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Abstract: Experiments to determine the vertical static bearing capacity are carried out first in laboratory which is taken as
a reference for choosing the amplitudes of vertical dynamic loading. Then a series of experiments are carried out to study
the influences of factors, such as the scales of bucket, the amplitude and frequency of loading, the density of soils etc..
According to the experimental results, the responses of bucket foundations in calcareous sand under vertical dynamic
loadings are analyzed. It is shown that there exists a limited effected zone under vertical dynamic loading. The scale of
this zone is about one times of the bucket’s height. In this zone, the density of soil layer, the deformation and the pore

pressure change obviously.
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INTRODUCTION

A suction bucket foundation is a closed-top steel tube
that is lowered to the seafloor, allowed to penetrate the bot-
tom sediments under its own weight first, and then pushed to
full depth with suction force produced by pumping water out
of the interior. In recent years, suction bucket foundations
have been used increasingly often for gravity platform jack-
ets, jack-ups [1-3]. They also have the potential of being
used for several other purposes, such as offshore wind tur-
bines, submarine systems and seabed protection structures
[4-7].

Despite some studies about the installation and bearing
capacity have been studied, the detail responses of the suc-
tion bucket foundations under dynamic loads have remained
unknown [8-10]. The dynamic load condition is significant
when suction buckets are used as the foundation of an off-
shore structure. Wave load, ice-induced or wind- induced
load causes the foundation to be subjected to cyclic loads
[11-13].

In the tropic marine area, such as in the zone of South
China Sea, the Australia Sea, the calcareous sand is distrib-
uted widely. This type of sand has special characteristics:
crushing and disintegration at low stresses compared with
siliceous particles, macropores and cementation [14].

Several studies on the static and dynamic responses of
suction piles and suction caissons in calcareous sand have
been undertaken in the last three decades. Angemeer [15]
and Khorshid [16] carried out field pile tests in calcareous
sand. Randolph et al. [17] studied the static and dynamic
responses of suction piles in fine calcareous sand by cen
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trifugal experiments. Dyson and Randolph [18], Riadh and
Poulos et al. [19, 20] studied the horizontal static bearing
capacity of piles in calcareous sand in north-west shelf of
Australia. Watson and Randolph [21] carried out centrifugal
experiments to study the vertical bearing capacity of suction
caissons under drained and undrained conditions in the cal-
careous sand in north-west shelf of Australia. Cassidy et al.
[22, 23] studied the bearing capacity of circular footings in
calcareous sand by experiments and numerical modeling.
Chu et al. and Shan et al. [24, 25] studied the static bearing
capacity of plate anchors in calcareous sand.

In the above viewpoint, aims in this paper are on the dy-
namic responses of bucket foundations in the calcareous sand
under vertical loading. A series of experiments in laboratory
are carried out to investigate the effects of factors, such as
the amplitude and frequency of loading, the density of sand,
the scales of bucket. The characteristics of dynamic re-
sponses are also investigated, such as the development of
pore pressure and displacements.

INTRODUCTION OF EXPERIMENTAL SETUP
Experimental Soils

Loose calcareous sand obtained from Yongshu reef in
South China Sea is used in experiments. The coarse grains
whose diameters are bigger than 5mm are griddled before
grain series analysis. The grain series curve is shown in Fig.
(1). The relative density of sand is 0.5~0.6. The other physi-
cal parameters are shown in Table 1.

Model Box

The model box used in experiments has the inner scales
of: length x width x height = 50cmx50cmx45cm. It is made
by organic glasses. A steel circular bucket is put vertically in
the center of the model box to model the bucket foundation.
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Fig. (1). Grain series curve.

Table 1. Physical Parameters of Calcareous Sand Used in Ex-

periments
c o Permeability D10 D60 D,
k (cm/s) (cm) (cm)
0 47.7° 5x107 0.024 0.046 0.5-
0.6

Electro-Hydraulic Service Loading System

The layout of loading system is shown in Fig. (2). The
loading system may output force with an amplitude of
0~100kg or output displacement with an amplitude of
0~5cm. The output frequency is 0.1~20Hz. Displacement
control mode is used in experiments. The force transducers
and pore pressure transducers (PPT) are lay out before the
starting of experiments. The counter force of bucket, the
displacement of bucket, the pore pressure and vertical dis-
placement of bucket are measured during each experiment.

Fig. (2). Sketch of the experimental layout.
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Fig. (3). Curves of vertical static loading-displacement.

The Transducers and Data Acquisition System

Two force transducers are made by the 701 institute in
China and have the measure ranges of 15kg and 80kg, re-
spectively. The PDCR81 type PPTs are made by Druck Co.
in English and have a diameter of 0.64cm and a length of
1.14cm. The measure ranges are 14kPa, 7.5kPa, respectively.
All PPTs were saturated in a vacuum environment and de-
marcated before each experiment. The data acquisition sys-
tem (USB2005 16 bit) is made by ALTAI Co. in China, the
sampling frequency is10kHz.

Preparation of Sand Layer and Experimental Steps
(1) Sand Foundation Preparation

The sample with a height of 27cm high and a dry density
of 1.260g/cm? is compacted by 9 layers. The model bucket is
pressed into the sample and the PPTs are floated in sand
sample. The top of the bucket is at the same level of the sand
layer surface. After finishing the preparing of sample, it is
saturated by filling water from the bottom of the model box.
In order to assure the percolation of water uniform and pre-
vent piping, a layer of fine sand with a thickness of 1.0 cm is
put on the bottom of the model box. There is a layer of per-
meable cloth over the layer of fine sand. The water pressure
method is adopted to saturated the sample because the cal-
careous sand has a relative big permeability. The saturation
degree is over 98% by measuring the pore pressure. The wa-
ter surface is 2cm over the sand surface after saturation. The
sample is lay for 24 hours before loading is applied.

The positions of the PPTs change during experiments,
thus the positions are measured after each experiment.

(2) Experimental Steps

e Prepare sand foundation. Turn on the loading system
and check transducers.

e Connect the loading head and the bucket by a gimbal
which may move vertically.
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Fig. (4). Layout of pore pressure transducers.

e Measure the initial state of bucket and sand foundation
(including the position of loading head, depth of water,
bucket and sand surface). Turn on the loading system, meas-
ure the counter force and vertical displacement of bucket,
pore pressure.

e Stop experiments when the vertical displacement of
bucket does not develop anymore.

EXPERIMENTAL RESULTS AND ANALYSIS
Vertical Static Bearing Capacity

Experiments are carried out under different bucket’s
heights and different loading rates to obtain the static bearing
capacity in calcareous sand layer. The values of the static
bearing capacities may be a reference for choosing the load-
ing amplitude in the dynamic loading experiments.

Fig. (3) shows the relations between the pull force and
the displacements under different bucket’s heights. Experi-
mental results show. It is shown that with the increase of the
bucket’s height and the loading rate, the vertical static pull
force increases. The reason is that with the increase of the
loading rate, the suction force increases, which leads the
increase of the pull force. The increase of the bucket’s height
increases the contacted area between the bucket and the sand
layer, thus the pull force increases.

Experiments Under Vertical Dynamic Loading

The loading frequency is 0.15Hz and the loading ampli-
tude is 0.2cm in the following depiction (but for noting spe-
cially)(Here the amplitude means half wave peak).

The model bucket used in experiments has a diameter of
10cm, a height of 7.5cm, a sidewall’s thickness of 0.2cm and
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a top cap’s thickness of 1cm. For obtaining the characteris-
tics of pore pressure distribution in horizontal and vertical
directions, the layout of PPTs is shown in Fig. (4). The PPts
are made in Druck co. in England.

Deformation of the Sand Surface

Experimental results show that there exists a limited ef-
fected zone for a given condition (Fig. 5). A circular effected
zone with a diameter about 0.5cm forms several cycles after
loading applied. Outside the effected zone, sand layer settles
a little. The effected zone expands gradually and the settle-
ment increases under the loading. At last, the limited ef-
fected zone has a limited radius about two times the radius of
bucket.

The phenomenon may be explained by the fact that under
the vertical loading, the sand layer surrounding the bucket
settles because of the consolidation by the dissipation of the
excess pore pressure. The loading degrades with distance,
which leads to the decrease of excess pore pressure with dis-
tance from the side wall of the bucket. For a given condition,
the responses of sand layer become elastic at some distance
away from the side wall of bucket.

Fig. (5). A photo 60min after load.
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Fig. (7). (a) Counter force of soil layer initial stage (b) Maximum of pressing force (c) Maximum of pulling force.

Development of the Counter Force

Fig. (7) shows the development of the bucket’s counter
force. It is shown that the counter force upwards is less than
that downwards. The reason is that under vertical loadings,
the upwards counter force is consisted of the friction be-
tween the bucket’s side wall and the sand layer and suction
force, the downwards counter force is consisted of the side
friction and the end resistance. The suction force is smaller
than the end resistance because the permeability of the cal-
careous sand is big. The upwards counter force decreases at
the first stage and then increases to a steady value.

Because the permeability of the calcareous sand is big,
thus the excess pore pressure caused by vertical dynamic
loading is small also. the decrease of the sand layer’s
strength is small. The strength of the sand layer increases
with the drainage, thus the side friction and the end resis-
tance increases.

Changes of the Sand’s Density

The initial density is 1.26g/cm®, while the dry density in-
ner the bucket increases a little after dynamic loading, the
value is 1.288g/cm® and the dry density below the bucket
increases to 1.305g/cm®. The density besides the effected
zone does not change. Because the dynamic loading causes
the excess pore pressure increase, which leads to the de-
crease of the sand layer’s strength and stiffness, thus the
sand settles with drainage and the plastic deformation.

Development of Excess Pore Pressure

Fig. (8) shows the development of excess pore pressure
with time surrounding the bucket. It is shown that the pore

pressure increases at the first half an hour. Then the pore
pressure becomes stable. The excess pore pressure increases
more at the lower part because it drains slower. At the posi-
tion 5.0cm away from the side wall of the bucket, the excess
pore pressure equals zero. In our experiments, the biggest
liquefaction index (the ratio of the excess pore pressure to
the initial effective stress) is only about 0.2. The reason is
the permeability is big and the grains are easy to break up.

Effects of the Loading Amplitude

In order to investigate the effects of loading amplitudes
on the dynamic responses of the bucket and the sand layer,
the experiments are carried out under the loading amplitudes
of 0.2cm and 0.5cm (the corresponding frequency is
0.15Hz). Fig. 9(a) shows the settlements of the sand layer
under different loading amplitudes. It is shown that the ra-
dius of effected zone increase from 3cm to 5cm while the
amplitudes increase from 0.2cm to 0.5cm. The maximum
settlement is near the side wall of bucket. Outside the ef-
fected zone, the deformation of sand layer is zero.

Effects of the Loading Frequency

Fig. 9(b) shows the development of the sand layer’s set-
tlement under different loading frequencies. It is shown that
the radius of the effected zone increase from 3cm to 7cm
while the loading frequency increases from 0.1Hz to 1Hz.
Nevertheless, the settlement decreases with the increase of
loading frequency. The reason is that the loading beard by
sand layer increases with the increase of loading frequency,
but the drainage decreases with the increase of the loading
frequency. Thus, the loading may transfer more distance
with the increase of loading frequency.
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Fig. (8). Excess pore pressure at different depth.

CONCLUSIONS

Experiments on the vertical static bearing capacity of
bucket foundations in calcareous sand have been carried out
under different bucket’s heights and loading rates. It is
shown that the static vertical bearing capacities increase with
the increase of loading rate and bucket’s height.
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Fig. (9). The positions of bucket and soil surface after experiments.

The responses of bucket under vertical dynamic loading
have been studied experimentally. The effects of some fac-
tors have been investigated. It is shown that there exists a
limited effected zone under vertical dynamic loading. The
effected zone has a diameter of one times of the height of
bucket. During dynamic loading, fine grains flow to the sur-
face of sand layer. The counter fore of the bucket first de-
creases and then increases to a steady value. The density
surrounding the bucket increases after experiments. With the
increase of loading amplitude and frequency, the responses
become more and more obvious.
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