Statics Equation Sheet

ar? +bx+c=0,
o —bEt+Vb® —4dac
- 2a

27 rad < 360°
sinf, sinf, sinf.

a b ¢
? =a% 4 b? — 2abcosb.

0o + 0y + 6. =7 (180°)

. b Opposite
sinf = - = ———
¢ Hypotenuse
a Adjacent
cosf = —= ———
¢ Hypotenuse
b Opposite
tanf = - = ——
a  Adjacent

sin(a &+ ) = sina cos B %+ cos asin 8
cos(a =+ ) = cosacos 8 F sin asin 8

W =mg
g = 32.2 ft/sec? = 9.81 m/sec?
kg-m b

250 e = ——
ez’ U8 (ft/ sec?)

Units for moment of a force
U.S. Customary SI

ft -1b or in. - Ib N-m

Chapter 2: Force Vectors
B=Y"F F=Fi

TA-B

Aap = —
|7'A—>B|

Azi+Ayj+ Azk
V(B2 + (Ay)® + (A2)°

5\AB = cosf, 1+ cosb, j—i—cos&zfc

Aap = sin 0y cos¢ i +cosby, )
+sin 6, sin ¢ k
cos? 0, + cos? 0y + cos?h, =1

F=F,i+F,j
= Fcosfi+ Fsinf )
=F 46

Chapter 3: Equilibrium of Particles
S E= (Y FR)i

+(>XR)i

- (Z FZ) k=0

:Zg:o

t Y F,=0

:Zg:o

T, ~>

Chapter 4: Moments of a Force
The moment of F about point A

My=7FxF, |Ma=d,F

where 7 is a position vector from P to any

point on the line of action of F.

My = (Fr)sing = F(rsing) = Fd,,
My = (Fr)sinp = (Fsing)r = F, r,

Moment about a line:

Map = Aap - Mp
= Aap - (Fx F)

= |Mp|cosf
e Ay A
Map=|1s 1y T2
F, F, F.

Equivalent Force-Couple System:
F=Y"F
Vo =" Mo
= Z('FX ﬁ) + ZMCouples

Equivalent Systems:
(Z F) System = (Z F) System
1 2
<Z MP) System = (Z MP) System
1 2

Chapter 5: Equilibrium of Rigid Bodies

Zﬁ:O, and Z]\lezo

j{:zgjzzo
Y F,=0
j{:}g =0

>

Ty

MMM
S
| | \

2D Planar:

— Y F,=0
Y F,=0
Y Mp=0

Reaction forces prevent translation;
Reaction moments prevent rotation

Chapter 7: Internal Forces and Moments

In two-dimensions:

N = Normal Axial Force
V = Transverse Shear Force
M = Bending Moment

dVv dM
@Y w Y
M

Tz~ @)

Concentrated force P,
shear discontinuity (jump):

vtV =-P

Concentrated couple M¢,
moment jump:

Mt —M~ =—-M¢q
In three-dimensions:

N, = Axial Force

V, = Shear Force in y-direction
V. = Shear Force in z-direction
T, = Torque about the z-axis
M, = Moment about the y-axis
M, = Moment about the z-axis

Distributed loads w(z):

F:/Lw(x)d:c
F:E:M:/L:rw(x)d:r

Effect of w(x) is statically equivalent to
resultant F' at position .

Chapter 8: Friction

Ff < (Ff)max static 'U’SFN

If at the max limit, on the verge of sliding
and impending motion,

Fr=pusFyn

T:
Belt Friction: —= = eM?
Ty

Spring Forces and Torques
Fs=kp (L' - L)
M, =ky (0 —0)
Chapter 11: Virtual Work
SU =8d-F+60-M =0
Virtual Power:

SV =00-F+63-M=0
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Cross (Vector) Products

Dot (Scalar) Products

Chapter 9: Center of Mass and Gravity

1. UXT=—-UX1id @ - U = |ul|v] cos O m—Zmi:/dm
2. (i x 7) = (ail) x 7 = @ x (a?), and where 6 is the angle between u and v. i—1 m
l.u-v=0v-u n
B UXx (T+wW)=uxv+udxd mz = ilml:/a:dm
2. a(i-v) = (ad) - ¥ =14 - (a?), and p m
1 3.0-(T+W)=d-7+@-@ n
- - : my = gomi = [ ydm
+ + Since 7, 7, and k are mutually orthogonal: i=1 m
~ n
o) AR IRy R
~—— ji=0 jj=1 j k=0 =1 "
— Pos Pooa P For center of gravity, change “m” to weight
k-2=0 k-7=0 k-k=1 g s g g
ixi=0 ixj=k ixk=-j ! J “W?”. For the centroid of a volume or line,
. . . T 2 5 L change “m” to “V” or “L”, respectively.
ixi=—k jxj=0 jxk=i 0= (e ] + ush)
kxi=j kxj=—1 kxk=0 . (Uzi'i‘ vyj + Uz]%) Chapter 10: Mass Moment of Inertia
A = sz Uy Uy + Uz I =km = / r? dm
M=7FxF=|Ty Ty T, m
F, F, F, Chapter 9: Centroids of Areas Parallel Axis Theorem:
Ty Tz |, n 7 2
= G A= Ai:/dA I'=1I+md]
F, F. ; A e
‘ re T, d, = perpendicular distance
- J n between parallel axes.
Te Ty |- i=1 A 1, B
+ i Toar = Emé , m=pAl
F, F, N
=(r -7, 7 - = in plate with surface area A:
JF.—1.F))i Ay z;yA vaa Thin pl h surf; A
=
- (Tch rzFx) j
“ . Lyoaxis = ptzlac
+ (roFy —ryFy) k Chapter 10: Area Moment of Inertia
Iy—axis = ptz-[y
In 2D plane: — 2 A = 2
£ kxA /Ay d4 I, axis = ptzJO = ptz(Ia: + Iy)
M = (ryi+ry)) X (Fpi+ Fyj) I w2 A / 2 44 where I, I, Jo are area moments of inertia.
- . = =[x
M = (Fyry, — Fyry) k o A
M = (F,fy — Fyr
(5 W3 Jo:kgA:/rsz:Im+Iy
A
%ﬂ” _ 2 —g _z gx Radius of gyration: Prefix Abbreviation Multiple
y | = Yy :
M, —y T 0 F, nano n 1079
yF, — zF, ky,ky, ko = /K2 + k; micro 7 10-¢
— | 2F. — 2F milli m 1073
T z . 3
©F, — yF, 1 1 kilo k 10
Y Lieet = _bhga Leircle = L mega M 106
12 4 giga G 109
Coordinate Rotations I=T+A di
, _ d, = perpendicular distance
' =xcosh+ ysind between parallel axes.
y = —xsinf + ycos. 0
ﬁ:u$i+uyj:ux,,z/+uy,j/
Uy = Uy €OS O + Uy sin 0 0

Uy = —Ug Sin 0 + u, cos b
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