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BioE 102 Midterm 1

1. Stress Transformation (35 polf\m) ' ‘ 22.5MPa

3 . : ¢ ¢ 3
A single compressive stress, o, is applied at an unknown angle. In ‘c{———? Ty
the coordinate axes, this stress has normal and shear components of "T l‘" M
Oxx =-7.5 MPa, 0y, = -13 MPa, and Oyy = —22.5 MPa. ” Z f

Ly X

a.) Determine the magnitude and angle of the applied stress. (15 poines)
b.) If the material will fracture in compression at 43MPa and in shear at 18MPa, what is the minimum
magnitude of ¢ required for fracture and due to which of these two failure modes? (20 points)
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2. Hook’s Law (25 points)
AL=0.05L,

R

A flexed muscle pulls on a tendon with a tensile stress of om causing it to extend.
We will model this tendon as a linearly elastic homogeneous rectangular prism.
As tendons are highly aligned structures, we will consider this a transverse

isotropic material. ;

AW=-0.02W,

When the muscle stretches the tendon, it extends by 5% its original length along
the longitudinal axis. Concurrently, the width of the tendon contracts by 2% the

original width in both directions. : , : "
a.) Give expressions for all normal strains in terms of Poisson’s ratios, moduli and tensile stress, oum. (1o pornts )

b.) Find expressions for a Poisson’s ratio and Young’s modulus for the tendon. (15 peines)
c.) What is the maximum shear strain? Represent this shear strain in a free body diagram noting the
magnitude of the shear strain and the angle of rotation for the free body diagram. (1o an%a}
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3. Strain Gauges (20 pons)

To test the accuraby of a set of strain gauges, you place them at 0°, 45° and 90° on an isotropic material
with a Poisson’s ratio of 0.2 and a Young’s modulus of 3MPa. You stretch the material with a normal stress
of 10kPa at an angle of @ = 30° away from the 0° gauge.

a.) Solve for &, £45 and &gq in terms of £yy, £y, and &y. (1 ZPMM*S\)

b.) Use Hook’s law equations to calculate expected readings from each gauge. (1 2poiad

c.) Given the linear approximation for strain necessary for our Hook’s law equations, what may account ( po ks
for deviation from our expected values? (Assuming gauges are properly calibrated)
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