ES 240
Solid Mechanics



Homework


Due Friday, 7 December
29.  Post a short description of your project on www.iMechanica.org. 

30.  Creep and recovery

A polymer rod is 200 mm long and has a circular cross-section of diameter 20 mm.  You’d like to investigate its viscoelastic property. You subject the rod to a tensile force of 600 N along its axial direction for a very long time, and record the elongation of the rod, , as a function of time t. Inspired by the trend of the date, you fit them to an exponential relation, and find that they fit well with
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where  is in mm and t in hours.

(a)  How do you verify experimentally that the polymer is linearly viscoelastic?  

(b) Suppose that the polymer is indeed linearly viscoelastic. Deduce the time-dependent compliance
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 and plot the function. Find the unrelaxed compliance, the relaxed compliance, and the relaxation time.

(c)  Subject the rod to a load of 400 N for 5 hours.  Calculate the elongation at the end of the 5 hours.

(d)  Subject the rod to a load of 400 N for a long enough time so that the rod elongates no more.  What is the elongation immediately after the load is applied?  In practice, how much time is “immediately” enough?  What is the final elongation?  In practice, how much time is long enough, a minute, an hour, a day, or a week?

(e)  Subject the rod to a load of 400 N for 5 hours and then remove the load.  Plot the elongation as a function of time between 0 to 24 hours. 

31. Temperature dependence and activated processes
Now you’d like to investigate the effect of temperature on viscoelasticity. The previous experiment was carried out at the room temperature, 20°C. Now you carry out an experiment at 40°C. That is, subject the rod to a load of 600 N and record the elongation of the rod as a function of time.  The data obtained at 40°C fit well with
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(a) How do you verify experimentally that the relaxation time fits the Arrhenius equation?

(b) Suppose that the relaxation time does fit the Arrhenius equation.  Deduce the activation energy.

(c) Use the above data and predictions to plot the compliance as a function of time at temperature 20°C, 30°C, and 40°C. 

32.  A loose nylon bolt

A nylon bolt of diameter 8 mm is used to join two ceramic plates.  The nylon is taken to be linearly viscoelastic with tensile stress relaxation modulus approximated by
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where E is in GPa, and t in hours.  The bolt is tightened quickly so that the initial force in the bolt is 1000 N.

a) Find the stain in the bolt.

b) Find the force in the bolt after 24 hours.

c) At the end of 24 hours, tighten the bolt again to the force 1000 N.  How much is the total strain in the bolt?

d) Find the clamping force remaining after a further 24 hours.

33. Energy loss

A rectangular polymer bar of dimension 
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 is subject to an axial force oscillating sinusoidally between – 150 and 150 N at a frequency of 50 Hz.  The storage and loss modulus of the polymer at 50 Hz are 
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.  Calculate the power input required to sustain the oscillations. 

34. Zener model and stress relaxation test

Use the Zener model to analyze the stress relaxation test (i.e., the step-strain test).  From physical considerations, the compliance and the modulus at the two equilibrium configurations are related: 
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.  Show that the stress relaxation modulus has the time dependence
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and that the relaxation time of this test ( relates to the relaxation time of the creep test () as
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35. Zener model and cyclic load test

Use the Zener model to analyze the stress-strain behavior under cyclic loading.  In particular, demonstrate the relations





Sketch the two moduli as functions of the loading frequency.  Interpret the trends for various regimes of the frequency.

36.  Thermal expansion of a viscoelastic solid
A rod is held at a temperature 
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 for a long time, so that its length no longer changes with time.  At time zero, the temperature is suddenly changed from 
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 to 
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, and is subsequently held constant.  We measure the length of the rod as a function of time.  Write
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We expect the coefficient of thermal expansion to be a function of both time and temperature.

 
(a)  Using the Zener model to show that the CTE as a function of time.
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(b)  When a rod is subject to a linear increase in temperature 
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, calculate the strain as a function of time.  Here c is a constant rate of increase.  Discuss your results qualitatively.
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