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Fundamental Equations of Statics and Mechanics of Materials mes———

Cartesian Vector Friction
A=Ai+Aj+ Ak Static (maximum) F,= usN
: Kinetic Fy = wN
Magnitude
A=VAL+ A2+ A? Center of Gravity
. ' Particles or Discrete Parts
Directions N
A A = >TW
A A AT A Body
= cos ai + cos Bj + cos vk J'F dw
cos’a + cos’ B + cos’y =1 =
[aw
Dot Product
A-B = ABcos# Area Moment of Inertia
= A.B, + A,B, + A,B,
I = I r’dA
Cross Product
i j Kk Parallel-Axis Theorem
C=AXB=|A, A, A, -
B, B, B, I =1+ Ad?
Cartesian Position Vector Rudiys gy Gyrotion 7
i . =
r=(xn-—x)i+(y—yit+(z2-zn)k A
. Axial Load
Cartesian Force Vector Normal Stress
P
F=Fu=F (;) o = X
Moment of a Force Displacement L P(x)d
$ ¢ x)dx PL
My = Fd i j k 5:/—,5=E—,6 = aATL
MO =rXF= s ry r, 0 A(X)E AE £
F, F, F
= °F 58 Torsion
Moment of a Force About a Specified Axis Shear Stress in Circular Shaft
Uy Uy U _ Tp
M,=urXF=r, r, r, =7
F, Fy F, where -
= 2 4 & .
Simplification of a Force and Couple System / 2 Halicl Gy section
Fr = 2F J= % (¢t — ¢;*) tubular cross section
(Mg)o = M, + ZMp Power
Equilibrium P =Tw =2ufT
Particle SF o 0SF —0SF -0 Angle of Twist Y- JL T(x)dx LI
. : , J(0)G - “7G
Rigid Body— Boe Dimensions Average Shear Stress in a Thin-Walled Tube
SF,=0,3F,=0,SMyp =0 T
Rigid Body— Three Dimensions Shear F1 Tavg = 2tA,,
$F,=0,3SF,=0,3F,=0 ear iow _. T
M, =0,5M, = 0,SM, =0 9= Tt = 54

—



”

Bending Material Property Relations
Normal Stress Poisson’s Ratio
= -Aﬂ €lat
o 7 g st — ;L
Unsymmetric Bending long
M,y Mz y 2 Generalized Hooke’s Law
o=— + —, tana = — tan 6
I, I, I, 1
. €x = E [0 — V(Uy + o))
Shear 1
Average Direct Shear Stress =% [oy — v(ox + 07)]
Vv 1
Tavg = 1—4_ € = E[Uz - V(Ux + Uy)]
1 1
Transverse Shear Stress % Vay = 5 Tey, Wz = 6 Tr Y = 6 Tox
TR where
Shear Flow VO G = E
q=r7T= T 2(1 + v)
Stress in Thin-Walled Pressure Vessel Relations Between w, V, M
Cylinder pr pr av _ —w(x) a v
o= 2= S50 dx T dx
Sphere
= oy = Elastic Curve
Stress Transformation Equations p EI
Ox t 0y 0y~ 0y ; d*v
oy = ) 4 > cos 20 + 7, sin 26 EI e =—w(x)
Oy — 0y d3v
Tyy =~ sin 20 + 7., cos 20 EIE = V(x)
Principal Stress d*v
_ El — = M(x)
xy dx
tan 20[7 = _—/2
(0 ~ o) Buckling
Ty + Uy Ty — 0y\2 s 4
o1, = + \/ ( 2 ) + 72 Critical Axial Load
’ 2 2 Y 2
P - d I §
Maximum In-Plane Shear Stress (KLY
(or — o2 Critical Stress
tan 26, = —— g
' Tay Oa=-——, r=VI/A
7=y (KLIr)
Tmax — = A + 72
2 xy Secant Formula
o, t+ oy _ P ec L P
Tavg = 2 Umax_z 1+7sec ; a
Absolute Maximum Shear Stress
” = Omax — Omin
i 2
i Omax  Omin
avg 2
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