ME 323 Final Exam Name (Print)
November 5, 2025 (Last) (First)

Equation sheets

Generalized Hooke’s Law
E = %[ax - v(ay + O'Z)] + aAT

1 1 1 1
&y = B [Uy - V(O-x + az)] + aAT Yxy = ETxy Vxz = Esz Yyz = ETyz
1 E
& = [O‘Z - v(ax + ay)] + aAT G = 20
Uni-axial loadings
Ogve = F_N FS = —o Ifail
allow,merzberF(x) L FL
exp = Up — Uy e= fomdx+ J, aATdx e =——+alTL
e = ucos(0) + vsin(0)
Direct shear loadings
_v _ Tfail

Tave = Tallow,member
Torsional loadings
bap =5 —ba  Ap= [ _dx  Ap=TL/GI

_ 9 eyt _pT T
V=P T=Gpg, y_GIp =
L, = [, p*dA L, = gr“ (solid) I, = g(ro‘L -1
Loadings resulting in bending
dv M e 1 dv
E_p(x)a EE_ VIEIx)a E_EM(-X‘)’ E_ H(x)’ AV _Pa AM - _MO
oxy) = -2 = -2

_ Ve _vamy»)
T(X, y) - Izzt B Izt (y)
Tmax = % (rectangle); Tmax = g (circle); Tmax = % (hollow circle)
3 bh3

I, = — (rectangle), I, = Er“ (circle), I, =—— (triangle)
Z 12 T4 736

Finite Element method
(EA) gve
k==

Stress transformations

xt x” ; X i
Z Zoy + (U Zay) cos(20) + 1., sin(20) T = — (Gz—ay) sin(26) + 7y cos (26)

2
_ O'x+0'y _ O'x—O'y 2
Oave = —, R = \/(—2 + 75y

Op1 = Ogve + R) Op2 = Ogpe — R

o, =
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Energy methods
— 1
U= [ax(ex — alAT) + ay(ey — aAT) + 0,(e; — @AT) + Ty Vy + TazVaz + Tyz)/yz]

_1 L F2(x) _1 L fsV2(x) _1 L M2%(x) _1 L T?(x)
U=_[f = dx U=_[/=-=dx U=;['—=dx U—sz—GIpdx
fs = 6/5 (rectangular cross section), f; =10/9 (circular cross section)
5. =9u U _ U U

Pi = 55, P

i~ ap; On; = oM, ¢r, = ot R, 0 (for redundant loads)

Pressure vessels
. . R R
Cylindrical: ¢, = pT o, =2

2t
. X __ PR
Spherical: o5 = o

Failure theories
Maximum shear stress (MSS) failure theory:

gy
Tmax,abs = 5y
Maximum distortional energy (MDE) failure theory:
O-M == O-Y
— \/ 2 _ + g2
Om = +Op1 — Op10p2 T Opy
Maximum normal stress (MNS) failure theory:
lop1| =0y or  |opz| =0y

Mohr’s failure theory:

If 0p; and ogp, are of the same sign: op; = oyr Or 0Opy; = —0Oyc
. . g (o)
If 0p, and op, are of different signs: ==+ — —£2 =1
oyr  Ouc

Column buckling
By = m? zEI
Lers

»

pinned-pinned fixed-free fixed-pinned fixed-fixed
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