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Effect of Structural Anisotropy on Deformation Properties
of Granite under Cyclic Loading

Harushige Kusumr™,

by

Yukihisa Mine”

* and Kazuhiko Nisuma”®

The effects of structural anisotropy on the deformation properties of granite under cyclic loading have not been
clarified. In this paper, four types of granite specimens are prepared with an angle ¢ of the structural anisotropic

plane to the loading axis of 07, 30°,

60° and 90° respectively; and cyclic loc\ding tests are performed under uniaxial
compression. The stress amplitude levels used in this experiment are 0-3

0%, 20-50% and 40-70% of the uniaxial com-

pressive strength of this granite. As the results, for the stress amplitude level of 0-30%, the elastic modulus under the
cyclic loading is approximately constant, However, it is recognized that the increase of axial strain during the cyclic
loading is largest for the specimen with ¢ of 307, and its value under ten thousands cyclic numbers corresponds to
1.27 times as much as the axial strain given by 20% stress for the uniaxial compressive strength, and that its uniaxial
compressive strength after cyclic loading is lowest for the all stress amplitude conditions. Further more, it is clarified
that its volumetric strain indicates only a negative value under 50% and 70% stress levels under cyclic loading.
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Table 1. Physical properties of Ohshima granites.

Dry doumty Specific Water Porosity
(gflem3) gravity absorption (%)
(%) )
2.64 2.50 0.34 0.86

Table Il . Elastic velocities of axial direction with each

specimen.
Vr Vs |
(m/s) (m/s)
GO 3810 1900
G30 3640 1720
GGO 3200 1450
G90 3010 1430

l Loading axis

Rift plane

T Loading axis

Specimen
D 50mm
H 7 100mm

Fig. 1. Relationship between rift plane and loading axis
for Ohshima granite specimen. 84 is (he angle
between the rift plane and the loading axis.
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Fig. 2. Stress-strain curve and stress amplitude levels
applied to cyclic loading tests for G60 specimen.
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Tablellf, Uniaxial compressive strength before and after cyclic loading for each specimen.
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Uniaxial compressive Uniaxial compressive strength after cyclic loading.(Mpa)
Specimen strength before cyclic Stress amplitude level
loading. (MPa) 0-30% 20-50% 40-70%
GO 185.7 220.2 187.1 218.8
30 204.6 159.2 136.6 -
G60 215.6 236.7 166.1 -
G90 227.0 226.7 216.7 -

* 1 breakage during cyclic loading
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4 e N=10000
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Strain & (x107%)
Fig. 3. Hysteresis loop of each cyclic number for G60
specimen.
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Fig. 4. Schematic diagram of elastic modulus for each
¢yclic number.
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Fig. 5. Relationship between elastic smodulus and

cyclic number under 0-30% of stress amplitude

level.
10

— 8

o] "

o Koo

= i
5 H

I —0-60  —4—(30
2 -x~G60 —e—G90
0 e il ‘

1 10 100 1000 10000
cyclic number N

Fig. 6. Relationship between elastic modulus and
eyclic number under 20-50% of stress amplitude
level.
10

. 8

«

&

T

X —-G0 —a-—-G30
2 ~x=G60 -e-GJ0

sl [
i iR

1 10 100 1000 10000
cyclic number N

Tig. 7. Relationship between elastic modulus and
cvelie number under 40-70% of stress amplifude

level,

LG 0 =030

Ny

«x—G60 —e—G90

€25/ €102

Axial strain rate

-
(=
i
i

0.9 -
1 10 100 1000 10000

Cyclic number N

Fig. 8. Relationship between axial strain rate and cyclic
number under 20-50% of stress amplitude level,

Fig. 8 13, IS RN L ~IL 48 20%-50% . HIiO-F o
(L% & yop/ € pom EHE LA N EOPHRERLEZED
THBH, TITWMOFALERH LI, Fig 2 10/ &D
VZHRE LT IZ X o T U 28 ) b~ 20% 12851 B
WllO4"A e 100 &, BIERAO ~MIESRMIED 20% O
WS B HMO A e 1om EDILELTELEZEDT
B, ZORMED, G30. G60, G0 EIRAD 20/
ercootd, FHELIBIEL N AR EL BB - TMILT
VB FORIEHMIERIKIZ X TR ELS R G » TS,
s &k & AN 25541t G0 Itk e . N=
10000 Mz d54 % € o/ e rem 13 1.27 &b, R
AIREREOMO AL G U 27.2% ORRTX Iu’:—'hh [0
AARD LI AT, G0 kIR —WFE RIS O
#y 27.2% OB BT AT AN T HEDTH
5. )

G60 (kIR IZR Y B e 1/ e1c i, N=1000 {3

S J'Y{}Jll L, N = 1000028 0T € 190/ €1om i
LIS A, SOLED & O, G60 kiAo
TESFARIE 0% 24.9% O30 O3 A MY
15,

GO, GO0 Lk & po0/ € e R B LI N O
) et S R DA R e 113 | Wl :z)f» F ORI IR
INENWEDTHE S, N = 10000 Bz, 2h
FIO £/ crom 1, 108, 1.04 24D, ;hﬁ*(é éw;
WAL, G30, G60 itk 2z b L Tl X
EDTH D,

Fig. 9 (& 20-50% OIEIHRIE L ~OLF 7o) I8~
A50% Ok Bk ﬁi‘o“*d‘&;n,:{LéA ¢ vso/ Evese &, PR
LIl N 2O AT NTHSL, I CHRIOT

AAALHE T )i:ﬂ)‘l‘illf)'@‘&”'} fbas & ko, gLl
12 d o T 720 i L ~OL 5% 50% 120810 5 A

HHLG RO T RIZ 0 50% DIE
I BS AHROTR g vese EOILE b'fi.{/f LHT
HH, ZORED, GI0 PEEAKRAED F 7 PR kD
& vsi/ €vese ld, HOE LIAEORINNEZE - € N =100 [}

O R e vig &



MRS UG ) FEC Rt B (R OSBRI AL B OB B S DR 1033

w 0.5 |- ~0o—-G0

—t—G30 s

XG0 —6—GI0

Volumetric strain rate
N

H
—
21

1 10 100 1000 10000
Cyclic number N
Fig. 9. Relationship between valumetric strain rate and
cyelic number under 20-50% of stress amplitude

—%—G60 e G0 |

level,
1.5
&
@ §.0
LS.
[
'S o 0.5
© g
U
2w
(,)\.::’ D‘D ...... ;
Sw e | 60 —a—630]
pa )
=
o=l

1 10 100 1000 10000
Cyclic number N

Fig. 10. Relationship between volumetric strain rate

and cyclic number under 40-70% of slress
amplitude level.

HETHEIERC L AaMb L mu00vs, s, R
M)H\‘h AMERMN IR 2T LT A T 8 4R L Tu
B, FO B, G0 RO £ vso/ © veso 18, BT D
iEL, N A 1500 [“!U" g v/ € veso DG, 14
BLTHA, Zhid, G30 PERIEOKRY N = 1500 il
PR, & eofpucblit L LT s T H AR LT
Vg, aj*f:;ws JE T b~ AE 20-50% O 4 T Al
HCEIZET HIO““JM’)J‘H}II & DHEO S D
Thd b }v Lm:&) IDEHEMG L H5dDL
R U O SEESS G0 (IS K E < Bl
)» BLZ LIS, RROFRNAOM&44 T &
IR AN R R R B I 2 T 2 3L
TSI LA AT &, Fhud vift 00 HEDs,
LW A b ERA S S, F, GO GBD

AR € v/ & veso DIIZ . N =100 DI, 23500
koM iz b . N A 10000 BIClE, GO,
(J(JO HERIE ) £ v/ svesy OWE, 0.78. 0.64 Eaeiin
Wehs:, 690 (IEkthke €V-’-;(>/ g veso DG, N 28
LELREEAER OIS, EFLODINAR LTS,

2L o
)
Ny
) \«—

ZHUE, ZOJNIC rift VR LT A MG,
BURG - L A0FROMTS. LV AREELS
hs,

Fig. 10 13, Fig. 9 &bkl 05 JHh b~ 70% 125
T5, & mﬂﬁw‘) s/ svere & N EOBEHRARLEL
O THAH, TOET G0 Miktkiz, N A 500 FORE B
BEL 728, gvm/ e vem B 2T LAUREN Tk
Vo Ll ZOMRLUINEE I, Fig. 9 &6l Gao

ik evin/ ever DEPIEHE LT EHWE N TH
. ABOIERIRS £ vro/ & vero OULIZ20THE, GO0 {I
GG Fig. 9 2B, ELIEBN IS L TR AL
L TnwaELIEMEwohsd, GO, G6o {Eiklko
gyw/ evemid, NIZHUT Fig. 9 Ltk 2 i2sdb L
LA H, N = 10000 RIEHIT S evn/ £ vow O,
Fig. 9 12Tl ik & & ¢/ h 20 fl” AT,
E2. GO, GO0 HEAERD £ v/ £ vora b, 00 HEME
LA 20-50% LB 40-70% OIS &R F UE\c L \ﬁn Lo
Foo ZAUEL e vcse ORI TR & ISk 2k
ATNWEIENL, ZOL Rk 80 282
5ha,

PLEL O, @S35 rilt i) HHEHI L »TED
O LRI N e BN O A LA L8
ORINZ F - TERFRRE NG, Wz 020 30"
itk O a0ubis, R LMTEYS L 5 & IR0
Hb=OL FiZbsnwid hELAS, 2610, WHUCTA
HEOW A RT L5, (kRN ERO B A NE A T S
o8, HBH LB A SN 1605,

4 ¥ &

AP, (BRI R T R LG Fitk
UFB ERR R ORI TP 28 z’Lf.ru HIEB AR ORI Lol

MR O TR R L0 TH B K
Wm“m VO SN AEYREM FO L TH S,

(1 {Lin 'z‘.‘f Bk, @il s rift (i & o3 g
0% 07,3 ()() 90 L Lk a0, FhahohR
(R il H R E A Y 0= 30" OFLR ARG~ T
FrEE AS i 4 ]Q’f)"’) 7, 3: A YU 4 0 R 1 O
Mo e IR TR B UG 200 — S is. 0 =

307, 607 THHE L FAs o ht,

(2) O LA G ORPEREGL, f-’r 25 A —
TORCN, s FREABONE L LS LA,
SIS IR ONEGRELS . EOIE JHBEN v~ R T
H'iéé&fi DAL A H R A Ja)i’f'ﬂr’?’zfﬂlﬂ!;u}
et

3 ﬂmxdéxcf)'llliu\ ¥ LNJ”* Lix., 0= 30 DR
VRIS FRM L L T ’&J’Y?U”'*’/]\ L, o
Jifli v O 20% O ! 2o, REER
TRl FEERRIE 0 20% OB ZET TR
DY 12/ ey, ZHU G0 R IRd e Sl
O 27.2% OV AIZHPHST 5 T2 A0 sl

@) BUEREOBMOELDENS. 0= 30" OER
Rk E w0 AR U BRI 20-50% O8N L




1034 BiSL WL 8RN
ANATFEDIFES L AOL S 50% DRI Tz it Bl 4. 101, 753 (1965).
EhAERMUTARAOWERL, Gk ,)Jk LT 8) TEHZ . BAYET. DRI S, 104, 157 (1985)
Bk, EED it fiid LS, FHISIEREELT 9) T.N.Dale, Bull. U. S. Geol. Surv., 738, 22 (1923).
AT BRIELTCLS I LM m}"!L 10y P. M. Douglass and B. Voght, Geotechnique. 18, 376
(1969,
% # X # 1y ABE N T, . 102, 469 (1986),
1y Y EHE B %, il ML SR AR 12) SR REAE - W fE, s T, B ERE,
S, 469, 15 (19937, 34, 45 {1986),
2y THERR, A (AW fE, bINEs o, 1) el s, TEEACE RIMEEWT, dONEE L L ARPE R
A 370, 189 {1986). LYe, 400, 179 (19683,
3y W, ot A Yo, M, 20, 68 (1970). 14) TR Z L MEANE - fRWr s bR T LAY B
4) st E . WL Fok kL HRIIESE, 8T, L. 382, 45 (1987).
515 (1971), 5) fE¥f &, M¥, 87, 46 (1988)
5) ~edE e - Sk b HARREGES, 89, 16y (¥F dE. BPEEL 37, 53 (1988).
588 (1973). 17 (ENF O We LR WL ARDIEN . MO
6) KAMRMTT, Bl X, L W AR B4 (1988).
ZHik. 99, 8us (1973), 18) Moy, il B, &I LAz G, 382,
7Y R SR, CREWAM L ORIE -8 BHE W, RS 63 {1987},





