AppLIED ErasTiCciTY (ME40605/ME60401) MECHANICAL ENGINEERING
AUTUMN SEMESTER, 2020 IIT KHARAGPUR

PROBLEM SHEET 5: 2D ELASTICITY - |

Important: For each of the problems, an Airy stress function is mentioned to help you
attempt the problem “by hand”. However, this problem sheet is actually meant to
give you practice in using SymPy within Jupyter Notebook. When using SymPy,
consider polynomials up to 4th, 5th or 6th degree (including lower degree terms) and use
the framework demonstrated in [L43].

1. The Airy stress function required to find the stresses in the cantilever beam (of unit
width) as shown in Figure 1 is ¢ = Ci2% + Coz?y + Csy® + Cuy® + Cs2?y>. Find the
values of the constants using the requirements that ¢ should satisfy the biharmonic
equation and the boundary conditions (pointwise boundary conditions on the top and
bottom of the beam and integrated boundary conditions on the ends x = 0 and « = L).
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Figure 1

[Answer: C} = —q/4, Cy = —3q/8¢c, C3 = q/20c, Cy = —q/40c3, Cs = q/8¢°]

2. Consider the cantilever beam (of unit width) loaded by uniform shear along its bottom
edge as shown in Figure 2. Use appropriate conditions (pointwise boundary conditions
on the horizontal surfaces and resultant conditions on the vertical surfaces) to find the
stress field given that the required Airy stress function is of the form ¢ = Axy + By? +
Cy® + Day? + Exys.

Figure 2

[Answer: 0., = 5 (1 + 3—3) (Il—x), 04y =0, 04 =—2 (1 + %) (1 — 3??%)}
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https://youtu.be/cw92Xcjm8FQ
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3. To solve the problem of a cantilever beam (of unit width) carrying a uniformly varying

loadlng as shown in Flgure 3, the followm% Airy Stress function form is proposed:

= Ciay + O,z 5+ Cs% + Oy + C55 + Cs xy Determine the values of the

various constants such that all condltlons on the problem are satisfied. Use resultant
force boundary conditions at the beam-ends.

. _ pc _ _ P — 3p _ 3 — 3p — P
[Answer: Oy = =57, Co = =37, Us = =410, Ca = 1o, G5 = 510 s = — 31

4. The cantilever beam (of unit width) shown in Figure 4 is subjected to a distributed
shear stress 7,2/l on the upper face. The following Airy stress function is given

=1y’ + ey’ + eyt + cay’ + esx? + cor®y + ey’ + sy’

Determine the constants and find the stress distribution in the beam. Use resultant
force boundary conditions at the ends.
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Figure 4
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[Answer: ¢ = 37, ~E, 00 = g9,
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