ANFESE - FIBRKIE - 22T EAN D S5l D LY LA

Journal of MMIJ Vol.127 p.158 — 164 (2011)
©2011 The Mining and Materials Processing Institute of Japan

N
[N

i VAV PEBEIEM O M ALY 25 2 % 1T, AV iR
FHED TR E ORI 2 ZAL 2RI - ME D 2 & T H I

| XL FHBASERHIC BT 5
Original Paper - B A MR EE R EHBSR & Z O RF RARAENE *

L1 T N
% 5 ol ==

=&

Healing of Shear Strength and Its Time Dependency in
a Single Rock Fracture

by Yuta KAWAGUCHI?, Shinichiro NAKASHIMAP,
Hideaki YASUHARAC and Kiyoshi KISHIDAY

a. Civil Engineering Division, Taisei Corporation, 1-25-1, Nishishinjyuku, Shinjyuku, Tokyo
163-0606, Japan

b. Assistant Professor, Department of Civil and Environmental Engineering, Yamaguchi
University, 2-16-1, Tokiwadai, Ube 755-8611, Japan

c. Associate Professor, Department of Civil and Environmental Engineering, Ehime University, 3,
Bunkyo-cho, Matsuyama 790-8577, Japan

d. Associate Professor, Department of Urban Management, Kyoto University
(Corresponding author E-mail: kishida.kiyoshi.3r@kyoto-u.ac.jp / FAX: 075-383-3271)

Evolution of the long-term mechanical, hydraulic, and transport characteristics of rock fractures should be, in
advance, predicted in considering an issue on entombment of energy byproducts of high level radioactive wastes.
Under stressed and temperature conditions, those behaviors of the rock fractures of interest may be evolved in
time and space likely due to the change in topographical aperture distributions. This irreversible process may be
induced by pure mechanical and/or chemo-mechanical creeps such as water-rock reactions like stress corrosion
and pressure solution, and chemical effects including mineral dissolution and reprecipitation in the free-walls of
fractures. Specifically, the chemo-mechanical processes active at the contacting asperities within rock fractures may
exert a significant influence on the mechanical, hydraulic, and transport behaviors throughout a long period, and
thus, should be vigorously examined theoretically and experimentally.

This paper presents the slide-hold-slide shear test results for fully-saturated, single-jointed mortar specimens so as
to investigate the effects of load holding on mechanical properties of rock joints. From the test results, it was confirmed
that shear strength increased for mortar specimens in both short and long time holding cases. However, the evolution
of shear strength recovery in two cases is different. This is because a dominant factor of shear strength recovery during
the short time holding may be attributed to a pure mechanical process like creep deformation at contacting asperities,
while the one during long time holding is affected by both mechanical and chemical processes like pressure solution.

Moreover, to reproduce the shear strength recovery during short time holding we develop a direct shear model
by including temporal variation of dilation during holding. The model predictions are in relatively good agreement
with the test measurements.
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Table 1 Experimental conditions.

Normal stress Saturation

Fracture type Case No. [MPal of fracture
Rough fracture — 5.0 Wet
Case-1 3.0 Dry
Case-2 7.0 Dry
Smooth surface Caso3 30 Wet
Case-4 7.0 Wet
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Fig.2 Relationship between shear displacement and shear stress
of rough fracture specimen.
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Fig.3 Relationship between shear displacement and shear stress
of smooth fracture specimens.
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Fig.6 Evolution of shear strength recovery with holding time of
smooth fracture specimen.
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Fig.7 Evolution of compaction with holding time of rough
fracture specimen during shear holding.
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Fig.8 Fracture model.
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Fig.9 Stress acting on contacted asperity.
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Table 2 Calculation condition.

Normal stress [MPa] 5.0
Friction angle [ ] 37.2
Uniaxial compressive stress [MPa] 40
Shear displacement at holding [mm] 22

Holding time [s] 60~259200

d) BERREE 1/ (2O T, HAMIEN AL ORIZT AU T 4 D
TEHS S 2 il L TV D R DR D, bbb,
A TOTERIE, Fig. 10 12737 X 918, AW, AL ORIZ, (a)
ek Ufged) D TEUR, (b) BEfR L2 WTEAL, (o) HABTOBRT G
BT BTEA, O3MICHIETE D, 7 ALY T 4 QTR

il 256 O AWF R OE#EZ 1=w AL &1L, ()
BLO B o%&IE, EhEhiw=1, w=0Tdkbd, £7, (©
[ZOWTHE, TR ORI A EfE & L TR X O AR %

Hw=0~1), /EASIZONT wORIEZ - T, TEHA
BN THREE Urp 3R E 5.

M=
3
3

;_

&) CAMENM ALIZ L D7 A L—2 a i, Av=ALtan ;T
Bbe FI, AL AWIERD T 7 X ATGRIZONWT, ENERA—
N—=T o TFHHEBUCONTE, EFRASE LSBT Z L
ZIEEL, Fig. 1M1 O X oI, Ei A I EEOF RUTH 272
HEAKDLEDET D,

PEDXoizLT, ﬁmm%ﬁALj&’ﬁ4v~yayﬁw
TOREBERIE T 7 2 AEE OB 2R KD TIT 2 &Ik
D, —IAWHIZ XD AN - & AW T BER, tmuvw
“HAL—va VERERD D ZENRTE D,

3:2 ZEuEEHEPOTERAEHBDETILE

Fig. 7 T L7z X 9o, Nilfem el oG, 20 E i
H A L A A B X RER RO IS N 5, 22T, EBRE VTGS
AT A A R O REIRY S A, IkaXE W CIERIL,  mifdR
DIFHTE T MTHAAT Z & & LTz,

Ad=233 10g10 th ...................................................... (7)

ZTCAd : B AWZENEERED b OREL(LE, 1,

u!;tﬂ?ﬂ%ﬁfz%éo

AWFTECTIE, —lE ABFEBRTE T L& VT, FTEDOEA
WrZENT & CH A M S B 71%, 2807 R E RERT S et U 72 T 2807
Ad (R (D) 2P ) 720 EFMERRIK T 7 2 A7 — & ZgnE i &
BB S, ZORBEANSE S Z &2 LY Silide-Hold-Slide
WA HT 5, ZBNETERIC Ad TR EICEMESEL %, &
Lﬁﬁfﬁ%hﬁ¢77ZXT Z DR A R UL AR AT &
O FNCALE T 25 A, mifie) & HARIC, TOMEESTO L
&&ﬁ%@ﬁ&?ﬁ1ﬁ%@ LofELt, FOETOHRE B
e NS R & L,

3.3 MBIEH

Table 2 (ZRHTS:1F 27" ARMENT CIE, Al flatik & 2
LWT 7R AT — X & TR 21T o272, Fig. 12 [ZfifFricfl
M LTz H VAR E SRR D 7 7 Rx A @i an~d, 77
RAF—=HE, L—F—EfrEt e AT D ERE R EE 7 &
FAVWTERIL7=, FHURME AL 1% 025 mm TH Y, K LT
L bz, FF 151209 55 (477 58X 317 A1) OEEFE 2 FHAI L 7=,

— M ABSENENTIE, ERRIE & OBAEVEE R 27201

L AURTA

Journal of MMIJ Vol.127 (2011) No.3



AEASERCIENZ$51T D AR I BI5 & 2 ORFH K AFE

Fig.12 Elevation distribution of fracture specimen surface obtained
by surface profilometry.
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Fig.13 Predictions of relation between shear stress and
shear displacement.
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Fig.14 Comparison of evolution of shear strength recovery between
experiments and predictions.
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