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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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81

i Zy T slacga ;0 (64,63) Lulg, ©jgo 4 Bgix lao S ogd

[19] wgis o
1 i—
rn=nr+ E(l - COSNTT[) (ry — 1)
i=123,..N (63)
1 j—=
zi=1z; + E(l - cosM—_n> (zy — z1)
j=123,..M (64)

Ginie bygyd by, wulps (66,65) c¥olas 4o oo )5 ol Jlesl b
ol ml? Cowd 4 Jsl 45 50 Si Oliiine (gl Al ppess

T — T
e H‘ £ j=12,.,N i#j] (g
'_rl) T~ Tk (¢5)
N
o = _Za”’ i=12.,N i=j (65-b)
j=1
J#i
a? = 1 ﬁzi_zk i,j=12 M i+j
ij (Z] Zi) 11 zZj — 7y ’ 1&y ey (66-3)
J#i
M
ai=-) a (=12 M =] (66
j=1
J#i

ol (67) o¥sles jo 2ol culys 686l L s

ol axplys cans a4 Jol 4S5 e S5 Dliie 0ad (¢ Lot

N
oA
L Agl)(ri,zj) = Z airk./ll(rk,zj)

i=123,..,N j=123, ..M (67-a)
N
a2,
ke Ag})(ri,zj) = Z a{k./lz(rk,zj)
k=1
(=123, N j=123,.M (67-b)
=2=1" () = Z e 2(Ti0 77)
k=1
i=123,..,N j=123,..M (67-C)
M
aa
0_21 = Agl)(ri'zj) = z afe- A (ry, z)
k=1
i=123,.,N j=123,..M (67-d)
M
aa
a—z = Agl)(ri,zj) = Z a]Zk.lz(ri,Z}c)
z k=1
i=123,.,N j=123,..M (67-¢)
M
oA
6_3 = lgl)(ri,zj) = a]Zk.AS(Ti,Zk)
z k=1
i=123,.,N j=123,..M (67-f)

& o Sy i b il s S¥kee g, ol eslisl

olro a0 Ll polie g A6l b g Wigd oo (5 DYl oo
oKiws Jo b sl oo S s 8 (6 DYl oK G Joles
00liil b L 9 9in] oo Cawd & e 5 dad j0 DY gamma ¢ ol SYolae
w15k 050 slaizss Ol 08 2 0 sl cuss 4 SV sezms

3590 Caws

W9 mw lasl -4
S Oyse a4 5byd gileJawe l Jels soue mbs lanl cwend )l o

IR s 2050 [10] (e 5 (Y55 25,5 (550 @b 5l ool b Y

03 o leis 18 ©)393 1397 S pa (e Suille wiie



2938 Ld e 9 SB el (el

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

160
e experimentsl data [20]
140
—— Model prediction
120

100

circumferential stress [kPa]
=

100 105 L0 L1512 125 130 13 140
axial stretch[-]

Fig. 5 circumferential stress-axial stretch diagram for model and

experimental data
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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)]
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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
. JIEVA 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]

[5] byt slas,l38,L5 Jgur

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 Blasin 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. 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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