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COMPARISON BETWEEN MEASURED CRUSTAL STRESS CHANGES AND
OBSERVED CRUSTAL STRAIN CHANGES

By Yutaka TANAKA, Kunio FUJIMORI and Tomokazy TAKEUCHI

Synopsis

The observation of crustal strain has been carried out at Ikuno Geophysical Observation
Station using 4 components of extensometers since 1977. The observed results at Ikuno
make it clear that changes of maximum tilt direction and principal strain axis have occurred
systematically. These phenomena suggest time changes of stress field in the northwestern
part of Kinki District.

To confirm these stress changes, in Jan. 1988, measurement of three-dimensional absolute
crustal stress was made using hydro-fracturing methods in three boreholes near the observa-
tion station. In Aug. 1988, using the same boreholes, the measurements of absolute stress
were again made repeatedly. Then, stress changes were estimated and further, strain
changes were calculated through the stress-strain relation in the two-dimensional modeling.
The obtained data were finally comparative-studied with those data obtained by the exten-
someters.

Because of the fact that absolute stress values themselves are low, measurements were
not very accurate. On the other hand, the amounts of observed strain changes, due to cavity
effect and inhomogeneity of rock in the observational tunnel, lead to noticeable errors of
analysis. As a whole, the observed strain changes agree well in characteristics with calcu-
lated strain changes from the results of stress measurements within the observational error.
But Young’s modulus must be taken 200 GPa, several times of elastic constant (E=26 GPa)
by the uniaxial compression test of in situ rock.

Object of this paper, however, is not to show coincidence of both the measured values.
The real purpose is to indicate a future prospect which enables Earthquake Prediction Study
to elevate from conventional “qualitative” discussion to “quantitative” one by this compara-
tive observation of stress and strain.
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Fig. 1 Topography in the vicinity of the Ikuno Hyogo Prefecture.
Observation Station for crustal movement A : Akenobe, S: Shiromidai,
and the measuring site for crustal stress (@). Ho: Hoden, Hi: Hiraki, T:
Takatsukayama, R: Rokko-
Suwayama
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Fig. 4 Strain changes from Dec. 1987 to Nov. 1988 observed by extensometers at

the observation tunnel.
Chain lines show the times of absolute stress measurements.
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Fig. 5 Strain changes from Jan. to Aug. 1988 obtained by
combinations of 3 different components of exten-
someters. EXT. 1, 2, 3 and 4 indicate the exten-
someters in the azimuth of N62°E, N28° W, N107"E
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the results by the least squares method using all 4
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Fig. 6 Direction of boreholes and Hydrofracturing points for stress mea-
surements in Jan. (O) and Aug. (@), 1988.
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Jan. 1988 Aug. 1988
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Directions of principal stresses shown on stereographic net of lower hemisphere
and maximum and minimum horizontal stresses. Data are listed in Table 1.

Table 1. Results of absolute stress measurements

Aug (1) : data only by reopening of fractures in Jan.
(2) : all data including reopening of old fractures and new fracturing
(3) : data only by new fracture in Aug.
+ : compressive stress
'88, Jan. '88, Aug.—(1)

MPa - Azimuth Dip MPa Azimuth Dip

()1
02
O3
oh,
ch,
ov

1.45%0.14 S3TEx15 39°+ 6 1.70+0.14 SICE+11" 50+ &
1.09+0.12 S63W+11" 12°x11°) 0.94%0.16 S8TW+ 9 1I'+= 7
0.42%0.15 NI13W=+11° 48% 6’| 0.29+0.15 N ¢E+11" 38+ &

1.16£0.11 N8OW£19  «-ee 1.04+0.14 N58W =20  --eee

0.94+0.14 NIOC’E £19°  «--e-- 0.76+0.13 N32°E £20° -

0.8640.15  ceeeee eeeen 1134011 e e
’88, Aug.~(2) '88, Aug.~(3)

MPa Azimuth Dip MPa Azimuth Dip

[}
02
O3
oh,
ch,
ov

1.8410.25 SII'W+13" 58+ 5| 1.17+0.44 S8IW34" 42726
0.95+0.13 STYE+ 77 0+ 6] 0.53+0.33 S24'E+38 18+15
0.04+0.23 NII'Ex 77 32°%£ 5°| 0.02£0.53 N4S'E £34° 4328

0.95+0.13  NSOW=£12 - 0.7540.18  N7EW1Y oo
0.54+0.21 NICE+12°  «we 0.39+0.25 NISFE+19° -
1.83440.27 e esens 0.584+0.88  ceeeer eeeees
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Aug.1988 — Jan.1988

0.5 MPa
Fig. 8 Stress changes during the period from Jan. to Aug. 1988.

Upper : Directions of principal axes of changed additional stress
during the period from Jan. to Aug. 1988.
Lower : Maximum and minimum horizontal stress changes.

Table 2. Stress changes for 6.5 months calculated from the results of absolute stress
measurements in Jan. and Aug. 1988 (ref. Table 1)
(1) : Aug(1)-Jan, (2) : Aug.(2)-Jan.

(3) : Aug.(3)-Jan., — : tensile stress

(1) Diff. (Aug.-(1)-Jan.) (2) Diff. (Aug.~(2)-Jan.)

MPa Azimuth Dip MPa Azimuth Dip
Aoy 0.37+0.19 S16W+40" 67°+14 0.69£0.29 S5I'W=x22° 66°+ 8
Ac;, —0.08£0.18 N46W+23" 11°+£21°| —0.25+0.18 S58E+20° 8 =+14°
Aoy | —0.33+0.19 N4SE+25 20°+14°| —0.57+0.24 N29°E+23° 23°+10°
Ach; | —0.061£0.18 N3I2ZW=*39° - =0.21£0.17 N7IPW34  «eeee
Ach, | —0.25+0.18 N58E 39 - —0.40£0.26 NII'E=x34" oot
Ao‘v 027—_{—018 ............ 048i031 ............

(3) Diff. (Aug.-(3)-Jan.)

MPa Azimuth Dip
Aoy 0.39+£0.55 N69W29" 48°+18°
Aoy | —0.55%+0.27 S20W+34 1I'+15°
Acos | —1.07£0.49 ST70E+43 42°+18°
Ach, | —0.41%£0.21 NB6TW=E6HL"  «--ee
Ach, | —0.55%0.27 N23E+£61" -
Ao’v _028i089 ............
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E.=26.1GPa, v=0.16 £ % 3, %3 P HHME 3.7 km/sec, S WHEE 2.2 km/sec, BIREMEREK 27.1 GPa, B
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1w strain
L |
v \
-0.2‘
Extensometer Stress measurement
v = 0.25
“ E = 200 GPa
.
Probable Timit
U strain
+1 (2)
€ (3)
1 (1)
R L B N b S A [ 5~ B e e e
W N -8 E
-90° 0° +90°

Fig. 9 Comparison of strain changes.

Left : strain changes obtained by the least squares method using 4

components of extensometers.

Right : strain changes calculated by repeated absolute stress mea-
surements assuming Young’'s modulus 200 GPa and
Poisson’s ratio 0.25.

Sectoral parts indicate the limit of errors of analysis.

Middle : conformable limit to both observed (left) and calculated

(right) strains.

Lower : azimuthal distribution of strains (the most probable value)

(1) : observed by extensometers

(2) : calculated from stress changes, assuming E=200 GPa, v=0.25

(3) : ditto, E=260 GPa, v=0.16

RT7 Y 0.24, BE25g/cm* BN TW S,
ZOEERWS L
Emax - 9.3£7.3 4 strain, N58°£35"E
&min : 0.67.4 u strain, N32°+35°W
ERD INBHSH VT AERAIP OB SNEERE (B%EEE) OBRAZEZ Tw3, HEORREE
EHbLEZICREY BRI THEMELETRERS S, 2O ERIGHELENFEEY AZBE2Z L
EEKRT 2,
BPrEERELHTH, EPECHTCORAEEBRTCELEEOBERRVILERLTVS,
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L LaHsTEHARIER, OFAELERAD SR A1 L M EEE LD SEHE L 7 6L L RRgRE
OBWENT—EK L, Fig. 9 PRERT &5 CEE2E-THE2 AW ZZEESECHET (B T
—HT 5, ERBNEOTHERET Y VR 24U EiRETREHEIES (M) LRI T —rid—
BE 2, 2287V U HE0.168 LT b EEREFERTLIMUBAOERCHY, VT AELERORK
B EEE, S BNIEHUOEEELN S 2, ¥V 7 REHEEBIC L 246, KMOERL LT, M
ZI—BLURESPTRTEEL S, ChODEFRVTAROFMAATRLI:OH Fig. 9O THTH 5,
2P LRGSR £ 2 ¥V 7 ED10£%260 GPa & v=0.16 DFATH D, VT ADFSMAIZEKRCK
RTREN3B,
8620.49+0.43 cos 2(0—_58") .................................................................. (3)

Z ORI IRERFEE ERL TWRL, (2), (3% 68% DEEE OBBN T ena P EZDE—HEELZE
NTE5DIR Fig. 9 PRI RONBED ThH 2, HBRNOBRRC B TREOHUE, BRIOKERS I ORE
—HT2E0D L RBEEEFEEINFTOLAKEEILSND,

5 ¥ B

2 ORXOEIII O F AZICOBEREE & MRS HHE OB D E LI X 3IEHELHIEORREO—BE E
BT eTirEVw, MELLAELBTLOBEZILRDKEL, BEOLTA, VT AEBARSRICE S
05 A EH M OBRC B AR LD LEEEOB L OTHS LB L b, —HIEHELORRE—
ity EHEEE Db BN TOMECTH B 2o BLELSAZ CHE, k5T L bHERMHOMN
B, BIEBBO&REI LII2HEENIREL, BERREI Y, LrLiE, IEHEERD S0
BAEBEORLESLETHIILEIEIE TR, BFa7H 53RO I-HEEERERE VTR, WED
SRS —BE €52 L REBTH B, FRBNEEEOLON, bIPEER DM ZOBES -k
B2 571, LinL—F 2 ORIz 0F AE(bib o1 2 L BEETHD, ZhaHEHRUTH D £ORH
SETEH A ORI CH 5 &£ 2 SIS EIEEE £ AN A5 5, BEEBEREIILD S 2
F TS ORE BRI —5T 5 b DL BT L CAXEFERE, —HERRBIC X 5 BILEH
FOREIBCERATE PR KRAOMETH %, £ LRIGTAEDOESE v HEEE OB X 200 m BEh
TBY, BEOEE IZIZIZERE 15~40m TH 2 SR UMRBEERE L EZ» R VRZ S, % TR
BEVYOIIRELLZDHEETH 2, FhicbhrbbosTEAME LT—HLT WEERE2EL I LREL
DIERO—B L 1FELSREV, bL, SO LEOHCHEPEEL, BEEREFORVITEERE 5,
Bt DRATT b IEHECOBE IR b > & Bbo i iE T TH B,  HRIAEE L VS O8R5 RIS R
BTHoT, HEHELEINEDR L VBEERTERETH S5, 50 LECHEREBAOBRHE
TOTFAERERITY 2k, ISHAERE 2 0.1 MPa 0L REEICL 52585 AEEEzzE, lE
b 5 EQMBRIND T £ 12 & » THIGHZALE OF SEBEERET 5 2 L T E BRI EbH T
v,

BHELE OF AEERILE €5 2 L it, WEOBEEPALS e, WEREL LTOTS, 571K
B EAL, EROLBRETRCT 5, BEOHBFAOBERS, Wi, FHNZHRCEE > T
B0%, MEHRERS T I ET TR FAICED, HEFRONROBIREALIEEILITb
WIoTHB S, BICHED T B ISEGRENT Y, WHAEC ko T, BIENEY & RENER %
KAT 5 2 L WRTHETH 50 EHERE 2T EHHOF Y 7 b 2E L RIEZ RO E L1 S
S, HOSEIE S S IEHEERD BRD RO TARE T R HHTS 5. RNOBRH, WE
P & RERTE AL & RS LB L TR TR, FEEMEM N 2 RS 2 L0 T 8 5, SEIRZ O
S S D D—DRATH D, TELERHIBE LS T L RERLIV, 5% | FHBCEHE £ 8
L, YOBME LT bHEOEMEAS—HLTEhE, ZORERBITHS,
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Z DIXIERIC &7z > THRERFEEFRHRYBERE ANBRCOFAENO LTEADEEG %18
Wiz, FREAMECEL TR, BNLESRRISHELRRERS L UONESERSHARNL & ot B
WEREYIFRE OBI=[REE 6 & UREBEE LI REFOMBEBHEN, ISHAECHN L CEV T
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