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ARTICLE INFORMATION ABSTRACT
Original Research Paper Mechanical behavior of live cells and tissues is non-linear and their deformations are large. Using a
Received 17 August 2015 suitable mechanical model that could predicts this behavior, is an important step in the prevention and
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; : treatment of various diseases and the production of artificial tissues. In this paper, using the non-linear
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elasticity theory and non-linear Mooney-Rivlin model, mechanical analysis of human arteries has been
studied under internal pressure and axial tension. By using the experimental study of biaxial test, the

Keywords: . . . . .

Non-Linear Elasticity elastic constants of the arteries are calculated. For modeling, the arteries are considered as long

Large Deformation homogeneous and isotropic cylinders. Radial and circumferential stress distribution on the minimum

Artery and maximum blood pressure is calculated. Variation of artery radius due to internal pressure is

Biaxial Test calculated and compared with the reported experimental data, and a good agreement is seen. The stress
distribution curves versus radius are plotted which show that the inner layers of the arteries have much
greater role in stress distribution than the outer layers. The elastic constants which are calculated for
different ages show that the arteries of older people become stiffer and their flexibility decrease.
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Fig-1 Cross section of an artery and vein, the inner, middle and outer
layers [1].
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Table 1 Mooney-Rivlin constants of the arteries in different ages

c;(Pa) ¢, (Pa) (W)
-3147 10396 25
3421 11128 49
5082 19400 60
6175 22725 87
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Table 2 comparison of stresses of the present study and numerical
solution

Too(MPa) -T,(kPa)
Ode S $oae O Sy $oae

r(mm)

5.42 2.115036112  2.08143 20.2175858 19.81942
5.52 0.5725921252 0.56349 6.57913660 6.34972
5.62 0.3386584004 0.33327 4.35550248  4.24758
5.72  0.244099%077 0.24022 3.10979599  3.03825
5.82 0.1929631461 0.18989 2.23109890 2.17713

5.92  0.1609344072 015837 154762346  1.50406

6.02 0.1389966716 0.13678 0.98618407  0.94952
6.12 0.1230351849 0.12108 0.50866848 0.47694
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I’ (kPa)

——— Systolic Pressure

— ———  Diastolic Pressure

_18: L ol P PR IR R L
54 55 56 5.7 5.8 5.9 6 6.1

7{mm)

Fig 2 The radial stress distribution for systolic and diastolic blood
pressure
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Fig 4 Dimensionless inner radius changes according to internal pressure
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Fig 5 Dimensionless outer radius changes versus internal pressure

08}

é}lo)l&é NS ﬂmgsg@)léﬁl;.&dﬁ?ﬁ 5‘l5.w"'

1 n n n n 1 n n n n 1

5 10 15

Pin(kPa)

Fig 6 The thickness changes versus internal pressure

157

Sl jlid sy culs Q|M6“Sﬁw”

o ol 5 slaale ool 31 oS Gl ) iy ampliy a5
dogs oD 5l 2l aY g ead S5 (I sleatd; aiws ol jen
SHpale (sla Jyho ol 0 25 ¥l (slatid 5 g slo o
W5 [1] sxn 6555 il @ Seaa¥l (ols (slls o plp 50
Sly ey mPse Joe (o5 el oaias (i onal sy (B g8
Lol S o (S L3 (gluanes

lize glaglad ;o e (5 g5y (29) abyl, I eolinl
el 00 a5 3 S 50 g 00 drlme

2 Gy e 51 oY (LE SE anlen &5 ogd e sdyd
awlio b aijls Sz () a4 o Jhe gl is Jexs
2 e oS & by ae g (eled slatls (Sip as e
3305 o] ke o5 aites lame glo i oS SulSe Lo
ol el gla i 5l 55,5 01, 1000

pe S 09 JLad bl end sa g B led ol 4 S8
SLid Sl o S dolo glad a5 05l co 0000 S0 4y axgi bl 0l
Sop e S S s saias lias &5 0ed e pln g9 5l e (9>
Cowl o0ls Lis O Ko o aS ol ) glad 0,90 0 Sl cpl ol
ol FioS Jlon ()1 gl Sl 4z ST cl S 5

Jb Gl S Calid ol gydpe cal Sl 555
ol oo 00ls ylis Calbrs Ol s (01 6 S [0 109 o oS Ao
et sl iz (i o gl gliwl) o (anoe 15 @je5 7 S 59
L oS amo o lis USE ol o] o0d sy o9z yiaidee 16 LSl
Of e5250 ol Jodo il (oo GRIB! Sig s )0 hemme (55 g GRS
s g RIS 5y 5 iy llanl lin ey Sl 31 oS
b5 b allio (ol 4 odd 43 5 5y Joto bl 510 JLid L 51 glass
» 0 2] ies 50 Gl slagmlel 5l Jel>
Sguds o 033 el 00l ool lis 8 JSs jo awslie ol ol 9> Gl
S Hlad Gl g oog Gudaie pp p MlS wls (pl o5 o jLid o oS
S oo Iy, S Sl oy gl g ol gl

1.75
15 ——— Diastolic Pressure

125

fffff Systolic Pressure

Tyo(MPa)

0.75

0.5

0.25

Il Il Il Il
05.4 55 5.6 5.7 5.8 5.9 6 6.1
r(mm)

Fig 3 The circumferential stress distribution for systolic and
diastolic blood pressure
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Fig 8 Comparison of changes in the inner radius, according to internal
pressure for current study and the experimental results of Moltzan et al
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