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Abstract

Recently, some projects have been planned to make facilities in deep underground
space, because of its superior stable environment. To realize them, a lot of
technical problems should be solved. Developing the techniques to evaluate the
disturbed zone induced by underground cavern excavation may be one of the most
important problems.

In-situ tests to measure the change and the distribution of mechanical/hydraulic
properties of disturbed zone around a drift have been carried out. The test site is
the PNC Tono Mine in Toki, Gifu. A test drift (3.0m width, 3.0m height, and 20m
length) was newly excavated, parallel to the existing drift, at the depth of 140m in
the sedimentary rocks. During the excavation, the ground displacements around the
test drift were monitored from the existing drift. Only rock bolting was employed
as the supporting measures of the drift. Many in-situ measurements have been
carried out including seismic wave velocity, permeability, and initial  stress
measurements of the ground.

In this paper, the results of seismic tomography and refraction investigation in
order to evaluate the distribution of seismic velocity due to the excavation are
presented. The disturbed zone as velocity decreased area has been detected very
clearly around the drift. :

1. Btar

GEEE. REEHTRMMRRETIRNERYuy o 7 FREODFHEIRTVEN, ZhoOEEORD
OHEMARBTEO—2 & LT, MiTEREHIC > CERADRRBE T 3BAHEBROSTEIIRPL N o« Kk
BEANMHELRCZOREA A= X 20RARBT NG, EEL I BRYELSBLOHNETVE
RoBEARCHHRCHRGIE LAV, HEHES 3 YENDOSERBEOYE L2 3 BUER
BERE LI, Ricd, ThooRBORN, FIBAMRREST 3B EBORHLIER 5 HYCEMEL -
BRIV 77 4 —RABERRICOVWTHERS,

—476—



2. FAERBROME

SREA I EE I T C OLEE 9 B TRSIL
OERE2FIHLTEIEL 72, RRAEOH
BRHHSROLBRBERTE T, B« BEO
EE» B Eh T3, M- 1 ilRiERo
WERRY, BROVIELINITH®E L. P®
BAOR—Y v 7% - CHEHNLCHED
BE 2T - THh o PRI UG « RERYIE SERRISSIR
LHHIL R0 RBMHOKIEE, 2TORBN 0B
BTIBETRMNIY 20— b3S T, 5 BER
ERIND¥EF Y B1.n00 vy 27 RNV FER
LEMDBIEBHTHE Utz AR OERZE
RERMIT 5 & e, BEER L ES 57 4— o
BARBI OV T, Ml & 5 YEAE O
BBALER A 5 fwdic, JHINTHRICRR2 T -
TR IR U 7eo

K—1 REHERE

3. MU rESS 7 4 —RA

B e 757 o —RAER. RRYIEES L V11,30 ORRYLER EE BTN CTREMBL 2. RBRH
RN, HHPTES S RBRVIEA B L5 RHD L TOARR 1 ATOOR—) v 72T, O
CHMEBEE R WE Ul B— 2WRHE T — v 2RT, KH, @RFRM ORZIRFTH 5, BYIE
PRI O RISE T3 HUEE DO BE K T S OMIEE 2 £ 3 7o i RBBLE NI b FRA » RIRK2Z
RE L7z, BERORIRIBE LAY, SR IR OHEI 2 Lo #lL 23R OBR» o
PBERRHEANY BT 57 4 — BT B F =y v PRER LI, F— 2B RRYTEHRAE O
r—2T 571\ #AHIEOYr — 2T 814TH %,

BRHTIC M7 o Ty fEIER InX InDEAHO VB LT, Ehey VAL BEBORERNSST S

16

e Source e Source

O Receiver X O Receiver
10 \
i

—T0=-13°
4 &8 10 16 £0 25 @9 _ 5 1 16 20 26 (m)
(a) REBRYLEIMHIAET (b) HRBGLEIMHIE

M-2 WERrET37 14— o HIENY—V

—477—



DI, LA FEOAMELZ LT« A
HER0.5nFoBH L - 2BEO V5
HEER LI, ZREFNRROOVTHRITL
R 2EREDETERZIY, 0.5n
ATLOLVMMPVEESTERD I,
BT AMLSY XLV BREET. BRO
BF2EBL, 4 v 31— a VIRIEDLST
EEHVWTWS,

K- 3kt erd. HTRES
NREESMERRRT DY & —CHER
L, (a)RBRITEIIHR OEERON
BRI o>wCHEL - ERTd 3. ®
2RBE, 2.2~2.3kn/sDEE—K st
HEFEEERLTVS, RABETHEL
R2AROR—Y v TP LB LT
I 20 T 2mdE T B O 2 WIE U 7
& A, EHHEIKS-1T2.01, KS-2¢
2.22km/sCHD, WUB I ET 5T +—
OHREES—BLTWVS, 7z, &Hh
ROBERYWE « BEEEC, BESO
ZVBTIRANHLEET B H, BikhH
BlRETEERIDL Y, —H, HEH
D&Y 1nEE EARHEOEBVWERR
shd, R—=Y)vyarkR3E, Hil
fhohs 12nkHFONBIRE—Y v 7R
Wi InfRE ORI UL VW ELTFE
L. 2O#HBO RDIEFOTH T, 2D
BofgcIl XV LBOHEERE R F
flidhTVBbDEHEEEN S,

(b) i\ RRICEMHIER OMTHER T
b5, RRYUED & Bih A0S
FEALEERLUZVAR, RBYIEORH
WHEOKT L REREA TS, B
BEFLAHST 1.6kn/sPAFTH 5,
()3, RRHIERNIEOBE SMH 2R
RyLERAE oL O MEIRED 5> 0%
{LEBTCRLILDDOTH D, ThEHB L,
RBYVIEREEZNO & &5 HEERT
fEEMR DA LTS RTRE AP B,
HEOETRBRATHUEE (RRH
HOHEMEE) CiELTWAE,

velocity
(kn/sec)

® Source
OReceiver

5 10 15 20
I I I |

(a) RBUIAMHE

_ 25(m)

o

velocity
(km/sec)

® Source
OReceiver

o
=
[
°
-
o
s
©

25(m)

(b) FREBHUEEHIR

15"

10

pe
difference
%)

®Source

= OReceiver

o

10 15 20
1 | 1

(c) il & 3B
K-8 WMl bES 37 +— o BITHE

—478—



4. BITERMRGES

B EEEREER, ABRITEOMTIR @S » THUONERO BRI L <. RBRVIE£ERH . X
WUt B— Ak, HUMELRT., HEE. A7V VY754V ERTR0en FHo B e Uk, 2iRS
350cufi R Cat405 RIRS W4 cH B R TH 5,

-5k, BTERE2RT, K<, #HZARGNEES L > OFH2RL. AWMIVPIBTH 5. .
LifoRMBHEO €Y ¥ — &R L, HHEE, KEWE Lo Y 7~ o BB MOBEHEERLT
W3, ChzRse, SIEFOESROUGKERR, F 1 EBOEIBENLT2300LERE» T 2EHE
BLTVRIERGRE, BHHE IS5 7 « —RAENEMBER>VWTCRE L, EFEONTLEN1IEOE
530.80TH %, COMEOEBEHMOBER 2.3kn/s EWHW I E T 57 + —OBREAZTRI—HLT
VWBDRX L, MEROEEETER 1.2kn/s EBIFEOEROF BRI BV BVERENE SN,

C.L
ZREA
* BER
0.5m
20m
HEBRsE )
9 10 15 20m
A~
’ H—4 EirsEREs « fiEiaE
P G - : - c.L
S5 StEevr- 58 gEsE 53]
BYof Loy T0m ]
%53 L, 23/ . i 20km/st 22km/s
BEBE R PS5 T 4 —
AENEAE

M-5 EHIEREBIRE « TR

5. #® i
B L €257 4 — o B SRCRBAIEO &
=
B
/

Sl & D SR EAS T A 2B 7oAt
ZOEEAHBORAL NI, B-61 TH |, T R b sy
OB O AR OFEN TR TT, B b T
€757« —OHRREESHALEMLL TS G OB (n)

DORX L, BIfECREEN BRI N TV S, N

% foy BT QEHE B O & A0, 8n & HHEM BI-6 YilReEno s AEE A
VETST 4 — DR NVIBLEFRBETH - 2,

—-— JBiT ik

—479—



gar COEIRBEOBUB VYT 7 4 — O L
% 2} S OREZRARS DR, BWE IS OYEERI
e ) B S O EHEEARES 52 F VRN, 2D

ol  GEER ROV CHIORE & RIS E < 5 — Tl

0j— ;47- 1 — ; BEHEL, Z2O0F =229 PROVCLES ST

R 2EEL e, BEE SEEBOFEE 32
NENL2 2.2kn/s& Utzo M~ 7 KTENERD
BREREZRT, (a)& WO REHERE B
3 I0BIO#ERTH 5. Thid. EMF— 5 O s

Yl & DERE (m)
(a) REatH10E

H

Bl e VT RSB TR & 5 S NI RM S fEr

# B BERHEYUT SHEMRTEZ, Chefsl, &

sl | L mreR HEEOMER T 7V OME S O A& VAR
o UTW B, EF VBT ISR 12 S

RIS, RIGH 206 & CAHHE2T- 2,

HEE DRRY. CheRa L, EHE « B
Bl eFfVvOFEERZEEERTCETVS, LML,
HESHIEREME2ETEED S EBEAFHEHK
ZlL T3, chid, BRI 757 4 —CREVFEEEMLL2VEBLELTRIZBUENS 21D TH 5,
PrgftL iz eho, BB I 7 4~ o CERONAHIEABOEEE THEOEE I3, EK
REHETCHONLFEE S TEA R -THD, BEELIVABR B TVB EHEENR S,

GBS DR (m)

(b) RigatHE0mE
®-7 BEERIESST — TFNVEIHER

6. ¥
BRI RCRER b2 7  —~WBLEBL., Boh AR >V CETERNKEERRS L It
BRNF 2R EVUTOZ ERF T,

1) #HErE77 4+ —RHBR IV, HEEEIR &> CHERBOERRHE 2N BE & 5 KHliEIE
THEMREC TV LR RALIERTER,

2) EIrEHEBEERPE VIR BN 2T - HR EROGIEFMHOBEIE T EEZ. By
PETI7 4—ORBREVOIOREERERABELZLTVR I EHHEI N, ZORBVELD
RERAE LT, UTORMEE 257 + — ORI LOBELSEF S hT,

o F— S IHMEEZEL DI, TRRIGEL RITHERBO ARV &2 5,
s BBIHEE MR PRLL CIRA B RERD B,

PE&EY., HBEEC & - CEL PBHERLHMEEROSG L LCRABFHEL LT, Bk €S
57 4 —DEHTHBI ERREN, LALERS, HHKEE OET o5 B8MHEORLE L oK
BB OVCIoRBAREED DD,

@ LEAL»SF—Y v 23355 EHNOTER X 350EREORM I EE S HONE

@ GilHRAHOEBEBRORBE « BIERGEPEKES, BN « KEZHPHEEILORIE

@ HHIRIBHABORLEFROBEL I 2V —va v
ZEROVTC, S5 REMEMIHREHRI TITELV,

B 3H)
DAR, FlE: T94A39 7 VET T 7 —OBERR) « ERPABAUEERERBES, 1986

—480—



