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APPENDIX A

Biomechanical principles: In cylindrical coordinate with R,Z,® for stress-free

state and 7,z,0 for no-load and loaded states, we obtain the following expression:
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r=7r(R), =T = X0, = A,z (A1)

where y = ﬁ is a parameter that characterizes the deformation from stress-free to

loaded states depending on the opening angle ¢. As the shear deformation is

neglected, deformation gradient and green strain tensor are written as:
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where Egg, E,, and E,, are circumferential, axial and radial Green strains,
) l L 1 )
respectively; Ag = = 2Egp +1, A, = o= J2E,, +1,and A, = ok (given the

material incompressibility, i.e., 4,494, = 1) represent the corresponding stretch ratios
(I and [, are the circumferential lengths in loaded and zero-stress states; and L and
Lo are the axial lengths in loaded and no-load states). The material incompressibility

results in the following equation:

R = J (2 — r2)y, + R (A4)



Strain energy function: The 3D passive and active strain energy functions (Wpassi\,e

and Wacﬂ\,e , respectively) are written as:
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and bl_be are material constants; and E7f(X) is the Gauss error function. Wy4sgive

refers to WM

+
passive OF wa passive While Wecripe rtepresents wiM. . because K'-

induced active strain energy function is only applied to the intima-media layer with

SMCs.

The 3D passive and active 2" PK stresses are written as:
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The 3D 1% PK stresses at passive and active states are written as:
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Equations (A7) and (A8) were used to determine Piola-Kirchhoff stresses.



APPENDIX B

The equilibrium equation in cylindrical coordinate is given as:

do, 0, —0g —0 (B1)
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where o, and gy are radial and circumferential Cauchy stresses, respectively. The

passive Cauchy stress tensor is written as:

0 .
Opassive = F + =222 - FT — P (B2)

where P is the unknown Lagrange multiplier which needs to be determined form
boundary conditions. The K'-induced 3D active strain energy function was used to

model the fully contraction of the intima-media layer, ie., Wiy = Wyitsive +

Wi .. The total Cauchy stress in the intima-media layer is given by
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The adventitia layer does not contribute to the active contraction of the artery and thus
only the passive strain energy is considered in the adventitia layer, i.e., W4, =

WA

passive*

The boundary conditions at the inner and outer surfaces of vessel wall are:

Ur|r=riIM =-p and 07"7‘:1‘{,‘1 =0 (B4)
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where p equals to 80 mmHg. Subscripts ‘i’ and ‘o’ refer to inner and outer
boundaries. An additional boundary condition is the stress balance at the interface

between intima-media and adventitia layers:

Oy IrzrgM = Or |r=riA (BS)



Solving Eq. (B1) with boundary conditions, radial, circumferential, and axial stress

components in the intima-media layer are given by:
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From Eq. (B5), we can obtain:
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Solving Eq. (B1) with boundary conditions, radial, circumferential, and axial stress

components in the adventitia layer are given by:
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Given the appropriate strain energy functions, Equations (B1-B8) were used to solve
the transmural stress-strain relationship from stress-free to loaded vessel wall at both

passive and active states.



