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1.  Design mechanical elements, under the 
assumption of the absence of defects in their 
manufacture and then consider its effect by safety 
factors is risky 

 
2. Reality is that defects and particularly cracks 

appear either in the manufacturing or generated in 
service 

 
3. It is therefore necessary to analyze its effect on the 

performance of the element or structure 



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

5	
  

Outline	
  
	
  

1. IntroducAon	
  
2. Modeling	
  of	
  the	
  crack	
  propagaAon	
  mechanism	
  

3. 	
  ApplicaAon	
  to	
  real	
  structures	
  
4. Analysis	
  of	
  single	
  cracks	
  	
  
5. Analysis	
  of	
  mulAple	
  cracks	
  

6. Conclusions	
  
	
  



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

6	
  

Modelo sin 
Fractura

Inserción de 
Fractura, modelo 

con fractura

Aplicación de 
Condiciones de 

Frontera

Determinación 
de Estados de 

Esfuerzo

Análisis de 
Modelo 

Fracturado 

Determinación de K 
y comparación de 

Parámetro de 
Tenacidad de 

Fractura

Post-Procesor,
Criterio de Falla Falla?

FIN
Cálculo de Vida

Predicción del 
Siguiente Perfil 

de Grieta

Inserción del 
nuevo perfil de 

grieta

RE-mallado y 
nuevo modelo 
con fractura

Si

No

Model	
  without	
  
fracture	
  

Introduce	
   a	
   crack,	
  
model	
  with	
  fracture	
  

Boundary	
  
condi:ons	
  

Introduce	
  the	
  Stress	
  
state	
  	
  

Analyzing	
  the	
  
fractured	
  model	
  

Determining	
  the	
  K	
  factors	
  
and	
  comparing	
  parameter	
  

of	
  fracture	
  

Post	
  Processor	
  and	
  
failure	
  criterions	
  	
   failure	
  

yes	
  

component	
  
Service	
  life	
  	
  

Re	
  meshing	
  and	
  
new	
  model	
  

New	
  crack	
  Path	
  

Predic:on	
  of	
  the	
  
new	
  crack	
  path	
  

Flow	
  	
  chart	
  of	
  crack	
  propagaAon	
  modeling	
  



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

7	
  

Working	
  piece	
  

ASTM	
  E-­‐399	
  
Material:	
  AISI/SAE	
  1045	
  
σy	
  =	
  419	
  MPa	
  	
  
σu	
  =	
  673MPa	
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FEM  Model  

Type	
  of	
  element number	
  of	
  element number	
  of	
  nodes	
  
Tetrahedral	
   68927 1378540
Parallelepipeds 3200 32000

Wedge 1600 24000
Piramydal 1600 20800

1455340Total	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  75327

SoTware:	
  	
  	
  
1.  ANSYS	
  APDL	
  (for	
  stress	
  state	
  generaAon)	
  
2.  Frac3D	
  (to	
  insert	
  the	
  crack)	
  
3.  ANSYS	
  FaAgue	
  (to	
  determine	
  the	
  life	
  service)	
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Tetrahedral	
  elements	
  
far	
  from	
  the	
  crack	
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  elements	
  for	
  
singularity	
  simulaAon	
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  joint	
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  and	
  parallelepipeds	
  
elements	
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Method of analysis 

crack	
  

Crac
k	
  Ap	
  
	
  
	
  

 
  

• Extended Finite Element Method 
(XFEM)  by enrichment  

This suppresses	
   the	
   need	
   to	
   mesh	
   and	
  
remesh	
  the	
  disconAnuity	
  surfaces  
 
 
 
 
 

M -Integral: 
 

                                     
                                           

J -Integral: 
 

                                     
                                 

to	
  calculate	
  the	
  strain	
  energy	
  release	
  rate	
  and	
  the	
  state	
  of	
  stresses:	
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After 5E+3	
  cicles	
    After 2E+4	
  cicles 

After 6E+4	
  cicles After 8E+4	
  cicles 

Example of the Crack Propagation Sequence 



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

12	
  

0.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

0 5 10 15 20

KI	
  max
(MPa.mm^½)

Avance	
  de	
  la	
  grieta	
  "a"	
  (mm)Crack	
  propaga:on	
  (a)	
  in	
  mm	
  

Example of the Results  
90	
  

80	
  

70	
  

60	
  

50	
  

40	
  

30	
  

20	
  

10	
  

0	
  

Stress	
  intensity	
  factor	
  property	
  



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

13	
  

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

a	
  (mm)

Ciclos

Simulación

Experimento

Cicles	
  

Results Validation 

SimulaAon	
  
Experiments	
  

Service	
  life	
  



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

14	
  

Outline	
  
	
  

1. IntroducAon	
  
2. Modeling	
  of	
  the	
  crack	
  propagaAon	
  mechanism	
  

3. 	
  ApplicaAon	
  to	
  real	
  structures	
  
4. Analysis	
  of	
  single	
  cracks	
  	
  
5. Analysis	
  of	
  mulAple	
  cracks	
  

6. Conclusions	
  
	
  



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

15	
  

Model of a Chain 

Weigh:	
  25	
  tons	
  
Length	
  between	
  supports:	
  70	
  meter	
  
	
  
	
  

Failure:	
  some	
  aTer	
  2	
  years	
  
	
  others	
  aTer	
  6	
  months	
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After 5E+3	
  cicles	
    After 2E+4	
  cicles 

After 6E+4	
  cicles After 8E+4	
  cicles 

Example of the Crack Propagation Sequence 



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

19	
  



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

20	
  

0.0E+00

1.0E+05

2.0E+05

3.0E+05

4.0E+05

5.0E+05

6.0E+05

7.0E+05

8.0E+05

9.0E+05

1.0E+06

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

KI
(Pa.mm^½)

Crecimiento	
  de	
  grieta	
  "a	
  "(mm)

(MPa.mm^½) 

Crack	
  propaga:on	
  (a)	
  in	
  mm	
  

Stress	
  intensity	
  factor	
  property	
  

	
  

	
  

	
  

	
  

50	
  

40	
  
30	
  

20	
  

10	
  

0	
  

	
  

90	
  

80	
  

70	
  

60	
  



Cartagena	
  de	
  Indias,	
  marzo	
  de	
  2013	
  

21	
  

Expected	
  life	
  (about	
  24	
  months)	
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This	
  work	
  approaches	
  the	
  problems	
  of	
  crack	
  growth	
  and	
  propagaAon	
  
using	
  the	
  Extended	
  Finite	
  Element	
  Method	
  by	
  Enrichment.	
  
	
  
Through	
  the	
  applicaAon	
  of	
  Enrichment	
  FuncAons	
  it	
  is	
  possible	
  to	
  lay	
  aside	
  
the	
  dependence	
  on	
  remeshing	
  to	
  redirect	
  the	
  new	
  boundaries	
  of	
  the	
  
growing	
  crack.	
  
	
  
We	
  have	
  studied	
  the	
  influence	
  of	
  two	
  crack	
  on	
  the	
  analysis	
  of	
  crack	
  
propagaAon.	
  We	
  found	
  that	
  for	
  short	
  distance	
  it	
  is	
  necessary	
  to	
  consider	
  
both	
  crack.	
  
	
  
It	
  is	
  also	
  founded	
  that	
  the	
  effect	
  of	
  a	
  second	
  crack	
  on	
  the	
  crack	
  
propagaAon	
  can	
  be	
  described	
  as	
  a	
  funcAon	
  of	
  the	
  distance	
  between	
  both	
  
cracks.	
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conclusions	
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