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Strength and deformation characteristics of gypsum
plaster specimen Jointed at random

By Toru Onodera
Masanobu 0Oda
Toshiaki Ishii
(Department of Geotechnology,
School of Science & Englneering,
Saitama University)

It is generally accepted that the mechanlcal properties of rocks and Jjointed rock masses
are determined not only by the constltuent substance without cracks but also by the presence
of mechanical discontinulty such as graln boundary, inclusion, Joint and fault. With few
exception, there has been almostly no experimental and theoretical studies that considered
quantitatively the inffuences of crack density and geometrical crack distribution on ‘the

mechanical properties of rock~like materials.

When the specimen lncluding cracks is subjected to a uniaxial stress, a unit volume of
such materials stores elastic strain energy, which can be divided into two parts, i.e.,
(1) the strain energy which would be stored in the absence of any cracks, and (2) additio-

nal strain energy due to the existence of cracks.

The latter energy can be calculated on the assumptions that the stress or straln inter-
ference among cracks has negligibly small effect on the mechanical properties, and that the
materials subjected to uniaxlal stress is deformed elastically up to the fracture strength.
If 1t can be assumed that fallure occurs when the additional strain energy due to crack
reaches a limiting value, we can deduce the following equations to defineg the relations

between strength ratlo Gimac) /07

o0y o deformation modulus ratio E(m:g / Ermo) , and crack
density f )
{O-;rl-zc) }2 _ L. (7)
(r(o.a) ‘/,z + Ir.
G?waq 2 l /
= 1 — Etnaey/Eroo) 7 (9)
Teo.e ¢ LA
E tniscr [E¢o0)
- -]
and E(M,JC) = I‘}fl + E(a-a) _____ (10)

where 6?"z<), E tmic) = the ultimate uniaxial strength and the secant deformation modulus of
. "
Jointed specimens.
o, E , = the ultimate uniaxial strength and the secant deformation modulus of
(e, o) , oo

Jointless specimens,

and I,’ I} , IY = material constants.

It was also made clear that these theoretical equations successfully fit with the
experimental data obtalned from the uniaxial compression tests of jointed gypsum plaster

specimens.





