Theory of Plasticity — Tutorial 2 Henry Tan, Spring 2009

Solution:

Solution:

Tutorial 2
oo 0 O
Find the equivalent stress & of a plane stresstensor 6=| 0 o, 0].
0 0 O
20,-0, 0 0 ]
3
The deviatoric stress is ¢’ = 0 2023 % 0
0 0 _ (o] + o,
L 3

The equivalent stress is

2 2 2
&= gcﬁm} \/g{(za}%] +(2023_01j +(—%) :|=\/af+a§—0102 .

Initially material will yield at & = o, . For the plane stress problem studied above, sketch
the yield locus in o, and o, axes.

The equation of the yield locus is &7 + o7 — 0,0, = o7 .
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3. Assuming isotropic hardening. Holding o, = o, (o, is the initial yield stress) and increase
o, from O, describe the behaviour.

Solution:

Stage |, 0, <o, :

yielding
unloading
01
Stage I, o, >0, :
O,/
Subsequent yield Y loading

locus
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For a linear-elastic and linear plastic model, the following figure shows the stress-strain

4.
relation during uniaxial tension.
b
W
L)
2
n
Strain ¢
. Y . . .
From the above model, derive the slop, h =% , of the equivalent yield stress function
&
Y(EP).
Solution:

For uniaxial tension, Y = o, dg” =de¢.
dyY do do 1 1
Therefore, h = = = — _
de? de” de-def de de° 1 1
do do E E




Theory of Plasticity — Tutorial 2 Henry Tan, Spring 2009

5. What is the plastic strain tensor when o, = 20, ?
Solution:
The plastic strain & =0 when o, = o, . The integration for o, : 5, — 20, will give the final plastic
strain.

91 o)

We use the formula de = ZHT‘; o,do,, to calculate the plastic strain increment.
O
L 20, — 0, 0 0
The deviatoric stress tensor is ¢’ == 0 20,—-0y 0
0 0 -0y — 0,
g -1 0 O
= dG' = 2-2 0 2 0 ’
0 0 -1
20. —
= ol dal, :Mdaz.
Using the formula de; = %%%ak’,da;,
de? = 3(20,-0y) do, o
4h ol +o0.-0,0,
20, — 0, 0 0
20, — o,
= de” = z 0 20,—-0, 0 do,.

4h(0'f+0'22—0'Y0'2) 0 0 oo
Y 2
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Solution:

We use the formula & = £ O~

_1+v

(20, -0y )(20, - 0,)

def, = d
i 4h(a$+022—aY0'2) 2
2
del, = (2;(’2 _fY) do,
4h(<7Y + o, —O'YGZ)
del :_(20'2—0'Y)(0'Y +0'2)do_2

4h(0'$ +0) —O'YO'Z)

p_ p_ P _
dej, =degy, =degy; =0

p_
& =

In(3)j =0.142¢

T h

1 20y (20- — O, )2 0
p_ 1 2 ~ 9y d e - 0.552%
€2 an .LY 0'3 + 0-22 - 0,0, %= ( \/_j
_i 20y (20_2 — Oy )(O_Y +O_2) do, =| —-— ——In(3) —0.69ﬂ
4h oy ol +0.-0,0, \/— h

P _ P _ P _
Ep =Ep =65 =0

1 (2 (20, -0y) (20, - (
4h Jov or +07—0,0,
T

h

P o_
E33 =

What is the elastic strain tensor when o, =20, ?

1+v 1%

= — 0, 0; to calculate the elastic strain.

oo 0 O

Fromoe=|0 o, 0| = oy,=0,+0,.

0 0 O

Therefore, the elastic strain tensor is

oo 0 O 1 00 o, — Vo, 0 0
0 6, 0|-—(6,+05,)|0 1 0|==| 0  o,-vo, 0

E
0 0 0 001 0 0 —v(o+o,)



Theory of Plasticity — Tutorial 2 Henry Tan, Spring 2009

7. What is the equivalent yield stress Y when o, = 20, ?

Solution:
2
Y?=0{+0,-0,0,=0y +(20,) -0, (20,)=30; .

= Equivalent yield stress is Y =+/3c, .

8. What is the equivalent yield strain £” when o, =20, ?

Solution:

9.  Verifythat £° # %(gijpgijp) when o, =20, .



