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Analysis of long-term trends of borehole strainmeter data and its comparison

with crustal stress measurements
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Abstract: We analyzed anisotropic long-term trend of strain data observed by 4-component borehole
strainmeters at 16 AIST borehole observation sites near the Nankai Trough, southwestern Japan. A stress
relaxation process around the borehole in an anisotropic stress state is a plausible mechanism of the long-
term trends for several years just after borehole drilling. Time-varying orientations of the maximum
principal strain were estimated for 4- to 10-year data. The obtained orientations at 13 sites are nearly
constant in time within a standard deviation of 15 degrees. We examined data qualities of the
4-component borehole strains by analyzing the long-term trend so that validities in analysis are
confirmed at 8 sites. At 6 sites of these 8 sites, we compared the present result of principal strain
orientations with crustal stress measurements such as the hydraulic fracturing tests at the same
boreholes, indicating that the orientations of the maximum principal strain estimated by this analysis are
generally consistent with the stress measurements at 5 sites. It is suggested that careful analyses are

necessary to interpret the long-term trend of the borehole strainmeter data.

F—T—F fUFRER, RN LR, HBISHRE, SRS, M~ T 7

Keyword: borehole strainmeter, long-term trend, crustal stress measurement, stress relaxation process,

the Nankai trough

1. [FL®IZ

PRHIFLH: 2R U CIRALE CHIES 1 2 1E T 5
MFEOFEE LT, Ny b=tk BRIt
WX R K 2 2 TR Z AT 5 KRS (1
Z1¥, Haimson, 1978), FLJEIZE%E L 7= 51#s23 & FH
DEMEN YD EES NIz & X104 L D BN 2
BT DI fERGE (il 212, Kanagawa et al., 1986)
RALHAZHREIT D = & THLHI I A Ul T
WCEVIBERNREST 27 LA 7 7o FEFATS
J7 (B0, Zoback et al., 1985) 72 EANAL AW
BATVD. ZHHLDOFEITENENOREIZHES
WCEIR SN EBRICHE CEA S TWwb 2y, BEF
DISITAE FEFOTL, B - Hir07eun<
ONDORMEEIZ TEBY, REZRRT X EL 7
MEZLRINTHDLONRBIRTH D (B2, Ito et
al., 2006,2013). F7=, Fiiz7ellE@TEE LT, L
EIEZR OB FW72 7 V—T BRI D ARE(LE
FIA LIS aET 2R A0 H DB, —DOD
AHANTEEIZ L DBEMEDOIT L > E NEHR T2
WIEENS LR EDORELHV ZORKIEFLT LY
B 5 TldZevyy OREEDy, 2010 ; Kuwahara et al.,
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N ERRE O FLEEE G L Bl S, Zh btk
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LT3 (Satoheral,2013). £7=, l6HEDHIH 6
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EEFEIED (2013) OFERMNBRDTZ 14 HS DT
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JifiZ i cE - 6 mdH B, MYM, ICU, TSS,
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(ZAF 201748 H 8 H, ZFL 201749 H 8 H)

H1R. B SOAF, (LE, ERFOME & BEGEE L O KEE T OHEEFR R, 1iEaHK
753, G X Gladwin REFZENKT 5. S.D. 1%, mAKEEHIMNOEREFZETHS. N/A L,
ETF—HXOREY MLy RBRREERTZD, FERORDP-122 EEEWRT S, 113,
BARSDOF ¥ U T L— g VORBHEMEMEWNGS, %k 21%, 3HE 0% 7 15 ik
DARE 2 72 SR T34, % 310, AR ORI X B IS TR OAE 272 X /2o

BB TN ENERTS.

Table 1. Summary of site parameters and the estimated orientations of the maximum principal strain. I : Ishii-
type strainmeter, G : Gladwin-type strainmeter. S.D. : Standard deviation of orientation. N/A: The
orientation is not estimated due to unstable trend of strain data. *1: The result of calibration for
4-component strain data has lower reliability. *2: The assumption of isotropic homogeneous elasticity
around the strainmeter is not satisfied. *3: The assumption of the relaxation process of stress
disturbance due to a viscous property of the rock mass is not satisfied.

Ste Type (M) (E) dfrit)h (;r;jfillla;ﬁ) mafr;fﬁf:;ff :tfain (iéz:)
TYS 1 35.0405 137.3578 588 2008.6. N/A *2,*3 N/A
NSZ 1 348442 137.1057 583 2013.5. (N66°E ) *3 (4)
ANO 1 347870 1364019 590 2010.6. (NI46°E ) *3 (9)
ITA G 34.4534 136.3129 182 2008 .4. N/A *2,*3 N/A
MYM 1 34.1123 136.1815 591 2008.6. N62°E 1
ICU 1 33.9001 136.1379 589 2007 4. N31°E 5
KST I 33.5201 135.8363 591 2008.8. N133°E 6
HGM 1 33.8675 135.7318 373 2007.6. N170°E 5
ANK G 338661 134.6045 167 2008.4. (N39°E) *1 (7)
MUR 1 332856 1341563 588  20089.  (NIIT°E) *2,*3  (4)
KOC G 33.5505 133.5990 202 2008.5. N/A *1,*3 N/A
NHK 1 339904 133.3423 482 2013.1. (NIO4E) *2 (6)
SSK 1 33.3896 133.3229 577 2009.12. N20°E 4
TSS 1 32.7357 132.9757 588 2008.8. N&4°E 3
MAT G 33.8422 132.7393 202 2008.5. N70°E 14
UWA 1 33.3859 132.4823 591 2009.1. N120°E 1
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IRFEEREIETT (Stimaes Spin) DMER T 23558 ORI

Fig. 1. Schematic illustration of a horizontal cross-section through a vertical borehole
drilled in rock mass loading maximum horizontal compressive stress (S,...) and
minimum horizontal compressive stress (S),,,)-

36°N
TYS (1,2008
o 0208 |
NSZ (1,2013)
— 33°N
TSS (1,2008)
132°E 139°E

B2, FEEBINRANIIEETO 16 O T KERAGBINAOAER. HA4 & EFHOME, BHFRATEZRT.
LEAHRERE, G L Gladwin RAEFH 2 BT 5.

Fig. 2. Locations of 16 sites for AIST integrated groundwater observation sites, southwestern Japan. Site name, type of
strainmeter (I: Ishii-type, G: Gradwin-type) and installation year are denoted.
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Fig. 3. Strain data and orientation of the maximum principal strain at TSS site. (A) Radial strain measured by a
4-component borehole strainmeter. Relative strain gouge orientations are also shown in the figure with north up. (B)
Radial strain data after removal of the average strain. The data are plotted from the time when the analysis is
performed. (C) Time-varying orientation of the maximum principal strain.
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Fig. 4. Strain data and orientation of the maximum principal strain at 16 sites ((a) ~ (p)). Site name is shown in top of figure.
Explanations are the same as those in Fig. 3.
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Fig. 8. Map of orientations of the maximum principal strain and stress. Red solid bars at 8 sites, where the validity of
applying analysis model to strain data is confirmed, denote the orientations of the maximum principal strain. The
orientations denoted as red broken ones at 5 sites are for reference purposes only because the validity is not
confirmed. Black ones show the averaged stress orientations obtained by using hydraulic fracturing tests and
borehole wall observations from Satoh et al. (2013) at 14 sites.
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