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The geomechanical evaluation and analysis of surrounding rock
mass behavior in excavating research shafts and adits

Takayuki Mori*, Seiji Morikawa**, Kazulo Tabei**,
Keita Twano*

Abstiract

INC Tono Geoscience Center advanced the plan for a comprehensive geoscientific
research program featuring construction of an underground research laboratory in order to
develop the research and evaluation method of geological environment.

In the prospective site of the laboratory, some geomechanical investigations were carried
out usingl000m borehole and mechanical data about Toki granite were obtained. And,
further evaluation and analysis are scheduled for design of the underground research
laboratory.

Therefore, in this report, following analysis was carried out based on these mechanical
data.

1.Based on the research data and conceptual model of the prospective site, the rock mechanics
model was made for 3-D FEM analysis, and 3D stress distribution that correspond with in-situ
data was obtained for the surround wide area.

2. 2-D MBC analysis that can consider the discontinuous rock behavior was conducted for the
shaft and the adit case. For the shaft case, rock behavior was small in fine rock zone, but large
displacement was found in the fault zone. For the adit case, the behavior of the joint opening
and rock displacement was varied with orientation of the adit. But this behavior scale was
small.

3. For the shaft case, distinct support effect wasn’t found in the fine rock. In the fault zone, the
steel support was yielded, but this seemed to contribute to the prevention of rock fall or
expansion of loosened zone. The lining concrete was assured for the permanent support because
it was estimated to carry small stress.

4. For the adit case, displacement control effect wasn’t shown in the fine rock, but for the same
reason in the shaft case, rockbolt supposed to be need.

This work was performed by Kajima Corporation under contract with Japan Nuclear
Cycle Development Institute.

JNC Liaison : Geoscience Research Group, Tono Geoscience Center

* : Kajima Technical Research Institute, Kajima Corporation

** . IT Solution Department , Kajima Corporation
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d=4%.4lm § =49 41 m
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4. 5. 4 RELE
VHIRITRRON., BB E2E4. 5. 77T, L2ROFMEETS LT,

Tl 7—OOMBEEZRAN, £4. 5. 2 TRTEHIC88R/ -T2

HBED c BIURIEEEA O ZIRNRBLOREL . 88— TENENEIT

Riza0, BBLEHED c=21~35 (MPa). NEEEA ¢ =54~68" OHETH

Do
ZEHE (FS) OFHFIH4. 5. SITRTIOC. BAMEHHEAEREOREEE
HoTFMEL, 1T TEBRVIEEB LI LexRT,

WEMCES EBE (L-200mD7r—2Z (Casel~Cased) Tld. WH AU OHEYE
FHEOSBOERAEGHDMIT, 133 MPalBETHS. B8/ —2 1 OFET.
N EEAZZEL-EE, TANBRBILEZST, ¥28 (FS) =1 L5 E
7z,

BE GL-500ma 7 —A (Cased~Caseb) Tk, MO FAIZERFL. VYA
WEBOS S, bH - @REEOBERICBENT, BAEIRANKERELRZD, 20O
RAEFKSMPaBETH S, LaL, B8 /—1 2 0E, NEEEALZER
LSE., HANREBIEI ST, 2% (FS) =1 JA2\idan,

GL-945m®dD 47— A (CaseT~Case®) &, @G E~ BB R QA W/ iz
—ib L TH 0, HHERMGEOESBEON, tEBLUREENEOERTIESEER D
BELUTWS, F0ED. TOMEOERIISERICK > THIBL Tns,

A

02 1

B4 5 8 BREEOEE



v-+v

case 01

case 02

case 04

MRBTER REXSME




4. 5.2 KENC. REEEAD OHIE
ST o ZONE] —
BRREAR] kD C [ NERBAC | Volmr) | oREE] e 0
m) (MPa) ) tam/s) | tk/s) =
105,74 32.86 53.10 553 4.88 25,74
106.89 40.02 51,50 5.28 5.00 35.11
110.15 36.00 51.10 5.08 5.18 36.00
208.32 37.00 36.30 5.05 5.40 37.00
208.85 52.80 51.80 5,08 5.40 52.80
MIL 209.85 43.40 42.58 5.22 5.40 43.40
28468 46.50 53.60 522 5.15 45,27
285.39 56.90 49.20 5.05 5.21 56.90
286.04 4493 53.90 509 5.19 4493
383.52 42.18 52.30 519 5.27 42,18
38424 22.96 58.30 5.09 5.30 22.96
394,80 39.63 51.70 5.29 5.26 39.23
95,00 21.40 59.10 4.84 4.16 15.80
MILZ 187.18 20.50 57.90 hi7 .04 1947
300.60 24 40 58.70 5.04 4.98 23.82
380,19 22,50 59,20 5.13 5.34 22.50
136.00 34.50 54.30 5.61 5,28 30.56
MILI3 248.00 44,40 47.60 5.58 542 41.84
349.00 37.50 53.20 5.36 5.07 33.58
R N __ZONEZ DL
HEfERE] 58 AH C | RiEEAS | vo(BR) | Vo(RAE)
(m} (MPa) ) (km/s) (km/s) HR IR
498.33 32,08 54.30 5.60 5.26 28.25
498.86 36.30 52.60 5.75 5.21 29.85
489.45 35.61 53.10 5.76 5.26 29.73
583,33 31.98 52.80 5.78 5.24 26.27
MIU1 584,16 19.82 56.90 5.77 5,30 16,70
584.68 38.04 50.60 5.92 5.28 31,06
690.53 44.54 52.60 547 5.26 41.24
691.16 45.91 53.00 543 528 43.41
692.66 39.53 54.70 5.58 5.25 34.95
MIL2 480.22 16.60 55.30 4.85 5.29 16.60
598.20 12.50 62.40 5.34 542 12.50
MIU3 508.00 36.60 52.00 5.57 5.23 32.27
EﬂEﬂ:%ﬂfi EA ¢ | REEEA | Vo (ER) | o REE) ¥ hiB T
{m) (MPa) ) (km/s) (km/s)
795.33 55.62 50.70 5.68 5.26 47,76
796.33 39.63 56.90 5.59 5.26 35.02
MIU T 796.91 42.38 56.50 5.73 5.24 3542
906.52 37.38 54,30 5.44 5.03 32.01
8909.86 22.76 58.90 5.69 402 11.33
914,18 36.20 56,80 5.70 5,06 28.49
MIL2 701.35 20.60 58,80 5.14 5.38 20,60
795,45 21,60 56.50 578 537 18.67
R ::‘.:5-.::".' ;:::_:: & f:ff::'g.;:‘ ::. _ZZONE4'j':.:::'E RRELES RS L
FERAEZFE| ¥BEH C | NAEEAG | Vo(ER) | Ve{RHE)
{m) (MPa) ) {km/'s) (km/s) R DRI
806,00 35.50 50.90 582 5.09 27,12
§56.00 2460 58.70 5.54 5.30 2249
MIU3 885.00 34.60 57.70 5.66 5.34 30.78
945.00 49.60 51.20 5.54 5.26 44,76
1012.00 35.60 54.30 541 JEELREAGL] BHRELL
R R BT
REAERZFE| ¥EH C REREA e | vol(EM) | Vo (REIE)
{m) {MPa)} [ (km/s) {km/s)} WHORER
MIUZ 836.00 23.50 56.70 578 543 20.76
975.15 22.20 59.10 4.59 4.91 22.20
MIU3 664.00 17.80 50.80 562 |SROEELL) SESERELL




4. 5. 5 FH{HBEkEFE

BHOBORICEIE, 8R0S MERKREREREH L, BkEESA2H4.
5. 9IZRY. B, BHOEFRKEREZ, 88%H Ty FTOBRKREROBMLE
LEDETHEZ. BTy FEULTETY—ATERI LY bEERFEELTHER 0.
THENORARE Y FOZCLE2BKBEHE I HZE4. 5. 10~K4. 5. 121
A U A

Fie, FNENORETEREEOBEKEE Knatex WENFNRIZS D, KT D
A= VREEZEIZEZTND,

EEMICES &, BE GL-200mD 4 —A (Casel~Case3) Tid. ¥ty &
LU NSIE ODBEBOATH O AHEIEROBHIMEOERTAENFEDOL T
5. LL, HORRIFEEITNAZTWED (1/100mm) . BARBEOZE TN,

RE GL-500m®D 4 — A (Cased4~Case6) Tld, BT v & LT, N41E, N8TW.
NS @ 3#2ELEELUTEATRY, 055 N41E, N8TW OEEE 211 T3
AOSEZEMEOL. BAREENELLL TS, BEORDIC L 0 BEKGRENTL L
D3, WHIEEEN S 25mENTH D, FTREHT L HFERLTWS,

E GL-945m @ — A (CaseT~Case®) Tid. &%t v b & L T. NI10E. N65E.
N8SW D 3 BEFHELLTHATWS, ZN5 07— X TG H2MED TREIC
EBRLTHED., BRFELIARIL N1TW THD, TOD, BT Lt o B
BT, EIc@8%FHty 1 (NIOE) OETHETER2ETHOL TWS, 5/, #
Hlick58HOBUIL, 8RERORH/NINEREY 3 (N8SW) OEET, i1
FREIOFIFRE A mOSERAROL T3, ifo T, SR ENEEZEEB 0%
MAEB (Kaaerin) ICHAR, 1 EELTWS, 725, SHOMEBEmEE S TidEits
FIOHEFET, BENS 29mOFEHRE THEAKFEE21.0X108 L73>THD, FIHAE
DB FET Knareix=8.3X10% (m/s) 1T~ 1KLL T3,
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1v Za=0.65m
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2a=(024m
d=0 16m
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case 01 cage 03

B i m:
1.00F-8 1.00E-6 1.0KE- LOQL-6
(m/scc) {m/sec)

1.G0E-B

1.DDE-5

{m'see)
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REGL=-500m
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| n
1.00E-9 1 DO

{mrsec)

(m/sec)
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FEEGL
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2a=ENEE A Th (M)
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t e,
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EEGL=-200m
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EEGL=-500m

case 05 B 2
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{msec)
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my/sec)
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d=43 datm §
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1.00E-7 1.00E-5
(rm/xech

3
L.OOE-5 §
(m/sec) H

case 08

Zu=00.24m |
d=0.1um |

Ta=u.24m 2a=0.24m |
4=0.10m 4=0.10m

| zo=BFEREBHE(m
RS U F: T 1O
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4. 5. 6 MR

MU RON, SRR tosAEK4. 5. 13~F4. 5. 15IT%
T SMEEREE T AROBOCIVEREN-EERETH LN, 22T
HMoEROBERE T TERLLLE-bDRERLE.

TREFORRERAAFROFGHEEFBBE E. 2K 4. 5. 1 3IZRLE, 23U
MBC B OfER. FERIEZHEHINZN Ao RAKEIGHAMZRD., FOHME
DEITHE R Z I HIEE R TE - b D TH D, ZOHRZ2R2E, WFhor
—ABBROMEEZEEL TW AR TH B OERIZR S 720,

FiT, WEAMOSME RS BEx 24, 5. 1415779, BEICESD &,
HE GL-200m®@D 7 — A (Casel~Case3) T, H &b e, BHOBEOEHES /N
<. ExOERITAE Sz, BE GL-500mD 7 — A (Cased~Case6) T,
HIEmMANHERORANIOERNEZTE ExMERL TWS, 2L ZoEE
V=l TO&EEy F INUEOBAOIZLE BN TH D, GL-945mD 7 — 2R (Case’
~Case9) 3. BITRBERICLZD, Ex2MERL Tnwa., Zhid. Ficoosse/
—2O8FETY M1 (NIOE) OMOIZX2H0DTH D,

4. 5. 15@EILAFROEMEHERKIL ExZRLEDOTH S,

BERICES &, BE GL-200mD 7 — 2 (Casel~Case3) TiE. Ex LRk, &
HOBOBEEN NI VWED, EvOERIZR Sz,

REE GL-500mD 4 — A (Cased~Caset) TlE. #MEBEEmAI SO EILAED
BFRMEFEIEEAERL THS, 2T 088/ — > To8FE v + 1(N41E)
OROIZES5HDTHSD,

GL-945m®D 7 — A (Case7~Case9) 3. HEIEmALEROEILMEOEREN
SOUBEET Ex WEBML TS, ThiEizoogg/— > Toadvrvy b+ 3
(N88W) DROIZX2HDTH B,
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mE 3230

FEGL=-200m

case 02 | | i ; case 03

24=11.24m } 2a=024m
4= 40mi d=1 4t

EEGL=-500m

5-+

2e=n4am !
=0, 5m B

Im Tim §
4-49.41m d=42.41m §

»

FEEGL="-945m
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: a=0.05 i
22=0.65m 2;_{6'2'7"1 " 2441.65m |
=l 30m 4=l #47m
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o= IR R R}
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4. 5. 7 BIarvoU—-bksh

BIaZ7Uu—rORhafERA4. 5. 1610RT. £, REETORNES
BHL, BRESEE4. 5. 17, WhHE0—%£2%4. 5. 37, BILEHE
DT T 7284, 5. 18ITwET.

BTa>7U—boieAd, SIViEE GL-200m Tld 0.81~0.98MPa, SIHIERE
GL-500m Tl 1.12~1.72MPa, M YR GL-945m Tlf 1.44~8.53 MPa T#H D,
GEPRRDIIEBTHRAIKRNEL RS,

2B, HEGL945m O —ATIHAEHEHBRH TH 220, BLEARD L=

DREBELIE>TVS, LIS ASHEHRRE CIIEIRENMBEE UTHERLT
BY, HALFRORTRENEBRL TWB 28, YN THEHEFHRAOBET R AN
F,
KiZ, UVIOZENY—2E LT BIOH] OBEE TBIHHIERT] 2D0n
THBRTLE  HUTRIOEETELI L Z7U— MOIGAICEBEELZER IR ST
T, BEGLYMsm Oy —ATHETIA 7 U—FOHOT — AR IEZET
LHBTHETREITIEAEH 0.3 MPa KM 5 IRETH 5,

BB, WHEICDOWTE, MAdETII 7Y — SORFHENEREZ f=18.0 MPa
(FREMBIE fcd=13.8 MPa)E L TH, BB EL WHEE GL-945m O — XA TH 8.5 MPa
THO, REREOHRANIZHD, BT 71— rORESHEIEREINDDEEL
5%,
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XRERD (EIDH)

RO EI+METRI)

FEREGL=-200m

51 Step( 50 51.000

N

7 \){
4?’ N
%_’ 0.98 MPa""""""j*H

./;‘gf;;E:jI:ﬁ‘;’?.:-'

51 Step( 51} 51. 000
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e \\f
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fiy 098 MPa""”#ﬁHf
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Y b B /;f»
Yy e Y s
> e Pt ><_\ N !
TR R
Def Scale 'O bet Scale 1000
61 Step{ A1) 51 000 51 Step(  51) 5, 000
P ey
£ <~ % XS
(] Al \>( .-"r{fl >,
o 5 SN . /. \‘-.‘-".
L‘l-, !{ #\‘ !“f' e
i Pt i s
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: I | /
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b e s Y of
2 < = . -
Wy s [ x N s
FLECPIE £ S RIS
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&1 Step( 1) 51.000
o
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o
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|
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VN e T Wt sozie oo Bef Seals .0
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o
*4.5.3 ULBEHTHER BILNI—ER
BLH Bz :MPa
[E#s: —
ZEEEGL-200m ZFEGL-500m ZRIEGL-945m
s EF TEANG-v1 | ZEAN-V2 | TR0 ZREN-v2 | RN | R -2
B (BI) (EFEI+EI (I) (ZHRI+HET) (BT) (ZRIHET)
CASE02 CASEQ3 CASED5 CASEO06 CASE08 CASE09
1t 2 | 337 -0.81 ~0.81 -1.57 —156 ~1.49 -1.62
3| 338 —0.82 —0.82 -1.37 -137 -3.00 -2.99
4 | 340 -0.85 -0.85 -1.41 -1.40 -467 -454
it 5 | 342 -0.88 -0.88 ~1.45 —1.44 ~5.95 -5.81
6 | 344 -0.92 -0.92 ~1.40 -1.39 -7.46 -7.28
7 | 346 ~0.96 —0.96 —1.21 -1.20 ~8.47 -8.25
= 8 | 348 -1.12 -1.12 -8.52
9 | 3s0 —0.97 . -1.19 -1.19 ~754
10| 352 -0.94 -0.93 —1.41 -1.40 ~5.95
s 11| 354 -0.89 -0.89 -1.42 -1.41 -4.66 -4.47
12| 356 -0.85 -0.85 -155 -1.54 -3.25 -3.13
13| 358 —0.83 -0.83 —1.44 -1.48
- 14| 360 -0.81 -0.81 -1.57 -155 -1.49 -1.62
15| 359 -0.82 -0.82 -1.37 -1.37 -3.00 -2.99
16 | 357 —0.85 -0.85 -1.41 -1.40 -4.67 -455
=g | 17| 355 -0.88 -0.88 -1.45 -1.44 -5.96 -5.82
18| 353 -0.92 -0.92 -1.40 -1.39 ~7.47 -7.29
19 351 —0.96 -0.96 ~1.21 -1.20 -8.48 -8.26
75 20 | 349 —1.12 -1.12 3 90
21| 347 -1.19 -1.19 54 -7.33
22| 345 —1.41 -1.40 ~5.95 -5.75
g |-23] 343 -1.42 ~1.41 -4.67 ~4.47
24| 341 -1.55 -1.54 -3.25 -3.13
1 | 339 -1.70 -1.44 —1.48
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4. 5. 8 MEIRIICHB<EWALIEH

WESTRETIHEAOKENOMTERA. 5. 19577, £/, H4. 5. 20 «
RUAERESICOVT, SEXTOWNEAZBRBLENAO—%E2E4. 5.4 12,
WHLRTOIAMEORRT 775284, 5. 2 1ITRY.

ZORER, HEZTRIOEHIMDIE, MHEE GL-200m TiE 180kN, MUIEE
GL-500m Tid 270kN, HIEE GL-945m Tld 2,860kN TH Y, WINBEMHE AT
MIOEENE BB I EHAITIRELZS,

725, WEGL-9456m O —ATidH SWEMF-T TENENRKZ WD, R T
DEIEBH TARERME > TS, Lnvd, AHEEBRHEH TIIRHMAMREEICE
BLTHED, MitAMOBTRENSEL TWa ), U THEA S ERIOG )
KZEW, FRTRTOTAENAR), HITFE—AL FMMIZDNWTE, WTFlDy—2A
HEAIWNHIEEBDH T/hE <, MANESRIIHEATHER> TS,

RITHBZEATICHIEHDRAFEE RS &, UHUEE GL-200m Td 59.2MPa,
MHTEE GL-500m Tl 92.6MPa, MYIEE GL-945m Tl 972.6MPa THH, W
TNOEHMOTHEENES RSB FERNETRELARS,

BRI, \IHIEE GL-945m TRIEBMRRH T RENRIEOEKHETH D, i
OB LRI TIZE L WIRARREAEL Thd, 20D IO TIISEFTHEIOF
EE 0.=240MPa ZHEEL THD, BTH, ZHETEHERL. BEEEE2EZTHO
EEZSNERMG OB EHETLORBLL, 272L., @A, —KER
HMELT, MESHLELDSH0OERBMEDRT EOHEEZTHREEBET IO LA
bhad, 517, IRTEERTZHO0, TORITHRITZEII 27— MDA
WFEFRELRTH 20T, INMOAAEZ LOBREHEEHAIND LA ENS,



fiFE—AN

EEGL=-200m

51 Step{ &1} 0.0

CASE3 & .

o -

e

4 Nou= 1780 et

Onf_Scain

S 0.09 kN

Po-¥

EEGL=-500m

L)

S,.= 127 kN

0.0
R
A
M., = 0.09 kN*m
¥
[N1]
N

N

M,..= 088 kN-m

<

max

FEEGL=-945m

51 Step(  51) e.0
CASE6 . i
N,= —272.6 kN
51 Step(  &I1) 0.9
N__ —m—
CASE9 T . 220, 00

4 Now ™ ~2860 kN

Bef Scals

0.0

M. .= 5.6% kN*m
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#®4.5. 4 MNHIBAHER MEXERIRN-ER

Em:—
5 FEEGL-200m(CASEY) AR GL-500m{CASES) FEGL-245m{CASEY) - i B &L
s &S i | eatin| BT nsmmnlwmsn | wamn WTRS | it i) W% | AT BBTE2 s o st s
N | SU0 | e | omee) | oape) | nan) | st | ok Fohpa) | otes) | NG| SK | ol | oPa) | o P
& ] 24 [-resar] 00093| —47.79| 49.19| -21762| 0709 0625 —67.88| -77.20| 14820 2171| 3640 7656 | 2224
2| 1 [ -14600| o0097] oo01| —a896| -4808| 2493a| 1115 -0432| -8634| -79.89 0521 ~17029 | —162.51
3| 2 |-15067| -0015| 0016| —50.10| -50.34 ~0520] 0069 . 0.127| ~258.35 | —260.28
w41 3 [-io7a0] oois| ooor| “saaz | -sees [FFREN] oarz| -0z 185900 | 2.626] -2.366] —637.32 | —602.01
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(Eigpk) [@[05m-0.75m| 7 12.83 8.92 10.23 11.57 13.87 13.65 1212
@ 10.75m-1m 8 11.02 6.40 8.13 8.03 10.60 8.33 9.39
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