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NOTICE

The contents of this report reflect the
views of the 0ffice of Transportation
Laboratory which is responsible for the
facts and the accuracy of ﬁhe data pre-
sented herein. . The contents do not
necessarily (eflect the official views

or policies of the State of California.
This report does not constitute a standard,

specification, or regulation.

The State of California does not endorse
products'of manufacturers. Trade or

manufacturer's names appear herein only
-because they are considered essential to

the_object of this document.
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CONVERSION FACTORS
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inches (in}or("“)

feet (ft)or (')
miles (mi)

square inches (in2)

degrees
fahrenheit (F)

£EF - 32

Multiplyv by

To get metric eguivalent

25.40
.02540

.3048
1.608
6.432 x 10~

square feet (f£ft2) .09290
acres <4047
gallons {(gal) 3.78s
cubic feet (ft3) .02832
cubie yards (yd3) . 76486
cubic feet_per

second (ft3/s) 28.317
gallons per

minute {(gal/min} 06309
pounds {1b) 45356
miles per hour(mph) 4470
feet per second(fps) .3048
feet per second .
squared (ft/s2) 23048
acceleration. due to
force of gravity(G) g, ,gp7
pounds #er cubie ]
(1b/Ee3) 16,02
pounds {1lbs} 4.448
kips (1000 1bs) 4448
British thermal

unit (BTU) 1055
foot-pounds{ ft-1h) 1,358
foot~kips {E£t=k) _ 1356
Inah~poundg{ Et=1la) 1130
foot-pounds{fc-1bs) 1.356
pounds per square .

inch {psi} 6895
pounds per square

foot (paf) 47.08
kips per uquara

ihel sgqudare root )
ineh {kal /Tn) 1.0988
pounds par squara

inch agquara root

inch {pai /n) 1.0988
degreas (%} 0.0175

e ¢
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kilometres (km)
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square metres (m2)
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litres per second {1/s}
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metres per second
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hewtons {N)

hewtons (N)
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joules (J)
Joules (J)
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Chapter 1

INTRODUCTION

Any in situ probe procured from a manufacturer cannot be

used directly in the field by itself. In all the cases,
these in situ probes need to be used with a drill rig.
Therefore, to conduct an in situ test, the probe and the
drill rig need to be made compatible with one another.

In this report, Caltrans' experience is summarized on how
five in situ probes were modified and the drill rigs
adapted. In some cases, some change in design of a
particular probe was necessary baefore the field test could
be conducted and they are documented too. This report
could be considered as supplementing an earlier report
(FHWA/CA/TL 80-13) which presents evaluation of these
five probes,

Chapters 2 to 6 document the modifications and adaptations
done. These chapters are followed by three appendices.

Appendix 1 contains an exhaustive bibliography on the
various probes and in general on the subject of in situ
testing. Appendix 2 presents a brief geologic description
of each of the three sites as well as the logs of various
borings in which undisturbed samples wevre taken. The
boring profiles also contain the summaries of all the
laboratory tests conducted. Appendix 3 recounts the vari-

ous expenses incurred during the modification and adaptation

process. The purpose is to give the reader an idea of the
dollar amounts to be spent before the various probes are
made operational.

www.fastio.com
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Chapter 2
IOWA BOREHOLE SHEAR DEVICE

Iowa Device is one of the few borehole deyices now in

the market. It needs predrilled holes in order to conduct
the in situ test. In an earlier report(l), the various
modifications are documented. In this chapter, the test-
ing and calibration procedures are presented. These are
not very dissimilar to the manufacturer's instructions.

Testing Procedures

In fine-grained soils without rock or gravel, holes to
6 feet in depth can be formed with the hand auger.

In stable soils to greater depth, the hole is best pre-
pared with 6 inch flight auger to within 1.5 feet of
scheduled test depth. The auger is removed and a 3 inch
0.D. Shelby sampler pushed the remaining distance. This
forms a smooth hole of proper size and provides a sample
for correlation tests.

If unstable soil poses a threat of cave-in and possible
loss of shearhead, an 8-inch hollow flight auger can be
used. The Shelby sample can be retrieved through the
auger and the shearhead Towered through the auger to test
depth. The puller platform can rest on the open end of
upper auger section. When using this method, one must be
careful not to drop the shearhead down the auger bore.
The vise block can be used to restrain the pullrod while
sections are added. ' '

ClibPDF - wyaw.laslio.com
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To set up, the shearhead is removed from the case and

the pressure tubing with the leads uncoiled. The cou-
plings should be protected from damage or contamination
and kinking of the tubing should be ayoided. The neces-
sary lengths of pulirods are assembled and connected to
the head. No more than five sections should be assembied
due to the difficulty in handling and the danger of rods
bending due to their own weight. The console is removed
from the case and the regulator is complietely backed off.
The backcover with magnetic catches is removed and the

CO2 cylinder is turned on two full turns., After cover
replacement, the console is set near the borehole on

Tevel ground and the pressure tubing is connected to the
outlets foliowing the color coding. The outer sleeve of
the couplers must be pushed down so that male sections
will snap in. The vise plate is placed at the edge of the
hole. The vise should be open. The selector handle is
set on the console at the "retract" position. The pressure
of 10 psi is applied with a regulator to confirm that the
shearhead retracts and expands fully. The selector handle
should be left in "retract" position.

The shearhead is then carefully lowered into the hole.
When the test elevation is reached, or when it becomes
necessary to add more lengths of puil rod, the assembly
should be supported. To do this, the vise plate should

be moved into position and the pullrod secured by ensuring
that the hook-on deyice is fully engaged and the jaws
fully tightened. ' .

The working table is now erected over the test hole and
the legs are adjusted so that it is perpendicular to the

www.fastio.com
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axis of the hole. The puller mechanism is then placed

on the table with jackscrew hore aligned with puller rod.
Sufficient additional rod sections are connected and in-
serted irito the hole so that they just protrude above the
Jackscrew. The ring geak must be held stationary at this
point and the jackscrew turned downward until only one
full thread shows above a ring gear hub. A collett block
is installed over the rod with its notches down. The
block is shifted until the notches engage the four pro-
truding Tugs on top of the jackscrew. The ailen-head
clamp screw is securely tightened and the block firmly
pressed into place. The bail is placed between the up-
rights of the handcrank support. The vise plate is
released and swung clear of the rod. The gage reading is
noted and recorded at this time. The gage reading reflects
the suspended weight of the shearhead and the puller rod.
This reading should be subtracted from all test readings
to obtain the net load. The console is now placed on the
worktable and all retraction pressure is released by back-

ing regulator completely off. The selector handle is now
switched to "Expand".

Selection and Application of Normal Pressures

The incremental value (Acn) of normal stress to be used
depends upon soil conditions at the elevation of test.

In many soils, tests may be performed at intervals of 5
psi. The trial increments LAdn) of normal pressure varies
with the type of so0il to he tested. Some guidelines are
presented in Table 1 below.

ClibPDF - vinvw.lastio.com
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Tahle 1T - Recommended Trial Increments of Hormal Pressure

CoookTowa)
Soil ExampTes ' Ady. pst
Very soft Very weak clay near the liquid Q.5=1
Timit; very loose sand, at ar
below the critical void ratio
Soft Saft clay; loose sand 1-2
Medium Moderately dense silt or sand; 2.5
wet clay
Hard Dense sand, compact clay 5-10
VYery hard Cemented sand, consolidated clay, 10%

sha]e,‘ice

*Data often unreliablie for cohesion because of incomplete
seating.

NOTE: Ao, = Trial increments of pressure

Two calibration charts are provided by the manufacturer

to determine the corract pressure gage reading that will
give the desired normal stress. In both charts, the
horizontal axis gives the gage pressure in 1bs/sg. in. In
the vertical axis in the first chart, shown in Figure 1,
normal stress (dn) is plotted. In the second chart,

shown in Figure 2, in the vertical axis t(Tau) the pulling
stress is plotted. To find the correct gage reading, the
respective chart should be used.

‘Consolidation Time

A ten-minute consolidation time is recommended by the
manufacturer for the first application of normal stress

wavwlastio.com
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and five minutés for each subsequent increase of stress.
In free-draining sands with Tittle clay or sandy clays,
the time can he reduced to 5 and 2 minutes. In all other
soils, the full time of 10 minutes and 5 minutes as recom-
mended by the mahufacturer should be strictly observed.

 Application of ‘Shearing Strass

The first shear test can now be performed. The pipe vise
is released and the initial reading on the puller pressure
gage is recorded. This first shearing test is run by
turning the crank on the pulling device at the rate of two
reyo]qticns per second. One revolution of the crank raises
the shearhead .001 inch (.0254mm)}. The crank is turned at
two revolutions per second giving a rate of strain of .002
inch (.0508mm) per second. As the crank is turned, the
“shearing resistance increases until a peak value is attained.
In some soils the peak may have a constant value; while in
others the reading will drop off or cycle up and down. The
peak reading is recorded and the puller is backed off to
the starting point,

The next ‘increment of normal stress can now be applied.
After the required waiting period (consolidation time), the
next shear test can be performed. At least three to six
normal stress increments should be used. The first incre-
ment should not be utilized due to the 1ikely improper
seating conditions. The last reading may also be doubtful
due to possible full expansion of the shearhead.

After the last shear test, which may be the third increment
or the fifth or sixth increment, the load is backed down to
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the starting point. The normal gage reading is reduced
to 20 psi. The selector handle is now returned to "Retract®.

A second series of tests could be performed at the same
elevation by rotating the shearhead 90° in either direction.
The collett bail can be 1ifted clear of supports to accom-
plish the shift. The vise plate is then engaged and
tightened. The collett clamp screw is loosened and 1{fted
clear of the screwjack. The screwjack is repositioned in
such a way that one-third of it is exposed. It is then
reengaged and tightened to the pulirod. When the vise plate
is released, a second series of tests can be performed.

After the final test is conducted, the pulling load is
backed off. Normal pressure should now be reduced to 20
psi. The selector is moved to "Retract" position and the
vise plate is then engaged and tightened. The console is
removed from the worktable. Care should be exercised to
avoid kinking the tubing. After the collett block 1is
loosened and removed, the puller platform is 1ifted clear
of pullrod and placed in case., The table can now be
moved from the work area to the truck. The shearhead is
very carefully lifted from the hole, using the vise plate
as needed, to prevent accidental dropping 0of the entire
gear. Sections of pullrod are removed as necessary for
easy handling. The shearhead plates should then be
cleaned with a steel brush provided in the kit. The
selector should be set to “"Expand" position to fully open
the head for cleaning behind the plate. The selector can
now be set to "Retract" position to release all pressure.
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" Certain precautions should be taken to prevent damaging

the shearhead. The shearhead plate should never be

manually operated as that could resulit in damage to the
special rolling diaphragm in the piston. After the plates
have been cleaned, a Tight coating of WD-40 (rust preventive)
is applied. A protective bag is placed over the snap coup-
1ings and the pressure lines are fully secured. ATl the
various components are now placed in respective cases.

Example

Test data developed from an actual test are presented by
Figure 3. Three tests were conducted at the test elevation
after which the probe was rotated 90° and three more tests
conducted. From this plot, a cohesion (c) of 1.5 psi and

a friction angle (4} of 33° were obtained.

10
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OFFICE OF TRANSPORTATION LASORATORY
SOIL_MECHANICS AND PAVEMENT BRANCH
IOWA BORE HOLE SHEAR

NORMAL STRESS, psi

FIGURE 3
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Chapter 3
VANE SHEAR DEVICE

Torsional Shear Vane has been in use for many years.
Various sizes and shapes have been introduced. There is
an ASTM Test Designation(3) available for conducting this
in situ test. It leaves out the calibration praceduras
for the various accessories Tike proving ring and rod.
The procedures as specified in the ASTM method were
followed and the information presented in this chapter
need to be considered as supplementing this method. At
- the end of this chapter, the correction to be applied
to the fleld value is presented in the form of a chart
based on the plasticity index of a particular soil.

Calibration Procedure

The ASTM specification(3) for conducting vane shear test
does not spell out the procedures to be followed for cali-
brating the various accessories before proceeding to
conduct the test. The calibration needs to be conducted
in two steps. The first step consists of calibrating the
proving ring and the second consists of calibrating the
various lengths of rods used.

Proving Ring Calibration

The prov{ng ring may be calibrated in the following manner:

Bolt the gear-driven vane shear assembly to its base plate.
Clamp or otherwise secure the entire unit to a heavy table

12
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or 1arge'vise. Clamp a 10"+ (Tlong enough to extend
through the chuck past the base plate bearing), 3/4"
diameter bolt (1-1/8" hex-head) in the 2-piece chuck
assembly. Rotate the bolt and chuck counterclockwise
until the torque arm makes contact with the load button
on the proving ring. Using a precision torque wrench
with a 1-1/8" socket, appily torque to the 3/4" bolt in
a counterclockwise direction, Read and record the
proving ring dial for appropriate increments of torque.

Substituting the torque wrench readings into the general
equation s = kT (where s = shear strength in TSF, T =
torque in 1b-ft and k = constant for a given vane size)
and plotting shear strength vs dial reading will develop
a family of curves (Figures 4 and 5) for converting load
dial readings to shear strength,

Rod Calibration

When conducting a vane shear test, a certain amount of

rod twist will occur before any actual vane rotation is
realized. The deeper the test, the more the length of

rod used and the more the rod twist. Therefore, the
following procedure was used to obtain a rod torque factor.
First, using methods of mechanics of materials, a twist
constant was calculated for a 9.8 foot length of steel

vane rod. Then a 9.8 foot section of vane rod was clamped
on one end to prevent rotation, Using a precision torque
wrench, a predetermined torque was applied at the free end
of the rod and the angle of deflection was carefully
measured. From this data, a twist constant was determined.
These two methods checked within 2-1/2% of each other,

13.
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Testing Procediire

The vane shear test procedure is covered in the American
Society of Testing and Materials Designation Na. 2573-
72,(3). The following is a discussion of procedures
adopted in the course of this study that are not covered
by the ASTM specification.

The vane rod is inserted within and operated through,
A-rod to minimize friction. In order to prevent mud and
groundwater from entering the annular space between the
vane rod and the interior of the A-rod, a grease seal
adapter consisting of a short threaded section of A-rod
with a zerk fitting for a grease-gun connection is screwed
into the "down-hole" end of the A-rod. Rubber "QO-rings"
fitted inside the adapter retains the grease applied
through the zerk., The small inner rod extends through

the adapter opening and the vane is screwed onto it.

The test is done in two steps: undrained shear strength,
and remolded shear strength. The double rod assembly

with vane attached is pushed into the soil to a depth
about one foot to 1.5 feet above the desired test depth.
The A-rod is then secured in place by means of a platform-
mounted vise on the ground at the top of the test boring
which prevents further advancement downward of the A-rod.
The uppermost section of A-rod is removed toc expose the
vane rod to which the gear device is to be attached. The
vane is then advanced to the test depth by pushing the
vane rod downward the required distance. Allen set-screws
are then closed to grasp the vane rod. Inasmuch as this
is done manually, care should be exercised to aveid off-
centering of the rod as this can contribute to misalignment

16
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and side thrust. A self-centering chuck arrangement

\simi1ar to those on machinist‘s Tathes is useful for

this purpose.

A small battery-powered electric motor is used ta drive
the gears that apply the torsional force to the vane rod
at the prescribed constant rate. By observing the prov-
ing ring and DiTlon force gauge attached to the gear
drive, increments 6f force can be recorded as the test
proceeds., After shear~-failure of the soil, the gauge
reading either declines or remains constant. This signals
the end of the undrained test.

The ASTM standard procedure requires that the remolded
strength test be conducted within one minute after rapidly
rotating the vane through 10 revolutions. This is accom=-
plished by attaching a hand crank to the vane rod, releas-
ing the allen set-screws, grasping the rod, and then
turning the crank. The set-écrews are engaged, the proving
ring and force gauge repositioned, and the gear motor
started. It is required that the remolded strength test be
started within one minute after completion of the vane
rotation. )

Example

A typical example of the field test sheet is shown as
Figure 6.

Based on embankment failures, Figure / has been developed
(4). It relates field vane correction factor to Plasticity

17
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FAPSAN 1)

LY OPFICE OF THANSPORTATION LASORATORY

SQIL MECHANICS AND PAVEMENT BRANCH

VANE SHEAR TEST 0QATA DATE: 2 ~25-77
PROJECT: __ S/Ac ), W—X Strecrs, Sacramcnro
BORING' NO.: __ Y/ —~/ INSPECTOR: _L.&._L&ech
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/0 o . 3
25 5 7
50 & /0
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/25 // /2
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FIGURE 6. TYPICAL EXAMPLE OF FIELD TEST SHEET.
18

ClibPD WL lastio.com

- 10


http://www.fastio.com/

fg\;‘ﬂ_; .

&

ChhPDF -

Index. The shear strength measured in the field could he
less or more than the actual value depending upon its

Plasticity Index.

Bijerrum who ariginally developed this
chart has also recommended an average curve.

This is

used to estimate the correctien factor u.

Sy (Field) = u x Sy (vone)

SYMBOL REFERENCE
Qo e* Bierrum (I972)
A A* Miligan (IS72)
[ Laodd & Foort{l974)
v Flaate & Preber (1974}
o LoRocheile et. ot {1974)

Bjerrum’s ({IS72)
Recommended

Eﬁﬂﬂiﬁbﬂ“ﬂcmﬁ

Curve-

Qs

CORRECTION FACTOR, n

08

04 L

20 a0

a0

80 100 20

PLASTICITY INDEX RL, %

 FIGURE 7
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Source: Ref (4 )

CORRECTION FACTORS FOR FIELD VANE TESTS
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Chapter 4
DUTCH CONE PENETROMETER

Among the many cone penetrometers designed and marketed
today, Dutch Cone has become'increasingly popular in the
USA. The procedures for testing described in this chapter
are based on the ASTM tentative test method (5) and the
manufacturers instructions (6). Here the manual method

of reduction and'p10ttfng of field test data are explained.
The data could also be reduced and plotted using a computer
program (7).

Modffidatfdns'aﬁdlAdaptat%Ons

The package used in this study is referred to as the Ken-
tucky Conversion Kit. This name was based on the adaptation
of Dutch Cone by the Kentucky Department of Transportation.
Hence, the only modification and adaptation required was the
design and fabrication of a mounting bracket, not supplied
by the manufacturer,

Based on the drawings supplied by the North American repre-
sentative as well as the sketch borrowed from the Nevada
State Highway Department, Caltrans designed and fabricated
the mounting bracket for using Dutch Cones with Mobil B61
drill rigs. The mounting bracket is made from 3/4 inch
thick hot-rolled steel plates. The front view and the side
view of this mounting bracket is presented in Figure 8.

The structural details of the various parts of this mounting
bracket are presented in Figure 9.

20
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DRILL RAMS
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W L / |
- o SIDE VIEW
. MOUNTING BRACKET (MOBIiL. B-61)
' ' FOR DUTCH CONE
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. FIGURE 8
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The purpose of the Kentucky Dutch Cone conversion package
is to allow the drill to bypass some of its hydraulic
power to advance the cone at a controllied rate. This con-
version package is part of the truck-mounted Mohil B6]
drill rig. It allows the drill rig to perform the Dutch
Cone soundings using the rig's hydraulic down feed system
to advance the cone at a controlled rate of one to two cm
per second (.4 to .6 inch per second). The system is
completely self-contained and does not interfere in any
way with the drill rig's main hydraulic system.

Calibration

Two procedures are required before the Dutch Cone can bhe
used with drill rigs in the field. The first thing is to
determine the vertical reaction that one can command by
using a particular drill rig. The second procedure is to
calibrate and check the load cell and the accompanying
gauges. .Both these procedures will be explained in the
following paragraphs.

The vertical reaction test is done with the help of a
total load cell. The test is conducted in such a way that
the casing rod is mounted on the bracket and‘the load is
appiied until the rear truck wheels 1ift up and this reac-
tion roughly indicates how much vertical reaction can be
applied before the rear of the truck pulls up. A plot of
the reaction test conducted for the Mobil B61 drill rig is
shown in Figure 10,

Before calibrating the Dutch Cone system; it is. essential
that all moying parts such as inner rods, cone assemblies,

23
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VERTICAL LOAD,.- 1000 LBS.

2 L 1 1 i — ]
) 200 400 600 800" 1000
GAGE PRESSURE, PSI

- FIGURE 10 VERTICAL REACTION TEST FOR MOBIL B 61

etc., be free from rust or any other friction-causing
agent, The varfous parts can be wiped clean and sprayed
with a lubricating solvent before and after each day's
work. ~The load cell and the accompanying gauges may be
calibrated with the help of a hydraulic press. Mount the
Toad cell unit on the press and move it downward until
the extender rod makes contact with the calibrated load
cell with an .electrical readout. Apply load with an
hydraulic press, and record corresponding readings of
the two Toad cells. If tRhe two sets of readings do not
carrelate with each other, a correction chart has to be
drawn up so that from the slope of this 1ine the corres-
ponding correction factors applied to them.

24
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Testing Procedures

The American Society for Testing and Materials has proposed
a tentative method with. & designation called D3441-75-T.
Its title is "Tentative Method for Deep, Quasi-Statfc Cone
and Friction Cone Penetration Tests of Soi1"(58). Even
though this tentative method has heen'propoéed, it needs

to be supplemented by the following information that has
beeh presented in this report.

The adjustments and the pfocedures needed to conduct the
various kinds of tests with the two types of cones will be
explained. The cone can be used for conducting two types
of tests, namely continuous as well as discontinuous tests.

In the continuous test, the cone will be continually pushed
through the soil and readings recorded either manually or
with an automatic recorder. In the discontinuous method,
the cone penetrometer readings are taken at various inter-
vals of depth. The traditional interval at which these
readings are taken in a discontinuous test is 20 cm. When
the friction jacket cone is used, only one method can be
used and it will be called here, discontinuous, similar

in operation to the cone method.

Before the testing procedures are explained, it is well
to remember that the Dutch Cone Penetrometer consists
basically of sounding tubes, inner rods, load caells, ring
for continuous sounding, and extending rod. The first
three parts of these components have heen described pre-
viously. The ring for continuous sounding is used with
four Allen head screws and is attached to the bottom of

25
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%he'preééuﬁe plate with the Tetters “A" on each piece
aligned to match. The,ektending rod is 75mm long and is
used in conjunction with the pressure sléeve above. Both
the ring and the ektending rod are used only for continuous
testing.

The detailed procedure can be found in the ASTM method
referred to above. It will be summarized here also. The
continuous sounding ring is attached to the 1oad cell with
the four screws. The next step is to locad the Tead sound-
ing tube. For this the inner rod is inserted from the lower
end. The 75mm extender rod is inserted next from the lower
end. The jacket cone is screwed to the pin end of the
sounding tube. Using the Mobil B61 drill rig, another
sounding tube and inner rod will have to be assembled before
pushing. It is made sure that the two sounding tubes are
~plumb with the rod and head on the pressure sleeve of the
load cell. The lever of the load cell can be in any position.
Lower the cell and make sure the shoulder of the sounding tube
is in the pressure sleeve. The sounding tube is marked in
20 cm increments.  The drill engine is operated at 1000
rpm using the main bypass valve and the feed rate control.
Now push the sounding tube at the rate of 2 cm per second.
The pressure gages are read at 20 cm increments. This
- operation is shown pictorially in Figure 11.

In this procedure, neither the continuous sounding ring nor
the 75mm extender rod are used. Only the inner rod is
inserted into the Tead sounding tube. The friction jacket

26
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cone is screwed onto the pin end of the sounding tube. If
the Mohil B61 drill rig'is used another sounding tube and
inner rod are required. At this point in time, the cone and
the rod under the load cell pressure plate are made plumb.
The lever on the load call is placed to the left in the small
* sTot. As usual the souﬁding tube should haye already on it
- marked 20 cm increments. The cone can now be pushed to the

. FIGURE 11 LEVER POSITION IN CONTINUOUS SOUNDING WITH CONE

27
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20 cm dept

."The load cell can now be raised slightly
and the load cell lever pushed to the right under the long
siot. When one looks into the siot the lower load cell
and the inner rod touch each other. The engine should be
now running at 1000 revolutions per minute. Two readings
can now be obtained in a single continuous stroke at a
rate of penetration of 2 cm per second. The first reading
which will be taken will be the cone frigction and the
second reading would be the sum of the cone friction and
the friction sleeve resistance. It is to be noted that the
outer sounding tube does not move during this operation,
The movement of the inner rod can be observed through the
long slot of the load cell,

After the inner rod, cone, and sleeve have been advanced,

‘the Toad cell is raised slightly and the lever is moved

to the Teft into the short slot, The load cell is lowered

"now, pushing the sounding tube downward to the next incre-

ClihPDF - www .fastio.com

ment of 20 ¢m. The 20 cm push would have closed the cone
and the friction sleeve and kept it ready for the next
sounding run. The load cell is raised siightly and the
lever is moved to the right under the long slot and the
procedure is repeated for this discontinucus sounding
procedure,

The lever positions for this sounding method are shown in
Figure 12.

Discontinuous sounding with the jacket cone is very similar

28
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20 cm

FIGURE 12 LEVER POSITIONS IN DISCONTINUOUS SQUNDING
AITH FRICTION JACKET CONE
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to that for the friction jacket cone explained ahove. How-
ever, In contrast to the friction jacket cone, on]y ane
reading is made per test depth.

First the cone and the rod are adyanced to the next testing
depth with the Tever in the Tocked position. Then the down-
ward pressure is removed and the lever 1is put into the tast
position. The cone can now be advanced § cm and the resultant
pressure can be recorded. This procadure could be repeated
throughout the depth of the hole. If needed, one may, of
course, bypass an area by pushing cone and rod in the locked
position until the desired area is reached.

The lever positions for this procedure are presented in
Figure 13, - '

20em

FIGURE 13 LEVER POSITIONS IN DISCOHTINUOUS
SQOUNDING NITH JACKET CONE
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Example

A typical example of a field test sheet is shown in Figure
14, The Dutch Cone test data from Figure 14 is manually
reduced and plotted as depth profiles in Figure 15.

Rod Retrieval

The load cell is first removed from the bracket. The
extractor head is placed in the hole and the tube extractor
is placed through the extractor head. The tube extractor
is screwed into the sounding tube and the tubes are raised
to a convenient height. Care should be exercised during
the unscrewing of sounding tubes, otherwise the inner rods
will sTip, or s1ip out and fall., To prevent the sounding
tubes from sliding back into the hole, pipe/bench vise
should be used.

Lateral Friction

The manufacturar has supplied a tube calied
lateral friction reducing section tube. This
is shown in Figure 16. The purpose of this
friction reducing tube is to increase the
penetrometer depth capacity. This special
rod which has an enlarged diameter or special
projections is attached to the main rod just
above the cone penetrometer, When this rod

e —————— - = ——

FIGURE 16 LATERAL FRICTION REDUCING SECTION TUBE
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OFFICE OF TRANSPORTATION LABORATORY
SOIL _MECHANICS AND PAVEMENT BRANCH

DUTCH CONE PENETROMETER DATA

632/36

i JOB NG

' INSPECTOR A AMacharians

SITE NO-_/  rHoLe _RC=2 CREW Wells ’ _Céqmm -
DCONT!NUOUSr DISCONTINUOUS I WATER LLEVEL DATEG 4 o
NO. ?ip ':H | ~EDRe |resorance eatmSion] RE!\;IARKS |
m kgt /qma kaf farma em/sea.
o
/ 20 _ .
2 <0 *Sourdlirng Fube onty
3 | so 79 /30 /=2 |
+ | s 80 /20 o
5 | /00 74 80 )
& | /20 74 /08"
7 | 4o 57 80
8 /60 26 43
f g | /80 2/ 2/ *
i © | 200 36 48 /=2 N
/| 220 35 ) v
2 | a0 35 5/ v 7
/3 a0 35 48 v -
/4 280 L2 56 v
/5 | 300 37+ 58 * Y
/6 320 35 52 ~ /=2
/7 | 340 /5 27 v :
B | 360 5 /4 7 -
/9 380 # 8 v ]
20 | <o 5 /7 Y
2/ | <20 /2 /4
22 | <40 28 3/
23 | «o /0 22
‘ 24 | as0 /4 /9 +
FIGURE 14
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o:r-"c&: OF TRANSPORTATION LABORATORY
SOIL. MECHANICS AND PAVEMENT SRANCH

DUTCH CONE PENETROMETER DATA

JoB No-; _6‘.3;/36‘ Wi INSPECTOR __ /. Aacrariane
SITENO__ /.- HoLE _DC=2 crREwW __We//s | __Chapmart
L conminuous ‘lEjalscomeuous WATER LEVEL CATES/H/76.
BN DEPTl;I CONE TOTAL 7 RATE OF | '
) NQ- (e Riﬁ;?;:? RES?}::ES_E_ PENI:::':'HR::;ON REMARKS |
| & | so0 | 2 | s | s,z | |
v | & | sz 5 E 2-4
| er | 540 3 5 /=2
28 | 560 ¥4 & v
- 29 | 580 E; 7 v
30 | 600" 3 6 v
3t | 620 z. 5. v/
2 | 640 . 2 4 /
- 33 | &0 2 4 v
34 | &80 3 5 v
35 | 700 'z 4 Vv
36 | 720 2 4 v
37 | o 3 5 =y
3 | 7m0 3 5 v
39 | .780 3. 6" v
40 | a0 4. 7 7
2/ | szo 3 7 v
i 42 | 840 3 4 v/
L 43 860 2. &
“o 44| 880 2+ &£
45 S00 /. 7
4 | 920 o~ 7
47 940 3 o)
48 | ge0 5 6
v 980 6 /0 2%
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OFFICE OF TRANSPORTATION LABORATORY
SOl MECHANICS AND PAVEMENT BRANCH

DUTCH CONE PENETROMETER DATA
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%s‘pUShed'With the rest of the sounding rods into the
ground, it creates a hole which has a diameter larger
than the diameter of the cone. This causes the reduction
in friction and thus increases the penetrometer depth
capability. |
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STANDARD PENETRQMETER

The standard penet}ometer‘is the earliest of the in situ
devices in use in the USA. [t has been used by the industry
for many years. The ASTM method was used to conduct the

test (8). This test has no theoretical basis even though
attempts are being made by a few to establish it. Innumer-
able correlations exist in the T{terature and in the building
codes around the world which need to be used with caution
regionally.

Calibration

‘Calibratfng the standard penetrometer is more or less a

matter of keeping the Mobil B&1 in good condition. The
sampler should be clean and free from rust. The drive

shoe should be clean and free from defects. The proper

rod, namely A-rod should be used. The hammer and the
sTide should be maintained so that a true free fall may
be achieved. Since the free fall distance is 30 inches

" it might be subject to human error.

Testing Procedures

The recommended method of conducting a standard-penetrometer
test is fully documented in the American Society for Testing
and Material Designation Noe. D 1586-87. The title of this
test is "Standard Method for Penetration Test and Split
Barrel Samp11ng of Soils™(8).
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Example

A typical example of a field sheet is presented in Figure
17. A typical plot of SPT tes.t data corrected for over-
burden pressure is prese,nted in Figure 18.
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Chapter 6
CAMBRIDGE SELF BORING PRESSUREMETER

The Cambridge'5e1f Boring Pressuremeter is the most recent
in situ device to be marketed from Cambridge, England. It
is a very sophisticated in situ device. The instructions
from the manufacturer needed to be modified for Caltrans
use, This chapter presents the procedures in an abridged
form. An expanded and a more complete calibration and
testing procedure has been prepared (g) recently.

Calibration

The calibration must be done in two parts. The first part
relates to strain measurement and can be done in the labora-
tory., The second part adjusts the pore pressure cell and

the total pressure measuring mechanism and may be done either
in the laboratory or in the field. The Tlaboratory calibra-
tion for strain is explained below.

First, the probe is set up in a horizontal position on V-
blocks without a membrane. The radial arms are free to

extend, Locking two arms in the closed position with screws,

the third arm is extended while its radial extension is
being measured electrically and mechanically (Figure 19).
Mechanical measurements are made with a dial indicator to
the nearest 1/100 of an inch. Electrical measurements are
made with a digital voltmeter, via the strain position on
the "bodge" box, to the nearest 1/1000 of a volt, The arm
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is extended in increments of .05 inch while corresponding
voltages are recorded from the digital voltmeter (DVM).
The procedure is repeated for all three arms. Then the
sum of the voltages for the three arms is tahulated for
each .05 inch incremental movement and the average in./
volt is calculated, giving the muttiplication factor for
strain; i.e., voltmeter reading (DVM) x mult{plication
factor = radial strain in inches. |

The total pressure cell and the pore pressure celis can
now be calibrated. As mentioned .above, this procedure

- can be done in the laboratory or in the field. The

following procedure is adopted:

With the membrane in place, position short sections of
extra membrane or large rubber bands at both ends of the
membrane to serve as seals between the membrane and cali-
bration tube.. Slide the calibration tube over the probe
and secure the probe in an upright position. The tube
should be positioned so the two holes in the sides of the
tube are aligned with the pore pressure cells, thus expos-
ing them to atmospheric pressure.

After making the electrical connections, record the zero
readings of each circuit - strain, total stress, and
effective stress.

Connect the probe to the pressure supply and exercise the
cells at least twice through the entire working pressure
range. - Then using small increments of pressure, inflate
the membrane to its required maximum while recording the
total and effective stress readings at each pressure incre-
ment. The strain circuit should touch the sides of the
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ca]ibrating'tubé; which would be equivalent to 7 percent
radial strain at 2 psi + depending on the elasticity of
the membrane.

After the maximum pressure has been reached, reverse the
pracedure and decrease the pressure while reading total
and effective stresses on the way down to zero pressure.

A multiplication factor can be calculated for both total
and effective stresses by dividing each pressure increment
by its voltage equivalent and determining the average in
psi/volts.

"After the field calibration has been completed, it should
be checked against the laboratory calibration before any
testing is begun.

Testing PrdCEdUrés

The testihg'proqédure involves many steps. These steps
are itemized below:

1. The necessary connections need to be made between the

probe and the monitoring system, between the probe and the
drilling rig.

2. Setting up the drilling rig over the hole and getting

the mud pump as well as the mud tank and all the necessary

connections to be made.

3. The monitoring system by means of which the pressure
is applied to the probe and the signals recorded. This
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would consist not only of the console with valves and

gauges designed by Caltrans (Figure 20) but also the can-
nections to the gas cylinder and the connections to the
digital multimeter and the connections of the X-Y-Y plotter.

FIGURE 20 CALTRANS CONSOLE FOR APPLYING PRESSURE

4. HMaking sure of the vacuum system., This system is

. necessary to apply the vacuum to the méasurement membrane
so that while the membrane is being inserted in the hole
it will not be damaged by soil particles.

5. Applying the pressure in increments to conduct constant
rate of stress test through a system of valves and gauges.
As it is understood, various tests including cyclic test as
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well as normal expansion tests cauld be conducted. And
finally,

6. Methods of recording test data.

The above six steps would form the necessary bagic steps
needed to conduct a self Goring pressuremeter expansion
test as well as cyclic tests. '

The detailed steps that are necessary to accomplish the
above mentioned six steps are explained below.

- Certain steps must be taken before a test is begun. First
mount the probe on the drill rig. Then coupie the drive
rod to the hydraulic cutter drive unit. Next, connect the
probe's gas supply line to the pressure system and also
make the electrical connection between the probe and the
"bodge" box. If an X-Y-Y plotter is available, hook it to
the appropriate jacks on the bodge box; then connect a
digital voltmeter to the meter jacks, At this point, the
operator should set the span on the X-Y-Y plotter and
perform the field calibration.

Before the probe is mounted, the drill rig is moved into
position, If the surface Tayer is of an undesirable nature,
it should be drilled or augered through using conventional
methods. To insure that rocks or any other surface material
do not fall in, the hole should be cased through the problem
area. The casing should be at least four inches in diameter,
It may also be necessary ta use drilling mud te 1ift ar
remove c¢oarse particles and to keep the hole open.
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A recirculation tank, with a Tight drill mud, should be
incorporated for supplying the fluid for the self boring
process. A mud pump would take the fluid from the tank
and force it through a hose, with a water swivel connection
at the terminus of the prohe's drive shaft, and then through
the chopping tool. At this point, the water would mix with

the soil cuttings and the resulting slurry would be forced up

through the probe and casing, out the swept tee and back
into the tank. A screen should be used to keep rocks and
other harmful debris from entering the recirculation tank.

In order to distribute the pressure to the probe from the
tank it was appropriate to build a system of valves and
gauges so the process could be more completely controlled.
For added convenience, quick disconnects were added to the
circuitry.

The entire system was built into a plywood box with the
gquick disconnects mounted on both right and left sides and
valves and gauges mounted on top (Figure 21).

The system was also designed so a vacuum pump could be
incorporated for holding the membrane tightly against the
probe's body while the self boring process is under way.

A step by step procedure for applying the vacuum (Figure
21) is as follows: Isolate pressure gauges and regulator
from the vacuum by closing Valves V3 and V4. OQpen Valves
V1l and V2, Connect Tine from vacuum pump. Start pump and
set for 5+ inches of mercury. (If nonregulating type

pump, close Valye V1 and turn off pump when 5+ inches is
attained.) When test depth is reached, immediately release
vacuum by opening Valye V1 to atmosphere,
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The procedure for applying pressure is hasically the same

for testing and calibrating and is as follows: Make sure

the reguiator adjusting screw is backed off for zero pres-
sure. Check gas bottle gauges to insure that no pressure
exists in the l1ine. Attach input Tine (from bottie) to
pressure distribution box (in this case, by coupling quick
disconnect). Attach output line (to probe) to pressure
distribution box. Open gas bottle valve. Adjust bottle
requiator pressure for maximum pressure to be used in test.
Close Valve V2 and open Valves V3 and V4. MWhen the test
depth has been successfully attained, release the vacuum

and record values of each circuit. Then monitor and record
the pore pressure until it has stabilized (stress relaxation).
After a sufficient time for stress relaxation, start the test
by turning on the plotter and start increasing gas pressure
to the probe in predetermined increments and at a constant
rate, While the plotter is drawing the effective and total
stress-strain curves, the values from the digital voltmeter
may be read and recorded manually for backup or check.

When a cyclic test is desired, the upper and Tower Timits
of the loop should be predetermined and then the pressure
can be Tlowered when the upper Timit is reached and then
raised when reaching the lower Timit (using a constant
stress rate),

It should be known in advance the maximum strain value of
the probe's arms is 10 percent and that value should not
be exceeded. At that point of strain the pressure is de-

" creased by a constant rate of stress until zero is reached
and the test is complete.
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A typical field test sheet for Cambridge Self Boring
Pressuremeter is presented in Figure 22. There are quite
a few methods of reducing and interpreting field data and
these are explained in References'(l),‘(lg) and (11). The
field pressuremeter curve when reduced and plotted will be
like the one shown in Figure 23,
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Geological Description of Site 1 (Downtown Sacramento)

Sacramento is located on the eastern side and near the
southern end of the Sacramento Valley which is drained by
the Sacramento River. The river flows in a southerly
direction to a point south of the city. There, it begins
a turn to the southwest and empties into San Francisco Bay.
The Sacramento Valley is the northern part of the Great
Valley geomorphic province of California. The Great
Valley is an elongated asymmetrical structural trough in
which very thick deposits of marine and continental sedi-
ments ranging in age from Jurassic (190 mill{on years ago)
to Recent have been deposited. The deepest part of the
basin 1ies near the western margin of the valley west of
the present axis. The valley deposits thin eastward and
overlap the crystalline rocks of the Sierra Nevada base-

.ment camplex.

The test site is south of the confluence of the American
River and Sacramento River and is within a flood plain and
natural levee zone bordering the Sacramento River. In the
mid-1800"'s much of the Sacramento city area was filled to
prevent flooding of the streets and buildings. In Tater
years, levees along the flood-prone rivers were constructed
by the Corps of Engineers to help aileviate this hazard.

Deposits of clay, silt, sand and gravel found in borings
are the result of deposition by river water during the
normal course of flooding, channel change, and subsidence
in the past. Such continental deposits extend to depths of
hundreds of feet and perhaps as much as 2800 feet in this
area. Marine deposits underlie these freshwater deposits
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‘and are muéh thicker. These sedimentary materials become
compact and assume the characteristics of sedimentary rock
with increasing depth.

Geological Description of Site 2 (Mare Island)

Mare Island is actually a peninsula rather than an island.
[t is situated in an estuarian envyironment. The southerly-
f]ow{ng'Napa River and Sonoma Creek have built a delta out
into San Pablo Bay to the north of Mare Island. This low
marshy land, that contains several sloughs, connects Mare
Island to the main land mass to the north. Mare Island
Strait separates Mare Island from the main land mass con-
taining Vallejo to the east. To the south and west lies
San Pablo Bay that reaches inland to the northeast from the
Golden Gate. The junction of San Pabhlo .Bay, Mare Island
Strait and Carquinez Strait is at the southern extremity of
Mare Island. Carquinez Strait Tinks San Pablo Bay with
Sufsun Bay which is located several miles to the east. The
mixed water from the rivers of the Sacramento Valley and
the northern part of the San Joaquin Valley reach the Pacific
Ocean through San Pablo Bay.

Upper Cretaceous marine deposits of sandstone, mudstone,
shale and conglomerate, found in the southern half of the
area, are the oldest rocks exposed on Mare Island. Ple€isto-
cene nonmarine deposits of irregularly interstratified sand,
siit, gravel, and clay are also exposed in the southern half.
The remainder of the deposits are recent unconsolidated flood
plain deposits of sand, silt and clay. There are also de-
posits of Bay mud containing unconsolidated silt and clay
admixed with organic material. These deposits are primarily
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Tocated in the northeast section of Mare Island next to
Mare Island Strait. The test site is underlain by very
soft recent silty clay to a depth of about 70 feet. Stiff
Pleistocene silty clay extends to_greater depth. There 1is
some eyidence to suggést'that the inactive Franklin Fault
branches and borders Mare Island on both the east and west
sides, This' fault trends southeasterly from this location.

Geological Description of Site 3 (Rio Vista)

Rio- Vista Ties near the center of the north-south structural
trough west of and paralleling the existing Central Valley
of California. Sedimentary deposits in this region are 5 to
6 miles thick.

The site is in the general area of the confluence of the
south-flowing Sacramento R{yer and the north-flowing San
Joaquin River, and 1s Jjust east of Suisun Bay through which

- the combined water flows on its way to the Pacific QOcean.

Flood plains, islands subject to flooding, and sioughs are
characteristic of this delta environment ehcompassing many
square miles to the south and east of Rio Vista.

The Montezuma Hills rise to a maximum elevation of 268 feet
westerly of Rio Vista on the north side of the Sacramento
River. Material exposed in these hills is Pleistocene non-
marine, slightly consolidated alluvium.
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Appendix 3 < Cost Cansideratiaons

The probes used in this research effort were acquired at
different points in time. Hence, the following accepted
rates of inflation haye been assumed.

| Year ‘Rate of Inflation %
« 1972 3.4
1973 8.8
1974 12.2
1975 7.0
1976 4,8
1977 6.8
1978 9.0
1879 | -13.5 (assumed)

The cost data provided below include cost of the probe, and
accessories and expenses fncurred in modification and adapta-
tion of the probes for use with available departmental drill
rigs.

Iowa Borehole Shear Device (11/79)
Probe and Accessories

Cost of Probe (7/75, $2,483.59) $3,439.02
(This includes 50 ft pull rods
and hand auger with 50 ft pipe)

Modifications

Work Takle (est.) $300.00
Pipe Vise (est.) - 758.Q0
Buzzer Circuit. (est.) 150,00
$525.00 $  525.00
85
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TQTAL

................

Torque Head (est.’)

24y Motor'£3/73, $410)
Vanes (est.)

Casing (A-rod)

Inner Rod (est.)

Modification

Swingout Adaptor (est.)
(for concaveg

Sliding Adaptor (est.)
(Mobil B-6T)

TOTAL

Dutch Conhe Penetrometer

Probe and Accessories

Say $4.,000¢.00

$2,000.00
742.00
450.00
1,000,00

$2,512.00

$ 250.00

150.00
$ 400.00

Say $5,000.00

Kentucky Conversion Kit (2/78,
$7,140.91) (Includes 3 mantle

cones, 50-1 meter sounding

tubes, 50-1 meter inner rods, etc.)

86

$3,964,00

$2,512.00

$ 400.00

$4,912.00

$8,834.38
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Modifications

Mounting Bracket (est.) $
Step Ladder

$

TOTAL

Say $9,400.00

Standard Penetrometer

6 - Split Spoons (1/75, $476.40)
5 - A rods, 20 (11/79)
TOTAL

Cambridge Probe
(Prices as of 11-14-78)

Probe

Cambridge Mark VI self boring
expansion pressuremeter in
fitted wooden box

Monitoring System

Electronics unit
Digital multimeter

X-Y-Y-Plotter {Not quoted by
CAMBRIDGE INSITU)

Pressure control panel for manual
control of pressure

87

$ 520.00

$9,354,38

$1,110.35

1,000.00
$2,110.35

$2,110.00

$5,692.00

$2,196.00
350.00
4,800.00

1,045.00
$8,391.00
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Drilling Equipment

Cutter drive, unit, hydraulic
standard pattern, with aluminum
housing

Hydraulic ground frame

For a 100 feet deep hole

EX casing @ $100 per length of
five feet (estimate only)
{(1.52 meters)

Cutter drive rod, stainless steel
@ $75 (estimate only) per length
of five feet

Auxi1fary Equipment

Chinese lantern for use 1in
sands and in stiff clays

Adiprene membranes (10)

Set of spare parts for expansion
pressuremeter used in soft clays

Summary, Cambridge Probe

Probe
Monitoring System
Britling Equipment
Auxiliary Equipment
Total Mobilization Cost

88

$2,101.00
$2,623.00

$2,000.00

$1,500.00

$8,224.00

$ 8971.00
330.00

588.00
$1,809.00

$5,692.00
8,391.00
8,224.00

1,809.00

$24,116.00 $24,200
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The prices quoted above (except where denoted) comprise
the cost of equipment, insurance, and carriage by air to
Washington, D.C.

The prices are for orders placed before 31st July 1978; and
v - to be dispatched in Decemher 19378.

NOTE:

1. The assumption in this estimate is that a ground

- frame is used. If a drilling rig is available the cost
of ground frame of $2,343 can then be deducted from the
total cost and the cost of modifying the drilling rig
will depend on its type and is not expected to exceed
$3000. If a constant strain rate test is to be conducted

~then a constant strain rate control unit needs to be
purchased at a cost of $2,782,

2. In April 1980, the actual cost of the above mentioned
equipment might differ due to fluctuations in the dollar

value in recent months.

3. To update the cost of equipment, an inflation rate of
about 20% may be appropriate for 1980.
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