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This study was conducted to increase the reliability of evaluation methods for assessing the

long-term stability of near-field rock mass.

In Chapter 2, strength recovery characteristic of rocks was examined. The sample rock was
Wakkanai-formation shale (HDB-10 and HDB-11) gathered in Horonobe underground
research project. It was found that strength recovery increases with increase of testing time
or load-holding time. It was interesting that the sample (HDB-10) with relatively small
unconfined compressive strength showed higher strength recovery. These results were
obtained for only two sample rocks. Therefore, the accumulation of the data is needed in
future to evaluate the influence of the boring places quantitatively. It can be said that
strength recovery is very important for long-term stability of underground structures. It is
urgent to start the investigation program including an in-situ test to clarify the mechanism of

strength recovery.

In Chapter 3, the generalized relaxation behavior of rock was examined. The sample rock
was Wakkanai-formation shale (HDB-10 and HDB-11) gathered in Horonobe underground
research project. As a result, the behavior of the Wakkanai-formation shale in the generalized
relaxation test was found to be very close to the behavior of Sanjome-andesite and
Kawazu-tuff. The obtained data shows large variability, so the accumulation of the data is
needed in future to understand rightly the complicated generalized relaxation behavior. It is
believed the results are still valuable for the future examination and improvement

concerning constitutive equations and expectation models.
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FE2 A=V TD%, WEEZ— T —TIMIL S THIEL, FTEDR SICT 5,
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*x2-1 HERFO#ET (HDB-10 )

_ _ . e [E#EFE
BUSH | g | BE | B WB mm | mE o TRUE
BEUVEE| ° (mm) (mm) | (cm®) (g) (g/cm?) (ifN) o H
HDB-10-1 24.75 25.10 12.08 | 23702 1.96 10
HDB-10-2 24.70 2545 12.19 | 23473 1.92 10
('1'3?;(1)?” HDB-10-3 | 2480 2490 | 1203| 23227 193 505 | 14400
~475.00m) | HDB-10-4 24.75 25.20 1212 | 23518 1.94 ' 14400
HDB-10-5 24.70 25.10 1203 | 23.305 1.94 86400
HDB-10-6 24.75 2545 12.24 | 23681 1.93 86400

+x2-2 HERAO#ET (HDB-11 F.)

i , - - o £ 28752
?%HE%FE git*:l_%_’:j_l Ef% l%lé {7.'.(*_‘%5 EE ﬂl-ﬁg T.-E = {%;;FE#F?
BLUOEE| ° (mm) (mm) | (em®) (g) (g/cm®) (Ek’N) o A
HDB-11-1 24.90 25.00 12.17 22.99 1.89 10
HDB-11-2 24.90 25.05 12.20 23.12 1.90 10
HDB-11-3 24.90 25.05 12.20 2315 1.90 10
HDB-11 | HDB-11-4 24.90 25.00 12.17 22.35 1.84 14400
(727.25m | HDB-11-5 24.90 25.05 12.20 23.31 1.91 39.2 14400
~727.85m) | HDB-11-6 24.90 25.05 12.20 23.09 1.89 14400
HDB-11-7 24.90 25.05 12.20 22.88 1.88 86400
HDB-11-8 24.90 25.05 12.20 22.36 1.83 86400
HDB-11-9 24.90 25.05 12.20 23.16 1.90 86400
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FEEERANNL, 8 S1T %R Lz, ZN 8 0 et S DRI TR L7z,

F&2-3 R LAHHAERKER (HDB-10 FL)

—— HLAHHERE REEZ—EIC EZiBiE
REUSFT | — = . LTHLD
Brumpe | SHES | BR | mx | 4B | BB | BE | @E | sy_Jz | HE | GEHE
(mm) (mm) (cm®) (g) (g/cm®) (%) (%) (kN) (s)
HDB-10-1 27.15 21.40 1239 | 22846 1.84 14.7 0.03 10
HDB-10-2 27.25 22.05 1286 | 22927 1.78 13.4 0.03 10
('13?;821 HDB-10-3 | 2715| 2090| 1210| 21989 182 16.1 087 g0y | 14400
~475.00m) |_HDB=10-4 27.20 21.45 1246 | 22316 1.79 14.9 0.77 ' 14400
HDB-10-5 27.15 20.95 1213 | 21.821 1.80 165 1.08 86400
HDB-10-6 27.15 21.60 1250 | 22324 1.79 15.1 1.30 86400
= 2-4 WUAHSEREER (HDB-11 )
s MUAH B mEE—wc| A EHBE
FEUGRAT | =puy , = - = LTHED
Brume | SHES | BR | ms | 4B | BB | BE | 8F | sy—Tz | HE | GEHE
(mm) (mm) (ecm®) (8) (g/cm®) (%) (%) (kN) (s)
HDB-11-1 27.25 22.40 13.06 22.41 172 10.4 0.03 10
HDB-11-2 27.30 22.15 12.97 2217 1.71 116 0.04 10
HDB-11-3 27.25 22.45 13.09 22.74 1.74 10.4 0.02 10
HDB-11 | HDB-11-4 27.35 2235 13.13 21.81 1.66 10.8 0.50 14400
(727.25m | HDB-11-5 27.25 21.95 12.80 22.55 176 12.4 0.63 39.2 14400
~727.85m) | HDB-11-6 27.25 22.25 12.98 22.48 1.73 11.2 0.59 14400
HDB-11-7 27.35 22.20 13.04 21.75 1.67 1.2 1.08 86400
HDB-11-8 27.20 22.60 13.13 21.33 1.62 9.8 0.97 86400
HDB-11-9 27.25 22.00 12.83 21.83 1.70 12.2 0.98 86400
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B 2-8 12, #LIAGRBRIZIIT DI —E A ~T, Z 2 TS 2 EA LT, #iEiEy)
RS &AL L, JSIsmmigs it UCHE L, 3T72bb, BUNEORL [ CRtHE
Tk CHiEE LIS A RO T-, o C, RENT OBEE, FENT OIS EFRT 2 OMRIE LW, JEME
SERET HToOIZ, LIN CIEHIZHERE, I8 &35,

X 2-8 (a) 1%, LIAAMENRED 39.2kN (itn/) : 81.5MPa) (I L7-1%, 10s fEffE%
R LRl O NS —ER TH 5, IO, EIX LR L, f#E 1.5%RE T
15~20MPa O—#li[EHEI I L%, SEIFIR T L, #hEDS 3% Cll I 3R Rl 5~
10MPa % & %, ZOBITEEENSMNT D106~ T, WEIE FIMO@ERTHEMNL T 5, fiffE
23 89.2kN ITHE LT- & & OHIEEIT 15~20%FEETH Y, 2e 0 K& B EZIT WD, WEs
10s MR L7=RID 7 U —7 213 0.03% & T ThH o7z, B2-8 (b) X, M LIAAMTEZ 4 FF
fil (14400s) fREFLIZSAMFTHRONIG—El#R TH D, WEE —EICTHETIIR 2-8 (a)
EREEDEMTH Y, 7 UV —TWREEL 70> ThD 4 FHHORIZAE T2 V—77E1X, HDB-10 1L
T 0.77%, 0.87%, HDB-11 fLC 0.50%, 0.59%, 0.63% Cdh -7, B 2-8 (c) I%, # LIAAfT
HE 24 B (86400s) REF LG THROLNIIG/—EHFCH S, ZOLHEBEEZ EIC
THETIE, B2-8 (a), (b) LFEEDMHEHTHY, 7V —TIRAEL 72> Th D 24 R OITA
U7-2 U —771%, HDB-10 LT 1.08%, 1.30%, HDB-11 LT 0.97%, 0.98%, 1.08% T -
7=

B 2-9 12, #LiARKHHZ 4 RRFE L7CRORTEE —EIC LT b0 U —7EORRZ L
Znd, B2-9 (a) 1%, BRMORMERHZ S B TR LI b DO TH D, ) 50008 F TIEAMIC
7V —TE NN, ZOH%7 ) —TEOEITEEIT NS oo TNDZ ERhD, B 2-9
(b) 1%, HEEIORGERFR 25l TR L2 b DO TH 5, 100s FTIE FISHOMERIAOCTRY 3,
ZOH%IF, HTFICMOBRAR SN bODERUIII Y, ZOFEFRIE, @Eos ) —73ERC
BB K7 V—T L AT Y, Wl LB OEEEE T O U — RN O ERS
FHETDHZEMNHBA Lz, 22T, &40 100s M FISOZEEh & 79O, #HFE59 2R &
INZ, 7 V=TT D L TOBBHEED 2.5N/s EIRN -, PIMBHEDOKBETH D L 52 b,
B 2-10 (2, #LIAAEZ 24 REFEIREE LTZREOMEZ —EIC L T B0 7 U —7EORKRZELL

ZoRd s, B 2-9 EEEROBM Th o7,
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2-11, B 2-12 1T LiABRBRIZ I 1 L2 B 2 COFEE R T, FENPLIDDH X
2Z, BB OMIEITIERA S D M HT, MAWOUENAZ, £z, EEOEITHEE Y
Z Lo KO 7200 C kil BEOY TS OOFINDARLOND b DR D5, KARD D OfER &
B2 &, R HFHIITW S 2, HENBIE B X RATRRIIA XV o), BENIT-
TVBELT VAT, B D, BRI K 281823 CHE, WEORFIRIC L 2580 213
LTI R,

(a) R¥FsE 10s

(b) R¥FEsFE] 4 B

(c) {RIERERE 24 B5RE

2-11 HLAHABRKTROEE (HDB-11 L)
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(c) {RIERERE 24 B5RE
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2. 5. 3 BMYHBLZO—TEHEHRBRER (FIE4)

BRI HEY U723 & O iR R A 1T o 72, %« 2-5, & 2-6 ITHLY L%
O—BEAETRE 2, B 2-13 (CHLY H LI O— il EfE R L 0 5 o nos ) —E i A <,
2-13 10, B 2.5%LAETIE, IZITERRANTIG ) EEETIEIN L, HhEE 5% C— il EAFTRE
ICEL TS, Bl DX RROND HOO, RS RWIZE, — iR
MKRE R DMEMA LA, REHRAS 108 ORFTH, 144008 3 LT 864008 DR —iif
JEMERAE I, HDB-10 FLCiX 1.5 1%, 1.9 {12, HDB-11 fLTIX 1.25 f%, 1.5 %L 72> T\ %,
72, HEE 2%LL T TN, HREOHINC X 2I0 OIS WD, ZAUEH LiABRER% D
BRASREOFATES RN TVl & B2 bivd, B 2-14, B 2-15 |2l EREERE TR S
BAnd, BRI, R0 BRESHRETH D, BRICZ DT LTI Tz,

% 2-5 EYH LEO—SEMRRERESR (HDB-10 7L)
TS | onmn | P HLED B
5 E R EE MBS |—HEREE| g3 | (RS
(MPa) (kN) (s)
HDB-10-1 29 10
HDB-10-2 2.1 10
(t"'?f’_;égq HDB-10-3 41 30, | 14400
~47500m) | HDB=10-4 3.2 14400
HDB-10-5 5.3 86400
HDB-10-6 4.2 86400
F2-6 HYH LEO—#HEMRESERER (HDB-11 7.)
RIS | srugn | PalHLED B
BEEE AMES | —HERRE| m3 | B
(MPa) (kN) (s)
HDB-11-1 145 10
HDB-11-2 142 10
HDB-11-3 1.29 10
HDB-11 HDB-11-4 1.32 14400
(727.25m | HDB-11-5 2.08 39.2 | 14400
~727.85m) | HDB-11-6 1.83 14400
HDB-11-7 2.44 86400
HDB-11-8 148 86400
HDB-11-9 2.29 86400
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HDB-10-1 HDB-10-2
(a) fRFFFE 10s
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2-16 | AR L — BRI ORIR 2 7T, B 2-16(a) 13, BEHIOIREN A i s L
TS T 5, RRISHOBMCHA, —BERBREIE LMo MR A X 7208 DRI 25
18R DAL, B 2-16 (b) 1, RO (SR 2 5P & LA T a5, B 2-16(a) & Bz h,
—BERBRE LTI M 728 S B A R B D,

ZIZTC, REEEEt (8) [CRU A HlEAERE A o & L, ATDO X S Tl 35,
ot= ooX (1 + atb) ® (2-1)

REFE R A I TORET % &30, HDB-10 fLCld 0 0=2.56MPa, a=0.017, b=0.35,
HDB-11 /L. ClZ 0 =1.3MPa, a=0.011, b=0.35 & 72 %,

HDB-10 %L : 6t=2.5 (1 + 0.017t0-35) = (2-2a)
HDB-11 fL: 0¢=1.3 (1 + 0.011t035) = (2-2b)

NIRRT X DA R 2-16 ICEAATCWVA D, HAOARREFRB TX 52 W0 hd, T—X
BV RRENRENLOD, FIZIT 1T 144 (365X24X60X60s) 24 TIXDTHD L,
— i ENERE 0 ¢ 12, HDB-10 4L Cl% 0 +=20.4MPa, HDB-11 fLCld 0 =7.3MPa & 725, 1 4EfH
TIIUZE—EMBREN R E {70 2 L3R LIS WA, REIFHZR<T5ZLI1CL-T
DR OFREEEHED T CE 5 LB 2 D,
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2-17 I LIABGRBIE O EE —EIC L T HD 7 U —7F ¢ « EBUD H L O—HlEHEs
FE o« OBRZ T, RITIHELOXITIROND DD, 7 U —TE ¢ o & —HTEHERE o « (ZIED
FRAR RO D, ERUTLZTT ) EkL 72D,

HDB-104L: ot = 24 + 1.85¢. = (2-3a)
HDB-11 fL: 6t = 1.3 + 0.75 ¢ = (2-3b)

F77, B 2-10 7 HARRERIA 100s L EDBED 7 )V —TF % ¢ 1, RATHEITE 5,
HDB-10 4L : ¢ = 0.3 - logt) — 0.3 =X (2-4a)
HDB-11 fL: ¢ = 0.3 - log(t) — 0.5 =X (2-4b)

22T R EKQ)IRATHE, R(Q-D) A5,
HDB-10 L : 0t = 0.54 - log(t) + 1.87 =% (2-5a)
HDB-11 L : ot = 0.23 * logt) + 0.93 = (2-5b)

SEIFEREEIZ, t 12 1 F% (365X24X60X60 s) Z4TiEHTH5E HDB-10 fLTCl o
=5.9MPa, HDB-11 {LClid o =2.7MPa & 720, T (2-2) 1 E DT RIA T2, RlRF
OXENZ B LT, SRENRAIZEHE LTV Z &2 5,

6.0

5.0

40

3.0

20

BmYHELEBO—EEMREEE (MPa)

1.0

00 02 04 06 08 10 12 14
FEEZ—EICLTHoNYY—TE ()

2-11 WMEZ—EICLTHLDY ) —TEELRY H LEO—BEREEDRER
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2. 6 F&EOH BEV SRDEFEE

ATECIE, WYERHUEHIZEH 51 58—V > /F# (HDB-10 4L, HDB-11 ) L
T-RENBRRETEUE 2 T, S0 TREEERAE) (TR 2 RN A 0 LT, 1 LiA%ak
BCIEECH A 39.2KN & LC, —EW (107, 4 W50, 24 o> 3380 #F LA R A
(RFF LT, SREEMEORMEL, 1 LIAGGREREIC FRITZOMA HEY H L3 BRA O—BilEkiR
A b o CHEIZHIREE Uiz, 7235, BIRMER L= (B 52mm, HEAE 25mm O MHE)
Z AVl O SRR, LIFOEY Thotk,

HDB-10 fL : 10.0 MPa
HDB-11 L : 16.2 MPa

B 2-16 |27 L7 ARF3IReH] & B Ui O—ERTREE O BIR TIE, IREFRFHI OB, R
NURT RIS, —HERETRE OB,
HDB-10fL: ot = 2.5 (1 + 0.017 t0:35) = (2-2a)
HDB-11 fL: 0t = 1.3 (1 + 0.011 t0-3) = (2-2b)
FRE RS & E O #ERHRE YN SWEE HDB-10 Lo 5723, B H Lol
MR DN REVEER L2272, 727210, FFHONEEITE $120.35 TH Y, R L 2R RE
HFIFFECTH T,

2-1T IR LI EEZ —EIC LT 607 U —7F LB H Lk O—HEHBa s ORI,
P LUIABGRBRCO 7 ) —TENEINT B0, KRR T X 91, —HERERE OB MAELL
7
HDB-104L: 0t = 24 + 1.85¢. = (2-3a)
HDB-11fL: 0t = 1.3 + 0.75¢ = (2-3b)
FEDB D K5I, BEO—HERETRE DY N EWEE HDB-10 FLo 703, SRR AR
SUVER L IR o Tz,

VbRV, [F—Gf CEREUEAT O 55k 2 IV TR Z 920 L7126 R, &5 5ok
b LIAZGABRIF O OLRRFRFH AN RV NE CIEEEHE DR S WRER L o7, £, @HO—
FERESREL DY/ N S VEUEF HDB-10 FLO 575, SRERHERS R E VIR L a7, 72720, skt L
TER2HBRDHBDRERTH D12, EIOLRIUEANC & % 282 EERNRHE 5 2 L1338
PECIIREETH Y, SRS ORDT—H DEENLETHDH EBZD,

F7-, FEOFENK (2-2) LK (2-5) D EH L OFENKE VW ONEASEIEMIHRET L Tl
WENGD, TOHEE LT, ARIORERD L 9 e —R R B TlL, o H 5003 FdE
ORERTEE L\, RS E OB U= 22 LiABRBR A 18 T S 87 2 B
RIFL, BRZITH Z &R ENEZLND,
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3. BRO—MRALICDEMZESICREY S5t

3. 1 [FL®IZ

7 ) —7R BT, BB IONb A EE Bl CEORIELZBINT 5, —FH, &
FEFTRABR ClL, ZArE —E IR TS ORI LA BT 5, AR ORHHRFEMZEE 28] 5 7>
L&D LT 254G, MEITAEN SRR THD, LnL, FEEOH FHEEW CIE, s & 2603
HIZEE LTS EERDDONRERTH Y, 1ERTON TEIRAERTIE, SROZE 2 BT
W 2DIFRHETH D, mHD 1L, ZOX D — b LIoATESFToEE % [—iis I 8E
FEE)) EAMNTC, SHBRICE B KO EEEE & -V CHlERRY), BRI Lo, A
BILZNZZTHRNZHDTH D,

AT, B0 (R EREE 15, IR0 U —7 BRI RS CI b
RNFREIBNL, =27 FA 7 ATHFER ORI 3510 B> L B2,
WGEEHEIRSER N 3517 7K — U /% (HDB-10 7L, HDB-1170) CHR L 7-HeP B
EUE I CENRIRE F20 L, 100 [ ARALISERIE)) (B2 M — 5 & i L
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3. 2 MFETOHERER

7 ) =T HRBIIERD DIEANATON TETEY, B OBERRINTND D A, JETi#E
FakBRiL, HaatBR i OB & IO T ENEE LU0, A D a0,

ZO LD RBUROH, 1100 1L, —dl XY ZHERERTE R C 3R B LS O R FaER
ZATVN, ISR TR ER i Ol e 5 L i L Tb, Hudson 57 1%, 7 7 A 1T5A
% FAV N COREERE s DL CIS IR AR BR 21TV, BERIANRGE 9~ 2 1203 TR MK P 1 s L
TS L5, Wawersik 5 9 1, 7 T ANz AW ORI R ATV, ISJHE T HE
FERREBITIEINL, BEET 2560355 Z 2R L T\WD, 7o, ISREE 7 ) —7OR&%
0, S IREFN & — Ml AER A OB ER A EDOBIR 10 AN EMER iR Cldd 208, ME ST
Wb, S Y13, ZIRALIE B XU WEECS & W e — i S el 2170, Bl
), FEBRII R LT D,

B, 7I7ANEAEE, —EHEUEOT L~ LEEZNZD E, BOOR-> T
T =T THEE (HOE) LCLEI RO REAEE I ZHUSKH LT TR T EA LI,
TRAF—RNLEDMZ BNDINES T, RAIHENETT 25655 9, < OBEAITY
FALEATH Y, FRECTHEMAZRAERIE O L 5 72 b On, FIFNAIZ 7 T A TEAIZHES LD,
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3. 3 —fRERABEMESHE(E

7 ) — 7RIS IREFRER OIS & LT, $ikE e & O TREEM DR EMTII T Bivd
W12, Fz i, KEEN LT EDOREEZIT TODIMEC, MR E 2 R 2T L5
BEBZD, SAETWEMEA L THD 0T, SANIRFHORERE & HICEET 5, SEOEE
2R, SIORIZITFRPEZS BN E U ORI 2 — 05 C, SHEOZIF R OfFERITED LT
W<, b h, BEEORGEICHE, SAEOEMIFHEM L T A, FEEED T 5, Z OO
FFEDZT DISTIEIEE, WE—ED Y U —7 L BN —E DI FKERDOWDIZHMIZE F 25 9,
ZOBID X ST, FEROEMETIIME, 20 e bRRA LT 2137 ChY, ERfThh &y
U —7 BRI IREFEABR ClY, E OB Z EMICTHIT 2013 THL L EX biLd, Z0
RUEH DRRERR SN TE2 D LBOND D, #8472 IEN e o T T2, R ERE,

F<HBNTWD KDL, 7 ) =T BRI o 3—E (= C) IhRicvd, —75, ITikE
R CIE, EeD—E =0 IRTEND,
o =C
e =C
— AT RERRERIL, S5 & BRI GOETME (o — v &) Z2—E (= 0) Ik
B, i BEO EORELEZTARL5ERTH S, AW TIE, G- 121 5 — Akt iz
AR RET D, 12720, vITEHTH D,
o —y+re =C = @-1)

B 3-1 127 L9018, FR 0 blERERA A LT, A 5D —RAVIS R 21T - 72
LT %, 208G, ARDICHEEEZENE N oAl ealTNUToa — v - ea = C &5,
ROELE A, BN & S5 OC, ) — TS ORI, FORSRICHE->TA NS B
~NEBBLTOL, RGN 1L LI, A SERAY LIS L B0 8 & 6 0
(IFRADRDY NL2, 72ds, ¢ IFHEARAB OE TH D,

b= v b %32
v Stand = (3-3)

B 3-1IRrT LI, ¢=0"° OFRERZ U —7ThHY, ¢=—90" OREPILTFEMTH D, B 3-2
R TE DS, A S DB RERZBIE L= & LT, BEISNOME & HITENT 5545
% Case |, EFHMT 235 NPMETNT 25H% Casell, ELIGHOWENRT L2856 %
Caselll “ & 1T 2 Z & L35, M SR OERER OB RWRFIEEEN Y, Case I 75 Caselll
DWTINNIFETE D B2 D, NI HERFZ R LT, ZNEFGilT5Z 81275,
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B 3-3 (a) (T k9iT, 2AKDRBRAICHIMEDOENTZ T2 LT, —EDHF 2z
BT DA EBEZ D, 2 RO NFE UHRECTHIUE, B34 (a) [T L1, 2ARE bl
WO ) —TETHI LR, IS —EOEFEENNML TN Z LIThD, —F, 2 KO
BRA OFRFMEN e D E30UT, B34 (b) (TR T L1, WfERBIZE - TR LI Wikl
X Casel 720, BEDOLLTWVRERA 1T Casell £ 725, T70bb, JHWHORERAIX, AF
(b TUSHBBD L, Z OIS OWD 53 % 38 OB S Fr-lc A+ 5 2 L1 b, 69
DL LT, B3-3 (b) 1T LIIC, &oABHICRREmIZE> TER LIZ Wl &
I LT W E D DMEET D50, 2 LI WERSDS Case T, B Lo VW48 Case I D
FEhoRT 2 LD,

WIZE 3-5 1" T K918, 2 RORBA ZHEFEAENT, ERE—EIhROBEEERD, 2
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