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A New Rotary-Shear High-Speed Frictional
Testing Machine: Its Basic Design and
Scope of Research

BEFIZ - 12 BAY

Toshihike Shimamoto® and Akito Tsutsumi’

Abstract: A new rotary-shear high-speed frictional testing machine (MARUI Co
Ltd., MIS-233-1-HSTR-90) was installed at Earthquake Research Institute, Univ.
of Tokyo, in order to study the fault constitutive properties at fast slip rates and
various processes, including frictional melting, that occur within a fault zone dur-
ing and immediately after seismogenic fault motion. This paper describes the
basic design of the machine and outlines current research projects. An axial force
to 10 kN (about 1 ton) can be applied to a pair of solid- or hollow-cylindrical
specimens with outer diameter of 25 mm or 40 mm, using an air-driven actuator.
One side of the specimens is kept stationary, and the other side is rotated with a
7.5 kw servo-motor at revolution rates to 1,500 rpm. The torque and axial force
are measured with a combined torque and axial-force gauge that is placed next to
the stationary side of the specimens. The machine is capable of producing slip
rates to 1.6 m/s and normal stresses to about 30 MPa for hollow-cylindrical speci-
mens with outer and inner diameters of 25 mm and 15 mm, respectively, and an
unlimited displacement. The machine is equipped with a pore-pressure system for
studying interaction between frictional heating and pore-pressure generation,
although this system has not been tested fully as yet. So far, the frictional melting
processes have been studied fairly throughly with the machine, producing melt
products that are quite similar to natural pscudotachylytes with respect to the
chemical composition of fine-grained or glassy matrix and the size distribution of
clasts contained in the matrix. Preliminary measurements of friction has revealed
substantial weakening of fault and velocity-weakening property at fast slip rates,
perhaps due to frictional heating. However, small misalignment of the facing
specimens causes small, by undesired distortion of the force gauge, and this prob-
lem must be eliminated in the future for collecting reliable mechanical data,

19944 3 A 17 B %fF. 19944F 3 A30H S8,
YRR AR AT,

Earthquake Research Institute, University of Tokyo



WEARFIE - HA

BL o

7~ b O EEE IR 1 ERIC
100mm BE TH 0, BEFEHNEIED A KE
WriE C b FHEMEE I nm/yr BETH S,
Lird, WBOZ ) —7i3BdTEhEDT,
BEAEDTL— MERLERTB L, HENS
o T ROBEBEFNBZSTITOMIXIZILA
ERIELAREILS S, 7, KibEROE
OEGEVHEET I/ sBEICTITESTL
(Abe, 1975; BMR). L7d-T, HEORE
FELTL- MEREENB (LT, HIZHE
& BEEL) O BB F DEMICE 21T, 1047
PR LIEFICELVELMEEODL L THE®
LAay - RO Tl s kv,

W OME % A o I 4 R
DR TETHLY, THITORBETIILEA
EWMRB I EPTE LD 20D, KHEEE
RIZMBAREATAEME T IROEETH
b, A0 ORBETERTEIEMERRE
mm/s BETHY, ITNTERHENREIIES
FTTOFULALHRCELILTER . T,
Mg OmEROE (ARET YL, F4ER
T4y AN F)EERECHEIIBIT
ZENTE, PEETNYPEZDHEEOWED
T 2 A& I B 100mm/s DB EHLEE1E
LT+ % (Johnson & Scholz, 1976; Shimamoto et
al, 1980). LA LFD XA LERTIE, 10
DRFEETAN T Imm3BAL LS M
BIFZEUETELy. WHORR = 8GR
2L o TR DAL E TN I21F ) BERIERY
DRI TER S 17 H1iE 5 5 A% Friedman et
al. 1974), H& - KEMOL L TOLH KA
W7 BERARRY, Wi WH OBk WO L #
0y —MEROERbR &, FoL) 2HER
BETIIARANIINNL L3 TE RV,

T at, Spray (1987, 1988) i3 EE 8 5 45 ¥
(frictional welding machine) % T, BLIRIE
WAROBEBIEMERY B I a7/ Thid,
2ADEA TR EEFRLOTTHH % &
HEE, BERCIAL IS TBETL
WWThD COEBRIEE  KEMINERT

25400, BIBONENEEFTERCHET
FHIHIITEFR STV REWEITHAE, F
72 Kennedy & Spray (1992)i%, K—1) > 7
HCHE - TIFB L - B0 250, - 2T LT b
A, ZORETLEROMELMNET L+
T&ERW.

T I, WEAE, [BR]RHBARRT O E &
HKET, (NHERLFICHBHRARTEZ S
TR (EER AL - BIERR % &8 ) OFFE,
(2)EEFEI BT LW O L+ 0 Y — i E
DE, (3)HER OB - BBAE 0]
e, % E e Emicill~ o Bk 4 19914
IRkEN - SR UL 1R, HER o L EHN
VAT LADEREYPLIC Lo TEIE-TEA
7o ARRTE, ABEORTOBRE - BEORE
BN - SERNR TN EEEHICI OV~ &
EBII, CORBBERVWCEDLNRTWA S
Yy FEBRIZBALTBEW, 28,
AEBEHOBMELETPO TR L 7 B G,
Tsutsumi & Shimamoto (1992), Shimameoto
(1992), Lin et al, {1992)i2 X - CTREMA - @5
DR (2 sz,

EBROHA LRFOHBRR

A EEBRABRBORFOEREE, (LU%3
KB TEROBVEN(EELT)OL & T,
(2)KMEBERERO | m/s LEIET 5 5%
fEEBhE (3)10m %A% & 9 e KERNTIER
THoETHoT, SHIC, (4)EEWRE R
RpIC BT L ERERS L B AKED EROH EIE
HEl~<s b, #BREEORALBND
2Tz (A, L s+ O EEMSA
BRI NLAS, RRMWEFENZ ST A
B Iz I HE T & A (Sibson, 1973; Raleigh &
Evernden, 1981 ; BH). i, #HEROS
EWTREER I BEATHEHBKENE L
N, B8 OBRBIRIAE - T, KMEEFIZIZ L
Te BT (total stress drop) T 5B oTw b
PH LN, EWIF#ERTHLH, BN
FAVTEBER L NS L E0T, ZTHEWES
PR AHERNOMETHL, 3512,



B L Bl B b B

FIBUKE D R A E & - T 5 B OFER I &

NZZT LR 5501, WEWHNEOIEHEL & [
FRA OB OBATHOERE &3, WBT & Fan
BT EAMICLEBL TS,

HER Y F 22 2 THEET 270101,
PASSFHEEFELETL 2R, SSEEIC
KEM®BITHAE LTI, G SyHeEE
HBEHELTwD, 23 ), —HOHEE T
FHEEEEH S (B o ) & m
A, “HETEEL LA RS 4L ARTH
5 (Fig. 1). Bloie LTk, SRR
e Lo THEEEH S YL L LWRETH
0, TOHFEMEEFSTEIEbO RV
WiRlEbHE LiL, WBIRVOIIKIER
DLy AFEEELLOBIFE L RV,
BRIE i O MR BE ATEARAE & R A CEvT X
LZOLMEEHEMIITA, Li2d-T, vl
Ffd - PR oA R 2 AT 2
RallP 0 el B &

KT T PIER TR 2L o BN &
ELIZKE(EDL), ThilE-THBO L+
03 —MEE b ZE o T { S (Shimamoto, 1989
v ). Bl 45 55 W EE 18 3 & (rotary-shear
friction experiment)id, TD X ) RKREMD L
FCEEFEROVA T Y B FRAL O
BLTWA, L L, OO ¢
Bridgman (1936, 1937), Griges et al., (1960},
Handin et al. (1960, 1967} % & CHRA BRI b
DD, HAHBEL LTENILS  DERIC
HHSWDITEW A 6%d o7 D, b

—-0)) )=
~0.)] J)-

Fig.1  Schematic diagrams showing (a) solid cylyn-

drical specimens and (b) hellow cylindrical

specimens, under an axial load and torque.
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Fig.2 A schematic diagram showing the rotary-shear high-speed frictional testing
machine. 1: specimens, 2: servo-motor, 3: torque limitor, 4: torque gauge, 5: electro-
magnetic clutch, 6: rotary column, 7: controller of the servo-motor, 8: operator of
the servo-motor, 9: rotary encoder, 10: air compressor, 11: axial force gauge, 12:
ball spline, 13: torque-axial force gauge, 14: specimen holder, 15: displacement
transducer, 16 air pressure gauge, 17: valve, 18 ~20: displays for the axial force,
axial shortening and torque, 21: pressure gauge for measuring pore water press-
ure, 22 water reservoir.

Fig. 3 A photograph of the rotary-shear high-speed frictional testing machine.
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Fig.4 A close-up of the specimen and specimen holder and the torque-axial force gauge.
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Fig.5  Schematic sketch showing the pore pressure system (see text for explanation).
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Schematic drawings of specimen holders: (a) the holder used in early experiments
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Fig.7  Torque as measured with the torque gauge (4 in Fig.2), plotted against time from

a high-speed friction experiment. (a) Original data from the digital recorder which

shows periodic fluctuation at each revolution. (b) Torque versus time curve after

the operation of digital low pass filtering {moving avarage).
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placement reached about 17m, Torque is initially high and variable, but it tends to
decrease with the onset of frictional melting and approaches a steady-state value.

The rate of axial shortening increases markedly with the onset of the frictional

meiting.
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Fig.9  (a) Deformed specimen of monzodiorite under the normal stress of 0.8 MPa, the

equivalent slip rate of 1.3 m/s and the circumferential displacement of about 192

m (Run # HFRO68 in Tsutsumi & Shimamoto (this special issue). (b) is a photo-

micrograph under plane-polarized light showing the experimental pseudotachylyte

in (a). Note that a fragment of the facing country rock is left on the very top part

of {a). pl: plagioclase, px: pyroxene, and k-fel; potasium feldspar.
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