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A joint research program at Georgia Tech/Virginia Tech has initiated the development of a
piezovibrocone penetrometer for directly evaluating soil liquefaction potential in-situ.
During our initial efforts at Georgia Tech, we have completed the following tasks: (1)
Review of prior attempts to build vibrocones in Japan, italy, Canada, and the U.S., (2)
Assisted in refurbishing of the calibration chamber at Virginia Tech and the preparation of
large specimens of Light Castle sand; and (3) Developed a preliminary pneumatic

vibratory module for downhole dynamic excitation of a triple-element piezocone for
chamber testing and field trials.
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INVESTIGATIONS UNDERTAKEN

Current methods of evaluating liquefaction susceptibility of loose sands and silts during
earthquakes rely strongly on empirical correlations and methodologies. Present state-of-practice
procedures for soil liquefaction evaluation include both in-situ and laboratory test methods that
require correction factors which are not always well defined or fully understood. Under award
number 1434-HQ-97-GR-03128, the development and calibration of a piezovibrocone
penetrometer has been initiated at Georgia Tech and Virginia Tech.

The piezovibrocone is a prospective in-situ tool to directly evaluate soil liquefaction potential by
locally inducing cyclic pore pressures in the vicinity of the probe with concurrent measurement of
the dynamic loading during penetration. The GT/VT vibrocone offers a number of advantages
over its predecessors including (1) vertical oscillation, (2) the flexibility of adjusting the dynamic
force and frequency of excitation, and (3) the measurement of key parameters including pore
pressures along the length of the cone and frequency content of applied duty cycle.

The fundamental vibrocone design consists of a piezocone with an enlarged-diameter vibrator
component located between the probe and rods, as shown by Figure 1. The test is performed in
general agreement with ASTM D-5778 standards using a 60° apex cone that is advanced at the
rate of 20 mm/s. The vibrocone penetrometer diameter is slightly larger (41, 44, or 48 mm) than
the standard U.S. cones with d = 35.7 mm (10-cm?), although the ASTM standard now permits
use of a 15-cm? tip with 43.7 mm cone diameter. The original "Mark-1" vibrocone model applied
a centrifugal force of 32 kg and operated at a set frequency of 200 Hz (Sasaki and Koga, 1982).
The latest version applies a dynamic force of 80 kgf at 200 Hz, although a 160-kg centrifugal
force has also been investigated (Teparaksa, 1987, 1990).
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Centrifugal Force = 80 kgf Diameter = 31 mm
Frequency = 200 Hz Weight = 5.6 kg

Figure 1. Basic design features of Japanese vibrocone penetrometer
(modified after Teparaksa, 1987)

In fine-grained soils having low permeability, pore water pressures generated during cone
penetration are often large relative to hydrostatic (Campanella & Robertson 1988), particularly in
intact (and unfissured) materials. On the face of the cone, these penetration pore pressures are
always positive and form a significant component of the measured cone tip resistance (Mayne et
al. 1990). Since sands in which liquefaction is going to occur are fairly permeable, a 50% to 75%
reduction in cyclic pore pressures occurs when the porous element is moved from the cone face
(u1) to the behind the shoulder (uy) (Teparaksa, 1987).



Previous field studies with a
vibrocone have utilized a
comparison of the cone tip
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Figure 2. Vibrocone results at Site 1 which cone tip resistance profiles are
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events (modified after Teparaksa, 1987) zone at 2.7 meter depth), inferring

no major liquefaction problems. In

contrast, Figure 3 illustrates the

results of vibrocone tests at a site
known to have liquefied repeatedly. In this case, the dynamic resistance is considerably reduced

at depths between 2 to 5 meters, reflecting the contractive nature of the sand deposit and a high
potential for liquefaction.
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Figure 3. Vibrocone results at Site 2 which

exhibited extensive settlements during soil A vibrocone (Moore, 1987) was

liquefaction (modified after Teparaksa, 1987)  constructed at the University of

British Columbia by attaching an
oscillating pair of eccentrically loaded counter-weights to the actuator assembly above-hole in the
cone rig. The electric power for the vibrator was coupled with the rig power and fluctuated with
the hydraulic motor causing variation in the frequency. The force applied to the cone/rod system
is not known, however, in a normally consolidated clayey silt, a reduction in q. was seen. Since a



u; cone (porous element to measure pore pressure located just behind the shoulder) was used,
excess pore pressures dissipated before reaching the u, element and could not be measured.

Applied Research Associates (ARA) have recently developed a sonic cone penetrometer actuator
which incorporated a unit similar to the UBC above-hole unit, but at a larger scale. Their primary
motivation for the sonic cone is to reach DNAPL compounds with a small to mid-sized cone rig.
Due to their density, these compounds seep vertically downward through gravelly and
overconsolidated fissured clayey layers which are difficult to push through. At the point at which
refusal is met, the vibratory unit, an oscillating pair of eccentrically loaded counter-weights similar

to the UBC unit, is engaged applying an additional 17,000 kgf to the static force. Thus far a
piezocone has not been used with this system.

Since the UBC and ARA units are located in the rig above the rods, the magnitude of force
generated by the oscillation unit must overcome the side-friction of the entire length of rod as well
as the tip and side friction of the cone. Thus the driving mechanisms are bulky and impossible to
modify for a down-hole application where the driving force, either mechanical or hydraulic, would
have to transferred through the rods.

Table 1 depicts the chronological contributions to the development of the vibrocone.

Table 1: Contributions to the Development of the Vibrocone

Country Author(s) Details Results
Japan Sasaki and ¢ Down-hole vibration The reduction in g,
Koga, 1982 e 32 kgf centrifugal force reflected cyclic
e 200 Hz pore pressure
generation
Japan Teparaksa, e Down-hole vibration When g, = q, no
1987 ® 80 kgf centrifugal force | liquefaction.
(32, 80 and 160 kgf were | When 0.2q. = q.,
investigated) liquefaction is
e 200 Hz likely
Italy Mitchell, 1988 | e Down-hole vibration Qualitative
Picolli, 1993 e centrifugal force, interpretation
magnitude unknown
200 Hz
Canada Moore, 1987 | e Vibration at top of rods | u2 piezocone did
¢ Vertical force, magnitude | not identify cyclic
unknown pore pressures
e 75 Hz average frequency
USA Shinn, 1997 e Vibration at top of rods | Increased
® 17,000 kgf vertical force | penetration range
e 60to 70 Hz of rig




Under a joint research grant from USGS, the development of 2 piezovibrocone penetrometer has been
initiated at Georgia Tech and Virginia Tech. Due to the broad range of demands and restrictions
dictated by the purposes intended for this unit, the preliminary design has required a thorough
investigation of the available alternatives to provide a vibration module that will meet 2 host of criteria
set forth by the GT/VT group.

The ideal situation would be to acquire something commercially available, but a cone module capable
of withstanding the subsurface moisture and pressure requires fabrication. Based on the fact that the
only apparent disadvantage of the air-cylinder (or inert gas) is the availability of sinusoidal excitation, it
seemed to be the obvious choice for a prototype. An air cylinder oscillation unit meets all the criteria
for this project with the possible exception of an easily analyzable signal. Table 2 outlines the
oscillation mechanisms evaluated for the design.

To minimize rod friction effects, the vibratory module should be attached to the cone and provide
excitation down-hole. This requires that the unit be of compact geometry having a diameter close
to that of the cone and rods. Due to space limitations inside the cone rods, the space required by
the source and transmission cables must be kept at a minimum.

The project originally intended to use a dual element 10 cm? piezocone with electronic signal-
processing built into the cone but it was found that the cone electronics could not survive the
imposed vibrations. Fugro Geosciences donated a more robust 15 cm? triple-element electric
piezocone which is now being used for chamber calibration and field testing. The Fugro cone also
offers the advantage of an additional porous element which will allow for the measurement of
cyclic pore pressures at three locations along the length of the cone: midface (u;), behind the tip
(u2 or up), and behind the tip (u;).

RESULTS

The graduate research assistant conducting vibrocone development at Georgia Tech has worked
with the Virginia Tech group to assist in the calibration chamber effort. This occurred during the
summer period from June to August of 1997. The additional manpower to assist with the
physical labor required for such large testing apparatus supported the considerable progress made
toward completing a round of static soundings in the saturated sample.

The USGS panel review indicated that NSF should be a co-sponsor to this project. In June of
1997, it was learned that the National Science Foundation placed this project on the “high
priority” list by Dr. Cliff Astill for additional funding to the project which would augment the
laboratory testing, calibration chamber testing, and field calibration efforts.



Table 2. Possible Driving Mechanisms for Vibrocone

Mechanism Vertical Oscillation Advantages Disadvantages
Driven by:
electric motor rotating | e high forces (dictated | o driving mechanism is
a cam against a by spring-stiffness bulky, difficult to drive
spring-loaded reaction | and reaction mass) down-hole
mass possible at slower e excitation not sinusoidal
speeds (rpm) o limited to low rpm
e electricity often e impact force varies as a
available on-site function of rpm
hydraulic pump * high forces (dictated | o stiff and bulky hydraulic
rotating a cam against | by spring-stiffness send AND return lines
Y a spring-loaded and reaction mass) required through rods
reaction mass possible at slower o sinusoidal excitation not
speeds (rpm) possible
! * hydraulics usually | o limited to low rpm
available on rig e impact force varies as a
hydraulic drive function of rpm
* rig hydraulics would
require modification
piezoelectric stack signal generator © compact o amplitude of vibration is
applying voltage to « high force available very small
piezoelectric cell at low frequencies ® very expensive
@;  sinusoidal excitation
% possible
solenoid : electric solenoid ® compact e very small forces
o sinusoidal excitation generated at compact
possible geometries
o electricity usually
available on-site
eccentric counter- hydraulic pump * high force available | o driving mechanism is
weights rotating eccentric at low frequencies bulky, difficult to drive
masses * hydraulics usually down-hole
available on rig o stiff and bulky hydraulic
o sinusoidal excitation send AND return lines
possible required through rods
e rig hydraulics would
require modification
hydraulic drive




Table 2. Possible Driving Mechanisms for Vibrocone (cont’)

Mechanism Vertical Oscillation Advantages Disadvantages
Driven by:
electric motor rotating |  high force available | o driving mechanism is
eccentric masses at low frequencies bulky, difficult to drive
o electricity usually down-hole
available on rig e electric lines required
* sinusoidal excitation | ¢ may need more power
possible than rator suppli
electric motor drive e B
cylinder hydraulic pump e compact e stiff and bulky hydraulic
forcing intermittent o high force available send AND return lines
pulsations of a piston at low frequencies required through rods
by pressurizing e hydraulics usually e rig hydraulics would
cylinder available on rig require modification
% o sinusoidal excitation
= possible
hydraulic drive
compressed air (or e compact o sinusoidal excitation
inert gas) forcing o high force available difficult to impossible
intermittent pulsations |  at low frequencies
of a piston by e compressed air (or
= pressurizing cylinder inert gas) easily
accessible on-site
compressed gas drive

The fabricated prototype illustrated in Figure 4 consists of a solenoid valve, air cylinder,

mass/spring/impact mass, 2 geophones, and a housing assembly. The timer provides electric
pulses to a solenoid valve which opens and closes at the rate dictated by the timer setting. The
solenoid pressurizes the air piston which in turn drives the excitation. Two modes of excitation
are available to increase the versatility of the unit and range of applicability of the results. One
mode is driven by spring/mass oscillation and the other by an oscillating mass impacting a
stationary one.

The centrifugal oscillation of the Japanese vibrocone compromises the coupling between the cone
and soil by causing a gap between the cone and soil. The cone should oscillate vertically. This
study intends to avoid that complication by restricting motion to up and down with an air
cylinder.

The unit must accommodate measurement of the applied force and frequency. Load cells,
accelerometers, or geophones coupled with the vibrator adequately serve as measurement devices
and they require send/receive lines as well as sufficient space for mounting in the vibrator unit.



Prior to design, load cells, accelerometers, and geophones were individually coupled with a mass-

spring-air cylinder assembly and excited at different air pressures, spring stiffnesses, and timer

settings.

The quality and repeatability of

each of the device’s signal were

1. Spring/mass 2. Impact compared by processing the data
vibration collected by an oscilloscope. Load

Two Modes of excitation:

Gas and cells were comparatively bulky, put
Timer Signal out a weak signal and required
Solexnsoid Air T amplification. The piezoelectric

Valve accelerometer also requires
Vertical amplification. Due to its
Air Cylinder ik I ‘ S
Cy Oscillation compactness, self-amplification,
WSQMg l and low cost, the geophone has
Vibration been selected as the measurement
Springs Impact Mass device.

Geophones are installed in two
15 can? tip locations within the housing of the
(diameter =43.7mm)  unit. The signal obtained from
each geophone provides frequency
: . 5 and acceleration information
Figure 4. PmtotypeP\if;:;'::z: and Triple Element crucial to the liquefaction analysis.
As shown in Figure 5, the two
locations for the geophones correspond to the input and output excitation. The input is the
excitation of the piston-driven mass/spring system (or impact), and the output corresponds to
what the soil-cone interface is actually experiencing. Knowing the transfer function between the
applied excitation and the excitation transmitted to the soil could provide insight to the nature of
pore pressure generation. Initially, an oscilloscope will be part of the data acquisition unit to view
and save the information provided by the geophones. Signal analyzers can analyze the frequency
content while adjusting the pressure or timer setting prior to or during the dynamic sounding. A

comparison of the input and output signals will provide thorough information about the frequency
and force delivered to the soil.

In general, force and frequency have a positive relationship, i.e., as the frequency of oscillation of
a mass decreases, the dynamic force decreases as well. Since the vibrocone is an in-situ tool to
assess liquefaction susceptibility, the vibratory unit should operate at frequencies commonly
generated by earthquakes and cause localized liquefaction of the sand. Commercially available
vertically-oscillating vibrators small enough to be attached to the cone down-hole lack either
sufficient force or amplitude to cause cyclic pore pressures with the cone/rod system at a low
range of frequencies. And since there is virtually no precedent for using vertical oscillation of a
cone at low frequencies, it is difficult to predict what force/frequency combination is best suited
for each analysis. Therefore, the design should allow for variation of force and frequency.



Geophone

Input excitation

Figure 5. Location of the

Geophones in the Housing of the
Excitation Unit

The force can be varied by interchanging some of
the components in the housing unit. Installing
stiffer springs, replacing the mass with a larger one
or replacing the air cylinder with one with a larger
bore will increase the applied force. The air
cylinder in the prototype has a bore size of 2.7 cm
corresponding to a force of 100 kgf at 1.7 MPa
pressure. Changing the bottom spring to an impact
mass (impact mode of excitation shown in Figure 4)
significantly increases the force applied to the soil.
Additionally, increasing the stiffness of the impact
mass increases the force. Without reconfiguring the
vibrator, the dynamic force can be adjusted at the
control panel (Figure 6) by increasing or decreasing
the pressure from the tank or compressor.

The frequency of excitation can be varied by simply
changing the timer setting. The timer range is
0.001 seconds to 9999 hours, and can be varied by
increments of 0.001 seconds. The solenoid is
capable of a duty cycle down to 60 per second.

Note that calling the timer setting a ‘frequency’ is not quite accurate. The timer setting is actually
a duty cycle for which the frequency content of the system can be determined by performing a fast
Fourier transform on the voltage vs. time data. Signal analyzers are available that can determine

the frequency content in real-time.

Compressor or
Bottled Gas in
<1.7 MPa

Car Batteries
or Generator
24 VDCin

Figure 6. Control Panel for Vibrocone Driven by Air-
Cylinder

v

@
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Regulator
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Ultimately, this unit is
intended to be a field
application requiring a
certain amount of
simplicity. Cumbersome
units that are costly to
implement will be of
limited value to the
geotechnical practice.
The idea is to develop a
supplement to existing site

Pressurized Gas out

24 V DC Timer
signal out

characterization
procedures that will
require minimal equipment
purchases or modifications

to implement. Either an AC/DC converter plugged into a generator or car batteries could serve as
a power source for the timer signal. For a source of compressed gas to power the piston,
purchasing a pressurized tank is preferable over using the lab compressor. The control panel, air-
lines, and oscillation unit are capable of handling air pressures up to 1.7 MPa. Tanks are



inexpensive, readily available at welding supply stores, easily transported, and are pressurized up
to 17 MPa. Additionally, it will be valuable to assess the volume of gas required to obtain a
chamber sounding in the lab for projecting field requirements.

The GT/VT vibrocone offers a number of advantages over its predecessors including vertical
oscillation to prevent gapping in the soil-cone interface, the flexibility of adjusting the dynamic
force and frequency of excitation, and the measurement of key parameters including pore
pressures along the length of the cone and frequency content of applied duty cycle.

In preliminary tests, this device is being evaluated in calibration chamber tests of saturated Light
Castle Sand placed at 25 and 65% relative density corresponding to very liquefiable and
marginally liquefiable behavior, respectively. The effects of confining stress level, vibration
frequency and vibration mode are to be evaluated.

REPORTS PUBLISHED

It is anticipated that the opportunity to perform preliminary field vibrocone soundings to check
performance of the initial vibrator module will present itself by late 1997.

SUMMARY

The development of a specialized in-situ tool for the direct evaluation of soil liquefaction potential
on site-specific projects is a valuable and necessary step toward improving geotechnical design
procedures, particularly in loose and soft grounds within seismically active regions. The
piezovibrocone penetrometer, which provides a continuous log of the pore pressure and soil
strength measured under locally induced liquefaction, is intended to serve as such a tool.

During our initial efforts at Georgia Tech, we have completed the following tasks: (1) Review of
prior attempts to build vibrocones in Japan, Italy, Canada, and the U.S., (2) Assisted in
refurbishing of the calibration chamber at Virginia Tech and the preparation of large specimens of
Light Castle sand at two relative densities; and (3) Developed a preliminary pneumatic vibratory

module for downhole dynamic excitation of a triple-element piezocone for chamber testing and
field trials.
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SUMMARY

Work completed this quarter has included the evaluation of additional field data as well
as the modification and upgrading of the existing piezovibrocone module. Pore pressure
data from an additional site in the earthquake region of Charleston, South Carolina,
reinforces the observation of strong pore pressure response due to cyclic penetration
(Wise, 1998). Additional tip resistance and shear wave velocity data at the site can be
utilized to further classify the soil type and in-situ state. A more robust vibratory unit
with additional capabilities has been created through modification of the existing unit.
Additional field-testing should be completed by the end of 1998,

RESULTS

In addition to the trial field tests reported by Wise (1998), four soundings were performed
in the Hollywood ditch area near Charleston, South Carolina. For additional information
on the site, see Martin (1990). Figure 1 below shows the four soundings and the tip
resistance from HWO0515 reported by Martin (1990) for comparison. A description of
each sounding is provided below:

* HWI1: Dynamic Piezovibrocone (u,), prebore 4 feet, terminated 30 feet BGS;
* HW?2: Static Piezovibrocone (u;); prebore 4 feet; terminated 30 feet BGS,;

® HW3: Dynamic Piezovibrocone (u;); prebore 4 feet; terminated 30 feet BGS;
e HW4: Seismic Piezocone (u;); refusal at 63.5 feet BGS;

S| DATA SCHOOL OF CIVIL
SOUNDING PERFORMED WITH Gregg In-Situ GEORGIA INSTITUTE OF TECHNOLOG

Date: 2/27/198 Cone Truck: Gregg In-Situ Predrill: | Om Cone Type: 10 cm” seismic
Test Site:  Hollywood Ditch Test Nos:  HW: 1-4 GWT: 1.6m Filter: Type 2
Location: Charleston, South Carolina Distance to Sounding Axis from Seismic Source: 1.2 m Operators: James Schneider

Cra Wise
Classification
q, (MPa) u, (kPa) Vs (misec) {Robertson, 1990)
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Figure 1. Cone Penetration Tests at Hollywood Ditch Site, Charleston, SC



MODIFICATIONS

The piezovibrocone has undergone design changes within the last quarter. The first of
these changes has been involved with the vibrating unit used behind the penetrometer. A
modification in the vibration transfer was made. Originally, the unit transferred the
vibration via a small steel reaction mass that was attached by screws to the housing of the
vibrator unit. This method induces shear waves that are vertically-polarized at the face of
the housing. The new design induces the same waveform, but in a slightly different
manner. Due to the nature of the vibration incurred by repetitious movement of the
impact mass, the screw connectors of the reaction mass undergo large fatigue stresses and
wear. The new design utilizes the strength of the threads at the bottom of the unit to
transfer the impact vibration.

A new sleeve was welded to the bottom of the reaction mass. This enabled the reaction
mass to reach the adapter at the bottom of the unit. Above the reaction mass, a slot was
machined in the housing to allow for a snap ring. When the new reaction mass is inserted
into the vibrator housing, the adapter holds the reaction mass tightly against the snap ring.
The result of this is transfer of vibration directly to the adapter, which in turn induces
waves to the housing via the threads. The new unit is more robust and will have a longer
time span between necessary maintenance. Figure 2 depicts the changes made to the unit.

Cone Cable

Pathway Impact Mass

)

I Reaclion Mass

1-7/8"

Thin sleeve |‘=‘1

| T——— Vertically Orienled

\__ Geophone
Horizontally Oriented
Geophone

f

Figure 2. Modifications to Piezovibrocone

Other changes involve the location of geophones for vibration detection. In the previous
model of the piezovibrocone, the geophone (vertically-oriented) was located on top of the
solenoid unit. The new location of the vertically-oriented geophone is inside of the
reaction mass. This will allow us to determine the actual particle velocities due to
vibration. A second horizontally-oriented geophone will be added to the vibrator unit
inside of the reaction mass. The purpose of this second geophone is for the determination
of the shear wave velocity and ultimately the stiffness of the soil layers being penetrated.
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FUTURE WORK

The future of the testing program is to develop an analytical model of pore pressure
generation and strength reduction of liquefiable layers. Generally, sands develop a peak
strength and then taper off to residual strength during shear. The goal is to obtain the
undrained post-cyclic residual strength of the soil as well as a model of probable
liquefaction of suspect layers.

Continued field testing along with laboratory chamber tests (Companion research
program with Virginia Tech) will provide sufficient data to analyze processes occurring
during vibratory penetration. Knowledge of quasi-static and cyclic pore pressure
generation will be combined to rationally interpret the data resulting from piezovibrocone
soundings. Frequency content and force of the piezovibrocone will be evaluated and
related to cyclic stress ratios, ground accelerations, and earthquake magnitudes.
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NON-TECHNICAL SUMMARY

A new in-situ testing device, termed a vibrocone, has been preliminarily-evaluated in field trials
at historic earthquake sites near Charleston, South Carolina. The device consists of a piezocone
penetrometer with a trailing downhole impulse unit to dynamically excite the soils and induce
local liquefaction in the vicinity of the probe. The purpose is to assess directly the soil
liquefaction potential during seismic events. Measurements of point stress, sleeve friction, and
penetration porewater pressures have been collected and compared with static tests. A
companion laboratory effort using controlled calibration chamber tests is also in progress.

TECHNICAL PROGRESS REPORT

Under award number 1434-HQ-97-GR-03128, a piezovibrocone has been developed under a
joint research program at Georgia Tech and Virginia Tech. The piezovibrocone is an in-situ tool

for the direct evaluation of soil liquefaction potential and postcyclic undrained residual strength
of silty to sandy soils.

Additional Funding

In July 1998, the program received a 2-year funding level from the Engineering Directorate
program of the National Science Foundation. Supplemental funding from the USGS NEHRP
program was provided in September 1998 by Dr. John Unger.

Project Meetings

Since our last report, the GT and VT teams have met twice to discuss details and progress on the
project plans: April 22, 1998 in Atlanta, GA; and August 17-18, 1998 in Blacksburg, VA.

Field Trials

The initial version of a vibro-unit has been built at GT and coupled with a type 1 piezocone
(midface porous element). Impulse type loading is provided by a downhole pneumatic source in
order to assure vertical forces, low frequencies, and simplicity in operation. The device has been
operated in field trials in the historic earthquake region of Charleston, S.C. Two test sites were
investigated using static piezocone, seismic cone, and vibrocone tests to provide comparative
data. Results from one site are shown on F igure XX-1. The field tests were accomplished

using the assistance and help of Gregg-Insitu, Inc., a full-service commercial firm that provides
CPT testing in practice.

In April 1998, GT acquired special funds to purchase a new Hogentogler GeoStar cone truck
with earth-anchoring system. Fairly deep soundings over 30 meters have been achieved with

regular piezocones in Alabama, Tennessee, and Arkansas at this time. The truck permits us to
conduct field testing at our own scheduling.
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Figure XX-1. Piezovibrocone Results Compared with Reference Piezocone Soundings

(Both type 1 with midface porous element and type 2 with shoulder element) at the
Thompson Industrial Site near Charleston, S.C.

Reports and Publications

Preliminary design and operations of the unit have been described in a thesis (Wise, 1998), as
well as two technical papers (Schneider, et al., 1998; Wise, et al. 1999). Presentations on the
vibrocone have been given at two opportunities: (1) The ASCE Geotechnical Earthquake

Engineering & Soil Dynamics Conference, Session 1, Seattle, August 3-6, 1998; and (2) The



NSF Workshop on Physics & Mechanics of Liquefaction, Baltimore-Johns Hopkins University,
Sept. 10-11, 1998.

Chamber Testing

Chamber testing has been progressing at the Prices Fork Laboratory at Virginia Tech using a
special multi-element piezocone penetrometer donated by Fugro Geosciences. The initial static
CPT results by J. Bonita showed that the porewater pressure transducers of the penetrometer
were affected by temperature drifts associated with frictional heat during the CPT in sand. Thus,
the penetrometer was shipped to Fugro/Netherlands where Mr. Denis Lawson outfitted the
penetrometer with thermally-compensated transducers with higher accuracy and lower range,
specifically for the chamber test series of tests. The modified penetrometer arrived in Blacksburg
in Sept. 1998 and now undergoing new series of static tests.

Improvements

A second and improved vibro-unit is being constructed now in the GT machine shop to
accommodate the restricted head-room of the CPT chamber testing setup. This also uses a
slightly larger solenoid for greater vertical forces and a new microelectronic mechanical systems
(MEMS) sensor that acts as an accelerometer for monitoring the dynamic stresses during impulse
vibration. The second vibro-unit has a housing that is being tailored for use with the modified
triple-element Fugro penetrometer. The A.P. Van Den Berg company of Netherlands, a premier

manufacturer of penetrometers, has also offered to assist on the project. We have thus requested
a dual-element penetrometer for field use.
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April 20, 1999

Mr. Keith Estes

Grants Management Assistant
External Research Program
US Geological Survey

905A National Center

Reston VA 20192

Re:  Final Technical Report “Development of a Vibrocone for Liquefaction Evaluation”
USGS NEHRP Award No. 1434-HQ-97-GR-03128
GTRC Project Number E-20-M73
Joint Research Project by Georgia Tech & Virginia Tech

Dear Mr. Estes,

I enclose an our final technical report on the vibrocone project. I also include the nontechnical
report summary. As discussed with you by email, the large 7.5 MB file is being transmitted by
other medium to you. Also, the original plus 6 copies (one unbound) of our report have been
sent to the USGS Office of Acquisitions & Federal Assistance.

We have now received some funding from NSF in continuation of this project and look forward
to improving the instrument and seeking better solutions during field trials and well-controlled
calibration chamber tests. We sincerely appreciate the support of the USGS on this project.

Sincerely,

Paul W. Mayne, PhD, P.E.
Associate Professor

Phone: 404-894-6226
Fax: 404-894-0830
Email: pmayne@ce.gatech.edu

ec: Anita Rowland/OCA 0420 (2)
Jim Mitchell/Virginia Tech (N
USGS Office of Acquisition & Federal Assistance (6+1)

A Unit of the University System of Georgia An Equal Education and Employment Opportunity Institution
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