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INTRODUCTION.

The geological formation of the Western
Netherlands can be roughly characterized as
conslsting of weak clay and peat layers under-
lain by a rigid sendmass. As a result of the
presence of these weak layers, foundation at
or near the surface is, even for ordinary dwell-
ing houses, often impracticable. In these re-
gions pile foundation is used.

The piles reach with their points into the
sand layer and the bearing capacity of the
piles depends mainly on the strength of this
layer.

As most areas were formerly polderfields,
made suitable for buildings by raising the sur—
face level, they are liable to settle consider-
ably as a result of the compression of the soft
layers.

Formerly, when the understanding of the
deformations of the soil was still incomplete,
no attention was paid to the effect of the com-
pression of the soft layers on the safe load
of the pile. Consequently several pilefounda-
tions, especially those consisting of timber
piles, have been loaded slmost to failure.

In some cases the limit haes been passed and
settlement of the structure was the result,

In constructing works necessitating the
use of drainage by well points, which in its
turn may cause an additional compression of the
weak layers, the utmost care should be taken
and a preliminary investigation into the be-
haviour of existing pilefoundations near by is
requireda

SOME THEORETICAL CONSIDERATIONS.

When a pile is driven into a fill, depo-
sited on soft layers underlaein by a rigid sand
mass, the resulting skin friction will at first
contribute to the bearing capacity of the pile
(positive friction). See fig. la.

With the progressive compression of the
saft leyers, part of the positive friction will
gradually decrease and disappear, and finally
change into a downwards directed friction (ne-
gative friction, see fig. 1lb). On the friction
diagrams of fig. la and 1b It is assumed that
with increasing load, the pile does not move
with respect to the rigid sendmass.

Skin friction values depend on the effect-
ive soil pressures, the coefficient of friction
between the soil particles and the surface of
the pile, end the movement of the soil with res-
pect to the pile, required to develop the shear-
ing stresses.

At which level the negative friction chan-
ges into positive friction is mostly not known.

To simplify we assume that no excess hy-
drostatic pressure is remaining in the cohses-
ive soil layers. Ground pressures, water pres-
sures, and effective pressures are shown dia-
gramatically in fig. lec.

When, owing to drainage by well points,the
water pressure in the deep sand layers drops,
the effective soil pressure increases corres-
pondingly within a short time, causing a slight
compression of the layer.

In the cohgesive layers above, a gradual
reduction of water pressure will eventually oc-
cur, dependent on the degree of permeability
of the layers concerned, Thus, in the end, a
graduel increase of effective pressure and con-
sequently a gradual settlement can be expected
(fig. 14).

Because the reduction of the water pres-
sures starts at the bottom of the soft layers,
the compression will start there too, causing
a subsidence of the layers above.

The positive friction acting previously,
before dreinage started will decrease and may
eventually change into negative friction,there-
by increasing the load on the point of the pile.
Is the point resistance capable to withstand
this increased load, negative friction may dev-
elop along the total surface of the pile(fig.le).
If not, the pile will settle, and positive
friction will be restored.

Admittedly, the above description is only
a brief summary of what happens. The movements
of the soft layers along the surface of the
pile, caused by the drainage, must be seen in
connection with previous deformation by con-
solidation of the soft layers and with the de-
formations caused during the pile driving.
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TESTS FOR THE CONSTRUCTION OF THE MAAS TUNNEL TESTING AND

AT ROTTERDAM, OBSERVATION SCHEME

a, General. 0‘5 8

A second connection between the banks of 7
the Maas being required, designs for a tunnel O 67 U ey 0 N
(fig. 2) were made by the City Engineer's De- A B 6 TS T SQUTH|@ | NORIH
partment under the direction of ir. J.P. van SETTLEMENT  OBSERVATION
Bruggen. The construction was carried out by O WELLPONT M
a contractors' syndicate "N.V. de Maastunnel" @ TESTPILE
from 1938 to 1941, in which year the tun.ne; was 25
completed. A description of the investigations (o]
made in connection with the construction to-
gether with the experiences during the con- LOAD 20 ton
struction, are published in "de Ingenieur"194l, ‘1_§<—l
no. 4, 5, 18 and 27.

With regard to the construction of the
approach on the left bank it was required to
determine what influence the lowering of water S
pressures in the deep sand layer would have on
the foundations of the buildings in the neigh-
bourhood.

To solve this problem an extensive field
test was proposed by Ir. J.P.van Bruggen,Head
of the Tunnel Bureau of the City Engineer's
Department,

Although the authors of this paper have
not been connected with the actual test, the
results, for so far as they are required for a
proper understanding of this paper, are here
published in agreement with the persons direct-
ly concerned at the time i.e. Ir. J.P.van Brug-
gen and Ir., E.C.W.A. Geuze.
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b. Arrangement of the test.

At the East side of the approach to the
tunnel a test installation was set up (see sit-
uation, fig. 3). i

This consisted of two piles driven into =]
the sand layers, the piles being similar to |
those used in the neighbourhood under buildings. ol |
The penetration was elso determined in the usu- M—i—{-
al way by counting the blows. The piles were
loaded with 10 ton each, the usual design load.

Furthermore, next to the piles, two well
points were placed in order to effect a drop of COMCRETE
7 m in the piezometric head of the water in the Be ==l
deep sand layer. This drop could be expected
at the most dangerously situated buildings. 35;2:&&?%@“5‘3

Next, in order to measure the settlement
at several points in the soil, reference points FIG. 4
were const:l:'ucted at the groundsurface, in the :
cohaesive layers, and in the deep sgnd. The ref-
erence points at the surface consisted of a c¢. Iest results.
simple concrete slab just under groundlevel. In fig., 5 is shown the rate of the thus
Those in the cohaesive lsyers were combined measured water pressures with the time. It ap-
with piezometric tubes so as to determine the peers that the water pressures in the upper
local water pressures as well. leyers react almost immediately on the drop in
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water pressure in the deep sand layer. This can
attributed probably to the low density of the
layers directly above the deep sand at the test-
ing place. At other places a slower adoptation
was observed. 4

To clarify, fig. 6 shows water pressures
plotted against depths at different times.
Readings are interconnected by straight lines.

The measured settlements of reference points
and piles during the test pumping period are
plotted in fig. 7.

From this it appears that the test pile
settles more than the reference point in the
sandlayer. Neglecting all possible initial
strains in the so0il, it is obvious that the
point of the plile, where positive friction
chenges into negative friction, must be situ-
ated at the level where the absolute movements
of pile and adjacent soll are the same. This
point is determined in fig. 8 as follows:
First, the measured settlements of the refer-
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ence points are plotted against the depths for
several times. Next, the measured settlements
of the piles are plotted for the same move-
ments, and thus the level of the point where
positive friction changes into negative fric-
tion is determined. Finally the level of this
point as a function of the time is given in
fig. 9. It appears that at both piles the depth
of this point increases in the course of time.

TESTS FOR _THE CONSTRUCTION OF A FUTURE RAILWAY

TUNNEL AT AMSTERDAM.

These tests were carried out following
the procedure adopted at Rotterdam. fig. 10
shows the plan and the situation. On the whole
the tunnel runs under 25 m wide streets. The
construction is plenned in an open cut, about
9 m deep, excavated between driven steel sheet
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SETTLEMENTS N cm. FOR DIFFERENT DATES
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ARRANGEMENT OF OBSERVATIONPOINTS AT MUSEUMPLEIN.
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piling. The hydrostatic pressure of the ground-
water in the deep sandlayer must be reduced by

mesns of dreinsge by pumping from well points.

The well points will be about 8 m away from

the foundation piles of the houses.

The object of the tests is to determine
whether the well point drainage will cause set-
tlement of the foundation piles and thereby en-
danger the buildings.
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TEST ON THE MUSKEUM PLEIN.
a. General.

Fig. 11 gives the situation of the test-
ing place.

Soil conditions are shown in fig. 12 from the
results of a boring and of a sounding.

The groundwater table in the cohaesive
layers lies at about 0,50 m - N.A.P.; the
groundwater in the deep sandlayer rises in a
plezometric tube to 3,50 - 3,80 m - N.A.P.

The foundation piles under the houses
reach with their points to 13,00 m - N.A.P.,
i.e. just in the sandlayer.

b. Arrangement of the test.

Along the perimeter of a circle with a
redius of 15 m (see fig. 13 end 14), in the
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centre of which three well polints are placed

with filters from 15 m - N.A.P.%to 28 m -N.A.P.

and provided with submarged dreinsge pumps,

the following items were arranged:

le. Three driven test piles with points at
12,80 m - N.A.P. with a combined loed of
30 ton,

2e. Reference points A, B, C, D end E, at depths
indicated on fig. 14.

%e. Water pressure meters 1 to 8 (the level of
the centre of the 20 cm long filter is
shown on fig. 14).

In open pipes, erranged on two base lines
at distances of 5, 10, 20, 50, 100, 200, 300
and 500 m from the centre of the well points,
and driven into the deep sand, readings were
teken of the plezopetric levels during the test
pumping. The water tables in the well points
were also observed.

During the first 3 days of test pumping
the pressure gradients were observed. From
these could be determined the drop in piezo-
metric head in the deep sandlayer at the foun-

SETTLEMENTS OF THE OBSERVATIONPOINTS AND TESTPILES AT
THE END OF THE TEST MUSEUMPLEN.
AFTER LOWERNG THE WATERPRESSURE IN THE DEEP SANDLAYER
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dation piles to be expected during the actual
construction of the tunnel, when a certain def-
inite lowering of the groundwater table is re-
quired in the cohaesive layers under the con-
struction trench for the sake of stability.
This drop in the deep layer under the founda-
tion piles was calculated at 2.50 m. For safe-
ty's saske it was taken as 3,00 m. This means
that at the piles the plezometric level is now
6|80 m - N.A-Po

The water pressure meters used consisted
of filter pipes provided with Bourdon type pres-
sure gauges.

For the settlements observations, refer-
ence polnts similar to those at Rotterdam were
used,

c. Results. -

Fig. 15 shows the water pressures plotted
egalnst the depths before test pumping started.
Fig. 16 shows the lowerlng of the water pres-
sures during the period from 18 November 1946 to
21 February 1947. Fig. 17 shows the settlement
of the reference points.

To clarify, the changes in water pressure
are shown on fig. 15 as well,

After favourable results were obtalned
with a lowering of the piezometric level to
6,80 m - N, A.P., a level at 12 m - N,A.P. was
meinteined at the test piles during one month.
The resulting dete are given on the same fig-~
ures.

The water pressure readings show that a pres-
sure reauction in the deep sand has hardly eny
effect on the water pressures in the cohaesive
layers above,

Evidently the deep peat layer 1s very imperme -
able and prevents almost completely any change
of water pressure in the layers above.

Even when lowering the water pressure in the
deep sand further during the period from 21
February 1947 to 17 March 1947, no eppreciable
change was noticed in the cohaesive layers (on-
ly et meter no., 7 a elight drop was registered).

In accordance with these water pressure
readings, the observations at the reference
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