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Aversa et al. compared the yield
surfaces between intact and destructured
pyroclastic rock (volcanic tuff) samples
through a series of triaxial drained shear
tests. For intact samples, they were first

isotropically consolidated to an
effective mean stress which was below
isotropic initial yield stress

( p,~20MPa ), and standard triaxial
drained tests were then carried out. On the
other hand, for destructured samples, they
were first isotropically consolidated to
an effective mean stress ( p.~40MPa )
which was approximately twice as isotropic
initial yield stress and subsequently
unloaded to a lower value. And then,
standard triaxial drained tests were
carried out. Fig. 1 shows both yield points
which are normalized by each
pre—consolidation pressure p; . Yield
stresses q/p, of destructured samples
tend to be smaller values than those of
intact samples at same effective mean
stress p'/p. These  interesting
experimental data suggest that the size
and shape of yield surface change during
plastic loading due to destructuration
effects, in case of porous rock materials,
while yield surface of a lot of
elasto—plastic models is assumed to be
expanding or shrinking to keep its
similarity.

Also included in the figure are the
fitted yield surfaces derived by LC model
to each set of yield points. While more
details about LC model will be explained
in next section, this model describes
various yield surfaces by determining its
parameter n_ and reduces to modified
Cam—clay model in case that n =2.0. From

the figure, it is found that lower value
of parameter n, can follow the yield
points of destructured samples more.
Although the parameter n_ isoriginally a
material constant, in LC model, which
determines inelastic dilatancy or
contractancy behaviors until the critical
state, in next section, we shall develop
the constitutive model regarding the
parameter n_ as a function of hardening
parameter in order to describe the
destructuration effects.

The yield function of LC model in which

the parameter n_ isregardedasafunction

can be written as

v

f=/1"‘|nﬂ+’1"‘iln['\"m+’7"LJ—5" 0
l+e, py 1+en, M ™

where, A, k are respectively the
compression and swelling indexes in
e—Inp’ relation, e is a void ratio, &’
is a plastic volumetric strain, p’' is an
effective mean stress, ¢ 1is a stress
deviator, and 7](: q/p’) is a stress ratio.
The subscript 0 indicates the reference
state which means the vyield state of
isotropic consolidation for intact sample
in case of a porous rock. In order to derive
the incremental stress—strain
relationship, we apply the consistency
condition as

o ., o of

+—& +—n =0

f=—:6
o6’ " osP ' on,

To expand this equation, the progressing
low of the parameter n_ is needed in
addition to the assumptions of the elastic
incremental stress—strain relation and
the associated flow rule. In this research,
we determined this low under two simple
assumptions that (1) the parameter n,
monotonously decreases with changing the
stress—like hardening parameter p., and
(2) the lowest value of n,_ isset tobe 1.0
because the convexity of yield surface
loses in case that n_ <1.0. Then, the
parameter n, may be written by a function
of the stress—like hardening parameter p;
as a fitting curve

B 2
n_(p;)=(n,—1)exp —a[lnifj +1
Po
where, a is a fitting parameter which
controls the speed of change of n_, and

n, is an initial value of n_ which
determines the initial shape of vyield



surface for intact sample. Fig. 2 shows the
relations between n_ and p;. When a=0,
n, keeps constant and the shape of yield
surface keeps its similarity. By taking
the time derivation and applying the
isotropic hardening low as

op _ Pe

oe (A-x)/(1+e,)

v

we can obtain the equation such that

2

. n,—1 p. p. . .

N =-2a——>————In—exp —a[ln—f] & =hél
" (A-x)/(1+e) " B { Po

By substituting this equation together
with the elastic incremental
stress—strain relation and the associated
flow rule, one can derive the incremental
stress—strain relation as

¢=c®:&; c¥ :ceficei of ® of e’
x Oc' Oc'
Incorporating the incremental

stress—strain relation to the finite
element code, we simulate the triaxial
drained shear of the porous rock under
various confining pressures. Parameters
in the model are set as 4=0.15, x=0.01,
M=13 , vi=04 , e, =0.25 and
p, =180MPa . In the simulations, we
compare the responses in cases with and
without the destructuration effects. Figs.
3 and 4 show the e-Inp' relations in
cases with and without the destructuration
effects, respectively. The value with the
path indicates each confining pressure. In
case with the destructuration effect
(a=3, Fig. 3), it is found that the
dilatancy at lower confining pressures
decreases and the contractancy at higher
confining pressures increases until the
critical state compare with Fig. 3,
because the critical state line shifts
downward in e—Inp' space due to the
change of shape of yield surface. Fig 4
shows the stress—strain relations with and
without the destructuration effects,
respectively. In Fig. 4, at higher
confining pressure ( 150MPa ), the
stress—strain curve shows the
strain—hardening and a downward convexity,
which can be often seen in experimental
data for porous rock samples (e.g. Wong et
al.), after initial yielding.
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