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MICROCRACK-MODEL OF CREEP UNDER
NON-PROPORTIONAL LOADING

G.Gorazhi*, S.Sklepus{ and A.Zolochevsky*

A microcrack-model of creep deformation of an initially
isotropic materials under non-proportional loading is pre-
sented. This model describes simultaneously the difference
between the creep processes under compressive and tensile
loading types. damage induced anisotropy, creep compressi-
bility and the Poynting-Swifl-effect.

INTRODUCTION

The creep theory of materials with different behaviour in tension and compression
is being intensively developed now. The process of creep deformation and
damage accumulation occur under creep conditions in parallel with each other,
and they have a reciprocal effect.

One of the modern difficulties of continuum damage mechanics is
comnected with two specific features (Dragon (1), Chaboche (2), Chaboche(3),
Altenbach et al (4), Voyiadjis and Pakr (5), Voyiadjis and Venson (6)):
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-the damage induced ansotropy under loading due to the directionality of the
microcracks:;

-the umlateral character ot damage, when the damage 1 active or inactive, and
the microcracks are respectively open or closed.

The most of existing models do not take into account both these specific
features. The purpose of the work reported here, is to elaborate the microcrack-
model for creep deformation of an mitially i1sotropic materialy and its application.
This model describes simultancously the ditference between the creep processes
under compressive and tensile loading types. damage induced amsotropy, creep
compressibihity and the Poynting-Swiit-eflect.

CONSTITUTIVE EQUA

It is assumed that the damage is connected with the degradation of the
creep properties due to parallel surface-like microcracks. The orientation of an
array ol parallel microcracks may by characterized by a umt vector 7.
Constitutive equation of creep is based on the assumption of the existence of a
potential in the torm:

1 -
F =<0, 1
5 1)

where the equivalent stress has the following structure
o, = Ao, + Boymn (2)

Here oy (4,7-1,2.3) are components of the stress tensor; o, is the stress intensity,

: 3 s . .
OF 5SSk Sk (#./=1,2,3) are components of the stress deviator,

1 0 s 3 . :
Spr S8y~ 2 GOt s Ogy 18 the Kronecker symbol, A B are constant material

parameters; 2;, (4 = 1,2,3) are components of the vector 7. The creep strain rate
tensor is determuned by the rule

; oF .
Bkl = 7(,—— (3)
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where 2 o1s a certam scalar munttiplies
It is possible to show on the basis of (1)-(3) that constitutive equation has
next form:

A S + Bryny ] “4)
ol

[SE R

For the creep of non-strain-hardening materials, one has
2o, =~ 9(o,) (3)
The representations
3o,) - G (6)
9(s,) - sinh{a./al, or 3(c,) expl ./ are possible for the function $(s,.).

To describe the strain-hardening of materials, we introduce the parameter
. defined by the kinetic equation (t 15 a time ).

4R 7
(("I
where
Rl (3)
or
N ﬁu{’:l:_‘w (Q)
Then sve have
res, = 8o )plg) (1o
The function p(g) can be taken as
p(:",’) lg’w (1 | )

In the case of tertiary creep of non- strain-hardening mater sals we have
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%
(O]

()= —2— (12)
Ly ~ @)

where w = jc, Eydt, © €[0,0.], and o = @, corresponds to the creep fracture. In

this case

AG, = 3(0, )y (w) (13)

BASIC EXPERIMENTS

Let us conzider a method of determining the material parameters in the
constitutive equation (4). We agsume brittle character of creep rupture and we
have that 7 15 a veclor in the direction of the maximum principal stress. In
analysing the creep curves, let the following relationship be established between
the stramn rvate € stress o, and time:

g= K, ot" (14)
i muasial tepsion and
f=-K jof't” (15)
in uniaxial compression (£ 0]

Then we consider relations (4), (6)-(8), (10), (11) to be valid and we
obtam tollowing expressions for creep rates:

§=(Aa+RY o (16)
and
&= 4™ o (17)

Then making a pairwise comparison of relations (14) and (16), (15) and (17), we
{ind the parameters of the material:

1 1

PR SN B ST (18)
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SYMBOLS USED

A B = material constants

F = creep potential

i = unit vector of the orientation of parallel microcracks
o, = gtress intensity

o,  =equivalent stress
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