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M : AE-sensor; N : noﬁn:l load;
(d) : on natural joint
Fig.1 Experimental set up on seismic behaviour at joint
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Fig.2 Schematic illustration of experimental set up for

seismic measurements

FF, NV RAYxiL—4— (MODELS :
WAVETEKS!) & btk o —dic B} 7 AE+¢
¥ (AE900S-WB : NFE B F 7 oy 78 %24k
B, #EEI OV % (RS - 4.8V, B
65kHz) —iR 2 AN L, ko m 7
AEt Y TRET 3. BELLER FL7 vy
KON, Aooxa—7 (Foyr
Mr—2F o Ra—7  NFERSHH T o v 78
IZEREINS. FrRENTHKIE, avPa—FiIcl
D AHTIRER B X O —RIEEOHIZ1TS .
AE¢ 43, EE12m, EX40mT, FiBERIF
(AR PR 1 EZTHIBEIERTEER
BRRUTHS. FEARHEE G, 100kHz~ 1 MHzT +
10dB, [LHBTFHTHS. Fiz, AEL vV Oft
HENOEFICR, TV borIw I X (BT
THEED 2HOT k. 2rYodiifk~oEs
K& 5 HBRIZBEG~ OB LB TE D, R
—OHEEICI O TEEEE VYOI L BT,
TOEBICHAWEEBERLEY, WFhiR—o0
WREEZBLIENHEL. LizhiaT, B0
FIZX 2R CBED ~OBBIHTLN DD &
s 3.

(3) Yaq> b REBROBAE

Fig. 1 DISRTLIBEHRO YV a1 v v 2ET 3
P2 KB T B84, ERINICY aM v POET
R (575 2) OHBIZIT, STRIAETEDN
ICFHE U 7csk, MEtEREERRETS.

NI, EFSPHRLILS T XAHIEER



Photo 1 Apparatus of 3-D Roughness Profiler (TOK-SDRP)
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Table 1 Measured Ms - value of natural joint rughnesses

Specimen Ms
A 9121 x 100 |
B 1.567 x 10*
C 3.262 x 107
D 2.791 x 107
E 1.112 x 107
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Fig.4 Read-out of traveltime and first arrival amplitude
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Fig.5 Schematic illustration of pre-experimental specimen
for considering the seismic wavepath at cylinder
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Fig.9 The concept of ray path at specimen B
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o:lllllxlnﬁllll

0

RIREEIR2 IS T5. JORRBUREAZAR
WA DORRE-HT ZBNERLTVS. T4
bbb, YIRS HOMEEE O HLd S EE20mD R L
ARICE X EE—BERBE ZORBIBRDO I
s,

DEXY, oOMEEREE R ERHEER R
BERIZHOT, MHREE, F—HREETTY
WEERE, RO S EEIOmOFEEE L5
LTHBIEDHERTE o, i, F—HRBEIC
@, WE»S ORI HEREORTROLRITIZ
EAEIOI ENERE NI, Lichi-T, Tk
WA 3 3 HEAEFICE T 2RRTIE, F—BiREE
B LCOER O MZE T I5HE, HRAKOMER
5t - R - HETETH 3 D OERFHOKEE
ZUTRAEGEESRIC L SHBOSHBRTES.

(2) BEREBOEZS
—RRIC, BHMEBEE (CICTRPE) B #
HOBBEHERNT

()

V= E
’ \//P(1+v)(1-2v) ©
ZIT, FE:WEEEH

v :R7V R

o BE

LExh3Y. FEGEEE ST HO—EEERED
A B o R RIS B O T
EIREEIEMAT ZER & LT, BHREBIEL
T35 EREBMREOWHOEANETSNS.
Zhizsl, RE2SOHEEEROIBEICR
B ONEREIEEE VRT3 RRELT
BAZX ZONREZ OIS,
) SHPEE LBOHREER UL, RS
DEAIZHELY, HMOESENH NP1 7



075 v O BEREL®S O

DEAL
@ B BB EuS OF (W R EEOR

BoZEAL)
ERT2IB)2HERCREEELIOSE, BE
HOESRIC B SRR EBLRKERUEBETH
5. MBI b, RAESRICIIARERE A
FEL, BEEROIFNEEIE I OFERN IC
FRXN3. —/IC, 7oy 7B HOERLICE -
EEBING EX, ERICEMLUTHZEAEOH S
BIFEAEYDTHY, BN SULDERE
MTEZOSNTHS. Zhic, EEMREN M
AL SRR, BE BXUSIRVEZRO
REIL LK >TEND, RSB EMT 5 o
LT 3. FIC, FTEMES I ORESH b
RRFEFELTEST, ZHORBZE—BOH
TEMLTHEY, MEETACERTELHHLTL
CLEMmBEIIMULTNEERE. Z0LH i
RERHTOWASEHOERRIE, FESHEICHT S
BHHE L CEREHOER (S 7XR) KEELT
BIZSDEEZS. LIh->T, BikREERR
b, BESTIWEMU, RS DH 303
EALT 3 LRIBERIEAAT S 2 LI, Chic
EHIEE (RMNIOEE) V,3EATEI L
KB EEXD. Fi, WBICEZETORR, 7
THHRAEEAERO fENORERTOEE T
HT, IEHOWIMICE ISR RIS N E
U, BEERMNE D, RMMNIOREEEE Y,
3¥imd 5z & 5.
WiZ, EETIHEROBEMIIONTELITA

3. REOEMZ, BrARBRICk-TRISEE

ZAoh3. £9, EEMITEZISNDI &R, M6
PENZEALEZ I CBERETIE, HBHETRE
EN7IRBE A, DIREIIPEEE r - BBlE TR
REEAE LT, RXDOLHITREhS.
A=Ak ©®
ZZT, ko BAREICETAIER
ERIC AR BRT 354, BIREARBENORN
IR ELERICONhS &,
A= Aoéexp (— ar)
ZITC,  a: NEKHEREER
£330 UL, FBALE OSBRI RESRENE
L, TORE (SZHE, FDE, FTEWONE
BT, S 7248 kihEBiRk - K5t -
Jabr - BT - BEVL EAR Z D IREENELT S &
EZ o3, EESRIOBEREBEMIOESD
ZETRNERD & SRR TR LY.

0]

54

A=A gexp (— ar) OF(n,b,ﬁ,f) ®
IIT, n:xTUEE

b : O

£ FEPO NI REE S

f o BB O R
CZTHWBEBFICBI2E2D/S5A—50D%
BAEETIIEICKD, EMTHEERGEERHO
BIERTREE D, B FICEBLEA b eSS
7 4 —BIFETHZET, NMESHICER LT
DEREE B bDEEL B, Fh, XTBEEIL, 3
OOEHFENSED. P, RF v I UER
EL, ThERZETAHIRERHOBHERZ, T
HEEARETHL LKL DBEONZDN, 1K
TLERRETHS. —H, YoV
EREL, TOHHEMNICHEET S0E K@D ML —
ZEEFHIL, bL—RBOAIEY T T4
VEYOEETERT A EICEDBShBEDN, 2
POTEHMEETH 5. 7z, HETIOREFEICHE
BTHIH, BAEREY b ICHEET 3 RERT O
EEOBAMEHETRLZOLY, SKuTITHEE
TH5. ZHFBORTTITT R TEXOEHTH 5.
Grossmann'}z & 32 E#H T3, SRt X HHEEIZ
Joint IndexEB RSN TS, R RDERERT
AT EEHER, HREICRELEIBOEHE it
PEETRUZIRTCERBEELIHOS. BAT,
1/mTH5.

—RRIZ, FHMOH 3 R RN T
51848, B—RREEENREAT IR, EREER
DEFRMPEOTE S E—F U ADENNSEL B
ERBETHEEELONS. L, BEWES
FROEHIRFEREOHE, MEETEEICER
DOPHIEAL LIS DIE ST, EIBERATOTE
4 E—-F20F L, BBBLkBRISK
L BB, AR TRS L ARERTOEE, R
HEHOEIEROYUIEATE I ENNL, £
AN I TEEEML TH30THIL, FEa
vE=F U ZDB S EIIREENET S 2
ERENATER. F0bB, KRiICbB~7EME
BOZIHESBFHEOEIDL, T8I E—5
205 FHRPTEIL.

ZIT, FEYNEE LRV EREET 344
IR, RE)EFHIZITROL S ITET.
A= Aoéexp (— ar) . F'(Pc,p,s)

P, —#EHIGH

D EBOEMETOIGH

s : EBEROEMTRE
ZOBE, ROTEZEUE—HEREIL (FAR 3

©

- T,



—
)
~
g
~d
et
)
=
o
=]
-

; —&—Sample 1 n=25 | ]

1 —— Sample 2 n=375 §

——— Sample 3 n=50 -

0 s e g a by o T Gy o T T,

0 0.5 1 15 2 3

Stress [MPa]

Fig.12 Velocity on joint frequency under normal stress
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Fig.15 Amplitude ratio on joint roughness under normal
stress (Ms=9.12, 11.1, 15.8, 27.9, and 32.6 x107%)
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Fig.17 Amplitude ratio on aperture under normal stress
(b=0,1.05, and 2.10 mm at 3 MPa)
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FUNDAMENTAL STUDY ON SEISMIC WAVE PROPAGATING PROPERTY
THROUGH SEVERAL KINDS OF ROCK JOINT UNDER UNIAXIAL STRESS

Chikaosa TANIMOTO and Kiyoshi KISHIDA

Seismic geotomography technique has been applied at various kinds of civil engineering field We
consider that we can not obtain effective results so as to graspe rock joints at an unknown area, because
the seismic propagating behaviour has not been clarified well. In this paper, we carried out the laboratory
experiments measuring seismic propagating wave through rock joints under uniaxial stresses, and carried
out the experimental comparisons between velocity and amplitnde concerning with joint parameters such
as joint frequency, joint roughness and aperture. Applying the knowledge of this study to the estimation
of results obtained by the geotomogrophy analysis, it becomes possible to understand joint distribution

and physical properties at an objective area.
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