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SUMMARY

I. Title

Practical Application of Piezoelectronics for Sustainable Measurements of Properties

of Soft Ground

II. Objectives and necessities
A goal of this research is a practical technique which can measure mechanical
properties continuously such as shear strength, stiffness and density in real time based

on the manufacture technology of piezo-actuator and sensor.

M. Contents and scope

The test to determine basic principal, mechanism, making procedure and optimal
setting are executed for producing effective vender element. Whether the vender
elements made and verified indoors good work in a field, shear wave measurement test
is operated in soft clay beach. Laying cross-hole and in-hole elastic wave cone
measurement are operated using a transmitter and receiver made by vender element.
Distance revision method is considered because measurements of each transmission
distance are important as travel time of shear wave in cress-hole test. In the in-hole
test, shear wave is measured successfully in soft clay beach because optimal in-hole
equipment is developed through a lot of indoor tests. Cross-hole test and in-hole test
using vender element are operated on condition that those equipments are situated by
human power under two meters from the surface. For measurement of high deep in
fields, mechanical penetrating equipment has to be developed. Moreover, vender element
can sometimes be damaged with insertion in the soft clay beach containing shells or

gravels.



As a method of pushing scheme using a mandrel was developed for protection of
bender elements and deeper penetration, these problems can be solved. Because of this
problem, for protecting vender elements, first of all, lot installing vender elements is

settled to the target depth simultaneously with mandrel and then mandrel is removed.

IV. Results and Discussions

In this test, whether bender element which occur and receive P-wave and S-wave
easily is adequate for a sensor in a variety of materials verified. As a method of
pushing scheme using a mandrel was developed for protection of bender elements and
deeper penetration, these problems can be solved. Two types of in-hole and cross-hole
seismic techniques have been implemented, as a using bender elements as source and
source and receiver. The source and receiver rods were pushed 2 meters deep into
coastal mud near BoRyung-city with bare hands. The distance between source and
receiver rods was 20cm. To cross-hole testing, travel distance should be as accurate as
travel time to calculate shear were velocity at each measurement depth. So, A pair of
extra bender elements was mounted each measurement depth to measure shear wave
along inclined travel path. This research propose a converting exact wave travel
distance using reaching time gap of shear wave through a geometrically arrangement.
Pairs of source and receiver benders were mounted on one rod. It has advantages over
crosshole such as the use of one rod only and the fixed distance between source and
receiver. However, the noise through the rod is formidable price for using one rod.
Several installation schemes of bender elements were attempted in the laboratory and
the final version was adapted for field testing. In the in-hole test, shear wave is
measured successfully in soft clay beach because optimal in-hole equipment is
developed through a lot of indoor tests. In-hole elastic wave cone is manufactured
based on determined final settings. Because it is manufactured with protruding model

about ten centimeters to avoiding disturbed area produced by cone penetration at the



same cross section of SPT’s rod, many kind of shapes are attempted. Finally, ‘swing
arm’ shape is determined and the model verification is operated to certify whether it
work smoothly. Crosshole and In-hole prototype instrumented rods were pushed two
meters deep into the field with human efforts. The instrumented rod requires additional
penetration device to protect the bender elements during deep penetration. It is possible
that bender elements were damaged during, where it can encounter shells and gravels
scattered in the mud. This problem can be solved by the method that mandrel is
removed after lot installing vender element is settled to the target depth simultaneously
with mandrel. Because of this problem, for protecting vender elements, first of all, lot
installing vender elements is settled to the target depth simultaneously with mandrel and
then mandrel is removed. Reliable shear wave signal could be detected because the

vender elements located out of mandrel can closely contact with the clay.

V. Practical Application of the Results

If the research finalization, laying cross-hole equipment will be applied at
measurement division of strength and character alteration in soft clays(especially,
dredged and reclaimed Clay) because it is cheaper than any other sensors, it can be
installed quickly and it can measure precisely with minute range. In-hole elastic wave
cone is more accurate and cheaper than normal seismic cone, so it will be widely used

in dynamic field test.
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Travel Time = 0.0054 sec

Vs = 41.7 m/s

Travel Time = 0.0080 sec
Vs = 41.0 m/s
0.33m

< Trave!l Time = 0.0102 sec
0.43m Vs = 42.0 n/s

0.52m

Trdvel Time = 0.0126 sec
>l Vs = 41.0 n/s
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/\ Source

Urethane 1st day 7

Urethane 263days
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\/\ U
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Silicone 1st day
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o 3709 co-axial cable® T4, + /&= S R
2 AR U A 170 Ground$ 202 AL
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X ARSI
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A AR o]z w A
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‘ / Travel Time = 0.006129 sec
Y

0.5m Vs = 36.47 m/s

M

Travel Time = 0.006454 sec

1.0m Vs = 34.63 m/s

) 3ot

1.5m

a5
CLL AR

Travel Time = 0.004678 sec
Vs = 47.78m/s

2.0m

Travel Time = 0.004178 sec
Vs = 53.50 m/s

e et
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Vs =22.8 m/s

L hetioa
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Vs =25.6 m/s
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Depth(m)
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