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Biok 102 Midterm 2

1. Préssure Vessel - Cylinder (30 Points)

Here we’ll test the mechamcal properttes of a large dlameter artery (IOmm inner dlameter, 500pm wa}l thickness). Apprax:mare as thin
walled cylinder

a.  You pérform 2 tensile test.on’a piece of ‘this attery and-find that a force of 5N causes failure due to shear stress in the zf plane
Determine the-shear stress required. for failure.

b. Knowing the fallure shear stress, what is'the lowest blood pressure (in units of Pa) is required for failure- of thenative vessel due to
shear in the z8 plane? (assume theré is no axial load on the véssel)

¢. Ifgraftis Applied which applies a force of IN to the vasculature, what is now the lowest blood pressute tha.t will result in failure of

the artery?
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2. Pressure Vessel - Sphere (30 Points) A

Acellis placed in 2 low salt solutmn resultmg inan osmotlc gradlent that swells the cel! with excess fluid. Modellmg the cell asa thm
walled sphere with an internal radius of 20um and 2 membrane thickness of 10nm. Use small deformat:on assumprmns

1

a. * If the internal pressure 1is6s to 0.3P% what normal stresses are produced within the cell membrane"
_ b, Calculate the normal strains provided with a Young’s modulus and Poisson’s ratio of 5kPa and 0. 4.
¢., Use these strains to calculate a change in-area for a small free body dlagram If any sinall areaof cell membrane in the 8¢ plane
expands by more than 5% v\nthout transpomng ore lipids to the hptd bllayer the cell wnl] rupmre Is thls pr¢ssure enough to cause
rupture in the cell? . | . . ‘ .y .
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3. Elongation and Torsion {40 Points)

ketball player lands after taking a rebound while shifting their weight éausing extreme torsion and force to their right leg. A force

of J0kg is weighing down on the top of their femur. The leg has a mass of y§k distributed evenly throughout the leg. We will model the
Ieg as a cylinder as shown below. 7

Z R
a. Solve for the dlStrlbthlOtl of force and torque as a function of X. T1 50Nm
b. Describe the regions where the maximuni magnitude o,; and g, T» 15Nm ’
exist in terms of (&, z, 6, and solve for their values in those regions. m 20kg
¢. Determine the maximum magnitude-of normal stress in the 28 plane, F (75 kg %9812 ) N
describe the range where this exists and describe or depict the stress -~ ¢ 10cm §
transformation.
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