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LOCALIZED DILATANCY IN ROCK OBSERVED BY SEISMIC COMPUTER TOMOGRAPHY

M ®*-FH P

By Takashi YANAGIDANI and Makoto TERADA

To observe how dilatancy of rock localizes before faulting, we attempted to map the P

wave velocity field (seismic profile) of some sliced plane of the specimen by analyzing a

number of the first arrival times. This technique, termed seismic CT, is useful to

study the process of dilatancy localization, because P wave velocity is influenced by the

extent of dilatancy. Here, we present the results of reconstruction made on the

specimen of Ohshima granite within the plane parallel to the loading axis. The specimen

was once compressed beyond the maximum load carrying capability under uniaxial

conditions. The map clearly shows that the shape of the localized dilatancy determines

the mode of failure, which occurs by faulting inclined to the specimen axis on conjugate

faults.

1. L&

EEFEES < bA sNIEREBONET, k>
v A 7975y 7 PRE-BEBLT (54045
V-DFE), <7 ol aEE (MBEE; SA V48
VI -DEBNEBE) KWidhk, oo Tut
A%y POV HBERIIPITH S H 2 BEECT D
&, KBNS NE-§5EANYOEELRE T
bHbH. s, #ER, BBRNICEELLZEREDOY
THRETH IR, FALOREIIXE 5T, 9
FAVA Sy =HBEIY, WEBLL CRRE
BAETALADBMBHERTHLENANZONED
LTHB. Liz-T, ¥4 4 %0y —Bifko 7o
T AP ATHEFMSMER X5 &, tEREA
EFPRHIT DI OICEETH 5.

OB TR, ERECOERBEEEREWRIZLT,
BSHONATENOMYEHEZHET L L0k,
TAVA S ¥ T —OEEI s FFEOERF Bt (W8
b)Y UTHBIT 252 0ANBA S, MR ERE B
BOMEL, SANEO<Ar0a0 7y 7 0BE, 72

*ERE REXEBHE TEBEEILER
(7606  HUERTHT A HUX B FACHT)
™ ERR TH sUBAYHE TYSRETEH (AL

N7 b, KB (LD T, FAVA4 50 vy —D%FE
DREE) OBETHY, F4ALAFY Y —-REEL T
HZEBE R TS L FOFEERETL, REIHET S
EWBHELMIIINTNEY. Lizh-7T, RB0OHE
BaWmcOMEEREECHEERO Z Rn i

(Seismic profiles) #2565 &t xhif, ¥4 L4
yvv—nmERILTE, FIULL48vy—=FREMELT
WEER W2 T Ut 2 ETHRICIEET A 2 LT
B, LOFEAE, BECEREL L L XBECT (X
Wr = g % ; CT (& Computer Tomography O #8) & &
A-T7Uu—FEBBEUTHB. LEN-T, ZOHRE
TBIaH77a—FEMEE CT & &5 &109 5.

ST, ChETERERINTOIEARIEEBRICE T
MR RIE T, ME S ZD T, — I, 1
~2KTH- 1Y HBEB/ AT E D W IEET L,
BRI ORI (FIBBIERRE) & 20R HHFE
Hanoaw, thid S A2E0FEETHY, NADE
DEFTERL, EOMHTHEFDAELEIENTE
B,

R, XBERBRETL, »3n-THEILS
MEZXAIL, ensORIBEREX S L AEETH
5. UL, XCT ¢, #EMOHsHE (X
BCT ORGFEETIIMBE & & 505, HE%20 “WE”



160

EXBIT B2 O TR S £ 5) T XFREE
BHEBORT — & [M#E - 2AF v~ (Scan; EHE) 34,
EBLULXBOoMIERAEL, FOHE (Y,
Projection) %o -» T, ZOMETO X KRN ED
ZRus e AN L CEEEBIRL .. B E D
YEL-FICEBHEIRIL (T8D5, < IAD—KTT
DEEH» S, XKBPBRINED TR HEHEIC LT
LEHDHIE) ZEKRL, 25N KEGIEMBERE X
FERK (Reconstruction) & kiIn 5. BHHERE,
HDHEEEE &L, FEELEKEL DT A AT
J— b s (Cell, 2 13li#FE - L350 OEAL S 2 -
TWa., BEREROBENS X BRPEDOKRNEHH DT
O, B CT 2 A RBER TERYT
LROITPHBEEINEY 7 b2 TEN-FY 2 TEK
L, ZOREEB L. X5, INHEHBNT,
HABBAO Yoty s P EEE S E EEBICHBRK
L1i:DT, £0FMERE - 9 5.

2. ARWEERICHISHMECT

£9, WK CT 28 aWEERICERT 25480
RIS ERE L &5, —iic, CT IC{#EM 9 % Radia-
tion (FEREH, B2 & ORE) AEE LT
S VEME, UTOL> BT Y OB
OISR (12& 21, XBRIREK) %, ZiF/3
ZIZEIRESOE T IRE S, OBHOEE/ X
EAX Yy YU REZMESTHIENBBETHD L.

BMEEE, BRI E D UK O REE (EREC
ORI DT & B Slowness) R BRZH OGS
BE EB/ AT > THRES LS TIRIRDT,
QORG-S 5. 12120, BHEYH 28K 2z
Bisss, EEHEENSELIBEOBRICBOTE
Pr- O - KEMBL &5 U5, 208K, BRI F
FERNRABEB>TEERT L 120, BEUERRSES
B 2 R FESERICE DI ST X — § — DR
BTidnd, EBOERE/ SR F 3B L. IO
MR &, B - [\ - KoM REEETE S
X#BEOBBEBBEOTHS. Lrl, B, B -
Bl - R Z S ARBRBRO R/ FRIILLNT
WELDT, ZOMETIE, F-RELlE LT, 2aR
BHNOBMER OEE/ SADERTHHZ L2 RET 5.
LT, XgCToThTY X a0 oM CT
CHALCEBRE B xS, CORESBEYT, 56
HEZHEEE LR CTICHLTCEY ChEH E
IDSEBRSZ s HE TR .

DEW, QORBBIL>VWTHELLS. BRENSE
THHME CT o, XBMCTo Ly IcHRIEDOE
b0 X BB EEEREIEEMTEE - A%y v a4

W - M

T, WHEEEPRIEOREL AL LIIRETH 5.
BHES, BALEROTEA VE-F VA vy Ty
THRIFTROASTHA. LrL, BHEEORKE S
WAEBIHLD PT VAT 2—4%—& L CHERESHRE T
(Piezoelectric ceramics ; C DZETFICETE/ IV A% ST
ABE, FEULTPEMSBHaA, 3z, SHICLL
WHBEPENPEELTCH NZDT, &2 THRD
K EZWICHEHTE3) 2H0, £hos, @E#E, A
BHIEE L ChB &, Bk, 24 v F%2 %5002 TERK -
REOREEDYINE, BRONSAEAF Y LTHR
e zb Il ENHEEICKY, QOMBEIZIRRTE 5.
COMETE, MR CTIcL-TERARAROP
BEEO R mOBERAB Y - 2BEE L
. b5AHA, SEREPHEEEOMEREO KIS
id, FRENCEMBKRETHS. ChsofBic>n
TIREEEHLHTHRE - RETETECTH 5.

3. HMECTICHEALLEBENA

R CT CHEHT 2R S LT, —8EHT o
KR EAZ 2 2 TERA U 7205 BE U 6L 72 Hiiks
KETCME (X 110mm, EE 4.6 mm OMFIE) %
HLHE0 . K LHNRTVS LD, BV RERE
ELEWCHMERBRZ B85 &, BEIEERREES
PEERICERNSEE203B29. $4bb, B
BB LTRSS, Ld-T, BBERO 7o
T AEBMT L0, BBREYOEBITARLT R
WBESEZ 3, 070 A% T 5L TREICHEA
U, BFRBIMICE | T C & BEETH 5. bhvbhid,
H#EZEI G HEaD~ 47075y 7 OMERH HI-L
REILEBBSTIA-AT 497 - T3y yar (AE)
EREL, "AERE L - b H—EIZ LB EHICHES
T4 KNy 78T 5755 LORBEEELL T,
COBMEI-S Uz, ZOR, BAMMESBEER
KB EDLAREZ Y 7 ulBE R cE, BEREL

AE rate constant controlled test

300 T T T T T T T
o r /"‘\/“—’—’“‘\\ __/I b
a B : -
200 Circumferential; T Volumetric: ~ Axial ]
- strain . strain strain
(4 L N 4
wr
a
— . . .
+ 100 s S 4
- o Na. 106 -
0 A L 1 T L L 1 L B
-0 -02 0 0.2 04 x10
Strain

Fig.1 Stress-strain relations for the AE rate constant

controlled test for Ohshima granite.
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Fig.2 The locations of PZT-7 transducers used both as

transmitter and receiver interchangeably. Straight

raypaths linking transmitters to receivers are

shown simultaneously.
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localized dilatancy.
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The random errors (5 %) are added to the data

set of the projections,
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Table1 Reconstruction errors when 5 % noise was added to

the data set of the calculated first arrival times.

Reconstruction error, % Number of cells

=25 = =20 0
-20 ~ -15 2
-15 - -10 6
-10 ~ -5 17
-5 - 0 48
0~ 45 38
+5 = +10 25
+10 = +15 7
+15 = +20 1
+20 ~ +25 0
Total 144
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Fig.6 A reconstruction of the plane shown in Fig. 4. Half of
the projections are not used in this reconstruction,

The other conditions are the same as in Fig.5.
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Table 2 Reconstruction errors after the half of the projections
were excluded from the data set of Table 1.

Reconstruction error, % Number of cells

=25 ~ -20 2
-20 ~ ~15 2
-15 ~ -10 13
-10 = -5 21
-5~ 0 31
0~ 45 35
+5 - +10 20
+10 ~ 415 17
+15 ~ +20 3
+20 ~ 425 0
Total 144
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Fig.10 The reconstruction of velocity field within
the specimen that was recovered after the
maximum load carrying capability was
attained in the AE rate constant controlled
test (Fig.1).
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