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Summary
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The model pile tests are carried out to improve the understanding of pile
soil interaction under static and cyclic tensile loading as induced by the
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to allow interpretation on an effective and a total stress basis.
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PREFACE

The Tension Leg Platform (TLP) concept is being considered by Conoco for
deep-water locations in the Gulf of Mexico, specifically Green Canyon,
Blocks 137 and 184 and Viosca Knoll, Blocks 864 and 908. The soil con-
ditions at these locations will be predominantly soft clay down to a con-
siderable depth and will thué be completely different from the Hutton Field
in the North Sea, for which Conoco is presently designing the first proto-
type TLP. At Hutton alternating layers of very dense sand and heavily
overconsolidated clays are found.

The foundations of TLP's will have to resist large tensile forces with com-
bined static and cyclic loading. Pile foundations seems to be the most
feasable alternative practically as well as economically.

In order to improve the understénding of the pile-soil interaction
resulting from cyclic loading produced by a TLP, taking into account any
site specific aspects of the above mentioned Gulf of Mexico Blocks, Conoco
auihorized Veritas with Ertec Inc. as a designated subcontractor and with
the Norwegian Geotechnical Institute (NGI) and the Geotechnical Division at
the Norwegian Institute of Technology (NTH)-as consultants, to perform a
study comprising laboratory md&e]"pile tests with a 1" diameter pile
segment, field tests with 3“ diameter p11e segments and eventually a -
large scale field test w1th a 67m 1ong, 30" diameter driven steel

pipe pile.

This report is the first part of a series of reports describing
Veritas activities and results of the project work.
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1. INTRODUCTION

This report gives a description of the test equipment; test procedures,
data acquisition and data analysis used for performing a series of labora-
tory model pile tests.

The test procedures and the equipment has been modified gradually as a
result of the findings and experience gathered during the first tests, and
further modifications might be required. The basic set-up seems to work
satisfactory although problems with leakage around the total normal stress
gauge has turned out to be a problem. The leakes have been created during
the pressure testing and calibration of the gauge prior to insertion into
the chamber and has thus not influenced the test results, but delays have
been unavoidable.

Due to a very low coefficient of consolidation of the remoulded and recon-
solidated clay samples the test sequence takes about twice the time esti-
mated during the planning study with the objective of improving the
understanding of pile-soil interaction under cyclic tensile loading to
improve the design methods and to work out design recommendations.

The test program which consists of laboratory model pile tests, field
segment tests and a large-diameter pile test includes also theoretical
development and has been worked out as a result of a planning study pro-
ceeding this study. The Qifferent tasks of this study has been described
in detail in the final reports of the planning study:

- Tension Pile Planning Study, Subproject CNRD 13-1,
Final Report by Det norske Veritas, Report No. 80-0587,
28. August 1981.

- Final Technical Report, Subproject CNRD 13-1 by Ertec, Inc.
Report No. 81-204, 28. August 1981.

Reference to part of this report which may lead to misinterpretation is not permissible.
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Veritas is the principal investigator for the laboratory model pile tests
while Ertec is the principal investigator for the field tests

By contract of November 30, 1981 between Conoco Norway Inc. and Veritas
authorization was given for the Tension Pile Study. Ertec, as a designated
subcontractor for the field tests, entered into contract with Veritas on
February 26, 1982, however temporary authorization to start the work was
provided for with Conoco's acceptance in the beginning of December 1981.
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2. DESCRIPTIOM OF APPARATUS, TEST SET UP AND TEST PROCEDURES

2.1 Sampie Preparation

From the available soil information at the West Delta Block 58 site fhe
soil profile was divided into three different strata (later referred to as
Stratum I, II and III) according to the distinct changes in plasticity
index and natural water content along the profile. See figure 2.1. From
this figure it is seen that Stratum I extends down to about 25 m, Stratum
II from 25 m down to about 48 m and Stratum III from 48 m down to 72 m
penetration.

Initially the clay samples were extruded from the cylinders supplied by
McClelland Engineers, allowing for standard classification including water
content, laboratory fall cone tests and preparation of selected undisturbed
samples for triaxial tests and standard oedometer tests.

An éverage of four undisturbed samples from each strata were cut out and
preserved for later triaxial and con§o]idation tests. After performance of
initial classification the clay from each strata was stored in a separate
water tight tank in order to preserve the natural water content.

The results of the planning study (Ref. 1) indicated three possible alter-
natives for producing a soil specimen for the pile model-test chamber

(see chapter 2.4) with dimensions 350 mm in height and diameter 200 mm, as
follows:

(a) Utilize undisturbed samples 200 mm in diameter from special type
NGI-sampler.

(b) Utilize a core of intact undisturbed clay in the center with
remoulded clay surrounding this. '

Reference to part of this report which may lead to misinterpretation is not permissible.
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(c) Use remoulded clay for the whole specimen.

The intent was to test out the three different alternatives with the
laboratory model equipment and check any differences in behaviour and
characteristics. When the soil investigation started in November 1981,
however, the NGI-sampler was not available, and also since this type of
sampling is not a standard procedure and in addition has not been used for
offshore application, it proved impossible to use undisturbed 200 mm
samples for the model tests. g

Alternatives (b) and (c) were then investigated using samples of Drammen
Clay. A 95 mm undisturbed core was placed in the center of the large
consolidometer (see chapter 2.2) and remoulded material was placed around

~ this core to fill up the tank. This new "mixture" was then consolidated to
a specified value and subséquent]y’tested. When this consolidated sample
was extruded there was an apparent difference in the degree of con-
solidation over the cross section of the sample. The water content in the
center core was considerably higher (~ 20%) than the surrounding, pre-
viously remoulded, material. Also, when cutting the sample axially through
the center, the center core was clearly visible by cracks and could with
ease be separated from the rest.

A test was then made (alternative (c)) using remoulded clay for the whole
specimen. Quite consistent values of the water content resulted when using
only vertical drainage (top and bottom). In order to speed up the con-
solidation time, vertica]istrip filters were placed around'the perimeter of
the sample. This, however, resulted in a nonuniform consolidation of the
sample with Higher water content in the middle. This fact should be
expected due to the large deformations during consolidation { 20%), and
material around the perimeter consolidating faster than the center mass due
to shorter drainage path and thus developing a higher stress level. '

Reference to part of this report which may lead to misinterpretation is not permissible.
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The table below sums up the different consolidation method procedures
and the results.

Drainage Method
Conditions
(b) (c)
Vertical & non-uniform non-uniform
radial drainage consolidation, consolidation
center core over
distinct from rest cross-section
Vertical drain. not tested uniform consolidation
over cross-section
Vertical not tested uniform consolidation
drain at top and over cross-section
bottom and at and height. Faster

3 interm. depths consolidation

As a result from this investigation it was decided to use remoulded
material throughout the consolidation tank with only vertical drainage
allowed (horizontal filters). Because of the large dimensions required for
the sample (total height of the oedometer is 600 mm) three horizontal
intermediate filters covering the whole cross-sectional area were equally
spaced in the tank dividing the sample in four equal parts. Drainage from
the interior filters was allowed through plastic covered strips along the
perimeter connecting the filters from top to bottom. See figure 2.2.

Reference to part of this report which may lead to misinterpretation is not permissible.
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The resulting procedure for preparing one sample for pile model testing
thus consists of:

(1) Remould material from the strata to be tested, using a large com-
mercial mixer.

(2) Build in the remoulded clay into the large cedometer. Care has to
be made to avoid air pockets and to achieve an optimal uniform
packing. Horizontal intermediate filters are saturated and con-
necting filter strips carefully placed to secure drainage to top
and bottom.

The water extruded from the sample during consolidation is saved and used

for later remoulding of the same strata to obtain original water content.

The amount of water to be remixed is checked by performing fall cone tests
of the material during the mixing (remoulding) procesé.

2.2 Consolidation

The oedometer used for consolidation of the clay sample subsequently used
for the pile model test is shown in figure 2.2. It is specially designed
for this project to produce a sample with an outer diameter of 200 mm.

Basically the oedometer consists of a bottom plate with a porous stone
filter, diameter 160. mm, and a stainless.steel cylinder with an inner
diameter of 200 mm and supplied with top and bottom flanges. The con-
solidation pressure is applied on top through a heavy stainless steel
piston also equipped with a porous stone filter for top drainage. The
piston fits snugly in the cylinder and is equipped with two rubber " 0 -
rings " for sealing and reduction of gliding friction.

The whole set-up is placed in a Wykham Farrance testing frame, and con-
solidation is started out as a constant rate of strain test until the

Reference to part of this report which may lead to misinterpretation is not permissible.
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pressure, measured at the piston base, reaches the consolidation pressure.
This pressure depends on the strata to be tested and is 100,300,500 KPa
for strata I, II and III respectively.

A pore pressure transducer is mounted on the side of the cylinder connected
to a porous stone filter in contact with the clay inside the cylinder. 1In
this way the excess pore pressure can be monitored during consolidation.
The intent was to keep the consolidation pressure constant until the excess
pore pressure was zero but due to the ‘Tow coefficient of permeability and
large volume of the clay sample, consolidation is terminated when the

pore pressure change during 24 hours is considerably small. Time for this
has been about 10 days with the described set up for the West Delta clay.
An additional 10 days of consolidation at same pressure should have no
serious influence on the reduction in excess pore pressure.

In addition to continuous monitoring of the pore pressure and the applied
pressure on top, manual measurements of settlements are taken during the

consolidation period.

2.3 Transfer from Oedometer to Test Chamber

When consolidation of one sample is terminated, the bottom plate of the
oedometer is removed and the consolidated sample extruded by means

of the piston. The sample is pushed down on the bottom plate of the model
pile test chamber (described in chapter 2.4). As the level of an inter-
mediate filter is reached, the cylinder is lifted up, which causes a slip
between the clay and the filter, and the filter is then removed.

Subsequently the sample is pushed down again onto the already extruded
clay, the weight of the soil causing the two ends to fit snugly together,
producing a continuous cylindrical sample.

After the whole consolidated sample has been extruded from the oedometer,
it stands by itself on the bottom plate. At this time measurements of

Reference to part of this report which may lead to misinterpretation is not permissible.
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undrained shear strength are performed with a pocket penetrometer at about
30 mm intervals along the side of the clay sample, to check the uniformity
of the consolidation and the repeatability from sample to sample.

The cylinder of the model pile test chamber is then carefully placed over
the sample with a reinforced rubber membrane around its inside perimeter.
As the confining cylinder is in place around the consolidated clay sample
and in contact with the bottom plate the sample is trimmed on top by care-
fully cutting off the excess clay. The total inner height of the model
test chamber is 350 mm. From this top piece samples can be prepared for
triaxial tests and standard consolidation tests to further check simi-
liarity and repeatability between different samples.

The top plate of the model pile tests chamber is then mounted in place and

the model pile is inserted in the top access hole to seal off the sample.

The confining pressures to duplicate the previous consolidation pressure is

then applied. In an attempt to fully saturate the sample and get a good

pore pressure response a back pressure (usually 300 KPa) is applied to the

clay at this time. The now ready built in sample with confining pressures
.is left to reconsolidate for a period of about four days.

The oedometer can now be cleaned and made ready for a new consolidation
sequehce of a new sample, while a pile model test can be performed on the
sample now built in. It was the intention that the whole sequence starting
with building in a sample in the oedometer, consolidation and subsequent
transfer to the pile model test chamber should take about one week. But
due to the low coefficient of permeability of the West Delta clay and its
slow pore pressure response, additional time for consolidation and set up
effects had to be included. With the described equipment, and obtained
experience with the West Delta clay a sequence now takes about two weeks.

Reference to part of this report which may lead to misinterpretation is not permissible.
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2.4 Model Pile Test Chamber

The modé1 pile test chamber is shown in figure 2.3 together with the model
pile. Basically the chamber consists of three main parts, namely the con-
fining cylinder (1) (referring to figure 2.3) and the top and bottom plate
(2). These two end plates are identical in configuration and has in the
center a hole for the center bearing (7). The bearings can move relative
to the end plates by the rubber sealing rings.

As mentioned in the previous section the clay sample is extruded from the
oedometer onto the bottom plate of the test chamber. The bottom center
bearing is then in place and the pressure chamber (12) for bottom
(vertical) pressure is filled with water. A circular dough-nut shaped
rubber membrane (9) is used to separate the clay sample from this water and
is tightly connected to the center bearing. Its outer diameter is larger
than that of the confining cylinder so that it is kept tight to the peri-
meter of the bottom plate from the contact pressure of the confining
cylinder. In order to produce a flat surface on the bottom of the sample a
perforated disk (10) is placed in the pressure chamber.

After the sample stands by itself on the bottom plate, the confining
cylinder (1) is placed over the sample, aided by the lock bolts (14) and
the guide cylinders (15) fastened to the outside of the confining cylinder.
The confining cylinder has inside flanges on top and bottom, which with a
rubber membrane around its inside perimeter produces a pressure chamber
(11) for lateral confining stress on the clay sample. During the placement
of the confining cylinder a vacum is applied to this chamber so that the
rubber membrane is kept close to the inner wall preventing the sample from
being accidentally disturbed.

When the sample has been trimmed on top the top plate, with the center
bearing (7) and membrane (9) in place, is locked in place by four nuts on
the Tock bolts (14). The pressure chambers (11), (12) and (13) are now

Reference to part of this report which may lead to misinterpretation is not permissible.
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securely enclosed by the fastening operation on the top plate which
actually forces the two end plates tight onto the two ends of the confining
cylinder. '

The model pile is placed in the top access hole with the tip barely
pénetrating the clay, and a plug with same diameter as the model pile is
placed in the bottom access hole. In this way the clay sample is comple-
tely sealed off and the prescribed confining pressures applied.

A back-pressure can be applied to the sample through the center bearings.
(see figure 2.3, Ub). The hole made through the bearings leads into a back
pressure chamber (16) which is penetrated by the pile. A hard rubber seal
around the pile separates this chamber from the clay and flow of water is
facilitated by filter strips from the back-pressure chamber, by-passing the
rubber seal into the tank. A circular filter paper, in contaét with the
filterstrips, is placed between the clay and the top and bottom membranes.
Around the perimeter of the clay sample filter strips are equally spaced to
connect the top and bottom filters. Back-pressure can now be applied at
top and bottom through a closed pressure system so that a measure of water
going into or out of the model tank clay sample is available.

. The clay sample when built into the model pile test chamber is left to
reconsolidate at the prescribed confining pressure, and subsequently the
model pile is jacked into place by a hydraulic pressure system mounted on
top of the model tank. A period of about four days is now allowed for
excess pore pressure at the pile surface to dissipate before the loading
program is started.

During actual load testing the model tank is placed in a testing frame
standing on three legs screwed on to this frame. The load on the pile is
applied by a hydraulic actuator (see chapter 2.6) on top of the testing
frame. The Toad on the pile is transferred to the soil by shaft friction
and out to the confining rubber membrane. This membrane is reinforced in

Reference to part of this report which may lead to misinterpretation is not permissible.
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axial direction with inelastic threads which makes the membrane inelastic
in axial (upward or downward) direction but elastic in tangential direction
(thus allowing for radial movement). The confining membrane is fastened to
the endplates and the tank itself is screwed on to the test frame.
Experience has showed that good bondage between the clay and the rubber
membrane results.

The center bearings can move relative to the end plates, which allows the
center mass of the clay sample to deform in axial direction as the pile
deforms. ‘

2.5 Model Pile

A sketch of the model pile is also shown in figure 2.3. The outside
diameter is 25mm and the total length is 600 mm. It consists of three
separate parts with measurements taken in the middle part which is centered
in the mode1 tank after the installation of the pile.

The three parts are connected by two force transducers (3) which allows for
measurements of axial load in the pile at two distinct levels. When the
pile is loaded, the difference in Toad between the two transducers is the
friction excerted from the clay to the pile between the two points. The
center piece is 250 mm long, leaving 50 mm on each side to the ends when
the pile is in centre (neutral) position.

In the middle of this center piece a 15 mm wide and 100 mm tall "1id" (4)
is cut out form the pile wall. This "1id" fits snugly in the pile peri-
meter and rests on two stiff commercially made miniature force transducers
(6). The edge of the 1id is sealed off with silicon rubber adhesive to
prevent water from “"penetrating” into the pile. In this way the total
pressure on the pile wall can be measured by summing the forces from the
two Toad transucers and dividing by the area of the 1id.

To prevent the 1id from moving in axial direction it is hooked up to two
slender axially oriented bolts.
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In the center of the total pressure cell ("1id") a 10 mm diameter porous
stone filter (5) is placed, connecting on the inside of the pile to a
sarane tube and up to an external pressure transducer. The outside peri-
meter of the model pile is smooth and shows only minor signs of the relati-
vely heavy instrumentation contained inside.

The model pile is hollow, with the cables from the transducers coming out
near the top of the pile. The tip is closed ended with a 60 cone. During
insertion of the pile a "cone resistance value" is measured by the lower
axial cell when this level enters the clay.

In the tip a drain hole is made. This hole is plugged with a screw during
insertion. After insertion of the pile, when the tip is located below the
bottom plate this plug is unscrewed and a sarane tube connected to room
temperature pressured air is hooked up to the drain hole. In this way an
attempt is made to prevent moisture to build up inside the pile and thus
helps maintain the stability of the strain gauges and transduceré inside.

2.6 Instrumentation

A sketch of the test set up with indication of the instrumentation and data
acquisition system is shown in figure 2.4. The model pile test chamber is
shown in the test frame with the pile in centre (neutral) position connected
to the hydraulic acutator.

The axial l1oad transducers in the pile are in-house made strain gauge based
sensors and are calibrated to show converted shear stress along the pile
directly. A differentior to show the difference between the two levels is
built and is led into the control unit allowing for load controlled
testing. 4

The transducers to measure total pressure are commercially made miniature
"load cells. They have a capacity of 2.5 KN and are very stiff with a maxi-
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mum deflection of about 0.01 mm. The 1id that rests on these load cells
onto which the total pressure acts is sealed with a silicone rubber adhe-
sive. This acts 1ike a pad and is primarily to prevent water from entering
the interior of the the pile and also helps keep the 1id in place.
Calibration of the total pressure cell is done in a pressure chamber filled
with water which also gives a check of the water tightness of the rubber
sealant. Pressure tests of this kind have shown the total pressure trans-
ducer to be linear within the range 300 kPa to about 800 kPa with minimal
hysteresis. For lower pressures than those indicated the transducer shows
nonlinear effects, although zero drift is minimal. When pressure exceeds
800 kPa nonlinerity results probably due to hardening of the rubber sealant
leading to a transfer of load out to the rubber which affects the reading
on the load cells,

Schematically the total pressure transducer has the configuration of a
simply supported beam with the load transducers acting as supports. Since
the total pressure over the measured area is constant the readings from the
two sensors should be equal. This fact is true as long as the pile is held
steady, but as the pile is loaded, and thereby moving, the friction along
the pile shaft (shear force) seems to excert a moment on the 1id, resulting
in a small change in the two load cell readings.

Measurements when the pile is loaded upwards, have shown the reading of the
Tower sensor to increase and the upper to decrease which should confirm
this assumption. The total pressure is thus taken as the average between
the two readings.

Pore pressure at the pile shaft is measured through a porous stone filter
on the total pressure cell lid. A sarane tube leads into this filter and
up through the pile to a pore pressure transducer fastened to the top of
the pile. When the filter is fully saturated the pore pressure measurement
system shows prompt response in the afore mentioned pressure chamber, used
for calibration.
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A calibration and check of the transducers contained in the model pile is
performed before each test and these values are checked against zero
readings and calibration when a test is completed and the pile is extruded
from the model test chamber.

The load on the pile is exerted on top by a load or stroke controlled
hydraulic acturator. An MTS control unit with a function generator and
hydraulic pressure control is used to perform the tests in a controlled
fashion. This facilitates a wide variety of tests to be performed
including static tests, creeb tests and cyclic tests. The displacement of
the pile is measured by a LVDT hooked up to the top of the actuator.

Since the center of the soil mass is free to deform with the pile by the
center bearing, a LVDT is also mounted on top of the'model pile test
chamber connecting to center bearing. In this way a measure of the rela-
tive movement between soil and pile is available, since the LVDT on the
acutuator measures the total displacement of the pile and soil.

A pneumatic compressor with connecting differential valves and manometers
facilitates and maintains the confining pressures and the back pressure at
the prescribed level. The back pressure system is also hooked up to a
volume change transducer so that water going into or out of the clay speci-
men can be monitored.

2.7 Data Recording

During pile load tests periodic readings are recorded from eight separate
sensors using an eight channel pulse code modulator (PCM) onto a PCM com-
patible tape recorder.

These eight channels consists of:

- Lower axial load transducer in pile
- Upper axial load transducer in pile
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- Lower load sensor in total pressure cell
- Upper load sensor in total pressure cell
- Pore pressure at pile soil interface

- Displacement of model pile

- Time

- ID number (for reference)

The confining pressures and back pressure on the sample are held constant
during a test and are therefore not monitored. Manual readings of water
going into or out of the clay sample are made.

In addition to the periodic recordings on tape continuous readings of nor-
mal pressure (from one of the load sensors of the total pressure
transducer), pore pressure, pile displacement and transferred shear stress
along pile shaft (difference between the two axial load sensors) are
recorded on a four track strip chart recorder giving continuous readings of
the respective quantities versus time.

Also a x-y plotter is used to plot two of these variables against each
other which usually are shear stress versus pile displacement. This gives
a direct visual description of the test progress and provides a good aid in
the decision making for further or prolonged testing.

2.8 Data Analysis System

@

In ordék to transform the results recorded on the tape into a comprehen-
sible and consistent format a data analysis program has been made. The
data aquisition system used for monitoring of the tests is basically the
same as the existing system used for cyclic triaxial testing and the
program devloped for the pile model tests is therefore a modification of
this program. '

Data from one pile model test is recorded on tape in the laboratory. These
are replayed through a PCM demodulator, digitized and subsequently stored
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on magnetic tape. The different channels are then separated and calibra-
tion factors are applied to the measured voltages to resume the actual phy-
sical quantities measured using a sorting routine, and stored on
intermediate files. A processing program then treats the data so it can be
presented in a tabular or .graphical form.

Different alternatives for presenting the results in graphical form con-
sists of the following:

- skin friction versus pile deflection for up to 5 different
cycle numbers on one plot

- skin friction versus total or effective normal pressure for up
to 5 given cycle numbers

- variation of skin friction, pore pressure and total normal
pressure during a cycle.

- Maximum, minimum and mean skin friction, pile def1ection, pore
pressure or normal pressure versus cycle numbers

Only cyclic tests are analysed using the data analysis program. Static
tests and creep tests are also recorded on tape, but for back up purposes.
These tests are monitored continuously on the x-y plotter and the strip
chart recorder together with manual readings from the digital readout of
the transducer conditioner.

Examples of protessed results from initial tests of the pile model equip-
ment using Drammen Clay are shown in the following section.
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2.9 Initial Tests with Drammen Clay

Trial tests of the model pile equipment and test procedures were performed
using clay samples from Drammen, Norway. This type of clay is well docu-
mented in the geotechnical literature and a typical soil profile is shown

in figure 2.5. The test described below was mainly used to check the
equipment and test procedures and the results and duration for various

parts of the test might differ from the tests performed with the West Delta
clay.

The clay was remoulded using the large commercial mixer to a uniform con-
sistency for about 10 minutes and measurements of remoulded strength showed
2 KPa using a laboratory fall cone penetrometer. The remoulded clay was
built into the oedometer and left to consolidate at a pressure of 300 KPa
for three weeks. After 12 days the settlement was about 20% and the excess
pore pressure 15 KPa, reducing down to about 10 KPa over the next ten days.
Original height of remoulded clay in the oedometer was 580 mm and final
height after three weeks of consolidation was 445 mm resulting in 23%
deformation.

The water content of the remoulded clay before consolidation was 49% and
after consolidation 29.5%. Shear strength measurements from pocket
penetrometer and unconfined compression tests gave fairly consistent values
over the cross section of the consolidated specimen at about 80 KPa.

The consolidated sample was then transferred to the model test chamber and
confining pressures were applied resembling previous consolidation
pressure. Vertical pressure was set to 300 KPa and radial pressure to 180
KPa assuming a K value of 0.6. The sample was then left to reconsolidate
for three days bgfore the pile was installed. A period of ten days was
allowed for set up with monitoring of total pressure and pore pressure on
the pile wall as shown in figure 2.6. The back pressure was left at zero
and the total and pore pressure is seen to show steady state at about 200
KPa and 80 KPa respectively after about one day.

Reference to part of this report which may lead to misinterpretation is not permissible.

Det norske Veritas has no liablility for loss or damage caused by its organs, officers, employees or others who act under assignment form the Institution, regardless of whether such person has acted inten-

tionally or negligently and irrespective of whether the loss or damage has affected a shipowning company, a shipyard or others who have requested the Institution’s assistance or any third party who with-

out having any contractual relations with the Institution, has acted or made arr in reli on decisi made or information given by or on behalf of the Institution. Nor, in cases as mentioned
in the preceding paragraph, can the individual or individuals who have personally caused the loss or damage, be held liable.




D.n.V.Report No.  82-0302 ' PageNo. 18

A static test was first performed on the pile by pulling the pile with
speed 0.2 mm/min. Figure 2.7 shows a plot of transferred shear stress
along pile shaft versus pile deformation. A peak in transferred shear
stress of 80 KPa is seen at a pile deformation of about 0.7 mm reducing to
a residual value of 70 KPa for larger deformations. Upon reversal of pile
movement a similar peak is seen on the "compression" side with the same
residual value. The plot shown in figure 2.7 is a direct trace from the x-
y plot produced during the test.

Subsequently, after a four hour rest period, a stress controlled cyclic
test was performed, cycling about 1/3 of the tensile static capacity found
earlier in "packages" of 100 cycles with a period of 10 seconds per cycle.
Each cyclic package consisted of 100 cycles starting with an amplitude of
1/3 of the permanent stress and increasing successively with an additional
third after one hundred cycles until failure occured. Figure 2.8 show the
results of the applied sheér stress ‘versus pile displacement plotted on the
X-y recorder. As can be seen from this no serious deformation results from
the Tow amplitude cycling for the number of cycles tested. As the shear
stress reaches the static capacity (cycles 601 etc.) the maximum capacity
is reached and excessive deformation of the pile results.

Processing of the data recorded on tape from this test can give additional
information as can be seen in figures 2.9 through 2.13. The skin friction
(transferred shear stress) and deflection is plotted versus cycle numbers
in figure 2.9 and 2.10 respectively. In figure 2.11 a plot of total normal
pressure against the pile wall versus cycle number is shown. This plot is
from one of the transducers in the total pressure cell which describes the
relatively large variation in total pressure during one cyc1e; as described
in chapter 2.6. The mean total pressure, however, gives a good indication
of the variation in total pressure versus number of cycles. As can be seen
from figure 2.11 this pressure tends to decrease with increasing cycle num-
bers and increasing shear stress level along the pile. Due to problems
with the recording of this test the data showing failure was not
obtainable, so that only 400 cycles was available.
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A similar plot of pore pressure versus cycle numbers is also available.

In case the development of pore pressure, total pressure and skin frictin
during one cycle is of interest, a plot like the one shown in figure 2.12
is available. Here, also the total pressure shown is from one transducer
in the total pressure cell which describes the large cyclic behavipur.

As a final example of plots from the data analysis program a plot of total
skin friction versus total pile deflection for one cycle is shown in figure
2.13. Total values here refers to the actual values during the test
refering to the neutral position of the pile before the cyclic test
started, keeping in mind that this is a shear stress (skin friction)
controlled test cycling about a permanent stress of about 25 KPa.

A two way cyclic deformation controlled test was then performed with a
period of 10 seconds. The results from this is shown in figure 2.14 where
transferred shear stress is plotted against pile deflection. The pile was
cycled 50 times about neutral position with amplitude 0.3 mm. As was
expected the shear stress was largest for the first cycle and then dropping
about 20% after four cycles to a relatively constant level over the
remaining cycles. The pile was then brought to neutral position and
allowed 30 minutes rest before a new 50 cycle test was run with a double
amplitude. The resulting shear stress was now somewhat higher for the
first cycle which is believed to be due to the increased strain rate since
the cycling period is kept the same (10 sec.) as for the former best. But
also here the resulting shear stress dropped about 20% after 3 to 4 cycles
with no further loss during the remaining 46 cycles.

2.10 Conclusions
The pile model tést equipment has been described in the previous chapters

together with testing procedures and preparation of clay samples. Prepara-
tion of one sample and transfer to the pile model tank takes about two
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weeks. Additional time for consolidation and pore pressure response
(saturation of sample) is allowed after pile is installed in the clay.
Duration for actual pile testing with data monitoring is dependent on type
of test but is usually performed in one or two days.

Example of results from initial tests of the equipment using Drammen clay
indicates successful performance of the equipment and ané]ysis and pro-
cessing tools. It must be noted, however, that the pore pressure response
at the pile wall is much slower than could be expected. The reason for
this is not readily understood but is thought to be due to the Targe volume
of the clay sample in the model tank. This large volume allows for accumu-
lation of fine air pockets in the soil structure introduced during the
remolding process. During consolidation the main part of air should be
expelled and the set up time allowed after installation of the pile in the
model tank together with application of back pressure in the sample should
help optimize the degree of saturation. Even so, the accumulation and
dissipation of excess pore pressure shows a slow response after pile
installation. ' o |

The transducer measuring transferred shear stress along the pile shows
steady values with minimal drift over time and proves to be reliable for
load (shear stress) controlled testing. Total pressure measurements indi-
cate good correspondence with anticipated pressures and show good response
upon pressure variations. Some problems with sealing of the "1id" have
occurred, however, this is closely checked after each test, and sealing is
replaced whenever signs of leakage occurs.

It is therefore believed that the equipment described herein will success-
fully help to give improved insight into the shear transfer mechanism for
cyclically loaded piles by measurements of shear transfer, total pressure
and pore pressure at the pile shaft, thereby allowing for an effective
stress conceptual evaluation of the shear transfer process.

Reference to part of this report which may lead to misinterpretation is not permissibie.

Det norske Veritas has no liablility for loss or damage caused by its organs, officers, employees or others who act under assignment form the Institution, regardless of whether such person has acted inten-

tionally or negligently and irrespective of whether the loss or damage has affected a shipowning company, a shipyard or others who have requested the Institution’s assistance or any third party who with-

out having any contractual relations with the Institution, has acted or made in reli on decisions made or information given by or on behalf of the Institution. Nor, in cases as mentioned
in the preceding paragraph, can the individual or individuals who have personally caused the loss or damage, be held liable.




i

How °
COuNY

G combme | 2P
e G +

GPE FER 30 FT 0T

1.00 1.23 1.391.7%

Sastonr & W - 33 ORIMCRAGLO et ML, T Gy’ KAOMaCAS
9 Ny 't te stiff aifve el 2.0 0.0 0.0 S o
\, ~o1h 511¢ packets ot & o0 - : 0.32) (0.A8) (0.6h) (0.80) - F T
§, ey e : 3
" 20 ] <sten anne partings te 21* o N
\: ~pinsive, 23° ta 199 °
\s :::::“ puchuts ot 33° ‘.' S —————— o
N |
\, ! DR KRS * - o 418
ol §; . N e " 4
I SECENESANNRE,
\. “eeeuy at 0, 102 wd 29 fm— Se——1 33 4.
§| “oith 1) wier ot %0° + 4 8 .
- §I “verticel Catlure murtaces at toe: ] » > 3%
. LY
u._ ! I{«% + + o 4n»
\ E k_) 4 a .’ B
\~ r (S0 | S o oy A
u- 3 " ’
+ + | 0b “1*
-t %’ P "? N
g \I 4 %
F \ -+ 4*
wel~ \ -platy, 100° o 242¢ &
\' + »
MEN R o LY N o | 1.
g Q/ 17711 ~+ 4
. F o Q.
é P "s > ¢ e
L 4
i v i
<
ol *.
+
. LY ik
P |
re tahen in this - ¥
samplor ves
ek "
ol 8 37 7% pamstration. A 3-in,-00, o
2.85-1.- 18 this-vell wbe wes uees
:‘l-“!’ ”*t —.-trm e abtain
008 . | 1%
Metet dss
rovan Saring & ‘:-: =‘=l::: in
T e
S e 1™
ol
s
o= -1 0
n— = 1%
. \ -1 120
:’.'-.—: uuu.m;w-- ororaediingy u-':. e ¢ e Swnn—c
" Tinter Oupth stvasuremment : 0910 ot t:-'-:: _:?3?”
LOG AND TEST RESULTS
BORINGS 4, S AND 6, BLOCK S8
WEST DELTA AREA

PENGTAATION BELOW SEAFLOOA N METERS

Figure 2.1 - Soil Profile for West Delta Block 58 with
‘ indication of the three distict strata




APPLIED CONSOL!DATION

PRESSURE
PISTON
A\ NN\
X EXPELLED WATER
N
TOP FILTER
HORIZONTAL
INTERMEDIATE
PLASTK FILTER
COVERED §
FILTER

PORE PRESSURE

STRIPS N
N
\

L e X A T T T T T,

MEASUREMENT
EXPELLED
WATER
, BOTTOM
FILTER
Proj.No.
CNRD 13-2 TENSION PILE STUDY _ 231004
Oedometer to produce 200 mm dia. clay samples Seue
Drawn by Date
DET NORSKE VERITAS ET1h
Geotechnical Laboratory Approved Z(C/ Fig.No. 5 o




~
i

(=23, ¥ -1 O3 M) =
)

13 9
8
11
6
b ]
)
?
12 4o

PILE MODEL TEST EQUPMENT
Onv

Confining Cylinder

Top and Bottom Plate (Identical)
Axial Load Transdusers for skin_
friction measurement

Total Pressure Cell

Porous Stone Filter

- Load Cells for total pressure

measurement

Top and Bottom Center Bearing
sealed with rubber "o-rings"
Axially Reinforced Rubber Membrane
for application of radial confining
pressure

Circular Rubber Membranes for
application of vertical confining
pressure

18

17
16

17

2
§= 6V
8
‘/14
1
10
-G,
6,

Perforated Base Plate
Radial Pressure Chamber
Bottom Pressure Chamber
Top Pressure Chamber
Lock Bolt

Guide Cylinder

Back Pressure Chamber
Hard Rubber Seal

‘ ‘ Proj.No. - ‘
CNRD 13-2  TENSION PILE STUDY e 231004
Scale
Pile Model Test Chamber with Model Pile 1:4
- Drawn by - Date
DET NORSKE VERITAS =Tin
Geotechnical Laboratory Apprcvodzq Fig.No, 2.3
& Hauu .




e
]
%

1INN-Q4

1013
ONY INIYd
1nding

‘ ¥1LNdW0 ) ‘

VI I IVIIIIIDIIIPYVIY,

LLLLL L Ll

Alddns
YImod
JNVEOAN

L

/

]

1INn
T0HING)
SiH

—
s
~

YOIV INIY)
NOLLONAS

YIZNVLOI0
H01vINQ0W3I0
Hld
3040}y
VL Y111014
AX
30803
L¥WH)
LS
H01vINOOH NIVHL Y
Hld R

[ =

ANTuRLTm LR

HOSSIHdWO)

JUVANING
o <
=B (B
= liIx el
= ||
o 2>
BRI

=
ge (13
0 [[c 4
m 0 M\_
"2

10M1

HOLVNLIY 3NO0HLS
Javor wixy

=
9 .

221004

=]

@ <

- o

[T (9 V]
; Y é

: |0 2
3 ol |&
a o

o+

o=

w

o—

>3

q M

4]

o I

pot BN N N

S|

25 |3

a.m.m

Sle__|<

-

+

[{e]

p=

2 0|

£

S| «

Sl H

tI

[7¢)

=l @

—
YfE
S|1E| »
Tln
SOEW.
urll RS " B
Iasr
of o 3

o— nua
=Z | T -
SAEIEE
— e
wy NTm
55| uf
el B8

2 mum

Q.

al AG
N ] s
i ]+
(20 208 BN ¢} }
= I U
0]+
o | wn
=i @

(&6 B




]

= | DESCRIPTION WATER CONTENT = |3 . SHEAR ' STRENGTH ?;
ax oF *a ¥ t/m? -
=} E ~ . z v
SolL 20 _30 40 S0 60 |Z ! 2 3 4 gy
I Il ! |
| ; + - lvane
]
i .
SAND ’ : | ’cone
| : !
e ‘ 1 ‘ ~ remoulded i undisturbed
SILTY Lo M A
P +
S| cLAY ! P M
' |
- + 5
= / 1.7 tvv §
“ 6
PLASTIC A ] m| B E 8
178 g | I 8
cLAY 7 ; 8
: i
0] UL |
: 2 . : 7
i .1 178 W 4
P v ‘
f— i 1.86 ‘ ; 4
' N 5
LEAN c
CLAY | Lo | J i
15 I ’ | } i ( ! |

&

50.35 T =t
5

oo 030

Q.

I

‘? —
o 025 gy o
& 0 & 9"

b o - [0

= 020 00 tor” RS-

E //OO

& o |o

5 015

[« 4

<

wl

& 020

o,

us

=

2 o005 :

§ 0 .5 ® B 20 B 2 B w0 i
5 PLASTICITY INDEX {p

Figure 2.5 - Geotechnical profile through a normally
: consolidated clay in Drammen. (From Ref. 2)




P . Total Pressure
2.0 . — . /_ .
3 (J
1.5
o
<
) Pore Pressure
E 1.0 4 B /— -
=1
g ”.—-'F-—Q---.---!~-‘--O~---- . e af v—-——-’--——-‘-—--.‘
Q. b 4
0.5 4§
4
4
Yy 2
y
T T T T T T T T
1 2 3 4 5 6 7 8 9 10
Elapsed Time (days)
Proj.No.
CNRD 13-2 TENSION PILE STUDY - 231004
. K . . Scaie
Pressures at pile wall after pile installation

Drawn by Date

DET NORSKE VERITAS

Geotechnicai Laboratory

Approvodm Fig.No. 2 6




70 o

60

50

40 o
= 30 - S
~ 20
§ 10 4
é T T ‘ ¥ T v ! E—
S / 0.5 1.0 1.5 2.0 2.5
8 N
é; -20 | Pile Deflection (mm)
.30 |
-

-40 J

-50

-60

-70

Proj..No.

CNRD  13-2 TENSION PILE STUDY 231004

. . , Scals
Static Pile Test

Drawn by Daste
DET NORSKE VERITAS
Geotechnical Laboratory Fig.No. o 7

Approved M




4

Transferred Shear Stress (KPa)

e

w0 B Y B e e ¥l
~ 0w =+ M N —
L]

Fo
N
1

4-35

1 T ™ v g

o
3 w
w
! <
© o
' <
w
i )
- E
i =
=
2
T
ISV
[
3
= [
L < @
=
! S ok
, 2
2 o
L : o
=
Q
o
>
()
\ ' k ﬁroj.No.
CNRD 13-2 TENSION PILE STUDY 231004
Scale
Cyclic Pile Test; Stress Controlled
Drawn by Date
DET NORSKE VERITAS
Geotechnical Laboratory Approved wlz Fig.No. > 8




I e Halbti w}:fm'f okt
SKIN FRICTION (KPA.) nMiwsti: Flik | 0 somenmeacenes
‘._1:{‘:1: ] resmeet
Rt
v
iR S T Y
\
\
~in S At Sul 1] -
\
& PR 15 iTn BT S = E
CYCLE nNO.
Proj.No.
CNRD 13-2 TENSIOM PILE STUDY 231004
Scale
Cyclic Pile Test; Stress Controlled !
) ) Draswn by Date
DET NORSKE VERITAS
Geotechnical Laboratory App'ovody_:a Fig.No, 2.9




PN P cosrmvanmnian  Milt
DEFLECTION (MM) Y fir iird
Ly
[d
L]
1)
[ 4
I3
(]
¥
,
»
.
tx
K RSSO SO -
e
"""" ERRAe Y 4
o
e
= / \
T \
- ™
e} \
- 0E e X
-
B SN
. .
- 1 <
___________ .
1
- :.; i
\
LY S e = - - -
\
-3 i
B \
e = 16 156 SR Sts] T Rty
I e Moo

Proj.No.
CNRD 13-2 TENSION PILE STUDY 231004
Cyclic Pile Test; Stress Controlled éw.
Drawn by Date
DET NORSKE VERITAS
Approvww{ Fig.No. 2‘10

Geotechnical Laboratory




TOT.

NORM. PRESS, (KPA.) HERI: e B eesesmeeeseee PTH . s

Y Y
Adth
T3
b .
- .\.‘~ ------- . "' \\‘:....-""‘b'-\ 3
T AT ot e 8 P
e £ o et v v
- o
P / e
5 - ol ‘ \w\r\“ \
- b N N il
--do____ ‘
T !
4 \---—--—_-\
B \
256
£ 3 1 g 156 s 256 TEE Esatel 2y
A W ) [
Proj.No. ’
CNRD 13-2 TENSION PILE STUDY 231004
. . Scale
Cyclic Pile Test; Stress Controlled
Drawn by Date
DET NORSKE VERITAS
Geotechnical Laboratory Approved : Fig.No. 2 11




FESFOHSE O DV CL T LORDTH TR S CYCLE MO, 329

[}

e

| 7T —x

LEGEHD:

LR R T S

TEIN FRICTION
FORE FRESTURE

TOTHL MORMAL FRESSURE

FPERH.

UELUES

25,45 KPa.
45 KRG
77T .8 KPR,

Proj.No.
CNRD 13-2 TENSION PILE STUDY 231004
Cyclic Pile Test; Stress Contfoﬂed Sexie
Drawn by Date

DET NORSKE VERITAS

Geotechnical Laboratory

Fig.No. 2.12

Approved [Cf{




L.

TOTHL SR TH FRICTION ©EfM o '

HE T e

rk : 4

]
o
"’

34

-
.-

e
1 / ,/
| e

- 28 -.15 - 14

‘TOTHAL PICE CEFLECTIOMN ¢ MM

1}

R A sl .14 1S

Proj.No.
CNRD 13-2 TENSION PILE STUDY . 231004
Cyclic Pile Test; Stress Controlled s
qonwnbv Date
DET NORSKE VERITAS v
Geotechnical Laporatory Approved [L//'/a»% “Fig.No, 2.13




Transferred Shear Stress (KPa) ‘ [
;-}_Pi1e Deflection (mm)
70

51 \
Cycle no. 1 60
100 \5

4

/c

-0.6 -0.5 -0.4 0.2

Proj.No.

CNRD 13-2 TENSION PILE STUDY 231004
Cyclic Pile Test; Displacement Controlled sc'f'
Drawn by Dats
DET NORSKE VERITAS
Geotechnical Laboratory Approved K/_’/:“ Fig.Neo, ’2.14 -




