Fundamental Mechanics of Materials Equations

Basic definitions

Average normal stress in an axial member
F
avg — X
Average direct shear stress
. 4
avg
Ay
Average bearing stress
o = F
L =~
Ay
Average normal strain in an axial member
S Ad Aw At
e = — £ = —or — or —
avg L transverse d w t

y = change in angle from 90°
Average normal strain caused by temperature change
ep = aAT
Hooke’s Law (one-dimensional)
o=FEe and T =Gy
Poisson’s ratio

Elat

B 81011g

Relationship between E, G, and v
_ E
C 201+ v)

Definition of allowable stress

_ Tpailure

T failure
Tallow = or

FS Tallow = ES
Factor of safety

FS = 7 failure

a, .
FS = failure or =

[op

actual actual

Axial deformation
Deformation in axial members

FL FL,
S = or &=y 7L
2oL

AE
Force-temperature-deformation relationship

5= IL L GATL
AE

Torsion

Maximum torsion shear stress in a circular shaft

where the polar moment of inertia J is defined as

o sigma
€ epsilon
T tau

y gamma
vnu

6 Adelta
a alpha
@ phi

w omega
0 theta

J = E[R“ _ }’4} — 1[1)4 _ d4]
2 32
o . gears
Angle of twist in a circular shaft
L TL el =nl;
= or = L T, = 1w,
¢ JG ¢ zl‘ J,G;

Power transmission in a shaft
P=Tw

watts = Nm/s
hp = 6600in-1lb/s

Six rules for constructing shear-force

and bending-moment diagrams

Rulel: AV = B,
X2
Rule2: AV =V,—-V, = f w(x) dx
Rl
Rule 3: v = w(x)
dx
Ruled: AM = M,—M,= [ Vdx
Rl
Rule 5: am =V
dx
Rule 6: AM =—-M,
Flexure
Flexure formula
My Mc M
(TX = _T or O-maX = T = ? where

Unsymmetric bending of arbitrary cross sections

Iz—1.y —Iy+1.z
s Mﬁ] Lo
y'z vz Yz R4
Unsymmetric bending of symmetric cross sections
M,z M. M, I,
o, =— Y tan = —=
I I M.I,
Horizontal shear stress associated with bending
Vo _
Ty = 5 where Q = Y y;A;
Shear flow formula
_e
1

Shear flow, fastener spacing, and fastener shear relationship

composite beams
Ep

n= L,

Oy = IT
-nMy

O = I—T

_ VbeamQ _ anastener

gs =ngVy =ng7 A or .
For circular cross sections,

0= $d3 (solid sections)

N

0= %[R3 -] = é[D3 — d3] (hollow sections)

Beam deflections

Elastic curve relations between w, V, M, 0, and v for

constant EI
Deflection = v

Slope = v =0

x
2

Moment M = EI ﬂ
dx?

Shear V = d—M = EI

dx dx3

4
Loadw = &V _ grdv
dx dx*

d3v



Fundamental Mechanics of Materials Equations

Plane stress transformations
Normal and shear stresses on an arbitrary plane

0, = 0,c08*0 + o sin> 6 + 27 sinfcos O

n

T, = —(0, — 0,)sinfcosf + 7, (cos? 6 — sin? )
or
oy + 0. Oy — O,
op = x2 Y = yc0529+1xysin29
gy + O Oy — O
o = x2 Y _ xz yCOSZQ—TxySiHZQ
-0,
Tne = — sin 260 + 7y, cos 26

Principal stress magnitudes
2
+ 72

xy

o, + o, o, — 0,
Opip2 = +
’ 2 2

Orientation of principal planes

tan20 = ——2
(o, —a))2

Maximum in-plane shear stress magnitude
-0

pl P2

Absolute maximum shear stress magnitude

Omax — Pmin

T =
abs max
2

Normal, stress invariance
o, to,=0,+0 =0, +to0,

Plane strain transformations
Normal and shear strain in arbitrary directions

— 2 in2 ;
g, = &.0s”0 + g, sin“ 6 + v,,sinfcosf

Yu = —2(g, — &,)sinfcos6 + vy, (cos? & — sin? 6)

or
=sx+£y+£x—ey
-Es € & V.
€ =
g = ——Z— x2 ycosZG—%sinZG
& — &
%z—%sin29+y’2‘—yc0529

Principal strain magnitudes 1l
N

_ e + €, . £ — &,
EpLp2 = -
2 2

Orientation of principal strains
yxy
g — g

Maximum in-plane shear strain

Yxy .
&n cos 20 + %Sm 26

(Ex + Sy)

-V

1—v

2

tan 29p =

2 2
Vmax  _ & — & Vay _
r;_+\/[ 5 15 OF  Yiax = &1 — &
SX + 8}'
Cavg = )

Normal strain invariance
8x+a\':8n+8t:8pl+8p2

Generalized Hooke’s Law
Normal stress/normal strain relationships

& = E[O-v - V(U-) + 0'2)]
&y = %[Uy —v(o, + a.)]
e = o~ (o, + o)

Shear stress/shear strain relationships
1

Yy = ET;@' Yy = ETyz Yo = Esz
where
B E
2(1 +v)
Normal stress/normal strain relationships for plane stress
1
g, = 2(0 —voy)
o, = ﬁ(sx + vey)
g, = —(0, — va,) or
- E ' o, = (&, + ve,)
v S S *
g = _E(Ux + 0")

Shear stress/shear strain relationships for plane stress
1

Yo = =T or

G Xy Txy = G7xy

Pressure vessels
Axial stress in spherical pressure vessel

_pr_pd

a2 4t

Longitudinal and hoop stresses in cylindrical
pressure vessels

pr _ pd pr _ pd
O-longzizi Uhoopzi_i

26 4t 2t

Oradial-outside

Failure theories
Mises equivalent stress for plane stress

12
_ 12 2 N 2 2
oy = [(J’P1 0,0, + Up2] =lo? - 0.0, + 02 + 372 ]

Column buckling

Euler buckling load
m2El
o = ( KL)Z
Euler buckling stress
mE
7 T KLy
Radius of gyration
=t
A

Oradial-inside =

172

=0
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5= Xx; A, 5 = 2y, A,
YA; YA,
I =%, +d*A)
Table A.1 Properties of Plane Figures
1. Rectangle 6. Circle
Yooy y
k=) A=bh
_ h bh3 2
y = E = E A= 7r2 = %
3 X
h o x )_czé y:ﬂ I=I=ﬂ=ﬂ-d4
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2. Right Triangle 7. Hollow Circle
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X = — = —
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4. Trapezoid 9. Parabolic Spandrel
a J
y y
A= M x . r_ i %)
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5. Semicircle 10. General Spandrel
2 h y
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y:ﬂ Ix :(E_i),A %ero I A bh
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SIMPLY SUPPORTED BEAMS

Beam Slope Deflection Elastic Curve
v P 1 2
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CANTILEVER BEAMS

Beam Slope Deflection Elastic Curve
19 20 21
v P
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