


EXPERIMENT 
To test the system, measurements were made on commercially 

obtained latex.  A disk of latex, nominally 4 mm in diameter by 0.075 
mm thick, was inserted and patterned in the biaxial fixture, and 
attached to the pressurizing system.  All air was removed from the 
biaxial fixture, and as much as possible from the tubes, bellows, and 
pressure transducer.  Because the pressures experienced by the 
pulmonary artery are relatively low, the test pressures remained 
correspondingly low.  The latex sheet was pressurized in 690 Pa 
increments, starting from 0 Pa up to 1.72 × 104 Pa.  Images were 
collected at each pressure increment from both cameras.  Due to the 
isotropic behavior of latex, camera 1 collected only one image, rather 
than multiple images at various angles of rotation.  For this experiment 
only, as the latex is isotropic and the stretch ratio is <<2, it was 
assumed that the deformation was spherical and could be determined 
from the bubble height h.   

RESULTS 
We measure only two variables: pressure, P, and the height of the 

bubble, h.  From h and C0, the initial length across the sample (2.78 
mm), we can calculate the radius of curvature of the bubble, r, from 
the geometry.  The results of the measurements are shown on a plot of 
true stress versus true strain in Figure 2, along with a curve showing 
the expected result from the theory of large elastic deformations.  
Using the strain energy function, the biaxial true stress is 

 

σ = µ •(λ2 – 1/λ4), 

where µ = 3.21 × 105 Pa, based on a fit to the current data.  The 
standard deviation of the biaxial true stress about the model line is 5.8 
× 103 Pa.  The biaxial true strain is obtained from the biaxial stretch 
using ε = ln(λ). 

The measurement data show no bias, as they are essentially 
randomly scattered around the theoretical curve.  The low value of 
final strain, 13.2 %, at the highest pressure measured, 1.72 × 104 Pa, is 
well within the elastic limit for latex [9].  This low strain value should 
also preclude any hysteretic effects, which may be seen at these low, 
and lower, pressures when testing tissue. 
 
CONCLUSIONS 

We used latex as a sample material to test the performance of a 
new measurement system for studying the mechanical properties of 
normotensive and hypertensive pulmonary arteries from rats.  The test 
has demonstrated the high accuracy and precision that are required for 
testing the rat arteries.  The system and the automation provided a 
combined standard uncertainty of ~ 4 % in this measurement, and 
simple modifications in the future will yield even higher accuracy.  
The precise control and improved accuracy of the measurement should 
enable reliable determination of anisotropy in addition to the 
mechanical properties of arteries.  The results of the latex test 
demonstrate the validity of the test system. 
 
REFERENCES 
1. Unpublished work by D. Ivy and R. Shandas, The Children’s 

Hospital of Denver, CO. 
2. Hildebrandt, J., Fukaya, H., and Martin, C.J., 1969, “Stress-Strain 

Relations of Tissue Sheets undergoing Uniform Two-
Dimensional Stretch,” Journal of Applied Physiology, 27, pp. 
758–762. 

3. Treloar, L.R.G., 1958, The Physics of Rubber Elasticity (2nd Ed.), 
Clarendon Press, Oxford, England. 

4. Wineman, A., Wilson, D., and Melvin, J.W., 1979, “Material 
Identification of Soft Tissue using Membrane Inflation Test,” 
Journal of Biomechanics, 12, pp. 841–850. 

5. Joye, D.D., Poehlein, G.W., and Denson, C.D., 1972, “A Bubble 
Inflation Technique for the Measurement of Viscoelastic 
Properties in Equal Biaxial Extensional Flow,” Transactions of 
the Society of Rheology, 16, pp. 421–445. 

6. Rivlin, R.S., and Saunders, D.W., 1951, “Large Elastic 
Deformations of Isotropic Materials VII. Experiments on the 
Deformation of Rubber,” Philosophical Transactions of the Royal 
Society of London, 243, pp. 251–298. 

7. Hsu, F.P.K., Liu, A.M.C., Downs, J., Rigamonti, D., and 
Humphrey, J.D., 1995, “A Triplane Video-Based Experimental 
System for Studying Axisymmetrically Inflated Biomembranes,” 
IEEE Transactions on Biomedical Engineering, 42, pp. 442–450. 

8. Andrews, E.H., 1964, “Crystalline Morphology in Thin Films of 
Natural Rubber,” Proceedings of the Royal Society of London, 
A277, pp. 562–570. 

9. Wilson, T.W., and Andrady, A.L., 1992, “Burst Test of Condoms  
1. Basic Features of the Force-Deformation Curve of Latex-
Rubber Condoms,” Journal of Applied Biomaterials, 3, pp.117–
122. 

 

 
 

Figure 1.  Schematic of the computer-controlled test 
system. 

 

 
 

Figure 2.  The stress-strain curve for the latex sample, 
compared with the theory of large elastic deformation. 
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