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Cyclic Loading of Jack Up Foundations on Sand

S.P. Gopal Madabhush/
Research Fellow, (Wolfson College),
Cambridge Universlty, England

Introduction

Offshore Jack up platforms are extensively used in oil and gas exploration
all over the world. The mobility of these structures from one site to another
makes these structures very cost effective. The Jack-up platforms are
deployed to specific sites and the spud foundations on each leg are lowered.
The Jack-up platform is then spuded in by pumping water into the top
structure. Typically a load that is twice the working load is applied so that
each spud is fimrly embeded on the sea floor before any oil or gas
exploration works are starated.

Cyclic loading of Jack-up platforms

Like any other offshore structure the Jack-up platforms are subjected to
severe wave loading during storms. This results in cyclically varying shear
loading and bending moments on the spud foundations and causes partial
unloading of some of the spud foundations. During the ‘spuding in’ of the
platform the soil under the platform is subjected to twice the working load.
Correspondingly a convex yield loucs as shown in Fig. 1 may be expected
during loading and unloading. Within the yield locus we may expect more
or less elastic loading and unloading. Within the yield locus we may expect
more or less elastic loading and unloading. During severe storms the stress
state in the soil under the spud foundation may reach the yeild locus. Under
such conditions the platform legs are pumping causing the unloading of rear
feet and these may suffer severe rotation. The fixity of such legs is reduced
giving rise to a ‘pin’ formation. This reduces the stiffness of the
soil-structure and may bring the natural period close to the period of wave
loading resulting in resonance. However, significant suction pore pressures
will be generated under the spud foundations during unloading increasing the
uplift resistance of the foundation. The effect of cyclic loading on the
foundations of the Jack-up platform were investigated using the two metre
drum centrifuge at the Cambridge University.

Drum Centrifuge Facility

The drum centrifuge at the Cambridge University has a diameter of 2.0 m
and can go up to 575 g. The three leg jack up foundation tests were carried
out at 350 g. The model spuds have a diameter of 58 mm corresponding to
a prototype spud of 20 m diameter in a 350 g test. The total length of the
sea bed corresponding to perimeter of the drum represents 6 km in the
prototype. The depth of soil layer was 130 mm in the centrifuge tests
giving a prototype depth of about 44.0 m. The central column of the drum
centrifuge can rotate with respect to outer drum and the three leg jack up rig
can be located at any location along the perimeter. Using hydraulic jacks
the spuds are lowered to spud in at the desired location and lateral cyclic
loading is applied. More than 100 cycles are applied in each event. The
spuds are then retracted and moved to new location. More than twenty tests
were carried at different locations in each centrifuge test. The data from
these extensive series of centrifuge tests conducted under drained condition
has shown that the yield locus in the experiment is very similar to one
shown in Fig. 1.

Cyclic load test under undrained conditions

The effect of cycling of the spud can foundations is being currently
investigated using the centrifuge facility. Eaarly results from these

- the Centrifuge data, when the soil is under fully drained conditions.
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centrifuge tests have shown that significant suction pressures are generatea
under the spud can foundations.

Conclusions

The Jack-up platforms are subjected to large cyclic loads due to severe wave
loading. Extensive series of centrifuge tests were carried out to study the
behaviour of three leg jack-up platforms under cyclic lateral loading.
Simple yield locus for soil during loading and unloading was confirmed by
A
second series of centrifuge tests to investigate the suction pressures
generated during the unloading of a spud can foundation is currently
underway at the Cambridge University.

(Figures not made available by the author)
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Discussion

Fatima Baligh (Egypt)

Mr.Chairman, members of the panel, ladies and gentlemen.

This session envolved a large variety of engineering problems and the ways
of tackling them. I will try to summerise it the best I can :

Dr. Lecca of France’s

The lead discussor report emphasised the need of real time used of
monitoring data in underground construction where inovative construction
techniques often have to be employed. The report surveyed instrumentation
devices used to monitor tunnels and deep excavations, ground and buildings,
surrounding them. The potential of instrumentation is analysed in view of
several case histories.

The following panelists presented their reports.

Prof. M. Fucheberger of Austria gave an account of new development in
diaphragm wall execution, the tools and equipment used and types of
supporting fluids.

Prof. K.R. Massarch of Sweden, presented a case history where the active
design concept gave reliable and economic results. He discussed the Body
Steel Bag that proved more efficient than the conventional pressure grouted
anchors.

The official discussor’s made the following contributions :

Dr. Greenwood of England gave an outline description of instruments for
control of continuous flight auger, control of driving pre-cast piles and
automatic static load tests. He also spoke on instrumentation to monitor
displacements of an old river wall during jet-grouting behind it.

Prof. Ramaswamy of India gave lively presentation on the installation and
testing of an underground bore pill in sandy soil.

Prof. Kimura of Japan, showed how useful data can be derived from samll
instrumented centrifuge models.

Dr. Mair of England described the recent compensation grouting project at
Waterloo and compared this with the project in Vienna described by Dr.
Lecca.

Prof. Burland of England made remarks on the interpretation of field
measurements concerning the Pisa Tower.

Prof. Penman, Amir and Chaudhari also took part in the discussion.
All the discussors contributed to the theme of the session quite nicely.

I would like to thank all the contributor for helping stimulate an interesting
discussion.

I think and I hope you agree with me that "Explaining discrepancies between
Performance and Prediction is easy but explaining whey the predictons were
good is very difficult”.

We hope to see you in 1995 at the African Regional Conference in Cairo.

163

N
R



X1l ICSMFE, 1994, New Delhi, India / XIIl CIMSTF, 1994, New Delhi. Inde

ON THE INTERPRETATION OF MODEL PLATE ANCHOR TESTS WITH SPECIAL
REFERENCE TO ANCHOR ULTIMATE FAILURE LOAD ASCERTAINING

SUR L'INTERPRETATION DES ESSAIS DE PLAQUE D’ANCRAGE MODELE AVEC
REFERENCE SPECIALE A LETABLISSEMENT DE LA CHARGE LIMITE DE LA

DEFAILLANCE D’ANCRAGE

Mihail E. Popescu ' David A. Ponniah 2
' University of Tokushima, Tokushima, Japan

Present Address: Civil Engineering Institute, Bucharest, Romania

2The University of Edinburgh, Edinburgh, United Kingdom

Load testing to failure is the most reliable technique for ascertaining
load—-carrying capacity. While mode! tests do not exactly replicate
field situations, they nevertheless provide valuable information on the
gencral mechanical behaviour of soil-anchor systems under in situ
conditions.

The ultimate failure load is defined as the load when uncontrollable
anchor displacements occur under sustained loading. Therefore the
estimation of the failure load or the ultimate capacity requires large
movements. In addition to the high costs of a failure load in—situ test,
the foundation that has been tested will no longer be serviceable.
Alternatively if a mathematical equation for the load-displacement
curve up to failure, can be deduced from the characteristics up to the
working load, then a larger number of the foundation elements may be
tested without having to be replaced. This discussion deals with such
an analysis where simple analytical equations are fitted to
experimental data from model tests on plate anchors.

A series of model tests were conducted on 50 mm diameter plate
anchors embedded in kaolin which had been anisotropically
consolidated to 690 kN/m?2, The anchors were subjected to four types
of tensile loading, illustrated in Fig.1, namely: undrained
displacement controlled, undrained load controlled, incremental
drained load controlled, and cyclic.

Since the basic mechanism for mobilisation of stress in a soil with
increase of strain is the same for any soil-structure interaction
problem, it is appropriate to represent plate anchor load-displacement
curve by a rectangular hyperbola:

A
[ P=——r—
m + nA

where P is the applied tensile load and A is the measured anchor
displacement.

When A/P is presented as a function A, Fig.2, a linear plot is obtained:

3]

The inverse slope 1/n gives an asymptotic limiting value of P, and the
inverse intercept 1/m gives the initial tangent anchor modulus.
If the load-displacement curve is assumed to be exponential:

3] P=P, (1<)

with P~ the failure load and b an experimental parameter, an
expedite procedure is to consider the derivative of P with respect to

[4] theslopea=dP/dA=P,  be™d

The straight line resulting from a linear regression of the plot of (In a)
versus A, (Fig.3), yields the ultimate load value:

(5] Ina(A=0)=In(P,, -b)

with b measured as the slope of the straight line (In a) vs. A.

The hyperbolic and exponential functions discussed above have been
used to analyse the results of model anchor load tests. The
interpretation of both undrained displacement controlled and drained
load controlled model plate-anchor test results demonstrated that the
load-displacement curve can be easily approximated by a hyperbolic
relationship. By contrast, the exponential relationship does not
represent to any extent the experimental loading test results.
The hyperbolic model offers the following advantages:
1. A continuous check on the test. If a plot can be made as the test
proceeds, a sudden change in slope of the line A/P versus A would
indicate that something is wrong with the test.
2. The hyperbolic model permits an extrapolation of the load—
displacement curve in order to determine the failure load. As the
ultimate load estimated by the hyperbolic model is always greater
than the actual failure load, a reduction coefficient of 0.85 is
tentatively recommended on the evidence of the results of this study.
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Discussion -

Beneflts of Instrumentation of Plling
Processes and Tests

D.A. Greenwood

Instrumentation of field construction processes almost always produces more
accurate, reliable and continuous data than can be obtained otherwise. It
provides both real time control of the process and precise records of
construction. Moreover comparative analysis of data for each unit of
construction (borehole or pile) often produces unexpected facts useful for
improvement of productivity, control of labour and costs. Occasionally
analysis can lead to completely new technical and theoretical development.

1. Continuous flight auger pile: instrumentation monitors continuously auger
revolustions versus bore depth, which indicates potential problems of
removing more soil than the bore volume. This is especially dangerous in
alluvium where waterlogged sands lie below clay layers, or in loose sands.
The pressure and volume of concrete pumped is related to each unit length
of pile as the auger is withdrawn to ensure uniform cross-section. The rig
driver is given real time range limits set by the engineer to maintain control
of boring and concrete pumping. This has cut concrete over-supply to 15%
of nominal volume (against some U.S. specifications for rigs without
instruments requiring 40% over supply). Automations of pile construction
is clearly within prospect. Comparative analysis of records includes daily
average working times, break times, driver characteristics, rig use and wear,
which contribute to project management efficiency.

2. Driven pre-cast piling rigs are instrumented for depth, set, and hammer
drop. They give a continunous record of driving every pile. These can be
correlated with load tests and site investigation data. Comparative analysis
indicates sometimes surprising information about times taken to make pile
joints at different depths. Real time information for the rig driver prevents
overdriving and damage to piles.

3. Automatic control of static test loads and automatic monitoring of
deformations has eliminated what is now revealed as the usually poor quality
of manually controlled tests. It has also made tests with large loads much
safer as operators are remote from the load frame. Data are produced
graphically in real time along with immediate analysis of settlement/pile
capacity prodiction on site.

A potentially very significant outcome is the development of the CEMSET
analysis (see Session B general report) and the subsequent TIMESET
predictions of ultimate static load behaviour. These could not have been
developed without accurate load tests. .

TIMESET leads to the proposition that all dynamic load tests, constant rate
of penetration tests and quick tests are funda- mentally flawed because they
do not account for time/settlement effects in the soil. They should only be
used as quality controls with calibration against well conducted static tests.
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Dlscussion

J.B. Burland

For the Leaning Tower of Pisa we have a high redundancy of
instrumentation for real time monitoring as explained by Prof. Jamiolkowski
and Prof. Viggiani during previous sessions. For the foundations three
types of electronic instruments have been installed: inclinometers, hydraulic
levelometers and electro-levels. These are extremely sensitive and are
linked to a data acquisition system and computer graphics system. These
are read continuously during any form of stabilisation intervention such as
placing of the lead counterwieghts. We are also interested in medium to
long term monitoring with requirement of absolute stability without the risk
of instrument drift. For this, we have installed a precision optical levelling
system with a dedicated level mounted at ground floor level at the centre of
the Tower and eight short invar staffs mounted around the internal walls.
Thus, sight lengths are the same, there are no change points and temperature
conditions a uniform. With this system we can achieve an accuracy of 0.01
mm and a most important and valuable check on the stability of the
electronic instruments is provided.

1 would like to say a word about the importance of manual checks and
plotting of results as well as using computer graphics. Firstly, manual
checking is essential for ensuring that the correct calibration constants and
polarities have been programmed into the computer. Secondly, the act of
plotting the data by hand facilities and encourages thought and questioning
of the meaning of the data.

Sometimes computer processing inhibts understanding. Recently, I was
involved in interpreting results from a number of inclinometer installations
in a landslide through which a tunnel was being driven. It transpired that
sensible measurements of the relative displacement across the pre-existing
slip surface could only be obtained by carrying out a detailed examination
and interpretation of each individual inclinometer profile. In conclusion, it
is important that we should retain the disciplines of manual checking and
plotting as well as benefitting from the enormous advances that have been
made in data handling and processing.
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Discusslon

Installation, Testing and Exhumation of
Under-reamed Bored Plle In Sandy Solls

S.V. Ramaswamy

Indian Geotechnical Society (Madras Chapter) installed, tested and exhumed
an underreamed bored pile in sandy soil at the request of Bureau of Indian
Standards. The main objective of the testing programme was to check
whether bulbs can be formed satisfactorily under the water table in sandy
soil.

Various sites at Madras city were inspected. It was decided to install
the pile near the sea at Tiruvanmiyur, a suburb in southern part of Madras
city. The soil profile was sandy. The N value ranged from 19 to 30 upto
a depth of 6 m. The water table at the time of investigation. In May, 1992
rain runs in was at a depth of 2.75 m.

The pile was installed in July 4, 1992. The depth of water table was
then 4.0 m. It was decided to install the underream between 4 and 4.5 m.
The diameter of the stem was 40 cm and that of the bulb 100 cm.

Spiral auger was used to install the pile. Bentonite was pored to stabilise
the hole after a depth of 2 m. The density of bentonite was maintained on
the specified value throughout pouring. Underreamer was used to form the
bulb. The concrete was placed by Treme method. The slump of concrete
satisfied the specifications.

The testing of the pile was done on August 7, 1992, after a month. The
design load as per IS code was 28 t. Hence the pile was loaded upto 1.5
times the design load, 42 t. The settlement was 8.5 mm at the maximum
load. This was less than 12 mm as specified by the code.

The soil around the pile was excavated after the pile testing by
telescopic method. The sides of the excavation were vertical. The pile was
lifted by a 2 t crane.

It was observed that the bulb was not formed properly (Figure 1). An
annular ring had been formed above the water table. The reinforcement
below the bulb was exposed as the concrete had not penetrated below the
bulb region (Figure 2). Also the concrete in bulb section had very poor
strength.

However the concrete in the stem was of good quality. The dimensions
of the pile were measured after exhumation. The diameter of the stem
varied from 4143 cm instead of proposed 40 cm. The concrete intended
for the bulb had been used up in enlarging the diameter of the stem.

It was concluded that it is not advisable to construct underreamed bored
piles in sandy soils below the water table till more data is available.

(Figures not made available by the author)
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