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Basic	
  idea:

๏	
  Explicit	
  representa)on	
  of	
  cracks

๏	
  Accoun)ng	
  for	
  heterogeneity	
  and	
  scale	
  effects

๏	
  focused	
  on	
  a	
  simple	
  model	
  with	
  few	
  input	
  parameters

OBJECTIVES	
  OF	
  THE	
  MODELRossi	
  [87],	
  [92],	
  [94]

A	
  PROBABILISTIC	
  DISCRETE	
  APPROACH



Numer ica l  Mode l l ing  S t ra teg ies  for  Sus ta inab le  Concre te  S t ruc tures ,  29th  May  -  1rs t  June  2012 ,  A ix - en -Provence ,  F rance .

P r o b a b i l i s t i c 	
   m o d e l l i n g 	
   o f 	
   c r a c k 	
   c r e a t i o n 	
   a n d 	
   p r o p a g a t i o n 	
   i n 	
   c o n c r e t e 	
   s t r u c t u r e s

Criteria

Tension:	
  Rankine
Shear:	
  Tresca
Fric)on:	
  Coulomb

Elas)c

A	
  PROBABILISTIC	
  DISCRETE	
  APPROACH

๏ FEM	
  +	
  EXPLICIT	
  REPRESENTATION	
  OF	
  CRACKS
use	
  of	
  contact	
  elements

The size of the FE must be small compared to 
the size of the zone where stress gradients occur
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N

V

Mechanical	
  proper)es
=	
  random	
  variables (Weibull	
  law)

A	
  PROBABILISTIC	
  DISCRETE	
  APPROACH

Physical mechanisms are considered to be the same 
whatever the size of the stressed volume

๏HETEROGENEITY	
  &	
  SCALE	
  EFFECTS
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Rossi et al. 89 and 94 

determined	
  by	
  inverse	
  analysis
Tailhan	
  [06]

N

V

๏ FEW	
  INPUT	
  PARAMETERS
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Quad.

Line.

V 10 x V

3.11 MPa
0.24 MPa

2.70 MPa
0.11 MPa

3.5 MPa
0.34 MPa

2.5 MPa
0.36 MPa

Prediction
3.38 MPa
0.29 MPa

3 MPa
0.18 MPa

10 simulations
same concrete (fc=50MPa, Dg=2cm)

Tensile strength (mean val., sdt. dev.)

2D	
  UNIAXIAL	
  TENSION
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Creation of 
(micro) cracks

Propagation
of macrocrack

F

d

As the model is rather based on the creation of crack planes in 
the material, it correctly represents the (material) behaviour up 

to the peak load

BUT: what about crack propagation ?

1rst	
  CONCLUSION
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Rossi	
  [88]
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(plane	
  stresses)
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Line.
Why	
  does	
  the	
  model	
  fail	
  with	
  linear	
  elements	
  ?

PROBLEM

๏	
   Failure	
   criteria	
   are	
   computed	
   at	
   the	
   centres	
   of	
   elements	
  
(numerical	
  control	
  of	
  the	
  crack	
  crea)on)

๏	
  The	
  linear	
  element	
  overes)mates	
  the	
  stresses	
  at	
  its	
  centre	
  
(poorness	
  of	
  the	
  displacement	
  descrip)on)

The model does not represent crack propagation, it only 
approximates it by the successive creation of crack planes

No adequation between the evaluation of stress and the 
criterion that controls the crack propagation
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Line.

Basic	
  idea

The creation of the crack plane at the scale of the element
is the consequence of the coalescence and the propagation of 

(micro) cracks at a smaller scale.

☞ local dissipation of a given amount of energy.

ADAPTATION	
  OF	
  THE	
  MODEL	
  
(for	
  the	
  linear	
  element)
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Line.

σ

δn
(1−D)Kn

δnr

Rossi	
  [88] (plane	
  stresses)KIC =
�

EGC

E = 35000 MPa

GC = 1.31 10−4 MPa.m

KIC = 2.16 MPa.
√

m

random	
  variable

From	
  experimental	
  results	
  :

(mean	
  value)

Simple	
  damage	
  model

ADAPTATION	
  OF	
  THE	
  MODEL	
  
(for	
  the	
  linear	
  element)
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Line.
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RESULTS
3	
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Fine	
  mesh Coarse	
  mesh

m(Gc) = 1.31 10−4 MPa.m

Line.

σ

m
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σ

m
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๏	
   When	
   only	
   crack	
   crea)on	
   is	
   involved	
   in	
   the	
   problem	
  
probabilis)c	
   elas)c	
   brijle	
   behaviour	
   with	
   both	
   quadra)c	
   or	
  
linear	
  elements	
  are	
  efficient

๏	
  When	
  crack	
  propaga)on	
  is	
  the	
  driving	
  physical	
  mecanism	
  of	
  
the	
  problem,	
  both:
-­‐	
  probabilis)c	
  elas)c	
  brijle	
  behaviour	
  with	
  quadra)c	
  elements
-­‐	
  or	
  probabilis)c	
  damage	
  behaviour	
  with	
  linear	
  elements
can	
  be	
  used

but	
  they	
  don’t	
  act	
  at	
  the	
  same	
  scale
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