SUMMARY OF CHAPTER 1 to 9 (Beer and Johnston, 2004)

Acceleration: Mass: Power:
ft/s> > 0.3048 m/s’ 0z>2835¢ f'lb/s > 1.356 W
Chapter 1 in/s> > 0.0254 m/s’ Ib mass > 0.4536kg hp > 7457 W
Dimensions & | Area: slug > 1b-s¥/ft > 14.59 kg Pressure or stress:
Units ft* > 0.0929 m* ton = 907.2 kg Ib/ft > 47.88 Pa
in* 2 645.2 mm® Moment of a force: Ib/in? (psi) > 6.895 kPa
Energy: Ib-ft > 1.356 N'm Velocity:
ft'lb > 1.356 J Ibin = 0.1130 N'm ft/s = 0.3048 m/s
Force: F=ma Moment of inertia: in/s 2 0.0254 m/s
kip > 4.448 kN area : in* > 0.4162%10° mm* mi/h (mph) > 0.4470 m/s
Ib > 4.448 N mass: Ib-ft's* > 1.356 kg'm’ mi/h (mph) - 1.609 km/h
IN > 1 kgm/s*
Length: Momentum: Volume:
ft  0.3048 m Ibs = 4.448 kg'm/s f® = 0.02832 m’
in > 25.40mm Work: 1J > INm in’ > 16.39 cm’
mi = 1.609 km ftlb > 1.356J Weight: W = mg
Rectangular components :
F,=F, F,=F,j
Chapter 2 F=F\i+F,j whereF,=Fcose F,=Fsine
Stati direction angle: tan e = F,/F, magnitude: F = VF°, + F*,
ancs Resultant: R, = ZF, R, =ZF,
of
Particles Forces in space:
F,=F cos o, F,=F cos o, F,=Fcose,
F=Fi+Fj+F,=Fk or F =F (cos e,i + cos e,j + cos e,k)
A =cos e, + cos e,j + cos o,k cos 2oy + cos 2ey +cos %0,= 1
F=\F,+F,+F, cose,=F,/F cose,=F,/F cose,=F,/F
Resultant: R, =XF, R, =ZF, R,=Z%F,
Vector Product:
V=PxQ V=PQsine QxP=-PxQ) ixi=0 ixj=k jxi=-k
Rectangular components of vector product:
Chapter 3 Vx = Py Qz - Pz Qy Vy = PZQX - PXQZ VZ = Px Qy - Py Qx
Equivalent
Systems of i j k Moment of a force: Mo=rxF Mo =rFsine=Fd
Forces vV = P, P, P, Mx=yF,-zF, M, = zF, — xF, M,=xF,-yF
Q Q Q i j Kk i j Kk
Mo=|x 'y z Mg= XaB  YaB  ZaB
Fx, F, F, F, F, F,
Scalar Product: V=P - Q V =PQcos e P-Q=P,Q +P,Q,+P,Q,
Moment of a force about an axis: Mgy = A*Mo= A°'(rxF)
Equivalent system of forces: XF =XF  and XMo=XM’o
Chapter 4 o .
iy Equilibrium equations: XF=0 ZXF,=0 ZXF,=0 ZXF,=0
Equilibrium A

Rigid Bodies

ZMo=(rrxF)=0 XIM,=0 XZM,=0 XZIM,=0




Center of gravity of a 2 dimensional body: W=[dW xW=[xdW yW=]ydW
Centroid of an area: xA =[xdA yA=|ydA

First Moments: Q, = xA Qi=YA

Center of gravity of composite body:

XIW=ZxW YZIEW=3%yW Q, =X XA =2xA
Determination of Centroid by integration:

Q=Y ZA=3yA

ChapterS 1 o A lx,dA Q.= yA=ly,dA
Centroids and | Theorem Pappus-Guldinus : A=2myL V =2myA
Center of gravity | Center of gravity 3 dimensional body: xW=[xdW yW=[ydW zW=[zdW
Centroid of a Volume: : xV =[x dV yV =Jyadv NV =[zdV
Center of gravity of composite body:
XEIW=2xW YIW=XyW ZIW=XzW
X2V =3xV YXV=2yV ZXV=%zV
Determination of Centroid by integration: xV = [x,; dV yV = Iy«l dv zV =z, dV
Relations among load, shear, and bending moment:
dV/dx=-w or Vp— V¢ =- (area under load curve between C and D)
dM /dx=V Mp — M¢ = area under shear curve between C and D)
Cables with distributed loads: Catenary:
Chapter 7 Tension: T = VT> + W s = ¢ sinh x/c
Forces in Beams | tane=W /T, y = ¢ cosh x/c
and Cables y-s=¢
Parabolic cable: To=wc W=ws T=wy
y =wx’ /2T,
Chapter 8 Static and kinetic friction:F,, = u,N  F,= 1uN Angles of friction: tan ¢, =p; tan @y =

Static Friction

Belt friction: InT,/T,=p,p T,/T,=e"P

Chapter 9
Distributed
forces &
Moments of
Inertia

Moment of inertia of an Area:

Rectangular moments of inertia: I, =] y>dA I,= Ix*dA
Polar moment of inertia: Jo=[12dA Jo=IL +1
Radius of gyration: k,=VI/A k, =VI/A k, =VL/A
Parallel axis theo. : 1=1+ Ad” Jo=Jc+ Ad”

Product of inertia: I,,= | xydA  Ly=I¢p+xyA
Lo =+ 1)/2 + (I, -1))/2 cos 20 -1 sin2 e

Iy =+ 1)/2 + (I, - 1))/2 cos 20 +Iysin2 e

Loy =+ 1)/2 sin2e + 1,y cos2 0

Principal axes: tan2e,=-21, /1 -1,

Moment of inertia of Mass:
I=]*dm k=\I/m
I, = I(y2 +7%) dm I,= (2> + x*) dm
Parallel axis theo. : [ = + md”
Moments of Inertia Thin Plates:

L= Ix*+y) dm

Iaa = 1/12 ma® Igg = 1/12 mb?
Tee = Iap + Ipp = V12 m (@ + b)
for circular plate: Ijs = Ipp =% mr?
ICC’ = IAA’ + IBB' =¥ mrg
Moment of inertia with respect to arbitrary axis:
L= Ixydm Iyz=fyzdm L= zxdm
Io=L A+ LA 2+ LA, = 2L A Ay 21,0 A, - 2L, &, Ay
Principal axes of inertia
Principal Moments of Inertia
Iop=Io A2+ 1,0 2+ LA
K-+ L+ DK+ (L L+ L+ L1, -F, -, -I,)K
- (L LL-LP, - -L A -21,1,0)=0




