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Yield Criterion
Principal Stresses:

01 > 0y > 03

Tension/Compression (Elastic)

F
777

Generalised Hooke’s Law:

Ex = %(O‘x - v(ay + O'Z))

Bending (Elastic)

Torsion (Elastic)

~I
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Tresca:

O'y=0'1_0-3

A

M=JyadA

R
T = J rtdA = ZnJrrsz
0

von Mises:

20y% = (07 — 02)* + (0, — 03)? + (03 — 0y)?

o=Ee

d2
El—=M
dx?

T=GYy
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Second Moment of Area

General form: Rectangle:
Ly =Jy2dA
A bd3
[ =———
12
Ly = J x2dA
A

Product Moment of Area:

Iy = J xydA
A

Parallel Axis Theorem:

Ix’x’ = Ixx + Abz Iy'y' = Iyy + Aaz

Polar Second Moment of Area

General form:

] =L+ 1, ]=Jr2d,4
A
Shear Stresses
Transverse Shear Stress: Horizontal Shear Stress:
—S dA—SA_ —S dA—SA_
T_IZ Y _Izy T_IZ Y _Izy
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Circle:

D%
T 64

Ix’y' = Iy + Aab

Circle:

_nD4
/= 32

Shear Force:

S=J‘L’dA

A
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Buckling
End Condition Effective Length, L.¢¢
Pinned — Pinned L
T2E] Pinned — Pinned (with initial curvature) L
PC = L 2
eff Fixed — Free 2L
Fixed — Pinned 0.7L
Fixed — Fixed L/
2
Thermal Stress & Strain
General:
ErnermaL = T y = z
G
Beams: Thin Discs: Cylinders:
.Y _% 0; =0
sx—£+§—F+aT 0-r+rd_:_o-9:0 1 T
Jx=E{S_+X—aT} do, o0,—0g 59=E(09—VGZ)+aT
R + =0
dr T 1
d [1d(w,) d(T(r)) &, = E(O'Z —voyg) + aT
P=Jadi=E§A—EaJTdA —|-—— =0 +vV)a———=
dr|r dr dr .
A A Compatibility:
u
EI =7 g =& =0
M = J ya,dA =§—Eaj TydA
A A _du o =g = Ea(AT) (X)
& = E 0 z (1 — V) t
E
o, = 1= [sr +ve, — (14 v)a(T(r))]
E
0o =13 [59 +ve,—(1+ v)a(T(r))]

a r C,
u=_1+v) ;J(T(r))rdr +Cir+ -
0
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Strain Energy

Tension/Compression:

J 245

Castigliano’s Theorem:

Cylinders
Thin-Walled:

Op =Tpy =Trg =0

PRy,
Jg = "
_ PRy,
%= ¢

Thick-walled rotating discs
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Bending:

dex

ou
" oP
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Torsion:
TZ
U= | —d
J 26]

Thick-Walled:
B
=A—- r_2
B
Jg = A+ T'_Z

Rizpi - Rozpo

0, = —(ROZ — Riz)
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Fracture

da
K, =Yovma — =C(AK)™
dN
Finite Element Analysis
{F} = [K]{u}
Principle of Virtual Work:
Wexr + Wiy =0
Element Stiffness Matrices for Direct Stiffness Method:
1D Spring Element: 2D truss element (in the global co-ordinate system):
cos? 0 cos 0 sin 0 —cos? 6 —cos @ sin @
(K¢] = [ k —k] (Ke], = (‘E) cos@sinf  sin?@ —cos @ siné —sin? 60
-k k g L —cos? 6 —cos @ sin 6 cos? 8 cos @ sin @
—cos O sin 6 —sin? 6 cos 0 sin 0 sin? @

AE
where k = -
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