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Introduc@on	  

An	   aneurysm	   is	   a	   defect	   in	   the	  wall	   of	   an	   artery	   that	   is	  
manifested	  as	  a	  ballooning	  of	  a	  specific	  area	  caused	  by	  a	  
weakening	  in	  the	  wall	  of	  the	  blood	  vessel.	  

The brain, 
specifically in the 

Circle of Willis. 

The Popliteal 
artery in the 

legs. 

The mesenteric 
artery in the 

intestinal tract. 

The splenic 
artery in the 

arms. 

The aorta in the 
abdominal 

area. 



Introduc@on	  

Abdominal	   Aor@c	   Aneurysm	   (AAA)	   is	   the	  
dila@on	   of	   more	   than	   50%	   of	   the	   normal	  
diameter	  of	  the	  aorta	  



Scien@fic	  Problem	  

The need to get a AAA model through 

the Finite method capable of predicting 

the mechanical behavior and the 

possible failures. 



Objec@ve	  of	  the	  Research	  

 To develop a Finite Element model for 

predict ing the behavior of AAA, 

considering the characteristics and 

properties of the associated elements. 



Biological	  Characteriza@on	  of	  Arterial	  
Wall	  

Main	  compounds	  of	  an	  artery	  are:	  collagen	  and	  elas@n	  which	  give	  
certain	  elas@city	  and	  support	  to	  the	  arteries.	  



Basic Characteristics of the Aortic Wall 

Viscoelasticity 

Incompressibility 
of the arterial 

wall 

Large nonlinear 
deformation 

 Not homogeneity of 
the arterial wall 



Modeling of Abdominal Aortic 
Aneurysm 



Modeling	  of	  AAA	  

Constant 
parameters	  

Ra	  =	  10,1	  mm	  

Lan	  =	  80	  mm	  

L	  =	  120	  mm	  

No. 1 2 3 4 5 6 7 8 9 10 11 
Ran	  
(mm)	  

20,2	   21,21	   22,22	   23,23	   24,24	   25,25	   26,26	   27,27	   28,28	   29,29	   30,3	  



Geometric	  model	  

The model is developed by using Autodesk Inventor Professional 2013 



Materials	  



Materials	  

Density	  =	  121g/cm3	  

Use	  of	  Stress	  Energy	  Func@ons	  (SEF)	  to	  describe	  the	  behavior	  of	  
aneurysmal	  wall	  material:	  hyperelas@c	  material.	  	  

Demiray	  Model 



C3D8H	  
• Solid	  3D	  
• hexahedral	  
• 8	  nodes	  

Mesh	  



Mesh	  
Global	  size	  

(mm)	  
Number	  of	  elements	  

obtained	  
Max.	  Mises	  

Stress	  
Max.	  Principal	  

Stress	  
%Δe	  Max.	  
Mises	  Stress	  

%Δe	  Max.	  Principal	  
Stress	  

2	   1984	   173,583	   187,557	   -‐-‐-‐	   -‐-‐-‐	  
1	   14880	   176,796	   188,059	   1,817	   0,267	  
0,9	   18084	   177,250	   188,160	   0,256	   0,054	  
0,8	   23408	   177,669	   188,229	   0,236	   0,037	  
0,72	   30200	   177,968	   188,285	   0,168	   0,030	  
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Boundary	  condi@ons	  and	  load	  
The	   longitudinal	   constraining	   at	   the	  
proximal	   and	   distal	   parts	   of	   the	   aneurysm	  
due	   to	   the	   renal	   and	   iliac	   arteries	   was	  
s i m u l a t e d	   b y	   c o n s t r a i n i n g	   t h e	  
displacements	  to	  zero	  at	  both	  ends	  

An	   inner	   pressure	   of	   19	   kPa	   143	   mm	   Hg	  
was	   applied	   to	   simulate	   the	   endsystolic	  
condi@ons	   since	   this	   pressure	   represents	  
the	  stage	  of	   the	  cardiac	  cycle	   in	  which	  the	  
AAA	  experiences	  the	  largest	  wall	  stress.	  



Analysis	  and	  Discussion	  of	  Results	  

The	  maximum	   values	   of	   stress	   have	   symmetrical	   pagerns	   on	   changes	  
near	  the	  ends	  of	  AAA	  in	  the	  inside	  sec@ons	  of	  the	  vasculature.	  
	  
Asymmetrical	  pagerns	   in	   the	  peak	  values	  are	  close	   to	   the	  ends	  of	   the	  
encasement	   inside	   the	   artery,	   but	   with	   a	   strong	   bias	   (inclinación)	  
towards	  the	  sector	  where	  the	  asymmetry	  is.	  



Analysis	  and	  Discussion	  of	  Results	  



Analysis	  and	  Discussion	  of	  Results	  



Analysis	  and	  Discussion	  of	  Results	  

32.1	  %.	  Diameter	  

32.5	  %.	  Diameter	  

14,7	  %.	  Asymmetry	  

15,1	  %.	  Asymmetry	  



Valida@on	  of	  Results	  

Dejan	  Veljković	  et	  al,	  2012	  

-‐Von	  Mises	  Stresses	  	  	  	  	  	  	  	  	  -‐	  geometric	  similariEes	  	  	  	  	  	  -‐Isotropic	  HyperelasEc	  Behavior	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ra	  =	  10.1	  y	  FR	  =	  2.75	  



Valida@on	  of	  Results	  

Rodríguez	  et	  al	  2008	  

Our	  Results	  



Conclusions	  

ü  A	  characteriza@on	  of	  the	  structure	  of	  the	  arterial	  walls	  related	  to	  
the	  parameters	  of	  the	  mechanical	  behavior	  was	  	  defined.	  

ü  The	  mechanical	  behavior	  of	  the	  arterial	  wall	  material	  such	  as	  sok	  
biological	   @ssue	   has	   been	   clearly	   explained	   as	   well	   as	   the	  
features	  for	  modeling.	  

	  
ü  A	  geometric	  model	  was	  defined	  by	  using	  a	  parabolic-‐exponen@al	  

equa@on	  that	  shows	  the	  real	  geometry	  of	   the	  aneurysm	  with	  a	  
high	  degree	  of	  accuracy.	  



Conclusions	  

ü  	   The	   Abaqus	   program	   allowed	   the	   use	   of	   the	   Stress	   Energy	  
Func@on	  that	   recreates	   the	  material	  behavior	  of	   the	  abdominal	  
aor@c	  aneurysm.	  

ü  Factors	   (diameter	   and	   asymmetry)	   significantly	   influence	   the	  
Maximum	   Principal	   Stress	   and	   Von	  Mises	   Stress	   values,	   When	  
increasing	  the	  diameter	  or	  the	  AAA	  asymmetry	  degrees,	  then	  the	  
stress	   values	   increases	   too	   (Von	  Mises	   and	  Maximum	  Principal	  
Stress).	  



Recommenda@ons	  

1)  For	  further	  simula@ons,	  you	  may	  take	  into	  account	  the	  internal	  
pressure	  of	  the	  artery	  as	  well	  as	  the	  external	  one.	  

2)  You	  may	  analyze	  the	  influence	  of	  the	  aneurysm	  length	  in	  the	  
stresses.	  

3)  You	  may	  get	  the	  geometry	  of	  Abdominal	  Aorta	  Aneurysm	  
through	  medical	  imaging.	  

4)  Use	  a	  material	  behavior	  	  that	  best	  describes	  the	  development	  
of	  aorta	  aneurysm	  model.	  



Future	  Direc@on	  

	    

"smart coating"  

Anisotropic Model 
“ Holzapfel"  

" Geometry through  
medical imaging” 
 

Stent-‐GraT	  	  
MigraEon	  



Future	  Direc@on	  

	    
" Flow loop used for 
displacement test” 

 

T.J. Corbett et al, 2011 

“The Finite Element 
Method” 

MATHEMATICAL MODEL 



Thank	  You	  !!!	  

January 2015 


