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Constitutive Equations for Rocks, Based on Radial Stiffness Decrease
by Yoshiaki FUJII! and Yoji ISHIJIMA !

1. Division of Structural and Geotechnical Engineering, Graduate School of Engineering,
Hokkaido University, Kita-ku, Sapporo 060-8628

A linear equation between axial strain, circumferential strain and axial stress was found while performing
compression tests on several kinds of rock. This equation means that in such laboratory tests the trace of axial
strain, circumferential strain and axial stress is located on a plane in the three-dimensional space defined by
these quantities. New constitutive equations were derived combining the above-mentioned equation with an-
other equation which derived assuming that the stiffness in the radial direction decreases with radial expan-

sion.

Using the set of the newly-deduced constitutive equations, the effect of confining pressure on strength and
strain-softening behavior including Class I can be simulated. Numerical results also show the decrease in ra-

dial stiffness due to crack existence.
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Fig. 1 Three-dimensional plot of strains and axial stress for PS0-5 under uniaxial
compression ; after rotating the coordinate system, the originally curvilinear

trace (a) looks like a straight-line (b), except for the initial loading stage.
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Fig.2 Three-dimensional plot of strains and axial stress for BS1I3WEA4 ; linearity is not

good for this rock.

@
Fig.3 Three-dimensional plot of strains and axial stress for IGZUW# 2.
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Table 1 Peak strength o4p, tangent Young's modulus £, Poisson's ratio v, critical tensile strain &p¢
(circumferential strain at peak load), and the constants 4, B and &) in Eq.(1) for uniaxial com-
pression tests ; the apparent elastic moduli £’ and v’ are also shown ; ‘PS’, ‘BS’ and IG2’ denote
Pombetsu Sandstone, Bibai Sandstone and Inada Granite# 2, respectively.

Specimen O ap E v £ e A B £, E’ V'
(MPa) | (GPa) (x102) | (GPa) | (GPa) | (x10?) | (GPa)

PS0-5 1304 30.0 0.29 | -0.41 28.8 0.8 0020 [ 287 0.03

BSI13WE4 | 64.3 172 0.48 | 0.36 16 0.6 0.074 16.2 0.04

IG2UW#2 | 185.8 69.4 025 | -0.19 64 5.4 0.048 | 634 0.08
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Fig.4 Uniaxial compression stress-strain curves ; solid and dotted lines denote measured value and

approximation by Eq.(1), respectively.
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Fig. 5 Magnified plots of axial strain-circumferential strain

curve for Kamisunagawa Sandstone under uniaxial
creep loading.
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Fig. 6 Circumferential strain vs. circumferential strain rate
for Kamisunagawa Sandstone under uniaxial creep
loading.

etal., 1973), #2 T, J2Tid, *¥BHF OB, TH
HROBEIMET T2 LI REDTIEBRTRREBET S,
Y, BEOLDIC()RPOER ) 2 AW L TR EEL,

Oy = A5A+ZB'SC ............................................. (3)
Ri, QRPLERLT, HEo ICELT,
GC:A,Ec“'ZB’EA"‘B”EC ................................. (4)

BHRERETS, TCTA EEAROBBETH L, BEO
A )8
B =B~
LT,
ac = (A’+B’>8C+B,5A .................................... (6)
PEPND, (3), 6)Xrs, BOTAEHELZS 2L Z0H
BHEBHOTAEUTORTIEMENSD,

04 = ((2BB’—AA'—AB")/B}ec+(A/B)og
8A:(UA_ZBEC)/A ....................................... (8)
F#Ric, BIOTAEREEERA L EOBBEBUTATLT

DEHCEFHETE B,
o,={(AA’+AB'—2BB") /(A +B)}e + {2B/(A’+ B} o
............... (9)
ec = (oc—B'ey)/(A+B) (10)
B D & 5 I H A E S AT CRE T IR 2 5 v 98
ZHAE LN, PEFAORIME A 2R CELET S EFEE
o, $7:, &E, BOOEEREICBIT AI67— O3 HERIL,
BHOHCT IR TH LS, DLHEICET S EFNLUE
Lo QIRIZERM 2N L. ShiEELT, A 3D
THRY +oo (BEKOEHR) ODEXA EE L s LFEET S,
B, BHOZHIERRBR T, BE, BEBENALND,
—EEORERE P EET L0, BOTFAN —o (EEXD

No. 3 171 <27>



IR - AR

1 ' T
08¢t B
s *r [
T 04r -C=0.5
02 preest et A I C=1
SR Y
-10 -5 0 5
ecfeg

Fig.7 Relationship between A’ and C for the case where
A =20 (GPa) and B =B =5 (GPa).
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8 Stress-strain curves obtained from proposed constitutive equa-

tions : the curves for A = 20 (GPa), B =5 (GPa), B =5 (GPa),
C=1 e=02X 10~? and 0g =0 are set as a standard ; “total
stress” and “total strain” in (a) mean that they are not deferential
ones but are zero-balanced before applying the confining pres-
sure.
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Fig.9 Approximations of uniaxial compression stress-strain curves obtained by using the proposed constitutive
equations ; solid and dotted lines denote measured value and approximation, respectively.
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Fig. 11 Stress-strain curves obtained using the constitutive
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