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ABSTRACT 

It is well known that arteries are subject to residual stress. In earlier studies, the residual stress in the 
arterial ring relieved by a radial cut has been considered in stress analysis [1]. However, it has been 
found that axial strips sectioned from arteries also curled into arcs, showing that the axial residual 
stresses were relieved from the arterial walls [4]. The combined relief of circumferential and axial 
residual stresses must be considered to accurately analyse stress and strain distributions under 
physiological loading conditions. In the present study, a mathematical model of a stress-free 
configuration of artery was proposed using the Riemannian geometry. Stress analysis for an arterial 
wall under unloaded and physiologically loaded conditions was performed using an exponential type 
strain energy function [3] for the passive state and a novel strain energy function for the state with 
constricted smooth muscle accounting for a result of previous study [6]. As shown previously, a 
stress-free configuration for a body with residual stress may be generally defined as a Riemannian 
manifold which may be non-Euclidean [2, 5]. The Riemann-Christoffel tensor was used to determine 
whether the stress-free configuration is Euclidean or not. Distributions of stretch ratios and stresses 
were analysed on the basis of the Riemannian stress-free configuration and strain energy density 
functions. The material parameters of the strain energy functions of a rabbit artery were determined 
in the present study.  We analysed the stretch ratio and stress distributions on the assumptions that 
only a sliced ring cut radially openig up, and an arterial ring opening up by a radial cut and an axial 
strip sectioned from an arterial wall curling are stress free and these schemes were also applied to the 
state with constricted smooth muscle with noradrenarine of 10-5 M [6].  The results calculated on 
both assumptions were compared to each other.  
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