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Teufel(1987)i, BEAZEEMABREB XAV TEREZITo TV 5. ARBRAKIDE%
AV, THhEER47.6mm, £X118~124mmD HEFICER L, FFEHFRICK L T26°
~34° [EFI L5 RAREZRBREKICRAESIED. ERBOEFFIBADMRELIS~
60MPa. B AL FES X 10 mm/sec, RABIEM6mMmTH YV, KB KEFKIE LD
(2, HEARIZ3ISMPaDEIBRAKEZEASES. REGENZTNIHEE, HA XY
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ZOEBOEANFEIIMakurat 5 IC LA EREFB LR U TH D120, HAMRAER
BT AR BAESEIRAMEBMMP/ NIV &, FAKRHI—RREEWEY
REFEIERSED ZENRTE RNV L Y) BRI TV, Lo, #ff
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FAKRERIZEE L UIBEKFRAICBET 2 EARMEZHBE TELR/ABHR I TV,

-52-

Fig.3.2-1

300

COCONINO SANDSTONE
26° — 34° FRACTURE

200

2 3 4
AXIAL DISPLACEMENT
10—!3
&
E
>
E
=
m
(e
10"7
COCONNO SANDSTONE
26° — 34° FRACTURE
2 3 4
AXIAL DISPLACEMENT

5
(mm)

60 MPa

30 MPa

15 MPa

30 MPa

P =60 MPa

Plots of differential stress vs. axial disp. and permeability vs. axial

disp. as a function of confining pressure (after Teufel, 1987).
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Table 3.2-1 Comparison of conductivity variation due to shear
(after Makurat,1990).

Joint|JCS/ oc JCS/on [JRC 6h[um] kf/ki
0.90 32| 6.1 2625 1.8
[ 160 3145 0.2
1 45 2570 0.1
2 0.88 8 6.4 1082 3.9
I 7 908 0.9
3 0.71 40| 6.0 1530 44.9
[ 63 3440 92.3
4 0.68 6| 1.9 1171 0.9
Fig.3.2-2 Schematic view of NGI's biaxial cell for shear-flow coupling test S 0.57 5| 3.8 1945 0.3
(after Makurat, 1990) = 8 8 5060 1.2
Il |novisible 5076 0.4
1l [joint 4889 0.3
surface
alteration
"4 9 6 4249 0.9
Il |distinct
slickenside ‘
8 a2 " 16 3811 2.5
[l |distinct 14 . 4764 0.1
slickenside
9 27 3 3733 0.1
[l |distinct 54 4842 0.7
slickenside
10 1|0.8 3 4 2425 0.03
CaCOs3
deposits
on joint
surface

kf :joint conductivity after shear (final)
ki :joint conductivity prior to shear (initial)

0 mm 800 ]
0 h:sher displacement

Fig.3.2-3 Biaxial shear permeability apparatus (after Gale, 1994).
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Fig.3.2-4 Schematic of bi-directional flow measurements (after Gale, 1994). Fig.3.2-6  Plot of normal stress vs. normal disp. for the three normal loading

cycles and the normal loading for each shear cycle (after Gale,
1994).
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: ) ! o | Fig.3.2-7 Plot of shear stress vs. shear disp. for the three shear loading cycles.
Beaan (SihemGatllc o{gsg:aglmen and position of sample in steel sample box : The square root of the numberpof acoustic emissions, per %O ysecond
after Gale, . ’

interval, measured for the third shear cycle is plotted along the top of
the graph (after Gale, 1994).
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Fig.3.2-8 Normalized flow rate vs. normal stress for the three normal loading
cycles (after Gale, 1994).
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Fig.3.2-9 (A) Normalized flow rate for the normal loading part of each shear
cycle and (B) the change in flow rate as a function of shear stress for

each of the three shear cycles (after Gale, 1994).
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Boulon(1995)i%, &-A OAEKeE DOF AKEE) L BB ZRFFICRARD =D 0H
LWEREBORRZIT-o TS, REIAN TV I EREBEOEARMZIERIL, BA
WridE R AMRR, FAKIIRBRETHOFRICHILEZRT, ZOMILY O RELE
NICHEN T Z REIRDBKRKRRNORD. By 7Y v VEBRTIIFig3.2-101C7R7
HFERINRT A —F LKBERNRT XA —INLETHD EE 2, EBRICAEGEROEHR
At % — BIZR - RIGET TRAMOZRZIT, T 2A—=FHHOBBERIZOVTHR
HET-TWVD. fThN - ERERIC OV TFig.3.2- 11177, EROBR, AN
B O AE D BAMIS ORI, BEISAOEL, EEEMOEILE WV -T-HA
WrEBhNZ DWW TiE, +CIBBT 2 N TE b0, REBRE LR ICHEENREL S
728, FEGHROMBRIBA—EE ROV L2ERL TV, ERTIIFKAR L
DAy Y T TN TV WA, AN ORI®E Tl S EEEAD O AE
EORBIEZEEL, ZAUIL LB KEREZHEEL, HBRIEN0.SmmE/LT 5 Lk
BR3A—F—RBELTHZLEZRLTWVD.

TDE D) RBERERRIT H DT, Figl3.2-121278 1 X 5728 LOWRBREE O
SERBLTWVS. ZOEEOHBITTAKRHIEAKERENELT 5 A8
LCEEFADOTS Y v X VFEICAREGEROPRICMET 2 L DI LB E TRZFRRIC
WHAICBEITAZENTEXDLIR-TWVWS., ELICLBOREGZARTE L O %
HA FERITEEREZHS LI RBEELREL WD, BEMNLREBIZOWVTIIBRER
HFHPThy, EBRIIfTOI TV,

Ahola(1995)i%, CNWRA(Center for Nuclear Waste Regulatory Analysis)iZ33\ T—
ABFIC L D EAK —FBKRAREREBEZRIEL TERETo- TS, ZOEREED
R X % Fig.3.2- 13129, BUCART & O ICAREGES AR L 722 & 5 ICRRAE
PHRETH. RREIAEGERZECLET 2070y 70267420, EEIX0.203X
0.203X0.102mDEF&K, TEIL0.305X0.203X0.102mDE HFEK T, FAMRIZE AN
AENENLLARVED THOT e vy 7OFR LRIV KEL Z2oTND. FAWRER
X, BAWESTRZEEL, KECy vyXIZIV ERAZBBIIETITY. HZRKEA
WrZE(725.4mmE TOERMNAETH 5. REMEIITAWERE EHO 3 2ORITH
BEN-Pryoxiclvon—5—2 N L TEAM LRI SIS, 8FTEAHL LT
3K K8.OMPaE TOEEISHOBMMBAETH D, HAMEAIT T ABBERIRIZERY
17 SR LVDTIZ & Y #H3l &, Adfem o EE BN A E a5 i A %
ek 5 2 CTERY T b EEMB ORI ZAVTEHRAIENS. BAITEAR
HENBARERL 225 & 51— EKE(cc/min) Z BAKANGEAL TITOILD. £ DB,
BRI IR OHEKBOEAZZHAT L L TROOND.

TOEREBEZHVTERZEKSDEAN —FKEAREREZITo TS, EBRITE
B /12.0MPaT4 ElD# v R LB AMZITY, 4[FB ORABRCEKZRRCITS.
Z LT, EESHZ40MPa, S.OMPaD—ERGFT T, HAK—FEKRARFEREZITH-
TW5. Fig.3.2-14IZEE S 112.0MPa TORA D ARG H — 8 AKEN R Z
Fig.3.2-15\Z L /12.0MPa COEE N —F AMEN BFR %, Fig.3.2-16I1CEEIG S
2.0MPaT® 4 [B] B DX A KR DB KRE —F AMWEMBIREZRT. FAWISHIZ O
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Fig.3.2-10 Conceptual representation of a 3D hydro-mechanical shear test
(after Boulon, 1995).
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Fig.3.2-11 Data of a 2D direct shear test in laboratory, on a joint in salt rock
(after Boulon, 1995).

0/

Fig.3.2-12 2D concept of direct shear device avoiding relative rotation of rock
walls (after Boulon, 1995).
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Fig.3.2-14 Mechanical response of joint under normal loading for the first shear
loading cycle (after Ahola, 1995).
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Fig.3.2-15 Dilation response of rock joint for the first shear loading cycle
(b) Side view. (after Ahola, 1995).

| - Vertical load cell No. 1; 2 - Vertical load cell No. 2; 3 - Vertical load cell No. 3;

4 - Analog summation of total vertical load; 5 - Horizontal load cell; 5 gS0E-1o b -
displace,emt of top block relative to bottom block - LVDT1; 8 - Horizontal § 7.00E-10 0.4 E

displace,emt of top block relative to bottom block - LVDT3; 9 - Vertical relative > 6.00E-10 )7k 5
displacement proximeter No. 4; 10 - Vertical relative displacement proximeter No. 5; § i 0.0 g

11 - Vertical relative displacement proximeter No. 6; 12 - Vertical relative g SRS ’ g

displacement proximeter No. 7; 13 - Horizontal acceleration at near left of upper '§ 4.00E-10 02 <

specimen block. ©  3.00E-10 04 3

. .ga“_' 2.00E-10 —O—Measured hydraulic conductivity (Forward direction) 06 E
Fig.3.2-13 Loading apparatus for normal and direct shear testing of rock joints 2 1.00E-10 —8— Measured hydraulic conductivity (Reverse direction) 0s 2

=l Average measured normal
(after Ahola, 1995). 0.00E+00 -1.0
0 5 10 1S 20 25

Shear displacement (mm)

Fig.3.2-16 Hydraulic response and mechanical dilation of rock joint during the
fourth shear cycle under constant applied normal stress of 2.0 MPa
(after Ahola, 199)5).
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W) BRCHART EFEZFIERLEBEOTAM (FHR~ORANW) B 5 HBE
V. FLT, BAMROSE ALY, TAKE EBITHEMTHI L EZRLTWS.

TOEBREBFAVTERBIN-EREREZRLED, ERERNIYUYRKERELR
LTWBEREZONZWV. T, RAMADOBMRAOY ¥ vy X2 bey NE
WEAREAOa— FEARH Y, Zovy RRRBREKERF RIS L DN > T
5. FORRER, FAlSn-EAMAOEIIRESEEICIERT 528 A AL LR
B AR e OFMICRETHIEEHZE Y, MEGEICTKEAET 5 IERELE AN
LT b, 6L, ZORAMNEEBRT TS0y R EREPRIZORB->TWD
7=, AR EROEERE 5 2RI RN H . i, FAMAO LFEETHE
MESIIHHEEINTE LT, BARRDIZOIZFRE S /zRubber Shoe® L5 & T L
DERBICHI-DICEEMEZRMT LB IR WELZOBE L, FEfE DI
EREREEMEZ#HMIEDZ ENXTE RV, BEEEAIZ OV TS Z DRubber Shoe?
HEPOPRERTAMBMBIRET 2RFRETEMEMPELTEY, FAlcsnE
EEEN, BEGARIZYLERTHI EIELoNRW. BARBRICEL TIE, K
ROUBRE LD o e HAMBENMIZBT2EROBRFERE LI»EONTE LT, HA
WrESALIZ A 5 8@k Lo B KRB A BB TE TV AR, Fi, ke O FBRIEDO X &
X EHART, FEGEOFEKFREIIN 2V /NS RYLBEKBREEIIEZ SN0,
TDEDIT, KEREEBITVAM —FZKRIFFEOEEBEOBMZZEL TV 22U,
FAEEER & L TiXGutierrez 5 (1994)53, B —REFim O AR - B/KEE 2 i0ET
5 1= DITERIEFRE 2 — NUDECE AW = BEREITIC X D Ft 2 ToT\Wd. ZZT
i%, BE—REGEORAMWENIZHE D> HFER - KEFHZEENT OV TFig.3.2-17IZ7R
TEOIREFTAERWTENTZITo TS, TORIIFRTEIIE, EFNLDTFES%
BEL, BELNDZ—ELL, —EEETEAMZITORREZS I2L—FL, R
WCARERGEOMRICRRDKEEE 2, TOFEKOKREEZET VL TWD. BT
RO AR EFKENOEROSRIZE T 2Rk X, #EitfA, MERE, SAMED L E
ESS A DR O RBRBIZIG CTeBKEEERDTWD. EonREND, NEKE
2RO AMBEN —FAWIE S, FAMEN —FZKRERS L OCEAMEM —F A LA
YarOBFREFE L -EREFig3.2- 18177, TNODORREZ RS L, FEGHE
DFEAMENL & & AMITE D OBRIZOWNWTIE, BN REGEOZEEZ R L TWD
0, TAMREDZEKZBOEIIOWTIXEBREDEE L —&KT 508 InE2HERTS
VERD D,

UEDX ST, BAMRELBAEELDD v 7Y o ZICBET 2 EROMZIL,
ERONIZEZETOHE LT TE ST BRTIZ EEOXEE 2 HUIFMET
T HEBRIEBORRBITIIE > TV,
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Fig.3.2-17 Fracture subjected to direct shear loading (after Guitierrez, 1995).
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Fig.3.2-18 Calculated fracture response during shear loading (a) stress strain
curve, (b) dilation, and (c) permeability (after Guitierrez, 1995).
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3. 3 HAM—FAKRRFERIEE DR - BAX

A TR~ X 9 1T R UM & BRI O RRERFEIC BT 2 RRAUAFRIL, By
ATH, FORRERELA TV, ZHIITAMBEBORFIOHL SI2MX THE
KELRBHATY LD LIICHAR L LEEZXOND.

B —BARREREBOR c BRIIHIESTHEHUTORICEET ILENRD
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RESEHICTEX AT R EAM N EERIE LN TEH T L.
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Fig.3.3-2 The experimental system for shear-flow coupling test.



(c) Front view.

(d) Back view.

Photo 3.3-1 Shear-flow coupling appratus.
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Fig.3.3-3 Forces acting on the shear testing apparatus.
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Fig.3.3-4 Flow testing system.
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Fig.3.3-5 Attached jacks for creating artificial joint.
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Fig.3.4-1 The specimen with an artificial joint.
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Fig.3.4-2 The specimen with an natural joint.
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Fig.3.5-2 Relationship between flow rate and water head obtained
from flow test when normal stress is not applied.
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Fig.3.6-1 Schematic view of AE measurement system.
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Fig.3.7-1 Schematic view of the developed three dimensional laser scanning

instrument for measurement of fracture surface profiles.
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