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Study on the Anisotropic Characteristics of Permeability
and Deformation-Strength Behavior of Sedimentary Soft Rock (II)

* *
Shosuke Toki and Kinya Miura

Abstract

Experimental study, using the triaxial compression test
apparatus, was carried out to investigate the effects of folding
and anisotropy of engineering properties, induced by tectonic
forces, on the mechanical behavior of sedimentary soft rock.
Test specimens were secured from four different directions at a
dam site, where its geological structure are well documented by
a series of geological surveys; the bedding planes of the left
bank are almost upright in contrast to the right bank, where the
bedding planes are almost horizontal.

Based on the examination of test results, the following find-
ings were obtained.

1) In the samples taken from right bank, the stiffness and
strength in unconfined compression and triaxial compression
tests were the highest for the test specimens secured from
horizontal direction, vyielding confining pressure of which is
the highest also. On the contrary, in the samples of left bank,
the yielding confining pressure was higher in the samples
secured from vertical direction than the one from horizontal
direction, and the other mechanical properties were also supe-
rior to the samples secured from the other directions. Such
characteristics shown in the beth sides of the banks may be at-
tributed to the previocusly subjected horizontal stresses, and
their contributions to the significant anisotropy was evaluated
quantitatively.

2) The relationships between the anisotropy of elastic wave
velocity and permeability of test specimens and sedimentary en-
vironment were examined in view of folding and micro discon-
tinuities exerted by the folding.

Work Performed Hokkaido University under contract with Power
Reactor and Nuclear Fuel Development Corporation

PNC Liaison:Takashi Kawahama(Technical Information Service)

*: Foundation Engineering, Department of Civil Engineering,
Faculty of Engineering, Hokkaido University
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( 2.4 -1 ) RQDM@

Rhp

RS Rv Rh RO+45|R6-45]| Lv Lh
gg%&ﬁ%%) 89,0 | 87.0 { 83,0 | 93,0 | 84.0 | 60.5 | 43. 0
(F 4-2 -2 ) BERE&(Rv)
A Bz Ba | ¥AbS | i | BAHE ] BSEN | kR i BER&KIL
(%) (%) (%) (%) {mm) { Uc Ue - (%)
1/ 0.0 |42.0[46.5|11.5/0.42(16. 8 3,3 |2,.634| 22. 8
Rv|2| 0.0 j42. 5|46. 5}11.0]0. 42]|17. 2| 2.8 [2.634( 23. 2
3| 0.0 [38.0f50.5|11.5|0, 42]29.6] 5.2 |2.628| 21. 9
¥ty | 0.0 |40, 8|47.8}11.3}0, 42|21, 2| 3.8 [2.632] 22.58
. (% 4-2-3) HERA (Rh)
BEE 1 Eo Ba |ynba| His | BRKHE | 96N | MRER i BREKIE
(%) (%) (%) (%) (mm) Uc Ue ~ ' (%)
1| 0.0 |39, 5|55, 0| 5.5 |0, 25| 5.8 | 1,2 |2, 646} 21, 8
Rh|2}{ 0.0 j40.0|51.5] 8.5 |0.25[ 9.1 | 2.8 [2.8617] 22. 3
3/ 0.0 [39,0]53, 0| 8.0 |0,25/| 6.9 2. 4|2.622]| 22,3
¥y | 0.0 |[39.5(563, 2| 7.3 lo.25] 7.3 | 2.1 2.62-8 22,1
(% 4-2 -4 ) HERS (Rhp)
Lo ok B B | AR HEs | RARE | ey | M ] ¢ BRE&KIE
(%) (%) (%) (%) | (mm) | Ue Uc ~ (%)
1| 0.0 |30.0(63.5| 6.5 |0. 25| 5.5 | 1.2 |2.608| 22.7
Rbp{2| 0.0 [30,5[63, 0| 6.5 |0..25| 5.5 | 1.2 |2.597| 22, 6
3( 0,032 5/60.5|7.000.25| 7.8 1.7 |2.603] 22, 8
¥ | 0.0 |31.0{62,3{ 6.7 [0,25! 6,3 | 1.4 |2, 603]| 22.7

-J6-




(£ 4 -2'-5 ) HER&S(RE+45)

sus | Be | B [vars]| BIH |BocNE|wSEE | 0FEK | RE | BRSKEK
%) | % | < | % |(@n)| vc | Ue” (%)
Re|1| 0.0 |30.5|63. 9| 5.6 |0.25| 6.6 | 2.6 |2 591| 22,3
+45
¥4 | 0.0 [30.5(63.9| 5.6 |0.25| 6.6 | 2.6 |[2.591]| 22,3
(% 4 -2 -6 ) MERS (RO-45) _
REB B B [ yNrS | BLS | RAHIE | SR | iR fac)id BAR&KIE
(%) | (%) | (%) | (%) | (mm) | Uc | uc~ (%)
Rol1] 0.0 |34 2/58. 0/ 6.8 |0.25) 7.9 |20 |2 585 228
w7 | 0.0 [34.2|59.0| 6.8 (0.25] 7.9 | 2.0 [2. 585/ 22. 8
(F 4 -2 -7 ) BERS(LV) -
id sE B Ba ([ ¥ArS] ko | BAHIE | SR | iR kH BREkit]
(%) | (%) | (% | (%) | (mm) | Ue | ue” (%)
1] 0.0 |48. 5]44. 5| 7.0 |0. 25| 4.9 | 1.5 |2.674] 20,1
Lv|2| 0.0 |49.5]43. 0| 7.5 |o. 25| 7.7 | 2.4 |2.651] 20. 2
3] 0.0 |49.0(|45.5] 5.5 0. 25| 5.3 | 2.0 |2.668| 20. 4
w9 | 0.0 |49.0[44.3| 6.7 [0.25]| 6.0 2.0 [2.664] 20.3
A (% 4 -2 -8 ) HEES (Lh)
HEA Ba Ba |vnrg| BEs | BARE | wBEg | BEEY tE ER&KE
(%) | (% | (%) | % |(mm) | Ue | Ue~ (%)
Lh|1| 0.0 |39. 3|55 4| 5.3 |0. 25| 6.9 ] 2.3 |2 658| 19.0
¥ | 070 |39, 3|55.4) 5.3 [0.25|°6.9 (2.3 }2.658) 19.0
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(4-2-9)
EHRMOMENEE

AH & RY Rh Rhp | R6 +45 | RO ~45 Lv Lh
o T7iRERE | 89.0- | 87.¢ 89.0 83.0 | 84.0 §0.5 £3. 0
RQD (%) ' '
HR&KE | 21,7 | 22.1 22.8 122.3 .| 22.38 20.3 | 19.0
W (%)
TR FERE [2.632 | 2.628 | 2.603 {2.591 2.585 | 2.664 |2.658
o S{g/cn?®)
e iF 2 1.980 12.018 [ 1.984 |2.00%f | 1.996 {2.064 {2.110
p t{g/en®) ,
ROMREEEL [ 1.627 [1.653 | 1.616 {1.636 |1.626 | 1.716 |1.773
p d(g/end)
Ml PB& HEo{0.618 [0.5980 ] 0.611 0.594 {0.588 {0.552 |o0.499
<]
fa o BE[92.4 98.:4 | 97.1 97. 3 100.0 | 98.0 100.0
Sr
o ' i B4
1 UU i 1 [ I_TIII I i | L) lill
//
e — 1 O: Rv @: Lv '// .
- A:Rh A:Lv ]
— 80 O: Rhp /
© — | +: Re +45 =
= X:R08-=45
— b0 F =
L L o
_H e
= 40T
+h] - -
[ a]
~ 20 | .
u) N
al — A
.U 1 -' I Ittltl ] [ 1 1 IIIIIL i 1 I BN N
0.01 0.1 1
Grain Size D, mn

("4-2-1)
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Rhp (X oBEATLR)

a7 OBEEBE
BREEER
(Crossed
nicols)
a7 OHEEE
HHREFE
(Open
nicols)
&= A & I A I | Mmoa B &
BEBREREL, EETES, SMEMSESED NG, BT, B, £R| AIEKAZZEL. BREE< FCEy. EWREASESZED SN S . BRI,
i, EEERYOBLAP. REA~EBARET, BEEMroRBWEE LSS | AKX, BAE. BAEOMLALUZNTSEGATH Y. B8R ARNaREOERN
WAtk | E T ENEOLEEPAT. BEDE. KEE~BEAOKIERP 6D Bk | R, BEMIERSPSRBNT. KB KUAFR, LERZEFEFENTNS,

DORERE Y 2HET., VeV aVyE{EUTWA3RNHEDENS,

HESRE, FBeEET3THERELERP SR BANKEENERS,




Fd -3 -2 a7OBHESTEBSLIURE (2)

y = =2 Rh (Ha@hmE)

a7 OEEE
BHREE&R
(Crossed

nicols)

a7 O E
ERHEEHA
(Open

nicols)

oiE
iy

%

M o B &

il A

LLy

=)

BR2EDRH

GBIREREFEL, EEEEL, FRREY. £2WBEL BN BEOIANSREDS
N3, #BEHTE. % ECR ARG SRERYOEme. dtbkilis,
Kb, REDEHFE ¥k, BAA KEE EERVOBIEEAZE8. KEDOF~
BEEOHEEELERTFREE. TO—BERLER. HETGAZEATVWS ., EHEBI.
BIE~BAEERE L, KBTI FEEOMLHFTHS.

EHid KIEE~EARETHEREIIWTDS.

BIBEK 2L, BREEL Fisy, ShERISESED SN S BROTNED
DEAHBETHD. . BENTE A% BAE E
DERE. KIUFF X, HE FARREQIEREFROEEHIANTTEE, EH

BEREOBRP, BREERY




..'[ b"'

(%£4-3-3) BREDOE— FHEHR REHFA)

-QOm | Qp | Fel} Kf | Mie| Cpx| Bi Ho Lv Lp Lm Br Gr | Fo | Per| Unk| Gl Opg{ Po Max | Total
'H E Rv - ~ _
(B8EHM) 267 4 1583 7 0 0 16 13 21 0 0 165 38 58 22 6 21 24 ¢ | 185 1000
A F Rhp - ' E
(FAEERAW) 1131 3 20 '14 3 0 14 3 47 0 ] 159 _10 17 20 7 64 14 |- 3 4271 1000
(¥ L8 Hm) 167 8 49 8 3 3 21 3 .90 51 0 .128 13 23 8 3 38 23 5 493 1000
E & Lv o
(SATEHTA) 177] 10 2] 21 3 0 3l 0 86 8 0 |7175| 78 21 10 0 23 26 ) 2431 1000
A& :
Om; BRERER, Qo BERAR, fel; #8EL, K HYEREF, MNic: AZH,  Cox; BiEn, Bl BEEL},  Ho; AMG
Lv: KE~KLBRBER, Lp; EHER, Lo; TRER,  bBr; BeteNTF, o GEEHETF, Fo;{kBH, Per; BGHF
Unki RESHEERTF, Gl KA SR,  Opg; FiREAEA,  Po; FLBR,  Max; EE : :
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AERERFTE (B

5210 SONIC VIE

B E z
# B 5

vy N
% 4 8

MEULUES,
-1 -1

o= S OM S M
Nl‘rofﬁ"ﬂ\l_f
B oA S ¢ % KB oo
S ®m @ S ¥ o N

gg

T o

&

(m / sec)

(m / sec)



L: #®#% o8 (e m)
T, t 2 P#¥®,S HOINEBHMBM (usec)

OC#H;KRX7YVY i

(Vn/Vs).E-ZI
2 { ( A o // v s ) 2 -1 }

C B & ABHBERR

G¢.=A (k g £/ ¢cm?)

O B # f# & ¥

E 4

2 (1 + vg4) » Gy (kg f /cm?)

i
ri
2!

vV o, : P i # K (cm/seC)
vV . S g & E (cmn/ sec)

p 4 B ( g/ cm?)
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(£ 5 -2 -1 ) WEFAESARER (Rv)

k& PiBGHEE | SEE | e AWGHE | BEE | BET7v vk
(n/sec) | (m/sec) | &%k (kef/cn?) (kgf/ca®)
Rv-—1 971 505 5070 13340 0.315
Rv—2 1060 497 4910 13350 ©0.359
Rv-—3 1020 483 4630 12540 0. 355
Rv—4 1320 633 8110 21910 0. 351
Rv—5 1350 651 8700 234170 0. 349
Rv—6 1380 | 661 8960 24220 0. 351
Rv—7 1170 550 6110 16580 0.358
Rv—8 1220 57T 6780 18400 0. 356
Rv—9 1420 | 599 7320 20360 0. 392
EfE 1210 573 6730 18240 0. 354
| (%25 -2 -2 ) HEEKEFRBREZER (Rn)
HE& PEOHE | SIEEE | he AW | IEHEGER |BETv vk
(n/sec) | (m/sec) | ¥ (kgf/cn®) {kgf/cn®)

Rh—1 1250 596 7330 18840 0.353
Rh-2 1250 590 - 7140 19360 0. 357
Rh—3 1510 625 7980 22290 0.397
Rh-4 1960 626 8090 23360 0. 443
Rh—-5 1870 641 8530 24450 0.433
EifE 1570 616 7810 25510 0.397
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(%5-2-3)

SEYEBOHBE SR (Rhp)

SUBE | PGl | S EEr | U AN | BEUEEE | WET v vk
(n/sec) | (m/sec) | #REX (kgf/en?) (kgf/em?)
Rhp—1 1910 633 8320 23930 0.437
Rhp—2 1920 871 3170 26220 0. 430
Rhp—3 1950 625 1980 23040 0. 443
Rhp—4 1940 | - 675 7600 21910 0.442
Rhp-5 2000 610 7660 22190 0. 449
i {E 1940 634 8150 23460 0. 440
(®5-2-4) HHBEERREE (RO+45)
HEl& Pk | S EGRE | HeAWEE | KGR | BFERTVY VL
(n/sec) |- (n/sec) | Fe¥k(kef/cn®) (kgf/en?) :
RO+45—1 1590 605 7440 21070 0.415
RO+45—2 1660 | 610 7530 21420 0.422
RO+45—3 1750 650 8600 24410 0. 420
RO+45—4 1920 620 7900 22790 0.442
RO+45—5 1920 620 7920 22840 0.442
S fE 1710 621 7880 22510 0.428
(£5-2-5) BERIERRER (RO-45)
HE A PElEE | S BEMER | B AWK | BSEMGR O (BETv vk
(n/sec) | (n/sec) | F&Ek (kgf/en?) (kgf/cn®)
RE—45-—1 1920 §20 7880 22110 0. 442
RO~45—2 1720 §00 1260 20780 0. 431
R6—45—3 1850 650 8650 24740 0. 430
RO—45—4 2000 100 9940. 28430 0. 430
RG~45—5 1880 610 7600 21900 0.441
S E 1870 640 8270 23710 0.435
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(% 5-2 -6 ) HERIEARER (Lv)

g S 3 P adiEE | SEGERE | B AWM | BERE | X T v i
(m/sec) | (n/sec) | {&%EL (kgf/cn®) {kgf/cm®)

Lv-1 | 1340 | 360 2150 8050 0. 461

Ly-2 | 1340 336 2390 7010 0. 456

Lv—3 1190 367 2860 8210 0. 447

Lv—4 T44 328 2250 6220 0. 379

Lv—5 1450 305 1830 5690 0.477

EHEH 1210 339 2440 7050 0.446
(=5 -2 -7 ) BEEEERBEE (Ln)

SEz | P | SR | e AbEg | BEEGE | BRTY kR
(m/sec) | (n/sec) | $r¥k (kgf/cn®) (kgf/cn®)

‘Lp-1 1590 330 2350 6950 0. 477
Lh—2 1660 330 2320 §370 0. 479
Lh—3 1750 340 2490 7360 0. 480
FI5E 1670 330 2390 1060 0. 478
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(% 6 -2 -1 ) EKBER
fEE o2  (kgf/cn?)
BEE BkiEE k (cnsec)
0.2 1.0 5.0 16.0 20,0 30.0 40.0

RV 1.19%10°* | 1,19 10-° | 1,19X10-9 | 1.19X107% | 1.19X10°¢ | 1.19X 10" | 1.19X10-¢
Rh 2.08x10-7 | 1.11x10-7 | 9.2010-% | 8.75%10-¢ | 7.20x10-¢ | 7.04x10-¢ | 6.41x 10-®
Rhp 7.93X10-°|4,09x10- | 3.23x10-¢ | 3,85x10°% | 2.70x10°® | 2.75X10"% | 2.95% 10"*
RO+45 {2.89x10°7 |-2,60x10-7 | 2,18%10-7 | 1.88X 1077 | 1.70%10-7 | 1,58x 107 | 1.42X 107
RE-45]2.75%10-7 | 1.59%10-7 | 1.32x10-7 | 1.11x10-7 | 1.04x10"7 | $.39%10°° [ 8.47x 10"*
Lv 5.31x10-5 | 2.86x10-% | 1.2010-% | 1,02X10-¢ | 8.44X10"7 | 7,32X10°7 | 6.41x10"7
Lh 2.84%10°° | 1.08x10-¢ | 8.53%10-7 | 7.16X10-7 | 6.26X10-T [ 5.79x10-7 | 5.31% 107
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(EFE 7 -2 -1 ) —HEGRBRER (Rv)

odas |8 & RESE| —WES W 8| ZEREE | PidE | S T
HiE & | &Ik O |UTs
(%/min} | (%) {t/n3) | (kef en?) | (%) | (kgfen®) | {n/sec) | (msce)
0.1 71.1 1. 950 40. 9 0. 85 1690 974 505
0.1 23,5 1: 948 32.3 0.74 4050 1060 457
0.4 23.1 1. 943 33.8 0.83 4350 1020 483
0.1 22.8 1,984 40. 2 0. 84 5310 1320 633
Rv 0.1 21. 9 2.012 £1.3 0.85 4680 1350 651
g.1 21.9 2.010 £3.5 0.89 5340 1380 661
6.1 19.7 1,978 32.8 0. 86 4070 1170 550
0.1 20. 3 1.9917 31,2 0. 84 4140 1220 557
0.1 19.17 1.998 36. 4 0.79 4970 1420 599
ECI < R 21.1 1. 980 36. 9 0.84 4630 1210 573
(& 7 -2 -2 Yy —HIESHSBRER (Rh)
: o |8 K| S | MES (B RERK PE | SR
HELE & B &Kk BmOE |vdd _ :
' (%/min) | (%) (t/n) | (kgf/en?) | (%) | (kgf/en?) | (n/sec) | (n/sec)
0.1 Z1.8 |- 2.02% 35.8 0. 80 4680 1250 596
0.1 22.0 2.069 36.8 0. 86 4620 1250 590
Rh 0.1 22.4 2.002 4.1 0.7} 5390 1510 625
0.1 22.3 2,024 43.8 0. 11 5320 1960 626
0.1 22.2 2. 034 45.1 0. 80 5910 - 1870 641
£OoOB M 22.1 2.018 40.6 0.78 5480 1570 616
(FE T -2 -3 ) —HMEGSKRER (Rhp)
floFa | B R BME | —WEH | B BHEE | P s | sk
Hla PE . =% 4 o S I .5 )
(%/nin) | (%) (t/n%) | (kgf cn?) | (%) | (kef/cn®) | (nsec} | (m/sec)
0.1 22.8 2. 004 28. 2 9.15 3950 1910 638
0.1 22. 17 1. 995 23. 4 0.81 3410 1920 671
- Rhp 0.1 22.1 2. 003 28.9- 0.83 3660 1850 625
0.1 22.9 1. 906 25,0 0. 89 3070 1940 625
0.1 22,1 2.017 25,1 0.81 3580 2000 610
BB M 22.8 1. 984 26. 1 0.82 3540 1940 634
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(3% 7 -2 -4 ) “HEHSRER (RO+45).

Mota | B R|SWTE] —WMES | OB SEER | pikdn s SRS
RElag & E | &%kl i Eivda
(%/ain) | (%) (t./n®) | (kef/en?) | (%) | (kef/en®) | (n/sec) | (msec)
0.1 1.993 {1.5 0.74 Git0 1590 605
0.1 1.984 36.6 . 6540 1660 §10
REé+45 0.1 1.994 4.1 0.76 6490 1750 650
0.1 2.01% 46. 4 0.71 5960 1920 6520
0.1 2.019 53. % 0 7880 1920 620
T ¥ @ 22.3 | 2.00% 44.4 0.75 6600 1770 §20
(F 7 -2 -5 ) —iEGHRIER (RO~-45)
Hoda |8 M| BNEE ] —MEs O ZEBRER | pEnE | sy
HElg |#E | Ski - MO s
(%,/min) | €2%) {(t./n%) | (kgfen®) | (26) | {kgf.”en?) | (n/sec) | (m sec)
0.1 22.0 2.008 48, 0.71 7130 1920 620
0.1 21.8 1.977 {1. 0.72 6550 1720 600
R8—465 0.1 22.4 2.007 51.4 0. 67 8570 1850 650
0.1 24.2 | 1.988 1.5 9. 65 13400 2000 100
0.1 22.4 | 2.001 41, 0.54 7160 1880 510
2 B | 22.6 1. 896 49.3 0.68 8560 1870 640
(55 7 -2 -6 ) —MERRKRKER (Lv)
Bo¥as | B R ENSE|] —ES (W 8 RSN | Pl | sidn
iz i &kl ‘BE g |oTa
(% min) | (%) (t/n%) | (kgf/cm?) | (%) ) (kgf/en®) | (nsec) | (m/sec)
0.1 20.2 2.083 21.0 - 1. 36 1370 1340 360
0.1 20,1 2.075 22.% 0.9 2470 1340 336
Lv 0.1 20.2 2.07¢% 1.7 1.0 19090 119¢ 361
0.1 20.1 2. 054 i7.6 1.1 1580 144 328
0.1 20.4 | 2.029 20.4 0.9 2130 1450 305
DI - B 20.3 _2.064 20.2 1. 08 1890 1210 339
(£ 7 -2 -7 ) —HEMRBER (Ln)
(MoFa |8 A | BEEE | —Esm | o8] ZREN | pasdie | s il
HMa (& E|akk WOE utas | , '
(% min} | (2% (t.”m?) | (kef/en?) | (98) | (kgf cen?) | (n/see) | {m/scc)
0.1 18 2.118 22.7 0.76 3070 1590 330
0.1 19. 2. 089 271.0 0.82 3460 1660 330
Lh 0.1 18. 2.108 23. 0.70 3440 1750 340
U 18,7 | 2.105 24. 4 0. 76 3320 1570 330
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"(Z#8~1-3) Consolidated-Drained Test
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