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given on the last page of this report.
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A.W. Malone
Principal Government Geotechnical Engineer
August 1996



FOREWORD

This report documents two series of Rowe cell
consolidation tests completed by the Geotechnical Engineering
Office on Hong Kong clays.

Mr N.C. Evans carried out the first test series on a soft
marine clay using conventional step-loading tests. Dr Kai S. Ho
adopted the constant rate of strain (CRS) approach for the second
series of tests on a stiff alluvial clay from the Chek Lap Kok
airport site. Both worked under the guidance of Dr J. Premchitt
who led the preparation of this report.

The Provisional Airport Authority (PAA) provided the
stiff clay samples and requested the CRS tests to be conducted on
them. PAA's Mr R. Newman and Mr C. Covil made useful
technical suggestions during the testing. Mr Philip W.K. Chung
of the Public Works Central Laboratory assisted with the tests.
All three reviewed and commented on the draft report. Their
contributions are gratefully acknowledged.

w’g L —— " =
Y.C. Chan
Chief Geotechnical Engineer/Special Projects



ABSTRACT

It is often necessary to carry out special laboratory consolidation tests using techniques
other than the conventional oedometer testing for the design and construction of reclamation
and related projects. In response to this need, two series of Rowe cell consolidation tests
were conducted, on two common Hong Kong clays.

The first series was conducted in Phase [ work using soft marine clay obtained from
seabed near Soko Islands. A step-loading method was used throughout but drainage
conditions were varied to obtain both the coefficient of consolidation in the vertical direction
and that in the horizontal direction. The results showed that the coefficient of consolidation
in horizontal direction for the marine clay samples tested is significantly greater than the
coefficient in vertical direction.

The second series was conducted in Phase II work using stiff (alluvial) clay obtained
from the site at the new airport at Chek Lap Kok, at the request of the Provisional Airport
Authority. The tests were performed employing a Rowe cell which was controlled and
monitored by a computerised hydraulic loading system. Constant rate of strain (CRS) test
was carried out in this test series principally to determine preconsolidation pressure of the
clay. For comparison, small-step loading tests using conventional oedometer were also
conducted. For the seven samples tested, it was determined that six of them have low
preconsolidation pressures and they are basically normally consolidated. The other sample
was estimated to be significantly over-consolidated based on the CRS test results.

The tests indicated that the procedures for the Rowe cell are relatively straightforward,
and good results can be readily obtained from the tests. The CRS test offer several
advantages over conventional incremental loading test. The time required for a CRS test is
considerably less than the conventional test; the test results can be presented in a continuous
plot; and the smooth loading procedure reduces sample disturbances. The fully automated
Rowe cell system provides reliable and high quality test results, and the overall work is
efficient and cost effective.

For stiff clay such as alluvial clays, CRS test may be the only means to find definitive
values of preconsolidation pressure. The conventional test on such a clay often results in
quite a flat e-log(p) curve and estimation of preconsolidation pressure is uncertain. CRS test
is a standard option in many countries, such as USA, Norway and Sweden. Wider usage of
CRS test in Hong Kong will be beneficial.
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1. INTRODUCTION

The estimation of settlement of reclamation and other structures which have been built
over clay strata may require special laboratory testing which uses techniques other than the
standard oedometer testing. It is often necessary to determine coefficient of consolidation in
the horizontal direction rather than the normal vertical direction in conventional tests.
Accurate determination of preconsolidation pressures is also difficult to be made on the basis
of the data obtained from conventional tests particularly for some types of clay. As a result,
a number of special equipment and test procedures have been proposed overseas for such
special tests since early 1960s. This report describes the use of two of these techniques,
namely the conventional Rowe cell and the Constant Rate of Strain (CRS) methods, in two
series of consolidation tests to determine the necessary parameters for typical reclamation
projects in Hong Kong.

The coefficient of consolidation in horizontal direction is the parameter governing the
consolidation settlement of a clay layer with vertical drain installed, as the pore water flows
horizontally to the face of the vertical drain. It is known that the values of the coefficient in
horizontal direction are commonly greater than those in the vertical direction. To simulate
this condition, a special test is required where the load is applied vertically and drainage
flows horizontally. This is one of the features of the Rowe cell. In Hong Kong, the vertical
drains are mostly installed mto the marine clay and the first series of test was carried out on
this clay (obtained from soft marine clay layer below seabed near Soko Islands) using a Rowe
cell with drainage provided vertically as well as horizontally for comparison.

The compression of the deeper clay layers (usually the "alluvial clay’ in Hong Kong)
is often a significant contribution to the long term settlement of reclamation in Hong Kong,
whether they were formed by draining or removing the marine clay. It is relatively difficult
to predict the settlement in deep clay layers due to limited data available for this type of soil
in Hong Kong. One of the important parameters needed for settlement prediction is the
preconsolidation pressure (p.'). The clay is stiff and the e-log(p) curves obtained from
conventional tests are quite flat making it hard to determine a reasonably accurate value of
the preconsolidation pressure. The deep clay may also consist of many strata ("crust” and
normal below "crust") with different values of Overconsolidation Ratio (OCR) and p.'. For
this reason, CRS tests were carried out as the second test series in this study, at the request
of the Provisional Airport Authority (PAA), using the clay samples obtained from the new
airport site at Chek Lap Kok at approximate elevations of -19 to -27 mPD. CRS tests require
special loading system, and automatic recording of data is preferred. These were achieved
by deploying the existing computerised digitally controlled and recording system in the
Geotechnical Engineering Office (GEO) to connect up with the Rowe cell. This was the only
suitable system of this type in Hong Kong at the time. For comparison, small-step loading
tests using conventional oedometer were also conducted. Summary of results was provided
to PAA in January 1995.

This report documents relevant details of the work for future reference. The
background to the tests is outlined and the principles of Rowe cell tests are briefly discussed.
The characteristics of the two Rowe cells and the automatic loading system used in this study
are then described. The basic properties of the soil samples used are given, and the sample
preparation and testing procedures are explained. The test results are presented and the
interpretation procedures are described.



2. BACKGROUND
2.1 Rowe Cell

The Rowe cell was developed at Manchester University, UK, by Professor P.W. Rowe
(Rowe & Barden, 1966). A detailed description of the principles and practice of Rowe cell
testing is given in Head (1985).

In the Rowe cell, the test sample is loaded hydraulically by water pressure acting on
a flexible diaphragm. Drainage of the sample can be controlled and pore water pressure
measured. Back pressure can be applied to simulate the in situ condition, whilst the
conventional oedometer cannot provide such back pressure. The application of hydraulic
pressure and measurement of the variation of pore water pressure and volume change of the
sample can either be handled by a conventional pressure panel or by an automatic system.

Several drainage conditions are possible, allowing a variety of test types to be
performed. Rowe cells are available in different nominal diameters as follows: 76 mm, 150
mm and 250 mm. The basic configuration of the Rowe cell is shown in Figure 1. The
different types of test and drainage conditions are illustrated schematically in Figure 2.

Head (1985) summarised the advantages of the Rowe cell over traditional oedometers
as follows:

(a) Minimum vibration effects.

(b) Application of pressures of up to 1,000 kPa.
(c) Negligible deformations of the loading system.
(d) Control of various sample drainage conditions.
(e} Measurement of pore water pressure.

(f) Measurement of the volume of water expelled from the
sample.

(g) Saturation of sample under back pressure condition.
(h) Application of back pressure to simulate in situ condition.

(i) Variation of load conditions between "equal strain" (rigid
platen) and "free strain" (flexible platen).

(3) Control of loading condition.,

Eight different types of drainage and load conditions can be applied in the Rowe cell,
as follows:

() Free strain, vertical single drainage - Figure 2(a).
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(b) Equal strain, vertical single drainage - Figure 2(b).

(¢) Free strain, vertical double drainage - no pore pressure
measurement Figure 2(c).

(d) Equal strain, vertical double drainage - no pore pressure
measurement Figure 2(d).

{(e) Free strain, horizontal outward drainage - requires Rowe
cell to have a peripheral porous rim drain - Figure 2(c).

(f) Equal strain, horizontal outward drainage - requires Rowe
cell to have a peripheral porous rim drain - Figure 2(f).

(g) Free strain, horizontal inward drainage - requires Rowe cell
to have a central cylindrical porous drain - Figure 2(g).

(h) Equal strain, horizontal inward drainage - requires Rowe
cell to have a central cylindrical porous drain - Figure 2(h).

Head (1985) provided the following comments regarding the choice of test type:

(a) For the determination of ¢,, the most usual test is free
strain, vertical single drainage.

(b) Equal strain, vertical single drainage, is the type of test
most analogous to traditional oedometer testing.

(¢) For the determination of ¢,, the preferred test is free strain,
horizontal outward drainage.

(d) Horizontal outward drainage tests theoretically drain nine
times more quickly than horizontal inward drainage tests.

There are other factors that should be considered when selecting the test type. Head
(1985) noted that the decrease in sample volume during equal strain tests can be determined
both by vertical displacement (as in traditional oedometer tests) and by measurement of the
volume of water drained from the sample. For free strain tests the volume decrease cannot
be determined from the vertical displacement.

Rowe and Barden (1966) also noted that a flexible platen and a uniformly distributed
load (free strain) offer the advantage of localising the effects of side friction and of providing
a greater knowledge of the total stress acting on the major part of the sample. Horizontal
drainage using a rigid plate (equal strain) can give an uneven distribution of stresses across
the sample as a result of initial rapid dissipation of pore pressure adjacent to the central or
peripheral drains (Head, 1985).

In Hong Kong, Rowe cell consolidation tests have not been commonly carried out.
Much of the available data are related to the work for the new airport at Chek Lap Kok.
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Such Rowe cell tests have been carried out at various times since early 1980s up to now.
Of the limited number of tests that have been done, it is relevant to note the results obtained
for marine clay at Chek Lap Kok Test Embankment site reported in CESD (1986). Three
values of coefficient of consolidation in horizontal direction, 2.0, 4.4 and 8.2 sq m/yr were
obtained from Rowe cell tests in comparison with the values for vertical direction of 0.7 to
1.4 sq m/yr. The ratio of these two parameter was about 3 to 6. Recent work under the
direction of the PAA include determination of ¢, values from dissipation tests during Cone
Penetration Tests (CPT) and from back calculation using field measurement results.

2.2  Constant Rate of Strain Tests

The CRS test was first described by Hamilton and Crawford (1959) as a rapid means
of determining preconsolidation pressure (p.'). This parameter was originally defined by
Casagrande in 1930s who correlated it to the change in slope of the curve in the e - log(p)
plot. Practically, engineers are interested in this threshold beyond which relatively large
deformation can take place. There are disadvantages associated with using the e - log(p)
curve from conventional oedometer tests to determine p,', including (Leroueil et al, 1983a):

(a) Test results are widely spaced making it difficult to draw
e - log(p) curve and estimate p,'.

(b) Step loading is applied every 24 hours and the amount of
secondary compression varies with each loading and soil
sample.

(¢) One to two weeks are required to complete the test.

The CRS test can overcome these problems. The load is applied continuously while
keeping the rate of strain constant, so continuous record of stress and deformation can be
made. With suitable choice of strain rate, there is little secondary compression and the test
can be completed in a few days.

Theoretical solutions have been established to allow proper determination of soil
parameters, such as coefficient of consolidation (c,) and coefficient of volume compressibility
(m,), from the test results. Approximate solution was given by Smith & Wahls (1969) and
a rigorous solution based on small strain theories was provided by Wissa et al (1971).
Subsequently a number of solutions based on large strain theories were published. These
were reviewed in Lee et al (1993).

A noteworthy series of CRS tests was reported by Gorman et al (1978). The tests
were conducted on samples from three sites, and the results of CRS tests were compared with
those obtained from conventional oedometer tests and controlled hydraulic gradient tests
(Section 3.2). The CRS test results showed a clear break in the rise of pore pressure when
applied effective stress exceeded p,, Figure 3. Therefore p,' can be readily identified from
the u - log(p) curve obtained from CRS tests. It was concluded that the results were
comparable for all three types of test but CRS required the least time (average 1.9 days) and
was the least difficult to perform.
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From these test results, Gorman et al also concluded that a considerable range of strain
rates could be used in CRS tests without significant difference in results. They provided
some guidance on the selection of strain rate on the basis of liquid limits, with values of the
order of 0.01 - 0.005 %/min. With regard to the estimation of c,, they cautioned that at
pressures below p,' very little or no pore pressure is generated. Therefore the estimated c,
values are erratic and too high, and the values in this pressure range may not be valid.

A number of laboratory consolidation test series, using various test methods, and back
analyses of case histories were conducted by Leroueil and his colleagues (Leroueil et al,
1983a&b, Morin et al, 1983), in order to compare p,’ estimated from these laboratory tests
with those estimated from monitoring records of actual earth structures. There were
variations of estimated p,' with the strain rate used in laboratory tests, and there were
differences between laboratory and field estimated values. For normally consolidated or
slightly overconsolidated clay, these deviations were opposite and tended to cancel out. It
was finally concluded by Leroueil (1983b) that p,' is preferably determined from CRS tests
rather than any other types of test. Further discussion on CRS tests and comparison of results
with conventional and other tests may be found in Leroueil et al (1985) and Leroueil (1988).

A recent work by Lee et al (1993) provided detailed estimation of variation of
parameters within the test specimen. They also proposed a criterion for strain rate selection.
Three series of CRS tests were carried out using undisturbed and reconstituted soft marine
clay samples. The main conclusions were that detailed information can be obtained by
comparing estimated parameters at different parts of a test specimen, and that the rate of test
should have an upper bound 8 value of 0.1, where 3 = rh,’/c,, r = strain rate and h, =
initial sample height. However, the criterion needs an estimate of c, value before the test.
Also, for relatively thin specimen used in this study detailed estimation of parameters on
different parts may not be fruitful.

Because of its many advantages, the CRS test has now been a standard option in many
countries for determination of consolidation properties of clay. It has been adopted by the
Swedish Geotechnical Institute, the Norwegian Geotechnical Institute, the French Laboratoires
des Ponts et Chaussees, and the American Society for Testing and Materials (ASTM)(Lee et
al, 1993). The test was described in adequate detail in Head (1985), which was based largely
on ASTM test method no. D 4186-82. Head suggested that preconsolidation pressure may
be estimated from the break in curve of €, ¢,, D (=1/m,), and u plotted against log(p), see
Figure 4. Figure 4c shows possible different results if very different strain rates (r) are used.

The values of ¢, and m, can be calculated using Wissa et al (1971) solutions as
follows:

5p' H?
= () X (—.
“ ( ot ) (2Au)

r X ot

loge(&) Xp'

1
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where p' = effective applied stress
t = time
op' and 6t are increments during a time interval
H = mean height of sample during 6t

Au = excess pore water pressure
r = strain rate _
pi. . = total applied stress at the start and end of time interval 6t

The CRS tests in this study followed the procedures for conducting the test and
interpreting the results as outlined by Head. There were no published results of any previous
CRS tests in Hong Kong before 1994, when the PAA initiated a programme for this type of
tests on soil obtained from the new airport at Chek Lap Kok.

3. TEST EQUIPMENT AND CALIBRATION

In the Phase 1 tests, the test equipment includes a Rowe cell, pore water pressure
transducer and readout unit, dial gauge, volume change measurement device and a
compressed air system for pressure application (Plate 1). The test equipment set-up allows
the application of step loading, and monitoring of pore pressure variation and settlement
during consolidation.

The GDS consolidation testing system for the Phase II tests consists of a Rowe cell,
pore water pressure transducer, two digital controllers, transducer interface, system controller
card and desktop computer (Plate 2, Figures 5 and 6). This system enables the automation
of test control, application of continuous loading, data logging, data reduction and on-line
screen graphics.

3.1 Rowe Cell

Two 76 mm nominal diameter (3") Rowe cells, Cell A and Cell B, have been studied.
Cell A (Plates 3a and 3b) was supplied by Arnfield Engineering, UK. This cell has an
internal diameter of 76.2 mm and it can accommodate a sample height of 25 mm. This Rowe
cell does not provide for a peripheral porous rim drain and therefore cannot perform
horizontal outward drainage test.

Cell B (Plates 4a and 4b) was obtained from ELE International, UK. This Rowe cell
incorporates a rim drain and can therefore carry out the full range of tests as outline in
Section 2.1. The internal diameter of this cell is 75.7 mm, reducing to 72.7 mm when the
peripheral drainage layer is inserted for horizontal outward drainage test. Maximum sample
height is 30 mm.

3.2 Automatic System

The automatic consolidation testing system was supplied by GDS Instrument Ltd. The
system provides personal computer automation of test control, data logging, data reduction
and on-line screen graphics. As shown in Plate 2 and Figure 5, the test cell is linked to a
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digital controller for back pressure and measurement of volume change and another digital
controller for axial stress application. The controller may have one of the two available
capacities, 200 cm® and 2000 cm?, and both can sustain a maximum pressure of 2 MPa. The
two digital controllers are in turn connected by cables to the personal computer. The pore
water pressure variation is measured by a pore pressure transducer mounted on the cell and
linked to the computer through a digital pressure interface (DPI). The system is driven by
a software "GDSCTS Version 3.1".

Average axial stress is computed from the pressure applied to the top membrane by
the axial stress controller. This stress is automatically corrected for the area of the top
drainage tube passing through the top of the Rowe cell. Axial deformation is computed from
the volume change of the back pressure controller or from volume change of the axial stress
controller. Additionally, axial deformation can also be measured directly by a digital gauge.

The following tests can be carried out using the above software:
(a) Conventional step loading.
(b) Constant rate of strain (CRS).
(c) Constant rate of loading.
(d) Controlled hydraulic gradient.
(e) Swelling pressure.
(f) Cyclic loading.

The tests can be readily carried out employing this easy to use software. Continuous
loading, i.e. constant rate of strain, constant rate of loading, controlled hydraulic gradient,
consolidation tests can be performed using this system. The continuous loading consolidation
testing causes the pore water to flow into or out of the test specimen at a more or less steady
rate. This is in direct contrast to the conventional step loading test where the hydraulic
gradient causing the flow is itself reduced by the flow thus giving rise to the decaying flow
rate.

Another major feature of the system is the digital controller. As shown in Plate 2 and
Figure 6, the digital controller is a microprocessor controlled hydraulic pump for the precise
regulation and measurement of water pressure and water volume change. The volumetric
capacity is 200 cm® or 2000 cm’ and the pressure range is 0-2000 kPa. Pressure
measurement is resolved to within 0.2 kPa and the pressure is controlled with deviations less
than 0.5 kPa.

The principles of operation of the digital controller are shown schematically in
Figure 6. De-aired water in a cylinder is pressurised and displaced by a piston pump using
a stepper motor. The pressure is detected by means of a solid state pressure transducer.
Control mechanism is built into the programmable memory to activate the controller either
to adjust to achieve a target pressure or to change to attain a target volume change. Volume
change is measured by counting the steps of the stepper motor. The pump was constructed
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such that one step of the motor will cause a volume change of 1 mm>.

In stand alone mode, the digital controller can perform one or more functions of a
general purpose constant pressure source, a volume change gauge, a pore pressure measuring
system, a flow pump and a digital pipette. As a constant pressure source, it can be used to
replace mercury column, compressed air, pumped oil or dead weight devices. It can be
programmed through its own control panel to ramp and change pressure or volume linearly
with respect to time. In computer control mode it is a computer peripheral receiving control
signals via the standard IEEE-488 computer interface.

3.3 Calibration of Rowe Cell

3.3.1 Trapped Water Calibration

The volume of water trapped between the side of the diaphragm and the Rowe cell
wall, and the time required for its removal through the rim drain valve, have been measured
at various applied effective stresses. These data provide a guide to the time required to drain
off the surplus water at each effective stress before starting the next loading step. The results
of this calibration are given in Table 1. The details of the procedure are as follows:

The Rowe cell was set up with several porous plastic plates (spacers) placed inside to
simulate a test specimen. The cell was then filled with water and it was ensured that there
was no air trapped inside. The diaphragm stem was set to rest on the porous plates.
Diaphragm pressures were applied in stages as shown in Table 1. The rim drain valve was
opened to allow drainage of water to a measuring cylinder. The volume of water expelled
and the time for completion were then recorded. On completion of all diaphragm pressure
increments, pressure was released and the diaphragm and cell pressure valves were opened
to a common water tank such that the diaphragm recovered its original state. The above steps
were then repeated twice to give average values which are presented in Table 1.

3.3.2 Diaphragm Load Calibration

The force exerted by the diaphragm on a soil sample may be less than that calculated
from the hydraulic pressure and cross-sectional area of the Rowe cell, due to diaphragm
stiffness and wall friction. The difference between actual and calculated forces has been
determined for both Rowe cells, at various applied pressures using a variation of trapped
water test set up above. The results of this calibration are given in Table 2. The details of
the procedure are as follows:

A pressure transducer was connected to the diaphragm and another pressure transducer
was connected to the pore water pressure measuring point at the cell base. Both transducers
were adjusted to indicate the same readings when subject to the same initial pressure. The
diaphragm and cell were filled with water to ensure there was no air trapped inside. Soft
porous spacers were placed inside the cell to simulate a sample. All the drainage valves were
closed. A pressure of 600 kPa was gradually introduced into the diaphragm and then
released. The transducers were checked to ensure that both still indicated the same value.
Diaphragm pressures from 50 kPa to 800 kPa, at 50 kPa increments, were then applied and
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the reaction pressure at the base was recorded. Several trials were performed and an average
value was taken as shown in Table 2.

4. TEST PROCEDURES AND RESULTS
4.1 Sample Preparation

Specimens for the present Rowe cells cannot be prepared from 76 mm diameter tube
or piston samples, as the actual diameter of these samples is inevitably less than 76 mm.
They must be prepared from 100 mm tube or piston samples. Specimen' preparation
techniques for the two Rowe cells are slightly different and they are discussed below.

For Cell A, the cell was modified previously to improve handling. A cutting ring of
25 mm height and 76.2 mm internal diameter was constructed and the internal wall of the cell
body was machined to provide space to accept the ring. The cutting ring is pushed into the
soil sample, and the excess is trimmed off as for a conventional oedometer cutting ring. The
ring containing the trimmed specimen is inserted into the cell body. Plates 5 and 6 show the
system. Due to this modification, very high pressure testing should not be carried out in this
Rowe cell.

For Cell B, the required specimen is prepared by means of specially constructed
cutting shoes which are bolted to the cell body. The cell/cutting shoe assembly is then
mounted in a sample extrusion frame and the soil sample is extruded from the tube or piston
liner directly into the cell body, in accordance with the recommendations contained in the
ELE Operating Instructions. Two sizes of cutting ring assembly have been prepared for
producing samples of 72.7 mm and 75.7 mm diameter (for horizontal outward drainage and
vertical drainage tests respectively). The cutting shoe assembly for producing 72.7 mm
diameter samples is identified by red marks. Plate 7 illustrates the cutting shoe assemblies
and Plate 8 shows one of the cutting shoe assemblies bolted to the cell body.

For both cells, the specimen at the base of the cell was carefully trimmed with a wire
saw, after it has been placed in the cell body. De-aired water was spread over the base of
the cell and the cell body (with soil specimen) was placed on the cell base and bolted to it.
After the cell body and base were bolted, the specimen was carefully trimmed to the required
thickness at the top. The whole cell was then flooded with de-aired water. The diaphragm
and the lid were then securely bolted. The diaphragm was filled with de-aired water and a
small bedding pressure was applied to allow for the priming of the system while draining
against zero back-pressure. The specimen was then saturated by the common saturation
procedures under a specified back pressure to a "B" value greater than 0.97.

Step-loading tests were carried out in the Phase I tests using both Rowe cells. CRS
tests were carried out in the Phase II Tests using cell B only. The test procedures are
described in detail in BS1377:Part 6 (1990b) for step-loading tests using Rowe cell, and in
Head (1985) for both step-loading and CRS tests. The Phase II tests were controlled and
monitored by the automatic system with the procedures as described in the manufacturer's
operation manuals (GDS, 1992a and b).
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4.2 Phase 1 Tests
4.2.1 Sample Characteristics

The specimens were obtained from a 100 mm diameter piston sample from borehole
no. SKMD 2/20 of the Fill Management Study advance marine site investigation in the seabed
near the Soko Islands.

The sample was obtained at depth of about 17-18 m. The stratum sampled comprised
soft to firm, dark greenish grey slightly sandy marine silt/clay, with traces of shell fragments.
The log of borehole SKMD 2/20 is presented in Appendix A.

Standard classification tests were carried out on the sample. The material is a silty
clay with 34 % to 39 % clay content. Atterberg limits are : liquid limit 44 %, plastic limit
22 %, plasticity index 22 %. Specific gravity was measured at 2.69. Natural moisture
contents were measured for each consolidation test and ranged from 50.4 % to 62.0 %, with
an average value of 54.6 %.

4.2.2 Test Schedule

The schedule of tests is shown in Table 3. All the tests in Phase I were conducted at
the Public Works Central Laboratory. Four tests were performed, one using Cell A and three
using Cell B. The first pair of tests compared results from similar samples in the two cells
using free strain, vertical drainage conditions. The second pair of tests compared free strain
and equal strain conditions under lateral drainage (horizontal, outwards) in Cell B, using
specimens from the same piston sample.

The specimens were saturated under a back-pressure of 200 kPa prior to loading, and
the 200 kPa back pressure was maintained during the testing. Diaphragm loads of 220, 240,
280, 360 and 520 kPa (step loading) were used for the tests, giving effective pressures of 20,
40, 80, 160 and 320 kPa.

4.2.3 Test Results

For Phase I tests readings were taken at time zero, and at intervals commencing with
0.25 minutes, increasing as consolidation proceeded. The data output allowed plots of pore
pressure, volume change and vertical settlement against time to be prepared for each
load/unload stage. The data were interpreted in accordance with the recommendations
contained in Head (1985) and in the ELE Operating Instructions. The time parameters to be
used in the plots for the different test types are as follows:

(a) Free strain, vertical drainage; use +/t.

(b) Free strain, lateral drainage; use (£)**®.

(c) Equal strain, lateral drainage; use +/t.



- 18 -

From the test results, it is apparent that pore pressure dissipation during loading stages
was rapid, due to the sandy/silty nature of the material being tested. For this reason the
estimation of consolidation times was based on the plots of volume change for these Phase
I tests. In practice the volume change plots were found to be most useful as difficulties were
experienced with axial strain measurements at low effective stresses.

The plots of volume change versus appropriate time parameter are presented in
Appendix C. A summary of the calculated values of ¢,, ¢, and m, is given in Table 4.
These were estimated from time-volume change relationship and use ty,. It can be seen that
the ratio ¢,/c, is of the order of 3 or 4, i.e. the coefficient of consolidation in horizontal
direction is about three to four times that in vertical direction.

4.3 Phase II Tests
4.3.1 Sample Characteristics

Six 100 mm diameter piston (P100) samples were collected from boreholes 519B08,
519B09 and 519B12, at the Chek Lap Kok airport site. The boreholes were drilled soon after
dredging of the marine clay and completion of filling. Borehole logs are attached in
Appendix C. Table 5 summarizes the soil samples received for testing.

As described in the borehole logs, the samples tested are in general firm to stiff grey
clayey silt (alluvium) with trace of sand to some sand. As shown in Table 6, the moisture
content of the soil samples tested vary from 20 % to 57 % with the measured bulk unit
weight ranging from 17 kN/m’ to 20 kN/m®. The average liquid limit and plastic limit are
about 50 % and 25 %, respectively.

4.3.2 Test Schedule

Seven constant rate of strain (CRS) consolidation tests were carried out using a
computer controlled hydraulic loading system in Engineer's Laboratory, Civil Engineering
Building. In addition, seven small step loading consolidation (OED) tests were carried out
by the Public Works Central Laboratory using the conventional oedometer. Table 6
summarizes the schedule of testing.

For the CRS tests, only the equal strain, vertical single drainage condition were used.
The specimens were saturated under a back pressure similar to the in situ hydrostatic
pressure. The strain rate used was 0.01 %/min. This was selected following the
recommendation of Head (1985) on the basis of the relationship between acceptable strain rate
and liquid limit. To examine the sensitivity of test results to the strain rate, three tests with
strain rates of 0.005, 0.01 and 0.1 %/min (numbered TRIAL-1, -2 & -3) were carried out
at the beginning of the test series. Additionally, two repeat tests were conducted, numbered
CRS-2a and CRS-5a, to examine repeatability of the tests and to confirm the test results. The
control programme was set so that the test will terminate when total applied pressure reached
1200 kPa. For strain rate of 0.01 %/min, this took about 3 days in comparison with more
than a week for conventional tests.
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In the small step loading consolidation test, the loading sequence for each sample
tested was: 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 200 and 400 kPa. A new loading
step was applied after completion of primary consolidation due to the previous loading.

4.3.3 Test Results

The consolidation curves for the CRS and OED tests for all the samples tested are
given in Appendices D and E, respectively. The curves for ¢, and D were calculated from
other measured parameters, as discussed in Section 2.2. Readings were taken at short
intervals and as a result the calculated values of these two parameters were occasionally
subject to short term fluctuations, particularly where the dividing term was very small.
Therefore where necessary the plots were drawn on the basis of moving 10-point average for
these two parameters. For c,, the calculation was made when excess pore pressurc was
greater than 3 kPa, as recommended by Head (1985). This is to avoid the errors due to the
division by a very small number (value of excess pore pressure). The test results are also
sumnmarized in Table 6.

Examples of test results are given in Figures 7 & 8. These show the plot of void
ratio, excess pore water pressure, coefficient of consolidation and constrained modulus against
the logarithm of applied effective stress. For these examples, a clear break in the curves can
be seen, and estimation
of preconsolidation pressure can be made according to Head (1985), see also Figure 4. At
this pressure, the pore pressure and constrained modulus (1/m,) began to rise rapidly, whilst
¢, dropped from a high to a low value. The sample for CRS-5a was found to be
significantly overconsolidated. The D - log(p) curve showed rising D value at low pressures
but in the vicinity of preconsolidation pressure, comsiderable variations occurred, see
Figure 8. This behaviour was not found in other samples, except the TRIAL series, see
Figure 9..

Figure 9 provides comparison of tests results obtained at three different strain rates.
All three produced similar trends for ¢, and D plots. The differences in the e plots are due
to different initial void ratios, but the break in the curves still occurred at about the same
pressure. The tests at 0.005 and 0.01 %/min produced similar pore pressures but the one at
0.1 %/min generated much higher pore pressure. Therefore the strain rates within the
adopted range would still produce similar satisfactory results except for pore pressure at
0.1 %/min. Tt can be seen that rates higher than 0.1 %/min will produce too high pore
pressures for meaningful interpretation whilst those much lower than 0.005 % may not
generate any pore pressure. However, some small deviations in the strain rate in the vicinity
of 0.01 % should still give satisfactory results. For the range of c, of this clay, it was found
that the criterion for the upper limit of strain rate, 8 < 0.1 as defined by Lee et al (1993)
and reviewed in Section 2.2 above, was also satisfied.

Figure 10 shows the results of a set of repeat tests carried out on two samples which
were only 0.3 m apart in depth at the same borehole and the using the same strain rate.
There is a good similarity in the parameters obtained, in particular the constrained modulus.
The results demonstrate that the test is repeatable and the derived preconsolidation pressure
does not vary between tests.
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The pre-consolidation pressure (p,') as shown in Table 6 is estimated using different
plots of consolidation curves. For the CRS test, the curves of e-log(p) and Au-log(p) plots
are used to estimate p.'. This was determined from the point of intersection of the
extrapolations of the two straight portions of the curves. Some variation in the estimated
value may occur in this relatively subjective procedure. It can be seen from the test results
that the e-log(p) curves for sample CRS-1 and CRS-3 are too flat for a reasonable estimation
of p.'. It is also noted that the p,' of CRS-2 estimated from the e-log(p) curve is different
from that estimated from the Au-log(p) curve. For samples CRS-4, CRS-5, CRS-6 and
CRS-7, the values of the estimated p,' using e-log(p) curves are consistent with those
estimated using Au-log(p) curves.

For the OED test, the curves of e-log(p) and c,-log(p) plots are used to estimate p,'.
Tt can be seen from the test results that the c,-log(p) curve for samples OED-5 and OED-6
are too flat for a recasonable interpretation of p,'. It is also noted that the p.' values using the
e-log(p) curves are in general lower than those estimated from the c,-log(p) curves.

It is observed from the test results that, for the sample tested, the soil is normally
consolidated to slightly over-consolidated (except for only one sample CRS-5). Sample
CRS-5 has a relatively high p.' of 320 kPa indicating that the soil is significantly over-
consolidated, with OCR about 3 to 4.

5. CONCLUSIONS

This study indicates that the test procedures for the Rowe cell are relatively
straightforward, and good results can be readily obtained from the tests. The derived
parameters at applied pressures between loading steps cannot be determined by the
conventional tests. The interpretation of the test results required more effort than for standard
oedometer testing, due to the greater number of parameters measured and differences in
analytical techniques for the different loading and drainage conditions. However, the
measurement of more parameters allows cross-checking of results to detect any anomaly. For
consistency, it is suggested that the test data be interpreted as given by Head (1985) and ELE
Operating Instruction.

Based on the Phase I test results, it can be concluded that the coefficient of
consolidation in horizontal direction for the marine clay samples tested is significantly greater
than the coefficient in vertical direction.

The Phase II tests show that, with the aid of the computer controlled hydraulic loading
system, constant rate of strain (CRS) tests in a Rowe cell can be readily performed. The
CRS test offers several advantages over conventional incremental loading test. The time
required for a CRS test is considerably less than conventional test, and the test results can be
presented in a continuous plot. More importantly, the smooth loading process is also
favourable to reduce sample disturbance. The computer controlled hydraulic loading system
provides reliable and high quality test results. As the system is fully automatic, the
laboratory work is efficient and cost effective.

For stiffer clay, u-log(p) plots obtained from CRS test provide a clear indication of
preconsolidation pressure. In contrast, the conventional test on such a clay commonly results
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in quite a flat e-log(p) curve and estimation of preconsolidation pressure is uncertain.

On the basis of the results from the tests conducted on seven stiff clay samples
obtained from the site at new airport at Chek Lap Kok, it was determined that six of them
have low preconsolidation pressures and they are basically normally consolidated. The other
sample was estimated to be significantly over-consolidated.

CRS test is a standard option in many countries, such as the USA, Norway and
Sweden.. Wider usage of CRS test in Hong Kong will be beneficial.
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Table 1 - Trapped Water (Rim Drain) Calibration Results

Diaphragm Cell A Cell B
Volume . Volume .
Pr(c;.(slf:)r c Change r(rnlﬁ;e) Change (I;EES
(ml) (ml)

0 0 - 0 3.5

20 26.1 3.5 31.2 1.0
50 27.1 0.5 38.5 0.5
100 27.7 0.2 39.8 0.2
200 28.2 0.2 41.2 0.2
300 28.4 0.2 42.9 0.2
400 28.5 0.2 44.3 0.2
500 28.6 0.2 45.4 0.2
600 28.7 0.2 46.0 0.2
700 28.7 --- 46.7 0.2
800 28.7 - 47.5 0.2
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Table 2 - Diaphragm Load Calibration Results

Diaphragm Cell A Cell B
Pressure Reactionary Percentage Reactionary Percentage
(kPa) Pressure (kPa) | Error (%) Pressure (kPa) Error (%)
50 50 0 50 0
100 99 -1.0 99 -1.0
150 148 -1.3 148 -1.3
200 198 -1.0 198 -1.0
250 247 -1.2 246 -1.6
300 296 -1.3 295 -1.7
350 345 -1.4 344 -1.7
400 304 -1.5 303 -1.8
450 444 -1.3 442 -1.8
500 493 -1.4 491 -1.8
550 543 -1.3 540 -1.8
600 592 -1.3 589 -1.8
650 642 -1.2 638 -1.8
700 690 -1.4 687 -1.9
750 740 -1.3 736 -1.9
800 790 -1.3 785 -1.9
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Table 3 - Schedule of Phase I Tests

Test Type Samole Denth
Test No. | Cell Strain Dratnage Borehole R
Condition

2A B free strain vertical SKMD 2/20 17 - 18

2B A free strain vertical SKMD 2/20 17 - 18

3A B free strain lateral SEMD 2/20 17 - 18

3B B equal strain lateral SKMD 2/20 17 - 18
Note: Test no. 1 is excluded due to large inclusion of shell fragments in the soil

sample.

Table 4 - Summary of Test Results for Phase I Tests

Test Type @
Test | Sample Depth yp Average | Average
Strain . Celi m, ¢, Or ¢,
No. (m) " Drainage (m*’MN) | (m*year)
Condition Y
2A 17.74 - 17.99 free strain vertical B 1.22 2.6
2B 17.49 - 17.59 free strain vertical A 1.04 4.6
3A 17.69 - 17.74 free strain lateral B 1.61 10.6
3B | 17.34 - 17.49 | equal strain lateral B 0.98 13.3

Notes : (1) Test no.1 is excluded because of large inclusion of shell fragments in the
soil sample.
(2) Average for pressure range 80-320 kPa estimated from volume change
curves.
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Table 5 - Summary of Soil Samples Received for Phase II Tests

Borehole Sample Depth Reduced Level
No. No. (m) (mPD)
519B08 20 31.0-32.0 -23.22 to0 -24.22
519B08 24 34.0-35.0 -26.22 to0 -27.22
519B09 19 29.5-30.5 -21.50 to -22.50
519B0S 23 32.5-33.5 -24.50 to -25.50
519B12 i3 27.0-28.0 -20.83 to -21.83
519B12 17 30.5-31.5 -24.33 to -25.33
TBM15 — 10.4 -11.9
TBM135 --- 10.3 -11.8
TBM15 - 10.1 -11.6

Note :

Sample type: 100 mm diameter piston tube sample.




Table 6 - Summary of Test Results for Phase II Tests

Specimen Location Estimaied Probable p.' (kPa)
. . . Buik Constant Rate Small Loading
Test Borehole | Sample Reduced I\(/I:(nsture Iil.qu?d P])_]‘?St.lc Unit of Strain Test Oedometer Test
No No No. Depth Level ontent | Limit imit Weight . . ; . -
) ) (m) ve (%) (%) (%) (KN/m) strain using using using using
(mPD) T rare | elog(p) | Au-log(p) | e-logp) | c.-log(p)
(%/min) | curve® curve corvel” curve
CRS-1 519B08 20 31.0-31.1 23210 -23.3 28.0 -- - - 0.01 i 100 - -
OED-1 519808 20 31.37-31.47 | -23.59 to -23.69| 128.4 46 20 19.57 . --- -- 85 135
CRS-2 519B08 24 34.3-34.5 -26.5t0 -26.7 21.8 - - -—- 0.01 25 120 - -
CRS-2a® | 519B08 24 34.4 -26.6 234 e --- - 0.01 i 120 - -—-
CRS-3 519B08 24 34.7-35.0 -26.9t0 -27.2 294 - - - 0.01 @ 110 - -
OED-2 | 519B08 24 34.12-34.22 | -26.34 to -26.44 | 24.5 40 18 19.82 -—- - - 75 135
LTT-1% | 519B08 24 34.22-34.32 | -26.44 t0 -26.54 1 20.5 - --- 20.21 - -—- --—- 100 105
CRS-4 519B09 19 29.5-29 8 -21.51t0 -21.8 539 --- - 0.01 110 110 -—- -
CRS-5 519B09 19 30.3-30.5 -22.3to -22.5 55.0 - - -- 0.01 320 320 -—- -
CRS-5a® | 519B09 19 29.8-30.0 -21.8 to -22.0 56.4 - - - 0.01 320 320 -—- -—-
OED-3 | 519B09 19 29.87-29.97 1-21.87 to -21.97 | 56.8 65 30 16.48 -— -— --- 75 120
OED-4 | 519B09 19 30.38-30.48 | -22.38 tp -22.48| 55.2 --- - 16.58 -—- - - 80 105
CRS-6 519B09 23 33.0-33.2 25010 -25.2 30.4 - e 0.005 100 120 - -
QED-3 519B0YS 23 32.97-33.05 | -24.97 10 -25.05 | 25.2 42 20 19.91 - --- - 80 i
QED-6 | 519B12 13 27.60-27.70 [ -19.43 to -19.53 | 44.2 54 23 17.27 -— - - 65 @
CRS-7 519B12 17 31.1-31.3 24910 -25.1 41.6 - --- - 0.01 150 100 - -
OED-7 | 519B12 17 30.97-31.03 | 22.80t0 -22.86| 424 48 24 17.56 - - -—- 55 105
TRIAL.l | TBM15 - 10.4 -11.9 46.0 - --- 16.29 0.005 300 300 --- -
TRIAL2 | TBM15 -—- 10.3 -11.8 59.2 - --- 16.25 0.01 310 310 --- -—
TRIAL3 | TBM15 - 10.1 -11.6 58.4 - - 15.82 0.1 320 300 e ---
Notes: (1) Most of these e-log(p) curves are very flat and the estimated p,' is much less certain than the others.

(2) findicates curves too flat to estimate the probable p,’.

(3) Repeated test.

(4) Consolidation test, applicd load = 450 kPa.
{5) Only cell B was used in the Phase II Tests.

- 8‘: -



Figure
No.

10

- 20 -

LIST OF FIGURES

Basic Configuration of the Rowe Cell (after ELE 1990)

Different Types of Drainage and Loading Conditions
in the Rowe Cell (after Head, 1985)

Comparison of Conventional (STD), Controlled
Gradient (CG) and Constant Rate of Strain (CRS)
Consolidation Test Results (after Gorman et al, 1978)

Typical Graphical Plots Obtained from CRS Test
(after Head, 1985)

Layout of GDS-Rowe Cell Testing System

Diagrammatic Layout of GDS Digital Controller
(after GDS 1992a)

Example of CRS Test Results, Low Preconsolidation
Pressure (Test No. CRS-4)

Example of CRS Test Results, High Preconsolidation
Pressure (Test No. CRS-5a)

Comparison of Three CRS Tests at Different Strain
Rates (Test No. TRAIL-1, 2 & 3)

Results of a Set of Repeated Tests
(Test No. CRS -5 & 5a)

Page
No.

30

31

32

33

34

35

36

37

38

39



settiement dial gauge

dial gauge
support frame

settlement/drainage
rod

flexible lead

N —
back pressure

diaphragm
pressure
system
-
D system

NS VR ——

< (oSt — — —— —= — — e e —
v s ———— e — —water— —
rim ) — — — — — i v intered
drain N == = sintere _porous
diuphr‘qgm/Q' AT Y hronze disc
\ [ S S q_% transducer housing
cellbody-——yx- .. - __- .sample * e
= : . de-agiring system
: NSy L

s, oo

O-ring seal
ceramic insert
(pwp measuring pore pressure power supp'fy/
point) transducer readout unit

Figure 1 - Basic Configuration of the Rowe Cell (after ELE, 1990)




- 31 -

diaphragm back

C _ pressure D __ pressure < O _drainage
(drainage) -y -
T Ay ¢M VAT
a!l {{i{r..*gf/‘ﬂexible /?““‘;{Axfm(&- 4 rigid
iy i’
1 ] A
2101011y ////{TTTTIE
Yl & 77 o
A pwp A pwp
(a) Free Strain - (b) Equal Strain -
Vertical Single Drainage Vertical Single Drainage
_é édrqinqge _é} ° dl‘_ui_ng‘ge
AN
g Ry ¥ Yy 4
‘l/ i’ \I( L o rlgld
-------- < Tlexibie s
% FER R T A 7 I S S S 2 \
24444 ZIR R R
I il 7 & 7/,
drainage gA drainage A

(c) Free Strain -
Vertical Double Drainage

(d) Equal Strain -
Vertical Double Drainage

C cC
_®_>_‘ flexible —®—+—
7 / I ¢ rZ,'r-igid
g b /RN F_drainage rA J/ F drainage
f é—-— porous ?’
//;i: Ll {ining : %
T o7 IR 777, 7
A® pwp A® pwp
(¢) Free Strain - (f) Equal Strain -

Horizontal outward Drainage

(g) Free Strain -
Horizontal inward Drainage

Horizontal outward Drainage

Cc
;—flexib!e giéé 3 ;’
f ; “rigid
2 7 ¥ 7
- DOrous ; ¢ ;
L drain / > b < L
7 a _ drainoge f 7 T// 777/, A drainage
O‘55R“": |
pwp pwp

(h) Equal Strain -

Horizontal inward Drainage

Figure 2 - Different Types of Drainage and Loading Conditions in the Rowe Cell

(after Head, 1985)




Coeflicient of Consolidation,

Vertical Effective Stress, g, (MPa) Vertical Effective Stress, oy' (MPa)
—~ 001 002 004 01 02 04 1 2 4 10 —~ 001 002 004 @1 02 04 1 2 4 10
E 0.00 T E 0.00
E 0.05 E 002
E" 010 E 004 |
B oI5k = oo
E 020 | E 008 |
w w
g s g oo
= &
& 30} & onf
= |
2 035 20
g 5
P 040 - - 016 -
- \e——STD-23
0.006 " " 0.012 - STD-28 CG-15
0.005 \ g / !
005 |- ' g oomf ‘
= CG-11 g 5
[ ] ey D —_—
& 0004 | S & ool J l=—CRS-20
NE STD-21 g NE STD-29
3 o0 N Y 3 oo \
3TN e .
S ooz |- STD-22 EU poml}
2
0001 - % .00z
— - c N -~ oo S
0.000 1 L 1 1 L L L ] U 0.000 L 1 1 1 1 \' - ]
20t 0.02 004 01 02 04 1 2 4 001 002 004 01 02 04 R T
Vertical Effective Stress, o,' (MPa) Vertical Effective Stress, o' (MPa)
80
- - 200 CRS-20
£ CRS-18 g
=< 6 f = 160 [
=]
L
:iﬂ a0 Range of F, from = b Range of F; from
5 STD Test g STD Test —
Z 20 — 2 s | !'___f
g s 4
g g
A0 - L L 1 1 1 L | =7 L i ——— SEEST I I 1 1 L 3
001 002 004 01 02 D4 L 2 4 10 001 002 004 ©01 02 04 1 2 4 10
Vertical Effective Stress, o, (MPa) Vertical Effective Stress, o' (MPa)

Figure 3- Comparison of Conventional (STD), Controlled Gradient(CG) and Constant
Rate of Strain (CRS) Consolidation Test Results (after Gorman et al, 1978)




- 33 -

4 A
e < lev
) 2
eov g
2
o b
g :
6 -
s 5 |
&‘:’
w r
e P .
logp’ log p’
(a) ¢ (b)
4D = 1/m, A Uy,
2]
=
=
E e
=
2 £ a
2 2 2
9 £ . =
E s 5
2l 1 o
St 7.,
- CJ ‘pc - pc‘ i
log u, effective stess p’ log p
{c) (d) (e}

Figure 4 - Typical Graphical Plots Obtained from CRS Test (after Head, 1985)




personal computer
unit

digital controllers

r—w' back pressure/drainage line

h : X “_‘A

L/ ROWE CELL \J
2 jor [ ]w] =)
gggg pore prassure
“ \ T2z ooog transducer

pressure interface

pe -

Figure 5 - Layout of GDS-Rowe Cell Testing System




remote

baliscrew

transducer stepper motor pressure piston
and gearbox cylinder
pressure
l ¢ I " outiet
digital | T steps
control  ——pe—r
circuit R air 4
{
linear bearing deaired water pressure
transducer
. = -l

analogue feedback

Figure 6 - Diagrammatic Layout of GDS Digital Controller (after GDS 1992a)

_SE-



CONSTANT RATE OF STRAIN CONSOLIDATION

| . . R
, | R54 .
O BHS5 19509 Sample 19
Dupth 205298 m i
] . . .
124 - - 4 K
5 ! . [ ' i t [
E | ' , Vo
;g 1-r - -5 - r ST T T Pl
= E ¥ ' | ' o b
as4 - -1 o v T R A
. ) . Lo
| ) . .
e B T S R
h 1 ll il 3 1 ) Yoo
24 + ! ; o
1 10000
100 * 1 1 . ] 1 o
) . ! o
: , CRE< |
BHS19BGI Sampls 19
e Depth 20.5-29.8m N
. \ ,
! | . Vo e
Bl -oe i aaan
o . . . Lo
g . . . Lo
-4 ' ' ' [ [
gawt - - - - - - - e - - - - -
Iﬁ 1 1 ' 1 1 [
\ ! ) Lo
, ! \ o
QW= - -1 - r - T T e T “aT
| . . Co
. . | Vo
o : , ; . s
1 10000
A 1 1 ] 1 ] ) bl
1 CR5-4 L]
BH510B9 Sample 19
P Depth 19.5-29.8m L
) ) ] e e
) \ ) Vo
WL - -1 - F i T o T T F
—
E ' ‘ ' PR s
CPPO R R
I
3 . . o 0
W= - -+ - - e — s e
4 1 I I 1 1 LN
4 1 £ I ] 1 ' L]
- D T T T ey
, . | o
9 ; ' ; N
1 10000
7
. T ; ; T
1 TS . ] 1 1 1 P
6t BH519B09 Sample 29 BRI e R
Diepth 245288 m
i , IR
Ted _ L r ot
E \ ) G ) | Co
< \ o . | o
%4_' R T e T e e
E 1 1 ] 1 [ T R ] ] . I 1 1 [N}
§3-- — e b = m A kA=l = = =1 o o e s - ok 4 a -1 -
'g 1 ¥ ' [ B ] [ 1 1 ’ 1 [N
%2__ I ro e o L . P 2 '
o] | G . ) o
1 I ) Ll I LI I R | I 1 » ] I [
Tep = = 5 = 7 % G iaTo T T T LR B T B APy
1 Vo . Lo
o : ' i " it
1 i 10600

Figure 7 - Example of CRS Test Results, Low Preconsolidation Pressure
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Figure 9 - Comparison of Three CRS Tests at Different Strain Rates
(Tests No. TRIAL-1, 2 & 3)
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Figure 10 - Results of a Set of Repeated Tests (Tests No. CRS-5 & 5a)
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Plate | - Test Equipment for Rowe Cell Consolidation Test for Phase I Tests
(Negative No. SP9226431)
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Plate 2 - Setup of the GDS Equipment for Continuous Loading Consolidation Test for
Phase 11 Tests (Negative No. 5P9411806)




g

{a) Rowe Cell Assembled

(b) Rowe Cell Disassembled

Plate 3 - Rowe Cell A Supplied by Arnfield Engineering, U.K.
(Negative Nos. SP9202716 & 11)
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(a) Rowe Cell Assembled

(b) Rowe Cell Disassembled

Plate 4 - Rowe Cell B Supplied by ELE International, U.K.
(Negative Nos. SP9202706 & 09)
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Plate 5 - Sample Cutting Ring for Rowe Cell A
(Negative No, SP9202718)

Plate 6 - Sample Cutting Ring Inserted in Rowe Cell A
(Negative No. SP9202720)
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Plate 7 - Sample Cutting Shoe for Rowe Cell B
(Negative No. SP9202700)

Plate 8 - Sample Cutting Shoe Assembly Bolted to Rowe Cell B
(Negative No. SP9202703)
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APPENDIX A

LOGS OF BOREHOLES FOR PHASE I TESTS
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APPENDIX B

ROWE CELL CONSOLIDATION CURVES FROM PHASE I TESTS
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Volume change {mi}
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ROWE CELL TEST NO.2A — VOLUME CHANGE
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Effective pressure 20 kPa

£®® {min.)

25

Load stage 2
Effective pressure 40 kPa

t®* (min.)
¢ 5 1G 15 20 25
\\
o Load stage 3
- \ Effective pressure 80 kPa
“
L .
= |
|
£of s
o] 5 10Q 14 20 25
i Load stage 4
_ Effective pressure 160 kPa
.
£ (min.}
0 5 10 15 20 25
0 _—
2 N Load stage 5

\

Effective pressure 320 kPa




Volume change (ml) Volumea change (ml) Voluma change {ml)

Volume change (ml)

Valume change (mh)

ROWE CELL TEST NO.2B ~ VOLUME CHANGE

£®* (mimn.)

54

1] 5 10 15 20 25
0 ~T
i
)
1 \ Load stage 1
2 \\ Effective pressure 20 kPa
3 - \
NN
s —_—
|
t {min.)
4] 5 10 15 20 25
o |
\ |
0.5 *‘\ I
™\ | Load stage 2
1 . . Effective pressure 40 kPa
15 - \ i
i
2 |
25—
3
o} 5 10 ) e 15 20 25
a}
\l
o —\\ Load stage 3
L ' Effective pressure 80 kPa
1.5 \x
2 b
2.5
£%* (min.}
0 5 10 15 20 25
9]
LY,
N Load stage 4
Lk Effective pressure 160 kPa
-
» b
2.6
£%% {min.)
o] 5 10 15 20 25
0
1 "\\
S Load stage S
2 S Effective pressure 320 kPa
8 I
s
s -
6 -
7 -




Volume change {ml} Volume change (ml) Velumea change {mil) Volume change (ml)

Volume change {mi)
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ROWE CELL TEST NO.3A — VOLUME CHANGE

%% (min.}
o 5 10 15 20

. Load stage 1
ar Effective pressure 20 kPa
4

£ {min.)
¢ 5 10 15 20

H Load stage 2
| Effective pressure 40 kPa

£9-4%5 (min.}
o] 5 10 15 20

Load stage 3
Effective pressure 80 kPa

tu.ia; (min. J
Q 5 10 18 20

. Load stage 4
2l Effective pressure 160 kPa

t:.465 (min. )
[} 5 10 15 20

. Load stage 5
T Effective pressure 320 kPa




Volume change {ml} Volume change (mf} Volume change {ml} Valume changa (ml)

Voluma change {mi)

ROWE CELL TEST NO.3B - VOLUME CHANGE

% {min.)
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o] 5 10 15 20
Q
[
i
‘.
, W\ Load stage 1
\ Effective pressure 20 kPa
3 —-.\\l\“—‘ﬁ—ﬁ_g_g__%_&‘
— km
4 .
5
£%* (min.)
a s 10 15 20
0
!
“ Load stage 2

Effective pressure 40 kPa

£*% (min.)
10

20

Load stage 3
Effective pressure 80 kPa

s -
3
£ iman.)
o) 5 10 15 20
Q T
.l
'
'
1 '*\
' Load stage 4
. Effective pressure 160 kPa
s -
4
£ {min.}
0 & 10 15 20
Dy v
\
! I
2 ;\
Load stage
? Effective pressure 320 kPa
4
5
6
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APPENDIX C

LOGS OF BOREHOLES FOR PHASE II TESTS
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INTRUSION-PREPAKT

(FAR EAGT)

LIMITEO

DRILL / BORE

HOLE LOG

CONTRACT NO.: 255

HOLE NO.: 519B08
SHEET 1 of 5
DATE fram _16/07/94 to _30/07/34

W.0.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU

METHOD PERCUSSIVE /| ROTARY CO-ORDINATES ROCK COREBIT T2101
MACHINE & No. ACKER D0 JACKER 20 £ S08178.19 HOLE DIA.  140mm 114mm
o. N 817722.95 © 0.00m-21.00-42.35m
FLUSHING MEDIUM AR f WATER ORIENTATION Vertical GROUND-LEVEL 7.67 mP.D.
o |Water ﬂ @ a: o Ef_ ]

B| oo |level | 5 85| 357 ]2 2 18_1|s 9 i
Eo| E5jome 28 58 08 S0 & | B (3% %l B4l
T 21 ® o | date z 2l s . |28 H ca|o& @ =i g
o | OD £ =@ | W | X ul = (4] 7.67 0.00 - [

187 | PX : ; W N Rock {FILL)
g Pl s N
: Pl 5 - N
- SN e P <
: o E C N
i A Y
: o E
: N ‘: ; N
- o - A
B : - N\
a B ! - AV
- S N DZAN
: o] S
: P : : N
: vl : r N
i o EAN
s : C ~
NI E AN
1 1! ! ! s \\/
. REMARKS
T Smal disturbed semple : Watet sampl LOGGED  YKY Designated fill type A placed above -13.33mPD
! Large disturbed sampla 0 Standpipe tip Percussive drilling from 0.00m-19.00m
ﬂ SPT liner sampla 4 Standard panetration test DATE 01/06/94
l U78 undisturbed mample :{ Parmaability 1en
U100 undinturbed sample 6 Piezomater tip CHECKED CBY
Maziar sample ]E imprassion Packer tast DATE 0208/94
E Piston sample HV/V Hand Vana/in sity Vena shear est —
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INTRUSION-PREPAKT

(FAR EART) LIMITED

DRILL / BORE HOLE LOG

CONTRACT NO.: 255

HOLE NO.: 519B08
SHEET 2 of 5
DATE from _16/07/94 to _30/07/94

W.0.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D23, WEST OF LAM CHAU

Piston sample

HV/V Hand Vanafin situ Vana shear test

DATE

02/08/94

METHOD PERCUSSIVE ! ROTARY CO-ORDINATES ROCK COREBIT T2101
E 80817415 140 114m
mm m
MACHINE & Na. ACKER D90 JACKER 20 N 817722.95 HOLE DIA. 0.00m-21.00-42.35m
FLUSHING MEDIUM AR/ WATER ORIENTATION Vertical GROUND-LEVEL 7.67 mP.D.
v |Water ai @ f_ © a:_ -
"] o I It o 8 = g = e w o
LI B2 [tmer |55 52 o3|a|3y o |2 (33|51 2 |2, Description
=7 2B ol eol=0|d(Re W E 2a| 8 E A @l c
e |88 | e Cfaidd |c|cg & |8 <22 § (6|48
. i - -2.33 | 10.00
: S ; NS
i Pl E o AN
- bl : : v
clo i o N
I g N
' N - >
B E - /N
: vy ; - N
B i . VAN
- o - N
- A : - AN
NI G
o : - AN\
1R N A%
R - AN
: N : ; ~
1617 3.05m | : : -11.33 £ 18.00
187 1.85m | | ! T - o Yellowish brown coarse angular
: P ; - GRAVEL and COBBLES of granite with
o ! T2101 . a matrix of tine to medium sand {FILL}
. REMARKS
Small disturbed saample A Water sample
1 Latge disturbed sample 5 Standpipe tip LOGGED LKY_._._
H SPT liner sample l Standard genatratian test DATE 30/07/94
l U786 undisturbed sampla I Peimeability teat
. 100 undinturbed ssmple & Piazometer tip CHECKED CBT
% Mazier sample IE Impression Packer tast
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INTRUSION - PREPAIKT | CONTRACTNO.. _255
IFAR EART) LIMITED HOLE NO.: 519B08
SHEET 3 of 5
DRILL / BORE HOLE LOG DATE from _16/07/94 to _30/07/94
W.0O.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHALU
METHCD  PERCUSSIVE [ ROTARY CO-ORDINATES ROCK COREBIT T2101
E 808174.15 140 114
mm mm
MACHINE & No. ACKER D30 JACKER 20 N 817722.95 HOLE DIA, 0.00m-21.00-42.35m
FLUSHING MEDIUM  AIR I WATER ORIENTATION Vartical GROUND-LEVEL 7.67 mP.D.
- u Water Zf_ o Ei o f_ 3
2y T} [ I 5 = @ w
_g g g’é t?r:\eef Eg .:; :>; g g fa g x| = "é é K '*E_ _ E L, Description
T2 RS dae (35 58158 (|T88 8 (5 |221SE 2|58
& . ‘o: | B E - @ | 5o ool o ~
: c o T - o AS SHEET 2 OF §
[ ' ' ' | [
o ' : ' T2101 ! -
' PX | .13.03 [21.00
r 21.00m Vo : o ! I _l 'T' T Firm to vary stiff, light grey mottled
" HX . /1;’}0/ , F21.45 reddish brown streaked yellowish
: T Man o @ C —ll_“—l- brown sandy clayey SILT (ALLUVIUM)
[ 1 ! 71088 ! [
- o nesz | ] 2 - 21.95 1”1}*
[ ' ¥ bis - X
. AN N
- 18/7 3,50m | | ) 3 F22.45 '| H‘
ST T Z0m | | . ‘ (::7 ol Tl d C : ﬁﬁ
2 / : el e F22.95 }$¢
: /}(/ : B s .3 15,83 3345 -lLT‘tI| : :
- : ' : 0.0.7.10) o _VT’ Very stiff, grey slightly sandy very
- : ' , 27 F2a, clayey SILT with occasional black
- wwir | | o150, F2288
- : : ; oo g @ | 1533 E22O0 L 2] organic fragments {ALLUVIUM}
: /ﬁl//o/ ; . £ _I_I Firm to stiff, light grey silty CLAY
. D[ : . (MB7|.168307848 gt (ALLUVIUM)
: : ' 2a8m | | c _l;TT ! Firm to stiff, yellowish brown streaked
- : , : Net17 " a r dark brown slightly clayey to clayey
- ! v ' P = e 24.95 —+ {— SILT with occasional dark brown silt
: ; /'/O/ ; l : 1 nodules (< 4mm) (ALLUVIUM)
e 2.00m | /xp 8 F25.45 F{HH
2017 T86m| ¢ [ ¢ : 2a. e F T HWH
N ! ' ' 24.8.5 -
i b SR Rt
/W“o; | 22 -1.‘ -1a.83 [ £8:43 ]I—l_l—rb
: o 5 s34 - LT Soft to firm, dark grey silty CLAY
i clo : Nes4 12 r 26,96 [ {ALLUVIUM)
a 77 e . FaGal
. 20/7 2.70m | ! /_)% 13 F 27.45 |- I+
7777 Z.50m 1 | : ' @ e - HEE
[ ! . ‘ T4, | o _+_
8 ' : : CEREREY IRV L B
: ol ~ W RS
: /ﬁ;/ ! 15 F 28.45 ‘iIi . ;
. ) .2, . - |- 28.50-31.00: very silty
) ' ! 22,24 | [ F _-L+—L
. : : M1z | 16 r
- : ," 7 ; 33 ‘ . 28.95 _I_LI
A . . ; o
L 2117 3.10m | )?’0/ ' |l1? C 29.45 "‘iI_“ ) _
3377 2E8m | o [ : . N —_l_ ! 229.50-31.00: with occasional black
- : . [ . — ;
X ! /?{// : "__ - —T—t—T organic fragments
VA = - b [
REMARKS
. !
Smai i'“mhcd sample : Watar "mf"e LOGGED YKY Vibrating wire piezometer installed at 25.37m
I Large diaturbad sampla 13 Standppa tip R —
[] SPT lines sample l Standard penetration test DATE 90/07/94
l 178 undisturbad sample I Parmaabitity test
. U108 undisturbad sampie E} Piszomates tip CHECKED CBT
Mazier sample _IE Impression Packer test
B o DATE  02/08/94
Fiston sampla HV /Y lHand Vana/in situ Vane ahoar teat —
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[INTRU

(FAR EABT} LIMITED

S":JN-F’HEPAKTi CONTRACT NQ.: 265

HOLE NO.: 5192B08

DRILL / BORE HOLE LOG

i SHEET 4 of 5
lDATEfrom 16/07/94 to 30/07/94

W.0.No.& LOC, 255/013 SITE INVESTIGATION FOR AREA D3, WEST OF LA CHAU

[ W - e @

U786 undisturbed sample

U100 undisturbad ssmple
Magiar samgpls
Pistan sampla

Permaeability tast
Piezomater tp CHECKED CBY
Iimprossion Packer tast

HV /Y Hand Vane/in silu Vans shear test

DATE 02/08/94

METHOD  PERCUSSIVE /| ROTARY CO-OADINATES ROCK COREBIT T2101
E 808174.15 140 114m
mm m
MACHINE & No. ACKER D90 /ACKER 20 N 817722.95 HOLE DIA.  40mm 1 e
FLUSHING MEDIUM  AIR f WATER ORIENTATION Vertical GROUND-LEVEL 7.67 mP.D.
2 = =
- e \l’Vatclv; > g > g > s - 3
‘a | leve H b H b=
E g E‘é timef Eg .[.f: 2 .; g g x "E’. .::‘; E -‘?i) . E - I Description
T8 85 ame B B8 58|9088 2 |5 23|k 3808
O a [ -1 o — o W = - N .22.33 | 30.00 - QI N
o : C -1 AS SHEET 3 OF 5
L 227 3.50m | / %13 L 30.80 "'-T-"E"-T«
2377 Z.10m | * T . - —__Im
2 L v 18233377993 —r—+
- X // = r _VT' ] Firm, yellowish brown streaked light
- ; /;o// = - I H-IF grey clayey SILT (ALLUVIUM)
: LA / == . K41
- LS = [-52:00 - pLJI_L 32.00-33.50; stiff
- 0 ] =
- 2347 2,70m | | ' 21 F32.50 l}'L
2577 T06m | | //'// v g’ - ]{ﬁ ﬁ‘
E /// = 22 F33.50 | L[" Jq:
L 2507 asomi | ! y 2 [ 34.00 JEL{'
L2677 Z2.30m | - /}7 s % . _|}]_|+|_
. ' ! ! I i
} V7R = 1&?
: ! ! : =R 35,00 i TH]_L
- 2617 3s59mf 1| ¢ v 25 C 35,80 _H..'H— . )
75 iwErs it =k r - + 35.50-35.00: slightly clayey slightly
- : f(‘// = - 'Jl_r‘]‘r sandy
/j =N E:as 50 -| LHLF
' Z =3 el
- vl C NBn
- 27:’; 3-;7"\ . 7 v 271.29.33 37,00 1’?} |
TZ87 9.59m | | /// = o i L|. Firm, light grey clayey SILT
- : ‘ E I !_1_‘ H (ALLUVIUM}
5— : / é% :_38.00 wi m :L
L 2017 367m| i | ! — 291 30,83 Fag50 [1 I‘L
- 2917 1031 o l o A Grey and whitish grey, slightly clayey
. ! . - 2 silty sandy subangular locally
- . I I:':; 300 [38.95 b G§ subrounded coarse GRAVEL of granite
: A 1;”;,] - L0 and dolerite (COLLUVIUM}
. 1 N=81 A r39.45 o 0 -
. 0 27064 l C ¥ ‘B\
' . 32 C39.95 b )
road eao " REMARKS
Small df"urb:d "mpl’ Water f'm‘_“' LGGGED ¥RV Vibrating wire piezomataer inetalled at 34.17m
Lasgs disturbad sampla Standpips tip In situ vane shenr tests at 31.00m {61.40kPa)
SPT liner sample Standard penatration tost DATE 30/07/94 32.50m {78.39kPal, 34.00m (56,73kPa), 35.60m

[61.40kPa), 37.00m (41.91kPa) and at 38.50m
{75.54kPa)
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iilNTFIU

SION-PREPAKT | CONTRACTNO.: _255
(FAR EABT) LIMITED HOLE NO.; 519808
SHEET 5 of 5
DRILL / BORE HOLE LOG DATE fram 16/07/94 to 30/07/94

W.0.No.& LOC. 255/013 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU

METHOD  PERCUSSIVE / ROTARY CO-ORDINATES ROCK COREBIT T2101
E 808B174.15 s 114
MACHINE & No. ACKER D90 /AC 0 mm mm
a ! KER 2 N B17722.95% HOLE DlA. 0.00m-21.00-42.35m
FLUSHING MEDIUM AiR / WATER CRIENTATION Vartical GROUND-LEVEL 7.67 mP.D.
# R ES
il SV gl ga| g o |3
w w pat u
E % -g £ | time/ E% T: E -; E a §5 n 5 4 ¢ "El:._. -'E, L1 Description
SL 85 e 2258 58|9|2E 3 & |£2|8E] B gl
o = & i AR e ol32.33| 4000 ~ 9N
. : : 1.z, F P A3 SHEET 4 OF &
A . : ' 31,38, o o
- . : . 33 - 40; ]
- vy ; sz1 [ :1833 > § 40.50-41.80: gravel and cobbles
: : % ; Nw193 F DQ O
E N : r Y
X : / : - D 6‘§
- : // : o Nelg
[ : d : : -]
[ 297 3.72m | | / ! Cavso O
L 30/7 1.67m| | L A : E gl
- : /c/ : = pQQ
C HX : : : 72101 4 .34,88 [42.35 |2 A
42.35M : //‘ : 1.3 C RIS Strong, greyish pink spatted black
: ’ ' o + + slightly dacomposed coarse grained
. , . o '+++ slightly chloritised GRANITE with
- . . . — L+ medium spaced rough undulating rough
- J : 190 100 E + + stapped clean joints, dipping at 10°
; L : F FLT L and 75°
N ) . C S
- : // . = + o
3017 : y ' .36.28 L4398 |-+
- o : - END OF HOLE AT 43.95m
REMARKS
®  Small disturbed sampls A Water sample
t Large disturbed sampla 8 Standgipe tip LOGGED  YKY
ﬂ SPT liner sampta l Standard penetration test DATE 01/08/94
l U78 undisturbad sample I Parmaability test
I U100 undisturbed sampls 6 Piszomotar tip CHECKED CBY
Mazier sarmple IE imprassien Packer tont 0
E Piuton sampls HV/V Hand Vane/in situ Vana shesr tast DATE 92/0894
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Fiston sampla

HV !V Hand Vana/in situ Vans shaar tast

DATE

168/08/94

INTRUSION -PREPAKT | CoNTRACTNO: 255
{7 k IFAR EAGT) LIMITED HOLE NQ.: 519803
\_\_| i | SHEET 1 of 5
i DRILL / BORE HOLE LOG DATE from _03/08/34 to _16/08/94
W.0.No.& LOC. 255/018 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU
METHOD PERCUSSIVE /! ROTARY CO-ORDINATES ROCK COREBIT T2101
£ 808062.,09 140
MACHINE & No. ACKER DI0Q/LYEAR D69 N B17681.98 HOLE DIA. 0.00m2g1.75m
FLUSHING MEDIUM  AIR f WATER ORIENTATION Vertical GROUND-LEVEL 8.22 mP.D.
o |Water f_ o f_ © a:_ -
0 Glwevelr | 5 851 8§ 5 2 3 g
£ ";.’, E:F: t?r:ae.' Bg —;-' § .g g o .?J;l() » 4 -% S 'E,_ g N Degcription
= a. WO < 0| =0 | g ® & @ @ T o B 2
EE| 85| Bg e g2 |23 B |5 23185 5 818
38 PX[1.89m | . ' C S~ Rock (FH.L)
: SR i : N
1NN |
: S I . AN
: oo E - N
: L] - N
: o E o NS
: A : - AN
. ' ' 3 N
- I RPN
- : : ' E N
. ; . - N
A NS
: : ! C N
Iy A
L S AV
®  Small distutbed I A W I REMARKS
all
P . d“m'm :::ple 4 .:: -am?. LOGGED YKY Dasignated fill type A placed above -11.2BmPD
I 790 distiir Pl 1 rerdpipe tie . Percussive drilling from 0.00m-19.50m
SPT wner sample Standard penetralian tast DATE 16/08/94
I U?8 undisturbad sample I Parmaeability test
U100 undisturbad sampla & Piszameter tip CHECKED €8T
Maziar sampls }E impression Pascker test
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Piston sampla

HY 'V Hand Vane/in situ Vane shaar tost

DATE

18/08/94

78N | INTRAUSION-PREPAKT | CONTRACTNO.: 258
([ ] (FAR EART) LIMITED HOLE NO.: 513B09
\_\ SHEET 2 of 5
DRILL / BORE HOLE LOG DATE from _03/08/94 to _16/08/94
W.0.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU
METHCD PERCUSSIVE / ROTARY CO-CABINATES ROCK COREBIT T2101
E 808062.03 140
mm
MACHINE & No. ACKER D9Q/LYEAR D69 N 817681.98 HOLE DA, 0.00m-48.75m
FLUSHING MEDIUM  AIR/ WATER ORIENTATION Vartical GROUND-LEVEL 8.22 mP.D.
- © Watar Ei © f_ ® E; g
‘wllevell| 5| 85| 8 - 3 - .
_g % _E’ '.':E ;ml, Eg L; g ; % a .E x e a ..E ] _fg_ _ -E _§ o Description
SL|AS|ame R 53158 |0i08 B | F (23|88 2 E|5
Qo | Lo o mlu: [- gy raE= - w 178 | 10.00 ] TN
i : ' : C NS AS SHEET 2 OF 6
- SR : AN
: b : : A
- IR AN
: N : E AN
- 3 - N
- Pl 5 - AN
: bl 5 : NS
: bl : 2
X , . C VAN
3 Lo : = N
: o] = D]
- A RPN
g IR =
; N : F AN
. I - N
: : ' -10.28 [ 18.50
. : : T r N Yellawish brown and grey specklad
- ! ! F black, angular to subangular coarse
- : ?’D : T2101 - > < GRAVEL {FILL)
:_ ; / . 4.4 -t1.28 :15.50 .
. : . o, L Very stiff, yellowish brown clayey SILT
i - : ::;‘,‘, n F19.95 mh_ with occasionally subangular fina to
" REMARKS
®  Small disturbed sample A Waler sample GGED  YKY
l Large disturbad sampla {% Standpipe tip L0
IJ SPT liner sampis l Standard panatration tast DATE 16/08/94
I U78 undisturbed sampls I Petmaability test
U100 undisturbed sample 6 Piszometer tip CHECKED CBT
Mazier sampla EE Impression Packar tost
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INTRUSION-PREPAKT

(FAR EABT) LIMITED

DRILL / BORE HOLE LOG

CONTRACT NO.: 255
HOLE NO.:  5138B09

SHEET

DATE from 03/08/94 to _16/08/94

3 of 5

W.0.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU

METHOD PERCUSSIVE | ROTARY CO-CRDINATES AOCK COREBIT T2101
£ 808062.09 140
mm
MACHINE & No. ACKER D30/LYEAR D69 N 817681.98 HOLE DIA. 0.00m-46.75m
FLUSHING MEDIUM  AIR /f WATER ORIENTATION Vertical GROUND-LEVEL 8.22 mP.D.
® *® R
o |Water v ™ T
“ N N 52| > ¢
w | level/ i Qs a o 2 _ )
;3 g g:g time/ Eg :-f: E -; g gk w a8 -lé E .Fni: — ':EJ RN Description
To|E8|dme |38 58|38 |28 8 |5 (2318E B 2|8
. | VT ] & | 0o s [ 73] - O~
_|-11.78 | 20.00
L : : EE - C _HT'I_H medium grained gravel sized rock
E ' é}g : e .% 12,28 L2888 1[143! fragments {ALLUVIUM)
r ! : : 2323 r _l‘"[IT Firm, tight grey mottlad ysllowish
F ! ! : Ne11 . Coo.08 —“TlF brown clayey SILT (ALLUVIUM)
- N7 ~ Wl (L
5 2 eh -l
3 : ' ' 2,324} L
[ ' . ! N=13 5 C ﬁl-l-
- ; / ! souie . [21.98 714-; 22.00-22.50: slightly sandy
AL 3:8%m | /)‘5{; : l 8| -14.20 [32:48 Lﬁm
" S : N J‘T‘ 1] Light grey, slightly clayey silty madium
N X ! - . H - to coarse SAND (ALLUVIUM)
- v A o 3|-14.78 F23.00 | T
- . / . . _VT' I' Medium densa, greyish brown very
- i /j‘?/ : 5 - THET clayay silty locally coarse SAND
- [ ‘ aa, ) F23-45 L1 L (ALLUVIUM)
: ! 4507 [| E 'I Hil
3 SR vz ] ol 15 P33 [ LT
: : / : Sl - i Dark i i
N ' H o q ] : grey, silty coarse locally medium
- : /§°/// : 1o  aas _ﬁ_['l SAND (ALLUVIUM)
- . " H 12,4, FEt R
. : ' : 4457 C L
X : | : u-20 1. B -I %
3 A e lese 288 L) N
- ' : ' C _ICIT' Firm to stiff, light grey locally mottled
- ' Q : 12 :3?"38 H;? yellowish brown slightly sandy clayey
! ! 12.2. »|-17.28 - L ]T SILT with occasional subangular fine
: : ‘ ' 204,41 H C _l lT‘ L]_J \grave| {ALLUVIUM) /_
. a8 3.74m | : : H=13 13 L 25.95 Soft, dark gray claysy SILT with
e
[ &/8 1.63m | A . 24bl hd - H i accasional black erganic fragments
: | //@0 : o H | (ALLUVIUM)
- : ‘ - [ 26.45 'J-‘
; : / : — - “T{J.‘
X g : = C
- 177 = | r iy
X : SN = C "[_Hﬁ
X ) ! i = F 2368 ST
: A g J”HTJ
L 58 3.19m | : v [.28.00 _[l‘T‘l
[ 6/8 i.87m | ! - JL]J
A LA - - Ll'
[ : /90 ! a J ;ﬁ H
- ' ' - |
- : / : - 23.00 (1 m jl
6/8 3.34m| | v .21.28 29,50 jf’ul
- BB Z0m | L ’:// ; r _l'T' ! Stiff to very stiff, dark greenish grey
s RISV - H ;‘]‘ slightly clayey SILT (ALLUVIUM)
. REMARKS
‘ d I
{ fm‘" d,"m':nd "mple : Water sample LOGGED  YKY In situ vana shear tasts at 28.00m{34.69kPa) and
age disturbed sample Q0  Standpipe tip —_— at 2950“’!! ~80.40 kPa!
ﬁ SPT liner sample l Standard penatration teat DATE 16/08/94
I U768 undisturbed sampie 1 Permeability test Dual piezometer installed at 27.42m and 32.22m
l U100 undisturbad sample E] Piszomater tip CHECKED CBTY
a Mazier sampla IE Impression Packar test
Q ’ ) OATE 18/08/84
Piston sample HY/V Hand Vane/m situ Vane sheai lest _—
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INTRUSION -PREPAIT | CONTRACTNo.: _255
{FAR EAST} LIMITED HOLE NO.: 513B09
SHEET 4 of 5
DRILL / BORE HOLE LOG DATE from _03/08/94 to _16/08/94
W.0O.No.& LOC. 255/019 SITE INVESTIGATION FGR AREA D3, WEST OF LANM CHAU
METHOD PERCUSSIVE /[ ROTARY CO-ORDINATES ROCK COREBIT T2101
E B08B0G62.0% 140
. D90 mm
MACHINE & No., ACKER {LYEAR D63 N 817681.98 HOLE DA, 0.00m-46.75m
FLUSHING MEDIUM  AIR f WATER QRIENTATION Vertical GROUND-LEVEL 8.22 mP.D.
- @ Water i 8 Ef_ ® i 3
Bllevew| S §51 8 R 8 _
E g g E: t?r::al o % L; % ; E =) % x| = é 3 "E_ _ g 2, Description
E 3 v Q WOl < 0| = 0| g|gd @ £ L] 2 £ <] & | €
s£ gw date z3 o a Q@ - | =2 H L} |l as ° | 5
a - . (b w'u: o LE[ ~ @ | 5178 30.00 ': [ S| N
3 : ,// ; % S MT AS SHEET 3 OF 5
3 . . : e I 30.50 _U’P F
: T ' . t
: o] R Ant
- - i v F31.00 L H F
[ 98 3.62m | . / F32.00 Iﬁi
1.59m [ E ‘ E J m J_r_
: : : v 22| .24.28 Fa2.60 || 1 |
/ ! r J'T‘ 1 Stiff to very stiff, light greenish grey
: / ' C {_ﬁ clayey sandy SILT (ALLUVIUM}
] E / E ’ ST
L o8 3.2tm| | / 23 C 3348 [:’J_’H
108 T.08m | ¢ ' w_ . : [‘HTL‘
- Vi | - %l:25.78 Fa4.00 1 I'TL‘ : ’
[ ' : , L7.9.8 r __VTI Medium dense, dark orangish brown
- ' : ' Nazo 25 F § locally mottled light grey clayey SILT
- ; / : 260 . P H{-l-l (ALLUVIUM}
a '}% e -z :_34.95 -*'J-‘H
- ' . ! 22,48 £ —TH_I"L‘
. H . : H-16 27 r -
- H / ! Jable m ® :35'45 jr‘-lrr:j 35.50-36.50: slightly sandy to sandy
[ 10/ 3.78m é // ; a2 -2.5 :_35'95 jt—l_l_}_
[ 1178 Z.15m 2.3.6.00 L _H'Lr
. : ; ' H-te | (] 29 [ 36.45 JL"I
s L . ™ l. E : LTJIT
3 4// 30 F 36.95 4 ‘ 'T‘
- T na ToUel PR
g clo : e C : HlL
: : / ! Net7 .3.1 F97.45 jI‘J_H_L
2 /}D/ oo RS2 F37.95 —IFL‘TL
i . ' 2.4.0.7 L i |‘|-’_+
L 1us 2.51m | | . N-20 |} 33| 30,9 [ 35:48 H“ l,
- 1278 1.59m | A ez Fooh ® o J'T' I Medium dense, dark grey silty clayay
: L ha - AT fine to medium SAND with occasional
. ‘ . ' @3 ™ [ 38.85 I-| |——1 to some black organic fragments
N ol : 3400 " BoN (ALLUVIUM]} »
Dl : v | [ asl o1 00 [395 N 39.00-38.50: fine grained
| : : " 36 £39.73 % <94 Yallowish brown and gray speckied
! 7 1 ]mw %? :38.88 9 O o black, medium to coarse subangular
REMARKS
[ ] i e
t Smell df'u"b’d nemple : Water fm?‘e LOGGED YKY In situ vane shear tests at 31.00m(>80.40kPa),
i Large disturbed samplo i‘ Standpipe tip , 32.50m{>B0.40kPa) and at 34.00m{69.18kPa)
SPT liner samgla Standard panstration tast DATE 16/08/94
I U78 undisturbed sampie I Parmaability test
. U100 undisturbed sample li'l Piazometer tip CHECKED CBY
Mazier sample ]E Impression Packar test a
E Piston sampls HV YV Hand Vans/in atiu Vana shaasr tast DATE 18/08/99
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INTRUSION-PREPAKT | CONTRACTNO.: _265
(FAR EAST) LIMITED HOLE NO.: 5139B03
SHEET 5 of S
DRILL / BORE HOLE LOG DATE from _03/08/34 to _16/08/94
W.0O.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU
METHOD PERCUSSIVE / ROTARY CO-ORDINATES ROCK COREBIT T2101
E 808062.09 140
. LY mm
MACHINE & No. ACKER C30/LYEAR D69 N 8176B1.98 HOLE DA, 0.00m-48. 75m
FLUSHING MEDIUM  AiR / WATER ORIENTATION Vartical GROUND-LEVEL 8.22 mP.D.
- 8 Water a:_ ® B:. M Hi -
o lavel/ L] o = 5 fa . [ "] a
;_g_, g EE: tima/ EE —,-: g ; % o .E o 2 é ] ";';_ . -:Jé 2| o Description
T2 BS e B S5 58|15 8 F (€23 § E|S
® ' CEps =9 a8 a000] 2 19N
[ . 20 ' :40 30 00 05 GRAVEL locaily COBBLES of granite
[ . - : o 00 and rhyolite with a matrix of yellowish
i H 2D ' - o7 o brown silty fine sand (COLLUVIUM)
[ 1218 3.27m | (45 : w05 |
[T3/8 GBEm | . ! peves 1 sa -
[ 1 ' f— L= I =
: , : - g =g
X : ! . 209
: 178N E e
: ; ‘ L 0.0 _.’J
- F42.00 %2 &%
. ' I F 8 A0
MRET) 3.53m | 1 [~38 : Fa2.35 |5 @ o
[15/8 1.0am7 )Vj i C 7= 4
: L2 : raz70 |94 ¢
. : : r %7 o'
- ; / : - A 0
: / ! C %7 22
: /t/C : T2101 o Tyt
: : %‘ : X 0 <2
- : // ! r &t
: s . L4420 fo 0]
) : : : r ip 8
- g : - g =4
: lps | : LN
- , . , |- o " o
i . . 3 2 e
: : :45.25 P P
, : , L o .0
. . . C Jdeqg
. ? :r . I ﬂ'ocv"ﬂ'
- 7 E o [0=
N ' : ' [ ﬂa o
E g j é E O_C'J‘z:qd
(e8| Px |3sam | [T : Fag.7s (0.0 .0
" 16/8 |46.7%m| 1.09m | ;| T ' r 90 L “C
- ' ' : Na200 — 7. oa
7 4220men - L 47.23 °';) N
[ . ; T2101 o
X ' ! 12%0mm 38 [a7.73 (o~ o
! g r ' oy c RN
- ' -38.83 [48.06 [0 A . 0.
: | / r ».+++ n Very strong, pinkish grey spotted black
A ' p C + + speckled white slightly decomposed
) ! : ! E ‘+++ slightly chloritised and kaolinitised
- : L 55 |85 2101 o -+ GRANITE with medium spaced smooth
- ' //?’g ’ F +  + stepped kaolinite and chlorite locally
- : ./ ' l - '+++ iron stained and clean joints, dipping at
: D ! u L g 55°
" 18/8 . 41334955 [t F
: Do ! s END OF HOLE AT 49.55m
‘ REMARKS
®  Small disturbed sample A Watar sample GGED  YKY
l Large disturbed sample 6 Standpipe tip to
” SPT liner sample L Stendard penetration test bATE 16/08/94
I 1478 undistuibed wampla I Parmeability 1est
B uio0undiswbed sample D Piezomater tip CHECKED CBT
E Magziar nample ]E Impression Packer test g
E Piston sample HV /Y Hand Vane/in situ Vana shaar test DAT 1808194
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INTRUSION-PREPAKT

(FAR EAST) LIMITED

DRILL / BORE

HOLE LOG

CONTRACT NO.: 255

HOLE NO.: 518B12
SHEET 1 of 5
DATE from _27/07/34 to _05/08/94

W.0.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU

Piston sample

HY /¥ Hand Vane/in situ Vane shsar test

DATE

10/00/94

METHOD  PERCUSSIVE / ROTARY CO-ORDINATES ROCK COREBIT T2101
E B(07839.86 130 114m
mm m
MACHINE & No. ACKER DSO/LYEAR DG9 N 817822.92 HOLE DIA, 0.00.37.00m-48.60m
FLUSHING MEDIUM  AIR /| WATER ORIENTATION Vertical GROUND-LEVEL 6.05 mP.D.
v | Water EO: 6 f‘ © i -
a 5 | levell ol 8 5 g & | a 5
_g g gé time/ E% i; § .; % a %;‘ » 4 -'.% B -?:. " -§ 2l Description
TS| BE|ae 55 58 SE(CIEE B |2 |€5(8E| B S
o o : | v | odws [ 7] 6.05 0.00 v ] QN !
217 | PX [ 2.58m | : r N Rock {FILL)
SR - N
o E c N
A = O
S E - N
S : - N
o : r N
A = A
. 3 = N
IR S AN
Ll : . NS
AR : AN
: . : I NS
INEE RS
cl o : - hvd
o] N
SR : N
i . C
. } } l . w REMARKS
| di
! Smal ﬁmur:‘d "mplﬂ a e “mela LOGGED YKY Designated fill typs A placed above -14.75mPD
i Largs diatuched sampls T Standsipe tin Parcussiva drilling from 0.00m-17.20m
SPT liner wample Standardg panatration test DATE 06/08/94
I W78 undisturbed vampie I Parmeability 1aet
l U100 undisturbed sample E} Piszometer tip CHECKED CBY
% Maziar sample ]E Impiession Packer 1aut
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{FAR EABT) LIMITED

INTRUSION-PREPAKT

DRILL / BORE HOLE LOG

CONTRACT NO.: 2556

HOLE NO.: %19B12
SHEET 2 of 5
DATE from _27/07/94 to 05/08/34

W.0.No.& LOC, 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU

METHQOD PERCUSSIVE / ROTARY CO-ORDINATES ROCK COREBIT T2101
E 807839.86 140mm 114mm
MACHINE & No. ACKER D90/LYEAR D69 N 817822.92 HOLE DIA. o e a0m
FLUSHING MEDIUM  AIR / WATER ORIENTATION  Vertical GROUND-LEVEL 6.05 mP.D,
o | Watar * © * P * -
8| & |evel| § 55|35 .2 2 (8 _|s | = .
ge| B Z | time/ |83 5 3 2zi8|2x a o 23|85 E e, Description
T2 BE due 53 3855191238 5 |& 123|8E| & Fl
0 a [ ~] L = o 77} = oy | P [ w .3.95 10.00 - 1G] ~
' ‘ r \/ AS SHEET 1 OF 5
3 M . /N
: SR : : N
: N : C N
] E AN
. . . C oY
S I - AN
- ' ' C N
- SRR = AN
: o ! . S
2 do _ |a1asFize0
. ; r N Pinkish grey, subanguiar coarse
- ' ' ' r GRAVELS and COBBLES of granite
PP : E {FILL}
- LA - 18.00 <
: NN . N
: P ! 12101 C NS
: 37 N :
' L :'_- 19.50
- T C AN
: 1B -
REMARKS
® Small disturbed sample A Waler sample
t Large disturbed sample 8 Standpipae tip LOGGED  YKY
|] SPT liner sample l Standatd panatration test DATE 065/08/94
I U78 undisturbed sampls I Parmaability test
. U100 undisturbed sample iil Piazometer tip CHECKED FT
% Mazisr sample ]E Impression Packer test DATE 10/08/94
Piston sample HV /Y Hand Vane/in situ Vana shaar test _—
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INTRUSION-PREPAIKT | CONTRACTNO.: _255
(FAR EABT) LIMITED HOLE NO.: 519B12
SHEET 3 of 5
DRILL / BORE HOLE LOG DATE from 27/07/94 to 05/08/94

W.0.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU

MES —— — o

U768 undisturped aampla
U100 undistuibed sample
Maziar nampla

Prston sample

Permaability test

Piezometer up

P O O

Impressicn Packer test

HV/V Hand Vane/in situ Vane ahsar test

CHECKED CBT

DATE

10/08/34

METHOD PERCUSSIVE / ROTARY CO-ORDINATES ROCK COREBIT T2101
E 807839.86
MACHINE & No, ACKER D9O/LYEAR D69 HOLE DIA.  140mm 174mm
‘ N 817822.92 " 0.00-37.00m-48.60m
FLUSHING MEDIUM  AIR / WATER QORIENTATICN Vertical GROUND-LEVEL 6.05 mP.D.
|
o | Water ai o Bi @ Ei -
“ By i it il & © = @ n a
E’ g _g' i‘ t?r\:e,f Bg = % E % 3 x @ 2 .§ § ":5:_ - k gl Description
= 2!a R g3l 28| 28|42 @ £ 2 v e & B E
T 2| v g | date zE 2| B e ol ] % cal ok @ = | o
Od O | o | B (= B 0 1395 2000 Q| N
- ' Ao : r r R AS SHEET 2 OF &
- CrAl 2101 -
- ' : : | L
" ! : : _y.. 1-14.75 "20.80
- : S - r _ILI Firm, light yellowish brown siightly silty
L : 5/37/52 : I E w_’_.;_T to silty sandy CLAY (ALLUVIUM}
| . ' - 29 T —
- . ! 1.15.45 2148 [T
: . T . A .
i : i X ::.,_” L »I‘T’ l Firm to very stiff, yellowish brown
i X : . N2 2 F H striped light grey mottied reddish
— : : . ki . [21.95 -] i {—| brown clayey SILT with occasional
: : W:'/O/ . L H | dark yellowish brown silt pockets
Lo : 3 2245 1 '_]_1 H { < Smm) {ALLUVIUM}
. . . (0.9, n® P e
. E ) 811, E "I -1 [_LIT_L
e K P F22.95 jrl_’[L
- i . N-136 C
r %278 ~ I ..o
) 3 : ‘: 5y, (RS 2345 1| H
A ' ' ' 9,8,10.9) C J—I_Lr_
: co : neaw ] g F 23,95 JL['ILT
- ; : sob * n
1278 Bl
'9/ s E7|.1pa5 r23.88 4LJ i :
. : H 29801 r _['T' l__ Very stiff to stiff, light grey clayey SILT
. 1 . N~ 21 8 r | with occasional dark yellowish brown
- . ; ! 5901 —or T [.24.95 »-i {_ silt pockets (< Smm) and occasional
: /0 : l - H ‘ black organic fragments (ALLUVIUM)
: 5 /} 5 (4.8 g 525 A% -l |J'1 i_
. h . h -8 M I ‘l 25.50-26.00: mottled dark brown In
: ! : ! 6,7.7.0 E 1 H.] colour
: : ? : Heze | ] 10 [ 25.95 ‘]H_‘H‘
- . ' Bl L C
: ; : i w
; /”/{/ | l, 0.8 12828 17
- ' ! Bl r _I‘TW_H Stiff, grey to dark grey claysy SILT
[ 2807 2.20m | ' ; =18 " 26,95 _{\_HH (ALLUVIUM)
- 29/7 1.70m } ! // ' :_ H |
L 2717 2.00m | /f C 28,00 ‘[Ql’l‘
- 287 7.50m | ; : A __[ ]_L
SRR i
: Pl : - | —H-'J
- 29/7 2.30m | ! ' ' r29.00 _1]‘]'|
3077 T50m | | // : - 4L_I_]
L) r HJ
e : o LIE
A . ni
s Fap.00 |
REMARKS
disturbed I w
Smell laturbed sample et sampie LGGGED  YKY In situ vane shear test at 28.00m(68.89kPa)
Large disturbad sampls Standpipe tip
SPT liner wampla Standard panatration teat DATE 06/08/94
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INTRUSION-PREPAKT

{(FAR EAGT) LIMITED

DRILL / BORE HOLE LOG

CONTRACT NO.: 2556

HOLE NO.: 519812
SHEET 4 of 5
DATE from _27/07/94 to _05/08/94

W.0.No.& LOC. 25%/013 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU

METHOD PERCUSSIVE /| ROTARY CC-ORDINATES ROCK COREBIT T2101
E 80783%.86 140 1140
mm m
MACHINE & No. ACKER DO0/LYEAR DE9 N 817822.92 HOLE DIA. 0.00-37.00m-48. 60m
FLUSHING MEDIUM  AIR / WATER CRIENTATION Vertical GROUND-LEVEL 6.05 mpP.D.
v |Water ® o # o * -
o & 2 | level | 3] g 5 g 5. H 8_ | « g -
5| E%|tme (3353 | 22 (S3x5 2 |2 |33|8=] & %] Doscription
EEi8% e B0 58 58| Tieg 8 (X |22\ SE| B |21
\ gl Rl i A _|-23.95| 30.00 L]‘:; N
i N : - - il AS SHEET 3 OF 5
F or7 2e6m| | | ! v 16 060 Hﬂ' 30.00-31.50: stiff
78 T#m]| | f// ; g‘ . o ’l[ T
: s //% e S b
- : / : . 2180 T[HTL 31.50-32.00: very stiff
3 v 18| .25.95 F32.00 ]|+|¢
- : / : = - 4*‘[4 ' $tiff, grayish black clayey SILT with
- , ) . F accasional to some black organic
i ; A : . H il IT{ fragments (ALLUVIUM)
L 18 2.60m | 1[4 ; 19 £ 33.00 _m_‘{ﬁ .
—778 T7Em ¢ [ ! . L H‘[rl 33.00-33.50: slightly sandy
: V 5 1o DN .27.45 F33.50 [11] rl'
- : / . o _l"f i Madium dansae, light grey silty very
- : j ; ] 305 {_'_1 ] clayey fina SAND (ALLUVIUM)
n : . ! 2.2, . i "I . }“1 34.00-43.00: slightly clayey to clayey
- : : ' 42.3.3 . H !
- : : ' =12 22 [ 34.45 '||_HH
- ! ! : . C -I [-L‘H
s | il
: : : : 14,4.‘.4] H E _I —I_ L‘-
X ' : ' N=1e 23 k36.95 iH—' ‘
- ' : : b4 e LHH_
[ 28 | px |275m| | 5 o g HH_
L3786 (37.66m| 1.95m | | : : 3. r o f'l}
- HX H ' ) a,4.4.41 E -l
[ ' H=t18 2.4 F37.45 _IQ)_H
- ’ ' 5 IEEY L LI'IIT‘
u . . IJ.I.B.M H L "I L'_I lT
B i H Ne17 Fapg.ag id-] L
- B ! ¢ = 4%—&(
¥ o ; r Ui
: : ; ' r H }'Lmy
N R S H-
1 il v - r&i—r 1.
1. o i N REMARKS
Small d w )
t Lm dm:u'h; "mp" PR m: “m?c LOGGED YKY In gitu vane shear testas at 30,50mi > B0.40kPal,
] "9" sturhed aampie T tandpipe tip 32.00m(>80.40kPa) and at 33.50m{>80.40kPa).
SPT liner sarnple Standard panetration tast DATE 06/08/94
I U286 undisturbed sample I Parmeability test
. U100 undisturbed sample 4 Piszomsler tp CHECKED CBT
B Mazier sample P Imprassion Packer test
8w in o DATE  10108/94
Pisten sample HV !V Hand Vane/in situ Vane shaar test
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INTRUSION-PREPAIT | CONTRACT NO.: 265
(FAR EAST) LIMITED HOLE NQ.: 519B12
SHEET 5 of 5
DRILL / BORE HOLE LOG DATE from 27/07/94 to 05/08/94

W.0.No.& LOC. 255/019 SITE INVESTIGATION FOR AREA D3, WEST OF LAM CHAU

Piston sample

HV/V Hand Vana/in situ Vane shear test

DATE

10/08/84

METHOD PERCUSSIVE /| ROTARY CO-ORDINATES ROCK COREBIT T2101
E 807839.86
MACHINE & No. ACKER D30/LYEAR D69 HOLE DiA, 140mm 114mm
. N 817822.92 ' 0.00-37.00m-48.60m
FLUSHING MEDIUM  AIR / WATER ORIENTATION Vertical GROUND-LEVEL 6.05 mP.D.
N .
H @ |levell | & 2% 8 & - H — .
g g’f:_" time/ 35 _,: g ; g S |2x @ £ é g ﬁ _ -E 2| . Description
R mol 2 0| =o0lg|i2 i g a4 o 2 E o B E
EE S data e B iy @ 3 cl| okt b 518
& = il il A .13.85 | 4000 | ™
3 R : [ 2. - Rasdit AS SHEET 4 OF 5
i : ; : 2.2.6.6) H L "VT}L!’\
- ' ' ‘ N8 28 :40.45 ‘{)Tl .
B ! : : ¢ y : H]'ﬁ
- : : : 4,3.6,50 - Tylr
X ' : ' I"-ﬂ U 27 I 41.85 I|+l¢
- 1N T e
- -36.95 F43.00 _IL_l 'T
- ' , ! 1a.7.5. - =1 e -
- ; ' : Ta1.12) C —I.—-I Very stiff, light grey siity very sandy
- s 2.75m | | : ' N~a8 28 F43.45 7 "[‘T CLAY (ALLUVIUM)
. ' i . L i
. 4/8 1.70m | ! ' E _I_
- - ; 3795 Fag.o0 Pyt
- ' / : u °4J J Dark grey, and greyish green
i . / . r g J subangular to subrounded medium to
- ) / : I o$ coarsa GRAVELS of granite with
" . / . T2101 E P ‘1’ 4 maatrix of greyish black clayey silt
g L : r cl i (COLLUVIUM)
- : /., -39.45 | 45,50
N . . : ‘,ﬂ;,, » ol v Extremely weaak, white mottled dark
- I : : 2429 20 r g green and grey completely decomposed
- : ! Neg2 . [46.00 ) L o GRANITE {very denss, silty fins to
- ! / : C N coarse SAND with occasional to some
- ' : o . l H ‘P subangular fine locally medium graval
F ' / ' o <1 g |{ sized rock fragments)
_ ' :/ : tz.10. 300 ;‘5—47'00 . [
" ' : ! 23,39, - o [ ?
L aie 2.20m | | ' 987t 20124145 [47.50 9
- 578 | 7 . N~ 208 7 N - .'I';'|: v Extramely weak, yellowish brown
- : ) ) C g spotted pink and white completely
- ; : - =) decomposed GRANITE (very dense,
- . d : E L gilty fine to coarss SAND with
- . y . z I ‘F occasional medium to coarse gravel
5/8 HX : ‘ il ¥ -42,66 [48.60 |9. | sizad rock fragments) -
- . ; : 110Gmm C END OF HOLE AT 48.60m
REMARKS
@  Small disturbed nampla A Watar sample LOGGED  YKY
t Large disturbed sample ﬁ Standpipe tip
I] SPT liner sample l Standard penalration test DATE 06/08/94
l U78 undisturbed sample I Parmaability tant
B Uicoundiewrbed sampia & Piszomster tin CHECKED CaT
Mazier sampls IE Impreasion Packer test
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APPENDIX D

ROWE CELL CONSOLIDATION CURVES FROM PHASE II TESTS
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f [ Depla 310301 m \
' [ T I
4 [ N N J N T B R It
' [ ' Vo
4 - 4 - L 4 L F e e = )
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1 10000
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1 19 100 1000 10006
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1 .03 1m L L
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Void Ratio

08

(1K)

o
=

Constrained Moduius (MN/m?}

Cy {m?¥/year)

Excess PWP {(kFa)
g

-

o

= =}

*

CONSTANT RATE OF STRAIN CONSOLIDATION

' Voo ' ' o I \ G
1 ' l Voo ' 1 G CR5-2 '
BH519B08 Sample 24
=4 T P I S - Ddepth 34.3-3.5m o
1
1 4 1 LI T B}
- BB T Fi
] ' [ R
I Vo
T e
1 ' v
. Ll
T i 1 [ I R B |
1 ' I [ ] 3 ] LI R I ] ] LA I A )
. et " N by ; ' bt
1 o 100 10000
log p'
T T T T T g g Ty T T T
. o ' . Ca i TRE1 '
Voo o - L ! B}Eﬁ,ﬁmﬂ?ﬁ 1
. o B 1 o i f
- L R R R e T LRI I - - s -t s miAarT
' Vo ' ! IEEEE ' ' o
' [ A ' ! IFEFEFI ' ' o0
' [ T A ! 1 P . o
-+ LI S R T R EEETI L R SV R B IR
' [ A ! ! o . o
' IR ! ! o ' Coa o
. [ A ! ! o . o c
-+ T " F S I
' Vo ! 1 o [ IR
J ' Vo 1 ! o [T R
' Voo e 1 1 o ' RN
} e ' ._ it ' N ; —
1 10 100 10000
Iogp'
' oty ' ! ' CRS-2 '
1 . o . ' . BHS19B0S Sample 24 '
Depth 34.3-345m
' o b . ' ' '
T FE L
B ' G i ' ' ! ' v
' Coa i ' 1 ' " o1
T P T T L
' o ' ' 1 \ L
4 LA T R - e
' o ' ' ! | o
' [ ' ' ! I o et
. [ T [ . I N s
' Vo ' ' f I o e
' Vo ' ' i | [T
N N N : : . e
i 10 10000
' G0 ' y EEERE } T
) [ , ! , G s
1 BHS15806 semple 24 SR T
' ' ' RN
T O T an T T T T T T
) ] ) 1 ' ] 1] il LI T R I}
_-_ O L F e NN
| i Co e ' ' ' Vo
i R T T R R U R S R R R S
4 [ 1 LI B R L ) ' ’ l . LI I O )
] T R T T U O S S S a
| ' o e ' ' ' o
4 O T S T S S S F S T I A U
B Ll L] L L] L] ¥ . LI I B B I
b +—t +
1 1n 10000

log




- 76 -

CONSTANT RATE OF STRAIN CONSOLIDATION

07
' Voo f Lo f [ Vo - '
BH519B08 Sample 24 '
Depth 344 m N
! o
T T VT s
. Vo
e B R T
. TR
e T T e B N
i R
R B PEE A R PE
. T
e
' Co o
. PN
1000¢
230 T LS S N N g T — T T T T
CR5Za
] BHS19BUE Sample 24 ' ! L
Depth 34 4m \ \ Vo
T JE SO S I i o S oa - 4 v a s
' Vo ! . A
4 , o . , o
Em_____-_n__‘_-‘_n-‘-___-_ I N )
= ] 1 [ T I B | [ r 1 LI I I |
14 r l A ' I ll [ ]
g\“’“" T R
w ‘ o ) ) o
I R ' ‘ o
E e I e T T B SO ol el Tt T UT T i T
. [ I B ' ' [
) . I LI L] 1 1 LI I T I )
] T ¥ + + A
1 10 10000
E
] I \ o . R . Ty
' [ [ B ] 1 ¥ [ N] ] 0 [ CR3-24 v
BH519B0% Sumple 24
' . [ B ' ‘ [ I 1 1 [ Depth 344 m i
e P T T S T T T T T T S T S R SIS T T Ty
B TR . . o ' Vo ' v G
= ! [ R I B ' ' "I
i I i W T St o Bt R T S TR B
E \ Vo ' Vo
E o | P
oL S B S I R R
! [ R f [ B
] i I [ A I [ 1 [ ] ] 1] A T O ] 1 LI I B B A
T=fF ~ = % = + A A + A=l bl =~ — == A —l=1=1 F 1A= = = |- =I= F F A= +1(4% = = A = & = 4 =
. Co o . Co e \ R \ Vo
' o ' R SRR IR AP \ o
a + + i} + bt + et + A
1 1] 100 1000 10000
logp'
35
TR ' Y] . I | Vo1 s
1 BHS19B0S Sample 24 ' v ' [ IR
30 + Deplh 34.4m R R S T R B i T A
_— ' oy f [ ' Lo
T S e
=
LD R T S S R A T N A S I Lo aa i
v§ ] ' [ A f . ' Vo
= ' R f o ' R
- R T Ty L an T
510““'7‘."'.:.1”"'.">'.' R L T T A
b ’ 1 LI B B A |

1 Vo o I
o b} b e+
1 10 10000




0.8

0.75

(3]

0A5

Excess PWP (kPa)

Cv (m?year)

2

30

b
"
}

w

I
[

Constrained Modulus (MN/m?)

[

™

CONSTANT RATE OF STRAIN CONSOLIDATION

-
10
EEERE
CR53

BHS19B0E Sample 24
Depth 34 7-35.0m
T T T T
[ IR
o
ol T T S B
[ IR
N
[ T T PE T
[ IR
o
]
Vo
P
———
10

s o
CR5-3
BH519BOB Samplk: 24 o
Depth 14.7-35.0m i
R O
' o Yo
- L R
' A Foaa
— R )
' Lo
- [ S R B |
' Lo
R R
' Vo
10000
. Vo
' Vo
CR53 '
BHS 19BOE Sampla 24 ,
Depth 34.7-35.0m _
y
. Vo
f Vo
‘ Vo
T T oA T
' R
' R
' Voo
- . LTI
' Vo e
' Vo
' Voo
10000
v T T T
CRS3 '
BH510B08 Sample 24 N
Depth 34.7-35.0m
.
-1 Lot
' Vo o
' RN
B
' [
T Voo T
' Vo
A D T T
) [ B
- A L
B Voo
' MR
10000
R
Vo
' b
-3 S0 VT
I G
I o
-7 T Tt
I [ I
. R
- T Ll B B A R
‘ R
. Vo
-+ [
‘ [ o
‘ [
100080




78

CONSTANT RATE OF STRAIN CONSOLIDATION

16
\ R ' L . \ R C s
. P TRS4 .
BHS19B09 Sumple 19
L4 Tt oe Dipth 29.5-29.8 m o
\ [ '
2 ! o vy
) [ | [ I Il [ LN
=1
] . C | o
E T A T S B T
5 | o | o
o8t Lo R R T A
\ P I o
\ [ I o
0.6 00 T T Ty
\ F— I o
04 ' « " — —
1 1000¢
oo [ [ [ 0 1 DL
f [ ' Lo s
f C o CHG+ '
BHSLYBOY Sample 19
0 A Depth 29.5-29.8 m *
i o !
i T ! c o
o
5607‘ T Oy v
v ' ' . 1 ) LI Y |
% ‘ V . ' P v
é 0T D T
] ' [ . Vo
' [ . Lo
201 LI ST T ThTra et
' Vo . NN
' Vo ' ]
a \ M N —
1 10000
7 [ 0 [N 0 0 DO 1 L ] 1 1 LI B T B A |
' o ‘ ' Vo . PRI . Lo
s R R N N TR or
. R , BH519B0% Sampie 19 O
i . R ' ' R Depih 29,5398 m
51 L - L o4 2 Lan -1 a rov s [
' o . ' RTI . o
—~
! Coaoo i ' ' Vo . R
o ' [ R ' ' [ ' G e
E ' T ' ' R . o e
74 oU ! - A bt oL v
5 ' Vo ' ' R s R
' Vo ' ' R . v
2T R T R T A T D [ T3 T T e I
' ) o ' ' e . Lo
L+ P T BT I N R T R R BT
. Vo i . o . Lo I e
a . e+ ' ; bt . At " e bt
1 10 100 1000 10000
Togp'
U 1 ] L R » ] LI B I [ ll [ 1 1 LI I T )
] CRS4A ] ) LI I I | ] 1 LI I T B
6 BHS19B Sample 19 LTI TR L LN L
P
< W5k 1 I LI A ’ 1 ’ LI B R |
& ' f Vo ' P ! Lo
Bs + L - - Lot B R T
% ' Vo ' ! o f Vo
]
= ' Vo v ' l P ' [ T B A
L4 R ol I T S R
é Coa Ce b e o
3+ o= k= A e - -l L=l 140 R TR
S L
51 - - - - - - - - - R - - - - - -
o ' [ [ R 1 ' [ ] [l ' [ B A
1 1 ] . LI B ) Ll ] LI B B ' ) LI I B )
1 T O TN ST VTET T R T T v
1 ' o ' ' o ' [ R
o ' — L : i 4 P bt
1 0 100 1000 16000




- 79 .

Void Ratlo

0.8

0.6

a4

T

& &

Excess PWP (kPa)
5

>
=3

Cv (m?year)

"

a

3

g
g
:
=
2
:

CONSTANT RATE OF STRAIN CONSOLIDATION

' IR ! P ST | Co ' Voo
CRS-5
-+ BHS19B09 Semple 19
1 Depth 30.3-30.5 m
-+ O
' Voo
' Voo b
T e T B T B
' Vo
—_ e e I e )
' Voo b
' Vo
T e T S B S N
b 1 [ A | ' il [ N N 1 ] [ 1 » LI R |
M ; — ; . et
t 100 1000 10000
log p'
T L DL M ) T T Voo ot T T T T + v Frr T T T Tt
- ' [N | ' RN ' . [ NN CRS-5
BHS14B09 Sample 19
=4 Diepih 30.3-30.5
. Lo e
T T T T T
7 » I LI T B I |
- RO B T i T
—_ e o = Y
. L
. o L
T e
. oy v
T T R
. R
1 10000
R e
Loy ' BH519B09 Sample 19 :
4 T - - - Drplh 30.3-30.5 m F
1 Do e , V ]
=+ I I~ I gy [ T T AT
] Lo I ' Voo
—+ -l L e e T e A
] Vo i Voo
R V Vo
T OV LT T T TN Ty
1 I LI T T B O ] I ' ' LI N
T T T T S I o R TT O T TS T Ty
1 I [ N A AN I ' ' LI I B
~“r e T T T B LR T e I B A e
1 L I ' Vo
e ; . NPT T
i 10 10000
A ' . T v 4 1t
RS>
1 BHS19B09 Suniple 19 ' ' ooy
Depth 30.4-305 m . . S
T+ 1 v T T e S T T
] Vo . \ S
Lo . ) Lo
- S T T e R B v
i T S . . L
TR S . . ]
Sk At e - - - EEE N A R
Vo s . . Lo e
Vo . . e e
J [ L
Vo . , o
Vo e . . o
b1 + + 4
1 0 10000




- 80 -

b

Void Ratio

0%

@7

3

Excess PWP (kPz)
-] I3

i0

Cv (m¥year}

~

o

Constrained Modulus {MN/m?)
w

CONSTANT RATE OF STRAIN CONSOLIDATION

] f - f Vo AR
4 - - 4 _ L l [l [
CRS-5a
! v BR519B09 Sample 19
S Depth 20.8-300 m
| « o T O T
T - - v - oo . B A B |
i P ' T Vo
I e T T T T T T S
1 i 1 ] ] L] LI B |
T TV T 05 T T
] [ ] . i oo
T 00 LT O An
L P
1 . P ' T Vo
t 10000
' ' . Y
-+ - - 1 - v g B e e
1 ' T CRS-3a
1 ' Vo
| y Voo . o
T 000
l } b 1 [ |
I R SR
1 L] ’ I * Bl L |
I Y M T T T Fal
1 ' v r ) I LI I A ]
T - - 1T T % T T T T I
1 ] ' b r I LI N B I ]
I T T
1 ' ! ! o
R — ; e
1 106000
. R . ] R ] R
1 . oo [ TN \
BHS15B09 Sample 19
4t Depih 2.4:30.0 m -
' T, ot 1
' v . Vo e
' o e . o
i S e T T e T S S B B o
' Voo . o
] ] LI il LI |
T - - 1T T T N e R
' o f o
' oo . o
—+ - -+ - 4 4 0 LR B L R L
' o . o
' o . Co
' et ' ot
1 10000
\ Lo ' R
1 L 1 [ ] ] LI B R A
CRS-5a
=+ BH51SB09 Sampl: 19 e T I S PR
Dregth 29.8-30.0 11 ‘ Vo s
1 1 I LI N B | ] LI I B
L I A B R L L LR
] | Lo . A I
| o e ' Vo s
b R A T N R SRR i T -
1 \ Lo ' Vo e
\ R ' Vo
T "7 -7 7450 T T U T
1 . Lo f Vo s
O .
, L ‘ Vo
' P e ' Vo
— + bbbt
1000




81 -

0.65

Yoid Ralo
=
i~

0.3%

03

2

F

Excess PWP (kPa)

Cv (m?/year)

i

o >

s

2

Constrained Mudulus (MN/m?)

CONSTANT RATE OF STRAIN CONSOLIDATION

| ' s F— L
CREA
4 Lot BHS15BOY Sample 23
\ . Depth 33.0-32,2m
| . T EEEEE
T P N TV T T T
1 o
i ! I Ll I LR ]
1 1) I I ll [ B T B )
T T N LT Ty Ty W
1 . I E 1 L
4 - r - R Fa
1 . ' ' o
-+ P - - e
] ' Vo g ' Ve o e . e
+ + ———— + + =+ it +—+ + Attt
1 10 100 1000 10000
logp'
T T T T 1 7 117 T o T TT T T 1 1 T 1T 7r%¥
CRS-6 ] et LI} I 1 1 L] [ I B )
1 BHS$19H09 Sample 23
Diepth 33.0-33.2 18 ' G Vo o ' Vo
4 —— s - [ R R AT
! . L) ll ] il [ N A ]
T I . L . ] 4 [ I R
4 .. oL F S A
, . o ‘ o
I ! o ' T RN
| . o ! Vo
T T . T i
) . s s Vo s
I . e ' Vo
T T - r 1T TTT T Ty ST
f o I o
\ o ' o
. ' — . e
1 1000 10000
- T - - T ——r——r
1 . o v . f CRE-6
=+ P - o BHS19B05 Sample 23
Depth 33,0332 m
J i G a0 ‘ '
-+ e e e A au - Rl - e e A s
] . G i ' ' ' Vo
- L e 2! A - L L
f P . . ' Vo
1 1 Al LI B B | 1 1 + ' Vo
T P T ° S o ..
1 1 I [ A N I 1 ' ' LI I T )
T TG T o N - STV T T T
7 ' ' [ AN | 1 ' ' oo
T I e R T Sl ) =i = - R e
1 1 I [ A N I ] ] ¥ LI T I B )
- P I B R - P T I T
1 \ Vo ' f i Voo
1 19 10000
1 Il 1 I T OO0 o0 o | 3 1 . I LI R T B ]
i 56 . _ . e s e e -
HHS19B0% Sample 37 ' ' D f I I}
4 Depth 330232 m , , , e
—_ b= e o e d=E - - - R A ey
. Voo f ' ! ]
- T L . A - L = s
' oo | ‘ ! Vo
' Vo . , ! | o
| P ST Ty T LS
' Vo e \ | o
T T A T - U0 TS
' Vo v \ ' o
-+ T M Tt = - - LA o T TR
1 ' Vo B , i o
-+ 1 — + + -+ +—+ — } e+
1 0 100 1000 10000




- 82 -

CONSTANT RATE OF STRAIN CONSOLIDATION

LL
. Vo i I Y] f Vo " I B I
] CR5-7
1 BH519B12 Sample 17
P+ - - 5 Depth 31.i-3L.3 m
f [ VoL
og—+ - - ¢ R
. f ' Vo Vo
E ' ' Vo
g™ T - - ST T Ty i
k=3
= ! . Vo o
07+ - - 4 L e |
. ' Voo
. . Voo
e R T T
! ' o
0.5 + . et
1 10000
120 T T T T 1 7 71
E ! RS-7 i
, BHS19812 Sumple 17 [
w— - - - Ceplh31.1-3L3m L
. ]
1 .\ ' IR
wd - -2 N R I R A I Y
i: | 1 Vo
= Ll ' LI R T R I |
§ v . '
- ’ il 1 [ R T
= l - - .- e - oo -
a1 " I ll ER .
' I G
w4 - - ! oLy
' G e
' Ll [ T I |
9 ; ; At
1 10000
22 T T —TT T T v T T y —TT T T — T T 7T
4 1 I [ B ) I 1 [ ] ' LI B I CRS-7
, T BHS19B12 Sample 17
EE R B - - Depth 111313 m
. R
, Vo v ' IR
I3 - - 5 - ¢ %% toanm T T R T S T S
. o e ' Lo o
=
Brad - - oo ionu T T R .
«"‘:" ‘ ' AR ' [ [
k= ' o e ' Vo
5"‘" s B e T T A AR o S I B B T
Lo ' G
I T T S O T R SRR S
! Vo ‘ o
! IR I . o
[ e A T R T
. Vo I o
o ; I ; e
i1 10 100600
12
) R L
CRS-7
1 . Lo BH5198 12 Sample L7
P L. Dept 31.1-31.3m |
- ! Lo ' T
g ! Voo . Vo
b=l B e S e R B AT o B - S T B
El . o G
gﬁ____.__.__._.._uuiA Y T Y '
= ‘ o ! o
5 ) Vo . Lo
' Vo f o b
e -
b 1 1 [ T t . LI T N B B )
0 ‘ e N bt
10000




- 83 -

CON
TANT RATE OF STRAIN CONSOLIDATION

16
| ' [
. L I | ‘
sl " . TRL
70 T - ‘
REREE o BHTEMI
' B 5
N | Depin 1041
- ' [ T I ‘
g A | ey
‘
gl“1“----1 e ! v IRRRIERRIE
g i i [ e O e T T I X RN
. o I RRRES
2=+ - - 4 v ‘ . R '
_ R I v [ ]
' oo T I =
I I ‘ | [
ad . R | v BRI
| P A I R S ' SEREE
l ' o ' I R
T + ' R
| RS = I ) VT T T
'
. [ B
4+ ’ bt
10000
3%
T T T
] I ' L B ¥ T
[ T R =
L S ) : I
[ R R T T S v ‘HIBMI —.
| ' T T B LT P
Vs ' 1 l
P REE ' : - Bhwls :
Lo ' 4 m
;“\ | ' I R R I TN I
'
510AA_| [ BRI ' AR
T - T T I O
E | S ' P
v ' G I Y
gls_-__l I I o "
g T A A I R
5 . Lo T I -
. [
' '
P A B A B ' IEEEREEE
. . SRR
| ‘ o b ' S I SRR
5_.____l oy ' ‘ AR
] T E R B R I e T ' I I":.:
! TR B ' R
0 ; — ‘ l o ;
— o
| I | | VT
'
. o
—
25 1
T —T—r
—rr
| ‘ [ I | . ' ' '
' T —— T T T
) l Lo ‘ L :ll\\ ‘ o N
B Y S E B B SRR N o ' o | |
: = R I B B A S S o s
| ‘ Vo ! C T - : g :
R ‘ i [ Depth 104 m. (]
) I o ' 7
s oL [ A ! ' o ‘ R
;J’ T [ T T S Y R S ‘ ’ B :
3 - I ‘ Lo v g T Ty T ‘
" -
E ’ ’ ' , [ o ARt
£ [ . I ' o
E L P I ‘
R B R P I W . ' o
I R T
| L l o ' [ R
I P
[ I ! o IR
‘ NN
s—--_l_._ Vo . . o I R
v P T B R A e I R
' o | L S S
. [ IR A I S I
, ’ L | [ R IR I I
[ bt L — o
—— I
; . [ TR I R
n — —
10000
4 -
' O
' '
| ' o Co TRIAL
I ' oo
o ' o | T
- .
"53————1-'- IR ' C 1 I
; ‘ | ”777“--: R BHTBMLS
o ' R Depih 104 m !
: | ' S T B R R
2 . NN . [ RSN,
E o 1 ' o , IRERIY
Ezm--l_‘__l - Lo ' o
: - I B B BN | I
E Voo T .
| I ' ' [ R I I
5 I Vo ' [ BEREREEEE
g S o ' [ R
'
DR L o ' o
: ‘ I R T T [ :
e I I S T T T A SO SO W B B SR L
' [ B o : o LT
' . I I L [N ' o
Vo ‘ I I ERE
u J l Lo o
BEE ‘ v I Lo . o
| ' N R ' '
M i ' — 4 N
- + — ¢ ——t
1000 I "
10000




-84 -

CONSTANT RATE OF STRAIN CONSOLIDATION

16
RN i Vo ko i ' EEE ' PR
1 TRIAL2
15 - - - BHTBM1%
] Depth 103 m
14+ B . T B R
1 ‘ ' Vo
S8 R R T NERN |
5 ‘ Voo
;12" TR BT R
T T T Y T T o
) 1 ' [ N
T e
ugﬁ-, e B B
] ' Vo
08 e + — =t + i} + —t ——+
1 10 100 iy 10000
log p'
70 T T T T L N T L B R B T E S B
| ' . L
TRIAL 2
60 BHTBMLS i
0 Depth 10.3 m Vb
. | R
7 1 T
= 40T AT T A B
@3‘],, o J T T A S Y
g
T ' ! o
' ! S
w " T
T ' 1 ' oo
10— 3 R e i B
1 ' ! P
o + : e
1 10000
30 T T T ¥ =TT T T T T T T T T T T T T T T
o f Vo ! A ' R
oo ' Voo [ R RN B%?s "
oo ' Voo ! R Pepth 103 m ..
oo ' v Jre—— 1
[ ' ) Voo o
B S T T T T e
’% Co ) IR
= [ ' ' Vo
& o ' ) Vo
5 [N ' ' [ [
wd K I A I R T '
[ ) ' [ N
oo ' ' Voo
oo ' ) [ I
[ ' ) Vo
e ' ' Vo oy
0 —— -+ + + ———
1 10 10000
3 LI B ) 1 . LI I I
] Vo ' TRIALZ 1
Vo i BHTBM1S \
4 PR - - - - - Depth 103 m -
P LT ' f
E e . . o
§3 h TTaTh T T T T T R B e T T A
= Vo ' ! I
B2 N T B T
Ul- [ S R T N
L ' ! A
] LI SR ) Ll 1 1 LI I B )
0 i ¢ ———
1 10 15000




CONSTANT RATE OF STRAIN CONSOLIDATION

18
' PR . I Vo Vs . T S
TRIAL 3
. G . I o Vo BHTERILS
sl 1 R I i R _ Depth 10.0m
. T
. o
L4 R R R
c L
E . Lo
o
o . Lo
z
EP a1 1
. Lo
. Lo
| Lol vy
. Lo
. Lo
0.8 N .
10060
250 T T T T
TRIAL 3 '
BHTBMIS L,
Depth 101
200 - b+
' Vo
' A
£ e
- ’ 1 LI B R
@ ] 1 LI I T I
8 S L e oo oo
3”’0 ) T T T
' Lo o
' R
50 St T it
' R
' R
0 N P . ' H’ i , —
1 10 100 1000 10000
log pf
25 T ——TT - v T v —— T
] ' EERE I ' Va !
' Voo I f o [ BHTBMI15
2 . N K Ve o Dejgp 10.1m
' ‘ f a . R
' IERRE ‘ . i f o
' IRERE ‘ ' i ' Vo e
P T T Ty h T T T BRI
S 1 IR o R e A A AT S
' ' i Vi ' v EE
' T i i Vi ' v Vi
' o ' ' Cia ' v i
T i TN T Ty T R R
' Vi ' ' Vi ' Vo
' i ' ' L ' Vo ey
o n i ' . et ' PPN
1 1 1000 10000
3 1 LI Y A | 1 1 LI 1 1 LI I B R )
] . L \ \ Ca \ L
L3
. Vo ! ! (R nmmmm |
4T T R TOA T - Depth 10.1 m
g ) R ! ! Y ; T T
ES-- H ST, R T LI T A T T
= ' PR ' ' L ) T B R
B2 . A S e B T
£ Con Co Vo
J]—— - - 40 - - e B R
. R . . L f R
. Coona . . L ' R
0 ' bt . N —+ bt ' it
1 10 100 1600 10000




- 86 -
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CONSOLIDATION CURVES FROM SMALL STEP LOADING TESTS
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PRESSURE kpa
Description
nitial buik density 2,02 Mg/m?
Initial moisture content 24,39 % Initial saturation 98.3 %
Initial dry density 1.62 Mg/m3 Initial void ratio 0.567
Specific gravity 2.70 messured Compression index Cc

apsumesd
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too Jedomster Tastlng g fef. o, 43794/33
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Poid Ratls a Tast No. = 34029
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PRESSURE kpa

Description

initial bulk density 1.68 Mg/m3
Initial moistura content 56.8 % Initial saturation 99.6 %%
Fnitial dry density 1.07 Mg/m3 Initial void ratio 1.580
Specifie gravity 2.77 memured Compression index Cc

assumed
. Snall lncresental Loading — 49/94/33 —
Location - - = Borehole No. 519809 m{ll : 29, .

G.C.0. 48
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PRESSURE kpa

Descrigtion

{nitial bulk density 1.69 Mg/m3

initial moisture content 893.2 % Initial saturation 99,2 %
Initial dry density 1.09 Mg/im3 tnitial void ratio ___1+ 943

Specific gravity 2.7 messurad Compression index Cc

astumect

Sasll 1} tal Loadl
s Dedonstsr Testing oo "0 ot No. 49794733

- 219809 Depth (s} * 30.38-30.438
Sompla-blo,

Location Borehole No.
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Void Ratlio » Teat No. © 94031
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PRESSURE kpa
Deascription
tnitial bulk density 2.03 Mgim3
Initial moisture content 25.2 % initisd sawuration 99.6 %
Initial dry density 1.62 Mg/m3 Initisd void ratio 0.636
Specific gravity 2.795 mesursd Compression index Cc
sssumed
Saal! Inerenental Loadin
Joo_DOadnsmtar Teating g Aet, No. 43/94/33
1 Dapth T(a] & 32.97-33.03
Locat - Borenole No. 9 198089 StmpieNor.
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Foid Ratio a Yogt Ne. : 94032
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PRESSURE kpa
Dascription

Initial bulk density

Initial moisture content

Initial dry density

1.76

44.2

Mgim3-
%

1,22

Mg/m3

2.68

messured

Specific gravity

mumed

99.3

Initiai sowsration

1.193

Initial void ratio

[> esion ingex Ce

Suall

Joo Dadognter

Increaseantal
Tast

lag

Loading

Borshole No.

G.C.0, 48

Ast. No.
919812

49/94/33

apth (s)

: 27.60-27.70




Yold Retio s  PUBLIC WORKS LABORATORIES ~ CONSOLIDATION TEST

sat No. ! 94027
) B o » e i oy e L) BN [ e o o
: ! ' lT |
i N f n
WA
L.
il
— .{H—F L JL“,:,A,
] W
T =
T A
i T
T } T
. i
l
a9 — ! =
1 ; ;
: {
il 1
3 =
T . :
I - ;
: ;
T
L
')
A
% : —
: ] R v ] !
| 1 : [ T T ' |
T g 1 T I H ~ - T
P Y, P I i i % { —- e W ot
s U RN Cr i | . b : !
A AL T @ ! ‘ - ) N
14) TOO0 % l” g - T i ; T _____1
: : T ; i - ! )
T 1 T 5 i . B PR I
L i [ i ; ! [
i : T - I 1 : i i e
! 1 ! . i 1 i |
- _— " i L i : [
: - —— : o N
H Py : { |
i | 1 u | ! N I . i -
T, | - I/ - ) 7 - : m : —
A : ; I D el N Ul L 1 i il I ‘ R
{ N : T LA N AL T A o VR el | : AN S R -1
n [ AR M =7 AL PN AR ) N0 e SR RN I RN WA K| [ T T S :
el . T 3 b el q N R 1 7 IR | 1 T [ T .
10 20 50 100 200 400 1000 30040 6000
PRESSURE kpa
Description
tnitial bulk density 1.78 Mg/m3
Inidal Moisture content 42.4 % Initial saturation 99.4 %
Initial dry density 1.25 Mg/m3 Initial void ratio 1.152
Specitic gravity 2.70 measurad Comprasion index Ce
assumed

Sanil Incramsantal Losdin
Joo_Osdomnater Testlag . g Ref. No, . 49/94/33

519812 Oapth (a3 :30.97 - 31.03

Location == Borshiole No.




	結構書籤
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure


