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Large Scale Cyclic Loading Tests

Essais de Chargement Cyclique d’un Caisson

W.F.HEINS and
E.H.DE LEEUW Delft Soil Mechanics Laboratory, Netherlands

SYNOPSIS A 15 x 27.7 square metres caisson with 2 height of 10 metres and a mass of 1785 tons, was placed in

7 metres deep water and test loaded with a program of horizontal cyclic loads up to 9000 kN with frequencies up
to 1 Hz. The measurements of 128 sensors were stored on magnetic tape to be processed by computer at a later date
vhile the most important results were recorded on analogue recorders to evaluate the behaviour of caisson and
subsoil right away. Total stresses in various directions, pore water pressures and deformations of the subsoil
were measured. The caisson deformations were determined by laser techniques and optical methods. Tests were run
on a loosely packed sandy seabottom and on a densified subsoil to study liquefaction phenomena, generation and
dissipation of pore pressures and in general to check the results of various methods used to predict performance.
The purposes of the test are explained. The test set-up and instrumentation are shortly described. A few aspects
of the behaviour of the caisson and the subsoil under extreme loads are shown.

INTRODUCT ION To investigate these problems a number of prediction
methods were available or could be modified for this
special problem.

1. Stability analyses based on the theory of plastici-
ty. An available method was modified to produce
information on deformations as well.

2. Deformation calculations with the method of finite
elements. Various approaches were used.

a. Using one relatively simple model much emphasis
was placed on the quality of the soil input

/ \ parameters,

b. In existing consolidation programs the concepts
of dilatancy and plasticity were incorporated.
Relatively much attention was paid to the
calculation model.

c. In an elasto-plastic finite elements program
the soil mechanical phenomena of generation and
dissipation of water pressure were built in.

Model tests were run in a centrifuge |2

4. Under normal gravity conditions, model tests were
run on sand where the pore water was replaced by
a more viscous fluid (melasse) to scale drainage
conditions correctly |3 .

To investigate whether the results of these different

methods were reliable enough to be applied on the pro-

jected caissons, the Delft Soil Mechanics Laboratory
was commissioned by the Deltadienst of Rijkswaterstaat
to check the predictions with a large scale test.

It was decided to load an as large as possible caisson

with cyclic horizontal forces representing the forces

on the prototype caissons |1|.

In the scope of the Dutch Delta Project a study was
made of a gated caisson type construction, with 50 me-
tres wide and 50 metres long caissons for the closure
of the 3 tidal channels with a total length of 5 km in
the Oosterschelde estuary in the South-Western region
of the Netherlands (Figure 1).

w

Figure 1 Situation

The caisson gates were to be closed only during excep— PURPOSE OF THE TESTS
tional storms to reduce the high water level in the
estuary, resulting in an asymmetrical cyclic loading
on the caisson; viz. a static load due to the differ-
ence in waterlevel between the Oosterschelde and the
North Sea, plus a cyclic locad due to wave action.
Some problems from a soil mechanical point of view
were the stability and the displacements of the cais-
sons and a possible occurrence of liquefaction in the
sandy subsoil, where relative densities of less than
50% frequently occur.

The purpose of the tests was twofold:

1. To check the reliability of the available predict-
ion methods. To this end the different soil mechan-
ical phenomena involved had to be shown as pronoun-
ced as possible. Therefore, the test caisson was
placed directly on the untreated natural sandy sub-
grade, thereby increasing drainage paths under the
caisson and producing high contact pressures.

2. To provide direct information for the behaviour of
the prototype caissons, in particular to investig-
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ate the effectiveness of a densification of the
subsoil and the influence of a granular material
sill under the caisson. To this end, on a second
location, the subsoil was densified to about 70
percent relative density while the test caisson
itself was placed on a 1.2 metres high sill.

TEST SET UP

An already available 15 x 27.7 n? open caisson, with
a height of 10 m and a dry mass of 1785 tons, was used
as a test caisson. A test location was chosen in the
working harbour Neeltje Jans in the middle of the
Oosterschelde (Fig. 1). The caisson was placed in 7
metres deep water. The ccntact pressure was about

33 xN/m2,

Reaction forces were provided by placing a heavy 15 x
45 m? caisson behind the test caisson. Figure 2 shows
the reaction caisson to the right and the test cais-
son to the left on the first test location. In the
foreground the control room fraom which the whole test
was controlled.

Figure 2 View of the test location

To decrease the influence of the reaction caisson on
subsoil stresses underneath the test caisson, the re-
action caisson was placed upon a sill. Figure 3 clear-
ly shows that the reaction caisson freely protrudes
over a distance of 15 metres.
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Forces were exerted by means of 6 double working hy-
draulic jacks with a total capacity of 9000 kN in
compression and 3000 kN in tension (Figure 4).

Figure 4 Between the test caisson on the left and
the reaction caisson on the right the
hydraulic jacks to provide the cyclic
loading forces are clearly visible

Horizontal and vertical displacements of the test
caisson were measured by means of laser and other op-
tical methods. The subsoil was instrumented to measure
pore pressures at 56 points, horizontal total press-
ures at 10 points, total pressures under a 459 inclin-
ation at 10 points and vertical contact pressures al-
so at 10 points.

In 4 verticals vertical soil displacements were meas-—
ured down to 16 metres depth by means of a series of
inductive vertical displacement meters mounted in a
flexible plastic tube. Horizontal soil displacements
were measured to a depth of 17 metres with a series of
12 inclinometers mounted in a similar plastic tube.

The measuring points were chosen at locations where
comparisons with the predicted values could be made
and where the soil phenomena involved were expected
to show a characteristic behaviour. In figure 3 some
of the measuring points are shown. The majority of
the sensors are concentrated in two cross-sections,
over the middle part of the test caisson.

Measurements from 128 sensors were read every 200
milliseconds and stored on magnetic tape by a com-
puter-controlled data acquisition system. Figure 5
shows the interior of the control room.

Figure 5 Interior of control room with function
generators, analogue recorders, amplifiers.
mag tape units and computer



The loading program is shown in figure 6. For con-
venience of analysis the program has been divided in
a series of 6 parcels, each lasting 15 minutes.

LOADING SCHEDULE

page 0 Stege Swge 7 ege 3 rage & | Stage ¥

- » - 50 . 0
TIME IN MINUTES

Figure 6 Loading program

In every next parcel the static force (representing
the difference in mean waterlevel between the North
Sea and the Oosterschelde) as well as the cyclic
forces (representing the wave action) increase until
at the last loading stage the total force varies be-
tween 500 kN pulling force and 4500 kN pushing force
(2000 + 2500 kN). The cyclic loading frequency was
chosen to be 1/3 Hz. The loading program was run four
times with some variations in loads and frequency.

SOME TEST RESULTS

Practically all the instruments for these complicated
tests were specially developed. The time schedule,
however, was so limited that extensive testing of all
the new devices, including the loading device, proved
to be impossible.

To obtain an absolute minimum of insight in the res-
vonse of the whole system when locaded, it was decided
to test the loading device, before the proposed pro-
jram was run, by applying a small total force of 250
<N. Due to an unexpected event the actual force was
nuch greater during a very short time of about 2 se-
conds.

‘ortunately the measurements were registered by the
jata acquisition system. Some of these results on the
;irgin situation are shown in figure 7 (left side).
‘hese results are compared with those of the last test
>f the program on the non-densified location, when
1so a high lcad acted on the caisson (figure 7 right-
and side).

'he figure shows that while the unintended force
mounts to 7500 kN, the programmed force at the end
»f the tests was 9000 kN.

'his difference in force was deliberate because the
ate of application of the first force was so high
hat it appeared highly feasible that the exact maxi-
«um force was not recorded by the digital data acqui-
sition system.

‘he horizontal caisson displacement amounted to about
0 mm, half of which was a plastic deformation. The
‘ertical caisson displacement is a non-recovering 10
m. It seems that the displacements due to the second
shock-force have greatly reduced, the horizontal dis-
»lacements being about 25 mm, 17 mm of which was re-
:overed, while the vertical non-recovering displace-
“ent is only some 1 mm.

‘thether the caisson displacements are only due to
superficial sliding of the caisson over the bottom of
the site could not yet be established.

Pore pressures are shown in location FV (situated at
the side of the caisson where the force is applied)
at depths from 0.75 till 168.00 metres. As expected
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Some results of the unintended large force
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the activated pore pressures slowly decrease with
depth. (45 kN/m2 - 40 kN/m2 - 30 kN/m? - 7 kN/m? -

6 kN/m2 at the respective depths of 0.75 m - 2.00 m -
4.00 m - 13.00 m - 168.00 m.)

Pore pressures after the test at the same location
could only be measured at 0.75 and 18.00 metres
depths. No significant difference in behaviour could
be observed. The second force although generates a
somewhat higher pore pressure that can be expected
from a possible difference in applied force (viz. 65
kN/m2 at a depth of 0.75 m), but this may be largely
due to an increase in density by the preceding load-
ing program.

At the second, densified location a similar loading
program was run as at the first location.

At the end of these tests it was decided to determine
the force needed to push the caisson aside.

The static as well as the cyclic loads with a frequen-
cy of 1/3 Hz were raised gradually, as is shown in
figure 8. No horizontal displacement occurred at a
cyclic load varying between 4000 and 9000 kN (6500 +
2500 kN).

While the locads were slowly raised to vary between
about 6000 and 9000 kN (7500 + 1500 kN), after some
40 cycles the caisson suddenly started to move and
kept moving with an average of 6.6 mm per loading
cycle. The ratio H/V varied hetween

6000 9000

14000 ~ €.43 ana 14000 - 0.64.
After 12 cycles the pore pressures at 0.75 m depth
bad dropped drastically from ahout 50 kN/m2 down to

S kN/m2. In the next 12 cycles an average caisson dis
placement of 15.5 m per loading cycle was measured,
while pore pressures kept constant 5 kN/m2.

As a consequence of this observation it was concluded
that the displacement acts only in the surface layer.
A further support for this conclusion is deduced by
comparing the ratio of the pore pressure swing at
loadings of 6500 + 2500 kN with the same swing at
loadings of 7500 + 1500 kN.

This ratio is nearly constant for all pore pressure
meters deeper than 0.75 metres. Only this last one
shows a disproporticnate large increase in pore press-
ure. Just at the moment the caisson starts moving the
pore pressure swing at this depth drops till about
10% of the preceding value.

When the test was stopped. because the maximum stroke
length of the jacks was reached, a sudden excess wa-
ter pressure occurred that decreased in about 10 mi-
nutes. This excess water pressure also decreases with
depth (22 kN/m2 - 12 kN/m2 - 10 kN/m2 - 7 kN/m2 and

3 kN/m2 in succession).
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Figure 8 Scme measuring results during a high level
cyclic loading at the densified location



