ES 240
Solid Mechanics



Homework  


Due Friday, 14 December
37. Yield conditions under the biaxial stress states

A metal has the yield strength 
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 under the uniaxial stress state. Load a sheet of this metal into a biaxial stress state, 
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 in the x-direction and 
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 in the y-direction. The two stress components can have different magnitudes, and can be either tensile or compressive. All the other stress components are zero.

(a) Obtain the yield condition according to the von Mises criterion. Represent the yield condition on the plane spanned by 
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 and 
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.
(b) For this part of the problem, assume that the uniaxial yield strength is 
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, and the applied loads are such that the two stress components are related as 
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 being compressive and 
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 being tensile. According to the von Mises criterion, at what stresses 
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 will the sheet yield?
38. Design a rotating disk to avert plastic deformation
The problem of the stresses in disks spinning at high speed is of vital importance in the design of many machines. We now model a solid disk in the polar coordinates 
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, and calculate the stresses in the disk caused by the centrifugal force. The nonzero stress components are 
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.  Recall the relations between the radial displacement 
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 and the strains:
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(a)
Apply Newton’s second law to a differential element in the polar coordinates, and show that
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where 
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 is the angular velocity, and 
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 the density.

(b)
Assume the disk deforms elastically. Formulate a boundary value problem and determine the stress field in the disk.

(c)
If you want to design a steel disk to rotate at 3600 rotations per minute (rpm), what is the largest radius that the disk can have? Take  = 7800 kg/m3, E = 210 GPa,  = 0.3, y = 500 MPa. 

(d)
Determine the stress field in the disk as a function of angular velocity in case the velocity is high enough to develop a plastic region in the disk. Assume the material follows a piecewise linear stress-strain law, with modulus E, yield stress y and strain hardening exponent n.   

39. A stress history with J2-flow theory 

The uniaxial tensile stress-strain curve of an initially isotropic material is given by the following piecewise power-hardening relation:
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where o = o/E. Calculate the history of the two plastic strain components given the following history of stress:


(OA) 11 increases to 1.5o with 12 = 0


(AB) 12 increases to o with 11 = 1.5o

Plot the results in the form p11/o versus 12/o and p12/o versus 12/o for the segment AB with n = 3 for J2-flow theory.

40. Another problem on J2-flow theory 

An initially isotropic material is stressed into the plastic range by simple tension to a stress level 11 = . Find the coefficients for the subsequent increment of deformation in the equations
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according to J2-flow theory. Assume the constitutive relation is fit to the uniaxial stress-strain curve and the tangent modulus and secant modulus at  are Et and Es.
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