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Post-excavation investigation on excavation effects on rock mass around a drift.

T. Adachi®*

Abstract

In order to quantify the extent of excavation disturbed zone (EDZ) and the mechanical and
hydraulic property changes within the EDZ, Tono Geoscience Center has carried out a series of
in-sitm and laboratory tests at the Tono mine since 1987. The results suggest that the EDZ is
induced by excavation and its extent is dependent of the excavation method.

An in-situ rock mass displacement measuring device was installed in the NATM driftin the Tono
minein 1994. In 1998, for evaluating the long-term stability of the rock mass, a set of field dataof
the rock mass displacement was acquired and discussed. The resuls showed that the displacement
around the drift was still increasing 36 months afterits excavation. Furthermore, it suggests that
the entire section of the rock mass between the test and measuring drifts is slightly deforming.
Further, to quantify the extent of unsaturated zone around the drift, some existing experimental
results on the water content measurement were reviewed and discussed. It was shown that

cross-hole radar and TDR are the potential methods for measuring the water content in rock mass.

This work performed by Taisei Corporation under contract with Japan Nuclear Cycle
Development Institute.
JNC Liaison : Tono Geoscience Center, Geoscience Research Execution Group,
Group Leader, Seietsu Takeda
* | Taisei Corporation , Engineering Division
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0.5 0.76 0.78 0.89 0.98 1.04
1.0 0.67 0.67 0.77 0.80 0.91
1.5 0.56 0.58 0.63 0.69 0.76
2.5 042 0.43 0.49 0.57 0.60
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6.5 0.14 0.18 0.31 0.41 0.48
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HEMIZEED 5 O A5 (day)
52 st | 30 | 422 | 244
AT E AR 5 DRAIE S (mm/m)

0.5~ 1.0 0.04 0.02 0.12 -0.10
1.0~1.5 -0.04 0.10 -0.06 0.08
1.5~2.5 0.01 -0.01 -0.02 0.04
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1.5~2.5 0.072 -0.009 -0.017 0.060
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244 AFAFTAVTIIOA—F—IZLBHEE

REBME S & WEET 7 5 ORSBH K
DB (m) 0H BET I 863 H 1107H
ZH (mm) Ty

0.5 0.890 0.830 0.952 1.034 1.012
1.5 0.518 0.458 0.557 0.621 0.596
2.5 0.358 0.305 0.392 0.448 0.430
3.5 0.256 0.208 0.287 0.341 0.321
4.5 0.182 0.144 0.21 0.256 0.240
5.5 0.179 0.154 0.236 0.261 0.263
6.5 0.117 0.100 0.174 0.178 0.189
7.5 0.112 0.107 0.179 0.188 0.205
8.5 0.070 0.064 0.153 0.143 0.165
9.5 0.066 0.078 0.155 0.173 0.184
10.5 0.003 0.014 0.045 0.061 0.056
11.5 0.000 0.000 0.000 0.000 0.000

F—245 AFLF4

I uRX—y— Lk A r#Eg

AT EER A & O BEHE S (day)

30 2 X 51 | 3% 422 244
A B R A B OZEAHES (mm)

0.5~15 -0.001 0.024 0.018 0.003
1.5~2.5 -0.007 0.012 0.008 -0.007
2.5~3.5 -0.004 0.008 0.002 0.001
3.5~4.5 -0.011 0.014 0.007 -0.003
4.5~5.5 -0.013 -0.016 0.021 -0.018
5.5~6.5 -0.008 0.008 0.021 -0.009
6.5~7.5 -0.012 0.002 -0.004 -0.006
7.5~8.5 0.002 -0.017 0.018 -0.005
8.5~9.5 -0.018 0.012 -0.028 0.012
9.5~10.5 0.000 0.046 0.002 0.016
10.5~11.5 0.012 0.031 0.016 -0.006




F—246 ATAFAVTITURA=F =L HURS U2 Y ORALEE

A AR & 0 HEHE S (day)
HISE R R st | 30 | 42 | 2w
BURES%:) OFAEE (mm/m/year)
0.5~1.5 -0.007 0.022 0.016 0.005
1.5~2.5 -0.050 0.011 0.007 -0.010
2.5~3.5 -0.029 0.007 0.002 0.002
3.5~4.5 -0.082 0.013 0.006 -0.005
4.5~55 -0.089 -0.015 0.018 -0.028
5.5~6.5 -0.057 0.007 0.018 -0.014
6.5~17.5 -0.089 0.002 -0.004 -0.009
7.5~8.5 0.014 -0.016 0.016 -0.008
8.5~9.5 -0.129 0.011 -0.024 0.017
9.5~10.5 0.000 0.044 0.002 0.024
10.5~11.5 0.082 0.029 0.014 -0.009
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(3) BEFEDOLE

GERMPERET L ATA T4 v 737 0A—F—IZ L BARKEDD b, RERE
E2 5 0.5m OEBRAEMOREEELT X —2.4.10 12, F/2, BEFET# 1107 HiZ8
BN TOBBNE OSHRE E—2.4.11 1R T

K —2.4.10 X b, STERHIHET ORE CEHIIFEIC L Y ENEIZESFH 555, 100
BLREX, WFEke SITTRBRRMET, BN a2EmzR L Twb, 72,
~2.4 11 2T X 9 ICIREIE T #£ 1107 BB T, BHADLEREE (FREm) &R
BRHES D 0.5m DEOBOERIE, £ AR MHEME T 1.04mm, AT A F1 3
0 A—F—T1.012mm TH Y, FTELWEELZRLTWS, LarL., FHllYEL
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L. AEENE X ULEHSICEL 2FE
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F#—2.4.7 WEFEOHLE
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EBTallIc@ELTwWS,
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R R HIZIR Y 2 B o BIZBR D 13 v,
By LAEEREESEL | —oolEsicBe it B L
TWA 7B HLRAATAR| 25z LTv2n. H3HlA
NBIRE R St r ) FHE ATy Mo | TOANYEZE, EcEEEE
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3. YEEEEOABMESOFHFEORE
3.1 B ®

%o COREMEBTIIBELZ SALZZEORAIC L D B EOBLRTINEIS L,
NN EE T OBRIHE L CERENE{L L) L2 EBITRENE
b5 EDELLND, TROFEFIZB W TIIAEMER I 5 RN 2058
HEWEATDITE ) . THOTREMER 2 EE2MICET 5 L0 ORHIFEK
B A RIIERPHENBOTE TS, FETIL, HRPORENEE 2 FALEIC
TENFT 272D DFEICOWT, BHEBLUFER 10 EEOMERREL EE b LI2HK
L. BOoNRREME. FER, SROREL2L2ILDHDLT S,

3.2 BEFORIZERAMES X UHMER
3.2.1 GEMEBGEEE, MLIEH. HEFES

iR vy — Tk, SEPICER U ASERRICRET S LEL LN S
ASEBOWATY % FALE W CEHIT 2 -0 O FHRICH T 5082 R SEE L )£l
LT &7, ML T, BEEAEE (P, S . LER, KFERIEHPOE
KB o TEETAEEZFIALT. ChoPWHE I VEKEREETAI LR
Ao M—32.1.1A~C W EHHEBEF B IENERKRO—Fl 27T, HEHD
BAAE T AWEEAEROKSR. BIEREE, HEZEEBOEL0ZPTREW
ZELVELTROLS CHAHEHEDOEKRE N L TYHEDOEEPIEEITNE R E
DEBEBA LN, —F, HFERTEREL LD ITHERRELL, sEROIILD
ELMOWHBIZHRTNEP o2, BEL Y EEFOEKEBEHET 21T, £
FLIODYHED ) LHFERIRLEFYTHL LOFERER,
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322 HHFEE~EKEOMRE

WEINZEAERTIL, FERFEREBORILLE LB IFELEMLZRL, Ihe
TELTEREFHETAIEFTRTH LI ENREEN, C2TEET, 5F
DUFERPEXBIBEIIET A2 HEHEER 5, TIEDHTFTId 20 FE EHiD
Bib@?k% LG EROBEBIZOWTOREI ENTE S, Toppetal. [1980] X+
DEKE 0, LHBEE K, OBFEIEROBVK IO TROIKRTEERL L
FEBIICR LUz SORBEEEFE L, BETOIRIBFEIEDIL TS,

K,=3.03+93 6,+146 6, -76.7 6, (1)

COEPLEOMBRERTETNVE LTRIIRT L 9 % o mixing model & & iF
N5 PRBAF DB, T Ty Kn Ko Koy EENFNER (=1) L K (=81) .
THTF (=4~7) OHFEER, n THFHERETH L, ThIZTIITMHE, #MHE, EHE
D3PS LBREERTHY, SHOLFERHFEOEBEOEAGIIN CTLORN,T
DHFBRIIEETLEELDLDDTH S, BERMIC0=05 & THLEREL L~
Bz ePFMbhTnd, KOKFERIIZR, IHFOENELENTREVRD,
DB EEL LTOADPTOLFERIIEKEBIETET 5,

K,%=(n—0)K%+ 6, Kuyer+ (1—n) Koopiy (2)

BARHEFHWAERIB O THFERFEREOENMIC I o THEFRIZELT S
DIE, BARLDTEERE, 25, K BEOIH SR INLELORFEEEIILO
FREFIIFALTHE-0EFELLNS,

M—3221K 0y NT—=27F 4 F BRI L 4 EBOERDEKEL
WEHEERDOMGEEHIED o mixing model 12X DRDOFEREDHOETRT, X ¥ b
T— 2 FF 54 FLIIERESOmm, B E 4mm BEOMBIRICER L5/ DO 1 ¥
=& 255l L TRBEBRTRDLLOT, g AOKFERACICEATH LI
ABEREETH B, 72720, AFEREBOERECERFLETH L0, BALEFHE
IZIEE & v,

E{R/IN %E@Itﬁégﬁ@ij:k FIRRICERKBDOELICE o THARIZETLLLTwAZ



LB oo mixing model 12 & o TERD K,~0, HHRVERITETE THH A,

EXEFEVHETHEEBEL VAASWERIALNE L) THS, Tz, LD K,
~0, BRI Topp RiCL o T—H/IIKRT LN TELDIH L, BEAVHERE
RO 118 6 b BB TRE Ao SRUL, BN CRHEREOHH
PR E L BRERENND SV EEEDLFEROFSHENFKE (2 D HIRIF LK
Y7 MTARLDEEEENS, LMo T, UFEEPLERPOEKRETHEE LS
HEET B DIIEEET LT V-vav e T 5D E L,

40 7
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3.23 TDREZE

(1) B

Time Domain Reflectometry (TDR) 13, Topp et al. [1980] DOHFZELAR D55 Tk
EL ERERBICFEDLORTWAFRETH L, #NETEDLDNTE Ly KR THEFE
L ASOEEY b bR s, BEMEL B THS TRENLFETHE, NEEE
W, 2SVAT 2R b—FbFvuRa—7, FLTTR—7L XiENE L8
Po%b, 78— OBEIFFICHELRDDOT, BEEM-3.23.1 R LI IZE
By — TV 2 ~HMADEED Y FEERLZDDTH B, COTu—T72EHIL &
e TAWEOPIHEAL, VATV 2 AV — Y POLREEENTEE SVADRT
00— 7% 2% 5 EE L FHIT 5 . ERE OB KA 10MHz-3GHz O#ETIEH 5 &
KB B2 HER K IERICEIE S QZIE—F T, BREE v L EBEEK,
DI Ey =—— % 5B% (c: ) 752 LFMLNTVS, HRIZEHRTH

VK,
B0, EHEREE T LS EORSBENRT 20 TH 5, KHBEEL MR
K ~0, BED L WEOEKBEREET 2LV D TH S,

co-axial cable

N

metal rod

00 R el i S e S i

two-wire probe three-wire probe

C ®—3.2.3.1 BEELZTDRTu—7

Hokett et al. [1992] IZ L T FFE L (EHT 572012137 u—7 L WE L SHEE %
CELTWRITFMER b v, T8I LT, Tu—7%MMEAZ ici o Tl
RHARGICBE 2 2T EATESL, LPL, BADL ) REMRICRET 2551,

HooLOHIFLLA 4 FILICREB TS = & 127 %, Knight [1992] X, BERENICE v



FEERECHEREOEWEESEFTLI LR LA, ThE, vy FEERD
BUCBREPEE LGS, ChIIEBEIHE T ATREFHL L ERT,
Annan [1977]. Ferre et al. [1996] X, Z DRREIKTRHZENTVEEHE LD, 2K
Tz SN TV BGEDHFHERENDLENIRKEN L 2R L2, T OFER,
TDREXINVHEEIHETE-OKEELDDTHS, INE TOHREDNEHISB
FURFRIILEEHAVEDDIRON TV, TETE IO — 7% 272 &AL 2 LIS
IVBEE R TIENTELLD, ZOHRSENEER SN o7, —H, T
DREX#BRICHATAIEHE, Ho0CORELLATA FILOBEIC L D H-3.2.3.2
WRT XD REATE RN 2 55D [Sakaki etal., 1998a], HIERENDRE
BLR/ANRICT 57201041, COBBIELRWEIICTO-TERETLLEND
Bo KEBEIC, 70— TOREFEL LFEER~SKBEOERIIOVTOERS &
PZFDHRERIIDVWTHRAB,

%
é gaps around rod surface
s
. 0
o o,
7
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SRR

®—3.2.3.2 TDRZ7u—JEADEE



(2) FTERAATSO—7
TDREZESRICEHTAS/I-T, Tu—7%25H 60 CHHITL
EFEPKEBOEED Y FEITHALZLICE o THREL. I

L7z 4 FELIC
(A Y B
BANRICZ D DERE L2, #—3.23.1 10, BEEOYHE—EB L U7 0 — 7{L#
FRTo [—3.23.310, ENERLAKOMELZ, M—3.234~121C29@EOA

AR LTCTDRETAVTEACTEKE~-LFERORR LT KO I-HR
[Sakaki et al., 1998a] % /R T o
£—-3.231 BRBOPHE—REB I o— 7k
; . t Probe description
Fﬁ’:ﬂ"" Rock type Sp;:é?cn Vd\/:ésigglk %glgﬁbk %t;‘?gsli\{]'({: Number of | Rod length | Rod diameter
(Mgfmm3) | (Mg/m3) (%) rods mm (mm)
Akeyo fine sandstone| AS-1 1.69 1.16 53.5 2 100 58,60
AS-2 1.69 1.15 54,0 2 100 5.9,6.1
Kimachi sandstone KS8-1 2.22 2.00 213 3 100 5.6,5.6,5.7
KS-2 2.21 1.99 21.7 3 100 5.6,5.6,5.6
KS8-3 2.22 1.99 22.1 3 100 5.3,5.2,53
KS-4 2,25 2.03 22.1 2 100 52,56
Shirahama sandstone 88-1 2.40 2.27 13.4 3 100 6.0,6.0,5.8
88-2 2.40 227 13.2 3 100 5.8,6.0,59
Tako sandstone TS-1 2,24 2.01 230 2 100 53,54
TS-2 2.24 2.01 22.7 2 100 5.3,5.2
Shirakawa welded tuff | SW-1 2.24 2.00 247 3 100 5.5,5.6,5.6
SW-2 225 2.01 240 3 100 5.6,5.6,5.6
SW-3 2.25 2.00 246 2 100 53,54
SW-4 2.27 2.03 234 2 1060 52,53
Tage tuff TT-1 2.07 1.76 313 2 100 6.0,6.0
TT-2 2.07 1.75 31.7 2 100 58,58
Ogino tuff OT-1 1.94 1.65 286 2 100 5.6,5.9
OT-2 1.94 1.65 283 2 100 54,55
Inada granite 1G-1 2.63 2.62 0.99 3 100 7.2,74,72
1G-2 2.63 2.62 1.06 3 100 7.5,74,74
Westerly granite WG-1 2.66 2.65 1.38 2 o0 7.6, 7.7
WG-2 2.65 2.64 1.42 2 90 7.6,7.6
coaxial cable coaxial cabie

brass rod

[+——100 —>] 100 (mm)

two-wire probe three-wire probe

[—3.2.3.3 T D RZENERERAHEE

rock specimen




apparent dielectric constant K,
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apparent dielectric constant K,
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volumetric water content 6,

B—3.23.12 TDREILE % K,~6, Btk (9=x9)-7E%E | HT,8)

P, oy F~EZAaBIERP 2 WSEED K ~0, Fff% o mixing model {2
Y0k bDTH D, BiRIBEEAA T SNIZHE, ARIEBRSER Tl
E NG EDOFHEE % /R T [Annan, 1977, Ferre et al., 19961 BRI DIRIZFEFET L IZF
BEOER EZMRARETES X IXHyHIZE W RD 2, FO4EIX0.1~03mm T
HY INEF—3.232 KR L) ZEBEARY —ZEHOFHN2ZELER L
LT E S,

OEFEDITL AL ICHBOEME LT, 100%EHEOFNEIZD Yy F~aaMo
B AK Tl SNGAOFEME L —F L., TR DA OFHIME X RE A 22K Ty 72
SN7BAEEE LLEHEEE —HT 5 REDIRRATEDEY 0.1~03mm TH Y.,
ZHEERRBOT N v 7 ABDZERD A — I b_KEW, LAPoT, 5%
SRR RBE 2 50 TOERBRKTHIZINTWER, ERKEFD LB
ONT, REFOKIET I vy 7 ARDLOVKRELRY 72 a IZE VBRWEILATL
T, D, 100%EMELIHIBRAFER TR ENLHE LEREEE —
HTHHDEEZ LN,

P EOKRL Y| BB ORSMERE T 258100y F~EEHORBEITE
ET A&, IRPEE T ENREPITOLFEESNE/NNHE S MWAIEREFET T

99—



BLURHIELOND, Lzdo T, 70— 7THAFROTDREZERITERT S

BAWE, 0y FERBROMICKEEIRL 2V I ) ICBLOEEZH - T o—-7%

BRELAZTNEES 2, BEXD, 50 LoIFLLAY 4 FILICETREBD
vy FEHAUHETIR, BEAOBEEZRETL I LIEARTHL LELNL,



(3) ZILEMEHC L ZBHAATER 70— 7

BB el 201, 1) F4 Fllofd Ry BEomE, 2) BEE2EA
CEMLAMECTHEE, 3) BHz&BICEULWETHEE, O3 20FEFER
bNd, 1) DHEIRDBEOICAFTHELEZONEZD, 2) BXU3) I
DWTHREZER LA, 79, 2) OFEELT, BRAZALOSILEMHTREL
CTHEBEANDFE E §8-72 [Sakakiet al., 1998b]e EERIIE —3.2.3.13 ICRT LI %
BRI E 70y 25 BHEO /-T2 BRB L TER LA, 7u—7113
BEOFTHAART, 2~ 4138 imm DR EZERENEE, AV PR—Z b, X
YIFFAPTHRELL, e -7 58X 06E70y FREIZESRI TR 1720
DTHB BEROEENHE L LWL IICTERZT Ty 7 FHE % FBICHET,
HERIOEEZ DL THLILEBELLBG 7Ty 7 DFRZEREIZN 24%TH 5,
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