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ABSTRACT

The cone pressuremeter is a promising new In situ testing device
which combines the well known capabilities of a piezocone with a full
displacement pressuremeter (FDPM). The focus of this thesis is to
present results from FDPM tests performed as part of a cone
pressuremeter sounding at three cohesive so0il sites in the Vancouver
area.

The insertion of a cone pressuremeter results in a substantial
amount of disturbance and the generation of excess pore pressures. As a
result of the changing stress conditions, the length of the relaxation
time or time delay between insertion and testing has a significant
effect on the lift-off pressure and shape of the FDPM curve., Results
indicate that increased relaxation periods lead to 1lower 1lift-off
pressures. The strain rate used during a test is also significant with
lower rates resulting in higher 1limit pressures and undrained shear
strengths. Comparisons were made between the FDPM, self-boring
pressuremeter (SBPM) and dilatometer lift-off and expansion pressures.

FDPM test results are also influenced by the design and performance
of the pressuremeter. Important equipment related considerations
discussed are compliance,strain arm design and pressuremeter L/D ratio.

The results of FDPM tests were used to estimate the undrained shear
strength, shear modulus, stress history and in situ horizontal stress of
cohesive soils and when possible compared to SBPM, field wvane and
dilatometer results.

The use of cavity expansion theory for the analysis of the FDPM

test is made difficult by the unknown stress conditions created by
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disturbance. Nevertheless, reasonable estimates of the undrained shear
strength were made wusing cavity expansion methods with the FDPM
undrained shear strength generally greater than the field wvane and
similar to those obtained from the SBPM test. Cavity contraction theory
was also used to estimate the undrained shear strength with the results
generally being less than the field vane undrained shear strength.

Good comparisons were obtained between the FDPM and SBPM unload-
reload shear moduli. Both the unload-reload shear moduli and the
rigidity index were shown to attenuate with increasing shear strain.

Two new methods wusing the rigidity index and normalized
pressuremeter limit pressure were proposed to estimate stress history.
Both techniques appear to be promising. Attempts to use the FDPM to
estimate the in situ horizontal stress were unsuccessful when compared

to the results of other available tests.
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CHAPTER 1

INTRODUCTION

In recent years, the in situ testing of soils has increasingly
become emphasized as an important alternative and/or addition to
laboratory or full scale tests. The purpose of this thesis is to analyze
and interpret the performance of a relatively new in situ testing
device, the cone pressuremeter. The cone pressuremeter consists of a 60
degree , 15 square cm. piezocone, and a pressuremeter of equal diameter
to the cone situated a short distance behind the cone tip. The focus of
this study is to interpret the results of full displacement
pressuremeter (FDPM) tests performed as part of a cone pressuremeter
(CP) sounding. The rational for the development of the cone
pressuremeter is described below.

The capabilities of the piezocone penetration test (CPTU) have been
well documented (Campanella and Robertson,1988; Jamiolkowski et
al,1985). The CPIU test is of particular value in providing a detailed
soil profile. Furthermore, the evaluation of the flow and consolidation
characteristics and a tentative evaluation of the stress history in
cohesive soils can be made. The cone resistance can also be used to
estimate to varying degrees of reliability the drained and undrained
shear strength of both granular and cohesive soils. However, the CPTU
test generally gives a poor estimate of soil stiffness.

The pressuremeter test, in Principle, will provide a better
estimate of soil stiffness and strength than the CPTU test. Several

different types of pressuremeters have been developed since Menard first



introduced the pressuremeter in 1954 and can be classified according to

the insertion method used as shown in Table 1.1.

Table 1.1 : Classification of Pressuremeters According to
Method of Insertion (adapted from Huang and
Haefele , 1988)

Insertion Method Pressuremeter Type Reference

Pre-bored Menard Baguelin et al (1978)
) OYO LLT Suyama et al (1982)

Self-bored Camkometer Wroth & Hughes (1973)

Push-in Stress Probe Henderson et al (1979)

Fyffe et al (1982)

FDPM
Cone Pressuremeter

Full-Displacement Hughes & Robertson(1985)

| |
| |
| I
| |
I I
| |
| PAF | Baguelin et al (1978)
| |
! l
| I
I I
| |
| l Howie (1989)

F___...'_.____..___......___ ——

The Menard style probe is placed in a pre-bored hole and is
expanded to provide & pressure-volume curve. Due to disturbvance and
stress relief in the soil surrounding the borehole, most Menard
pressuremeter data is used in an empirical manner and is directly
correlated to the performance of foundations.

In an attempt to overcome the Ilimitations created by soil
disturbance, the self-boring pressuremeter (SBPM) was developed
independently in France and England (Baguelin et al,1972; Wroth and
Hughes,1973). The SBPM is slowly pushed into the ground as soil at the
bottom of the cylinder is chopped up by a rotating cutter and flushed to
the surface. When the SBPM is inserted with a minimal amount of soil

disturbance, the capability exists to derive the soil stress-strain



behavior, the in situ horizontal stress and in some cases the
consolidation characteristics of the soil. However, the SBPM test is
costly to perform and takes highly skilled personnel to insert the probe
with the minimum possible amount of soil disturbance.

The push-in pressuremeter (PIP) or stress probe (Henderson et
al,1979; Fyffe et al,1982) , developed primarily for offshore use, is a
hollow open-ended pressuremeter with an end area ratio of 40 %. The
probe is pushed a short depth below the bottom of a borehole creating a
small but significant amount of disturbance.

The FDPM test is performed in soil which has been substantially
disturbed. However, the disturbance created is repeatable and is
operator independent. Furthermore, results from the FDPM test can be
directly correlated to additional data collected during the seismic cone
pressuremeter sounding . In an offshore environment, the cone
pPressuremeter has practical advantages over the self-boring or push-in
Pressuremeter test. The SBPM test is difficult to perform offshore
(Fyffe et al,1982) and the PIP test involves repeated cycles of
drilling, removing drill rods and performing a pressuremeter test.

The insertion of a cone pressuremeter into soil creates a large
amount of disturbance and complex and dynamic stress and strain fields
around the pressuremeter. The primary objective of this research is to
interpret the results of the FDPM test in light of this problem and to
assess the suitability of using the FDPM test to determine the undrained
shear strength, shear modulus and to a lesser extent stress history and
in situ horizontal stress of cohesive soils. Piezocone and seismic data
obtained as part of the cone pressuremeter sounding are not

comprehensively analyzed but where appropriate are used to supplement



the FDPM test results. Furthermore, whenever possible, the results of
the FDPM test have been compared to SBPM, piezocone, dilatometer and

field vane test results.



CHAPTER 2

EQUIPMENT AND TEST PROCEDURES

Three pressuremeter probes were utilized for this study : the UBC
Seismic Cone Pressuremeter (UBC SCP), the Fugro Cone Pressuremeter
(Fugro CP) and the Hughes Self-Boring Pressuremeter (Hughes SBPM). This
chapter describes the test equipment, data acquisition systems and the
test procedures used for the three pressuremeters. These considerations
are considered in detail for the UBC SCP but not for the two other
probes. A more detailed description of the Fugro CP and the Hughes SBPM

is given by Howie (1990).

2.1 The UBC_SCP

2.1.1 Description of the UBC SCP

The major components of the UBC SCP are shown in Fig. 2.1 and are
described below.

The probe begins with a piezocone having a 60 degree, 15 cm?
conical tip followed by a friction sleeve having a surface area of 225
cm2. Built in load cells allow the near continuous measurement of end
resistance ( d. ) and sleeve friction ( fs ). Two electric pressure
transducers located just above the cone tip and friction sleeve allow
pore pressures to be measured during cone penetration. The dissipation
with time of the pore pressures generated can be monitored during halts
in the penetration. Mounted just below the friction sleeve are two
piezo-electric bender elements or accelerometers which are aligned

vertically at 90 degree angles to each other. Two more accelerometers

are mounted just below the pressuremeter body in the same manner. The
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Fig. 2.1 : Schematic of the UBC SCP



accelerometers are used to obtain a seismic profile of the soil using
the downhole seismic technique ( Rice , 1984 ).

To obtain reliable and consistent CPTU data, the piezocone should
be properly be calibrated and saturated and standardized test procedures
should be used. Robertson and Campanella (1986) provide a comprehensive
guideline to piezocone equipment, test procedures and data reduction.

The center of the pressuremeter is located 1.34 m behind the cone
tip. The core of the pressuremeter is a 39 mm diameter hollow cylinder
with threads on either end. A pressure transducer is mounted in the
pressuremeter core and pressure developer . Three vertically aligned
strain arms are mounted in shallow channels cut in the pressuremeter
core at 120 degree spacings. The strain arms are straight metal strips
attached to the cone at one end to form a cantilever beam. Arm contact
plates, which follow the membrane expansion, are commected to the free
end éf the metal strip. Two different designs of arm contact plates and
methods of attaching the plate to the metal strip were used ( Fig. 2.2).

The first or "old" design attached the 5 mm wide arm contact plate
on top of the end of the metal strip. This proved to be a problem when
the pressuremeter was fully deflated. Vertical and horizontal forces
imposed on the contact plates due to soil and water stresses caused the
ends of the metal strip to "bottom" out in the channel cut in the
Pressuremeter core. This is thought to have generated a moment at point
0 ( Fig. 2.2 ) with the end result being a voltage output from the
strain gauge on the metal strip indicating an apparent outward
deflection of the strain arm.

The new design allowed the arm contact plates to "float" on the end

of the metal strip, the point of contact being the rounded edge of the
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Fig. 2.2 : UBC SCP Strain Arm Design



screw shown in Fig. 2.2. Vertical and horizontal forces cause the arm
contact plate housing to "bottom" out instead of the metal strip. This
change solved the problem of apparent outward deflections of the strain
arms when the pressuremeter was fully deflated. The effect of the
different arm designs on the 1lift-off stage of the pressuremeter
pressure-displacement curve is shown in Fig 2.3. The change in strain
arm design also seems to affect the initial stages of the corrected
Pressuremeter expansion curve . For tests performed with the old strain
arm design, a small but prevalent bump in the corrected pressuremeter
expansion curve is found between O and 4 % cavity strain or radial
displacement ( ¢ = AR/R, ). The new strain arm design appears to reduce
or eliminate the small bump ( for comparison purposes, a complete set of
pressuremeter expansion curves are found in appendices I to III ). Other
causes for the small bump in the pressuremeter expansion curve are
Aiscussed in section 2.1.3

Two natural rubber membranes, each with an average thickness of 1.2
mm are attached to the pressuremeter body using tapered metal rings and
retaining nuts. Protecting the membrane is a Chinese lantern made of
stainless steel metal strips. The ends of the slotted strips fit over a
nut with raised nipples and are held in place by a tapered metal ring.
The slots in the metal strips allow the lantern to move freely during
membrane inflation and deflation. The exact diameter of the
pressuremeter with two membranes and lantern strips was difficult to
determine. An average diameter of 43.6 mm was obtained when clamps were
used to compress the lantern around the pressuremeter body. This would
suggest that the probe is slightly undersized since the rest of the UBC

SCP probe has a diameter of 44 mm. Although the length of the



10

UBC SCP NEW ARM DESIGN

—~ 300 :
o] -
o
X 250 —
v ——
& 200 —
>
& -
W 150 —
o -
@ 100 —
3] - DEPTH : 7.0 m
W DATE : 10/19/87
o SITE GLEY LOWER 232 -
§ O 4
Z o0 —
-—50 | I ] l ] l T I T l 7
—~0.1 0.0 0.1 0.2 0.3 0.4 0.5
"DEFLECTION ( mm )
UBC SCP OLD ARM DESIGN
Asoo 1 ] 1 1 H 1 § ) | )
(=} - -
o
X 250 -
V —
& 200~

S

A

1&-’ 150 —

o - << seoeove ARM 1 -

o +4+++ ARM 2

E 100 — ®8888 ARM 3 -

o . ]

x 50— DA : ‘/ y

O - SITE lS.-UBCPRS -

8]

Z 0

S ,re @ i

-850 T T 7 T T ] T I !

-0.1 0.0 0.1 0.2 0.3 0.4 0.5

DEFLECTION ( mm )

Fig. 2.3 : Effect of Different Strain Arm Designs on the
Lift-off Stage of a Pressure-Displacement Curve



L

pressuremeter core is 385 mm, the length of the membrane which is free
to inflate is 220 mm. This leads to a L/D ratio of 5.

The pressuremeter is inflated with silicon o0il using a downhole
pressure developer. The 83 cm long pressure developer can generate
pressures as high as 6900 kPa ( 1000 psi ) using a piston ball screw
driven by an electric motor. Since a closed system is used, air in the
0il going into solution, & small leak in the pressuremeter or backlash
of the ball screw in the fully retracted position will all create
negative pressures. The tests shown in Fig. 2.3 indicate at the
beginning of the tests, negative pressures of 20 to 40 kPa existed. This
range is typical of the negative pressures obtained at the beginning and
end of tests performed using the UBC SCP. If the pressure developer ball
screw is held in the fully retracted position for an extended period of
time, the negative pressures tend to dissipate. To reduce the amount of
air going into solution, the oil for the pressuremeter was first placed
under vacuum to remove as much air as possible.

The pressure developer is attached to 10 cm?

area cone rods using
an adapter enabling the probe to be pushed using the UBC In Sitﬁ Testing
truck which is described in detail by Campanella and Robertson (1981).
The UBC SCP probe has been successfully pushed to depths greater than 30

m and through soil layers with end bearing resistances greater than 200

bar.

2.1.2 The UBC SCP Data Acquisition System

The UBC SCP has the capability to collect three different types of

data; piezocone, pressuremeter and seismic. Three separate data
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acquisition systems were used with the UBC SCP as shown by the schematic
layout of the entire system shown in Fig. 2.4

Piezocone data is collected using the Hogentogler field computer
(FCS), a surface 12 bit digital data acquisition system. The piezocone
is designed so that the analog signals which are amplified downhole are
compatible with the Hogentogler FCS. Data is stored in a magnetic bubble
for later downloading to a microcomputer and is also immediately
printed.

A microcomputer based system developed at UBC is used to collect
and process pressuremeter test data. The UBC data acquisition (DAS)
consists of an IBM PC compatible microcomputer and analog to digital
(A/D) converter. The microcomputer uses an Intel 8088 microprocessor
card and a 8087 math coprocessor. Two multifunction I1/0 ( input/output)
cards provide 512 KB of memory, two RS232 serial ports and two parallel
ports. Two half height 360 KB floppy drives are used for data storage,

A Data Translation DT2801-A 12 bit A/D converter board is used for
analog to digital conversion. The analog signals are converted to a 12
bit representation of their voltage which means the voltages are
represented by 4096 states ( 2 raised to the 12th power ). This
Trepresents an analog output with resolution equal to 0.024 % of the
selected analog input range. The DAS can provide data conversions for up
to 8 channels,

The data sampling rate is user selectable with the maximum rate
being equal to .4 seconds. Data sampling does not take Place when the
contents of a buffer are being written to a disk. For the first few
tests performed with the UBC SCP this created a problem since the

contents of a buffer were occasionally written to the disk at critical
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times during a test, Eg. at lift-off and during an unload-reload loop.
This problem was solved by creating a larger buffer and writing to the
disk at non-critical times.

Seismic shear waves are generated by striking a metal pad, weighted
to the ground, with a sledge hammer. Seismic wave traces are recorded by
a Nicolet 4094 digital oscilloscope with 16 bit analog to digital signal
resolution. This unit has very accurate timing capability and a trigger
delay capacity. Data is stored on floppy disks.

Two power supplies are needed for the probe : a 12 volt direct
current supply for the pressure developer motor and a +/- 15 volt direct

current power supply for the pressuremeter and cone electronics.

2.1.3 Test Procedures for the UBC_SCP

The calibration of strain arms using a micrometer and pressure
transducers using a dead-weight pressure tester was done regularly. A
typical strain arm calibration is shown in Fig. 2.5. Both the strain arm
and pressure transducer calibrations showed virtually no hysteresis or
non-linearity. The slope from a linear regression best fit line is used
to convert strain arm data to engineering units.

Before the beginning of each cone pressuremeter sounding, the probe
was placed in a 44 mm diameter steel split cylinder and =zeros or
reference voltage outputs for the pressure transducers and strain arms
were obtained. Zeros were found to be relatively stable when subject to
small temperature fluctuations. As an extra pPrecaution, the probe
temperature was allowed to come into equilibrium with the outside air

temperature. Since all tests included in this study took place between
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December and April, it is likely that the difference between the ground
and air temperature was less than 5 degrees Celsius.

The membrane correction curve was determined by inflating and
deflating the pressuremeter with the Chinese lantern attached in air
( Fig. 2.6 ). The probe was inflated at approximately the same rate as
subsequent tests iIn the ground. The shape of the membrane correction
curve was consistent with no apparent softening under prolonged use.
Furthermore, the correction curve was not altered when the maximum
strain achieved during expansion was changed. The membrane correction
expansion curve for cavity strains between O and 4 % is quite steep.
The steepness of the air inflation curve is a drawback when it is used
to correct pressuremeter tests since a small shift in zeros for the
strain arms will affect the shape of the corrected pressuremeter
expansion curve. This effect could be a contributing factor to the small
but prevalent bump found in pressure expansion curves at cavity strains
between 0 and 4 %. For cavity strains greater than 4 %, the pressure
increases only slightly. Unfortunately, a pressure correction of
approximately 50 kPa can be a significant proportion of the total
expansion pressures obtained during a test in soft cohesive soils at
shallow depths. In order to correct a pressuremeter test, the air
inflation and deflation curves were fitted using a hyperbolic equation
of the form :

€
P=Q + —— 2.1
a + be
The parameters a and b and the pressure axis intercept Q are found by

choosing 3 points from the pressure versus cavity strain curve. In
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general Q was close to zero for all membrane correction expansion
curves.

All pressuremeter tests performed with the UBC SCP probe were run
using a quasi-constant strain rate. An example of the cavity strain rate
during a representative test is shown in Fig. 2.7. A summary of the
strain rates used for all pressuremeter tests can be found in appendices

I through TII. A maximum cavity strain of 27 % can be achieved.

2.1.4 UBC SCP Compliance

The UBC SCP system compliance affects both pressure and strain
measurements and is caused primarily by compression of the lantern
strips, creep and compression of the membrane and air in the oil going
into solution. Figures 2.8a,b show the results of a pressuremeter test
run inside a 44 mm diameter steel split cylinder. A membrane correction
curve I1s also included in Fig. 2.8b for comparison purposes. Below
approximately .7 % cavity strain ( AR = .15 mm ), very little
compression of the lantern strips is taking place, a result of the probe
being slightly undersized. For strains greater than .7 &, a conéiderable
amount of lantern compression occurs. From pressuremeter expansions in
the steel cylinder without the lantern strips attached, it appears that
very little membrane compression occurs for pressures less than 500 kPa.

For a pressuremeter test performed in a saturated cohesive soil, it
is extremely difficult to assess the effect of lantern compression on a
pressuremeter test. It is likely that water will rapidly flow in behind
the lantern strips as expansion proceeds therefore making the compliance
of the lantern strips dependent on the effective stress state around the

pressuremeter. This is an important assumption since it is apparent from
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Fig. 2.8b that a pressure drop due to a change from total to effective
stresses could cause a significant reduction in compliance for pressures
less than approximately 200 kPa. If the compression of the lantern
strips are governed by effective stresses, the compliance will
approximately be constant for an undrained test in a cohesive soil.

The effect of air going into solution and membrane creep can be
observed by rapidly inflating the pressuremeter in the steel cylinder to
a set strain and then holding the strain constant. A rapid pressure
decrease is initially observed, the rate becoming slower with time. The
magnitude of the pressure decrease for a constant time period is
proportional to the initial pressure reached. The effects of air going
into solution and membrane creep are felt to be of minor importance for
the pressures reached during tests performed for this study.

Due to the complex and indeterminate nature of compliance, no
attempt was made to correct pressuremeter tests for compliance. A
pressuremeter design incorporating a pore pressure transducer on the
membrane would allow for a more accurate assessment of the effects of

compliance.

2.2 The Fugro CP

The prototype Fugro CP used for this study was built by Cambridge
In situ in conjunction with Fugro Geotechnical Engineers B.V. Figure 2.9
shows the components of the Fugro CP. Future versions of the cone

pressuremeter will use a 15 cm?

piezocone instead of a dummy cone. The
details of the pressuremeter component of the Fugro CP are shown in Fig.

2.10. The distance between the center of the membrane and the conical
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tip has a minimum value of 930 mm. This distance can be increased
through the use of spacers.

The outside diameter of the Fugro CP is 43.7 mm which corresponds
to the dimensions of an almost 15 cm2 cone. The L/D ratio is 10.3. The
pressuremeter measures the inflation pressures and the cavity strain or
radial displacement at 120 degree spacings using 3 strain arms. The
strain arms, which consist of a pivoted arm and strain gauged spring,
are similar in design to the ones used in the Cambridge SBPM . The
Pressure capability of the pressuremeter is 10 MPa while the cavity
strain capacity is 50 %. Nitrogen gas was used to inflate the probe with
tests being performed in a' quasi-strain controlled manner by steadily
turning the pressure regulator to maintain an approximately constant
inflation rate. Two regulators were used : a 14 - 826 kPa (2 - 120 psi)
regulator for softer soils and a 34 to 3100 kPa (5 - 450) psi regulator
for tests requiring a larger range.

The analog signals were amplified downhole and transmitted to the
surface through an electrical cable. Both the electrical cable and the
inflation hose were placed inside standard 20 tonne cone rods of 16 mm
inside diameter. The use of a XYY strip chart recorder allowed the
analog monitoring of strain and pressure. A 12 bit analog to digital
data translation board was added to a standard portable COMPAQ
microcomputer. Digital output was stored on floppy disks. A scanning
range of 0 to 1.25 V was used resulting in a resolution of close to 0.3
mV. The minimum time between data points was one second.

The pressure transducer and strain arms were calibrated using a
dead weight pressure tester and micrometer respectively. A typical

strain arm calibration is shown in Fig. 2.11. Since the strain arm data



MICROMETER DISTANCE ( mm )

25

FUGRO CP STRAIN ARM CALIBRATION
3.00 T T T T T T 1 ST
=] %k ARM 1 EXPANSION .
OOCCO ARM 1 CONTRACTION
—~| COOCOARM 2 EXPANSION -
A2AAA ARM 2 CONTRACTION
- 3 EXPANSION -
+H++ARM 3 CONTRACTION
2.00 — -
1.00 — =
LINEAR REGRESSION BEST FIT LINE
. ARM 1 DISTANCE = 8.700+QUTPUT - 0.3213
ARM 2 DISTANCE = 9.789«QUTPUT - 0.1387
- ARM 3 DISTANCE = 8.679sQUTPUT + 0.8333 ]
0.00 — T T T T T T T T T T
-0.10 0.00 0.10 0.20 0.30 0.40

TRANSDUCER OUTPUT {( Volts )

Fig. 2.11 :

Strain Arm Calibration for the Fugro CP



26

was converted using a linear regression best fit line, some error may
have been introduced due to the hysteresis and initial non-linearity.
Initial zeros were taken before each pressuremeter test. Pressuremeter
tests were corrected using a membrane correction curve similar to the
one shown in Fig. 2.12. For this particular correction curve the 1ift-
off pressure is 27 kPa and the maximum hysteresis is approximately 10
kPa. The membrane correction at 20 & radial displacement is
approximately 100 kPa which is twice as much as the correction obtained

with the UBC SCP.

2.3 The Hughes SBPM

The Hughes SBPM was built by Dr. J.M.O. Hughes and except for a few
mechanical differences 1is similar to the SBPM built by Cambridge In
Situ. The major difference is that the Hughes SBPM employs a Jetting
device to remove soil and advance the probe as opposed to the
traditional method of first cutting up the soil using a rotating cutter
and then flushing the soil to the surface.

Figure 2.13 shows how the Hughes SBPM Jetting system works. Water
or mud is pumped down the drill rods and out the jetting ports just
inside the cutting shoe. An advantage of this system is that the probe
can be inserted in to the soil using one rod as opposed to the double
rod system used with the Cambridge SBPM. A disadvantage with the jetting
system is that certain soils such as stiff or sticky soils will not
break up easily under water and therefore the flushing system will tend
to clog.

The Hughes SBPM has an outside diameter of 74 mm and a L/D ratio of

6. The total gas pressure inside the probe and pore pressures at two
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locations are measured using pressure transducers while the displacement
is measured by 3 strain arms at 120 degree spacings. The analog signals
are transmitted to the surface through an electrical cable.

Several different data acquisition systems and test procedures were
utilized with the Hughes SBPM. For tests performed at McDonald Farm, the
pressure and strain values were monitored using a digital volt meter
plugged into the control box. Using a XYY strip chart recorder
simultaneous analog plots of two of the three displacement sensors and
total pressure were also made. During a standard test the reading from
the pressure and strain sensors were recorded manually after each
increase in pressure. Using this procedure, the interval between
successive pressure increments was greater than 30 seconds which
resulted in an average test taking about half an hour to complete. This
corresponds to an average expansion cavity strain rate of roughly 10
$/min. Several quick tests were performed in which no manual reading
were taken. Instead the analog recordings from the strip chart were
later digitized. The quick test took about 2 minutes to perform
resulting an average expansion strain rate of roughly 1 %/min.

For tests performed at the Lulu Is.-UBC Pile Research Site (PRS),
the analog signals were amplified downhole and transmitted to the
surface using a time division multiplexed signal. Using this system 8
channels could be output every 1 second. The analog signals were
converted to digital output using a 8 bit A/D converter in the control
box. The digital output was simultaneously plotted on a microcomputer
computer screen and output to a floppy disk. Tests were performed in a
quasi-strain controlled manner by steadily turning the pressure

regulator to maintain an approximately steady inflation rate.
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All Hughes SBPM tests were performed using a lightweight drill rig
anchored into the ground. Such variables as Jetting pressure, velocity
of the jetting fluid, location of the jetting ports and the rate of
advance should be carefully monitored and controlled if possible. The
drilling parameters were monitored at McDonald Farm and are shown in

Table 2.1.

Table 2.1 : Test Depth and Drilling Parameters for the Hughes
SBPM at McDonald Farm ( adapted from Hughes,

1984 ).

[ I | I | l
] Depth | Rate of | Flow Rate | Mud Pump | Ram Force |
| | Penetration | | Pressure | |
[A, (m) ‘ ( m/min ) ' ( L/sec ) | ( kPa ) | ( kN ) l
I | [ | | |
| 16.75 | 1.0 | - | 160 | 6.4 |
| 17.75 | 0.3 | 0.47 | 830 | 8.5 |
| 18.76. | 0.5 | 0.2 | 1030 | 6.5

*
| 19.76% | 0.14 | 0.15 | 690 | 8.4 |
| 20.76 I 0.33 | 0.64 | 620 | 8.4 |

*
| 21.76% | 0.32 |  0.20 | 480 | 8.4 |
| 22.76. | 0.27 | o0.18 | 550 | 8.4 i

*
| 23.767 | 0.34 | 0.12 | 480 | 8.1 [
| 24.76 | 0.21 | 0.16 | 620 | 8.4 |
[ 25.76 I 0.17 l 0.17 | 480-690 I 8.4 |

" - Quick tests performed in approximately 2 minutes.
The jetting ports were set 10 mm behind the bottom of
cutting shoe for all tests.

No comparable records were kept for the tests at Lulu Is.-UBCPRS.
However, the mud pump pressure and ram force were periodically checked
to try to ensure that the insertion process was creating as little soil
disturbance as possible. Nevertheless, excessive mud pump pressures
and/or ram forces indicative of clogging of the SBPM cutting shoe

occurred several times each time forcing the probe to be retrieved for



31

cleaning. The fibrous organic nature of the soil at Lulu Is.-UBCPRS
appeared to make the self-boring process more susceptible to clogging.

A membrane correction curve similar to the one shown in Fig. 2.14
was used to correct all Hughes SBPM data. The applied pressure increases
monotonically as the strain increases and is subject to only a small

amount of hysteresis when unloaded..
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CHAPTER 3

TEST SITES AND FIELD PROGRAMME

3.1 Scope

The field programme was conducted at three soil sites in the Lower
Fraser Valley where cohesive soils predominate as located in Fig. 3.1.
The focus of this report is to present and interpret the results of FDPM
tests performed as part of a cone pressuremeter sounding. Whenever
possible, the FDPM test results have been compared to the following in

situ tests :

. Self-Boring Pressuremeter Test ( SBPMT )
Piezocone Penetration Test ( CPTU )

Down-hole Seismic Cone Penetration Test ( SCPT )
. Flat Dilatometer Test ( DMT )

Field Vane Test ( FVT )

nmewNn =

All tests included in this study except SBPM tests conducted at McDonald
Farm were performed by the UBC In Situ Testing Group. The SBPM tests at

McDonald Farm were conducted by Dr. J.M.O. Hughes.

3.2 ite Descriptions

3.2.1 McDonald Farm

McDonald Farm is located at the northern edge of Sea Island in the
municipality of Richmond. The island is contained by a system of dikes
to protect against flooding from the river. The site has a ground
elevation of 1.6 m ( Geodetic Datum ) and is reasonably level. The water
table is approximately 1 m below the ground surface and is subject to

tidal fluctuations.
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McDonald Farm is within the post-glacial Fraser River delta ( Fig.
3.1 ). The marine deltaic sediments of Sea Is. have been forming since
the retreat of the Fraser Glaciation ice sheets some 8000 - 10000 years
ago ( Blunden, 1975). The present thickness of the deltaic deposits are
roughly 200 m and have formed on basal layers undergoing 1isostatic
rebound at a rate which is greater than the post-glacial marine
transgression.

The surficial deposits of Sea Island consist of deltaic
distributary channel fill and overbank deposits which overlie post
glacial estuarine and marine sediments ( Armstrong, 1978)., A
representative CPTU profile.from McDonald Farm is presented in Fig 3.2.
The time for 50 & dissipation of pore pressure measured directly behind

a l0 cm2

area cone tip from several CPTU soundings is also included. The
findings in this report are limited to the clayey silt between 15 and 30
m. The cone bearing, q., in Fig 3.2 has been corrected for unequal end
area ratios ( Campanella and Robertson, 1981). Both the cone bearing and
pore pressure profiles increase 1linearly with depth suggesting a
normally consolidated soil.

The soil properties and in situ tests performed at McDonald Farm
are given in Tables 3.1 and 3.2. The location of the individual in situ
tests performed are included in appendix VI. The permeability value in
Table 3.1 was measured by a variable head inflow test using the BAT

Groundwater Monitoring System built by BAT Envitech Inc ( Petsonk,

1985 ).



UIBd PIBUOQON I 911Foiq NLJD Teordll '€ ‘913
W gggz 1 yadeg xoy W g20* ¢ jusweusu] ysdeg
104
o8¢ v - Tyt O [y—y—y——y—y 3 0€ :
_ _ ;
- ]
_ .
09t | {
ozi |
e
o HiS Asfoyy _
sH|  owuss |
oz
(SRS 02 | e La2 o2 + a2 Lo2 o
$8c m
Sz | o
6t 3
vor | T
* 1] _
51
Vo] ~
N WS suiog a
puog suly o
)
3
3 e
p
puos suy -1 ¢ ! o1 ¢ o1
ol ol ol —
puog ees00
sausq
0} es00
Ao Ky ‘ o
uofug yog M
0 Pyt ) —— e e a 0 v 0 ~——+(0
: 02- ¢ 3 g 0 001 0
(®) o1 3114084 WV/0V 0LV w N oq) 13 o9 (2308 4o W) ()
Q31 HIINT ‘d'd WIINIMIIII0  OLIVY NOILDTY4 SNIUV3E 3ND NOLIDINY 3A33T5 NSSINA Fu0d
193uBLWo] dd O1S 94 J8n *peen suoj ¥-S8d4W 1907 835 ug
1 /71 N eboy ‘€8/60/02 v @3apg 147 ¢ WYV4 O0YNOQOW wi0}30007 B3ig




37

Table 3.1 : Soil Properties at McDonald Farm

Specific Gravity
Natural Water Content (%)

Liquid Limit (%)

Plastic Limit (%)

Plasticity Index (%)
Sensitivity ( field vane )
Coef. of Consolidation (cm2/s)
( 2 oedometer tests )

Permeability (cm/s)
( 1 BAT inflow test @ 21.5 m )

Range
Average
Range
Average
Range
Average
Range
Average
Range
Average
Range
Average

2.8
23-40
34
25-42
35
22-25
24
3-20
15

2-7

5
0.012-0.018
0.015
4%10-7
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Table 3.2 In Situ Tests Performed at McDonald Farm

| | | | I
No. | In Situ Test | Name | In Situ | Date |
l | l Device I l
| | L | ! |
1 |Seismic Cone Pressuremeter | UBC SCP-1"_| UBC SCP | 27 JAN 87 |
2 | Cone Pressuremeter | FUGRO CP-1“ | FUGRO CP | 7 NOV 85 |
3 | Self-Boring Pressuremeter | SBPM-1 | SBPM | 18 oCT 83 |
4 | Piezocone Penetration | CPTU-1 | UBC 4 | 15 APR 81 |
5 | Piezocone Penetration | CPTU-2 | UBC 4 | 23 JULY 82 ]
6 | Piezocone Penetration | CPTU-3 | UBC 4 | 4 AUG 82 |
7 | Piezocone Penetration | CPTU-4 | UBC 6 | 26 JAN 84 ]
8 | Piezocone Penetration | CPTU-5 ] UBC 8 | 26 SEPT 85 |
9 | Piezocone Penetration | CPTU-6 | UBC 6 | 26 SEPT 85
10 | Piezocone Penetration | CPTU-7 | HOG SUPER | 25 SEPT 86 |
11 | Piezocone Penetration | CPTU-8 | UGBC 8 | 25 SEPT 88 |
12 | Seismic Cone Penetration | SCPT-1(Acc) | UBC 8 | 14 MAY 85 |
13 | Seismic Cone Penetration | SCPT-2(Geo) | UBC 6 | 17 OCT 85 |
14 | Seismic Cone Penetration | SCPT-3(Acc) | UBC 8 | 8 JAN 86 |
15 | Seismic Cone Penetration | SCPT-4(Acc) | UBC 8 | 16 OCT 86 |
16 | Seismic Cone Penetration | SCPT-5(Geo) | UBC 6 | 14 MAY 86 |
17 | Seismic Cone Penetration | SCPT-6(Geo) | HOG SUPER| 2 JULY 87 |
18 | Flat Dilatometer | DMT-1 | MARCHETTI | 14 MAY 80 |
19 | Flat Dilatometer | DMT-2 | MARCHETTI | 2 OCT 86 |
20 | Field Vane | FVT-1 | GEONOR | 27 SEPT 83 |
21 lField Vane ‘ FVT-2 |GEONOR l

I 29 SEPT 83

1 - No seismic or piezocone data obtained
2 - No piezocone data obtained

Acc = Accelerometer

Geo = Geophone

HOG SUPER = Hogentogler Super Cone

SBPM = Hughes SBPM

3.2.2 Lulu Island UBC Pile Research Site

The Lulu Is.-UBC Pile Research Site (PRS) is located at the eastern

end of Lulu Is. at the junction of Boundary and Dike Roads. A group of
six piles installed by the British Columbia Ministry of Transportation
and Highways have been used to study the axial and lateral load behavior
of piles at the UBCPRS. Davies ( 1987 ) presents the results of this
study. The gently sloping site is covered by 2 to 4 m of heterogeneous

£ill. This fill was removed and replaced with clean river sand in the





