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Problem 2.8. Yield criterion for a pressure vessel

A cylindrical pressure vessel of radius R and thickness t is subjected to an internal pressure
pi. as shown in fig. 1.20. At any point in the cylindrical portion of vessel wall, two stress
components are acting: the hoop stress, o, = Rp;/t and the axial stress, 0, = Rp;/(2t).
The radial stress, acting in the direction perpendicular to the wall. is very small, o,. = 0. The
yield stress for the material is oy,. (1) If the material is assumed to follow von Mises’ criterion.
find the maximum internal pressure the vessel can carry. (2) If the material is assumed to
follow Tresca’s criterion, find the maximum internal pressure the vessel can carry.
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Fig. 1.20. Stresses acting in a pressure vessel.

Problem 4.1. Simple hyperstatic bars - displacement method solution

Three axially loaded bars. each of length L and all constructed from a material of elasticity
modulus E. are arranged as shown in fig. 4.9. Two bars are connected in parallel and one of
these has a cross-sectional area that is twice that of the other. A third bar 1s connected in series
at the common point. An axial load, P. is applied at the junction of the three bars. Using the
displacement method, determine (/) the displacement, d, of the connecting point between the
three bars and (2) the forces in each of the three bars.
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Fig. 4.9. Three bars in a parallel-series configuration.

Problem 4.2. Simple hyperstatic bars - force method solution
Solve problem 4.1 using using the force method.



Problem 4.3. Prestressed steel bar in an aluminum tube

A steel bar of cross-sectional area A. = 800 mm? fits inside an aluminum tube of cross-
sectional area A, = 1, 500 mm>. The assembly is constructed in such a way that initially, the
steel bar is prestressed with a compressive force, — P. while the aluminum tube is prestressed
with a tensile load of equal magnitude, P. Next, the prestressed assembly is subjected to a
tensile load F'. (1) If no prestress is applied. i.e., if P = 0, find the maximum external load, F',
that can be applied to the assembly without exceeding allowable stress levels in either material.
(2) Find the optimum prestress level to be applied. This optimum prestress is defined as that
for which the allowable stress is reached simultaneously in both steel bar and aluminum tubes
when subjected to the externally applied force. F'. In other words, when optimally prestressed.
both materials are used to their full capacity. (3) What improvement, in percent. is achieved
by using the optimum prestress level as compared to not prestressing the assembly. Use the
following data: I, = 210 and E, = 73 GPa; the yield stresses for steel and aluminum are
o, = G600 and o, = 400 MPa, respectively.

Problem 4.6. Rotor blade hub connection

Figure 4.11 shows a potential design for the attachment of a rotor blade to the rotorcraft hub.
The yoke consists of two separate pieces each of which connects the rotor blade to the hub,
and the spindle also connects the rotor blade to the hub through an elastomeric bearing. As
the rotor blade spins, a large centrifugal force F' is applied to the assembly, which can be
idealized as three parallel bars of length L. which connect the blade to the hub. The two bars
modeling the yoke each have an axial stiffness (££.4),,. while the spindle has an axial stiffness
(£ A).. The elastomeric bearing is idealized as a very short spring of stiffness k4 in series with
the spindle. (/) Calculate and plot the non-dimensional forces in the yoke, Iy, /F'. and in the
spindle, F, /I, as a function of the non-dimensional bearing stiffness, 0 < Lk /(EA). < 25.
(2) For what value of the stiffness constant k4 is all the centrifugal load carried by the yoke?
(3) Find the maximum load that can be carried by the spindle. What is the corresponding value
of k? (4) For what value on Lk /( EA). do the yoke and spindle carry equal loads? Use the
following data: (EA)y/(EA). =08
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Fig. 4.11. Rotor blade connection to the hub by means of a yoke and spindle.
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