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Two-layer artery wall modeling with hyperelastic material assumption
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Biologic tissues modeling play an important role in understanding the tissue behavior and development
Received 25 December 2017 of synthetic materials for medical applications. It is also a vital action to develop the predictive models
Accepted 29 January 2018 for a wide range of uses including medical and tissue engineering. Various strain energy functions have

Available Online 21 February 2018 been introduced to model arteries to date. The newest introduced strain energy function is the Nolan

strain energy function. Two-layer arterial modeling using this strain energy function has not been

ﬁiﬁ;ﬁ:i, modeling performed so far. In this paper, modeling the arteries was carried out in the form of double layers
Continuum mechanics including media and adventitia and hyperelastic material assumption. At first, governing equations were
Nonlinear partial differential equations driven based on continuum mechanics. Boundary conditions including inner pressure of artery, axial
Generalized differential quadrature method load and torque as well as static equilibrium were applied. Moreover, Cauchy stress components were

gotten by using the continuum mechanics relations. Then, the equilibrium equations in cylindrical
coordinate were obtained by using the Cauchy stress. Stress distribution through the artery wall was
specified by solving the resulting nonlinear partial differential equations based on generalized
differential quadrature method. In the beginning, the artery modeling was conducted in the form of
monolayer including the media layer and the results were compared with experimental ones,
comparison between stresses in the artery wall and experimental data showed that the volcanic energy
function of Nolan is suitable for modeling. After that, the stress distribution was obtained by artery
modeling in the form of double layers including the media and adventitia layers.
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Table 1 Geometric and Mechanical Properties of the Media Layer [20]
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Fig. 5 circumferential stress-axial stretch diagram for model and

experimental data

@75 slaosls 5 Jue sln 90 S - (a5 )l3900 5SS

o)y el &1 Jae 5l eolawl b ol i o lens 40 05290 sla i .l
Syge 4 5-3 Jglaz j0 ead plo oae slacob oy 4 b Gubos
5 e (6ysme sla il oges JS ol alesal Cws 4 6 S
Cewl alais jo 50 wlgiwl glad Moo o lis (T — 1) @ Cos 1) eleds
9y e SzsS polie l elad s el wilgal (Sl glad T
S 0)lnd (555 Cole 5o @l Wigy So b g ogd g SIET 5o o)lys
lls ol (s ojlns 59, (hume A5 w0 yhe 4 Bl
Sl oy beas Ojse 4 ol Jlade cpl a5 conl 055 Jlade ST
oyl B rals ol Lol gl oo mde 2alS ol Wiy, aslel jo 9 aulyoe
Sl (2 o)l 55) w8 597e (i S e Tl 0S5
O A o pdle L 215 Wy, 5 b oS el 593l aioy
el 45 WS e b |y ol s, Ky aelsl L3y wiS el alS e
gls aalsl )b i > 0 lees b g,

55 b gl goas U 5 ¥oles i lisl cgz 7 S logas
o &l Jow (slp by e)lp81e 0ad sl (Jare lopss 1y 4Y
@oue slacol 5l eslinwl L [Bl),5en 5 JaTilsn Jaw 5 dlie opl jo
5 Lalgsl 4Y lp 4 Jsaz goae glacul bow aY lp 3 Sy
90 slp e o alas Conl oud w3 5 Jour (50 Ll
5 alie ol 4 oad w5l Jas 51 ol gl sl Lot 7 S5 0 Jo
Sl a8 wes e plis [B] (Ken g JiTilsn alis 1o onds &l b
S by oom Olyd B o)les 55, Joe 90 2 ln sheme sla S
S (o Ty GRS e 90 58 50 (LS W

[5] Lsw 0¥ (SGlsls 5 cwsin Sloogas 3 ooz
Table 3 Geometric and Mechanical Properties of Media Layer [5]
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Table 2 Loading on the artery for modeling

Jaie Sl

25%x 1076 F[N]
0 M,[N.m]
13.3 p;[kPa]

SHlade Sl Dlasin SHlade s Olasie
1 kom[kPa] 0.71 R;[mm]
3.00 Hom[kPa] 0.26 Ty [mm]
2.3632 Kyy[kPa] 29 Bul °]
0.8393 Kom[—] 8 H[mm)]

03 o los 18 055 1397 slsya (e Silse uwiie

0sd ol ol yolie 51 oslii 4 [10] o, Ses 5 3¥s oo Lol LI
el oo ol Ligilgal 5 Low a¥ (sl [5] o) Sen g JisT3)g0 allis
Moged g plonl allipeasy Gl 2Ly s (g, L D¥ole Jo
dwdid 4 bgs e gode polie .l ool pus,y (g3l Joe ol (sl b i
Slp obs saams S5 ool (olys 4y bgyye Silse slaculi 5 b
ol o &y Lalgol a¥ &y bgy e cwiin Sloogas 3 Jooz ;o Lae Y
Oemed g 4 ooz o a¥ pleaies Sl oole (Sl Sliogas
oas 1) 5 Jgaz o [5] dlis b sillas ailsinl  oud Jlosl slags 38,0

160

circumferential stress

140 .
= = = axizl stress

120

—
=
=]

stress[kPa)
=]

-
-

100 105 110 115 120 125 130 135 140 145
Axial stretchl-]
Fig. 3 Stress-Tensile diagram based on the present research model
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Fig. 4 Axial Stress-axial stretch for Model and Experimental Data

) ‘SLﬁOQ‘)sJJA ‘_gl)g & )97e st‘_;)wuw)low4ds.&

0

82


www.SID.ir

2938 Ld e 9 SB el (el

iVl 03lo )35 b ol jub 01923 43V93 (53w J3w

&00
Nolan Model
R . Holzzpfel model [3]
% 400
&
g 300
g
2
© 200
100
]
0.00 0.10 0.20 020 0.40 0.50
{F-r} ]

Fig. 7 circumferential stress - Thickness diagram of artery for two
models
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Table 6 Geometric and Mechanical Properties of the Media Layer [20]
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Table 4 Geometric and Mechanical Properties of the adventitia Layer

5
: ])1_@, Sl laseie Sl (sid Slasive
1 koalkPa] 0.97 R;[mm]
0.3 Uoa[kPa] 0.13 T,[mm]
0.5620 K, 4[kPa] 62 Bal ]
0.7112 Kyal—] 8 H[mm]
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Table 5 Loading on the artery [5]

Sl Febb

25x1076 F[N]
0 M,[N.m]
133 p;[kPa]

0 af ]

0 o[ °]

17 1]

ke Sl Blasine Slake i Slasive
1 kom[kPa] 1.82475 R;[mm]
1.27 Uom[kPa] 0.22113 Ty [mm]
20.60 Ky [kPa] 20.61 Bul ‘1
8.21 Kou[—1 15 H[mm]
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Table 7 Geometric and Mechanical Properties of the Adventitia Layer
[20]

e Sl lasis e oid Slakie
1 koalkPa] 2.02887 R;[mm]

7.56 toalkPa] 0.20412 T,[mm]

38.57 Ky a[kPa] 67 Bal °]

85.03 Kyal-] 15 H[mm)]
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Fig. 6 Stress-Thickness diagrams of artery
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Fig. 9 Von-Mises stress diagram for different pressures
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Table 8 Boundary conditions applied for modeling
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Fig. 8 Von-Mises Stress-Internal Pressure Diagram of Coronary Artery
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Table 9 ultimate stresses for coronary artery layers [20]
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