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Introduction 
Ascending thoracic aortic aneurysms (ATAA) 
is a relatively common but lethal pathology. Its 
rupture is provoked when the stress applied to 
the aortic wall exceeds its local capacity to 
sustain stress [Vorp, 2005]. Several 
mechanical tests or approaches can be carried 
out for characterizing the mechanical 
behaviour of ATAA but, to our knowledge, 
none of them has ever analysed the rupture 
locally. Our objective is to quantify the local 
stress distribution to detect the causes of 
rupture initiation in ATAA.   
  
Methods 
A digital image stereo-correlation (DIS-C) 
system was used to record the deformation 
fields of 15 ATAA inflated gradually until 
rupture [Kim, 2011]. Throughout the test, at 
each material point, the membrane strain and 
stress tensors were deduced. The stress field 
was derived by solving the local elastostatic 
equilibrium equations [Zhao, 2009]. The 
current thickness distribution was derived from 
the initial thickness using the actual strain 
measurements and assuming incompressibility 
of the membrane. 
For the 15 ATAA, the values of the Cauchy 
stress are assessed at three different locations:  
• σMax: at the node where the largest 

eigenvalue is found. 
• σTop: at the node at the top of the inflated 

membrane. 
• σRup: at the node where the rupture 

initiates. 
Another estimate of the rupture stress is 
derived using the Laplace law [Romo, 2012]. It 
is used to calculate the average rupture stress 
(σLap) according to:  

𝜎𝐿𝑎𝑝 = 𝑝𝑟
2ℎ

  (1)  

where r is the average radius of curvature of 
the inflated membrane, p is pressure and h is 
current thickness.  
 
Results 
The 4 different rupture stress values reported 
for the 15 ATAA specimens are shown in 
Fig. 1. Thickness distribution (mm) along with 

the location of σMax, σTop and σRup and the 
rupture image are shown for specimen #14 in 
Fig. 2. 
 

 
Figure 1: Rupture stresses reported for the 15 
ATAA specimens. 
 
 

 
Figure 2: Example of rupture for ATAA specimen 
#14. (  = σMax,  = σTop,  = σRup).  
 
Discussion 
ATAA rupture was always localized in the 
thinnest region of the membrane and not 
necessarily where the maximum stress value 
was located. The localized thinning of the 
membrane occurs in the softest regions of the 
tissue where the rupture eventually initiates as 
an oblique crack. These thinned regions appear 
early before the rupture as oblique bands. 
 
Conclusion 
Our results are the first to show the existence 
of weakened zones in the aneurismal tissue 
before rupture. Even though these weakened 
zones have not been observed in vivo yet, they 
represent potentially an indication of the risk 
of rupture.  
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