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Fig. 2.1. Circuit for temperature mesurements.

Fig. 2.2. Photograph of a thermister thermometer.
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2.3 BEZ{LOHE
2.3.1 EEZILOFHER
Fig. 2.3 EILBRFTOME & ORI OMBLRT. ThicX s & BEPITEEC

Fig. 2.3. Location map of the Nokogiriyama Crustal Movement Observatory
with contour lines of topography (in meters). Secular changes in tem-
perature are observed at A and H.
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T 55, #Eino@Emit N-S SB0BE X Vi Th5S.

Y= 3 A ZREFMFHILITCISEREL, £05 b 1 EIATBEAECHY, &Y O
I4EBERTFER Fig. 2.4 WRT X HOREETS. RbcOx 20 iF L s
EREHOBINICHA L Z0FEZFEFRHL LTS, O~@ITBHBLA O REZL D22
DIEFRBIDHTHD, HEETE LTikEre N-S HELESY W TW5., F—
HECEEN2EESP R THBEMEH 52, ZhX FieriT X dczekd - ks
X UFHERO=SEBEC AT RS,

E2RF O 0 0 @ 0, 0 O O FIU®

W o ® LU0 ®

Ftah @
T TEKFERBEREOMBCIK B2 b8 1L.5m OB TH D, Hih L 3BEDK
EBERE 10em X 30em OBELDOPFIC ARTENLCHY, Flcilddiix
W Z B T RBERAF v — LV BHOPFOEEFCAE L CHELLLDOTHS. @DiEL

Fig. 2.4. Plan of the Nokogiriyama Crustal Movement Observatory.
A, and H, and @~@® indicate thermometer observation sites.
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CATERBEEER - UCHE +£0.03°C OKSEIES 2 HHhECEVTH .

Fig. 2.4 dhp A s L0 H e s, BESCOFERELREY, i
bl o TBHET> 2 tic L. Fig. 24 @B WTHERBEIRAZ &IE, A HO/NEED
B EROREOABRBINTED, COHFHOLED O ES LT 2m @1
BENEETHD. ZOFHLHLDRADHEARL L - T A SFECERENKE L BT s
TENRFHEEND, ¥— AL B0em® ORAOEBEECVhTEH T 4 xEL, B
FEBRBSIET s M EERFRTT I AF v 2HOBEEAFOPVRT, FKEE em OFF
CEL T Lt s,

CORPENZEROMWERE LTI hEFAEDOY — I A2 BEFHHETS. Fig. 2.3
bbbk X 5, BHEROMEERCEY T, RETORED DD BELILGHL
<, RURBTENN O 150m R CBEFTOTED ek s FFENEFOM E
WK 2m OPFENTHBRESN YWD HFsc LT, ZoHFNRITBAD ST
RIS .

2.3.2 FHEREZOBIAGER

BEZ i RELO~@DHE TIT b BEELOZEE SO AIZI724:3
~19T35ET B ¥ Tol6r AElicblc » TiThite (IUEIE2,, 1974). % Te v b L

Table 2.1. Temperature differences and annual temperature changes.

Annual Temperature
Observation temperature Remarks
point No. difference
°c) Lowest date Highest date
1 0.44 June 28, '72 Jan., 9, '73 A
2 0.56 Aug. 14, ° Dec. 15, '72? A
3 0.44 July 17, Jan. 15, '73 s
4 0.30 July 28, ° Jan. 31, " A
5 0.24 Aug. 6, Feb. 6, R
8 0.18 Aug. 4, " Feb. 24, R
7 0.21 July 24, " Jan. 31, A
8 0.30 Aug. 6, Feb. 14, ' A
9 0.55 July 4, 7 Jan. 4, " A
10 0.43 July 19, " Dec. 20, 'T2 A
11 0.58 June 20, " Dec. 23, ” A
12 0.38 July 27, Jan. 26, '73 A

Remarks A : air temperature in the tunnel.

S : temperature beside the extensometer.

R : rock temperature.
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T b FREEZRD, ZOME»bEREREXRDS. COFERE L REREDOE
BEMBEZEETS. 2DX5R LT O~ AR DWTELR BEF — 2% Table
2.1 wwT.

zd Table 2.1 %235 L FENEOR UHACBE N Z5F (HOBIU®) &iif
(@R LU®) OEMBEZRER, HibhEEDES 2 209 BEREIVNEXL, BESIV
HEREHD T~20HDERSRZ LN, FUMMATOELEHDO@LHEBENBO & D ik
oWTIiE, EREEEZOFILBENILA->TW3300, BEERSIOCRERERD
BB L TIZE @ BB ETHS. TORFILE Q@ ORBENLE D BIF T
T, A CHDRO L VIO REBELNREL IS 2AHEY L Bbhs.

DOEFRMPE Fig. 2.3 I OBEOFEKN Fig. 2.4 #52&cLC, HOCLERT
VWAE@LEHO®KB LY, N-S HEREOKS LI DEV ®L® OBEEREY HEKT S,
COHDEEIN 2Tm H Y, HEROZBZRERS I UCHHEEOEEZIILITADD
12 LIFC, RESIORERERD20HEERTV5. E-W o, 15D
REERRCESThHHicdd, REZEMN 0.44~0.55°C L1, BER LY
HEEERCOWTHENDI. 2hy Fig. 2.5 hic AR RT3, EEITHDHE
B, BRIESPRECEMREZEYRT. Nias L EMEEERIHVEE=2 v 5 —
EBIR Y PTHB IS5 BZTSNS.

SRILBLEIFTIE N O E53TE T A 2 BB MM IREA F v — A 78 E OWEN CB Byl
CREERERL TH B, BRHIDLDAST S LV AROBEHANEED bieBbhs o
EERRERBLCEL. CoBIRECmEL 10 BEr B550, X LTAEL
SOBHC L BbDEEL SRS, Fig. 2.6 11z 0BHIFTOXHED —oTh % HHmA

Fig. 2.5. Plan of the tunnel and location of thermometers.
Solid and broken lines denote annual changes in rock
temperature and air temperature, respectively.
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Fig. 2.6. Short-period temperature changes caused by an
observer’s patrol in the observation tunnel.

KEFERETOFAID O7cdD ALREOFHNREFEO—FHITHS. LIQODLEILE
BER—EELCHRAZRMY T 50, IVEENRRIVC X5, BELRFCE
R OoT—RRNCEECETHRELNSLDORH 52, FHEFEIK X » TERDOERDE
LRSI h0lE L bhb. o2 CHERK S DMEETOREEDRL CBI O
BOBRBEACKZ W ETHDL., ThiZBHMOREAF v —ARNZ DX 3 EBET
FHRBEE > TR DT EEL bR, ¥ Fig. 26 #R 5% L, &2 0.02~
0.03°C BEOREZT(Y G230 BrBET 50 1.5~2 FBELEL, bk
0.18°C OB LTIt IB~18 B & MBER Z L bbb, TOX5lEntBbhb
XA NBEELCLEN EERARYENS L LMo TEDEND S, TUHERAL
XTEENEYHITDIRETHS .

2.8.3 BLNIRE SN & #

A A S IO H Scfisbhic X D EEGREDCFERE(LOBIIIINIFELF~
19784 8 B ¥ TOM 2 EMER I hic. MHKEL D 0R~23F TOBIEROEZ A
B, UEOFHEY L > TEOBEAESE L, A TOBAMEXEE (LG E A EBET
%7, 1ALEIOHRAZEY EXBVTLIRELEXZECRVEETHS. ChExbHEZL
CEEDTEHL, FOEE 7 ey b LT Fig, 2.7 o573, EEOMEFICEEFEEY
FREL.

BRERY 2B E, ABSDOTF—23FY) 7 2P BIFCHSD. L, HEo5 —
ZEEPEL P 7 P RABRD. BV — I AXEREDEENYHRESRLIEL D
A, FYV7 MIBDTHNEL TR EWIEREND, FUV 7 PORRIZY— I AXCH -
7o EBbh 5.

BE 0CC) 0F —x12>nT, TRERTLIORAEFEELT, HP2FEc L&
FROKRE I HHET 5.
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Fig. 2.7. Annual temperature variations inside the tunnel of the
Nokogiriyama Crustal Movement Observatory.

0= A+ Bt--Ct*-+ T, sin(wt-+¢,)+ T sin(@wt -+ ¢,)+ T, sin(Bwi+¢;)  (2.1)

T, t AR (day), A, B, C vy v ok T, T T 3 rnZEhEED
FEE, 1/28R%E, 1/3EREOEE, o ZEREOAERE (2r/365.25day™), d1, ¢.,
@5 IXTRLhDOECHICT HREDOMMHTHS. ChbD 5%, BEDOHME A o
TREDLNLNDT, RN2EER X - CELNIE A PUNDOE(ES Table 2.2 + LT
BT ChLOREEBGTRDER (2.1) ofix Fig. 2.7 tB0C EEI X DR
7. 7ok Table 2.2 O#ER%2 %% & BEA(OFRHEOIRE L 1/2FF[HEL 1/3 FFHE
D20BUELDH D, zoZ bind, SEOBBCBCCEREUTIIERLCLELY2
mnEE 25,

Table 2.2 R U RO I Y FRBEOL B ED HLTARB E, Hfix °C i
T

IR 7.94 sin (wt+238. 6)
A 5 0. 184 sin (w?+60. 8) 2.2)
H &  0.0567 sin(wt+65.6)

Linh, BL, MHEIXETELTCHS.
Zhrihb e, BMEROME L D BREEIC LY AIE IR T ELNEEE D
RIE IO MMBELRD I —HL T3S, HAKBWTHEE2 AEKNEENES
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Table 2.2. Coefficients in equation (2.1).

Notations ( unit )| Air temperature Site A Site H

B (1072 °C) 5.20 % 0.00 0.00 + 0.00 -0.05 + 0.00
c (102 °C) -0.00 £ 0.00 -0.00 £ 0.00 0.00 + 0.00
Ty (102 °¢) 794 t 2.2 13.4 + 0.02 5.87° + 0.04
g1 ( ° ) 239 * 0.1 60.8 + 0.01 65.6 + 0.04
T2 (1672 °C) 418 + 108 1 0.518 + 0.028 1.3 £ 0.01
g2 (. ° ) 256 *+ 1.5 196.8 + 0.24 52.0 + 0.14
Ts (10-* °C) 518 + 9.7 0.112 £ 0.010 0.664 + 0.004
g3 ( ° ) 10 £ L2 -62.7 % 1.1 -24.9 0.3

iz, SHEIREMEY RTZ ENFERINTERLD, R 2.2) OfHErBLThMBEL
W ERbhh,. ARBEOERECOREL A S H gekid? SiINRELLORIE
DtE & > THRBEITIMERERDD L, ThEhn1/69.2 L 1/1401c7e %.

FRELEDWCCEORRRE EREREDZ, TicbbEAREZL Table 2.2 ©
T, (FRRIE) ©2/ehics. COERREZETLIWEY Ol A &< 0.26°C,
LY BELBELBERAFTORA TR I &GHOBEN: H 5T 0.18°C Tth 5.

2.3.4 BJRER X HRHE _

AEr HAED2HESWTED L SICEN EHELTL 5k ZFE L ThI\. Fig.
2.8 R AL, BRHHIRERECRERELCBEOBEAHCEE XT3, BHEDH 510
ORI, BEAFERILCIMECI > TELRTEY, ZHITIEH - BE (1959) o
BagErcThiE, 20k5kEs, FEOERCR IS ERERBAGEDOENE L IR
WEkEZLRHDT, AEBOBANEZO: ¥ EAEMCHEZETS LRELTELT L
Tk EZBRS.

Fig. 2.3 g REZ £ L C, 2200MESOERNAMEE Fig. 2.8 R, #
EEHLOERBOEIIT A 523y Tm, H S0 1Tm ¢h 5. i~z Xsic
A G0 BMBEOELSCIFEROBBALAH Y, ZOMIIERIHN dm OHE Tk
BRoTnad, A FHeE HAOBOMEREZH TV, 7 23m bk sbigco
TR TWD., ZDLIEEEEBL CTHEDEECOWCEER ML TR,

FETHT S FERGET T 5 BEE O HERNL TR0 X 5k’ (GUTEN-
BERG, 1951).

6=0, exp(—Z X)sin(zzlrf -2 X) 2.9)

T, 8 BER Xem) oz A0EE (°C), 0, 1k X=0 ko h, FTihabb HiE
EoEE, T ZEEE{LOEN (sec) IV ¢ IZ (see) ThHB. FRNFDOEEE
R r 12 GUTENBERG (1951) Bl T 5 BEOE 0.0133 cm?/sec 2 T5
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Fig. 2.8. Simplified section of the tunnel.
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Fig. 2.9. Temperature variation ratio with depth.

ke, X35 0/0, oZEX (2.3) L bhRoi-iFEREY Fig. 2.9 wrid. =
OBERN 2.8) R XT3 1 AkTOBEETHH DT, EED I RIEMBECLTL D
BFATEBLOTIRRVWE, Fig. 2.8 i+ X5 7t SlHBRENEE WO —Go BE
EBDHZENTERLELZLRD.

Fig. 29 c Z hiE, X=210m &[T 6/0, 135 EE¥ e LT, 2D & iihE
rh 10m 3 ANERBOFRHBIILARE RS EERTIDOEELZLRS. ¥
COBRIERREEN H A (£HYH 1Tm) T 0.13°C v 5 BRL BRI TH 5.
A FoLEEVH Tm Zitd5EE 6/0,=—0.15 THHZ b, AXBOEREE
£% 30°C LTiE, A HToEREEZIT 4.5°C thsZchsd. FEIT A H5c
DEREIX 0.36°C TH-T, Fig. 2.9 0BHBEL Y D, 354 L BMEEEHIVNXWE
BEBTERREINS.

BHHEOAER X=2m <YL, o fELks & Fig. 2.6 © L 5 BEH O ML
WL E 2 T5% B, HHRE—BEBERAZIRATH2E0W5300, hish OEEL#E
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PICEZOWMBC L > THEACERINS = LIIRVI, AKEBEOBER/INXLT 3
e, Biln 0B oW THoEET 5 LEND .

3 E MUHMBREHBAMELOBE OHEEEH

31 BROEMFHATOLEY

T OfFEAAT A L CRIED BANE, SILBNETO BRI ENRE BTG U TED
FEELZIHLE, AN EOBCER T LY RDBIEHD. Fhétr, BERICX -
TIEERL R D XD Y, TOBBLCOCTLERET I LILhD. 2DLH
CHEOERZAL 385 FRE LT, HWEREY, WBEEY, SELL, REZLL K
W, WTRKMEECE 2 DERNE L bhb. T05 2 HELEHILII LD BEROELOW
THEINDZ &4\, BEOBHBIZZO X 5 4+ LERIC L » TER I il
TEBEEI TS, Sz hld, 335 —20ANCHLT, WBRIFOLODL ZAHE Y R
EHBEEHDO VARV A ZHHETCHALTHS., Z0Xoie, BEIhfERCEL
T, REFIOVARVADGEERTHOAS E LD, BERRC X - CTBEEFOL AR v
ALEELRTIER IRV, 2 Ol d i R Ul BRIE & B E L E
EHEBERRAD LIl b.

BRI ETHEOENOBL RO D 2 /e b i, cOBBAELERNCT S & ik
BHTHL. LIedisT, BRELHEELZMET I el b, BRAEDRER O
DIEHI LT TCHRTACENTELI LR S, COEBHELETT B DICIL,
BEH LI FAORENDERE LSRR THDH. ZDEFALERDOI- DD LEi
BERELT, ¥T25A0OHBOREDIDHETF — 2 IIHEBEOW & FOTENLETS
5. T - 2 D0 TR 2BEEBCTHHBEOHBEL Leh, BRI BHIcEEL < 3l
+5.

R, NHFREEE U CHEERSURETH S, BNFTELE BT 550 OBk ER
ZRDHICDICIL, FTHERKC S - TRENRBEAZES T Lo badlic i big
V. BT AAOR S EMAAHMER L Ui (1950) odonb B, A (1949) o
FEIC LS &, RAMRALOMBIBZCENESHOBBMBOMTR (WinZ Sh)
EBCZRBLCNTC, FORBRILEMBEE T, FLLCRKAGOREIVERIHK, BK
EeARVT HEELBRRL TS, M- /3 (1950) BB SE 175
®, KIUBH OHREEE I Ui d BERILHE DRI S DFMHERETHEL . 25
R (1962) 132 DEILEL D 7 A Lot RIS 5 10~20km D HFEOEFT 8 » Fiic
KT, MFRBEBOSKEREL Y 150m TR H 5 BIKEOREMR & §ER 0T
EEEH L. £OMR BRESOERRE I D hREICH 2 HAR 20km OEFEA
TiE, BKEONEMRITIZETLCHETHY, pOoRBOSHHEHR TH S LNF
e, 20X 5L, SUBNIM TE - Il b BUWHEECh - €, RBORES
B &G Blg ST HIB O TH B 2 Ll b,

SRILTEDBEICE D 5\ INRIKBWE, BEOMBEERCOWT, Hic W CHEL
T LIS DRRD B ok, FMNE (1964) 1 XAREH 15 »FTOME, BE
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RWRED Y v 7RE LT 0.2710~8.00x10"° Pa DX Ei. LiL, Ba&kI Lz
O RGBSR RS E T\ e, R (1968) 1XBAERN 2 2T GELIEEER) O
B DNT ¥ v 7% 0.939~4.58X10° Pa ¥ AIFE L. EF - B8 1970) 1 EN 2
RO L BB DN T ¥ v 73K 0.94~2.31x10° Pa, 7R LA, #7 vV VRO
TOXES P, EHcBH - B8R Q970) oRERDS. chickz s, BHEEZE
FEGE - ZBILER EEBEOER I OWT 0.16~0.30 DfEEXE TS, 4EIDH
BOkdicit, 20X 5 hREEOERY Y I LY B ReEEERE TR T2 TH
HEELZT, BERCHEEYITO Z LT 5.

3.2 BHRYTL

2 DHBEB BN OMEIL= v 7 ) — VETELR T 523, SEILEIRT O BRI
MERETH BT, MERNOERYBHCHERT S LR THS. HFHLBRAFTON
Mk & OO ER B I —BRRKEDE RS LORETH DL, TOWIITY
FHC X o ThiRh ZERR SRS, BREKAORCR-Th, =v 7Y — P EREOEME
EHTHELPVETLIIE, FhEBEAEZFATRVECERLLEI DD
Hnd, BERECC L, MRNOAGOEIIERCEEhIRORESLERREOD
Bk s TRA NS, FOD, AAREETNHLRORESLERRAOBI L HX S
NEFEOE S OERW KD, BRKEREROERCOWT, Z0& 5 REER
BEAFE R UL Fig. 8.1 ¢k 5. = ORI HLEIEHE OYED &0 LBAYTEL
ERCIVEBRERTNSZ L1hh 5.

B OBMEER Y HET 21200 v I AT O X 5 LTHRD b EERRE I D
SR L7 -C, Fig. 8.1 c#Fc DA LKL 3EILLE 2 @508 6 HERT 2
Lic L., Mo FRy v A EETHD. ChODHARWTRLBRKEWETHS
2, FOBE MRS -TEETSEXRINRYERD. HARDHEE, v In
No. 1 & 2o EEThHy, No. 3 2 4ELIATVS FEN BRETH D,
FORTITRETH D, Fie, +v 74 No. b & 6 RKAGBTHS. Linlyrv Ik
B LIOBEETLLFEAERBKAELTS.

Nt (1950) 1 & 5 & = OABE OB RS, HECEC S BBEA oML (EH829.4
m) kT3 ULy o lEEOAMECST > T 5. SRIUETFTIELOILA i E
T 5, BEPFHOEOEMNIIIEE TR i, ZOAER 10~30° BETHS.
Fig. 8.1 %22 &, BbEbHW v 74 Noo 1 & 2 3ERSA O LER B,
Fieh bt OEVWEIL BRI OTHS. v 7 No. 8 & 4 3L#EH Ol
B H, No. b & 6 R OBWBEOFMOMEL L HEMIhicbDTHS. &
heBoRBErORD L, BLE&L2WYYFA Noo 1 & 2 ELTHT, Zokc
v No. 8 & 42 EBL, BBV 7 No. b & 6 2R bOFHCAET
BTl d. BAO LU0 EROBEYRENL L, TOEFEAETTHHH
DEIEYL ofv v 74 No. 8§ & 4 LEBCERPIBREAOELGTHD, EHRIRNES
LUUTWBE Enhsb, BEoZ tnd, T2 TRERLKE 6@OEAY v 7T
WAL O 78 0 KBRS AR EZREL B0 EE L HRS.
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Soft rock

Medium rock

m Hard rock

%

Nos. | and 2

Nos. 5and 6

Nos. 3and 4

Fig. 3.1. Distribution map of the hardness of rocks forming the tunnel
of the Nokogiriyama Crustal Movement Observatory. The numbers
indicate locations of rock specimens.

BRI EaY v AR EMRBEC s O ER R IET 50 Th 525, £OHNT
FYIAEREL TV PIEREZFER LT 50 mmX50 mm X125 mm fAikc BEL, X
SICRERFET ZLERSS. DL EY Y 7 LOTEBEERImm UTk5s k5
CEML, TEOBEXTWHIERRCHELXTS. ki, Zhbyv 7 1o B0mmX
50mm DOEMECE S bmm OB LB ZESETS. S0 X5 Ky EET
2 I, FEEREES SOENNY v 7 A DEUEIC 75 %X —Ric LTt 5 &
ST HIDTHA.

COEEDLEZFCEETHEALELT, BELLRCI OIS T RS X iR
Licidhudis Hisyw. Fig. 8.2, BEShELY v AL LB L OBy -2 D
BEYRT. £LC, —oofE (50 mmX125mm) &L, 26 90° L XES — o (f
Ha LA aE—fic b D) & 2ETo #EET 5 (Fig. 8.2 21R), L2 -THE
AV Y IA—HCOWTSEOEy —vR EEIRS. V%, Fig. 8.2k, 2/
DEF —ONRZ BN, LORMOEY — 2 DR & BRI AREOZ MR OWTEL
NERLIETOHBHDT, ThEThEEINCERTS. IREMADEY — v Oty &
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Mild-stesl plate

Straln gage Mild steol plate
Rock specimen
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iy

R 50

135 5 K 50

T
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Fig. 3.2. Dimensions of a test piece (unit of mm).

Fig. 3.3. Test pieces of rock for elastic constant measurements.
S: 5em scale. F: direction of compression.

AT b AR T 5.

P ED LBy — OB R LB EIC L T, —2DF Y 7 ABICEY -1
LB VAT 1 & BT e e 2 OPEMA S bR DHZ EiIcich. SDLHIC
L7c B, #Em e o rnZh 2MoBIEMDO#EXH ~—w v PPk S 2
HIEH AL LD THS, v 7 AEROFER, 0 HBITIKEA I ER S h
Lo b ote. WEMAOY v 7 r0FEE Fig. 3.3 &md

3.3 EHTEHROAE

S RE B O MBI T X0 ATt HUEERFE DS A 4 b e e B b oD K i
F DOz ETHCTHET D 2 Lic Ui, & OMEETIRE i & KOO B A3 5 il
B o> Tnh., Fv FADINEGET R L ) 7 e 75 2EHS b, & OEE
L oTENEH B U HES R AT 2L 5l ->Twb. Filo X 5@ 24
90° EXEY — oM Shih, FhEhobifiix 1202 <7 - it hZho
Fine 4 M sNcss > T B0 BAR 48002 TH 5. ZHCESY — oD EIE 10.0
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V, BiEE 60db Oor —Fxr « a v A—2%HGTWS., COHRHERVvEX Y —4
KEB7rr 7RI 2V Ea — 23R D A-D BB X557 2 VB X
ST 5,

HHEEBL Y v A DERRETH 2 BERETCH I L > TEND D, FOET
¥ v 7R CHEREBOE S 5310~20% Kk E\ L ORBREERNHE S LTV S (FhH, 1968,
BE -2, 1970). RER0vv SAeT b EBE OBRIE, 7 v 7 OERNE
AIN2@EELYEL LWL 51, MODERED - TEEIhRThER bR, EE
BEAYvv 7o Noo 4 KfEEZ ML & EORENY Fig. 8.4 i, oI R\WT,
B v S izt (kg/em?®) THH, ZOBOEER (107° strain) & @t
ARLTw5, ®ht Pl LU 0RERRIOEYR, Pe L Lol BHAOEYEH
LTwa. 2LTC, AROHEO Y - kI D &K F—2D5 % AH%EED X
T, EfixOTELL TS, i, F—2EHEOTHLICALIESDWTWBED, &
DERDOER S DIFERECEETHDLLEDLRS. b, ZORKBWTERXIEH
iZ bkg/em® X D/NZ VW ETATITHRTWAZ ElbMhd, COBRMDY Y FARHL

Strain [X10761]

-0}

Fig. 3.4. Sample of measurement data of test piece
No. 4. Pl and Pe indicate strains of parallel and
transversal to the direction of compression. x and
O illustrate measurement values of left and right
side strain-gage on a test piece.
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Table 8.1. Young’s moduluses and Poisson’s ratios observed
in rock samples (tuffaceous sandstone). The sample
numbers are indicated in Fig. 3.1

Rock sample Density Young's modulus Poisson's
number [g/en?] (10'® Pa] ratio
1 1.40 0.337 0.263
2 1.40 0.428 0.263
3 2.20 3.08 0.191
4 2.24 2.81 0.191
5 2.46 4.38 0.196
6 2.50 4.90 0.213

THRKTHS.

WMHEROAIERFESY Table 3.1 wF EHTRT. ORI LB E, BRYVILIL
HEMCRAEO LD THHC b bT, EEMAEIC L > TEED v v /R 2k
DRBEDIEREYTRLTCWAS, 22T, BEGHVIADOEEYHEL, Vv A DK~
HETHRLESDERBEL L TRLTHS. OBEN 1.40~2.50g/cm® & k¥ B,
TWBT &, YV 7ERL 0.837~4.90x10°Pa & 1ML EbEND D&, FlET Y
vH30.191~0. 263 L Y e DB B Z L 5D THS. Ui LE—EH HEE S
hiethZEh 2@D v v 74 OTIE, Bbhic BEERCRKERIESD XIS bR
U,

BRI OBRC OV THEEER I 5L —HTH D, FERLLY v S ARMFE—
HOEAONERENY RETHLOTHH LN BFEI LT, Ll Table 8.1
ERNTELIHEEHOWERBRI I OMFELEN LD ThH ok, RV VIR
CE T, +v 7 No.l & 2L TYy v 74 No. b & 6 1kk X 21020k 2\
EERLTHS, S LWTFhnod vy Ikl -, BLUERNFEOMEYRFT 4
FETHELE, RREROMRCKERLACBRCPET ZECRV. ZOEELY TR
THiDI, BEDETAFECIT EHT 2 BIEERD F0ELMES LT, Table
3.1 DEHFvIL OEBERIEATEZ LT 5. BFLL EROKRIRA T MkEHIT
Table 3.1 DEDCHIFICH 5 & LIXMHE- . LIeh <, SO X5 i 0T UE? 5H
RLUCEFAEYERL, BEROEREE OB OERE LT, B CRRE NS
BERELEBEEI., LT Table 3.1 b2 B5hTw5 FEE—EDO RS
525bDTHS.
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4E EF-CIRI2BBEBANZOBNR

41 ALK IESF—CRBROTEEY

BREHEY -2 LUTFEFX —v EBT) 2GR EOREE T Hc RT3,
T D BRYEEBRR MO NUL L HBREOYM CRBEOBNEITS 2 Lk b, —iic
HWBRBOBRC IXALBHIMHED 5\ VLA T R —ABBH R G bRBA, hicikEL
EBYR R T A A HEREL TS, L, By — C3Ed TN & v R RS
BIEBTE, HROFBORBRLLTHATE MR, FORIE L IS
ERESHNR L EOFBENOFELTHE LW EE LT3,

BOOHISEMERCITE 0 LEY — o0 FA SN T X, Bf CILE s &
W5, BRI ETD ~EOIIRESRL BRI, MBERER (1980, 1981) 1378
Pk v U SWMALREH D AV BSMOBHE A~V v 7ILACREL,
BIEN LD A=) v 7 LOEH 2 RDTWE. 0EME, 76HKREDEEY
(1980) EAR—-Y v 7IOEECESE ¥ - c2EE LT, AU SIS X 51575
ERToTW 5,

THhODPRE B\TIE, EREX—c 1 pstrain 1X107¢) X ok E\s. LT
DEEOHERIL, —BCES —CRN BULShiawd, Chicidfc0BENR £ b
5. e THRBAREDOEMRIRE &\ - I HIERIE SO AREN TR OBH Cilic
550 ZOBHRTHEILMREB BRI E Y ~ CERCEYTH D L EL Bh b,
YIRTIRER 15.4°C, Z0E%ix £0.18°C Th v, BE(KIZ 1/1000°C I b/
W(2ESR). RN, RBENTHRC BERERETZEET S 2 LA D
Ths. BERAR—BRCLEBTHY, ChriEY —CHBEORKDOEEL LB, o0
RS 2 BRCEE, EY—vr L5 1pstrain LFOBELOBET WL 5 &
Exbhd, TokdIlnb, IX107? OBERWET L L AEL L TR
DB LT B,

4.2 EF-ZCOEFEBEER

WEREGUAO Y — L2 v 4EOEY — v &, ChEHBRAOLBRE-ILS 5
AFy FRCHEELIS OB T % (IR, 1984). ZOF ¥ — o vrifaEn
KEHCZEELT, TOBRLRDOEDHUETEI ETHLDTHS.

ERERGCEL ML S L BREATRIBCHATS. BRELEL R, Bermz
e EDOBEAN % dR, WBIEEE K &35 & %, BRA(ERIT
i%§3»==1(s 4.1)

CIbERshs KISBEAFCIVEEOMERL, BEIBRED 2\ 3y — X
(gage factor) LIEI¥h T\ %,

ER—EWEE A 2B T5RX L 0&BESEOER R 12

oL
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TREND. 22 p BHIEHTHS. R 3T LHREE TrIVETHD, WEERE
Bl b 0 L FHETRIE, R 4.2) b

iR _dL_dA, dp
R TL AT 4.3)
NESRD.
- CETIBEIE B HIED b DA bRADT, FORT Y VR v
E3nk, dAJA=—2vdL/L 2313505, Thik @.3) f{ALT

d a’p

R _(1+2v)—~+ @49

irfw—f‘r:) Epwwdl/L=¢ ThHrHr L xERTE, R A1) & 44 IhERER

ldp

K=1+2v+— 4.5)

wrhmREnbzEics. R D) DEDEZIHL ¥ —v RTORMFANEROHE
%, HEHIPE OB (EREDLL TS, FBECEH OB v=0.3 BETH LD,
HEHEETEORLLEEBELS. LA LEBRFERAL WS Y —v 0 K Offiiy 2~
3 BETHAHDT, HEEHOEELREIWEWbRIER bk, BEEF -2 L LTED
BREAERTOEDEA—= v ¥y A ERTH Y, BHES SEERC T - T K=2 A
Bizoh w5, DEVFEZHEOFEI NS WbITT, 2O Enbil—=y r L EED
By —orLTHELTVWS I EBRERINS.

BED L ATBCEHIN TV AEEROE Y — o3, JIS #BERT D EL D
B4 NASA © NAS-942 #Higic X - Tt - MBOBEA L IhT\w5 (i, 1981).
BRI, Bk - bEALShTwT, K=200 wbET2L005 D, HIEBEOM
BEALIC RV AL - T 5.

By —COELECOWTR LT, ML AWE S —CEREHE Y AVHh T,
CHERLCECEE S =2y F Y 7B BWEEI B e PRIDVBETRIELICHEY — 2R
Bubhbo &S\, ©F—oDN—-RELTIE, ===, HYZATFN, =754
b, =HEFY, 7=/ N, EILIFRESETHD. ThbOhrbEGERORE
REEDORGINEDERERL, FRCEHEELZLIDZOXHERT I LTS,

ZRBOE Y — o ORNTEET A ricfiShic b BEOHE Y — % Table 4.1 1R
#FrEELD KFW-5 12 7=2A50 (727 -1 % =£*v H{gcEH) X—-ADFE
FeoT, ThEIb=A¥ BB catt QAR KE Yy -2 THD. RO
LT, =%t NIL-FA-5-W1L 3BV =250 « X=2DFEHF - T, HLL=R
FUBECAATHABE L D 55, BREHEO S TI: KFW-5 LZ2IFED bR
F, hETCOERCESERDIRTVA,. $ETOECS, T OHELHWHRERED
DI FERT L EAEEEBbhD. ZOEMCHMEBEELD Y HEE Y~ KSP-6
FRLLH, S/N EAEBRTCHWBRIEE2b b, BREY —-ORELC &2 REEChH
b, BN ST 3 HRGENECORRETHD IR, 19870).

Table 4.1 w3 EBHE 30mm OEL — SKF-3168 235 %. L L hizsEtEk
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Table 4.1. Specifications of strain-gages used.
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Gage type KFW-5 F11-FA-5-H1 SKF-3168 N11-FA-10 KSP-8

Clasification Watertight Watertight Watertight Normal Semiconductor

Lot number Y1025-222 3170-Y13 Y1103-001 1108-041 1351-015
Y1236-063

Resistance(Q) 120.0£0.3 120.0+0.3 120.0£0.3 60010.5 334.7+2%

Gage factor 2.08+1% 2.10+1% 2.11%1% 2.12+1% 124+ 3%
2.09+1%

Gage length(mm) 5.0 5.0 30.0 10.0 6.0

Gage width(mm) 2.0 1.8 3.0 2.2 0.25

Thermal expansion 10.8 11 10.8 11

coefficient (ppm / °C)

Rate of szrain vz, tem- *1.8 *2 +1.8 *2 +9.4

perature (u strain/°C)

Gage material Cu-Ni Cu-Ni Cu-Ni Cu-Ni P type Si

Base material Fuestel Polyestel Fuestel Polyestel Fuestel

Protect material Epoxi resin | Epoxi resin | Epoxi resin

BRET ETHEIED THEETH B1cd, EHBIEHNRCET U CHERRESE oy 2
T ZoBBE, PRKELOBEEOES - NIL-FA-10 (SH5d) &5 2 L.
Chiky —YEH2 6002 THY, Br—CrMzsBNEREL & T5 L, B 1200
Db DIHEL T 6002 D352 {UERCOWT BIBEN2EL LA bR &
€%, LoL, HINERC X AUSBEERTS LECETLCLE 5 nbre, HOBENS
WCHEEEN T ERTERD oo oYk — o KSP-6 GtREEMd) 11 K=124
ERENE L, HMEROANBEN60ELE 0T S/N i kigickEshs, BkH
DY = CHRHRER TN RN DBFHNENREL DD, U EDOT 2 DR, BEKEC
KFW-5 %X 08 N11-FA-5-W1 oBikBEY — o ERICH G5 & L L,

4.3 HLTILERERR

Y, BRCENTTEAY Y 7LDV TEF —CDF A P 2T & 235, B
BUAFTBRIML A B SR D L7 ¥ F oAt (Table 8.1 o+ 4 No. 1 & 2
KHYT2BKEDE) PBrh o, Fig. 41 KRTL54 BOo XAl
Bdsc el EREOAE B0emXx20ecmX15em) OEEYHEL, %o icEd
B7 704 P RACTHY — v EEBEEEF — o EE LT, ARRCE DY s T
EleBRHTH oL L L. 0L XDERYy—v (K=2) ZEX 30mm O 0T, #
BELLTley 74 vHRDSDEFEH L. O 16 g/cm® KMo E % A
DRI 30em OFFCmzic BE, HWBEROHNELT 15mV BENELhL. &
DEAC L - TAXI BEOEL A I WD, ok, Lk sy — o DBEIE, K=200
TH BT, HERL L CRBELEREO L. ChbDERIIBEOERENTHbR
etesd, REOBREEINRD KREN Tl B2 BREM, BY - ONMREEL 107
BETEACHLZ Ehbh o, DbDX 5 mERENIC RIS ELY v S L ERC I




186 woE o owE sk

Fig. 4.1. A test piece of rock sampled
from the Nokogiriyama Crustal
Movement Observatory.

D, B R B S — S i I BRI 5o DT, WNICEBSHi 2B &
L.

4.4 HEEBERIOZFETE

Ty — O DBREIC—IED BLEON BT, KIChEEes s LA THD. KR
SR T oW T, L BB RBROETHT 25, HEY - “/@&‘4’—{' 547
WOT- DA (BBEIILTS 5 AF » 7)) ~OHE, IO OHCPRHONE S
LGERANEET L2 L LD 2B CTbRD. OB, 0L 5 IBERZEIRT 50
DAERMETH S, PEFE L TER I HIHI

a) WLREDIUFRIVN SN &,

b) BEPEERAEETRE AL D KRELS RV L,

¢) R VTR RESRINH 0, Rk enC &,

d) BAREEENE L b 2 &,

e) 7 ) —7EEIERTWLET L,

f) RFEGTHDL L,

) BTN TORER R ST T &,

h) B 7 AR FE L2 &,

X THD. DL SIS B SR TR T B AT R - Tiawn &
Lz bihb.

BT A N L sl S EC s, 7 2 7 7 0 v — PR HGBREEES A &
RT3 ELT, 7erv7A7y (HEAHKME) & CC-16BILMEZEM) & 7 A b
Licd o n, BHREHOE »— 3 VETHEE LTLE 5%, K =AT A OHEEH
PC-12 (JERNRZER) B bR E LEBREE NN %5 5L L, e a5
SEELEENRTLE o7, MENARMTH L2, X-60(H. B. M. #1) s LR

0Q




RT3 L OBy — DI X 2 BB O 187

7 20°C TIOHR & BV, 2HEBATH LB E BELT S 4y b 74 7 LERBA
DERN BE#ETHD., =RF v ROBEHLLT, 7ILL4 b 22 v £ —F (CBA-
GEIGY #), EP-18 GtMIBE#4), XY F Exy b R(z=vih) BIOT7S5A 84 +
AV-138 (CIBA-GEIGY #) D 4METFA ML TAhL., 7ILEL b « Axv E— Fik
18°C UTORETHAR RN BITS X5 iR LT w5, EP-18 kEEH o mEik
DR BERECENT 5 L, BEEFNKHLTLES. BROLC A, BHEACHEE
THEEFELTEAYFE 2y P RE 75054 b AV-138 (E{b#Iix HV-998 f5
) BRELOBRCIND. CO2HED D BEMBTOCCOF — 2 Db B BELRFHT S
Zlk¥%. CIBA-GEIGY (1984) O F — iz X i, M T BLfD thic B\ T 10 4
MECDEENDEPZEEA LR EWRENTV D, =R+ v ROESHIT—BIE
FRETHY, 5°C L5 MBENWERCLHLT 22 L EDRPNEEDES I, BE
AELT AV-138 LA HV-998 il 322 Lt s, ChboEEMIISBEY
RBUHELTEEAED TS AF v 7T RCREZET L ENTES,

oL, 77uv iRy =FvviEfiTsl 2y, BREANRITABEINETSHS
(CAGLE, 1982; CIBA-GEIGY, 1982). 77 w v# £33 5 7o O'BTAEE DI 7 2
VARBCTHRFEL T B LD L THBH, EPOBXHATLIZ LD THET
HT LR LI B3 2000ce OF FSe Fr 7S5 vRElI Ly o v AAD A4 S L
BEOOWIEED0ON 7 I AESE, B6g DF7 Y vEIOhENL, OFRH
FRllc@Br ) va 46g x5, ZORIGEH2ERA2D, MRS -BE
REBEYETS. ChTERC LT 7 » VEARET 52, F0OKIGREIZRE 16,
BETHD. COFEXEBNAESTHLY, BEENSD I L L BROMEESS
B, THIEHLTHY =5V v ORI RNE S T, ik (E 1.82) 1kg, &k50g
EE7r Al 8g RAVE. ZORK LD ERTIONBS THBEMNTEEE LS.

4.5 BRI 3ERE

BHMAOEBE I —BCE. AR ERREBEFN 2 BEMNCRET S &, F0ER
WER100% %257, 20X hEBREOEOBCEE LBy — o hsHLOE R
THETZE, LbEbRSEE &%ﬁﬁﬁﬁﬁTLf%M%ﬁK%&&%.:@k&%
= OHBERANE LS,

ERERRES — /®Eﬁ&ﬁﬂ<%é@<,%@Eﬁﬁ&%rﬁ??hu Bich b
B —UHRFIZ7rLT500X5kHR25. BY — /®Eﬁmﬁ%R L4 rLx,
RERKIEHLDS Ry 25 Ry RIE T35 & EDFEEOEL de 12
PR (R,—R,)

KRR,

ThDH. E R=1200, ¥ — v K=2 L, HEEHHS 10°Q 75 10°Q EF L7
BEERDDE 4e=0.6X10"° L 755, %@@Eﬂ/#fﬁ%ﬁ%h%bfh% LbE
BLT, KT 1072 RBRADETEEV I EE L SRS,

TR, BHNAKS 5 HBE (T 8m, %7 3m, B 25m, iﬁ0%4m)

de= " (4.6)

DHETE Y - EEEREYER L. RAAAOBELYENL TEY — oot Ra
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708, BB BN S R B ERS B EBETLTCLE o, 2D L EDRAE
i3, BELL S - OREIC=RKE VBIIEYERT 5@, ©—r DA —h —REDHKE
HMEBELY £ 4T AN L., TANLKEBRBAZAD LS THS. FMEEHLD C-1A
MB, 7v2%, LTFREL), C4 (vy22), 734541 $100 (=xF2), KE-
48RTV () = =4), CIBA-GEIGY thD 7 FA KA+ « AV E—F (=HFY)
I HLB.M.#o AK-22 (791 =4 LHEOBREY, f#EMcovTi3gdds) ©
H%. Lal, WEhoBBRFIOBALEY — o ORBERORERATH B 10702 »HE
ST LE k. XBi, KPR CHEBTHHARBEEY - 2%, LRLRAKCERLT
2, PRV HEBHMRIMELIEIREL e ok,

WNT, av 2 ) — bRCEDALTCHERTLEY —voFREE 2, RAUIEDER
CERE 7.5em, BT lem OM@EROEAY 2HEMCH T, ABLBELA VT
Ty —owEBORAAL. EREACKEVT, BEE Tem £X 10em OFEFHOMRERD
B ARE L, BELZRDELLECA 107° ONBEENFTICH S Z LAFEND DR,
Lal, OESALEE ¥ — v 0@ERERac 100Q D kdbotn, #EHEID 2
FARETELEDL 2X10Q b LT L Eok.

S DEIDOHRSEEY RELLEIS, BARERCE ¥ — % BEEET 5O TR
GERFEREEY —COMCEBOBEEHBAL THEETAIE LIV Ehbh o (EL,

(Ohms)

‘olz |

S6

L L 1 i 1 L ~L

) 100 00 300
2 (Days)

Fig. 4.2. Moisture-proof tests of strain-gages in the tunnel of the Noko-
giriyama Crustal Movement Observatory. Normal type strain-gages
with covering putty are used for S1, S3 and S6, while water-proof
type strain-gages with covering putty are used for S2, S4, and S5.
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1981). py@aLE#Fié U< H.B.M. (HOTTINGER BALDWIN MESSTECHNIK) #o® AK-
2L\ TFa T A LEELOREY (RFHEs, 1973) b5 Lhibn 1. Fig 4.2
BB T 5 EBREREYRT. S, 83 kX S6 13 0.3mm EX DR L EE o
Br—UREEREL, TOLC=KF o TH T AK-22 2 fHLb D, S2, 84, IO
SE I ABIEy — R EEL, £O L AK-22 ZFHHL-OTHD. Chxr kR0
BRMAO &R K P+ b L, 100 BE BB L C BBRERD Bty LicbDTh
%, TOEBFER IR, S, S8 kX0 S6 131008 N RERRER 1002 U T
WAL, ShicR U T 82,84 X0t S5 X BOHFEBL TS 102 L EoE ki
FEBHT. TRLBHEATEBAEEY =~ o2 FHTRETH D LEDEHRICELR.
) — FEROMWRT ERBHLLEECh ok, L, ZDHEOREELRTERT I,
ChIDIORRFLERFIELLZLOLEBDLNS.

wie, BNORELEDOKEC 40 pm DRELEEL, TO R PAREr -2 %
BEL, Ebkc AK-22 CHBABY K LIcBa0EREEY Fig. 4.3 ©rRd. 208
ALY - FEMERIIRAED  FERYT o7, ZORKBACFERTAREL LT
LU B0 um DB T DR ERET o h, BOERRCESTH L EFBENHE
WwE ULb” 2feh B0t 20 pm OB TEAE L. Fig. 4.3 wihg, Tl~
T O b EDOHKBME» ~2 kb, 250H%ETH 7k 1002 Ll oMK % 7 bk,
EEROBMC I TR FERLATRETH A EHBI L.

D2 0DERNHHT, HFEHIE 100 »HERALTHE, ThETTFAILT
SBAEClERIBCER TRz Licksd. LrL, BEMERD &R+
THY, THLEEBELHEMTALNERDS. 3By —v0) - VR Y =51 vt
EDEE NS LEDOHEEMEOME, AK-22 0 L X 5K BFBYEY B 5% %
dThE okl Bz bhb. itk AK-22 D hicv ) a v 2k BHiT5Z L 2R
ZIeH, BHBATY ) 2 v T A LB 2BEIRALI LM VEETHD, ZOF
BEIRES S 2B o1, ’

EOOERCEEL UERATAILHBVCEBRELT, D05 bIIfEFizAT v

(Ohms)

1012}k

oMt

1010}

o 100 ‘ 200 ' 300
(Days)
Fig. 4.8. Moisture-proof tests of strain-gages adhering to the
wall of the Nokogiriyama observation vault.
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ARFERAL T, XLCEBRORL VD L5 RMBEF RN EELZTRDO LIS
HHHC O WTEE T A M T ols. TY9RAF v 70MBIELTCTF 7 vy (K5, PTFE),
Ayv=srvy PE), =8> EP), Hie=—21 ®VC), 727124 (PMMA) &7 =
7 —n (PF) oEx 1mm OExFhrh 10emX20em ik L. B0 -»EX
0.3mm OHlRY 75 AF vy ZIREFATECTR L. c0EBROHEECSERDL
hAYBRERLCOWT, Y79 RAFy 7 6 BEFIRDOERY Table 4.2 wRd. ZOHRR
XL, MEBBONIWIELT 7ry, £V zF Ly FLC=RE>Ths. BEAL
LCERTS & &L, WHOBIVAL TSR I, BlEEES DI EES -
CEEIRLEREORFEINZL LB, 20Z Eh LEFRBIOMEIORMMEEERDV/INE W
BELZOBEITHETZENTELLIORRA. BARNBCECZEHBOHTHELLY
2, TOHRTHF7rY, FV=FUVYELT=RFCOETHS. b, BEHEHMIX
Bz Xuwbidt, 7vry, BIEE=—AZLTRY =F Vv VDRETR-T5. L
L, ThLOMER, WARLEFEEERKTER TS 7 e v ERY =5V v LiREE
BEHARECC ENRRE LD, WL IDDIELZ L, COF7rv XY =FL VX
BENIDT) REEcz L Th B,

ST EDlt h b0 TROMWRO LIty — ok &4« 2@F>HEEL, 0L
BEYRBCTAHIDFHEBRBMELYT - demXHTem DEX010mm O F 7 v v
DY—FEEEL, TOLCLOLRAESEOHER AK-22 #FEX L. 20Xk 7
BHEOREYBORD 2HIED, LARKEKREZ - LeRBEO Ay odicBL, fito 1

Table 4.2. Characteristics of plastics and copper.

Modulus of | Water absorption Thermal expansion Volume
Material elasticity coefficient resistivity
(10* kg/cm?) (%) (1075 /°C) (Q - cm)
Polytetrafluoroethlene 0.4 0.00 9.9 >10'8
(Teflon : PTFE)
Polyethlene (PE) 0.4~1.1 <0.01 11~13 10'5~10'8
Epoxy resin (EP) 2 0.08~0.15 2.5~5.0 g x 10'S
Polyvinylchloride 2.5~4.2 0.07~0.4 5~18.5 >10t€
(PVC)
Polymethylmethacrylate 3.2 0.3~0.4 §~9 >10t
(PMMA)
Phenol resin (PF) §~11 0.3~0.7 3~4.5 10°~10t3
Copper 130 1.67 2.3 X 10°¢
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Tig. 4.4. Moisture-proof tests of strain-gages: PTFE: Polytetrafluoroethlene
(Teflon), PE: Polyethylene, EP: Epoxy resin, PVC: Polyvinylchloride,
PMMA : Polymethylmethacrylate and PF: Phenol resin. (a) Underwater
laboratory tests, and (b) in situ tests in the tunnel of the Nokogiriyama
Crustal Movement Observatory.

FEBIACKE L CEOE L v ORFEIIOELERE L. WHEDOBE, EBEE
Xt 5 BgEROE Ly Fig. 4.4() ©, F#EE0Ea% Fig. 4.40) wrd. <
DEBLBRRCE LS, BY — kv & LTHRERFTS & 2, vy
BIEHIT 1072 XD KEWZ EAMETHSD. COZLEEERLTKEALS L, TTKF
ERWTIE? =/ — (PF) 236000, 727 v (PMMA) 2NgiE 248 CREERS L
Dbnb, FL7 =/ —nET7 7 ) A THBIBATRILBHR 22 & bhb. K
REBRTROWT RO BEL BT %4 0idd (Copper), 77 r v (PTFE) & &
y=51vv (PE) TharI Librsb.

HETIHED, BRI 2FEETHE, 10FEOHFMIRL THERZ & Tk, ¥
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Fig. 4.5. Strain-gages adhered to the wall of the Nokogiriyama observational
vault. Strain-gages adhered to the wall by epoxi resin (left), putty covered
on strain-gages (right).

o, FIAFy 7EHOPTIORIRCHEL TS EBbRb T 7 e vk AT HEI R
U755, WA S TR EWIcoifiiEiliid K& v o &, MECHE»hwo T
FIOEIEMFT LN TELI LR EORENDND L 0V 7. AT E UCHIAEE A A
AIATIE bIS W EEADNETH A &, B v TIciiEy — v POARETHH T L
EDb 5.

BIAE T - T D85 E B TER O TIC X > T 5. TS BIE L7 5 A
F v 7RO EFAIA T, SO FICEr — &2 PEST 5. 2O LI Xbic, 5T R
T LD TOBIENIEAY LT 7 v v D ¥ — AN T A, &0 F CIERENK
B TR A W CIREEE L L 722 BT 5 & ENTE 5. B O Jh LBl o
FIIE B\ T, By oSy PR LIcEADRNEEEL, P L CEgd s, w
PRU 7B i e K T L, S BICHERER Y B L, 72y F THWTH BB v
DS FEGT 5 (Fig. 4.5). HEEIF T LT B v arifo Ll g2 30°C LI T
Lo Thb, THCHCPRA AK-22 2L o5 L5 LTEr —vOEIEES D
THh%5 (Fig. 4.50)). 7ok Falo g OB A idmiind @M% x5 2 L aniE
TH5.

4.6 FFEIEBOEME

BREM € v HiE Fig, 4.6 wRdT Lo, Br—o&£d1Moo45 4 BB
Mir ko Lic., EMEVAC Ui BBy — v ORIERED KEWichZowifiis L
fetedTH DL, ZO%, MinT 5 20 (active gage) HEEfIC FEL, HH D23
(dummy gage) 13\ < SAJED DI AT L T, Ha BERICEI T H B2 7 —
o L EoOEREYNIL 1202+£0.5% oo, ©—oRK K3 2.06~2.20 BETh s, HL
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Fig. 4.6. Electronic circuits used.

fEEhice y VX o T =P RIEDVOERD B w v PHDFEEET 1% UTOLO
TH5.

DELBEEEYRD S Fig. 4.6 wiW\T, #HiER»SORNEEY B, BE~
DEWMBEY E, #BiEE A Br—-coKLOEFEE N L35k

&:%K&N& @wmn

ORFENR BB, Tetl, LRIBEBYERTHELOEY —COBEMHSTNTELLROD
L, BERIOHWERANEROEREEDCTEEIIENCENTH S ERELICH A
BT s. Wi, RA.NDek T K=2, E,;=2.0V, N=1 1Lt %, BHOEE =
1x107 strain # HHEE E,=10 oV w3 3 8EE 1L A=0.5X10° hhili vz tic
7. LB CHIEEY 1X10° 235 L 100dB L3,
WIEEOEBEFRILL TORKBIC & - CEDR. HUOBERNEBROBCHVET Y v A
FY e T FSGA N eV —FHEDORr» 74 v« 7TV A BEREHREN 1Hz~100kHz £
B, BWIEE, 7+ xOFEREERIBER I OCRABKREOLDOEEOMHEA EHME
FrBTELLBNOLDTHSD. BOOBMRHADERTIZIZDLIED vy 74 v
7V IRBWED, ThEGTREROCDENMECERANERSLETHY, BEIHE
EEYHETSC b xELl. Y oBERHEEROMARE LT, HIERE 80dB AN
BEOFY 7+ 1pV/day &2 i, WEO IC LLT, 28D 2/ 9>y 2Lk 1
D<A 7 m . 2L —AREALLE, UL, BEEY B CHIREEZEEL L5 & T
B, my A4V 7TV ILERERBOMELS F) 7 r23AELT, BHEZEBELT
LBEAERD Lot B, BERAOREZ(LEDIWBINCIBEREBEL
THID, FIZ7 MR- 3REA Lishofe. 2O &M, TOREDOERYH &
bdte. ik, TORETEY - OEESENEFEL TV 5EY — o HEROBIER Ot
BEREELLY, ANBREOHE LHBIEEOS T, ZOBNDIDOEEEHRE LR -
2. DX BEOHERC BETH L0 oD T, Fig. 47 RiR$TX57%k7
Byl e BATITSADRy 24V TY7HBEETHZ EICLE.
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Zero AMP DET DC AMP 5A-0 canverter
A adjust| | (100481 ] 1 (2048 Recorder
’I‘ T Manual
: | control
Coltbra-f | i Phase
tlon shift £12.0V
T T
1 T
P. QMP(_Rmpllludse__ X'tal Power } 418V
control 0scC supply

Fig. 4.7. Block diagram of electronic circuits with strain-gages.

BEFEEC 31T 5 RAOMERBIEROWECH 248k (r 5 v v 2% FET 7
E) OMFTHL. COBRIEY -0 bLRET L AT B L CHEROFBE D P
BN LRETHMHEOH VI LMCREVT LILH B, BHOBMEXEYE R 0K
N TET TR BERZ L T 5o E LA MBERETH 5. - OBRFGKOH
MEEZ T &35, i, 0L XEHAOWRCIIGIE ¢ OBEXEL, £0D 25§
SEIGEIMEE SRR B 2 b ob L5 &

=4k TRB 4.9)

PRBIT D, ZZ TR Ary~y BT L8XI0BI/K tp5., T=210K 0t %
(4.8) X2 g=1.09X10"RBV? LR bhd. BY —oDEHY 1200 & L, ([
BFHEEY 1Hz &332 LBy —COmMTETLHT X 14X1074 oV L3,
IR SYEBEOMEFIIBMETOIENC Y 2 v VREZ L 7Y v 2 HEEE LT
W bis., 2035 2, HBHBRBIREL—HLINVZ E08\. & DenEEIL,
Hrw 7 b BHEOYEEY ERTL BLELT, MEFEAELAVCIONERTH
. WE, MEREEY NF 45k
NF=mkgh+Z%T{%%+ﬁRQ] 4.9)
ETHZENTED., 22T, ANBRBERETERY e, ATREMZTENREY in, BEBE
EH#ixk Re TEbT. kL, CORCKCTAKREHEE B=1Hz L5,
R, WRBOMBEOLEMEKE LTI v RAZFRIIBRYE NS v o 25 (FET)
DT EERT 50 OB D 5. COHE, By — v vl & RS L OMIITEREP
CiET 22D 7 VARFBHTHHEICLIY, 7-ASOBROHABENKELRS. &
NREF - MEMEREY I A BT 5 EARFREE R B STH D, DL
vADLKRME 2hlloBHEE N=4 D40 FHTAETEE, Br—vwvyE
DTS 1202 TH BN, + TV AD 2K bHICEMIRGIE 120N2=19202=2kQ
THDH. FIEBER» DRI ANEBFEENS 10kQ 28l T, BuEXX r5vy
A 2D, BwE X FET 2Z#E23 47002 EB3 bR Th 3. bhtbhOER I, £
BREHI I 2k chBZ LD, MBROBIBCILIS VAR EHWAI NI WL
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ZExbhs.

WHLLT T,

fEET R L OEY — DI X B HREOTR

OB HECBEFER OB o el kT L33 _T IC THER L ch o1 id,
D IC LT3 v A2BICEMEEDLDOIE LRI o1,
FEVvORARRERTAZ LR LI
KTsz el
77X NF o/h&w bSvoRsx & &
25C-2855 (HIL) I ERBYTHHZ Ehbhnd

a7 2 B 2mA oL %, NF 12 0.156~0.2dB BEDOLDTHS. &

e
Z DT DB D IO
FOERNPREIERS LSET T IC it X »THE
CDIXSRFMBDOLNI VU ARE, AFORBIRXERLT, raw
2 ~F, 28C-1843 (NEC), 28C-1682 (BEZ) &

5 vy Azt 1kHz ofF

L

hB%%ﬁ%ALT EREOEIBIERL T, %ﬁ@(ﬁ%ﬁﬁﬁﬁ®dkbr7//x
BREATERTH LTS,

Table 4.3. Specifications of lock-in amplifiers.

Instrument

Parameter

Condition

Specification

A-C Amplifier

Voltage gain

Load resistor = 600 Q

105~108 dB

( 12 sets )| Noise Input conversion 0.06~0.18 uV
Input resistor= 120 Q
Maximum output voltage | Load resistor = 600 Q 23.0V
Central frequency of 3.20 kHz
filter
Band width 32 Hz
Power supply +18.0V £ 1% 60 mA
-18.0V £ 1 % 55 mA
Crystal Frequency 3.200 kHz
oscillator Output voltage Load resistor =600 Q | 1.0V £+ 1 %
( 6 sets )| Fluctuation of fre- Powersuply + 2% <0.001%
quency Temperature " 1°c
Fluctuation of output <0.1%
voltage
Power supply +18.0 V £ 1% 30 mA
-18.0 V £ 1% 35 mA
D-C amplifier | Maximum output voltage | Load resistor = 600 Q | +12 V
( 12 sets )| Adjust range of 12V
output voltage
Voltage gain Load resistor = 600 Q | 20 dB + 1%
Power supply +18.0 V + 1% 22 mA
-18.0V % 18 mA
Power supply | Input voltage A-C 100V + 20 %
( 6 sets )| Output voltag +18.0V + 1 %, Max. 300 mA
-18.0V £ 1 %, Max. 300 m4
Voltage stability A-C input + 20 % <1 %
Load current 0~100 % | <2 %
Ripple and noise Load current = 300 mA <2mv
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Er-URBHTHIEERLLT, KGBRERELAV, BERERRY®ZCT, BHHMIEL
Thb#fad s, HERLEFETL ECOERELT, REFEVY Y VELVE - 7R
THZE, WERNL2BHETOINS v Rz, IC 2 CR HEL P BN Y b X
ST B LR KEITHS. COoBRMITHEEABEYAV 2EEIE, BREHRCHM
EINBHTEissDT, LkRMAE 2RADHEBIEF 10°0 Db g 28 F 84 (5 Fl 3
LLENDHD. ZOLILT, BRLLHEERC X SHEDEREEL Table 4.3 iRy .
Thasdd, ANBREMED 0.06~0.18 4V LR W BTV B b5, Ik,
COBRREE TR L CHIEROWMIBEY KIET 2 Bk ST 5 Biffk Lk -1k
W, ZORHOT -2 DREIIHETHS.

Fig. 4.8 im0z, Bbhic RIFLHIREMPOLEMNTHS. COBESF — v il
1219864 4 HicgEE Licb 0T, FAEIHLU~ISAD 3 HRIOF —2CThs. =03 AR
DHAEEZ(LL 0.02°C BE CRIEHBCH L TERNTHS. Sbic Fig. 4.8 1011,
EY -V E TP LCRE S 26 m BRIAEEMEEFO NW-SE 40 B
FOBRRHER BB OURL T 5. MERCHNRESLOBELZII T\ 52, )
DI HBHENDIDNZ Lok, I BRIEEORESK 0.54X10°° LT, &
PR 11X107° &, ZOREZF2W0HBIELTCH BB THD. 2O EnD, &
LU DBEBEMC L > CEDOHELRL ERL 5 L L, SEDERTIIE R4
THBHZ Ebn5h., T2 THNERCESEIWEB Y — o vk, REAFr—1
TEICEETD. ZhTUL ) BEECOBERSUZEINILI > TH 5.

Jaxi0®)

Strain gauge (20 ohms X 12)

Tz-oxio-e

/\__,,W\/\/‘\

Extensometer (N48°E)

1 1 1 ] 1 L 4 1

12 o 2 (4] |}
Sep. 10 Sep. 11 Sep. 12 2

of

Fig. 4.8. Strain changes observed by a strain-gage (upper) and an extensometer
(bottom) for the period from Sep. 10 to 13, 1984.
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4.7 F—-yEHR

Ty -2 Tt L5 Bl 57— 2 og iRt Fig. 4.9 w33 X5 kBB - TW»
5. BeVIREEIRTWSEHES SHIESE 3m DNOER Brh 5%, %
BRSO MNEFTIRAOIERBEAN—FFIC % LD TR T % EIREIER I HE
o, COBEREEHRCI TN 7 Veliekh Bl BHERERSD BN cE
LRI DOTHS, CHIIEBEY -V EDOFY 7 FORIELT Y & &k, FOER
€ VS ORBEBITCBEEI T L LEREIMT2A L 5REEIRTWS30TH
B, ZOZEIITTR2ETHHLL L R, AWK L AEHMANOFEIE2 5 kE
HEEHIET 51D TH 5.

BREE» O NEEE, BARCABLLIERCE SRS, cokwTE=2/
O +5mV RET 12¢ch OITHERELFIH & 2T A-D avs—z% (=~y274) R
BER%EBNRS. T A-D 2 v A—20 BRI RO LD THB. ERFRE ZEFEHH
T, ANEBE £12mV, Foxa W 16bit, HHBE 0~+5V, #r v b e 2vE
= — 2 IHE Iz 82¢ch DEDTHB. Krv b eavira—xLLTE 16bit 0
DT X-07T (F+v/7 vih) ZHWTCWE., 202V Ea — 2 OBFEBEOLBIL BTGNS
FEEY, EEEL UM-3 BBt By b, EIhEES -2 VB0 5 —
AL, 3V —x0 RS-232C #F-5 5 4800 bit/sec OES T, =FA%EAHLTH 150
m ERCBEFTTENO <~V 7L 2. —x PC-90LE ©%bhs.

BN BONEEN LD F — 2 5B R EF 2B T2 v E 2 — R CAS., 2V E a2 —
# PC-9801E % 20 Mbyte O h vy bF—F ¢« A+ ) =< {JED ~N—FF 1 Rz L7 Rr

Observation site

| |
|
1
| 1
| Strain- Ampltfior :
| gage .
| sensor X
i
) ! Observatory_bullding
! 1
! 1
) D-C Lovel ! 1 |
° i | | ab |
= ) Amplifier shifter 1 | Observatory room |
| 1
ol t ! 1
s ~ """ —-—-—"—-==-==-===- | |
o | 1
| ! Hard disk |
£ Recorder Measurlng room
@ o e I ]
‘i, (12 ch) 1 | streamer X
- X 3eat 1 - |
K : I I :[ :
, i | |Pc-9801€| {Floppy |,
[—y A-D 1 1 KN X
: i Jeonverter 1 | |computer disk X
'3 (32 ch)
i : : " ]: 1
| |
X-02 ! _ I
! K—A Modem .______)_+£¥ll_QM!JAAT_é_; Modem !
I (4 wire) I
) computer i ) 1
| 1

Fig. 4.9. Block diagram of the data sending system.
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vy AT 4 A2 BESTWE, 02 v Y. —20BBEEITHEEBEOLT, Sy 5
=l I BEERD Ny 77 v T TR Tz, ZOd 2 Ea — 2O L EF
ETF—ZINET w77 2%, BEEIRD - THEXBHARCBBNCEELYHEET A I 5
FRIZFALTHD., FEBELTHL BEEFCHLIFERLDY, ZoOBOWE HETH
B, ANLI208E0F — 2 312 (45 FOFBHIRT, 1986FE5 A ETiE7 = »
VA« F 4 AZR, FOBITA—F « F 1 A7CHEEINTVS. HUEOER BT,
RS S THBEOMBESCKCESET A ES — v v v, BTEELF — X NG
DEREF—CRETEL, ChOEEHRTEYy - UEFERLEZ LTS,

5 2 BEHS-CEFCLIHBREOHA

5.1 SRUBAFTOBRAIRIBEE

SFILBRFTOE Y — o FHC X A EBBR M OV TET Tt 4 BIC B TEEL RN
. T CRES - OBEREE, BHEE BEERLETFERCKT S LRIAEELTL T
Hote. TLTEABIRHC AL XSHHADERCEY - EH Y EELBLYEL,
BTERIBHELELD, 25 L TI9854E 8 A ¥ Clr24EDEBENIIG & A Vil B g X
i, LA LERRENE > Tk, Fhit D-C HEEOHB STl ) bhi =
=2 AOIREFT RS XD A EBOMELREL T, BRED A-D = v - sl
FErb5E2 5 EV L. S IIFHBEOTAES (ER-187 B, #WEEMd) i
FTHZ LR LI >THREIN. ThE i, BREREENEZILEIERID, Br—
CEHR LB SSBEHNPBBECE DO TH 5.

Fig. 5.1. Plan of observation vault in the Nokogiriyama Crustal
Movement Observatory. @~@ and @ indicate locations of
strain-gage strainmeters.
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Fyr—oFEHC L5 BEOYHED B EX BEREMETO SRS : ks lick
D, TREEVWLDEEBLIICBNTHLETH o, LELEROBBLE LICRE
CEY — OBHMBEDOBRT — 20838 5h5 2 E2ibh - T, ARERETT - &
D S AR HHATHBREY & KREE i X 3 SEDREOLEHATHS. AR B
T, ZOWEBEBOKE WIR, 1987b) Rt Ldr, ®Y -2 BitlFoHrED
BAL TG &R,

Fig. 5.1 ELBRROBRMAC KT S By —v BHORBRTHS. BYF —OF
HIMMAI CEARITEZECAHTH L OB L, BROFRMHND HIDHIEREC
MIDRTRETRETH S L, HHVCIIIERY BT 2 ERADORENB R KD, bk
BFLLBECEBTAC LN TERr . T, OOBRHEIIER ECRBEI L
Tw5, M RLEEOHOhoRFZBAEFEEEELL, ThiXEESr —FER
DEEEEZbRHLL TS, ZOREBERO LSRRI KI5 BRI

E-Wpsn: @ ® ® @ 50 @,

N-S gs: ®, ®, @, BIU @,

NW-8E gisr: ©, ®, ® LU ®,

EFBS: @, @ @ X0 @
EltoT\w5b, EEROEABcOOIORFREEN S SO, 1HAMSCHTL H—
DOEY —PEHERRESLT, EOorOFTAREFFEEIR TV 5DTHD. T,
1B S CE—ORSDEY — N 2ED B VILSERBEINTERL S 5. Table 5.1
By —oBHOLRE L, ThThofkiRd. chickss, flLXOBRA
EBKE, BEOBKELOBEMELE PEFRLES Lok, FEEY - UEALES
LTELELTHD. OEIMENBEDIIB AT 2 H L FEERNESE IR TV 2.
F-BEAHE@D BE-W iy, ®D NW-SE 4, ®D E-W 4 s L 0@D E-W i
DT KRBT - o EBHRN LR L 2 ER—FHRCEEIR TS, ZHIX1E
WS ERECBRT — 238 5hsZ i), BT —20EEEYRED 572D
ThHbH.

BERHAEDIR, 1984ES AEE L0 Th B, REIH IV BRLEEBRLE. L
2 UBIBOARGELETH - 7ol d1986FEFTEL BIHEFEI A ZET LicZ L X H 19864
6 Argflz b, ¥@~@0EAMAIIINES ArEE L, O~@DE RS
19864 6 QA L3 O Th D, BEHESO TN RCEE Ebhi/t»
b ERYAELCHERE FitORBEIVVEOKCH 5DPKNEL, £05 %
WTEADEN LB L DAREGOEMENBRL T, FMREEEFVHBELIIT D
ZEMNbhotk., O THEEINBCEILAPEROE&BRY & g ©D 100 pm DFHR I
5 50pm DAF VVARCELZTEELL., SOOI ERVERT S X5 Bk
WTIE, AT VVARERET 7 r VIRBEL T A EBbRS. o REERCIT ] iRk
BCEBEOEY —SEHED > b D%, BENLRBDADOWIZREE D LIRKERT O
FEmoL, MoBRBSCEAYIT > TEk.
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Table 5.1. Specification and location of the strain-gage
strainmeters used.

Strain gage
Obs. | Sensor Component Observation period
site no. Type Resist-| Gage Remarks
ance factor
[0 SG-16 | NW-SE Hor. June, 1984~Aug.,1986 | KFW-5 120Q 2.08 | Watertight
@ SG-13 | NW-SE Hor. Aug.,1985~ KFW-5 120Q 2.08 | Watertight
SG-14 | NW-SE Hor. Aug., 1985~ KFW-5 120Q 2.08 | Watertight
SG-15" | NW-SE Hor. Aug.,1985~June,1986 | N11-FA 600Q 2.12
SG-18 | NW-SE Hor. Aug., 1985~ KFW-5 120Q 2.08 | Watertight
$G-19 | NW-SE Hor. Aug., 1985~ KSP-6 350Q 124. Semiconductor
(<} S6-01 | N - S Hor. Aug.,1985~June,1986 | KFW-5 120Q 2.08 | Watertight
$6-02 | N~ SHor. | Aug.,1985~ KFW-5 120Q 2.08 | Watertight
@ SG-07 | E - W Hor. Aug., 1985~ KFW-5 120Q 2.0 | Watertight
SG-08 | E-WU-D Aug.,1985~ KFW-5 120Q 2.09 | Watertight
SG-03 | E - W Hor. Aug.,1985~June, 1986 | KFW-5 120Q 2.08 | Watertight
)] $G6-10 | E - W Hor. Aug.,1985~ KFW-5 120Q 2.08 - | Watertight
SG-11 | NW-SE Hor. Aug., 1985~ KFW-5 120Q 2.09 | Watertight
$6-12 | N~ S Hor. | Aug.,1985~ KFW-5 120Q 2,08 | Watertight
(5] S6-03 | NW-SE Hor. Aug.,1985~ KFW-5 120Q 2.08 | Watertight
S6-04 | NW-SE Hor. Aug., 1985~ KFW-5 120Q 2.08 | Watertight
@ SG-17 | N - S Hor. | Aug.,1985~ KFW-5 120Q 2.08 | Watertight
SG-18 | N - S Hor. Aug.,1985~ KFW-5 120Q 2.08 | Watertight
SG-20 | N - S Hor. ! Aug., 1985~ Ksp-6 350Q 124, Semiconductor
(] SG-05 | E - W Hor. Aug., 1985~ KFW-5 120Q 2.08 | Watertight
SG-06 | E - W Hor. Aug., 1985~ KFW-5 120Q 2.08 | Watertight
@ 8G-22 | E - W Hor. Aug., 1985~ KFW-5 120Q 2.0 Watertight
$G-23 | E - W Hor. Aug., 1985~ KFW-5 120Q 2.09 Watertight
i) SG-27 | N - S Hor. July, 1986~ KFH-5 120Q 2.03 | Watertight
SG-28 | N-SU-D July, 1986~ KFW-5 120Q 2.03 | Watertight
[i7) SG-01 | E - W Hor. July,1986~ KFW-5 120Q 2.03 | Watertight
SG-09 | E~-WU-D July, 1986~ KFW-5 120Q 2.09 | Watertight
(] $6-15 | N - S Hor. July,1986~ KFW-5 120Q 2.09 Watertight
SG-16 | N-SU-D July, 1986~ KFW-5 120Q 2.09 | Watertight

5.2 BRERFTLAEBEOBIE
5.2.1 RE#KE
Er—EBAVCEEHORERECOVCTREBOFENE L ShBH M, BIIBLH L W
SN FELDDCDRD XS EMHEHRATS. BETH DS L% EEIX 1077
BELUTCTHD L, BHIORFEBHACHRETESLZ L, BECIVEY - RIEL
BBEENEDRCBLINZ ERETHD. REOS/ELRLIEE, BY - &FHO
PEEE S I d DB A FEMEEL (0 1077 strain % BiEE L) X85 LEARET
BB b ole. TOFHERL Y > TCHERBIEC L A BEEMIIELECRE I b
WA, EEYRALEI CRERLTELT 2. ZORMRBERLE» L 21
BEOFHEIENC S THAEDOTREVLA ELEI D, ThHRIENRWE & A3
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ol Tk, THEEREEOMBETH BN, Br —v LBERMOREY, RY)=Fry
BT E VT A d IR E VAR — 7 (LT7C-2V) 4RFZ L THWT
W5 ZORD Yy =T ADRIIFEREE LTS 20BN BE O ENEEL
W, ZZT3m IV RLILEVWESRL, EESEVNERLEVCEISETALEDERLL
e —TARERECISREELTHVWAZ & & L.

REREIOHOEIZ2~3 A 1EDEI&TEHL Tz, Lal, BEOEE
MIACARE LB L D D7\ Z E2Vbh o 12D T, B4 r B 1 BREOREREY
Hhe LB E R\ Tk, LEOKREMIEEID £ 4 7 v OB(LafT W2 DFEg & L.
BREDRIE BB 7cdic, MECHEIEROWEL /2 { P TRECERLTbIRh -7 d
DD bk, BHAMEDD 2[MOEY — oEHOHFE SG-17 XV SG-18 X FEA .
BRGBHORSE L & S REZLLOFET L Fig. 5.2 krd. HARIIEKE L ZOERER
BERLTS. 2O 2EOFEIHEFIY £10% OREZE (AR LcX 5 ThH 5.
DX REEMOFRIEY - CEFOMTIILL, BEAEPEESRACh? LB
bhb. FORRIEEY - UEHE #6535 3.2kHz oXKGHFBEROHNIEEZ A
BHE DL, A-C & D-C MR oOHEE Ol 3LV A-C HBIERD 7 1+ v 2 DEHK
BiLis ERFRINS.

BEL OEFy — OB OREREYER TS 5 bicKff iz &k, =¥ 7 b D
INEOCEHE EREE VNI WEARS B L5 THS. KAC P 7 FOREVES =
UEHE S BORETEA KRS, ZOERELTEL OGRS LT, WIRHO XA
Sy ZVVEORRBESBDOTIERCEBbRS. 2% b FERIX A-C B O FEE

N

.

o
T

T- [ Sensor No. S5G-18
. f }

o
)
)
i
6
>
23
=

Sensitivity [1071% Strain/uV]

*%,E%%

Sensor No. SG-17

1986 1987 1988

Fig. 5.2. Sensitivity calibrations of strain-gage strainmeters.
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K E A PBEES 8V (9 Vpp) L/ BicdTikinns 5 (Table 4.3,
). BEHCEBL VW 2EEERIL £12V th 505, BEO L TRRAHIEE
% TV (=20 Vpp) FCREBC LB ENTELETHS. HIBEEXHEINT DI
i, OB IC 2B IHMERCEETHIERRTELZ LI, ZORDICITHERE
OHEBBEDHAEI VBT A ENNEERS. L, HERTRESLTHIES
BN RELTHIEIRBETHIBEIKREL BB LTHY, BHBKAORE LR
IR BIDTFE L e ELBNRS,

CBRCRES - CEHEGA N 7 bR BEITEOERI T b o T, Mg
B, EBHD VLT 7 8 VIROBERA~OEEOHFCHENS S b LY. By — OB
DYV 7 PDBEFCRESE ZFLCIEETCVETENI R DBAEIRDZ LML, 2D
ZEPLEECFERFERE DD EEL RS,

5.2.2 JIEECNTHHIE

ERD X3 REBREEYHVWAS L, BY —C 2 Vv rioREREYSHNCEY — v
DA =HCRETHE L, BY - OEREMLHE LEBHEY KD DIdicidy —
CEREKPDETCHBD, 2OKIZA—I0NbLE: bR EHEYERT S @M. ¥ —
CERIIFIE (4.2 21R) Ok 5ic NAS-942 HkcEL T\W5. ZOoHEKD K iz 107°
DF—F =L D REBBR LY RDIELDT, WERAXFHTHIEDA — & — LHEEL
TAHUEDOERS D, R 4.5) OEZHOFEN JLKDHEIATHS. ZOMBERL
DWTIEHSETDEZ AR BIRREL F o TR,

FBr—vo KEixRos & &z, SEIRC—D2Dr» MBI —EROHEY B
TS5 X5RMBDLATVS. 2D K HEOREET £1% UTE3hTw%. =0 K i
KDDL X, HOELLDHRENBTENED ORI AF — A B — A BB OTE
FeCEBEELTHET SRR - Tw5, BY —COREFRIERES D (HERE
EIRS) THBD, ThEBEARDHR (BRE) CIHIRERDB. CORRILY —v
TRTFIRICTBIDHOIM OB LEOD D 51T, BEREREBCIIRE R, &
DicdHAF—At (B7 Vv 0.8) ERT7T Y VDR B EROTHEDEEITIE,
BREOHMENDELRLEELbRD. Lil, — B ¥~ 0FSEN bmm XYV E
WEF -0 BREXERED 0.2% BEchB (EL, 1981). LT HEEY
+1% DRBETKRD LS LT5LE, BRREOWHEIDE DB SRR,

45 —0DKELRBREEFNLTHCTEY — SR HACEEL Q- 5c®, BADE
BEDEZIRF - RERINBLEPOMBETHS. ChiXEY—> 0 K HEY RS
5L ECTTCR—EAEERT>TWBHEI D, ChERAULBECEENEEIRTWS
EE 2 BRI,

IR, TOEF - IBZEAECWERCIE, PBOIHEES - L EAER
OEICEA L ECEBR 4.5 21R) RIZEAEDOHESMETHS. BEDOES —
CERBCEBREC B CHESR—ERHTbh 52, bhbhOB& BN IH =
BEfT T\ 5. L oTC, BARELEN—BHERAOEBEVWEEBHRCEESI L, 5
CEDHENEBIRNBEY —CRIEEZEIRBZ LIS, T D4, Table 3.1 OEFD
v 78 (0.887~4.90x 10" Pa) = iz L TER D Fh (13X10"° Pa) 13¥fEas & ¥+
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Eopper plate

¢— 125 —p|
g e | L1
pomsid e
o '“} 11
— S s -
F ~ -
_._E;__'.}_.__ a—111
PRRSSN vyt teln SE— 1]
\_.—:k_..
300 190 -

Fig. 5.3. Dimensions of a test piece for copper sheet attenuations.
F: direction of compression.

BLIFFRREWETTRRL, SHREEBOHE LML L s, COMEOCH
W IR I e ) REECh A 5.

TDXBTEND, HAYYVIARDWT, FROEIDEVE IAEDHREEZD D
HUDERERC I D RDTHE, ToERLY EREOWEEOWEC W22 txEL
2. EF, EILBRFIOBRM N I b Table 3.1 o v No. 1 & 2 LEEDEA
£ B0emXx20emX15em) 20 H LK. BEHL ¥ v 7Rk Table 3.1 ovv 7
No.1 ¢ 20FnERUTHSS. v ro—o0fE (80emx20cem) & Fig. 5.3
CHhB L 5EHLEEIRIATHEDOMRBLE — o 4 AEETS. coL ERFOR
BILOOMENEY — 1k, RAOORRMIMRAL T, 2HE LIRS 10cm #
Sem OWCIAREAHEALTERT AL E L., —FLEBNENOMLBOE ¥ — Ik
RIS L CEEYTS. ZORNMEOE ¥—Uk fIFOBEREEEDHERDLHTH

5.
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Fig. 5.5. An example of a record observed by strain-gage strainmeter
No. 18 and atmospheric pressure.
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Eig. 5.7. Frequency and phase charactristics of Chebyshev’s band-pass filter.
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Fig. 5.8. Earth-tide strain changes computed with Chebyshev’s band-pass filter.
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L(t)= A+ Bi+C+DPQ@)+ g(m sinfit+G; cosfit) (5.2)

DY5EELEINRS. A BECIZFY 7 FORE, PO) At et 8TAKE,
D BRERY, Fi & G 3EPOREBOLRE £, 0. XE0AEETHS. | 3HHE
BahFEHTN, S CRERBMELT M, & S: %, LEERAELTO0, & K, 4
BEAWAZEETS.

BRS—209%v7Y vI/7EBRIZ4AHTH DD, BEET-TEEREIOFOHEYE »
77 v 7L, ERORCE o TEEELRDI. 2D E, F—2LAT » 7BEERT
WHEPL LREWOT, ThE fErdsicdic BAYTAP-G 7= 7% 4 (ISHIGURO &
TAMURA, 1985; HE(3H, 1984) #FIELCHEHL, T=20HKEX VBN DTHIE
Uiz, F7z, 20 BAYTAP-G Fe 73 2% FHL T 57D, HBF-23BLRT
w5, K (.2) ZxOERIRPIEECLD RDOLIL. ZOL 5 LTROLHER
D5 B D ORERE R L OELEHRS% Table 5.2 wR7.

“Table 5.2 © X % & KERHROERFEI/NINZ LMD, 2O LIBANRKE
IEEBIrRELTwBE EXRLTWA, K L CTEWRRS OEEREIILS
WO A~y PUTFTEL-T, HEHREVZ L85,

LEo L3 - BWERSCE, Bh2FEETER 6.2 TRLTWA LS 4EOLE
7, BAYTAP-G e /5 40BET 16 (Fr /5 A DENTTF—2EX ) BB
E5) OHER RDLRTWE., 2T, 200FED Higol-biikd REOKE K
M, yEy BIRTAZLic35. BP2FEERIY Rpbhlfl (Table 5.2) % Fig.
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Table 5.2. Atmospheric pressure effects on the ground strain changes
and tidal factors calculated from the strain-gage strainmeter data.

Obs. | Sensor Component | Obs. | Pressure effect Barth tide (Amplitude) [10-!® strain]
site no. day | [lo'®
strain/mb] M2 S 0 K
@ SG-16 | NW-SE Hor. 100 1.95%0.00 37.0£1.7 49.2+1.8 41.7+1.8 43.1+1.8
@ SG-13 | NW-SE Hor. | 3853 1.85+0.00 20.3+1.4 26.9%1.4 38.5+1.4 45.8+1.4
8G-14 | NW-SE Hor. | 359 6.23+0.00 52.2*+1.5 38.3%1.5 47.7+1.5 59.9+1.5
SG-16 | NW-SE Hor. 103 2.98+0.00 75.5+£2.9 62.1+3.0 78.1%3.0 96.1+3.0
SG-18 | NW-SE Hor. | 351 3.92%0.00 13.564£0.3 15.2+0.3 16.54+0.3 11.8+0.3
Q 602 | N-SHor. | 335 3.50£0.00 31.7+1.3 24.7+1.3 39.8+1.3 36.1+1.3
@ SG-07 | E - W Hor. | 331 6.40+0.00 30.6+2.6 88.1+2.7 58.8+2.7 61.1+2.7
8608 | E-WU-D 356 5.80%0.00 29.4+2.3 80.2+2.4 63.312.4 T2.9+2.4
SG-09 | E-WHor. | 101 3.33+0.00 54.6£3.0 86.7+3.1 84.64+3.0 82.4+3.1
e SG-10 | E - W Hor. 81 1.2240.00 22.3+1.3 37.5%1.4 34.8+1.4 24.6+1.4
SG-11 | NW-SE Hor. 82 2.35+0.00 33.3%£1.4 42.3%1.4 30.3%1.5 47.5+1.5
SG-12 | ‘N - S Hor. 78 6.35%0.00 61.3£1.9 42.6+£1.3 57.4+2.0 63.2+2.0
(=] SG-03 | NW~SE Hor. | 349 7.06+0.00 50.2+3.2 66.4%£3.3 85.11+3.3 100.2+3.3
S6-04 | NW-SE Hor. | 3853 1.09+£0.00 23.9%1.8 34.0+£1.8 45.3+1.9 49.6+1.9
@ SG-17 | N - S Hor. | 360 8.40:£0.00 27.3+0.8 28.4+0.8 19.2+0.8 23.4+0.8
SG-18 | N - SHor. | 343 1.25+0.00 32.4%£0.8 55.0+0.8 35.3+0.9 38.2+0.9
SG-20 | N - S Hor. | 265 7.68+0.00 16.7£0.7 25.5+0.7 17.740.7 23.4+0.7
<] SG05 | E-WHor. | 333 29.5£0.00 38.1+2.9 53.7+2.9 63.3+2.9 87.8+2.9
SG06 | E-WHor, | 358 18.9+£0.00 28.412.0 60.4%2.1 54.8+2.1 50.242.1
8 SG-22 | & - WHor. | 358 3.62+0.00 25.9%1.3 30.4+1.3 30.8%+1.3 27.1%+1.3
SG-23 | E-WHor. | 349 3.56+0.00 28.0+2.1 39.5%2.1 51.9+2.1 53.6+2.1
@ SG-27 | N - S Hor. | 221 4.32+0.00 31.56+1.8 88.7+1.8 41.8+1.8 55.8+1.8
SG-28 | N-SU-D 210 12.1+0.0 19.2£0.7 35.1%£0.7 27.6+0.7 23.4%0.7
o R SG-01 | E-WHor. | 234 .| 10.2+0.0 27.6+1.5 61.0+1.5 32.4+1.5 43.8%1.5
S6-03 | E-WU-D 228 §.58+0.00 28.1%1.1 119.0+1.1 48.8%1.1 83.6+1.1
@ $G-15 | N = S Hor. | 233 4.55+0.00 16.8+1.6 57.9+1.6 51.8+1.7 58.5+1.6
SG6-16 { N-SU-D 232 23.8%0.0 35.0%£2.0 51.242.0 66.3%2.1 77.3+2.0

5.9@) It, BAYTAP-G ¥ r 75 4 1k h ko bhi fi% Fig. 5.90b) it il
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DTRECBECHEIED L5 THB. HrEWHET57b1E, BAYTAP-G 7w 7
SAREORNERETHE 2L SN ORWEXTHB L Bbhb.

—OOPBERHH L CEP MBS Y 2850, FRIOLOBLIV®LD TH
5. WEAERL TSR, BERKREL L3EANABRS. ZHIEIHMTTR<A%,
EHROLELIFBTH T, BFELHTITHL, B WIR, 1987b) Dk
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Fig. 5.9. Comparison between amplitudes of M, tide observed
from harmonic analysis (a) least square method and (b) the
BAYTAP-G programs. Unit: 1071 strain.
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Fig. 5.10. Observed strain responses to atmospheric pressure changes.
Unit: 10~ gtrain/mb.
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mb, N-S HLEOFRICH 5 HAME@D 4.87X107*° strain/mb L A EOMHEH 5
@2 8.59x10 " strain/mb & IEk B T2 EECHS. Lal, E-W SEREOH
B ® 1k 1.22X107 0 strain/mb & BEE I L Tl b /& w2 &% 5. N-S
B oWThS &, BE-W FLB B O S S Qi 38\ T 4.55X107*° strain/mb, N-S
BB IR - CEEIHLE @2 4.82X107 strain/mb, @25 8.50X107° strain/mb & @73
5.78X 107 strain/mb & 7c>Tw3. =@ N-S FHik E-W o s B o TR ERE
LR L Cwioys, WMEREOBEMMBAG®IT 6.35X107Y strain/mb #/RL, ffid> N-S B,
DL THEPRENL S5 THD. NW-SE RO ErE ST A Sl s®s 4.13
X107 strain/mb, ®2% 1.95X107° strain/mb & @7 8. 75X107" strain/mb &7 o
Twb., Fie, HEEEOBEHS®X 2.35X107 strain/mb TH 5.
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BB, DT Ehb, KEBHEILE B-W B RSCTRLH%) OEICHELTE
BEOBNELWC EXEE IS, Thbby, E-W RoOKEREE L850 BB
TREL, LBV PRECF IS BB ERCHD. ZDERMLERRT IR AE
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0°3.50 & 5.78X107 strain/mb TH 5. ZhIIFELTOBBIERLTHSLD L
HEIND (BIR, 1987a).
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MW ERTHIE Y REWERRTZ L2305,

DEDBRAMELYRIEL TAS L, BUREALOMBREEY KEL TR L TWBZ L83
bd, Thelz CHREROZERDRELERTELVWEE2ZBRS. Itk HEDKSE
IVBEZEURBIEOETTSTETHS.
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Fig. 5.11 w3 (MR, 1987h).
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L(t)=A+Bt+C+DP(1) (5.3)
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Fig. 5.11. Example records of strain-gage strainmeters observed for the period
of March 19~20, 1987. Numerals indicated in OO are observation point num-
bers; PR shows the atmospheric pressure changes.
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Fig. 5.12. Comparison between the effect of atmospheric pressure
observed (a) for the period of March 19~20, 1987 and (b) during
the period from January 1986 to March 1987.

Unit: 1071 strain/mb.
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Fig. 5.13. Tilts and strains observed before and after the earthquake of M6.6
occuring on September 19, 1984 off the Eastern Boso Peninsula. WT’s
indicate floating type water-tube tiltmeters and EX’s extensometers.
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Fig. 5.14. Strain observed by strain-gage strainmeters before and after
the earthquake of M6.6 occuring of September 19, 1984 off the
Eastern Boso Peninsula.
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6.1.1 flfEstogE

fRffERT I X 2 BB OWEFREL, WROERMOERC A L BoFEES 2EEED,
FAOEER A (LUFCREERE FbT) CEERYEEL, o OBHERO LS L iiho
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(b)

(a)

Fig. 6.1. A silica-extensometer of the Nokogiriyama Crustal Movement Observatory.
(a) The E-W component and (b) supporting mechanism by an inverted double-
pendulum.
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N

Fig. 6.2. Plan of the Nokogiriyama Crustal Movement Observatory. @,
@ and @ indicate the location of three parts of the extensometer.
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Fig. 6.3. Principle of a magnetic sensor (after Hori, 1973).
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Fig. 6.4. Sensitivity calibration results of silica extensometers of the
Nokogiriyama Crustal Movement Observatory. (O indicate new
magnetic sensors. :
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Fig. 6.5. Plan of observation vault in the Nokogiriyama Crustal Movement
Observatory. Numerals indicate magnetic sensors.

Fig. 6.6.

Multi-sensored silica extensometer of the Nokogiriyama Crustal Movement
Observatory. (a) The NW-SE component and (b)

the measuring mechanism
and standard bar of the extensometer.
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Fig. 6.7. Drafting of the extensometric mechanism.
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Fig. 6.8. Block diagram of the data sending system.




(% L OFE Y — D12 & B HBRBEORS 225

FEAIEEAAEDOM b b i EBEBCHEBIRE. & OHIBRBEO RIS
vV DOHNESEHNOIRBEE CEHT 500y 7 > AHMiERE, vyt
T 5D 120V ORELBRESABES T\ 5%, HIERHL BBEELOMORESr —
TADEEL 20~E0m CET B, Sy 7 7 HOBIERIIEOE MNETHSL. E-W,
N-S8 & NW-SE 0&p4 2 S 13EOBIRREN R IrRT W BE, ZD—2DRAHKk13
D DHEERHE—2OCE LT, BREEHTHDD 18V T 2A ORELBFFE
BN SHBRMMNBORAERCHBEINT S, 0I5 B BiESRE~OHERE
BEBELI-DE, BRI DRBETLHHLCXLETHADMETCEDATRV IS
BEELHSTHS.

HAGEBRERS e lEDr -7 T todbh, BH3EADr —7 1R d - TH
HRACIHBSECE I RS, ZOEMEBTIE, BEevynhrboANESD D-C v
~add 212V 0EREL 51, TOHNBEEREEDO VA AT S » OMHEIERES—
DDANNCH LT 2EBEMAMINTE. ZO2EEDS b—2ike=x2 L LTHERTS
TEYv2— DM NET, BHrO—2ik A-D av -2z 3ERHETHS. BT
Z OBIEECIIESEE (6db/octave D v — R o 7 4 &) IR, BT OER
I oTwb, A-D 2 v =13 Mark-1IE & (=% + > — « v —¢) o521 E-32
T, £ORIL 16 bit A A-D BHEHGR, S 20 ¢V, HIEE EREHDOR
B RS-232C oI EREIA - + 2 EF-TWwB: ANF v+ vE AL 1~16ch ©h 5. =
DENMATNCHEERS NS hTxh, ZoFBEIz 1, 2 5& 10 0 4 B HEIRET
BbH. FRMHLE A-D 2 v -2 3BEBI6E%Y2 7 Ay — FEERTES X 510 Bsthx
HTT, WFhd RS-232C #— bV 7 by =70 HRCERHECcE5 X5
iz oTWwb., ZOHEMIC KT, 1&HicD 13ch, BWEROFEE 10 (BAXAHE
EfiE £0.65V) 1, H#ROLIET2FALTCHBDT, Ait3 B » Ay — FioiEk
LTWwWaAZ e sh, A-D 2 v 3— 50 RS-232C # — b bid, XT3 MEto 7 —
2EBLHCERHHEEELD Y, WThFA—D=F 22A L THATFED =
F TV L~ & EORCEEIRTW S, '

B MEZE I BB O X 5 W HEEBIROBIERE 3 M & = = x HoOF S Easts
FERAZE LA, Git3ABIN TV S, BRITLOIBIEED b OMfET O F8 XM
Dyr—7A%BUC, ERIANTLEL2EORBERBC X b IEFEPAFRCHETA &K
BHINTWS, BHFTOTFSHCEVCCEBREF 2B LT A—YF L a Ve, —
& PC-9801XA mEHEINTWAS., A=V I« avr,—x PC-IR0IXA 3T, —
CCEHOBALATA LY —<HED 20Mbyte D — FF 4 A2 BHEFLTH D, BiE
DEZAF—ZRTRTC2HHBTH = FF 4 AZ2IMEL TV D, F—2E A A—FFy
A7 bR BT, FBO 2y b e F—FRESEFBE LR L 5 THbRS.

BRFIOFECE IR 2 v Y a—2 L EF A, BIOHEHMNKADEREEARD A-D =
VAR 22 FMI0NERBED Ny 7T v THRTCEBHEERAOBEYF TS, Zh
BEE LI EREAE, FCEHCEWFEER L, S0 oMATRERYB L CRA
TH AN AWOHEFNIE, BIOLAHUTOEWEENETHS. 300 LD EEN
BHoleBY, 2 v . —2EETHS, BORENBBIW L THBNCIZS B




226 m e E =k

Yo v 7 v RERLTHS. BEITCODEZABENIDOD P 7 7 ARELRBEL T
V.

6.2.4 RERTE

RERE RN £HE SR E T OB I ERNL b OTH D, LOBRRX
REBBCIVELEINRD ER->THBE T, BEO 26m £ I OffEhic kL
THUEEREGHEMHETOBEIEORIN2m L ZE LI TRz &tk b, ALE
BrRo by, RIECEOBEY LTS bicv. Shddic) RE
BT, WEETHRERFRAL TR A 7TAr— ik X ANEDEEY Lif LTSz
ENTEDLRSIFEZOMECHRRIEL TH LY, HECIBDTRERZ L THD. &
DESCEETHESLNLE VLT, ZOMEE BT TCEDS LTI,

RERD BAT o T E It ofEE R bl L 6.1.3 2f) d0OFnbERELAY
BET DL, BERCID A7 ONCREBEIE» S TCRE~y VOB ZE XA 747
— DR XD PET S, AR v TOEImTET + o2 VEEMRERL, WHE~
y PRHEIXRT, hor—TE (£100 Fiik 200 pm) OEMIKTS 74+ L2 AE
EitofiasrRds, e BEREDEL CEEELRE L LTHATS. OREED
RIEEAIL, B~y FRBHO L FREELCH S, BWED L FCIIHEE S/t hud
oW dEERUERED S, AR HIEREE~y FRERE LI L ZLigdic s & TR
BlEbbZ ERRWETH BN, BECERA— -ty VIELAZENBIELEND
HELIESCb > TRRL TS, Chilge vy BiE o (Fig. 6.3, X
) OREST, ARIBCHLHNE Y HE Z EHAORKED HENE- 2 &R
HThsd, 2OXHCKERESYNH S, RECKHELTHRELELSNORE
BALLERL el b, 205 2, &0 X5 RBERED 7L CRE#MET O
BIEBOBES I CMhs L/ bbb, TOPEIIVERTHELEBHLI22HEK
WEEicied, ZOXIRFECKELTWA0E¥), REREOREY I LF2Z &
AR BEIIE .

SPE SR LT 2 RERERR, FESENACHY 1 bhTw slE L
VHERLT, #ELSTbh W HAREREYFC 1IBBERERETACLEL, ThE
W RERE LTS Lied 5. X5, 27 1 BREDHMINRERERXITS &
L L%, ZOEMNRERE L —2>ORSICEY bR TWBI3EORR v v
DOREE O RERE R R, HRIRERE & 02T, SRE R AR O REREME
ELXSETHLDTHS. Z OMRMMRERE Y KECAT 5 FERMET OEERZE
BLTOWAEEROBEC M CENEERER XD LI »T, FEERDHE
M EN B R E s b e L. BERCENSEOEME S 25 IEERD
FEABENCTHLRTH B BIE, — 20 ] T bhic T N TORST v HiIc
FAUCEBOEMEY 52 lcs LICieh. COHEMEC L HEE LWERE LTk 0.1~1 pm
UESDOEREN 2m 0 L xDERIL, 0.5~bX10""strain -thH %) BETHS. LD
BRAC S\ T D X 5 Ief/NERLDS £1% OREE CEBICFHIIT & 570 I, MK
BTk BRREY RDDZENTES, Z0Xdie 1pm LTOEMD £1% BED
WEERE LT, TRy —¥RETEHEERTAC ENELLbRS. LiL, BAKA
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CRFH>ZRESMEHERT S L, ZWOAR S TRIAC O » TREREHEFRT 5
Ck, ERERZEALLICACC R EDEELEETH L, BARELRD S OIED
THRETHHZ EDXL YV AEEZWE L. COHNHREREY SRS L ClEE
W3 5 HE R, BEEN4E0 Ao HEERNHAIONBE T4, BE
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ZDX A BREFREC 4 HBLELLEY, BR v r3EOREREOBENC KT S
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BRI TW5.
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BRERSELLEV0ELT6 B2IHDEXEAE L CHELLIDTHS. Fig. 6.9 224
Thhb X5k, T0X5REBECETIENALY IWERERL TS EBbhb.
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Fig. 6.9. Sensitivity calibrations of the extensometric sensors.
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v Y @hE (Fig. 6.3 2R) cREZLEEOLDRBI A LIXAiiLicL
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5&, TBUDOBEEXELIENH VB Livbh 5.
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- SRILBLIET O BRRE B ORI oW TR T T 6 e WL TR L S i~z #
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HBROECRRI LD LALFEYETS. ZOBEOBAIE Y —oFHIc X 28
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7.2 #H

7.2.1 BPIELEHE

fEfERt DB — 2 IXBIER & FOPREDO30L Z L icitlldh, F1o a1 Xy b
5 — K 2 BESTORE IR T 5. LHIE SRR O 2 0 BROBEN T — # 11 Fig.
6.8 EHEVWTRLIELIC Ity b+ APY =< {FED ~—FF 1 A7 TFD LT
B, COWREEINET XN 2REENELDTHLy b« F—FRPIVHETIERLT
W5, ZHETOEHAT—205 bbb, KEEERLEHRKEWEOX#EAT Fig. 7.1
CEEDBZERTSH., ZORCETE, EERMETOFEERORICHATEZ &
b, BEIESHSOERCY > THRLTERLLCELLE. RALRKKKEZELD T
RLThD. ik, Fig. 7.1 L#picmd Fig. 7.2 + 4, Ko TR EAHEENIED
FrThs, Mo @), & (© crhFh E-W, N-§ & NW-SE g ilic ik r3
ZEET B, coRoknTEROOOHFIL Fig. 6.5 Rl v vy OB ETHS.
¥io, MRCKEELLIRL TS

Fig. 7.1) wR L% B-W BHCcETEA2L 2413, KEEREEOBEA LR
EBERLTWAZETHESL. FhEsdbe, vy No 3 KEWTKERCKTHE(N
ArkETtoT AT Edbid. Lal, wv4 Noo 4~12 ff i Licdi - TR
EBbDBERDE Lo T 5, Zhittvy No. 3 DNECKEHRLIZKRTHS
TERFELLTVD. COREEHLNCT HRD, FENSCETSBRED £« O
DV EDERE ST, 202 FHOEHTHRL CEELRDT Fig. 7.2() WrT
Clieth, Kegmde ey y Noo 1 LEEAEOEMAEGD, HRHEO TS
TREBNPEE TR0 T No. 1 OFAH3EkE, ZOMOBHyDHZ LY+ No. 2 LEE
RIS — 2 CRLTHSD. CORERNT () OhroBHFE3-21, vy No. 30
HRED S+ v No. 2 OBEHELZ LB\ eHifEix v+ No. 3 vy No. 2 [
DIFECKHRLCEEELLTRLTHY, UTRALTI S5 LTRDTH 5.

o Fig, 7.2() %5 LEONDERCENR 2L L5 THB. FTREECLBE
OB, () OrolF WUTFHRFORC 1K) 2-0 LfoHmscktl T 3-2 23
REEL, ZOBHPLTEELERELSZTH - T BHETFIbrS. —H4-3133-21C
HRTREECOEERYEF A TH D bbb, Z0EMIE Fig. 7.1() s\ Tik
BB Crchs »7cht, Fig. 7.2() TR HBBIADOZFADE EABEL2L 5 THS.
FIZIEOASHDST LSRN ED AT v FLbhb. Zoffic AT BRTT
11-10 L 12-11 0 AR DAL DB H DB L5 THY, TDOMICH W2 HRbhb.
CHBERCThERFEIMEPC AT » TRICE b D EBbhs. CoLdrd3 L
5-4 RABHCR T 7 & X103, vy No. 4 OFFEAD ERIEHL A7 v 7HIC
BT B EELXTELELZRVESTHS, 2O &L, WRLC I >THEETEHA MV
LV ez2Ty TOHEDOL X, KFDA VAV « AT v THBERNAE X1 ELLHE
THDO—BE LTl ERNTHD L BHh 5.

S¥r, Fig. 7.10) o N-S fKixns s, WEtco BE-W ol zEhb, KE
OB ENRERN—HT, 052 EWRACHEL Trk hREVT Libhb.
E-W B4 ERU X 5wy +En¥Ex s »T Fig. 7.20) & LURT. KEZE
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HUTKRIMERTRBEYZT TN BN, 9-8 DRIIMOBATE Blr o T, Hrv 2ADEL
BRI TOLHEFRADRS.

Fig. 7.1(c) ® NW-SE @4zt v+ No. 2, 8 & 4 OBREN SESBLEHL T
ERFEEZTTUBI5ThHD. Thr P57 Fig 7.2(c) Koy EREL
IORBOBRBE DER L DTERT. FlLERED 2-0 L 32 3EEEIDEENH
D, KENERTHLERELZTAZ N5, LhL T-6 & 8T 1 3IKELDEE
BELEAEZTRZEDD1S. TDX5 K 2m O XOMET © SEB s
FEENT2E, chETo 25m BH5\iL 8~9m OIFEHIT L b ZT X HBROIEE
EWRERD, MY EMLETHB L2 b5,

ZDiic, Fig, 7.2(a) @ 5-4, 9-8 L 13-12D 1 51, # 2 BRI » CT—HHiC
HIREZFET T B S0 5B—T, T-6 % 12-117c K13 o ik R FEHEELYZ T\,
BEOBHS> TRy 7 TATVAER-TWA L5 ThHS. RLL Fig. 7.20) » 9-8 £10-9
DHEE - THHEELFEHELZEL T, EUCHELS - TWBE Eaibingd, 20Dk 5k
BT Fig, 7.2(¢) @RV TH R bR, 76 & 8T EHEL FESHAHE ->TW5. [
LD X5 ERFE L BEENHECES > T\W5A X 5 BB bhs.

7.2.2 BHF — &2 OEW

EBY —VEFOHBELEAL LK, HETT -2 b 0ALARKERIC LS AF v 778
BHEIhTWB0T, Thif#srdblizoic BAYTAP-G 7 v 75 4 (ISHIGURO ef al.,
1985; ARz, 1984) #FHL TR T » 7RBLIEL, € =2 DITHETEREX D FEN
HTHFIE LI, ,

WE, BIHAER 6.2) LtRATI K, »5EHt ekiFsBME Lk

L(1)=At*+ Bi+C+DP(1)+ i‘{(F sinfdt+G; cosfit) 1.1)

Table 7.1. Atmospheric pressure effects on ground strain changes and
tidal factors calculated from extensometric data.

Distance Observa-

No. of | between tion Pressure effect Earth tide amplitude [107'® strain]
Instrument neighboring | period
sensor | Ssensors

(m) (days) [16-'® strain/mb] M Se O Ki
E-W @ 8.984 323 0.763+0.00 83.8+0.4 16.5+0.4 24.1+0.4 26.4+0.4
" =] 8.017 383 0.208%0.00 44.8+0.3 10.940.3 30.94+0.3 12.2+0.3
' <] 7.953 403 0.326+0.00 47.4+0.6 16.5+0.6 35.1+£0.6 4.1+0.6
N-8 O] 9.005 397 0.692+0.00 50.24+0.1 20.2+0.1 24.9+0.1 34.0+0.1
" =] 7.999 400 0.51410.00 69.9+0.2 33.040.2 36.6+0.2 47.4+0.2
' <] 7.954 409 0.927+0.00 104.8£0.2 61.2%£0.2 47.2+0.2 60.7+0.2
NW-SE O] 9.002 397 0.267%0.00 119.74+0.2 61.2%0.2 88.3+0.2 112.8+0.2
' 2] 7.991 397 0,135+0.00 96.2+0.2 41.3+£0.2 65.1+0.2 89.7+0.2
" <] 7.955 402 0.689+0.00 118.9%0.3 49.7£0.3 82.4%0.3 100.3+0.3
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CrbhELERBLDOETSH, 22 A B Clry 7 rofEK PO EBEAtLE
TA5RE, DIXKERKE, Fi & G QP OREIBDOERE K%, 0 XXOAEETH -
T, 1 BOERS RS, =1~ R Th T M,, Se, 01 & Ky OZFE 4 S
5. ZBHRBEEN2EBECLORDEN, ZOHBAE PV 7 rER (D) 0X5c ity

Table 7.2. Atmospheric pressure effects on ground strain changes and tidal
factors calculated from multi-sensored extensometric data.

Distance | Observa-
Instrument | No. of | from fix | tion Pressure effect Earth tide amplitude [10-'® strain]
sensor | end period
(m) (days) | [107'® strain/mb] M S 0 K
E-W @ 0.986 119 -6.38+0.00 20.640.9  41.3+0.9  42.2+0.8  39.9+0.9
’ a 2.992 119 16.06+0.00 | 146.4+1.2 55.1+1.2 78.9+1.2 148.4+1.2
. 3 4.979 120 64.94+0.00 | 274.6+2.6 75.6+2.7 126.2+2.6 263.1+2.7
’ 6.994 120 60.58+0,00 | 463.3%2.7 127.1+2.7 203.0%2.7 363.842.7
. 8.984 107 73.1440.00 | 524.6+3.7 191.8+3.7 292.2+3.7 481.7+3.7
’ 10.997 119 74.2640.00 | 656.3+4.4 176.0+4.4 252.4+4.4 465.6+4.4
’ 12.995 120 . 77.88+0.00 | 723.3+3.9 156.8+3.3 417.6+3.9 605.1%3.9
" 14.990 119 93.22+0.00 | 811.6+6.4 205.8+6.4 452.1+6.4 673.6+6.4
" 17.003 106 93.50+0.00 | 888.4+5.4 194.2+5.4 549.2+5.4 731.2+5.4
’ 18.995 120 93.714+0.00 | 981.3+6.6 193.8+6.6 544.8+6.6 744.5+6.6
" 20.995 119 97.184+0.00 | 1111.1+7.3 254.7+7.3 621.0+7.3 776.9+7.3
’ @ | 22.994 119 99.974+0.00 |1213.1+7.6 235.2+7.6 664.7+7.5 786.6+7.6
’ 25.002 106 109.25+0.00 | 1432.5+10.1 248.1+10.1 817.1+10.0 882.3+10.0
¥-s @ 0.970 120 15.294+0.00 82.7£0.7 114.3+0.7  43.6+0.7  86.0+0.7
' =) 2.985 120 28.86+0.00 | 197.2+0.8 180.6+0.8 104.1+0.8 165.8+0.8
’ 3 5.002 120 49.61£0.00 | 344.2+0.8 251.3+0.8 180.4+0.8 242.8+0.8
' @ 6.991 77 78.33+0.00 | 506.5+0.8 363.2+0.8 259.740.8 317.6+0.8
' @ 8.998 107 96.88+0.00 | 656.9+1.2 465.8+1.2 332.1+1.2 43.2+1.2
’ 10.991 120 116.52+0.00 | 821.0+1.3 545.0+1.3 417.2+1.3 523.5+1.3
” 12.988 120 133.6240.00 | 972.5+1.7 639.4+1.7 §02.1+1.7 607.8+1.7
' 14.996 120 158.93+0.00 | 1138.1+2.3 779.6+2.3 592.9+2.3 755.9+2.3
’ @ | 16.994 107 151.6540.00 | 1327.0+3.0 921.7+3.0 682.0%+3.0 962.4+3.0
’ 18.984 120 183.83+0.00 | 1488.9+3.3 1088.2+3.3 760.5+3.2 968.0+3.2
. @ | 20.991 ik 199.31£0.00 | 1524.9%3.6 1274.1+3.6 733.4%+3.6 1002.8%3.8
' @ | 22.993 120 229.46+0.00 | 1824.1+4.5 1308.2+4.5 967.9+4.3 1157.1+4.3
" 24.941 106 241.2040.00 | 2181.3+45.6 1475.8+5.6 1149.9+5.4 1344.1+5.4
NW-SE @ 0.985 119 -39.2840.00 | 242.9+1.3 136.1+1.3 195.8+1.3 172.6+1.3
! =) 2.985 117 -46.92+0.00 | 589.8%+1.8 307:1+1.8 404.7+1.7 356.4+1.7
’ €) 4.984 120 -37.1040.00 | 870.1+2.2 479.7+2.2 688.5+2.1 704.4+2.1
v 6.988 120 -29.40+0.00 | 1107.6+2.6 593.3%+2.6 835.8+2.5 963.3+2.5
' 8.975 106 35.19+0.00 | 1450.3+3.8 640.7+3.8 1083.9+3.8 1582.7+3.8
' 10.988 120 -8.22+0.00 |1604.1+3.4 835.9+3.4 1195.2+3.3 1458.2+3.3
" 12.988 120 -9.3740.00 | 1844.2+3.5 948.9+3.6 1358.1%3.5 1654.9%3.5
" 14.988 120 -9.92+0.00 | 2062.8+3.6 1067.4+3.6 1511.8+3.6 1868.4+3.8
’ 16.992 107 -9.44+0.00 | 2247.4%+4.0 1196.7+4.0 1609.9+3.9 2005.2+3.9
’ 18.989 120 23.59+0.00 | 2449.7+4.4 1286.6+4.4 1807.4+4.3 2226.6+4.4
' @ | 20.984 119 35.20£0.00 |2648.0+4.4 1392.1+4.4 1936.9+4.3 2395.8+4.4
" 22.979 120 53.97+0.00 |2808.9+5.1 1452.7+5.2 2091.3+5.1 2539.3+5.1
’ 24.955 106 55.50+0.00 |(3035.9+4.9 1578.3+4.9 2143.2+4.8 267.68+4.8
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M, RS & RS s X O EA EERD & 5 {4 MiEt e 3 oE Lt b o e
5. LRESMET MR« v RSB DD Fig. 6.5 O&HICHED FreRS ey v
CEDEMTELLTHS. COLSRLTROLHEREEDS B, D8I VFIFGE
X bRic, FHR VYT EORERR EMEREY OIEIEY Table 7.1 & Table 7.2
ZaRT. 722L, Table 7.1 iig v v v HOEEY, ZhexL T Table 7.2 1148
Rt vyl BEGREOEESY EbLTHS. 22T, Table 1.1 OBAIFIIEELL
T, VLBDFEBTELT. ¥/, Table 1.2 O LRESMIET OB SO E LT, ®
v No. 18 &+ v+ No. 12 OFLOEERD, D vy EOMEHECHRL T B-E2o
RLE TERLL T 5. HEOMET & SHESMETOBORRIZTNTCIh s 28ED
BRIV ERTH L LTS,

7.3 BABROKRE
7.3.1 SEZHR

N

0.692

0.514

0,922

0.326 0.208 0.783

Fig. 7.3, Observed strain responses to atmospheric pressure changes
obtained by the extensometers. The unit is 10~ strain/mb.
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BT, TEDHBCOWT FNLZ LicT5, Table 7.1 o b SESHRDOEES
Fig. 7.8 tRzxT5%. 2ot xd, L@k EBALSOMADMEL Fig. 6.2 it X »T
W5, Zo Fig. 7.8 #4235 E&VOERDHTRE, WThOMEEE L PRTLQDME
CHRTHHED B L OQRDERRENC b5, JIoERYT T, BEASAFOR
LI EDADEHHyDEN KEWT L2bh D, ZOKEMRIL M OBE T Tk
{, ThEmz CHRMROEBEREI DD EELDZ LBTES.

E-W g% 25 &L QOFLPDEQDMARCHEEL T 2~3fFkEVT L2325,
BT D H 5 1U4MEk (Fig. 2.3 2B) %45 &, BAKOEMZ EHHcih i B
2, BE-W H#EO»AEBCEWT BHLTW%, 2ok, B-W Roo@Enhiciio
HEBC RN T EHI B B AT BZ M RR TR A 55, N-S gaitizizt
BOOEIEHELTCEL5THY, LEY ORIECDOTLH, L) 0RO
HERTKREGREIPNE L e sT B, FlZ 0Oy N-S © @it o BEEI ED 5
bEADOEZRL TS, NW-SE ot B-W 4 RU L EHER QoEHrR L@
D2~ EHEDOEERLTNS. ThbDOEEL SHBNO Lk X CRALOMELER~D
SEOCEEY KELIZRL TSI bbb,

b) ZPIE HiEE

Table 7.2 OHEEED I, H LIKESRELY Fig. 74 ©id. KE MEMLE 2

N

CONTRACTION IIIHHININTISY

EXTENSION 7777777
4.0EXP-9 /mb

Fig. 7.4. Observed strain responses from atmospheric pressure changes
obtained by multi-sensored extensometers.
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EMELZZTAOR—BTHDHN, TONEYLS EMEELYZTLESLENLBLHD
ZEnbrs. Zhik Fig. 1.8 © X 5 et 8 oEhe X % U<k s e il 0
IR T e b o ielcdTh B EBbIS. &0 Fig. 7.4 1wk - T E-W B
SR D &, hIRS ETERICHE L CTRERDOMACKRERERERD D Z L0015,
o E-W pgaroE-2 (BESBE» SBRSRIOEYZ 2L WO EECRL
TERRT, UTHEE) BZORADOHRTRADELRL TS, TN HES
ERLTWAL-0EE-BIDH B & hbdofc. ZOE-BIOHI LT CHE -7 NW-
SE R4ro@-lo& Ol b DEERH 2D Tllisw b EL bhb.

Fig. 7.20) b hihnbZ ETHHD, DFD N-S gaitizsro E-W & NW-SE
B CHRTREDEA BN —FT, £05 2fElrxkE - Lths. Fig. T4 %%3%
L, RV EHD 2y LT N-S ROBRKEDHREIKREL, £05 2 KREDREME
LIIEAL X 5 eflR /R L Cv%. o2 LERFR-BO A MREY ZiFCWw525, Z0
BN Fig, 6.5 /A% &b 5 X 5, MEOEM/NEELS HEHSH TS THS
2, ERHBCLCIRERED L 5cBhbhs.

F#cEs T Fig. 7.4 © NW-SE v is &, B-8 LB-0 OKERHROEL M
DTUPEL I TWABZ &Y, CCHPEOEMVETOR, BHAKREL LT
WABIITHD. ZDXHE, WESEEBIMEEIR TS XS I cRESROERN
KEBLTHBZ Enbns. LiL, ZhEH T SEMDED/NXREFTIL [T-6
EEREhDD, BRHGRUSIOFEAOWREELAE 2 Bhb, & OEMCKEIHES
EEFENBED o T BN D D Edbh o, TR E-BlIebh bk ERHESE
Bl-[Md DEMEERED - TEL T, EVWRHEELD - TV BHEEZLRS.

CDXSRABTL B &, FUBREOME IR BB —1Th 588, Mk
FBECSBELBARD LM LM T ey 20EFR L > THILLTWB EELTX
WEBEbNS, COEDOBERBIBOETENICWERS.

7.3.2 EWHLY

a) {hfEEt

BWE ST 2WTIL, Bh28EETR 6.1) ©RLEX 5, BAYTAPG ¥er5
ARFERATAZ LY, FEABEOLHOIBE (Fr s/ 72Dk TF—2EIVEE
WElE?) OHERRDLRTHS. 22T, LD RLIFEEO K Xic M, /El%
BIRT A LT 5. BA2F|ECIY KD bhifi (Table 7.1) % Fig. 7.5() iz,
BAYTAP-G Fe 73 sk vkdbhicfizr Fig. 7.50) wind. DETHHRALA,
A 7o 7S ADEELLT, Thb220D7 v 735 ARYE - TERI NI HiESTOEY
HECHET 5 L, NW-SE @4 0@#as s B-W B4 0 @84Sk 2~ 3% BE
THENIL—HKLTWBZ Edbns. Lal, E-W RS DO@#s & NW-SE 54D
BOFEHPKREL BIDY, ZOBBFEITHTH S, 20X 5K 2007 v 75 6055
BrA—HLlcwigil, DTFLKESROAESLEEFE—ELEEBLLv. ZLT, T
b BAYTAP-G v /S A X BEDIEH VPN E BERRL TS, i, [k
52 &1k BE-W RAOQE-EZAeh B N-SROyODKEDRVRBRTHHZ LTH
5. i, NW-SE A Qv N-S ROGOKEDREIRECC LEDFDC LA T
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¥%. ok BAYTABG 7= 75 A3 RESRE BWOSHIHED X 7R0D

Tl Bbhb.
Z o Fig. 7.50) L TxHB2o i, E-W Roeflv s s, —o0s

D 3EDOEMED 5 LRIV S FHOMESREZ LTHDH. i NW-SE goic

N
‘L o 10w

g

42,4 44,8 53,8

(a)

(b
Fig. 7.5. Comparison between results of harmonic analyses of M, tide
by (a) the least square method and (b) the BAYTAP-G program.

The unit is 107 strain.
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BOWTHERRC EXAbRE. N-SEOORIZZhN BRTEWD, FHROMBELD
BEmAhIe D RE W2 Eibh b,

b) L WIE S iET

BWERSCoWTE, [ERRE A hEc L b Table 7.2 25080 5 bk d
RIBOK & M, HElE, —HED S bRARETH S K HEIC O TEhTFh EBET
KT Fig. 7:6(a) & b) i3, Fig. 7.5() ©RLE X 5k, HiETo3HEORLD

AT
1.0 x 10°* strain)

i
[N
4 ui " i m»
yi

i f”

””lq I |lllvl .
QL an"w

AN g\\\\\ N

NI

MMM
[1.0 x 10°* strain}

>l
Gy ||J|m i
l rl Hl“mi“

&\\\\\\\

(b)
Fig. 7.6. Harmonic analyses of the amplitude of the earth-tide by the
multi-sensored extensometers. (a) M, and (b) K; tidal components.
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5 BLHIFREW OEENE S KEvox NW-SE i<, Fhit Fig. 7.6 BT L
%ﬁ%é ¥7- Fig. 7.5(a) oW THB LA, FA—0 RHO Mzt LT3 @D
2 DB DOMED R 8\ TR R B L TR A O A — BRI R EWEHE LD 5.
Eg76k%¥f%ﬁﬁ&ﬁﬁ&ﬁ%?é%%®ﬁﬂ\@ﬁﬁmﬁﬁk%bl5fﬁé
K, AElcounwtiz, NW-SE @asfibo B-W & N-S g it LTk & iRig %
FRLTW5S, 202 & M SEEREETHS. BER M 58 K S8l R
BAKEWEY RTL0THDH, =0 NW-SE RoyDaik M, 2 K, 7r# & AR
ARl 5%, Fig. 7.6 £ Xihuf, B-W oo K, s M, p#le % T s L,
B0 EBLELTH DY, B-W HOBEBOTA T OmMEDIRIBIIS X b E2icnC
Eabhhn, Lnl, fhREiEmcil K 2808 My B iU TR\ e D L
feoThh., DER, N-SEATIE K S8 #0IEESN M, 58 _T /AW o
D, FORHOTMILI BT B, Lk, B M, SEOIRIED /N X g M-I ks
Tk, K 2B/ PIVEELZRLTWS, L, K 2BCRED/NEW -6 ¥
W M, 5l s B B AR IR T LB

74 EHF-DEFEBETOBRBOLLE

7.4.1 S[EHE

a) fmffEEt

Er —oEHOMKE (Table 5.2) & st 0 KRUEMROENE (Table 7.1) Zh
FRBEHE SlicE T Fig. 77T £ édb. 0 Kb ROBRILIND.
E-W B onwThad &, HEtod, @ & G0iHs, EE LT 0.763, 0.208 %
IO 0.326 X107 strain/mb i - TCWb. Chie LT, BF —oBEHTE, @, ®,
0,@k@@ﬁﬁ@ﬁm,&%,Lm,mz,&w;uxxmzxmﬂ%wmmmbamo
T3, HECEE LB OWCHET LBy — BT OMELY i 5 &, 2~80fF
AREFVC EDBRD. ChbDRPTRGEVEERTHINE, E-W Koo OfsL
BB DRCES LLE X — o EHO @M T, %h%h07%é:1ﬂxml%ﬂmwmb
T, DR DUL L o BERL T 5.

N-S B onTh 5 &, Hhtod, @LQOHyDEL 0.692,0.514 & X U 0.927
X10 " strain/mb ZR¥. ZhEXL<T, |y —vEFOHIL, O, &, ©, WE@D
Hi5c, 3.50, 6.35, 5.78, 4.32 %X U¢ 4.55X 1071 strain/mb DOZFEERT, it OEIC
FHLTHIERELC L85, Ehic, NW-SE e ounwTahb &, fEstod,
DL ADHESMR, 0.669, 0.135 & 0.267X107*° strain/mb #RTDHFL T, Br—v
EBHOMEIXD, ©®, ®L @SB\ T 1.95, 3.75, 2.35 %X vt 418X 107" strain/mb
ThY, BY - CEHOIEDROTN 2~ FERERE .

By - OB LM OEEYTARS S kBT L, B XY BinDH, By —
IR DR S MR X D 2~10fELLES R E W ER BN L. Z O &k, FEDKRD
Boh i iEel L 0 B RB LY — CEBHOFRLE N K EVELRTZ & T
B5. ?kb%,%E%kki%ﬁﬁ@gfmﬁ@ﬁﬁﬁlOﬁéﬁkﬁ%b_&%ﬁ?
DTS S b,
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%*23.8
+4.32
*12.1

Fig. 7.7. Comparison between observed strain responses from atmospheric
pressure changes obtained by the strain-gage strainmeters and the ex-
tensometers. The unit is 10~ strain/mb.

b) IE ARk

By - B I HEEMREOBBMEL R L Fig. 5.9 &, SEIESFEGHESTO
KEHRER L Fig. 7.4 25, HEERRS % L BHh5 @ilfE% % & T Fig.
7.8 Witz licds. ABKEY — oE &M X 2 5EDHEDEDHBLIT -7
Fig. .7 wht#e L <x 5 &, SPESMFETOLSEDROMEMN 10 FH Ricis o722 223
bh, BY —OEEFFONESENCE cm BETH L0 LT, HEROMHETOE
LOTEEHPLI0BERE TH -~ b 0P, LPESMHETCTIREIN 2m it o b
0fFEoNELENEL T oleblPCh b, #OFBRELTHENEL L > TELWLEHE
PHELCECERZRT LR LR BT THErcES. Fig 1.8 CEIhEEY
—CEFNC L ARSI B L, ThEHET D ERTRER L HE SAERT 0 9 oK
ERRs T 570, Table 7.8 #3¥+»5%. = Fig. 7.8 & Table 7.3 ¥ B4
BLEL XL oTRD X 5 RO TIRETH 5.

VOB A SR Y — OB LIRS RE X W e S TE S MEEET O & 4« OKERH
DOHEZDEUTRRT IO EN 2D, N-S & NW-SE e k835 6 HFD 5
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Fig. 7.8. Comparison between observed strain responses from atmospheric
pressure changes obtained by the strain-gage strainmeters and the multi-
sensored extensometers. The unit is 1071 strain.

Table 7.3. Comparison between results of strain responses from
atmospheric pressure changes obtained by the strain-gage
strainmeters and the extensometers..

Component No. of sensor Obsevation result Ratio
{10-1® strain/mb] :

Strain gage | Extensometer | Strain gage| Extensometer | Strain gage / Extensometer
E-W ] 2a 1.22 11.18 0.11
’ 2] G2 24.2 4.62 5.24
’ @ @-a7 10.2 1.40 7.28
N-S <] E-@ 3.50 9.24 0.38
’ Q@ [Bge)] 5.78 14.44 0.40
" ® - 4.32 7.71 0.56
NW-SE @ -8 1.95 16.54 0.12
" @ @-a@ 3.75 5.82 0.65
’ (=] 8 4.13 0.58 6.47
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% 5 BT OBIED LA 1/4~1/2 L B X 5 IsfBR AT & Lavbh o7, Thic
LT, E-W DK E» By — o BEH & SRERFEG OO 2 1/9 L.
Lo, @20 E-W g0 2 @i e NW-SE gy oo LEFOSLEEDOE Y — Y8
2L EE O BEEORICIL6/1 L5 X 57, fLoE L BOBRERTEIT S ST L
Bhnd.

=S ORER OGBS OE, TihbbAlEEL KROEBEICERT 5 b 0D,
@émm«y#@#&m%%bfm%#@mfh#ﬁbé5.:@%%Komf@9ﬁm
BRI 5.

7.4.2 WY

a) fhfEaT

BWHAC X 5 BEOB/ 2Rk X 5RIE (Table 5.2 & Table 7.1) X b M,
SERERLTC, FRAERENRSE S e o T Fig. 7.9 kpd. oK I%E,
E-W R Een @, @& 3 OJEEEN 53.8, 44.8 3 XU 47.4X107* strain &
oTWwb, ThERLT, BY —vEFTOHEAIO, G, @, @LO@DFHH LTI

N
¢« E -V
g 10 » 4+ N-5
—
®  NW-SE
¥ Up down

¢22.3
x33.3
+61.3 416.8

%35.0

Fig. 7.9. Comparison between results of harmonic analyses of M, tide
obtained by the strain-gage strainmeters and the extensometers.
The unit is 10°1° strain.
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T, 42.6, 22.3, 33.3, 27.0 B X O* 27.6X10 ¥ strain TH 5. TRhbbEY —UBHO
FoMfEHc e LT 0.4~0.6 fLoERERT - it b,

N-S BaieownCix, s @, @ & @ DIEEE 50.2, 69.9 3k 8 104.8%
107 strain TH%. TheHL T, BFX —oEBHOTFRIIO, 60, @, D:O@D B
BZowT 3L, 61.3, 251, 815 X0t 16.8X10 P strain Tk b, HBEMN HiLl
LT 0.2~05 froRIBILE TR o TV 5. Shik B-W A HARTEED B AkE W
DPRDBRECEE L LIS,

NW-SE BEa2owCit, HfEFoFEEND, @LB0)E 118.9, 96.2 3 X 8 119.7
X10 " strain L7 ->TWw5%. ZhieH LT, BEF —CTBHOTBEIROD, @, ®rO® CH
HIHLEZDO\WTC, 87.0, 40.4, 33.8 & X8 37.1X10 Y strain DRIETH Y, ittty
BLTEF - EFOEED 0.3 FOEEY L.

DXk, By OB L METOEE S FERS Z Lic M, SEORIBIZOWTH
BI5L, BYr—vEHRI > THELNCEFLORIEDIZ 5 2MfEHOBE LD 0.2~
0.3 BThHBZLibhrd. ¥, BPRAIERES, KELMEHETLELD L, Wi
BEF—OFEF IV 6~20BIBHTHS L V25, KEL L BEFED LGRS D

Table 7.4, Comparison between results of strain responses from

atmospheric pressure changes obtained by the strain-gage
strainmeters and the multi-sensored extensometers.

Component No. of sensor M. Obsevation result Ratio
[107'® strain]
Strain gage |Extensometer | Strain gage| Extensometer | Strain gage / Extensometer

E-W <) @a 22.3 82.7 0.36
’ e G-a 33.3 109.3 0.30

' @ @ 21.8 51.0 0.54
N-8 a 8@ 3.7 14.9 0.42
' Q@ @8 25.1 81.6 0.31

' @ 315 17.9 1.76
NW-SE @ -2 37.5 101.3 0.37
’ @ @-m 40.4 99.4 0.41

' e @@a 37.1 120.1 0.37
Component No. of sensor Ki Obsevation result Ratio

[107'® strain]
Strain gage | Extensometer | Strain gage| Extensometer | Strain gage / Extensometer

E-W ® @a 24.6 54.1 0.45
) @ B3 69.0 41.7 1.45

’ @ il 49.9 4.8 10.4
N-3 Q @ 36.1 60.1 0.80
" @ @3 28.3 3.6 0.75

' @ @ 55.3 17.3 3.23
NH-SE @ €] - 43.1 110.9 0.39
) @ 53.4 84.8 0.63

’ =] 74.9 98.3 0.76
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INTm oy 7 DEECE D ERINTHT, B—7 vy 7 ZEWELC X - THEFCER
LI WORHLT, Ihéeks LTS BEAML T vy 7R3V ARY AZBZ LT
BDTHAHH. bLhTrl, BY —CEHRE—Try» 7 OEBERETHIDTV A
EYADNX L, BEHRERO T vy 7R ERLBBIDIE, VARVARKREL LD D
DHd L7,

b) ZRE H ARG

SERHER L g, Table 7.2 7 b & RIE M IC X 5 HFREW O AEO M, 28 &
—B#Eo K SEoExEOHT. ¥ Table 5.2 £y — oEENC X % Blll%E LEET
5% oic, Table 74 ¥ &5,

Table 7.4 © M, H#Eix 25 &, ZERAHCHE D RFRL, HBECEELILES ~v
Tl X EREE L SRS ME OB 1/3~1/2 BE DA ALY 5 & Lavbh
%, =EL, N-S RHyoEsy —oEHO L MiEs oBRLEOI-mc oW To%k, DOkt
3/2 iE\s. Linl, FOWBETRLNESBiHETOEHELBHEOMCRDDT, HED
R & OBATEN I D BRLEITClitw L Bbhb.,

AL K 28 cownTase, N-S & NW-SEmisD K & My AEOEY —v
b SERE BT OBBEOHIZ IS BT\ D EBbh%. LrL, N-8S oo
By — oBHO & SBEBE MR OM-WOB AT M. B0 EERALL, & D HA8/1
LTk B, Fio, B-W o0 M, 5 KIEE > BRIZAETH L2, Thik K
SEDRNBRTTO LD 2R C I X AHPBERLOFELZT S LARERTHS
b Lhisl,

8 & WEZEHMOBRRERZCLDEN

81 2RTEREFRZECIZHEN

8.11 fioHM

5B B\TCEY — B XL ABRCOWT, THECBWTENESMHETC L 58
e oWTER LY. chboBlERY 25 L, SERL X 2BNROEN L BEL
PEDHTREVERRLTWSZ LMD, Z0 5 2 BIA OEE(LD TR B
BHTEETH D, T RITBRFEOT RO E, BElFo Bs X CRADOME O HEY
KELSZITCWHERLELOND.

SEBc & 5 BESEOBEOREYESL b0 —0D L LT, 2RTERE
%y (BEM) X M sR4as (MR, 1987a). =0 X 5 nBEOMNIHEL LT,
ek SBRERE FEM) 280 bh T, Co—FE LT, Ml (1980) 2R
FEM % A\ CEEILBRF I OWEEIE £ » BB TS AtvA v« AT » 7D
BELHEL TS, LaLlozTik FEM X 5F, BEMEHAVWAZ Led5b. 20
B EREE Y AV THEOHRE D ABERITELZ L, BIVERT—FDA
IRBEHTHBH LI ETHS.

RELB\TE, 2% BEM AT, WEELS KFTHoFHETHLHEL, P
H s HEFAMER L T 2B A 2WT, ERERBIMASEEC L > CTEDE 57
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BEHESFL0DHEETS. HC, BEMEEORE T — & & B\ CERO KUER)
BeRpLHERTICLETS.

ZhHDERIECHG B EEONFHEEC OV TS 1B TENTW5BY,
R . JRERMKE D Y v 7L 0.967~8.18X10"° Pa, ¥R 7 ¥V vHIX 0.16~0.30 ©
GBEICHD. ZhLOEYBERLLT, RVKLIVEROY Y 7REFXT Y VHHETH
2 0.967%101° Pa X 0% 0.30, £ WL EHHE oW Tik 8.18X10°Pa sk vt 0.16
LREL, Zhb 2HONMEEAWTSBOFEYTS. LhBEROME T -2 ZHAL
23t Er W\ C Table 8.1 OMMERAHEH T LET 5.

Chm S ERL LS EF5 245G BEM ARV, WY 2RTEOFHTTHE
TeBMk & LTI $hoTW B, LichioT, Fig 81 i\ CikiEe ZEJE (Z #
FHi) OBERITE W EREL TS, ¥RBRIBO MBI ST 5 OEFHED T
FeZ 2 EAEI R T 5 (PouLos and DAvIS, 1974) ©T, Zhaid s d AR
CRWTRERPFORH, KEMABEDFRESOACHFELRLIZ L ETS.

8.1.2 BRERE

PUERIFOFE L LT, MOHEROBESERIECH S 2FELENNHEETHS FEM
AN EOREE L LTRAVORTER, ChEHMTLT, HRNLEIHTERSHED
EEShk ot ChIEYHRRAC X 2ERMLCELT, BERREHEHED /Y —
VEIROBROBEES N HdTH S, ORESOMROFHRL LT FEM Tl
NSO FEAIGA ShT, HLVCRETEEE LT BEM 33 LT L2 Ral
T\ (Z3, 1984). BREBBIA (1978), BREBBIA and WALKER (1980) &2V —v®
AREES Z L0, BOELDFEERBR LV ) UH» LIWAEORVEERC X
BRI L .

o FEM + BEM #H#LTx% L, BREHECHL - T FEM HEEE L 50K
%1 C, BEM ClR%E LS. OkOERLEAOBIL FEM 2D TH - OCHL
<, BEM ci3dis\s. < b Uy 7 AT 57k biE FEM 234#~ + ) » 2 A THARS
I DEVWEARERL S DEF LT, BEM CRIENFH < bV v 7 ATED EEFLIRS
BAiE s A, LT, AST5 BEREED 57— 2 B8R Plevcbdhrbb
F, 2y . —xOEEEED S 2T BEM oflEizdicy. BEM @&\ TIMEREL
P EURERERSBE T HMEIHEL W5 LBbhb.

SR L HHERO Y e 25 AR 2RITOEEREY B0 &5 BEM T, ¥&D
BREBBIA (1978) D7 r 75 sk b L Fif+ B (1986) 2PEBPFRACHRLICED
BEA UL, EEOHEIHENERO 2 v ¢ . —x HITAC-M280H %R L, HAA
3360 T—2EEY REALsS byte & Lick XM L # € V3% 8 Mbyte CFHHE
N0 Th -7z,

8.2 T[EDHRICKTBMEEKD 2 RITEH

8.2.1 MiEMmEA T & EOIEEY

BB O BEOMB AT Y 5 e, =FAXAVCTHEEVB#NEEETS. £
FHLEMAEEFLE LT, WEEmEYFHE KEL, Fig 81 wid X5 EREHD
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v b ET2RIEDENZIT -7, F9, HFE
— 520 » N4 620 » B HEAs 5 8~64m OEICHEH 2mX2m D
. NDARY (SURFACE) MERIHHLDETA. DL &, HFEH
77 % o hin 2> DR B E R ER LR

OERMRERETSH. £LT, JERXT
NCZOBRAMACEH bDOLELD. &
D& X HREOFERAHAOBIL, WK

DEPTH (8-64 m)

.1‘// ~ . OE EEFLE L THAK £hEh 620 m
! 7 ORI 100 > &5 200EEB L. &
,‘,’Tff\ T HIRTEIC 1) 5 A E A O JERE XL D
BOUNDRRY [ TUKNELY BEOBELHAE 220m FCik 1m, +20

~+60m F ¢t 2m, £60~+140m % ¢
iT4m, +140~+320m F TIE 8m, 3L
+320~+640m FTik 16m Tk o,
FLTHBR DWW TR ZEOEAR K 0.1 m [

Fig. 8.1. Boundary conditions for a BTTNTOBRAHAYEELI-OT, &

flat horizontal surface model. DEIHISMEL B, C DX 5 ICEREA
OEEEHIL 280 i DIT 5.

Fig. 8.1 D34, KJUECEEIMET NG S & ARCENMAEL S’ CED b
BT LENnD. [JECL->THBAMAED BN L B¥E Bz T0% Fig. 82 g
3. Fig. 8.2(a) 1wiX 32m 048 0k &, BEHEKLLES (Y v 7F 0.967X10%
Pa, #7 v vH 030) &, Fig. 8.20b) wEAREWES (v 7% 818X10°Pa, =
7V vk 0.16) DR EhO BRMOB EEHIRER TS, &k, ThbORK
RURERITERCRE S W 80EDH S DB DTG E KD, T OELEHROERM
PHEELFWTRDELDTH D, DT T ZHERDS & XIIFCERELT 5.
KD (A) BHEED ZCEI»E T B854, (B) RERIYLO NE O S EJI0ME <
BaETHY, O WHRAEBENROTHECEIVEHCTCWIBETHS. & ORTHEK
By7s 2 LiX, HMRECE DI EOKHA L RKEFT ETORIL Y b, PO ME L #H
FTREDOEI e - THbRAZ & THD., ZOBTFEHELAT A Fig. 8.3() @
B baieida & Fig. 8.3(0) KBEWEREOWHEDO RN IR ERT. FIEHDOFHEITOWT
DR, HEOMHEERGCTKPONREEBIET L Ve h KEWZ Lhbh%. &
DEERLPVEREBOCELGOERKELIOKREEOEL L - THbRS.

W, BHLOMEREL Y OWE (L#HY) i, MBEOEMEERN EDHECE
1t 5% Fig. 84 @RT. 2O LbMAZ LI, HEOHEIN 8m»ns 64m ¢
H8RFIBL T BDEL bbb, BEMOBM EEHBIIESC L »TREA LS
LWz & TH5.

¥io, BHBOHMER:LOBES LEOBEGREERC TS Fig. 85 #xd. o
Kz 3\ CRH: (CEILING), K (FLOOR) Xt EE (WALL) 3 +hFh i Haoic
BOHLEZRL TS, £E#D 2XZ8MT % L EEORIHEITED CEN A SRATS.
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Fig. 8.2. Displacement and deformation induced by an atmospheric pressure change
acting on the flat horizontal surface model (Fig. 8.1). The depth to the tunnel
is 32 meters. (a) Young’s modulus: 9.67x10° Pascal, Poisson’s ratio: 0.830.
(b) Young’s modulus: 8.18x10%° Pascal, Poisson’s ratio: 0.16,
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Fig. 8.3. Principal stress induced by atmospheric pressure changes acting on the

flat horizontal surface model (Fig. 8.1).
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Fig. 8.4. Pressure-induced displacement and deformation varying with depth. (a)
Young’s modulus: 9.67x10° Pascal, Poisson’s ratio: 0.30. (b) Young’s modulus:
8.18x10% Pascal, Poisson’s ratio: 0.16.
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Fig. 8.5. Strain change with the depth of the tunnel. (a) Young’s modulus: 9.67
x10° Pascal, Poisson’s ratio: 0.30. (b) Young’s modulus: 8.18x10° Pascal,
Poisson’s ratio: 0.16.
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Fig. 8.7. Displacement and deformation induced by an atmospheric pressure change
for the sloping surface model (Fig. 8.6).

(a) Young’s modulus: 9.67x10° Pascal, Poisson’s ratio: 0.30. (b) Young’s .

modulus: 8.18x 10 Pascal, Poisson’s ratio: 0.16.
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Fig. 8.8. Principal stress induced by atmospheric pressure changes for the sloping
surface model (Fig. 8.6). The depth to the tunnel is 32 meters and sloping angle
of surface is 40 degrees. (a) Young’s modulus: 9.67x10° Pascal, Poisson’s ratio:
0.30. (b) Young’s modulus: 8.18x10'° Pascal, Poisson’s ratio: 0.16.
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Fig. 8.9. Strain change with slope angle. The depth to the tunnel is 32 meters.
(a) Young’s modulus: 9.67x10° Pascal, Poisson’s ratio: 0.30. (b) Young’s
modulus: 8.18x 10! Pascal, Poisson’s ratio: 0.16.
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Fig. 8.10. Perspective view of the topography around the Nokogiriyama
Crustal Movement Observatory.
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Fig. 8.11. Displacement and deformation induced by an atmospheric pressure change
of (a) E-W component at Point @, (b) N-S component at Points @ and @, and
(¢) NW-SE component at Points @ and @. Young’s modulus: 4.64x 10 Pasecal,
Poisson’s ratio: 0.205.
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Table 8.1. Atmospheric pressure changes calculated by the boundary
element method at observation points by strain-gage strainmeters.

Sample number of rock 1 and 2 3and 4 5 and 6
Young's modulus [Pa) 3.83%10° 2.94x 108 4.64%10'® Pa
Poisson's ratio 0.263 0.181 0.205
Observation | Component [10-'® strain/mb) [10-1® strain/mb] [10-'® strain/mb]
point
@ * Up-Dowm 77.3 14.7 8.63
=] ) T7.3 14.7 8.69
<] ' 33.0 5.47 3.32
@ ’ 1ma. 38.6 25.4
® N-8 462. 21.6 13.6
® Up-Down 77.1 14.5 8.59
@ ! 36.1 5.84 3.55
=] ’ 1788. 44.9 28.0
e ’ 1477. 29.4 19.7
o v 31.5 5.59 2.66
@ 1717. 42.0 27.3
@ ' 46.8 7.70 4.77
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Fig. 8.12. Displacement and deformation induced by atmospheric pressure
changes of (a) E-W component, (b) N-S component and (c) NW-SE
component of the mult-sensored extensometers. Young’s modulus: 4.64
x10'° Pasecal, Poisson’s ratio: 0.205. |
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FALIC X - CHER & BB A £ T 5035, Fig. 8.11(a)~(c) L MBI KEZE(LETD
TR ST, BLBEOBMEYEFTELL TS, BREKOEE D ORS O LD 1)
b B Eatbhs, BEBGE O KX B —BE B #BorhH T EhbrY,

Table 8.2 OO ERITLHESMETOMES Fig. 7.1) KabETEEEZRLT
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Table 8.2. Atmospheric pressure change calculated by the boundary
element method at observation sites by multi-sensored extenso-

meters.
Sample number of rock 1 and 2 3 and 4 Sand 6
Young's modulus {Pa] 3.83x10° 2.94x101° 4.64x10'?
Poisson's ratio 0.263 0.181 0.205
Component Segment {10-'® strain/mb] [10-'? strain/mb] [10-12 strain/mb]
E-H (@30 59.9 8.94 5.51
’ 2a 56.3 8.63 5.32
* 88 53.9 8.51 5.20
Y @8 -23.4 -1 -0.93
* G4 163.0 21.1 13.16
b 40.7 6.80 4.12
! @8 48.8 7.91 4.81
’ 8@ 51.1 8.24 5,02
’ 88 52.6 8.47 5.16
) @8 54.2 8.70 5.30
* @ 56.4 9.04 5.43
' @Z-® 60.2 9.50 5.81
' &g} 69.4 10.7 6.56
§-8 @ 93.8 13.5 8.36
@-m 74.0 1.1 6.81
' 83 63.7 9.70 5.96
" @8 8.7 9.01 5.53
’ G4 55.6 8.56 5.25
' &8 53.5 8.22 5.04
' @8 51.8 7.94 4.46
' B3 50.5 7.69 4.72
’ G-a 49.4 7.46 4.59
’ -5 48.5 7.24 4.48
' -y 4.1 7.03 4.34
' Z-m 8.7 6.89 4.29
’ B8 54.3 7.19 4.51
NW-SE @ 65.5 9.39 5.82
" =m 58.0 8.59 5.30
’ e 56.9 9.00 5.50
' @8 50.0 7.74 4.74
’ Bra 53.6 8.31 5.09
’ (EaE)] 54.8 8.53 5.22
’ 55.8 8.70 5.32
’ 56.8 8.87 5.42
" -8 57.7 9.08 5.55
' g 60.4 9.35 5.72
’ 62.9 9.76 5.98
. Z-m® 68.1 10.5 6.41
' gt 80.6 12.0 7.41
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Table 9.1. Atmospheric pressure effects observed by strain-gage strain-
meters and ones calculated by the boundary element method.

Observation Observation Calculation

point and (Strain gage) Ratio(Obs./Cal.)
component [10-'? strain/mb] [10-'? strain/mb]

@ Up-down 5.80 25.4 0.228
®N-38 6.35 13.8 0.467

@ Up-down 12.1 2.66 4,55

@ " 9.59 27.3 0.351

@ 23.8 4.77 4.98
Observation Observation Calculation

point and (Extensometer) Ratio(Obs./Cal.)
component {10-'? strain/mb] [10-'? strain/mb]

S E-W 1.22 5.32 0.229
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3. FORERHE S E OBRE/FEEO KT 0.23~0.47 DEIFETHDH. TOLITH
HE/FEEINPESCERELTELLRD Z &1
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b,
b) HIT — #ICBERGE R T 5D,
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Table 9.2. Atmospheric pressure effects observed by the multi-sensored extenso-
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meters and ones calculated by the boundary element method.
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Calculation by BEM Observation
by
Sample number of rock 1 and 2 3 and 4 5 and 6 Ratio
Young's modulus [Pa] 3.83x10° 2.94x10'¢ 4.64x 10t Extensometer
Poisson’s ratio 0.263 0.191 0.205 (Obs./Cal.)
Component [107' /mb] [10-12 /mb] [10°'® /mb] [107' /mb]
E-W 94 Fkk
" 1.23
" 2.84
" 1.95
! 0.479
" 0.136
" 7.91 0.378
" Bk 0.933
! 8.47 0.027
! 8.70 0.021
’ 9.04 0.317
" 9.50 0.241
" 10.7 0.704
N-S 1.17
’ 0.988
" 1.08
’ 1.60
" - 1.08
i -8 1.20
" - 1.08
! - 1.64
’ @ - o
N -8 2.24
i - @ 1.10
i - 2.19
! - 1.22
NW-SE 0-0@ 9.39 FRERK
" - 8.59 *ikkk
? -3 9.00 0.893
! - 7.74 0.810
’ - 8.31 0.606
" - 8.53 —
! - 8.70 0.109
! @ - 8.87 0.052
' @ - 9.08 0.043
’ W-8 935 1.76
' - 9.76 0.973
” @ - Bl 0.876
’ @ - 12. 0.104
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FWEL THS. HARISON
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CONTRACTTON /UMDY

EXTENSION 7277777777
(4.0 x 10°° strain]

(2)

PESITIVE MMM

NEGATIVE 7777777774
{1.0 x 10°° strain]

(b)

Fig. 9.1. Comparison between (a) atmospheric pressure effects
and (b) M,-tide effects.
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Tig. 9.2. Strain anomaly distribution obtained by strain-gage strainmeter
and multi-sensored extensometer observations.
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A study of crustal strain observed by extemsometers
and resistive strain-gages
—Development of multi-sensored silica-extensometer
and strain-gage strainmeter and observations in
the Nokogiriyama Crustal Movement Observatory—

Michio YANAGISAWA

Earthquake Research Institute, the University of Tokyo

The Nokogiriyama Crustal Movement Observatory is located about 50km south of
the Tokyo Metropolis, continuously measuring ground tilt and strain by 25 m-long water-
tube tiltmeters and silica-extensometers installed in the observation vault. The data
are telemetered by telephone cables to the Earthquake Research Institute, the Uni-
versity of Tokyo, for detecting tilt and strain changes associated with earthqakes
occurring in Tokyo Bay and the Boso Peninsula. The accuracies of the data are 0.02
prad and 0.0001 gstrain respectively, which are satisfactory for studies of tidal effects
and of crustal responses to atmospheric pressure changes.

Before the present study, we conducted preliminary strain measurements by short
length extensometers to compare them with the 25 m-long ones, and confirmed that both the
strain results are different from each other even in the same observation vault. This
fact may possibly imply that the rock surrounding the vault does not have uniform
physical properties, say elastic constants, and is separated into blocks by fine fractures.
The elastic behavior of these blocks is somewhat independent of each other in ground
strain field. If so, the conventional extensometric data reflect cumulative strains of
such small-sized block motions. It may be very interesting to investigate the fine strain
structure of the Nokogiriyama observation station by comparing the conventional 25 m-
long extensometric data with short length extensometric data.

In the present study, the first step is to clarify bouth daily and annual temperature
changes in the observation vault, these are very fundamental for high-accuracy strain
measurements. Our results indicate the daily temperature change to be less than 10-3°C
and the annual one to be 0.26°C at maximum. The second preliminary test is on elastic
constants (Young’s modulus and Poisson’s ratio) of rock specimens sampled from the
observation vault. From a geological point of view, the tuffaceous sandstone covers
the observation vault uniformly. The results obtained here are 0.38 to 4.6x 10 Pascal
for Young’s modulus and 0.19 to 0.26 for Poisson’s ratio.

Next, we manufacture small-sized strainmeters by using strain-gages, which we
intend to attach to the walls and floors of the observation vault. One of the most
difficult matters in this experiment is how to fix a strain-gage to the rock surface under
waterproof conditions. After many trials, we found the following method derived the
best result. We glued strain-gages on a thin copper plate. Next, we glued thin copper
plate on the rock surface with moisture-proof butyl rubber. 24 sets of strain-gages
sensors were installed on the walls and floors of the observation vault and then con-
nected to lock-in type A-C amplifiers with the sensitivity of 107? to 1071 strain/microvolt.

On the other hand, we add sensing spots on the conventional 25 m-long extensometer
at intervals of 2m; it is called a “multi-sensored extensometer” hereafter. Comparisons
between results of the strain-gage strainmeter and the multi-sensored extensometer and
between results of the latter and the conventional 256 m-long extensometer can clarify
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the fine elastic behavior of the Nokogiriyama strain field. Our comparisons are made
on the basis of the data obtained during the period from July to December, 1988.

Data processings for extracting principal tidal constituents from the original strain
data was done by the least square method and the BAYTAP-G program. We conclude
that the amplitude of M, tidal strain obtained by the strain-gage strainmeter method
is generally proportional to that obtained by the muiti-sensored extensometer method,
but the proportionality is not so good, especially at the corner points of the observation
vault.;; This fact can be explained by the cavity effect on the tidal strain change field.
It is also proved that the anomalous behavior of K; tidal strain depends on the thickness
of overburden above observation points.

The strain field is frequently disturbed by atmospheric pressure changes. The
corresponding deformation of the observation vault changes the strain field considerably.
The ratio of such deformation to atmospheriec pressure change ranges from 1.25 to 23.8
%101 gtrain/mb. In this case, the shape of the vault crucial to the strain change.
Both the strain-gage strainmeters and the multi-sensored extensometers observe suc-
cessfully such effects at the corner points of the vault, although the conventianal
extensometer overlooks them.

The observational results mentioned above lead us to the conclusion that the ground
strain field depends strongly on the shape of the observation vault. A theoretical three-
dimensional strain field analysis will be necessary to reconfirm our present conclusions.
If the block structure as suggested here is true, a much more complicated model with
fine fractures will be necessary. We should like to recommend multi-sensored observa-
tions in order to investigate the fine behavior of the strain field in the vault. Such
method of observation can improve the reliability of the data for strain field observa-
tion data.




