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A Study about Long-term Deformation of Soft Rock (1)
(Document Prepared by Other Organization, Based on The Trust Contract)

Hiroyuki Inoue®, Naoto Yoshino®, Shunichi Miyanomae*,
Kazuhiko Mizutani*, Kenji Noda*

Abstract

In this study, the laboratory mechanical tests of sedimentary soft rock sampled at
HORONOBE area in HOKKAIDO prefecture were conducted in order to build the
confidence of OKUBO model for long term deformation of sedimentary rock. And the
stability of rock around tunnel in building under the condition assumed the
underground of HORONOBE area was examined by numerical simulation using
information of boring data obtained before 2002 year.

As a result, authors could obtain many values of parameter in OKUBO model
under various conditions. These conditions have the difference of temperature and
water saturation. In addition, the life time in creep predicted by OKUBO model
could be compared with the real one. And numerical simulations, assuming various
conditions such as stiffness of buffer material and yielding of support, had been
carried out to evaluate the long-term stability of rock surrounding buffer material.

Results show the decreasing tendency of time dependency of rock.

This work was performed by Maeda Corporation under contract with Japan Nuclear

Cycle Development Institute.

JNC Liaison : Repository System Analysis Group, Waste Isolation Research
Division, Waste Management and Fuel Cycle Research Center, Tokai
Works

#Maeda Corporation
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262.20C | 4622 | 44.1 | 2.458 | 2.456 | 2.447 | 2.442 |2.452 | 2.446 | 5010 5,009 | 5.008 | 5.010 | 241 48.9
262200 | 4622 | 432 | 2.421 [ 2437 [ 2430 | 2434 | 2417 | 2427 | 4.984 4983 | 4.984 | 4984 | 248 485
462.35A | 462.35 | 435 | 2.414 | 2.443 ] 2.423 |2.453 | 2.423 | 2.452 | 5.006 5.007 | 5.007 | 5006 | 26.2 59.4
462358 | 46235 | 43.7 | 2.442 | 2.451 | 2.442 | 2.453 | 2.457 | 2.467 | 4937 4937 | 4938 | 4939 | 248 56
262.35C | 46235 | 438 | 2.446 | 2.446 | 2443 | 2.441 | 2444 | 2.445 | 5.001 | 5.001 5000 | 5001 | 244 56.8
262350 | 462.35 | 43.6 | 2.448 | 2.418 | 2445 | 2.418 [ 2.448 | 2.420 | 4995 4995 | 4.994 | 4994 | 254 59.4
260438 | 46243 | 44 | 2.460 | 2.442 | 2.461 | 2.460 | 2.459 | 2.455 | 5.006 5.005 | 5000 | 5.001 | 223 49
16243C | 46243 | 433 | 2.448 [ 2.422 | 2.449 | 2418 | 2.451 | 2.428 | 5.005 5005 | 5.002 | 5000 | 223 50.8
260430 | 46243 | 435 | 2.450 | 2.440 | 2.457 | 2.444 | 2.454 | 2.443 | 5.000 | 4.999 5.000 | 5.000 | 22.6 492
46251A | 46251 | 438 | 2.437 | 2.456 | 2.439 | 2.455 | 2.438 | 2.454 | 5.006 5.006 | 5.008 | 5007 | 226 49.6
262518 | 46251 | 43.6 | 2.449 | 2.423 [ 2.427 | 2.450 | 2.426 | 2.449 | 5011 5010 | 5.009 | 5011 | 233 52.4
26251C | 46251 | 433 |2.426 | 2.433 | 2.433 | 2437 | 2.433 | 2.434 | 4.998 4999 |5.004 | 5002 | 241 51
26251D | 46251 | 438 |2.426 | 2.455 | 2444 | 2.464 | 2434 | 2.459 | 5.000 4999 15000 |5002 | 231 498
46259A | 46259 | 44.3 | 2.462 | 2.456 | 2.462 | 2.459 | 2.465 | 2.465 | 5.003 5003 | 5.003 [ 5003 | 232 54.2
462508 | 46259 | 42.5 | 2.450 | 2.455 | 2.459 | 2.461 | 2.456 | 2.466 | 4812 4814 [ 4811 [4811 | 226 52.2
262.59C | 46259 | 444 | 2.463 | 2.453 | 2.461 | 2.462 | 2478 | 2.477 | 5012 | 5.013 5013 | 5013 | 231 53.4
262590 | 46259 | 43.1 | 2.416 | 2.440 [ 2416 {2444 | 2415 | 2440 | 5.001 5,003 | 5.004 | 5.001 22 51.2
462.88A | 46288 | 429 | 2.410 [ 2.407 [2410 | 2403 [ 2410 | 2.407 | 5.007 5009 | 5009 [ 5.008 | 245 55
262.88C | 46288 | 425 | 2.418 [ 2419 [2416 | 2.415 | 2417 | 2.416 | 5004 | 5006 5006 |5.004 | 239 53
262.88D | 46288 | 432 |2.432 [ 2432 | 2436 | 2.433 | 2435 | 2.431 | 5.002 5002 | 5.005 | 5.005 | 237 536
26296A | 462.96 | 42.7 |2.433 | 2.434 | 2.432 | 2.434 | 2432 | 2433 ] 4934 4934 | 4934 |4935 | 227 53.4
262968 | 462.96 | 437 | 2.438 | 2.440 | 2.441 | 2439 | 2.439 | 2.440 | 5016 5017 | 5015 | 5015 | 228 54.4
262960 | 46206 | 435 |2.439 |2.437 | 2.437 | 2435 | 2.438 | 2.434 | 5.017 5015 | 5016 | 5017 | 233 54.4
462.06D | 46296 | 436 |2.450 | 2.443 [ 2440 | 2437 | 2.442 | 2.440 | 4.990 4989 | 4.988 | 4.989 24 54.6
263.04A | 46304 | 442 | 2.449 | 2.450 | 2.446 | 2.446 | 2.447 | 2.445 | 5016 5015 | 5016 | 5016 | 229 53.4
463.04C | 46304 | 435 |2.444 | 2445 [ 2441 | 2.444 | 2439 | 2439 | 4.968 4969 | 4.968 | 4.968 23 52.4
263.04D | 46304 | 435 |2.439 | 2440 | 2435 | 2.437 | 2437 | 2.437 [4.994 | 4991 4990 | 4991 | 228 54.6
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£22-3 HABRAHMEZFD2 (EHE)
IR BR | PoEe |wEk|Tess om |emes] w | v [BF7
HBGES Y3
[m] [e] [cm] [em? | [em] | [em®] | [g/cm®] | [m/sec] | [m/sec]| [-]
462.04A 464.04 447 2.467 4,780 5.019 23.992 1.863 2251 1048 0.362
462.04B 464.04 45.1 2.480 4832 5.016 24.238 1.861 2239 1070 0.352
462.04C 464.04 | 436 2.449 4.709 4.998 23.538 1.852 2231 1063 0.353
462.04D 464.04 | 439 2.454 4.730 4,983 23.572 1.862 2186 1019 0.361
462.12B 46212 | 441 2.452 4721 4,988 23.548 1.873 2036 1046 0.321
462.12C 462.12 43.1 2.432 4.645 5.011 23.275 1.852 2198 1018 0.363
462.12D 462.12 443 2.453 4,727 5.007 23.663 1.872 2140 1009 0.357
462.20A 462.2 43.5 2427 4626 4998 | 23.122 1.881 2109 954 0.371
462.20B 462.2 439 2.445 4.694 5.013 23.535 1.865 2115 1139 0.296
462.20C 462.2 441 2.4‘50 4.715 5.009 23.619 1.867 2079 1024 0.340
462.20D 462.2 43.2 2.428 4.629 4984 | 23.069 1.873 2010 1028 0.323
462.35A 462.35 435 2.435 4.656 5.007 23.308 1.866 1911 843 0.379
462.35B 462.35 43.7 2.452 4,722 4938 23.316 1.874 1991 882 0.378
462.35C 462.35 43.8 2.444 4.692 5.001 23.463 1.867 2049 880 0.387
462.35D 462.35 | 43.6 2.433 4,649 4.995 23.217 1.878 1966 841 0.388
462.43B 462.43 44 2.456 4738 5.003 23.705 1.856 2243 1021 0.369
462.43C 46243 | 43.3 2.436 4.661 5.003 23.317 1.857 2243 985 0.381
462.43D 462.43 43.5 2.448 4.707 5.000 | 23.532 1.849 2212 1016 0.366
462.51A 462.51 43.8 2.447 4.701 5.007 23.536 1.861 2215 1009 0.369
462.51B 462.51 43.6 2.437 4.666 5.010 | 23.376 1.865 2150 956 0.377
462.51C 462.51 43.3 2.433 4648 5.001 23.243 1.863 2075 981 0.356
462.51D 462.51 438 2447 4.703 5.000 | 23.515 1.863 2165 1004 0.363
462.59A 462.59 443 2.462 4759 5.003 23.808 1.861 2156 923 0.388
462.59B 462.59 425 2.458 4.745 4812 22.831 1.862 2129 922 0.385
462.59C 462.59 44 4 2.466 4775 5.013 23.935 1.855 2170 939 0.385
462.59D 462.59 43.1 2429 4632 5.002 23.170 1.860 2274 977 0.387
462.88A 462.88 429 2.408 4553 5.008 22.805 1.881 2044 911 0.376
462.88C 462.88 425 2417 4588 5.005 | 22.961 1.851 2094 944 0.372
462.88D 462.88 43.2 2433 4.650 5.004 | 23.265 1.857 2111 933 0.378
462.96A 462.96 42.7 2.433 4.649 4934 22.940 1.861 2174 924 0.390
462.96B 462.96 43.7 2.440 4674 5.016 23.444 1.864 2200 922 0.393
462.96C 462.96 43.5 2437 4.663 5.016 23.392 1.860 2153 922 0.388
462.96D 462.96 43.6 2.442 4.684 4989 23.367 1.866 2079 914 0.380
463.04A 463.04 | 44.2 2.447 4,703 5.016 23.591 1.874 2190 939 0.387
463.04C 463.04 435 2442 4.684 4968 23.269 1.869 2160 948 0.381
463.04D 463.04 43.5 2.438 4.666 4.992 23.292 1.868 2189 914 0.394
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2. 2. 3 EAEEFEILSHE-—HEREHR
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(3) —EhEMmHEREY
—HERRRORBEMG 2% 224 ITFE L O TR,

£2.2-4 —BERAROAREHS

HEHER

#iRE EEES)

SREUH R

1RiEs (HDB3 L)

BTk

EHEELZBAL SV T-EEFEERR
REVOTHIEE  REEERFE

@D 1.7X108(/sec) : 10min

@ 1.7X10%(/sec) : 1min

R ORE

< KHFER - - B faf—R5R

- KH 80 B - - - EZEAEFN—24 BRI D 80 EF{RIE—EER

- EfRe - EZefATn— 1 BREOEZTE R -HE

BB EIR - - - HZEAFn—3 R R TR -EAK LT 24 B0 E
ZEfi SRR
XEIBRANIC 24 FFFEIOBEZAIFIC L 23R EREEL L, 0%, &
FEZEDOETHRREEZRE L,
XKEZHEFIE L ORBRITIIIRIE HDB6 FLOEEE 300m {135 CEE L
TeKEBEZERRLIZLOEER L,

BRI ~HE

B 25mm X & &£ 50mm

HERE DA%

* B A U ERERER - AU T0-20-3 (GRESHEEERSH)

< BAEF : B LV-51 CRAEMHKRSH . 58 5mm)

c FrEST : B PV-200SL (R EE#HKRSH | 58 5tf, 20t
«F—FZuH—: TDS-602 (EIASEHICHT)

-16 -




JNC TJ8400 2004-005

(4) —EEMRSHBRAEDER
A ENERBRIC L RBRADEE LR R 2.2°5 ICE LD TURT A [E] > — Bl ERE
ER L & U —7RBIE —EE CRER LR ERL, 7Y — 7 HMDOTRREE
PEESEDLEHICLTVD, 20k, 7V —THABRTI Y —7HBENFE LR

(7 ) —THBREI)

2o FEEEASE U —SERRRERT Y U — THRBRICKR

S, TR 463.04m OREREIT Y U — 7 REBCHEL BN L TV 2 RPICHEE
ﬁﬁﬁb,&U—fﬂﬁﬁ%%ﬂﬁmoto%@tb,ﬁ%%#rm¢ﬁﬁjmﬁﬁ

HAEEmIE,
%2 2-5 —BERREBRADHRE
emEE DR | TOEE | WER|Fas am |aREEl v [ Vs L
RBGES EECAN e
[m] 3] [em] [em?2], em] | [em3) | (g/cm3] | [m/sec] | (m/sec) | [-]
26204A | 46404 | 447 | 2467 | 4780 | 5019 | 23992 | 1.863 | 2251 1048 |0362 | KM
462048 | 46404 | 451 | 2480 | 4832 | 5016 | 24.238 | 1.861 2239 | 1070 [o0352 | KP®E
262128 | 46212 | 441 | 2452 | 4721 | 4988 | 23548 | 1.873 [ 2036 | 1046 0321 Ach%ig
262120 | 46212 | 443 | 2453 | 4727 | 5007 [23663 | 1872 | 2140 | 1009 ]0.357 Kep#iR
46304C | 46304 | 435 | 2442 | 4684 | 4968 | 23260 | 1.863 | 2160 948 | 0.381 Ah#B | oy—TmEma
46304D | 46304 | 435 | 2438 | 4666 | 4992 | 23292 | 1.868 | 2189 914 |0394 | kMR %
262358 | 46235 | 437 | 2452 | 4722 | 4938 | 23316 [ 1.874 | 1991 882 |0.378 | skesomE
46235C | 46235 | 438 | 2444 | 4692 | 5001 | 23463 | 1.867 | 2048 880 0.387 | Jkh80ME
462068 | 46206 | 437 | 2440 | 4674 | 5016 }23.444 | 1864 | 2200 922 |0393 | JKhBOE
462.96C | 462.06 | 435 | 2437 | 4663 | 5016 | 23392 | 1.860 | 2153 922 |0.388 | skehsol
462438 | 46243 | 44 2456 | 4738 | 5.003 | 23705 | 1856 | 2243 | 1021 | 0369 HiR
462430 | 46243 | 435 | 2448 | 4707 | 5000 | 23532 | 1.849 | 2212 | 1016 | 0366 17 ]
46251A | 46251 | 438 | 2447 | 4701 | 5007 | 23536 | 1.861 2215 | 1009 |0.369 (7]
462518 | 46251 | 436 | 2437 | 4666 | 5010 | 23376 | 1.865 | 2150 956 | 0.377 iR
262598 | 46259 | 425 | 2458 | 4745 | 4812 | 22831 | 1.862 | 2129 922 | 0385 | #LEBADHE
46250C | 46259 | 444 | 2466 | 4775 | 5013 | 23935 | 1.855 | 2170 939 |0.385 | #BADHE
462.88A | 462.88 | 429 | 2408 | 4553 | 5008 | 22.805 | 1.881 2044 911 | 0376 | &iBAkPHE
462.88C | 462.88 | 425 2417 4588 | 5005 | 22.961 | 1.851 2094 944 |0372 | BBAPRE
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(6) —HAEHEHERER

BRI —E AR, JEN—ERHRER 2.2-4~( 2.2-43 157, 2B, K224~
2.2-15 13KPEIE, K2.2-16~X 2.2-23 i3kt 80 B, X 2.2-24~[X] 2.2-31 |35,
2.2-32~[X] 2.2-39 [JFHBAKPEREZ T T, X 2.2-40~[X 2.2-43 iZHRBRACF L
DIZbDTH D, SH—EBAHBROPIIIRAREFT VL ABRHBB LB LT
Do Tz, WH—EBHHBPOEHEINDKARET LVOEEHEK 2.26 I LD
TRY, 2B, mIZOWVWTE, FEAEDIEH—ELMBELY, o (2. 1. 1—8#4
[EMERBRIF O RARET NV OBERIAREL FE (3) mIZOWTSR) IXBHRARAE
BRETETIREIOEL R-o TN 0D, S EORETlEa =90 E L LT m=n
& L7z, £F2RMEME LTA1 18 0.0005~# 0.0015 [MPal DR, n i% 20~50 &
IO L TN ZEeBbnd, £, ovIiZEETIIH 20~40[MPaliz434 LT
D8, ZTOMOREREHF TIIHBE Y &/NSVVEAIZH B Z L Rbh 5,

AR DORARET VEELEOHMA2EER L O HDB1 OfSE & D H#kic»
WTHE, (6) —HHEMRRBOERTRT,

£22-6 —HERABRLISHE LE-XARETILOENS

- - A1 n m a ov

MRS HRk# [/MPa] [-] [-]  |[MPa-sec]| [MPa] =
462.04A KepER | 0.0005058 49 49 8.53E+90| 20.30

462.04B KbEa 0.0006492 20 20 2.69E+32| 17.55

462.12B KehHiB | 0.0005836 43 43 1.50E+88| 10.92

462.12D KehEB | 0.0007853 18 18 1.16E+35| 6.65

463.04C chl:i%;:ﬁ 0.0013400 50 50 2.48E+85| 10.97 DY —FRER B
463.04D Kkeb#E | 0.0008500 42 42 3.33E+74| 1397

462.35B JK80FE | 0.0009749 48 48 4.36E+89| 10.33

462.35C JKeh80FE | 0.0014000 21 21 7.45E+32 9.86

462.96B JKeh80FE | 0.0011935 23 23 1.47E+35( 13.17

462.96C K80 | 0.0009351 24 24 7.07E+39] 12.77

462.43B iz 0.0006411 22 22 3.19e+30{ 31.78

462.43D §ii% 0.0005585 43 43 1.18E+65) 38.19

462.51A §if% 0.0006621 41 41 7.15E+56] 42.26

462.51B A ] 0.0008193 50 50 1.61E+86] 17.13

462.598B | 3;RKPHEIE | 0.0009672 21 21 1.29E+34| 12.33

462.59C | EiEKPER | 00007137 22 22 5.03E+34| 18.84

462.88A | EZiEKER [ 00014119 20 20 1.09E+32| 8.74

462.88C | 82/R/KhE:E | 0.0005508 41 41 4.48E+68] 26.49

YRR 1) =y i Gy G 3
n, m, a: RARETLVOEK (72771, aiiil, n, m HSLEHLTWS)
ov: —EERERE
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i2%7K%Eﬁu—fﬁﬁW%mﬁﬁéné—mE%ﬁg(EEE%%E)@E%
ikbt%@%%fo%E&U—fﬁﬁw&%mgﬁmm—mE%ﬁﬁw(%@ﬁ&
1K) 1, M%), E—IRE CHRMEREE (Vp) DGEVMEIZARD K HICEE L, LvL,
—%E%ﬁﬁwmﬁ—éa@%;D—%E%%E%ﬁ%m@ﬁﬁ%ittwvﬁ&w
m&ﬁbné%®uow1m,ﬁ%kbfgﬁwaﬂfzbebto%wtw,i¢
DFEs ) —TREE 462.04C, 462.43C, 462.51D, 462.59A DEMERBREIT, =
FOEERBREK L XER->TND,

£2.2-1 ) —THBREEHRBOFELH

wpok| xEo | —wEw| FEVTTRRE larrg

BOAE | ppew | 0 [mmms| 2es | oEx HE W
X1 | BiEx2 segpnEe | HIERRE
[m/sec] [MPa] [m/sec] | [MPa]

46204A | JKEhER 2251 ‘ o] 20.3 .
462.04C 2231 203 %3

462.04B KepER 2239 O 17.55

462.12B Kep ¥R 2036 10.92
462.12C 2198 6.65

462.12D KRebEiR 2140 (o] 0 6.65

463.04C Keh R 2160 10.97

- 46304A | 2190 1397 | HU—THEREM

463.04D KbEiE 2189 O o) 13.97

462.358 JK B8ORE 1991 O (o) 10.33
462.35D 1966 10.33

462.35C Kh8oE 2049 9.86

462.96B 7k 80 2200 13.17
462.96D 2079 12.77

462.96C K80 2153 @] o] 1277

462.438 1% 2243 (0] 31.78 ]
462.43C 2243 38.19 %3

462.43D 74 2212 (o) 38.19

46251A 1% 2215 (o) 42.26 .
462.51D 2165 42.26 %3

46251B -7 2150 o) 17.13

462598 | &iEKPEE | 2129 O 12.33 .
462.59A 2156 12.33 X3

462.59C | ¥RAKPEER | 2170 (e} 18.84

462.88A | SLIBKPHEIR | 2044 8.74
462.88D 2111 26.49

462.88C | ¥iB/KPEIR | 2094 O o] 26.49

§1 :gﬂwgiﬁﬁiﬁw(i—iﬂl?:ﬁ%itﬁﬁﬁl:ﬁﬁi&iiﬁ’&%tl:‘ H)—TRBREOBEERBEERDODFEICLTOHR
—G o
%2 %B%O)giﬁiﬁﬁilib'J—7§I§I:|9§L'C?EI§§I:3EEE§E§§EE*&)f:ﬁﬁﬁif’&s%e

%3 LYOBRERBFLREORERBENREIDL, — G EREBREROG N —FAHBRISDHFTH,
- ETWI!‘JI:IL —!&Eﬁﬁﬂﬁﬁ%ﬁﬁﬁl:%ﬂﬁ%l:i&iﬁb‘ﬁﬁbtd)'C‘lifatt\ﬁ‘tﬁbhéﬁﬁﬁil:’JL\’CliéiﬁéﬁﬁﬁitliL
o7z,
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KREIZDOVTRETT Do E}F%mfé@ﬁ/ﬁli, PEE 5.0m O = OAWEEEET D,

3.

1

r3. 3 %Eﬁljﬂ#méébﬁﬁm

HREEDHTE

(1) ERMEE
me«ﬂzxm

(ZHAL D,

MEZREZE) FFCESE, B

SBET DL LI, HRIUEMOREBS M, PIEIED

ZENTH, “hETHDB 17, HDB-3 L CibhizR—) v 7=
CEAENRBRERL Y, FENCRESNHILESEC, BREHEIRESNT
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5 -299 ~ -339 14.9 0.9 16.3 449.5 0.14 2.5 0.25 4.75
6 -339 ~ -360 14.9 1.2 18.2 522.2 0.14 3.2 0.32 5.21
7 -360 ~ -399 16.8 1.1 16.0 845.6 0.10 2.9 0.29 5.69
8 -399 ~ -429 18.6 1.1 16.5 1032.4 0.11 3.0 0.30 6.30
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3. 2. 2 HIRNEBEBMOEESRDIRET
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7z, RGB.2HELEHT S LREIIN/BLND,
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3.3-15, BLUX 3.3-16 £V, IEHIEMN 14 L7205 LEMBITIE 1/4 L 2o TWNDH I EH
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M TFHEER TOREFRER (B3R | BT 2RREME 10FEREBEL, REU
& 10 EMETEERNR LT D, 7272 LR ERROAUMECHTIZRIT HREIC OV
THRET 2 BRIT, RELRE 1,000 FMETERGEE LICHRIZOWTHHT 21T 2 &
15, BROBKFERITIISELFERIC VT FA4 T v AATEEEHFERE RN D
TEEL, EBRAFBADNT A—F L HDB-1 L, 8L UHDB3{LOHR—Y o 7ar7 iy
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3. 4. 1 BFEEORT

(1) aAVFSA 7 RAERERAER
AR FRRIL, KARGICIVBEEN-AHEEERFERNTHD (KRARIEEL
1987), SRITIEHTFTICBITAERARRNIIRGA DD I IITH bbbt LaHFKS,

*

‘Z; =a-(c) () (3.4-1)

ZIZT, A*EA140 [WE0TR c[lEEH o MPalOTHZ 2 TFA TR L (=
e/ o) [/MPal Z WIHME 21 o (WIHA ¥ > 7R EpDifigk) IMPal CE (L U718, ¢ 1385 [sec],
o ISR EL], a1 3AE R R B EK(Mpa-secl, niXRERKFIEE H b LT EH],

m ISBEOEITHEEZH b bTEHITH 5, AFATIE, Yy MNEERICHKRE 055
ERT I, o 13RB.4-212, nidX@B4-)THEWELT I HD L LT,

* Ao _0-1—0-3
o =

"o, Ao, (8.4-2)

Ao
n= 9

n, (3.4-3)

(4

ZIT, AciZEIEHEMPal, 400 oc i TTNTHAKERE[MPal, —EEMERE
[MPalTdh 5, ABFFERIZBWTIL, BIgiE TORBRLEBEER2 L B7-®, Mohr-Coulomb M
EANEE VG, BERESXG.4-4), —MEMRELRQG4-5IZiE>TRD (BEF
AMERs, 2004), £72, nolxl[NIE—#EAFIcBIT 2 nTHS,
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v=05-

S IT y ol IEIET VY VR TH B,
AFRIZBVWTIE, K*%Eiﬁ?%iﬁ%ﬁ%\T:t%ﬁﬂa)mﬁ—()"f%%%it%fﬁﬂ&i&hﬁ3
— F (BFAIZH, 2003) IZX DT EITOT

(2) PHEEDHE

AT TREL LTV AEED (LR 13) OERPHEE (£ 3.2-1) i3, £ HDB-1
ATELNA—Y L7 aTIC LB ENRBRERLVRESL TS, 2T, MHEED
BT B Tm o T HDB-1 7L (R 520m #HE) DEARBMER (KAR, 2003) GFL -
m, 2003) ZEAMCBRTHIL LT D,

JAR (2003) ok 0 EM SN —EMRRR EMEREN) <15 n OFER
30 ThB, Ei, HE-F (2003) 12X EEIE—WIEHRR (af, HRT) I
BIF2 nOFEHEIZ 33 ThD, ZhbXY, FFRICENTIE no (—EhS REBIZ 31T
5n 30 LBETHIELTD,

E7-, KR (2003) 12 LY, HkEMFcBW CEEERERR (RE 5MPa, 10MPa)
RERSH TS, # 3.2 1 OEBRMEE (NIRESAN 215 ) bl izX(B.4H LY
iiéﬁﬁ%&&,ﬁﬁﬁ%®¥ﬁE®%%%Q3AIK%TOit,EK@,W%%@
% 35° & LI-BAIcRG40 L 0 REDBERELHDOETRT,

Wiz, MEEERICHED mh OB T, RBAYXVRED mh L, REBRAERD
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U, £7-, BIiCi, WEEEAY 35° L LB L IRED mh bhHbt
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3. 4. 2 FHEW
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NOBEITRERIZEZDHEIIOWT, FRILETZEE, RETDOIILETD,

(1) fRFFIR

AT FIEZ K 3.4 1 \RY, 7B, RETEMT D FRBITICOWTY, STEEOH
BALD = DEEICHE/ MR RIS E L, B8 TRENTM/NEEICR T 2BITHERES
Bz EéLl, £, HHEOLYD, By MIXRIEIFREIN L2V BDE LT, B,
MRS ETHE Y POBREIL, FB2KREY £ LOTRENTZA =y 7 DFLMLE
Ths-2.5mfhre L7,

#hDIC, 3 IRTTIBMIARAT £ ¥ BN AHE/INE v MENIRT BFESTERNIE TR 0%y
vy MNEEIZBITBIGHREEZ S L12, 2RTREEMRITICBI 2 HISHERE L
(stepl), WiZ, 3KTEHEIFET L VBN A Y MEHIEE (Fy MBHIETE) O
REEL, 2RITEMEHETLVEOSND Y Yy MBHIRFOIG/IREEZ LEB L7z (step2),
72 2 RTTRHEEATICEV T, 3RTIAARNT & FRIZ, vy MERIREOISTIRE
%, Mohr-Coulomb DAEELKEIZHE 5 ST EMEBMARIT TR =, RIZE Y FNERIZARER
(RO OBIEHEMEARL L) 2R E L7 (stepd), ZDRFRTOIRIREL S LI,
HITE CRE SNT- RHIZEMRT ICBE OMEEICTE, REIZEEMITEIT o7 (stepd),
B ET AT, THTHER COREMRER (FIBRE) ) BT 2R BWME 10 £
MERBEL, 10FLE Lz, B, @ITcBWVLTIE, vy MNEDEE LREEM & ORicy =
A FEH (Goodmanetal. 1968) #EIL, FIEE (EISHMBEIERI & R-THAITAE
C3E LT, 0 (FAKIS A EEER O—EhERERED 1/2 L EE RoT-BEHITEL
HELl) EEEBRELL,

EEMIC, #3.41ITRTHAE, ThEh At (FFFRyuEENCER T 5 5M), B #h (5F
RYUEEN G R) EFRTHIE LT D, stepl, BI W step2 DEERUTIIT BISSIRAED Ll
RRZK 3.45 (Afh), BLOXK346BEIZTFT, KLY, 2RTRHBHMEITIZRIT
5y MEHIBOISRER, BHFKRESNTND I EMRHN5, TNENORIZEBN
T, HEIY Y MERD O OBEREL 'y MEFIZE d (0.55m) TRRLZETH D, %7,
oIy MERFEISS, o 3y NEAFRIEHTHS, 22T, B3.45 LY, A B
FRYLEENICE AT 5 HE)TIIE v MEEIRT(step DD By MEFEOERF MG 0B Y
FMEFIHBLUREWZ EBan5, Zhiud, HRIEDCHEIZLZ2EETH S,
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341, [€3.4-2 ORBIERENTT L 510, £EOELRENT, HREOEMOREI
BEEIRIET 2 L E 2 5D, KEOEHICBNTE y NARERICOVWTEZTHD L,
BEMH D DR ABHREICHK LT 5, TORADEREL, BEHMOBNECKELERD
LEZLND I LD, I TIEIENEBRIT RO HICHTY, BEN ORI AT
BB ZAHBIIOVWTHRIIT AL LTS,

HokmY £ LHICBNTIE, K347, BEIUR 348 10RT LI, BEHMORA,
BLUBKEE T A—5 L LT, —BEHRBRAERIN, ZhBnofods—
BERAEE, MMEREAE LR TV,

600 1 5 - .
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< 400 2
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& o
& 300 } @
1 5 2
§ 200 . ;iﬁ
100 | !
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B 3.4-7 HREMO—HEHERE B 3.4-8 fREMOBMEER
(B2XREYFEDHIZKD) (FB2XMYELDHIZED)
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3. 4. 3 XM
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WBTH, KROEHPMEITERICRIETHRBII OV THLRNTOIL LT D,

(1) BAFIR

FENTIC B E R R 343 10, ARATFIES R 3.4-4 \7 T, ¥, AHTERT D
BTV, EHESRERLL, Yy MIXEIRBENDbOL L, BITRZE
FBEy FOEER, TELFEBIC, $2KERY ELEDTRENA =33y 7 O
B TH5-2.5mfHEE LTz,

MIE TR L7/ NEMSIC 351 BARIT & FREIC, BAIT 3 RITHBMIARAT X 0 B o 5 R
By MESIET GRESUERNIZTE) oYYy MNEEICKIT2ISTREBE b LIZ, 2
W T B HIREIRENTIC 31T BOIBUS N A RE LT (stepl), Wi, EEAIISHAHKEEZ A
W (step2), 3 RITIREIARNT CGURHRE) LV HELIhDE Y MEHIR (Fy N EHIZE T )
DISTIRIEL | 2 RTEHSBMNL v EDND Ly MENIRE CURRER) DIS/TIRE
B LE LT (stepd), RBAMATICRNTS, 3WITMHIARNT L FikZ, 'y MERIFRO
5788 %, Mohr-Coulomb DREEEENEIZTE 5 STRMIBMEARMT TROTe, WICE Y ~ RER
AR (BTURER), A —S—Sy 7 (GIREMER) ZRE L7 (stepd). ZORRT
DIEFRER b L2, BTEE FECRESEMEIT 21T o7 (stepd). XHL T DRI,

[T HEER COTEMERME (23 BM) | ([CRiT 2RI 10 EMLBESNDH,
B B SR ER D PIECARITIZ BT A BB OV TIRAT 2 BT, EEICHRBLAE
1,000 EEE TEREL Lz, 23, AEEFERIC, IR LEEH L OR, B L OFEEH
LAty s L ORI a A v NEREERL, M ESABEIRIEN L 2o R
CAEUBELE), 30 (EABTSAAEER O—SEMRIRED 1/2 (0.15MPa) LlEL
RoTEBICAELBE L) EHEERLL,

% 3.4-3 fFICAV-MEE

HIEERE

NEREIRA

BN

(MPa) w7 Uk ') (MPa) Ny m ERTERBL

o 2,520 0. 242 e 37 o | w | 327
(1&'?%?@)” 2, 520" 0. 249 36,09 37 | 20| 20 | 3 4 1
BEH D 30 0.3 - - - - 3. 4. 2
A—n— 5 _ _ _ _ B2R
oy 2.1x10 0.2 R
TR 4,000 - - - - - 3. 3.2

1) WL R, 2) WIEAR7 Y Uit, 3)steps, 4)1.0d, 5) WRHEDNHELL, 6) BT H AR 36MPa
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BTN L VERE L B L LTV k-7, BERLICEA2PEDKTEBR L%
BB AEMLBEHEBRORLEDN, ZEELLWEARICHEBE LIV RELS 22EMETRL
DI O DBEEANEZSNDH, 3. 4. 2. (3) REZICLDFEE), BX
T3, 4. 3. (2) XROZEE) IZRBIFIERNOEZD L, FCIROBRKREIZ L
AEERKE Dol-Tmd L HEIND, B %X, Hisatake (2003) 1T, XROBERIZE Y
RRUKTEMEEZ 275 MU RVOEMMERTHZ L%, HARBRLEOKELZEL, MFRITRY
IRLTVWA, R 8.4-14 £V, KRBT HEBOERThH-7- L 25, X 3.4-18,
BIUOX3.4-19 0 6E2 5L, BESLICE2UEDRTEEELEEEIX, REERD
FEREY (EREESKE 2B ICXESBRL, BlexbhRaEeBELLOND,
ZhicxtL, BESEEBLRVESIL, HIBRELRCABI oY (EREEMN
HABE/NEL o) ICHRBBIRL, BENNEho®D, TEICEMES
FEROENE L LD LHEREND, TO%, BELLOILLY, FERROEL (FROE
FEE) Lo TWBT2D, MEBOENRLENLRN-T LHRINS,

BTE, TR CORENFTERE (5 3B IBWT, AotkifnEEMkR L2 K
AEHTRMERBRAHE SN TWAN, ZTOHMITH 10 EFTH D, KFRIZBWVTIT,
BEM ORIMIE TP RN L 2 BB ~DLENHBELER L TV, TOHR
BWT, O, @LRBEOMER (BLIVIEDERMBTREL, ReNREREZRT) 3
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EEOBEBIZBWT, BHICO ) EEFNFHRISNFIXIZEA L2V b, R
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SER L MRS A xR L L — SRR ) — T RBRE ER LT, TORR,
SKRERSE A T L S BB A DORARET VG ER L SEE L, RBREHROERZ
S LMTEE, ¥z, wAFI ) —TRBREEMTILICLY, BIEATO 1R
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-121-



JNC TJ8400 2004-005

- BEXH

RIE—I1ID . BRIEA D SFERE, KRB KPFFERTER, F 16 B, pp.753-764,
(1973)

HEEZ, BFEFKF  SREE2RE LI-EHEBREEINTT (B A1 7 L BRRHEE
EBERTHREE), JNCTJI8400 2002-011, (2002)

HFHEEZ, BEiEH e ORMNFNEFRZEBNE BIREY 1 7 VERREE X5
EFEHREE), JNC TJI8400 2002-061, (2002)

BONFEES  BAO—EEMERERIEDTEET, ISRM $58t, Vol.1, pp26-31, (1982)

KA : FERRFEEMEET VI L AMBEEREDOY I aLb— a3y, AALES
5, Vol.103, pp.293-296, (1987)

RARBI, @BE RS T ML 2ARIERDEREE DY I 2 L—
vay, BREFEM, Vol109, pp.209-214, (1993)

KAERN, BHBE]: 20754 7 AR ERERFEROERIZOWT”, iR
#+, Vol.113, pp.561-564, (1997)

RARBIM : 2T 54T AAERERFERROILERSE 7 ) —7HBRERICE S
MREt, BIEL #F#F, Vol.118 p.737-744, (2002)

RAFBIT, @B B TEKEORS V) —7HBR EHERGER, 'R L RH,
Vol.118 p.36-42, (2002)

RAGRBI : B OREIMBET B, 1 7 VESERITER FREEREE
HHEKF), JNC TJ8400 2002-062, (2003)

M1T# : NATM 28T 2 X{R M5, MM, Vol.10, No.1l1, pp.6-12, (1977)
BRI A 7 VERREE - DOREICRIT D8 LV TR B AL B HTRIE

FEME—HE SRR E 2 KERY L H—50M 2 HELS O TR, JNC
TN1400 99-022, (1999)

-122 -



JNC TJ8400 2004-005

KRB A 7 VRIS - B LUV R O B L BT B DA —
TRk 14 EEHE—, JNC TN1400 2003-004, (2003)

KRB A 2 )L B R R B R Z Y v & — EE M B ZCHE K 13 AR
EFERERLE, JNC TN1400 2002-004, (2002)

KRR A 7 LB RS B 2 o & — WRIERH B A FC S A 14 4R BE7HR
THFFER RS, JNC TN5400 2003-001, (2003a)

KRB A 7 LB R IR B R Ao L & — SRR B R RS A 16 SR EERR
ERFZEEE”, JNC TN1410 2002-002, (2003)

KRB A 7 VB REIRIEEHB IR 2 o & —  BEREH A 2 /L BRRBHR T R
EBHFZESHEIC 3517 B H FRFIC SR oD Ze iR Ze ST (SRR 15 45 ) , (2004)In preparation.

EEEIED - IEEHEZE I THERERICET 2 EARHEORS (K 14
), YA 7 VEHERHTER BB 1 7 VAR TEHERRBRES), INC
TJ1400 2002-003, (2003)

WFtEE, RN BT R oRCRIT A NATM, BEHRS (1988)

WAEBIZN . P RLVOREETFEO-DORFEAMOTH, TARFERRIE
No.493/II-27, pp.185-188, (1994)

AAERAR : REEE $=£ brxr, (1997)

B AEMIN : IV TTA T v ATERERFERE AV 01E FEM f# T FEO
B%, TARAE 58 EHERFMEFEMES, M-528, pp.1045-1046, (2003)

EHEE—IID KRS b RVORPLEEICS 2 DHRICHET HAETERE, £
A2LE 33 BEBNFICET 5L U RY Y LERRXE, (2004)

E.Boidy et al. : Back analysis of time-dependent behaviour of a test gallery in

claystone, Tunnelling and Underground Space Technology, Vol.17, pp.415-424,
(2002)

-123-



JNC TJ8400 2004-005

Goodman,R.E. et al. : A model for the mechanics or jointed rock, Proc. ASCE, Vol.94,
SM3, pp.637-659, (1968)

Masayasu Hisatake : Effects of steel fiber reinforced high-strength shotcrete in a

squeezing tunnel, Tunnelling and Underground Space Technology, Vol.18,
pp.197-204, (2003)

-124-



JNC TJ8400 2004-005

fHE—1 OKEAREI7HREHER)

KETIE, 2 TORBREIISNEFETITHE LTS, JI TR, a7KEHME
BAREFENC LIBE, KAREFLVOEEENED X HICET ZNITONTODS
EF_FREBETLEEME LT, AEFEICaTkE L RERE TO—#EMHRR
BiioT. aTHREHFELUIMEL, STARORRAELRKE L, RBREGIIKTH
BE L BB, SEERLEE—Y v 7 a7 RERLaT Tidinroici®d, a7
thx OBEBEILHAICOWTIHEB TER1 o7,

REAMADTHEL R E Al IR, 7, —EBEEABREREM A 11, K A12

2T,

FA1-1 EREQ7HRBAEOTES

B e

EHEE

¥ E

FHH|S FR

REEE

L iTivd

Ve Vs vtk

[m]

(gl

fcm]

[cm?]

[em] | [cm®]

jg@ma] [m/sec] | [m/secl| [-]

464.00A | 464.00

43.1

2.434

4.654

4987 | 23.208

1.857

2168 1441 0.10

~

0.4 ’,f

0 1000

2000

3000

4000

5000 6000
2B tlsec)

BIA 1-1 —BhEMRIER B —FEAH 4R (463. 00A)

fF-1(2)

7000

KepER

8000 9000 10000

KFEaTRhE



JNC TJ8400 2004-005

20 ' T T T
— -V THE
— [ K ARETI B
20.0
5 15.0 ﬁ \
a
S /f
b
8 \ »1
£ 100 , \,
5.0 \
] N
0.0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

VYH eh]
BA1-2 —#ERRER BH—FEHERR462.000) KbEE KFa7HE

—BEERESCKARET VOEERER A 121277,

FA1-2 BIEEA7ORABRETILESS

= o : Al n m a gc
RBRGES HBE T T [ [MPasec] [MPa]
462.04A 7}(‘*"‘%"& 0.000410 18 18 2.11E+32] 17.15

BlA1-3~F A 1-7 2%, HBEBSICT D720, shEF AL KFEFRMDaATIREI
L ARBREN OB ONTERARET NVORERDOBES 77273, KEFEIZL D=
THREZIX1RBREDHATHH-DMEIXTERV, KFEFFE, WEOEEHITHR
REREFRVRDOLNR, I T7ONEREIIFEIEET I EEXONDN, LY EL
DRBREIZ L PHERBBNMETHD EEZOND,

f$-1(2)



JNC TJ8400 2004-005

1.E+70

1.E+60

1.E+50

1.E+40

-2 1.E+30

5MPalit: 1D Fdh(sec)

1.E+20

1.E+10

1.E+00

] snERE
 ESE

i

1

|

n

462.04A 462.04B 462.12B 462.12D 463.04C 463.04D 464.00A

®A 1-3 HHEEH—FE GMPa) TOHFBOLLE BREELKFIATEHEE)

1E+11

1E+10

1.E+09
'g 1.E+08
48 1.E+07
1.E+06
1.E+05
1.E+04
1.E+03
1.E+02
1.E+01
1.E+00

80%FE AL RILDFHF

1 smEkRSE

[ ESsd

!

1

1

462.04A 462.04B 462.12B 462.12D 463.04C 463.04D 464.00A

EA 1-4 BALAL—E B0 TOEROLE REELKFIATES)

#-13)



JNC TJ8400 2004-005

100

%0 C ] snEHRE
B kK FiRE

80

70

60

40 —

30

20 |

oL l:

462.04A 462.04B 462.12B 462.12D 463.04C 463.04D 464.00A

BA1-5 nOEE GRELKFIATHE)

C ] wmEHkE

0 I 1 1 1 1 1
462.04A 462.04B 462.12B 462.12D 463.04C 463.04D 464.00A

BA1-6 mDthE REEKFITEHS)

fF-1(4)



JNC TJ8400 2004-005

50
45
40
35
30
25

o c(MPa)

20
15
10

[ smEkRE

B Kk FiRE

462.04A 462.04B 462.12B 462.12D 463.04C  463.04D

RBA1-7

—BHERRTAREDLLE (SREELKFITIRE)

$-165)

464.00A































































