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Discovery of (Sound) P-wave associated with shearing of saturated sand and discovery of

sand liquefaction by P-wave —What is the essential cause of sand liquefaction?

Qualitative experiment with educational toy Ekki and its consideration (1)
Yoshihisa TONOGAMI*

Abstract

Ekki is an educational toy invented in 2001 by Dr. Yasuaki Noguchi of the NIED (National Research Institute for
Earth Science and Disaster Prevention). It has a simple structure in which a PET bottle is filled with sand, fragments
of eraser, and plastic thumbtacks with a spherical head, which is filled with water. Since the natural loose saturated
sand itself can be used, there is no doubt that it can be used for qualitative experiments of liquefaction in various
fields. The author found that the sand liquefies when the Ekki is placed vertically on a rotary table, the central axis
(Z axis) is fixed, and the sand is rotated at a rate of four times per second alternately on the left and right. In general,
when saturated granules are sheared, P waves (sound) are generated due to collisions between soil particles of soil
mass facing each other across the sheared cross section, friction, and crushing of the soil particles themselves. When
this sound is picked up by the PZT element and rotated several tens of times while listening to it, magnetite originally
contained in the sand is concentrated in the sand under the shear plane in a band shape with a thickness of about 3
mm. And the author noticed that the depth from shearing plane increases as the distance from the center of rotation
increases. This phenomenon is the same principle as panning performed by gold dust digging, and magnetite with a
heavy specific density is concentrated near the lower limit of liquefied sand. The author describes the increase in
sound intensity with torsional shear of saturated sand and the increase in liquefaction depth with increasing radius
and argues that the true cause of liquefaction is the P-wave.

Keywords: Ekki, Shearing sound of saturated sand, P-wave, S-wave, Liquefaction by P-wave
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Ty X — ISR OMOMARA 2000 ECEXALEEBTRLLLTHE. 2Ty bR M AVICH,
BLITL, EREKEOTIFTAF v 7EEX AN, ZHICKEFBETEVTZEMRERER-oTWVWS. WV
MWEOLOEERATERZEDLRBOAMEL, ZFEPHEILOEMERICERATETHD. EEFTITy
F—FBEFITCTHERESICRYE, B0 (Z8#) 2BEL, EAXREREVENEOEHEGTHEL HEITED L
BARRETAZEERRELE. — &, AN REZEEK T2 L, BFEREFEATRA»VWE ) THRO LR FF
T ooEzE, BE, tHFEEOBBRLRYOEZD P (¥) BRETS. ZOF42 PITRFTH-THE 2N
LEFTEIEREE TS LHKE FTOMRE, ThOBRREENIMELENESH 3mm OFRICEEL, Hix
DFLPOHNAICHE > THHENODESAET LAV O2VE. ZOBRFEBERB Y BITHI =0
CRILEERT, bBO THRMAEICHEDEVEELABELLLOTHD. EFL, AP ORT VY IEIC
MED FOME L LEREIMCEIRLESOEMIIOVWTERL, BKIELOEDFERREIPHETHDL TR TS.
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