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PART IIB
Prof J A Williams

4C9 CONTINUUM MECHANICS
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\ ( b)Y Atthe origin, representing the state of stress on a Mohr’s Circle gives,

‘ oy = 185,
\ Txy = 50
20y l

T

Oy = 15,
Ty = 50

So, at the origin the stress is equivalently described by P, = 100MPa, k = 100MPa,
@,= m/6. k is a material constant.

Hencky’s equations are P-2k¢ = constant for o-characteristics, and P+2k¢= constant for
J-characteristics. All values of ¢ can be estimated from the diagram.

Tracking along a-characteristic to point B, at B ¢= /12, so Py —2k¢, = P, —2k¢, and

thus P, = P, — 2k(@, — 5 )=100— 200[%-%]: 48MPa.

Now tracking along the B-characteristic to point A, where ¢,= /4.

P, +2k¢, =P, +2kg, so P, =P, + 2k, - ¢, )= 48+ 200(%-%}: ~57MPa .

Finally, converting back into the original co-ordinates,
o4 =P, —ksin2¢, =-157MPa

G)AW =P, +ksin2¢, =43 MPa

tfy =kcos2¢, =0
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(D

-p 0 0
(a) The stress tensoris 0, =| 0 —p 0 | so the deviatoric stress tensor is
0 0 o,
-1 0 0
; - pto, 0 -1 0
0 0 2

. . . — +0
The von Mises equivalent stress is thus & = /30,0, _{0_3.&.1/% (+1+4)=p+o,

(b) If o, = art then yield will first occur at #; where p+at, =C(g, ) .

. . . . pt+0O_, | . p+0O
By the Levy-Mises flow rule, €, =€, =-4 PT04 €, =21 P02 Thus
&, =&, =—L1€, sotheeffective strainrate is & = J2£,6, =€ 20 +1+1)=¢,
. . . . . - né& . .
Taking the time derivative of the Swift law, & = —, so rearranging and using the
£,+E&

formula for the equivalent stress (and its time derivative) from (a),

e, +£)=nec = alg, +&)=nlp+alE.

Thus, Lmdt —_[ ———de so [ln(p+a1)] =[rn(e, +2)f

1
Finally, ln[p_l_at ]znln[8°+8]so e, =E=¢, [p+a ] ~1| for t>1,
p

+at prai
otherwise zero.

(c) The graph below is plotted exactly in Matlab, over the range 0<t<200 s, with the
values a=1MPa/s, C=200MPa, n=0.3, ¢, = 0.1, and for P=[0 20 40 80] MPa.



P=20 MPa
P=40 MPa
P=80 MPa
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Increasing pressure leads to earlier yield, and greater extension for a given stress along
the wire.
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