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Knowledge of strain variations at an excavation face is important for the prediction of rock
bursts and for the application of the appropriate supplementary construction methods for
excavation of shafts to great depths.

With the above as objectives, JAEA (Japan Atomic Energy Agency) installed “intelligent”
strain meters (resolution in the order of 109, developed by TRIES (Tono Research Institute of
Earthquake Science), at G.L-500m depth in pilot boreholes drilled from the 200m level in the
ventilation and main shafts of the Mizunami URL (Underground Research Laboratory) in the
Joint research with Nagoya University.

Strain variations due to several events including the excavation itself were monitored and
analyzed. Because of the breakdown of the monitoring system, the data is very short term.
Nevertheless, it was possible to do some analysis for the study and important understanding
derived from the analysis includes:

-Ground water pressure changes due to earth tides, stress relief due to earthquakes and
blasting are main factors for very small strain changes. Especially, changes to the
groundwater table due to excavation are important to understanding the mechanism for
long-term continuous strain change.

- Strain changes due to earthquakes and blasting are instantaneous and most of the change is
within the elastic limit. A total of eighteen earthquakes were observed from October 2007 to
February 2008. A small residual deformation was measured from one of the observed
earthquakes.

-The magnitude and the direction of the strain increment over the long-term are influenced
by the in-situ stress state in the geological structure. Therefore, information on the geological
environment where strain is monitored is considered necessary to understand behavior.

Monitoring results indicate that the intelligent type strain meter is able to measure very
small fluctuations (109 and detect rock deformation from blasting with 300m vertical
separation from the measurement section. The strain meter can detect conditions in the rock
mass such as differences in deformability. On the other hand, it is very important to improve
the total measurement system for stable monitoring.

Keywords: Strain Variation, Earth Tide, The Intelligent Type Strain Meter
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1/264:15 1/264:25 1/264:35 1/264:45 1/26 4:55 1/265:05 1/265:15 1/265:25 1/265:35 1/265:45 1/265:55 1/26 6:05 1/266:15
FIAROBPEVTAHEL FKHED —— BNEVTH  ----- B el
-13.0
i o—— o —6— o
& 135
o
o]
H
-14.0
1/264:15 1/264:25 1/264:35 1/264:45 1/264:55 1/265:05 1/265:15 1/265:25 1/265:35 1/265:45 1/265:55 1/26 6:05 1/26 6:15
200 FIAMOBRAREVTHDARZEL FEED —— RARTVTHDOAME ----- SEHE BB
I
R 195
2
4
S
H 190 : , , , , , , . . . .
1/264:15 1/264:25 1/264:35 1/264:45 1/26 4:55 1/265:05 1/265:15 1/265:25 1/265:35 1/265:45 1/265:55 1/26 6:05 1/266:15

4.2.1-74(4)

FIAHDEKX - RINEVTAEEDHA

: CASE3 (FH@)
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. FUAHORTREVTAEL FEHES —— BXIVTH ----- SHEE
g
x
& 730
)
H
-735 T T T T T T T T T T T
1/2822:30 1/2822:40 1/2822:50 1/2823:.00 1/2823:10 1/2823:20 1/2823:30 1/2823:40 1/2823:50 1/290:00 1/290:10 1/290:20 1/290:30
FIMORPEVTAHEL REO —e— RMEVTH - SRR A
-13.0
E
x e
& 135
o
o}
H
-14.0
1/2822:30 1/2822:40 1/2822:50 1/2823:00 1/2823:10 1/2823:20 1/2823:30 1/2823:40 1/2823:50 1/290:00 1/290:10 1/290:20 1/290:30
200 FIAROBRRFVTHDARZEL  FKFEO —e— RARFVSTHDOAM ----- S E B
I
R 195
S g
iy
o
o)
H 190 , , , , , , , . . . .
1/2822:30 1/2822:40 1/2822:50 1/2823:.00 1/2823:10 1/2823:20 1/2823:30 1/2823:40 1/2823:50 1/290:00 1/290:10 1/290:20 1/290:30
4.2.1-714(5) FIAMDBFEKR - HFPDFEFOTHEZDAMR : CASE3 (WD)
12 FIARORREVTAHEL REOG® —— BRIVTH  ----- Feh A B
g
x
& 730 _—
3 .
e}
H
735 . . . . . . . . . . .
1/311:30 1/311:40 1/311:50 1/312:00 1/312:10 1/312:20 1/312:30 1/312:40 1/312:50 1/313:00 1/313:10 1/313:20 1/313:30
FIAROBPEVTAHEL FKHEO —— BNEVTH  ----- B el
-135
g
x
& -140
o
)
H
-145
1/311:30 1/311:40 1/311:50 1/312:00 1/312:10 1/312:20 1/312:30 1/312:40 1/312:50 1/313:00 1/313:10 1/313:20 1/313:30
190 FIAMOBRAREVTHDARZEL FEHEO —— RARXFUVTHOAMR ----- S E B
E ‘“./E/E———E_—‘e'—-
R 185
2
on
)
H 180 , , , , , , , . . . .
1/311:30 1/311:40 1/311:50 1/312:00 1/312:10 1/312:20 1/312:30 1/312:40 1/312:50 1/313:00 1/313:10 1/313:20 1/313:30

4.2.1-74(6)

FIANDOEK - RIMFEVTHEZDAR : CASE3 (EBEE)
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. FAMOBAREVTHEL  BHED —— BXIVTH ----- W
x
& 735
on M
S s
H
-74.0 T T T T T T T T T T T
2/024:15 2/024:25 2/024:35 2/024:45 2/02 4:55 2/025:05 2/025:15 2/025:25 2/025:35 2/025:45 2/025:55 2/02 6:05 2/026:15
FIMORNDEVTAHEL RED —e— RMEVTH - ST A B
-1355
E
x
& 140 —
on
o}
H
-14.5
2/024:15 2/024:25 2/024:35 2/024:45 2/02 4:55 2/025:05 2/025:15 2/025:25 2/025:35 2/025:45 2/025:55 2/02 6:05 2/026:15
150 FIAMOBRREVTAHDAREL FHED —— BRIVTAHOHE ----- SHH B B
o f
I
R 185
S
iy
4o
o)
H 180 , , , , , , , . . . .
2/024:15 2/024:25 2/024:35 2/024:45 2/02 4:55 2/025:05 2/025:15 2/025:25 2/025:35 2/025:45 2/025:55 2/02 6:05 2/026:15
4.2.1-74(7) FEIAHMOTZEK - RINEOVTHEZFDAHMR : CASE3 (FHKED)
Tas FIARORRKEVTAHEL REO® —— BREVTH ----- Feh A B
é E —o——— ———
x ' //”
& 750 T
o :
I :
-75.5 : , , , , ! . . . . .
2/0511:15 2/0511:25 2/0511:35 2/0511:45 2/0511:55 2/0512:05 2/0512:15 2/0512:25 2/0512:35 2/0512:45 2/0512:55 2/0513:05 2/0513:15
FIAROBPEVTAHEIL FKHEO® —— BNFEVTH oo B el
-1355 .
g :
& 140
2 :
# :
-14.5 :
2/0511:15 2/0511:25 2/0511:35 2/0511:45 2/0511:55 2/0512:05 2/0512:15 2/0512:25 2/0512:35 2/0512:45 2/0512:55 2/0513:05 2/0513:15
190 FIAMOBRREVTHDARZEL FHEEO —— BREVTHOAE ----- ST5 B B
E i
R 185 ——=.
r% ; \S\ﬁ\a;
o '
o] P
# 180 : : , , , : , . . . .
2/0511:15 2/0511:25 2/0511:35 2/0511:45 2/0511:55 2/0512:05 2/0512:15 2/0512:25 2/0512:35 2/0512:45 2/0512:55 2/0513:05 2/0513:15

4.2.1-74(8)

FIANDEK - RINFEVTHEZDAM : CASE3 (FBE®)
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. FAHORREVTHEL  HE13) —— BRRXEVTH ----- MRFE LR
B |
& 695 T
o
)
H |
-70.0 T T T T T T T T T T T
1/1816:15 1/1816:25 1/1816:35 1/1816:45 1/1816:55 1/1817:05 1/1817:15 1/1817:25 1/1817:35 1/1817:45 1/1817:55 1/1818:05 1/1818:15
FIARORKNDNEVT AL #hEE(13) —— RINFEVFH - Hh AR S 4 H B
-14.0 ,
x ;
& ‘145 e
fo .
o )
# :
-15.0
1/1816:15 1/1816:25 1/1816:35 1/1816:45 1/1816:55 1/1817:05 1/1817:15 1/1817:25 1/1817:35 1/1817:45 1/1817:55 1/1818:05 1/1818:15
EAHORZATVSHOA AL HE13) —= BXFVIH0HA ----- HhEREAR
200 ;
= ;"*: ———— -
R 195 ;
S '
i
o :
s ]
H 190

1/1816:15 1/1816:25 1/1816:35 1/1816:45 1/1816:55 1/1817:05 1/1817:15 1/1817:25 1/1817:35 1/1817:45 1/1817:55 1/1818:05 1/1818:15

4.2.1-75 FIAHOFK - RNEFVTAHEZDAR : CASE3 (& (13))

F4.2.1-3 RBERSIUCHEBEEROTVSADEL

BAFUOTH|BDMEVOTH|EATVTH

(x10™% (x10™% DF M
WD +055 —0.25 —0.20°
310 —0.15 +0.10 +0.10°
IR +0.90 —0.50 —045°
K@ +0.05 — -—
HHE® —0.15 +0.15 +0.05°
HIEO® —050 +0.25 +0.20°
WD —0.20 +0.15 +0.10°
HIE® +0.55 —0.30 —0.30°
HEN3) —0.10 +0.05 +0.05°

XK ——[RFEAEERILIL
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PLZSTHL DL E N B W CTIIFZEHLE D b OF/K & 600m3/day F2/% CTh 572, MSB-3 7=
FLOKFEZEACICIATE 2 PR BT RN TR, £, oM FARNE=2 U 7 HICB T
LK OB L Z 2 O 5 WM KEEBIME TE T, BAHTIOOT AL EEKOFEL D
BEMEDRRFHIA FRETH - 72,
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BEILHE I #&ZE1E:V(CHS)

—CH5

VFH (x109)

-4

-5

08/1/9 08/1/11 08/1/13 08/1/15 08/1/17 08/1/19 08/1/21 08/1/23 08/1/25 08/1/27 08/1/29 08/1/31 08/2/2

4.2.2-2 BIIHOHREVTHEIE

@ #WMyhog

RALHLOOT AL, CH1 ZBRWDTRITHERICAB L TR Y | ZEMICB W TR E 2 ZA8)X
H b7y, H+135(CH3)E L O H+45(CHDIZ DWW TlE, ZEMDO BB O A 1 X106 L F T
HY. KR 200841 H 9 HDL 1 H 23 BHETo 2L, X 4.2.2-3 18T K912, %
LEWMEEZRLTWS, 22T, 202 HMICEIT5 CH3 BL O CH4 DOT4 L DH-15 5

FLOKELEE Z gt 5L M 4.2.2-4 17T K912, MAEORFARLZEONS,
ZOZENDS, CH3EB LU CH4 OOT AITW 1D B %2 12 Eda L TW\Wb ez b,

08/2/4

08/2/6  08/2/8

I X A OFTHOEENT., FIFD 1A 7L THERRTSH 0.05X106FRETHY . ESTHH
DOTHEHET D E 1 A—F—/NEVMEL RS> TV D,

05 PRI H DV HZE1E (CH3,CH4) :2008/1/9~2008/2/6
X 00 |-
X
& -0.5
o
)
-1.0
08/1/9 08/1/13 08/1/17 08/1/21 08/1/25 08/1/29 08/2/2 08/2/6
4.2.2-3 IOV T HZEIL (CH3, CH4) : 2008/1/9~2008/2/6
o1 BRI DUV T HZE 1k (H+135,CH3) EDH-15 FL D JKEEZE1E : 2008/1/9~2008/1/23 163
2 \1\/ 7
X 00 A s Tt SIS D A N #1364 B
o £
- T M i e e e e SRR 1365
A —a — ®
> CH3 DH-15(No.5) ‘
-0.2 f ! 136.6
08/1/9 08/1/11 08/1/13 08/1/15 08/1/17 08/1/19 08/1/21 08/1/23
02 BRI D VT HZE L (H+45,CHA) EDH-155 FLADJKEEZE {L: 2008/1/9~ 2008/1/23 163
: \A/ :
X 01 oA MR LA 1364 B
o £
B 00 fi- L1365 m
o x
o) l ——CH4 ——DH-15(No.5) ‘
-0.1 T T 136.6
08/1/9 08/1/11 08/1/13 08/1/15 08/1/17 08/1/19 08/1/21 08/1/23

4.2.2-4 BIIHOVTAZEIL (CH3, CH4) & DH-15 SFA.MI/KEEZEAL
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W NRIFRIEHNZ OT B ZEL L Tuvvb H+0(CH6). H+90(CH2,CH7)H L O V(CHB)IZH W

T, 4.21DICIRR7=FHET R L REREL, MLy RBREZOUTAZILE DH-15 54 (K

] No.5) DI/KEAZAL 2 b L T OO A 2 feid 9%,

4.2.2-5Z HYO(CHB)D + L > REREOHBIX a3 & & bz, X 4.2.2-6 IZHIO~O@ 0
MO T 2008 4F
1THILELS12H, HIM@®TIX1 H 22 A6 27 HE TICHIWER L ORFARHE LD, &

Ly REREZROOT HZ(E DH-15 SHLOKBE b2 ~d, KEHd L

g IR B e, BIRIOIZ IS\ TRy Z28) & OB FIFTIT A S 72w,

BILHEl UF A ZE1EH+0(CHe) ——CH6
14 T T T T T T T T T T T T T
12 i i i i i
2 g2 7T
X T | | | I
X, et L
hS
oo 4
5
2
o1
-2
08/1/9 08/1/11 08/1/13 08/1/15 08/1/17 08/1/19 08/1/21 08/1/23 08/1/25 08/1/27 08/1/29 08/1/31 08/2/2 08/2/4 08/2/6 08/2/8
v = = 1L = =
4.2.2-5 #BKILIAID VT A ZE1E H+0 (CHE) D EARIX 73
BSIIHE UF AZEIE(CHE)EDH-15MKEEZE L #ARA(D(2008/1/10~2008/1/16) ~ ——CH6  — DH-15(No.5)
3.8 T T T 1340
e / LN TN TN
5 3.7 4 \/\/ \4 \\J//\/ R 1341 %
‘ o
q‘ﬁ 3.6 |- 134.2 2
B Mugd | eespeeeeimessspenssiessiees
3.5 T T T 1343
08/1/10 08/1/11 08/1/12 08/1/13 08/1/14 08/1/15 08/1/16
o1 BRILHA O AZEIE(CHE)EDH-15DKFEZE L #ARE(@2(2008/1/16~2008/1/20)  —CHé *DH-ls(;‘;g‘»;
‘3 80 - 1340
4;5 79 - /\/W/ 1344152(
7.8 ; ; ' 134.2
08/1/16 08/1/17 08/1/18 08/1/19 08/1/20
BEIHA O HZEE(CHE)EDH-15DKEEZE L #3REI3)(2008/1/21~2008/2/1) ——CH6  —— DH-15(No.5)
8.8 T T T T T T T T 134.0
N : ‘ :
s 87 - ‘ W 1341 g
= | Ve BN ¥
{f\ 86 /\T/ 1302 %
® 3 1 !
(DR hasssadnaanas [ farnaasennann [ i
8.5 T T T T T T T T 1343
08/1/21 08/1/22 08/1/23 08/1/24 08/1/25 08/1/26 08/1/27 08/1/28 08/1/29 08/1/30 08/1/31 08/2/1

4.2.2-6 FLY FBREZEDV T AZ1E H+0(CHE) & DH-15 S A.M/KEZEL : AR~
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H+90(CH2IZ DWW TIE, &M ZEL T Ly RERE L, K4.22-712 b2 RERER

® CH2 OO HZEAL 2R T2 AHAIREETHY | WA & OMEITZA LR,

X 4.2.2-8 IZ H¥90(CHT D HAMIX 43 & 19 & & H1T, [XK4.2.2-912 L > RREZDOOT HE

{t & DH-15 SFLDOKIAZAL & Dz ~d, KaHDHE, #IHOD 1 A 19 BB 23 HIZHEW

THWAET & DRIFABZEND,

WA OFHIEIL(CH2) EDH-15D KB T TS
19 T T T 134.0
o /
§ 17 A / P 1341
~ 16 ;
:};S 15 r 13412
o 14
13 : : : : : : 3 3 : 1343
08/1/10 08/1/12 08/1/14 08/1/16 08/1/18 08/1/20 08/1/22 08/1/24 08/1/26 08/1/28 08/1/30 08/2/1 08/2/3 08/2/5 08/2/7
4.2.2-1 LY FBREZDUV T AZE{E H+90 (CH2) & DH-15 S FLDIKEEZE 1L
HBRIIHA VS HZEAEH+90(CHY) I
8 T v v v T T v T T T v T T T !
7 e |
& | e - i
x : T :
<y : A — ;
o] |
2 |
11 i
08/1/9 08/1/11 08/1/13 08/1/15 08/1/17 08/1/19 08/1/21 08/1/23 08/1/25 08/1/27 08/1/29 08/1/31 08/2/2 08/2/4 08/2/6 08/2/8
v = = 1L = =
4.2.2-8 |KIIMAIDO VT HZEAE H+H90 (CHT) D EARIX 5
BETYB OFHEA(CH7)EDH-15DKEEZAE BRI (2008/1/10~2008/1/16) O D)
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g 134.0
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5 E
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BEITB OFBEA(CH7)EDH-15DKEEZIE HIRI®) (2008/1/25~2008/2/1) 7 T PHIslNes)
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2.7 T T T T T 1344
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4.2.2-9 FL Y FBREZEOVTAZE HH0(CHT) & DH-15 SA.DKIEZEL : HIEO~B
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4.2.2-10 12 VICHH) O HIRI Y T 2t & & b, [4.2.2-11 12 F L RBEEZOOTHZEAL
L DH-15 SHLOKEE E Oz 7, KR X 52, HEOT RIS & O
FIFRIZA B2,
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v = e = =
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4.2.2-11 FL Y FBREZOUVT AL V(CHS) & DH-15 BEF.DKEZIL : BIED~R
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(6G) FRWOEE
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1) KFEOFTH
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HEIME MR U T %, CHT I3RBEATIZSE D O T A OEIMERIC & > 7223, FIE% 3% HE W
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4.2.2-33(4)

BIUINIOREX - RINEVTHEZDAM : CASE3 (FEBEE)
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4.2.2-33(6) BMRIAHDEKX - R/NEVSAHEEDHM : CASE3 (FEHE®)
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4.2.2-34(2)

BIUINOEX - RIEVTHEEDAM : CASE3 (E 7))
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