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Fundamentals

Fracture » Strain decomposition:

Plastic strain

|
'
e P f
E. = Eij + 8” + {,‘ij (1)

1]

Fracturing strain

= Ji?_l + Eijkl (Agy —Agy — Agk]; )

9/98



FTeiinan

Rankine Softening Model
in Tension

Fracture * Rankine criterion Tensile strength
- v

: Fif = U.? - ft'i = O-iti' - EiikIAgk];' - ft'i =0 (3)
Model ) .

Trial stress Fracturing strain

Two equations

solved iteratively . Fracturmg strain increment 1n

(11T¢C ON K ft finite element ﬁ
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Rankine Fracturing
Model Matrices

* Secant constitutive relationship

Stress
vector

in matrix form (Rots 1989)
s' =(E-E(E"+E)"E)¢

ef =(E“ +E)" Ee'

Ecr S:Ecref'

Strain
vector



..
Plasticity Model for

Crushing

. Elasti
Fracture » Predictor-corrector formula i

O O' —|— E”kl (Agkl Agkﬁ)) = O'J — EijklAgkﬁ’ = O't — O-ijp (5)

1)

Plastic
* Stress g; from yield function corector
F(O'—O' F(O'—All) 0
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Yield/Failure Functions

in Plasticity Model

Fracture * Drucker-Prager
FDpP(O-ij):a|1+\/I_k =0

n‘ee-parameter Menetrey-

0.0 4(1-€%) cos’ O+ (2e 1)

2(1-€%) cos 6+ (2e — 1)[4(1-€*) cos” G+ 5¢* —4e]?
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.
Return Direction,

Plastic Potential

Fracture e Plastic corrector direction

Gp(qj):ﬁ%l>+é/232)
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Plastic Failure Functions
Deviatoric Plane

Fracture

— 3P, uni-axial
tensile strength

= 3P, uni-axial
compressive
strength

— 3P, bi-axial
compressive
strength

- = =DP, tensile
strength

- = =DP, uni-axial
compressive
strength

- = =DP, bi-axial
compressive

strength
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Plastic Failure Functions

in ¢—p Plane

Fracture

- 200
—— Compression meridian, 3P

= Tensile meridian, 3P

= Drucker-Prager (DP)

AN
N

) ) L] O
-350  -300 -250 -200 -150 0

g

-100 -50 50

9/98



Plasticity Predictor-

Corrector Scheme

t

C;; A

Fracture

Return
direction

Initial Failure
Surface

..

Final Failure .
ij
Surface

Solution is |-.
not guaranteed

n-1

=1 /Sqrt(3)
9/98



Combination of Plasticity

and Fracture Model

Fracture

 Simultaneous solution of the
following two 1nequalities

Plastic model

N\

F* (O-i?_l + By (Agy — Agki;

F'(oy ' +Ej(Ag — Agg )) <0
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.
Iterative Scheme for

Combined Model

Step 1:

Fracture

F p(O'i?_l + By (Agy — Ag, =0, béglf,‘”(i_l) — Agkﬁ’(i) ) <0  solve for Agkﬁ’(i)

Step 2: Reversed with step 1 if strem step 1 violates fracturing criterion.
F (Gi?_l + Ejji (Agy — Agkﬁ)(i) ~Ag, (i))) s\(‘) solve for Agk]; ()

Step 3:

‘ b - based on the analysis of @ P and o' ’
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. .
Iteration Algorithm

Analysis

= raCtL-l e Iterative correction: ‘Agifor(i) H =(1-b)a'a’ HAgifor(i_l) H

Convergence condition: |(1 — b)a "o p‘ <1 b - depends
on stress state,

dilation and

: : : material brittleness
Analysis of iteration parameters « P and o ™: 7

4

» aP =0 if plasticity not activated
* aP <1 hardening material without dilation
a P > 1 softening or dilating material

a ' =0 if fracturing not activated
« af<1 in case of crack closing
a > 1 in case of softening
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Schematic description of

the 1terative process

(for simplicity only in 2D)

Fracture
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. .
Fracture-Plastic Material

Model Conclusions

Fracture  Total separation of fracture and
' plastic model advantageous for object
oriented programming.

* Predictor-corrector scheme
guarantees robust plastic model 1f 3 >
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Uni-axial Compression

with Un- and Re-loading
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Tri-axial loading 1n tension and compression
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Crack closure
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