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THE OBSERVATION OF FAULTING PROCESS IN ROCK
BY COMPUTER TOMOGRAPHY
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By Takashi YANAGIDANI, Hiroaki YAMADA and Makoto TERADA

Seismic CT was employed to observe how dilatancy of rock localizes before faulting.
The seismic CT can map the spatial distribution of P wave velocities, Since P wave

velocity is determined by the extent of dilatancy (density, orientation, and aspect ratio

of microcracks), mapping the seismic pofile is useful for observing nondestructively the
progressive development of dilatancy. The specimen of Ohshima granite was compressed

at a constant deformation rate under uniaxial stress. The reconstructions were made

within the plane perpendicular to the loading axis. The maps clearly show the metamor-
phic changes of dilatancy before faulting ; at first the formation of diffuse dilatancy
occurred, the localization of dilatancy to a few near-surface areas followed at the next

stage, and finally a failure zone appeared intersections of localized dilatant areas.

Keywords . dilatancy, computer tomography, ultrasonic CT, localization, faulting
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Fig.1 The azimuthal distributions of V, in Ohshima granite at
7/4 increments within three mutually perpendicular
planes. V, ellipses were constructed by using the least
squares method. The specimen was cored perpendicular
to the rift plane, which was determined based on this
measurements. The lower ellipse shows the anisotropy

of V, in the plane of reconstruction,
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Fig.2 Straight ray path linking of transmitters to receivers of
the fan beam scan is shown. A single transmitter has
fifteen receivers, The number of scanning paths was
240. A set of rectangular pixels that overlays the
cross-sectional area is also shown.
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Fig.3 A diagram of the Ohshima granite specimen used in this study, The regular polygonal prisms with thirty-two
faces was cut to install the transducers tightly. Thirty-two PZT-7 elements are used, Eight axial, and sixteen

circumferential strain gauges were glued.
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Fig.4 The relations of stress versus average strains during

uniaxial compression, Strain rate was 1.4X107%s7!,
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Fig.9 Reconstructions of V, during the uniaxial compression. Anisotropy of P wave velocity is compensated

based on the assumption that the elliptic distribution is maintained throughout loading.
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Fig.11 The cross-sectional view of the specimen, The speci-

men was cast into a dye in five minutes, and was cut

immediately along the plane of the reconstruction,

Fig. 12 The cross-sectional view of the specimen penetrated
with dye. After the observation in Fig, 11, the speci-
men was again cast into dye following the same pro-

cedure, then 5 mm of the surface was removed.

WL, Tl 23T, COREEDOML 2N
PARGER, 4270779507 ls, w708k
PR HEBEDSHA “HEHMK" #8|ELTS, 370m
i “FERME” (EREICWS 25, B, Vs Venins
Vomas OFT1H) HHERFEINRZCLE2BHKRLTCWA. O
REOCRIICOVWTIIFROTRE T nidn s
V. ERmCEE I, BB FEERICARTRE LIRS S
FEaoh, EEEETA. LA, bLw4 7005y
7 OEBZERISEC S M0 EFELEEE NS,
DESEHECE, bhbhOFETHBESE#CH
0, EgXEUTLED. Il kdic, B
ErETICEEanEZVWE, 77y - F—LARERALE
BEICE, BEIEYT2EARSICREMNICET S, L
fioT, B CTickoTHfllahi “v4 7

#i# - (uM - FE

25y ¢ OFBUEMEA~OER" 280 TH STHEH:
Hdh B,

L L, BEOREEES, FRFCHEEL-ZHOT
HOTyEYFEO—HERKFTHY, Wik CT i
koTRanERRADAL 702 5y 7ot 8
FUEFEBIELIEh - &IBET 2B TN E
ETRBLTWS. 3o, RAORIEEFETE 22
DOEBEICE TS, RURE S - EEAE S C
Ve LEomz&Rd 5L, PREROESHEIZH
LThhbhhiBE L LHIE - K AHEN TEY T
HOEERTED.

iz, MEROFENSHE T2 BITOHRII20
Tl &, BREOER» B, TRz LI,
152 MPa £ T P EEOFHICKE S EENELE
ELTWVEL, 152MPa £ 0 & & Tk, @FEMCPE
HEXETTL20LERAETZ2D0FRABIIEZ >TL
B, FOILH, PREBOD Y FFA R EL, B
ITREAsHEL TV EEZLNS. Dbk
DT TVr—YavyTld, AT4HNEZBEICERXA
HELMr O EEEAFEERTANBER T OT, EEE
NADE DL Eb TR THEEEEAZLONS.

BiE, BITESMLCBEEBREE LT, BB (=
fo i #ER © Ray tracing) Ao hTtunad. CoF
T, £, BheSELSVWTHERBREHEL, £
DFEREHOT, PIESHAFLEN (Snell) okfl%
EZDERME S CHEY 22 Eic k), WBROEE -
THZRET B, KiZ, PEOEERBMZHEL, £
AELHBEOEFBA T4 L5 ICHEBREREEEY
5, COFRE2#HVELT, BHEMEE S BB
ke B,

Ll, COREREZREBTAICR22OMENH 5.
12l F 7w ricMIslETHE, bhbhoE#
R ER = RETE A FEOBESBLA TN
L, BEOHLELEVENSETHES. e,
AIBEF T, EEOAICEESOLENAETTY, &
LLERzdTLED. BERHIIL » ZORFHIK
EREBEAHTFTVEY, bhbhoOBs s E&ErE
HAICRL ST A,

H9 1 DEERNEMETH S, Johnson et al. ®' &
Schomberg™' 1%, MEBeFE % CT ol #
Hid, BFEEZELCEENE, PEEESAZEHR
L TEShBREEYS, REFRICL-TER
AEAHETFHULTHWS,. COFHEMBELLWAE DI
BEICIEFR s Ty, Schomberg (£, v ¥ 1 —
F—v3ialb—Y3vOfER, BEREREZTO LEE
HigFEanizE, BT A, Johnson et al, ¥z »
THRREHERIBONTVE., LLLEMS, ¥ 32



mitkit CT T4 1S HOWBEKRE

V=2 3 VICHAW T — 5 L EEBNEIC & o TIER S
nNTHY, FookmEEROSEE, B, ST
TV, Lzh-7T, el CTo7 L) LA
EHBHENBENTH B, E S I, EBRNBHEEY
5, bbb, 3EZERT v o (BEAREY) &
BNT, 2LOEBRYERLZUENHS. L LoREE
BLTIOEERTWE, Bz SIRTit&H2h-
rz. BITEEZERLLVIZL 220 5T, BRDSAL LA
5 vy —DRFMLEBET SIS RBEE BN
&, bhibhiIEz T3,

(2) #1L182>Y—DRAEICDOWT

FWX1T, bhbhEBXRTESY A TEEL,
0%, BELIEEREZRAVWT, F4L45 03y —0F
Pt OB ZBHEBERL 2. 2 2 TBEakmEo P ik
EEDSTEEKDT. FOD#P, Faulting 5L %D
OHARBEBIVIC U EFICBEIhE Y-V &
TN 2L RBENTTIIRKRINTVS ZEHHES
WIZIE>1z. bbb, SRORKERENIR.S L,
A oBLEEmBRr T LE DS, WEERICE, EEF
RO T I v FEORMAE PEEINTICH®S. o
D& BPENY — X, FhICHL > THEREINE S
AVAT Y Y —DRFbD /Y — v E—F LT3,

Z DR TIT - BN T, B L IRmo SR
WRIELY, T, BEACELIEITREAMNICBIRLT
WaoT, MEE, BE, KEcxzn., LrL, BIE
BMEOENEZE I L, w1 THOI N “B
Bet” k35540450 —0FKRE, SHOER
BHEMLTWA, Tabb, “BFE" 2R 08 THEIC
P LEBEEZEINEIV. 28RS, ZOWETIT->
AR, BEMCERTAETOS{ L,y Y
Y—DOREOEEEBLTVELLTHS.

ZOWRTE, BREETL VA 5y vy—rREBOER
HICER SN, ‘DO AN @< U0hTw o
EBRLPIZE STz, LK, MX1TOFE “Hy
A2 ba7 4 —=BERELTL B E, B L EEE O I,
SkoMBoOBOL B, 7ar 5y /X HIZEF
LTWBEEEHSER SN, ICChoE2BHB0E5-T
Faulting IZE 3" MEIBEX M1z,

& £ X ®

1) B ®-FEH 2 #EECTICL256054 75
vy —BALOBE, IAREERXE, F3705 /15,
pp. 159~168, 1986.

2) #MiE #®-LEEE - FH F  EMECTCL2E5R
M% BB 5 KOBE, TARERRYE, £3705 /11-5,
pp. 169~177, 1986.

3) Thill, R.E., Willard, R.L. and Bur, T.R. : Correla-
tion of longitudinal velocity varation with rock fabric,
J. Geophys. Res., Vol.74, pp.4897~4909, 1969

5)

6)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

81

Douglass, P. M. and Voight, B. : Anisotropy of granite
. A reflection of microscopic fabric, Geotechnique,
Vol. 19, pp. 376~398, 1969

Peng, S. and Johnson, A, M. :Crack growth and
faulting in cylindrical specimens of Chelmsford granite,
Int. J. Rock Mech. Min., Sci., Vol.9, pp.37~86,
1972.

Hadley, K. : Azimuthal variation of dilatancy, J.
Geophys. Res., Vol.80, pp.4845~4850, 1975.
Scholz, C.H. and Koczynski, T. : Dilatancy anisotropy
and the response of rock to large cyclic loads, J.
Geophys. Res., Vol.84, pp.5525~5534, 1979.
Yanagidani, T., Ehara, S., Nishizawa, O., Kusunose,
K. and Terada, M. : Localization of dilatancy in Ohshi-
ma granite under constant uniaxial stress, J. Geophys.
Res., Vol.90, pp.6840~6858, 1985.

Nur, A. : Effect of stress on velocity anisotropy in rocks
with cracks, J. Geophys. Res., Vol.76, pp. 2022~2034,
1971.

Nur, A, and Simmons,

’

G. : Stress-induced velocity
anisotropy in rock : An experimental study, J. Geophys.
Res., Vol.74, pp.6667~6674, 1969.

Simmons, G., Todd, T. and Baldridge, W.S. : To-
ward a quantitative relationship between elastic prop-
erties and cracks in low porosity rocks, Am. J. Sci.,
Vol. 275, pp.318~345, 1975.

Siegfried, R. and Simmons, G. : Characterization of
oriented cracks with differential strain analysis, J.
Geophys. Res., Vol.83, pp.1269~1278, 1978

s ®-fL B--3H RIEESOTL LISV
Y—-RAMICOVT, TRELRE, F38250-7,
pp. 63~72, 1987.

Jahn, R.H. : Sheet structure in granite ; its origin and
use as a measure of glacial erosion in New England, J.
Geol., Vol.51, pp.71~98, 1943.

Hudson, J.A. : Wave speeds and attenuation of elastic
waves in material containing cracks, Geophys. J.Roy.
Astr. Soc,, Vol.64, pp.133~150, 1981.

Crampin, S. : Effective anisotropic elastic constants for
wave propagation through cracked solid, Geophys. J.
Roy. Astr. Soc., Vol.76, pp.135~145, 1984.
Musgrave, M.].P. : Crystal Acoustics : Introduction
to the Study of Elastic Waves and Vibrations in Crys-
tals, Holden-Day Inc., 1970.

Neighbours, J.R. and Schacher, G.E. : Determination
of elastic constants from sound-velocity measurements in
crystals of general symmetry, J. Appl. Phys,, Vol 38,
pp. 5366~5375, 1967.

Helbig, K. : Ellipitical anisotropy-its significance and
meaning, Geophysics, Vol. 48, pp.825~832, 1982.
Nye, J.F. :Physical Properties of Crystals, Oxford
University Press, 1957.

Sano, O. : Fundamental study on the mechanism of
brittle fracture of rocks, Dr. Thesis, Kyoto University,
1980.



82

22) ‘Sano, O., Ito, I. and Terada, M. : Influence of strain

23)

rate on dilataacy and strength of Oshima granite, J.
Geophys. Res., Vol 86, pp.9299~9311, 1981.
Johnson, S.A., Greenleaf, J.F. Samayoa, W.F. and
Duck, F.A, : Algebraic reconstruction of spatial dis-
tributions of acoustic velocities in tissue from their
time-of-flight “Acoustical Holography
Vol.6”, edited by Booth, N., pp.71~90, Plenum
Press, 1975.

profiles, in

24)

25)

W% - WU - SFHE

Schomberg, H. : An improved approach to reconstruc-
tive ultrasound tomography, J. Phys. D : Appl. Phys,,
Vol. 11, pp.L181~L185, 1978.

Johnson, S.A,, Greenleaf, J.F., Tanaka, M. and
Flandro, G. : Reconstructing three-dimensional tem-
perature and fluid velocity vector fields from acoustic
transmission measurements, 1.S.A. Trans., Vol 16,
pp.3~15, 1977.

(1986.6. 26 « 214)




