.2
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Secondly, when passing through a thin hard 
layer, increased pressure must be applied with 
the resulting danger that, after passing the 
layer, the apparatus is pushed through an under
lying soft layer without registering its resist
ance.

Lastly, it has been observed tbat, while 
measuring high sounding resistances, the gland 
between sounding rod and sounding tube at the 
lower end influences the readings.

The first two imperfections were rectified 
at the Soil Mechanics Laboratory by constructing 
a pressure device so that the sounding tubes 
were forced down by mechanical means. Moreover, 
the pressure applied could now be increased ap
preciably and sounding resistances in sandlayers 
up to 50 kg/cm2 could be measured, and by an ad
justment at the head of the apparatus it became 
possible to perform continuous and discontinu
ous soundings. Fig. 1 (a) shows the apparatus.

kg/ cm 2 mm

o kg/cm2
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Reaction forces are furnished by two screw-rods, 
screwed into the soil. The relatively small 
weight and the easy transport of this apparatus 
enables one to make field investigations at al
most every spot (fig. 1, b).

To give an insight into the last mentioned 
imperfection viz. the gland between sounding 
rod and hollow tube, fig. 2 shows the various 
stages during sounding. Stage 1 shows the sound
ing tube with the cone at a certain depth below 
the ground surface. In order to find the cone 
resistance the rod (with cone attached) is 
pushed out 12i cm (stage 2). The resulting cy
lindrical space between the cone base and the 
end area of the sounding tube can now be filled 
partly with soil. In order to measure the fric
tional resistance along the sounding tube, the 
tube is now pressed down over a distance of 20 
cm, so that over a distance of 7,5 cm tube and 
cone are pressed down together. During this 
movement the soil between the two areas men
tioned will be somewhat compressed, with the 
result that soil particles (especially fine 
sand) may be pushed into the space between tube 
and rod. This causes friction which has an ef
fect on the accuracy of subsequent measurements 
of the cone resistances. This can be perceived 
when observing the readings of the manometer.

As an example a diagram of a set of read
ings is given in fig. 2. The movement of the 
cone is plotted horizontally against the read
ings of the manometer vertically. On this dia
gram line A represents the normal readings on 
the manometer and point P the reading that is 
registered. The falling off of the readings is

caused by the fact that at continued penetra
tion of the cone the soil is given an opportun
ity to flow round the cone and this causes the 
resistance to drop.

However, when small sand particles pene
trate between rod and tube, as indicated above, 
readings as represented by line B are obtained. 
The highest point of this line corresponds with 
the pressure on the sounding rod, necessary to 
overcome the friction between rod and tube.
Prom then onward the forcing-down of the cone 
proceeds jerkily, as represented by points Pi 
to P/(., and it is possible that excessive va
lues are registered.

The same thing might happen in reverse. 
Such is the case for the sounding of fig. 3(A). 
From 11.00 m to 14.80 m - N.A.P. the manometer 
gave no reading at all, and therefore it was 
concluded that the soil was so soft, that it 
could not carry the weight of cone and rods. 
Here also small sand particles of the overlying 

sandlayer had found their way into the space 
between tube and rod, and at the approach of 
the soft layer insufficient resistance was 
developed to overcome this friction.

These difficulties as well as the ensuing 
wear of the gland caused' the author to shape 
the cone as shown in fig. 4. The object of this 
construction is that, by the presence of the 
protecting sleeve, the soil is prevented from 
penetrating between rod and tube nnfl it has 
the additional advantage that continuous sound
ing can be performed more accurately. Similar 
ideas were developed by ir. G.Plantema 2)
The readings of the manometer follow now line
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A1 of fig. 2.
Fig. 3 shows the results of a sounding 

with this improved cone. The distance between 
the soundings A and B was 50 cm as measured on 
the ground surface. This shows that, at the 
same depth as at sounding A, with this new 
sealing device sounding resistances of 2-4 kg/cm2 
were measured.

An investigation is also made into the va
riation with the depth of distance a (see fig.2) 
between the lower end of the tubes and the base 
of the cone, for the old and for the improved 
system. Fig. 5 shows the results of 2 soundings 
in close proximity. Sounding A is done with the 
old system, and B with the new system. The accom
panying figures show the relationship of the va
riable distance a with the depth.

It is to be noted -that with the new system 
the distance a remains always constant. The 
slight discrepancies are due to unavoidable 
measuring errors. With the old system the dis
crepancies are largest under the Overlying 
sandlayer.

b. DRTVK SAMPLING APPARATUS.

In order to interprete successfully the

results of a sounding it is of prime importance 
to know also the nature and the properties of 
the soil layers. To this end the Soil Mechanics 
Laboratory of Delft has constructed a light 
soil sampler which is forced into the soil by 
means of the sounding apparatus (fig. 6). With 
this sampler undisturbed soil samples of 100 cm3 
may be obtained from any desired depth, without 

a casing.
In position 1 the sampler is ready to be 

forced into the soil. The lower end of the samp-' 
ling tube is provided with a plug, attached to 
a rod which, while the sampler is forced down, 
bears by means of the notches a up against 2 
similar notches on the inside of the extension 
tube. When the desired depth is reached, the 
apparatus is turned a quarter turn and the rod 
gets free from the notches in the extension 
tube. The turning of the plug itself is pre
vented by the wings on the plug (position 2).
Now the sampler is lowered again, the plug dis
appears into the sampler and the latter is 
filled with soil (position 3).

In order to prevent that, at withdrawal 
the weight of the plug presses on the sample, 
the plug rod is kept up by means of the balls
b, which find their support against a seat 
Tposition 4). After withdrawal the samples are 
pushed out of the sampling tube into zinc cy
linders and sent to the laboratory for eventual 
tests.

C. DEEP-SOUNDING APPARATUS.

The deep-sounding apparatus for the deter
mination of the bearing capacity of sandlayers, 
supporting foundation piles, is described in 
1936 3) and has not been altered since in any 
essential respect. The improvements made to the 
apparatus as shown in fig. 7, aimed principally 
at a more economical working method. This has 
been achieved by using a more efficient pressure 
appliance and a frame built up from hollow steel 
beams, which reduces the weight and facilitates 
dismantling and transport.

An improvement in measuring technique is 
provided by the new hydraulic measuring device 
for reading the penetration resistances. The 

construction is based on past experience and 
special attention has been given to prevention 
of leakage and to low piston friction.lt appears 
that the amount of friction works out at about

4% of the pressure at any moment. The anchoring 
of this apparatus may consist of a weighted 
floor underground or of screw-rods. If screw- 
rods are used, one should pay regard to the 
nature of the soil and the ground water level.

The results of several deep-soundings for 
one definite object often vary with respect to 
depth and strength of the sandlayers in which 
pile points must find their bearing.

In that case any desired supplementary in
vestigation may only be concerned with the va
riation of the bearing value of the sandlayers 
with the depth, and measurement of the friction 
properties may be omitted, because the safe 
bearing value of a pile is mainly determined by 
the allowable stress under the point and the 
friction is usually not taken into account as 
a favourable influence.

In order to determine the bearing value 
in a simple way, the lower sounding tube has 
been provided with an enlarged section, which 
diminishes the friction along the tube surface. 
This enlarged section is constructed as a se
parate part which can be disconnected from the 
tube at any desired depth, mostly at the under
side of the cohesive layers. Fig. 8 shows the 
position 1 of this "ring" just before it will
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FIG.10 b

be forced down. The notches A carry the ring 
with them. After the desired depth has been 
reached, the sounding tube is turned a quarter 
turn, so that the notches move in the slit 
(position 2). Subsequently the tube can slide 
freely through the ring and the sounding may 
start (position 3). While disconnecting the 
turning of the ring is prevented by the wings B.

Another advantage of this device is that 
deeper sounding becomes possible with the ex
isting pressure arrangements. At the usual way 
of deep-sounding it is often seen that the 
friction along the surface of the sounding 
tubes is so high that the pressure capacity of 
the sounding apparatus is exhausted before 
layers of sufficient penetration resistance are 
found. Fig. 9 shows the results of such a deep- 
sounding. The full drawn line represents the 
results of sounding done in the usual way. At 
point P the tubes are with-drawn and a new 
start was made with the described device.From 
Pi downwards sounding has again proceeded af
ter disconnection and the results are combined 
with the first results, as is shown by the 
dotted line in the figure.

For these "fast" soundings the sounding 
apparatus sketched in fig. 10 is now being de
signed. In order to facilitate transport, it 
is intended to place the apparatus on a speci
ally constructed carriage, that will be pulled 
by a tractor. The reaction forces will be pro
vided by 6 screw-rods, screwed into the ground. 
It is suggested to put the apparatus in posit
ion by raising the carriage to a truly hori

zontal position by means of screw-spindles. 
This makes it also possible, when extracting 
the sounding tubes, to transmit the reaction 
forces directly to the ground via the spindles 
so that the springs of the carriage remain un
stressed.

d. SOUNDING ON CANAL. RIVER. OR SEA BOTTOM.

In order to determine the bearing value 
of the soil in behalf of structures which are 
wholly or partly built in the water, it is 
necessary to carry out soundings under the 
water because the reduced load at that place 
has given rise to reduced effective soil 
stresses.

The problems to be sloved consist mainly 
of the construction of adequate reaction sup
ports and of a device against buckling of the 
sounding tubes. Special devices are required 
when working on tidal waters.

For the soil investigations in behalf of 
the reclamation of the former Zuiderzee a pon
toon has been constructed by us in conjunction 
with the Department of the Zuiderzee Works.
This pontoon is so designed that it can be 
sunk at any required spot. Fig. 11 shows the 
pontoon after sinking. The sounding can be done 
working from the deck.

The sinking is performed by opening a num
ber of valves fitted on the deck; thereby the 
tanks are filled. After the completion of the 
sounding the tanks are emptied by means of a 
petrol driven pump (fig. 12).
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FIG.11

FIG.12

This pontoon has the disadvantages that 
it can only be used on a flat bottom not deeper 
than 5 ® under water, and in windy weather the 
structure tends to slide.

To overcome these disadvantages, for the 
investigations in behalf of the future tunnel 
under the Y at Amsterdam we have cooperated 
with the City Engineer '-s Department of Amster
dam in constructing a sounding tower, shown in 
fig. 13« The footing of this tower is ballasted 
and sunk with the aid of barges at the place of 
sounding (fig. 14). On this footing a hollow 
shaft is erected, connected to the footing with 
a cardan joint. The vertical position of the 
shaft is maintained by 3 steel wires, fastened 
to the corner points of the footing.

FIG. 14

The sounding apparatus is set up on-the 
staging above the water line. To prevent the 
buckling of the sounding tubes, these are pass
ed through a guide pipe running centrally through 
the shaft and supported at regular intervals. 
Thus a fairly stable arrangement is achieved 
which can by used at any water depth between
2 m and 16 m. However this is a costly construc
tion.

In connection with the reconstruction of 
the wardamaged quay walls at Rotterdam, a large 
number of deep-soundings were required under 
the bottom of the river. The use of the soun
ding tower was impracticable, since the bottom

FIG.13
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FIG.15

of the river was covered with debris from the 
destroyed quay walls. The City Engineer's De
partment succeded in developing a method of 
deep-sounding, working from a pontoon barge , 
solving the problems arising out of the rise 
and fall of tidal water. The 300 ton barge is 
shown in fig. 1 5 - A deep-sounding apparatus is 
set up above the cylindrical opening in the 
pontoon. The sounding proceeds as follows:

Working from the aeck, first a 4" casing 
is placed to about 2 m under the river bottom. 
The top is then at about 20 cm above low water. 
Enveloping this casing, a 5" sleeve pipe is 
lowered, which is connected to the pontoon and 
takes part in the vertical tidal movement. The 
sounding tubes are prevented from buckling by 
a lj" guiding tube, which finds support against 
the casing by means of welded guides. All pipes 
together are secured against buckling by wooden 
struts in the hole in the pontoon.

During the sounding the rise and fall of 
ebb and flow is registered by a levelling apa- 
ratus set up on the shore and, with the aid of 
these readings, the results of the sounding are 
subsequently corrected.
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MEASUREMENTS OF PRESSURES AND DEFORMATIONS

EXPERIENCE GAINED IN THE MEASUREMENT OF PORE PRESSURES IN A DAM AND ITS FOUNDATION 

C 1 MILTON G. SPEEDIE, M.C.E.

INTRODUCTION.

Fifteen piezometers have been installed 
in the embankment and foundation of the Eil- 
don Dam, Victoria, Australia, to record 
pore pressures and so provide basic informa
tion for the design of an enlargement of this 
structure. It was necessary to select instru
ments suitable for installation through 
about 100 feet vertical thickness of rock and 
clay embankment and which would permit press
ure reading to be made at the level of the 
embankment crest. They are of two types de
signated 1 and 2 as shown on drawing No. 1, 
and have been located in two cross-sections 
of the dam.

LOCAL CONDITIONS.

The dam was originally constructed in 
the period 1915 to 1929 and consists of a 
zoned clay and rock fill embankment with a 
central concrete core wall extending from the 
foundation rock to the top of the bank. For 
the most part the interbedded sandstones, 
slates and shales of Silurian age which form 
the foundation rock are overlaid by alluvial 
deposite consisting of about 6 feet of sandy 
gravel which in turn is covered by 15 feet of 
medium clay. Typical mechanical analynes of 
these materials are shown on drawing No. 3 
and physical properties of the clay are as 
follows:


