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Supplementary File:  

Different tissues could exhibit various mechanical properties, linear vs nonlinear, isotropic vs 

anisotropic, and etc. Several material models were proposed in the existing literature to capitulate 

the stress-strain relationship of the arterial wall tissues, most of which are formulated as the strain 

energy density function. Some of the material models are phenomenological, like Fung-type model, 

isotropic Mooney-Rivlin material model, and others are based on arterial microstructure, like 

anisotropic Mooney-Rivlin material model. The mathematical equations for these are listed below:  

A. Hookean material model:  

The stress-strain relationship of Hookean or linear elastic material simply follows the Hooke’s law:  𝛔 = 𝑪𝛆 

where 𝛔  and 𝛆  are Lagrangian stress and strain tensors, while 𝑪  is a fourth-order tensor, 

usually called the stiffness tensor or elasticity tensor (Fung, 1993).  

B. NeoHookean material model:  

The strain energy density function (denoted as W) of NeoHookean material model could be written 

as:  W = cଵ(𝐼ଵ − 3) 

where I1 is the first invariants of right Cauchy-Green deformation tensor C defined as C=[Cij]=XTX, 

X=[Xij]=[∂xi/∂aj], (xi) is deformed position, (ai) is reference position.  
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C. Yeoh material model:  

The strain energy density function of Yeoh material model is a polynomial form of 𝐼ଵ with degree 

of 3, whose formula is:  W = cଵ(Iଵ − 3) + cଶ(Iଵ − 3)ଶ + cଷ(Iଵ − 3)ଷ 

D. Demiray material model:  

The strain energy density function of Demiray material model is an exponential form of 𝐼ଵ: W = Dଵ[exp൫Dଶ(Iଵ − 3)൯ − 1] 
E. Isotropic Mooney-Rivlin material model:  

The strain energy density function of this model is: W = cଵ(Iଵ − 3) + cଶ(Iଶ − 3) + Dଵ[exp൫Dଶ(Iଵ − 3)൯ − 1] 
where I2 is the second invariants of right Cauchy-Green deformation tensor C. This model contains 

linear function and exponential function of 𝐼ଵ . Therefore, NeoHookean material model and 

Demiray material model could be considered as special cases for Isotropic Mooney-Rivlin material 

model.  

E. Anisotropic Mooney-Rivlin material model:  

The strain energy density function of anisotropic Mooney-Rivlin material model contains two 

terms: isotropic term and anisotropic term. The formula of isotropic term is the same as isotropic 

Mooney-Rivlin material model while the anisotropic term is accounting for the stretching of 

collagenous fibers.  W = W୧ୱ୭ + Wୟ୬୧ୱ୭ W୧ୱ୭ = cଵ(Iଵ − 3) + cଶ(Iଶ − 3) + Dଵ[exp൫Dଶ(Iଵ − 3)൯ − 1] 
Wୟ୬୧ୱ୭ = KଵKଶ [exp(Kଶ(Iସ − 3)ଶ) − 1] 
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where I4 = Cij(nc)i(nc)j, nc is the unit vector in the circumferential direction of the vessel. Normally 

there are two set of fibers in arterial wall. Here we assume the two set of collagenous fibers have 

angles of ± θ with the circumferential direction of arterial wall.     

F. Gasser-Ogden-Holzapfel (GOH) model:  

Gasser et al. employed one parameter 𝜅 to account for the tissue anisotropy, and proposed this 

material model with following strain energy density function (Gasser et al., 2006):   W = cଵ2 (Iଵ − 3) + KଵKଶ [exp(Kଶ(κIଵ + (1 − 3𝜅)Iସ − 1)ଶ) − 1] 
G. Holzapfel2005 model:  

The strain energy density function of the material model introduced by Holzapfel in 2005 is 

(Holzapfel et al., 2005):  W = 𝜇(Iଵ − 3) + KଵKଶ [exp(Kଶ[(1 − ρ)(Iଵ − 3)ଶ + ρ(Iସ − 1)ଶ]) − 1] 
H. Fung-type model:  

The strain energy density function of the Fung-type material model is the exponential form of the 

quadratic function of the terms in Green strain tensor E defined as E =  ଵଶ (C − I):   

W = c2 (exp (Q) − 1) 

Where Q(E) = 𝑎ଵ𝐸ଵଵଶ + 𝑎ଶ𝐸ଶଶଶ + 2𝑎ଷ𝐸ଵଵ𝐸ଶଶ.    

 

 

 


