[ Show) Frhat - €™ = 3n‘ ?SJ iR -

: :
rst agtag a8 def
U e alcr aree s

_ oxt _axe axf e _
Fut = '—529,7 385 ogt VI
. ) 1 ' b g |

57 Ll 3 &Y 3% 285 el 8% 3pK dwt oub

g,g.r 38t * ob° 31 axt 20t apk %€
Toxm ox™ asa XN axn 3gd OxF ox¥ doK

ab e

& ..a%r‘ Sam 3\’“ Sbn : 7 Scg Case

. 28" a8
L axc - Cusc

= __Q_% 285 39f d<f
ax% ox® oxT €

= 6"'5'(.

Show that - e Gmé Jr dej Jet =4

Grsf@LJé gr dsi Jeé g Z§

\ ] : &Z 2 3 S SR b’( :

agr 25 apt eabc‘ 26t >80 aé'éedef m XY™ D 2o agt ;eq
aX* dxt ax¢ ax4 oxe IxF s57 o6t 2865 ¢

67 ox™M a& n bt ox? 580 2™ g1 oxn pé axf _abC _def
T ‘;9; ok X ¢3pt axd gl oy € opi sxfagl € €

M SN o XM At _ax3 pabe def
xR AP 3¢ dxL oxe oyt e e

gma Sn,b Sgc Sma( gne 56272 ?_D, edQF

2 ek Sk Sc,c " "“’f

- eabc. eakc - 5% (g;c . Grbc [ﬂ)
= &

- -1 -



?\ = d Xs My
l/ 36\[ 2(9)
’aﬁ'i~ 'D’lis > Xs " b?<§ & (
- A SYLRPYTh s o P a)
9&’4 99‘99 9§J 2@ PPJaﬁl
[ P N VR v (b)
L7 YV
0 4 BL?( = 7<5 2 ’)/5 _b:_?(;_, [C)
PR T VI
(b) +(¢) () - -
Ry DAs s ;/u@"?(s"’ S 50
2 VA s == "
g 28 0% o 9J
= 2 lfﬂ(
7AM§ |
r L\ (b +ZC)//a>]:~’ [ﬂf+ajﬁ~aﬂ'
,’_ﬂ.‘ = 5 {() 2 PﬁJ ﬁﬁz 99/4

— -2 —

//1,5‘0)



kN s
6/ 4’;) Z([ = 29& T
J ¥ J JJ
b >
A~ U
J e b
(2 e
i - 4 ﬁ_;qu 4 £ +f)3 —
] il \/%/I | 1z J?'z;b j%;S
“0) Bty o - a
5 aﬂ) 2> a?
= —— *
2 ?zz V%, t b [T #

-0 s <3
3 > N

) R A + —
az %7?1 I%/ T gn Jz2o %}; V33

= ¢ + 0 + (1) fé - a%

~ =5~



P-60L
op™- 4G = )f i’ e ;
Mﬁm witeridd denedd s fLied by p/g‘fl, (('WL \
2 dﬁ[\/‘glg&_,

£
JW o /ﬁ/%/bﬂ/ﬂﬁ%W@fﬁwl/{' e
et /s Mp‘@‘ whidl, bas Yo dives, sion of

20, We )/Mﬂ/ z,t//z el e gth
M -
=40 2 J%-{ i )(
T Vi
/VLW@ Xa‘p - Y . plimension lex.

P 16
ﬁ;\/%‘f (g} J\ ot gummej )
C\/{;‘nﬂt}”/’&ﬁwﬂ Cﬁ@ﬂ/ﬂ/’lﬂ/ﬂ/&}

(g%

Yoo = v _ Y
A g0

~ -4 -



2 Gol

HIE

The Lagrangian strain is given by
where uR is the covar1ant component of the d15placement vector and ";" denotes
the covariant differentiation.

(a)Find the tensor components for the strain in the cylindrical coordinate
system.

(b)Determine the corresponding physical components of strain tensor.
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53:246 & 58:258 Continuum Mechanics and Plasticity
Exam #2, May 4, 2006

OPEN-BOOK, 75 Minutes
(Give all details of your derivations)

1. Consider the simple shear deformation in the X, — X, space. Use the hypoelastic

constitutive equation with the Cotter-Rivlin stress rate to determine the
expressions of the stress components, expressed in terms of the shear strain vy.

(30 points)

2 In the case of uniaxial stress, the endochronic constitutive equation is

z . dgp .
G=E0 Iop(Z_Z )ETdZ

Consider the kernel function expressed by
Eop(z)=Eyd(z)+E;e™*

where E,,E, and o are constants and J is the Dirac delta function. Use also the
isotropic-hardening function f (z) =g,
(1) Derive the equation for stress ¢ expressed in terms of plastic strain €.

(2) Explain how you would determine the material constants. Derive the
equations for the determination of these constants.

(30 points)

2 The strain-displacement relations are given by
10 A 0 =0 |0
T _E[Ui’j +Uj’i +U L Um’jj (a)

Consider cylindrical coordinate system and answer the following questions:
(1) Find the expressions of the physical components U,

(2) Express U, in terms of U and 0'.

(3) Use Equation (a) to express component ¥;;in terms of U“and ©'.

(40 points)
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53:246 (58:258) Continuum Mechanics and Plasticity
MID-TERM EXAM (4/30/02)

1.5 Hours, Open Class Notes
Name

1. The position vector of a point T is related to the spherical coordinates (R, o,8) by
r=R(sinacos0) &+ R(sinasin0) &,+ R(cosa) &, A
Find the expressions of the covariant and contravariant base vectors of the spherical
coordinate system. Find also the covariant metric tensor g,;. (30 pts)

2. We recommend the use of contravariant true stress 1 and covariant strain Y-
Discuss the rationakfor this choice of stress and strain. (20 pts)

3. This problem refers to the simple shear problem discussed in the class, which has
non-zero normal stress components. In the case of plane stress, the von Mises yield

criterion is given by

6,-0,0,+0, +31, =17

in the Cartesian coordinate system.

(a) Rewrite this yield criterion by use of the physical components of the
contravariant true stress 17 . (5 pts)

(b) Find the expression of this criterion in terms of the tensorial components of 17 .

(15 pts)
(c) Find the expression of this criterion in terms of the Cauchy stress components

G, . (15 pts)
(d) Sketch the yield surfaces in the o, vs. o,, space with O)r= 0, for values of shear
K=0,0.4and 1.0. (15 pts) - i
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