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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.
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Abdominal Aortic Aneurysm (AAA) is the
dilation of more than 50% of the normal
diameter of the aorta




fic Problem

The need to get a AAA model through
the Finite method capable of predicting

the mechanical behavior and the

possible failures. ¢ -y x
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To develop a Finite Element model for

predicting the behavior of AAA,
considering the characteristics and

properties of the associated elements.
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Biological Characterization of Arterial

Wall
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Main compounds of an artery are: collagen and elastin which give
certain elasticity and support to the arteries.
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Basic Characteristics of the Aortic Wall

Incompressibility
of the arterial
wall

Not homogeneity of
the arterial wall



Modellng of Abdominal Aortic

Aneurysm
72 7 |
R(Z) =R, + (Ran — R, — ¢ R_a) exp (—cl R_a )

¢4 is taken as a constant 0,2

4.605 Ran il Ra
, Cax = 3
(0.5Lg,/R,)C1 > R,(0.8L,,/R,)?
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1 2 3 4 5 6
'Ran | 20,2 | 21,21 | 22,22 | 23,23 | 24,24 | 25,25
| (mm)
Constant
parameters
Ra=10,1 mm

Lan = 80 mm

d

L=120 mm

g

0=18mm
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Importar puntos

Inserta puntos de boceto en posiciones precisas XY, Z
especificadas en una hoja de calculo de Excel.

Puede elegir crear una spline o una serie de lineas a partir de lo:
puntos importados. Los puntos importados no son asociatives
con el archivo de origen. Los valores Z importados se reconoce
Unicamente en bocetos 3D.
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Pulse F1 para obtener mas ayuda

The model is developed by using Autodesk Inventor Professional 2013
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Paper Material symmetry  Thickness Homogeneous  Stress metric ILT Comments

Raghavan et al. (2000)  Isotropic Uniform Yes Von Mises - Nonlinear, patient specific
1.9mm

Wang et al. (2002) [sotropic Patient-specific  Yes Von Mises Nonlinear, isotropic  ILT thickness 1.75-195 mm

Fillinger et al. (2002)  Isotropic Uniform Yes Maximum principal - Stress better than diameter
1.9mm

Wolters et al. (2005) [sotropic Uniform Yes Maximum principal - Early FSI
2.0mm

Lu et al. (2007) [sotropic Uniform Yes Von Mises - Inverse method (reference state)
1.9mm

Speelman et al. (2007)  Isotropic Uniform Yes Maximum principal  Nonlinear, isotropic  Calcification included
1.5mm

Scotti et al. (2008) [sotropic Variable Yes Von Mises - FSI, idealized geometry
05-1.5 mm

Rodriguez et al. (2008)  Anisotropic Uniform Yes Maximum principal - Idealized geometry

Rissland et al. (2009)  Anisotropic Uniform Yes Von Mises Linear, isotropic FSI

[Fozaprel]  2.0mm
Dorfmann et al. (2010)  Isotropic Uniform Yes Maximum principal - Blood pressure gradients
20mm

Maier et al. (2010) [sotropic Uniform Yes Von Mises Nonlinear, isotropic ~ Vorp's Rupture Potential Index
1.0mm

Gasser et al. (2010) [sotropic Variable Yes - Variable stiffness Modified Rupture [ndex
1.1-1.5 mm
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Use of Stress Energy Functions (SEF) to describe the behavior of
aneurysmal wall material: hyperelastic material.

W = U([)+g [eC2/2(11—3) 1]
2

Density = 121g/cm3 Demiray Model
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Solid 3D

e hexahedral
e 8 nodes

1
2

u= N(g,h,r)u!
{e} = [B] * {u'}

g(x;v;z) = a; +a,x + - ag
h(x; YV, Z) = Qg =43 A10X =l A6
r(%;y;2) = aq7 + aggx + - Ayq
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Global size  Number of elements Max. Mises Max. Principal %Ae Max.  %Ae Max. Principal

(mm) obtained Stress Stress Mises Stress 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

190.000 -
188.000 -
= 186.000 -
& 184.000 -
@ 182.000
@ 180.000 - _
e =—Max. Mises Stress
& 178.000 - i
"é 176.000 - / ===Max. Principal Stress
= 174.000 -
172.000 -
170.000

0 10000 20000 30000 40000
Number of elements
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The longitudinal constraining at the
proximal and distal parts of the aneurysm
due to the renal and iliac arteries was
simulated by constraining the
displacements to zero at both ends

ons and load

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




S, Max. Puncipal
(Avg: 75%)

+1.00D=-D1
+2.866=-D1
+2.71)e-D1
+2.555e-D1
+2.466=-D1
+2.112=-D1
+2.195e-D1
+2.065=-D1
+1.912=-D1
+1.758=-D1
+1.6652-D1
- +1.5)1e-D1
- +1.]58=-D1
- +1.264e-D1
- +1.1)1e-D1
+9.97)e-D2
+8.6]8=-D2
+7.10)e-D2
- +5.967e-D2
+ +4.612=-D2
+1.297=-D2
+1.962e-D2
+6.265e-0]
-7.08)e-D]
-2.04)e-D2

The maximum values of stress have symmetrical patterns on changes
near the ends of AAA in the inside sections of the vasculature.

Asymmetrical patterns in the peak values are close to the ends of the
encasement inside the artery, but with a strong bias (inclinacion)
towards the sector where the asymmetry is.
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— 350
& s Max. Principal Stress ~ Max. Principal Stress ~ Max. Principal Stress
~— FE=0 FE=0,5 FE=1
9 300
9 202 188,285 201,933 211,336
5o 212 197,318 214,515 23921
) 22 207,260 226,612 238,769
7‘3 250 VEPE 216,655 240,631 251,345
8 ==FE=1 24,24 228,500 252,334 262,642
g 25 —eFE=05 255 240,206 262,868 273,059
T 0 26,26 251,955 274920 285,338
o B-FE=0 2,7 261,947 285,946 295,006
A 15 2828 273,670 300,010 306,763
S 2929 283,961 310,224 315,725
550 L —— 303 295,865 320,140 327,139
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Jssion of Results
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-Von Mises Stresses - geometric similarities  -Isotropic Hyperelastic Behavior

Ra=10.1yF,=2.75
5 éq '

F.=0 F.=05

E

0. 000E+0
2.704E+4
5.408E+4
8. 112544
1,002E45
1.352E45
1,622E45
1.893E45
2.163E45
2,434E+5
2. 704E45

Dejan Veljkovi¢ et al, 2012

e Fi=0 0,,..= 243.40 (kPa) . F=0 0,..=250.72 (kPa).
e F=0,5 0,,4,= 270.40 (kPa). * F.=0,5 0,,:,.= 279.18 (kPa).
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Max. principal stress (kPa)
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v' A characterization of the structure of the arterial walls related to
the parameters of the mechanical behavior was defined.

v" The mechanical behavior of the arterial wall material such as soft
biological tissue has been clearly explained as well as the
features for modeling.

v' A geometric model was defined by using a parabolic-exponential

equation that shows the real geometry of the aneurysm with a
high degree of accuracy.
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The Abaqus program allowed the use of the Stress Energy
Function that recreates the material behavior of the abdominal

aortic aneurysm.

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).



endations

1) For further simulations, 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.
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Anisotropic Model
“Holzapfel"”

" Geometry through
medical imaging”

"smart coating”
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“The Finite Element " Flow loop used for
Method” displacement test”
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T.J. Corbett et al, 2011

MATHEMATICAL MODEL
I e ————



Instituto Superior Politécnico
José Antonio Echeverria

cujae

Volumen 10/ Numero 3 Septiembre / Dicembre 2007 SN 1028.916X

INGENIERIA MECANICA

Thank You

Calculo de engranges plasticos
La huella de contacto indicador de precision en engranaes e
tomilio sinfin
Cu.ae Coeficiente de comeccion en engranajes como factor de
] conversion entre sistemas AGMA e 1S0O




