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m The non-linear behaviour of esults

quasi-brittle materials under loading
is mainly due to damage and
micro-cracking rather than plastic
deformation.

m Damage of such materials can be
modelled using scalar, vector or
higher order damage tensors.

m Failure of rock-like materials in
tension is mainly due to the growth
of the most critical micro-crack

m Failure of rock-like materials in
compression can be seen as a
cooperative action of a distributed
microcrack array
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J
AZ2 4 A\/Js+ BI, — 0. =0,
a,

Ky cos[2 arccos(kq cos 36)] if cos36>0

A= { ky cos[%w — % arccos(—kp cos30)] if cos36 <0

_3V3 Js

cos 36
3/27
2 J2/

: Lode angle

o¢: the uniaxial compressive strength

I, = tro: the first invariant of the stress tensor

Jo = %s 18, J3=dets = %trs3 . deviatoric invariants
A, B, kq, ko: material constants
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Meridian plane & plane stress
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Green line = Mohr-Coulomb with tension cut-off
Blue line = Ottosen’s model
Red line = Barcelona model
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¢ =9¢°(S), S=(o,D,k) Specific Gibbs free energy
¥ = pgt[)c —0:€, 720 Clausius-Duhem inequality
e(W;S), W=(Y,K) Dissipation potential
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Specific model

Specific Gibbs free energy

PO¢C(U, Da K)

= 12+_EV [tro? + tr(0? D))

14

7= (1+ D) (br0)? 4+ ¥ (k)

Elastic domain
S = {(Y. K)|f(Y,K;0) < 0}

where the damage surface is defined as

Al

0c0

fY,K;0)=

+A\/Jy+ Bl — (00 + K) =0
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Invariants in terms of Y

Jy = 1 _’1_1/ [EtrY - %(1 - 21/)(1:1"(7)2]
J3 = ﬁ {E[tr(cY) — trotrY] + §(1 — 21/)(tr0’)3}

e(Y,K;0)=1x(Y,K;0)
where Ix is the indicator function
0 if (Y,K)eX

IE(Y,K;U>={+OO if (Y,K)¢3

{(0, 0), if f(Y,K;o)<0

(By,Bk) = cOf . Of . . L

<)\87Y’>\87K>’)\207 |ff(Y,K,O')—O
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.. . . . 4 Specific model
Uniaxial compression - ultimate compressive stength 0. = 32.8 MPa

0co = 18 MPa, 40 = 1MPa, (I1,vJ2) = (=5v30¢0,40:0/V2) [SResuks
A =2.694, B = 5.597, k1 = 19.083, ko = 0.998 © Canehefrs

K = [a1(k/kmax) + a2(k/kmax)?]/[1 4 b(k/Kmax)?]
a1 = 85.3MPa, ay = —12.65MPa, b= 0.7032
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Experimental results from Kupfer et al. 1969.
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Conclusions and future work

m Continuum damage formulation of
the Ottosen's 4 parameter model

m Can model axial splitting

u Implementation into FE software
(own codes, ABAQUS)

m Development of directional
hardening model

m Regularization by higher order
gradients
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