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IHR(SYNOPSIS) : Piezo-ceramics are special materials which transform energy between
mechanical and electrical forms. Bender—elements are composite materials consisting of thin
piezo—ceramics and elastic shims, and are widely used as actuators and transducers in the
field of electronics, robotics, autos and mechatronics utilizing the effectiveness of energy
transformation capability. In geotechnical engineering, commercial bender—elements are used in
laboratory as source and receiver in the measurements of soil stiffness. The elements were
built by using various metal shims sandwiched between piezo-ceramics and coating over the
composite in the research. A pair of elements were buried in a concrete block and used as
source and receiver to measure the stiffness of the concrete. The test results were verified
by comparing with the resonant column testing results. In a preliminary stage of the
development of an in-situ seismic testing equipment using bender—elements for soft clay
materials, shear waves were generated and measured by burying the elements in the barrel of
kaolinite and water mixture. The measured shear wave signals were so distinct for the
first—arrival pick that applicability of the elements in the field measurements is very promising.
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obd A AH(piezoelectronics)s A7) (electric field)ol] &3] W& o] dojyfa, HhHE S H(stress)S
7bstH H3f(electric charge)7t WAsk= E-oltt. &, o &A= 7IAIA olyx et d714 Ay A
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3. Hi{ dlz|HIE(Bender Element)

3.1 H#ic] Ha|HE9| Jie

Bender ElementE ©]&3%F AldL2 1978 Shirleyel] 23] AN Ayl SHo =2 S L7d
olZ] NGI(The Norwegian Geotechnical Institute, 1984)9A A& 45 Alg o] FA A Wiy a4
EZ Aaksle] AdaES =AU T NGIOAE dlg AZHEE o] 83t AJgo] SHE BYA7|= =&

P gloleta AlSks)E Seleh
MY AeMEE Y 39 go] F A9 oz Agtvie] yrel 34 shimdt HAH FE A
[e]

Electrode Ao % Algn
| N metal shim

Electrode oz Alaha

Hiy dedEs 58] Azl x5 dwoluh Axo] gle Ao] ofyBE=m 1 Hefo|n) wH, AA
e gkt 72 AlE 2oy A1 g widd wE g F kg e S Qe E O dAs Al
stejol st} Wiy devlExE Fox Alete) 3 shim#e] A3 walolv v 474 whde wet 2y
(Series)@} W H(ParalleD®] F 7FA] Wio]l Joh(1d 4 F=x). F Jolx Agulste] Ad A4 7}
bl AFA o F el Mgtk Abo] shimS ¥o] I H oS coaxial cables AAZA3}
v Ao AolEe A4S 7F Algulgte] &R gHlsiA Hoh At AolE S Hwom AF
st ul, Algty ol st RlE 2%7F 58 2% (Curie Temperature)S 92 49 Algtye] d=o] Auj
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Aoz AFdAAdnt} £ 7ichEth
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4.3.2 Alg 2y
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