FINAL SUMMARY ENGR-242 (ch. 1,2,3,4,5,6,7,8,9)

Review:

e Dot product:
o Multiply each component then add all together.
e Ex:u*v=(ulvl+u2v2+u3v3)=___ (this will be a number not a vector).
e U*V =||ull|lv|]lcosb if u,v#0 and 6 is the angle between the vectors.

o B=cos™(u*v/|lullllvI)
o u*v >0, 6 =acute angle
o U*v <0,0=obtuse angle
o u*v=0 then ulv
o u*v=1thenuis parallel to v
. [ u] |=\/(u12 +u,% +u32)  thisis the magnitude or norm of a vector
Cosine rule: Sine Law:

C = /A% + B2 — 2ABcos(c)
A=,/C%+ B2 —2ACcos(a)
B = /A2 + C% — 24Ccos(b)

A _ B _ C
A sin(a) sin(b)  sin(c)
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Finding a Force vector knowing only two points on d

its line and its magnitude: ‘ . L
ot | Ol " — o) - —
. AB d oo ( ;
E=]|E||*A where \is — )4 ) A
| |A—B| | 8 ! c] ‘ @
Fig. 2.31
AB is a vector along the same line of action as F F, = FcosOy, F, = Fcosb,, F, = Fcosb,
; =

Fn=FsinB, £_2 Cross product:

Fp AC L

4 = — 3 P () — i D —
\\\E\/,'/ N Y, (P\'Q: P:Q\‘)l = (I :Q\' P\Q-)J + (l \Q\‘ P\Q\)k
F.=FnhcosBx e V. = P.0. - P.O,
Rectangular components : : :

: Ao of a vector product Yy = PL. = PO,
F.=FnhcosB, = F, sinB v S e V.= PO, - PO,
Fe _ AE F, _AD o =Y | ‘
=Z== agnd == ‘
Fp AC Fp AC N iXi=0 jxi=-k KXi=]j

pd Tixj=k ixj=0 ko j=—i
Use similar triangles .- . Xk = ixk=i kX k=0
Angle between two vectors: Projections:
o g = D RO PO Of a Force Vector on an axis OL: Po,=PA
et ilatl Of a Moment vector on an axis BL:
o L Mg, = A-Mg= A: (ryp X F)
Ao A
&
o 7 MpL = |Xam  Yam  Zamm ?
/ ‘ BN v e moment of a force sbout an a
Xap = X4 — Xp Yaipb = Ya — VB Ta/B = T4 — IB ey other pom




Scalar triple product:

Moment:

S *(PxQ)=Sx(PyQ:-P:Qy)+5,(P:Qu-PxQa) +5:(P+Qy-PyQu) Ca
5.8, 8. R s
$(PxXQ) =[P, P, P

S(PxQ)=-S(QxP)=Q(SxP)=P(QxS)

Q. O 0O

Moment of a couple

Fig. 3.27 The moment M of a couple equals

where Xy, Y and Zys denote the components of the vector ryg

zp

Xup = X2~ X Yup=¥a T Ve Zup T I

M=r x F=d*F=F*r*sin0

M, = yF; — zF,
M, = zF, — xF,
M, = xF, — yF,

the product of F and d, is perpendicular to
the plane of the couple, and may be applied

at any point of that plane. Fig. 3.26 The moment M of the couple

about O is the sum of the moments of F and H ct—p
about Q' the Equivalent couples 3
y "
i
/J‘ M, - M Y
A b
s Y 5 L
o = I
o y — 9\ 4 —_ 2]
\/ = \/ = Sod "
X X L L
o’ 4 0 P A B A Fig. 3.28 Two couples have the same
M £ 4 moment if they lie in parallel planes, have
e e the same sense, and if Fyd; = F,d,
(@) b () i :
Fig. 3.35 Moving a force to different points. (a) Initial force F acting B o
at A; (b) force F acting at O and a couple; (c) force F acting at O’ and Fig.3.20 Three equivalent couples. {a) A couple acting on the bottom of the box, acting counterclockwise viewed from
a different couple. abave; (b) a couple in the same plane and with the same sense but larger forces than in (a); () a couple acting in a different
W . . . plane but same sense y y M y y
My =r XF=(r+s)XF=rxF+sxXF f” Fe ‘
My =My +sXF . ’ M F e Il
s A P ~, (A E “n g M
This helps us o _ (//‘ _ Ny = = = &
e = 9] x X X »~ ¥
4 / 2 M M

with the next ;
section (seen
below)

(b, )

Fig. 3.34 Replacing a force with a force and a couple. (a) Initial
force F acting at point A; (b) attaching equal and opposite forces
at 0; (q) force F acting at point O and a couple.

(a (b, () ()

Fig. 3.33 (a) A couple formed by two forces can be represented by (b) a couple vector, oriented
perpendicular to the plane of the couple. (c) The couple vector is a free vector and can be moved
to other points of application, such as the origin. (d) A couple vector can be resolved into
components along the coordinate axes.

Resultant of Parallel Forces

Reducing a System of Forces to a Force-Couple System
L .

b) 6. 337 Once 3 systom of forcos has bren
educed 10 a force-couple system st one
Joint, we can repiace t

Fig. 3.36 Reducing a system of forces to a force-couple system. (a) Initial
system of forces; (b) all the forces moved to act at point O, with couple
vectors added; (c) all the forces reduced to a resultant force vector and all the
couple vectors reduced to a resultant couple vector.

R = 3F M¥ = =M, = Z(r X F) |

M} = M§ +s xR

y y

\/

&
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a b) i)

Fig. 3.40 Reducing a system of parallel forces. (a) Initial system of forces;
(b) equivalent force-couple system at O, resolved into components;

(9) moving R to point A, chosen so that the moment of R about O

equals the resultant moment about O.

Reduction of Coplanar Forces

< o\.

a) b i)

Fig. 3.38 Reducing a system of coplanar forces, (a) Initial system of forces;
(b) equivalent force-couple system at O; (c) maving the resultant force to a
point A such that the moment of R about O equals the couple vector,

¥ y
Fx=MAR

Ly=_MEm,

(b)

{a)

Fig. 3.39 Reducing a system of coplanar forces by using rectangular
components. (3) From Fig. 3.38(b), resolve the resultant into components
along the x and y axes; (b) determining the x intercept of the final line of
action of the resultant; (c) determining the y intercept of the final line of
action of the resultant

The previous reductions are only

possible if the moments and the forces

are perpendicular. To solve when they

aren’t, split them into perpendicular

components.
£

"

/
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a) b,

Fig. 3.41 Reducing a system of forces to a wrench. (a) General force
system reduced to a single force and a couple vector, not perpendicular to
each other; (b) resolving the couple vector into components along the line
of action of the force and perpendicular to it; (c) moving the force and
collinear couple vector (the wrench) to eliminate the couple vector
perpendicular to the force.




2D Reactions

Support or Connection

Reaction

Number of

3D Reactions

4 Y 4 p y To solve:
Iy . | . - W .
. o 1) Draw free body diagram.
i “r o ghien | 2)  Equilibrium gives:

Y 4 Fretx=0
i { Frety=0
— £, Frei2=0
e Mret(about any point)=0
3) Solve for all unknowns.

Wheel on rail

< P G
_____ F

Three force components

Rough surface Ball and socket

Method of Joints
m \ }
' . o
R 14 2 I
Y M st
- ‘ "ok
Universal Three force components Three force components
joint and one couple Fived support and three couples

—r—

Fixed support

Force and couple

Unknowns
feX @* ‘/!9,‘,'_ 1
(1IN et =
Frictionless Force with known
Rollers Rocker surface line of action
% ] Ve 1
Short cable Short link Force with known
line of action
/
A / Q0° s
;,‘»’;) - g = oS
) S 1
4 /
/
/
Collar on N - Force with known
frictionless rod Frictionless pin in slot line of action
or ‘
! | )
@
Frictionless pin Rough surface Force of unknown
or hinge direction
| "
| 3

o ) — FA
— | = ]
|

Two force components
(and two couples)

Hinge and bearing supporting

Pin and bracket axial thrust and radial load

Method of joints:

1)

a.

2)

Draw a free body diagram for entire truss (to find reaction forces).
Use FretX, Frety, Mnet all =0 to find forces
Draw a free body diagram for each joint (to find forces in each member). Start with the joints with the

smallest number of unknown forces, preferably at one of the ends of the truss.

a. Use FnetX, Frety, Mnet all =0 to find forces
Note: use similar triangles and trig to help find ratios of forces. " el
Method of sections: (use to find forces in a specific truss member). T
1) Draw a free body diagram for entire truss (to find reaction forces). SN EN /
a. Use FreX, Frety, Mier all =0 to find forces. © i
2) To find the force in member BE: @
a. Split the truss so that you split member BE. | vr'
b. Pick the side of the truss with the least unknowns and external forces to simplify S . i
future work, then treat that section as its own truss and solve using FnetX, Frety, ! L _ .
Mt all =0. i
> ®

Members:

Zero-Force members:
Forces in opposite members must be equal so any 3™ member joining them is a zero force member.
o Ex: Members AC and CE are opposite, so BC is a zero-force member. Same for JK and IJ.

Also:

e AC=CE, HJ=IL, GI=IK=KL
e JL,=%l,, and JL,=£KL etc.

25kN H
25 kN ¥
\ DX
N
Bo
Ax A

“<gfffe—=0) (0} (o)
A C E

2. To determine whether any other truss is or is not completely constrained
and determinate, you first count the number m of its members, the number n
of its joints, and the number r of the reaction components at its supports. You
then compare the sum m + r representing the number of unknowns and the

F 50 kN product 2n representing the number of available independent equilibrium
le equations.
YH a. f m + r < 2n, there are fewer unknowns than equations, Thus, some of
o the equations cannot be satisfied; the truss is only partially constrained.
-l b. If m+r> 2", HT(’T(' are more ‘I"k“ﬂ\-“ﬂs ll]'{llT ('Yl]lﬂﬁﬂ"s. Thllﬁ‘ some Ur
(o} the unknowns cannot be determined; the truss is indeterminate.
c. IFm + r = 2n, there are as many unknowns as there are equations. This,
(o} 0|  however, does not mean that all the unknowns can be determined and that all the
G ‘ I K A equations can be satisfied. To find out whether the truss is completely or improp-
" 5 L erly constrained, you should try to determine the reactions at its supports and the
20kN Y 'd forces in its members. If all can be found, the truss is completely constrained and

determinate.




Frames and Machines:
e Have more than just axial forces on each end, so may have other forces acting at 63° to the member.
Steps:

1) Free body for entire frame with equations Fnetx=0, Fnety=0, Fretz=0, Mnet(about any point)=0

2) Free body for each 2 force member.

3) Free body for all multi-force members.
*If there is an external force acting on a joint between two
members, only use it in one of the free body diagrams.
**This does not apply to reaction forces, those are shown
on all free body diagrams but will be positive in one and negative
in the other.
***Where a multi-force member connects to a two force member,
draw a force equal and opposite to that shown on the two force
member diagram.
***X*¥\Where a multi-force member connects with another multi-

;
|
|

force member, draw the vertical and horizontal components and D s
draw the equal but opposite components on the 2" attached . 25{,7' T
mulri-force member. e L =
A|<;36m4' -24m—|'2m- o | |
N o . Note: if you obtain a negative value for a
N 2 e A' > & force that you arbitrarily drew onto the
B | N T." diagram, it just mean the force should be
\ U,ﬂ -l in the other direction. Do not change it
Er  AE D GRS however because if you do then you need

48m to rewrite all your equations.

Forces in 3D:
(its magnitude)(a direction vector)

e Avector=
(norm of the direction vector)

e Find the moment about a point (using cross product)
o You know in equilibrium that that moment =0, so that means
= Sum of all i components=0
=  Sum of all j components=0
= Sum of all k components=0
o Use that to solve for unknowns.
e 6 Equilibrzium equations are:

0 Fnetx=0
0 Fnety=0
0  Fretz=0
(@] M(po]nt)zo

) icoefficients =0
- choefficients =0
D) kcoefficients =0

Note: If axis are not given, place them so that as many forces as possible lie on them. That way those forces don’t

affect the moment about that axis.




Centroids:
e [f an object has two lines of symmetry that intersect at 90 degrees, they intersect at the axis of symmetry.

1 1
Centroid (do forx and y) = X = —f xdA = —Z AiX;  Xcenter of massMtotal = fxdm = Z m;x;
Atotal Atotal 7 ;

Total X*(Atwota)= X1A1+X2+A,, meaning you y y y y y
. 4r17
can add up all the areas and all their 3z 2246MM | £ =60 mm _
60 mm ) ry=40mm
centroids, while subtracting the negative + | somm + \L—L \/\
‘ (A
areas. ,Z 80 rTnm 105.46 mm 80 mm
I40 mm l
T x N X X ‘ X
g _20mm 60 mm 60 mm
Component A, mm? X, mm i, mm ¥A, mm® yA, mm®
b. Location of Centroid. Substituting the values given in the table into e 5 _ 5 ) 3
the equations (lvl‘ining the centroid of a composite area, we obtain B(’-L‘t‘““glc 1(12(”(6()) =96 X 10,3 60 40 +576 X l()" +3§4 X 103
_ ) _ e o Triangle 1(120)(60) = 3.6 X 10 40 -20 +144 X 10 72 X 10
XZA =ZxA: X(13828 X 10" mm’) = 757.7 X 10" mm” Semicircle 1p(60)? = 5,655 X 10° 60 105.46 +339.3 x 10° +596.4 % 10°
) _ o X = 548 mm Circle —p(40)* = —5.027 X 10° | 60 80 —-301.6 X 10* —-402.2 x 10°
YZA = ZyA: Y(13.828 X 10° mm?) = 506.2 X 10° mm® 3 = — T = 3
> Y = 36,6 mm TA = 13.828 X 10 XA = +757.7 X 10 A = +506.2 X 10
Steps: - — — — —
Segment L, in. X, in. y, in. xL, in yL, in
1) Make table of values for P o B a o i
- = = BC 26 12 5 312 130
LorA x,y,x(L or A), CA 10 0 5 0 50
y(L or A) SL = 60 SiL =600 | SyL =180

2) Sum all the values.
3) Divide XA value by total

Substituting the values obtained from the table into the equations defining
the centroid of a composite line, we obtain

find % hi ‘ B X XSL =3%L:  X(60 in.) = 600 in? T = i)

area to find x. (same thing 24in. | YSL =SyL:  Y(60 in) = 180 in’ Y= 3in
for L).

Notes:

e A center of symmetry is an axis of symmetry that is just O so on the origin. This is when there are two
perpendicular lines to an axis that divides a shape. Then the centroid is on that intersection.
First moment:
* Qy=XAwta = JxdA Qx = YAtotar = [ ydA
Distributed loads:

o Adistributed load can be replaced by a single force of the same magnitude located at the centroid of the
distributed load. This load is also equal to the magnitude of the area under the curve or the integral of that
curve.

e If you have a form load made of various shapes, split it up and find each single force with relation to each
centroid.

Distributed loads on submerged bodies:
o W =bp=>bgh=brgh
o Where: pis the pressure at depth h, g is the specific weight of the liquid, r is the specific density of
the liquid, b is the width of the submerged surface.
o The line of action of the resulting force is perpendicular to the surface of the submerged plane.

hd Use thls W asa dIStrIbUted Ioad Component A, kN X, m xA, kN - m
Triangle 1 45 2 9
Triar lgh' 11 13.5 4 54

ZA = 150 3¥A = 63 -]8 KN
Thus, XZA =3FA:  X(18kN) =63kN-m X=35m X=35m
1.5 kN/m The equivalent concentrated load is
- > W = 18 kNw I l

and its line of action is located at a distance —’A Aﬁo_ A B

X = 3.5 m to the right of A




Shape ¥ ¥ Area
) h bh
Triangular area 3 5
Quarter-circular ar ar?
area ir 4
Semicircular area ;_r rrTr?
W
Quarter-elliptical 4b wab
area KE 4
Semielliptical 4b mab
area 3m 2
Semiparabolic 3h 2ah
area 5 3
Parabolic area %} 4Tah
Parabolic spandrel %1 aTh
General spandrel 4’:1 ++12 n3+h1
Circular sector B 2"5%’ 0 ar?
a
- ¥ ——=
Quarter-circular ’ 2r 2r wr
arc T T 2
| Coy —— — — — — — -9
SN [©
ok _ ! - Z
Semicircular arc ‘ 0 0 E?r ar
x
V{/ . ;
Arc of circle e T E Y rsina 0 ror
(0] a




Internal Forces in members:

e If you cut a member, you will find the internal forces:

o

F which is the axial force and is directed axially.

oV which is the sheering force and is perpendicular to the member.

o

M which is the bending moment at that point.

e Note that on one side of the cut, the values are

positive and on the other side they are negative.

P

To solve these, use the regular three equations with the T

added axial force, sheer force and bending moment.

40 Ib/in.

12 in—+

o) B
[D~ m
) E

%uu b

*—-—‘ =10 In.—~

6in.'4in.
32in.
480 Ib
B B,
Al
c D
A £ B,
}—'IGO Ib
—==10in—~
Ty 16 in. ‘
——12mj 14 in.—
40 Ib/in.
1oOOIb in
A B
| 1n c2'|p 3
515 1b | 365 b
Ly
3 ‘ 400 Ib
|

515 Ib

v
515 1b

=

1600 Ib-in
)
|
400 by X=18 [v
X
\35\&; _
— 18 in. 32in.
121n.
| -365
3510 Ib-in, <5110 lb-in,
3300 Ib-In!

(@
Fig. 7.4

SAMPLE PROBLEM 7.3

Draw the shear and bending-moment diagrams for the beam AB. The dis-
tributed load of 40 Ib/in. extends over 12 in. of the beam, from A to C, and

the 400-Ib load is applied at E.

SOLUTION

Free-Body: Entire Beam. The reactions are determined l]_\_' considering the
entire beam as a free body.

+13IM, = 0: BJ(SZ in.) = (480 Ib)(6 in.) — (400 1b)(22 in.) = O

B, = +3651b B, = 365 Ibx
+1 ZMz =0: (480 1b)(26 in.) + (400 Ib)(10 in.) — A(32in.) = 0

A= +5151b A =5151bx
v EF, = 0 B, =0 B. =0

The 400-Ib load is now replaced by an equivalent force-couple system acting
on the beam at point D.

Shear and Bending Moment. From A to €. We determine the internal

forces at a distance x from point A by considering the portion of the beam to
the left of section 1. That part of the distributed load acting on the free body
is 1(-ep[uued 11}' its resultant, and we write

‘b(EFU =0
+1EM, = 0:

515 — d0x — V=0
—515¢ + 40x(ix) + M = 0

V =515 — 40x
M = 515y — 20¢°
Since the free-body diagram shown can be used for all values of x smaller

than 12 in., the expressions obtained for V and M are valid throughout the
region 0 < x < 12 in.

From C to D. Considering the portion of the beam to the left of section 2
and again repluuing the distributed load lly its resultant, we obtain

515 —480 - V=0V=2351b
—515x + 480(x — 6) + M =0

+x EFU =0

+1 ZM, = 0: M = (2880 + 35x) b - in.

These expressions are valid in the region 12 in. < x < 18 in.

From D to B. Using the portion of the beam to the left of section 3, we
obtain for the region 18 in. <x <32 in.

515 — 480 — 400 -V =10 V =-3651b

—515x + 480(x — 6) — 1600 + 400(x — 18) + M = 0
M = (11,680 — 365x) Ib -« in.

+x EFV =0:
+1IM; = 0:

X

' Shear and Bending-Moment Diagrams.

(liugmmh for the entire beam can now be plmted. We note that the c()uple
of moment 1600 Ib - in. applied at point D introduces a discontinuity into
¥ the bending-moment diagram.

The shear and bending-moment

-— D :
Poa
(b}

©

Positive or Negative Sheer and Bending

= N

(@) Internal forces at section
(positive shear and positive bending moment)

C
|

if” =|

(b) Effect of external forces
(positive shear)

(¢) Effect of external forces
(p()siti\'e bf‘n(ling moment)

Steps for making the diagram

1) Find reaction forces

2) Draw the blank diagrams with
discontinuities anywhere where there
is a force on the FBD.

3) Sheer:

Start from the left add or subtract
forces on the plot as you walk along
the beam. In the example here, start
at 515 |b because of the reaction at A,
then subtract 4801b linearly slope
until x=12in. Then the force remains
constant until x=18in. Then subtract
400lb and keep that value until
x=32in. Then reaction at B adds 365Ib.

Note: if its in equilibrium and you don’t end at Olb for bending moment, there is a mistake somewhere.

The bending moment diagram can be found by integrating the sheer force diagram or by calculating the area of each

shape.

o

Order of the lines:

/ 2
—-/ycx
/

ycx

y=cx®

P Constant Linear
toad | ey | Py | getil]
Positive area under shear gives
Constant Linear Parabolic | positive slope of moment.
Shear — [ [— Negative area gives negative
= ~z <
slope.
Linear Parabolic Cubic
Moment




av _

av " 71
an_, &
dx
Vp — Ve = —(area under load curve between C and D) (7.2")
M,;, — M, = (area under shear curve between C and D) (7.4")

Taking these relations into account, you can use the following procedure to draw the
shear and bending-moment diagrams for a beam.

1. Draw a free-body diagram of the entire beam, and use it to determine the reac-
tions at the Beam supports.

2. Draw the shear diagram. This can be done as in the preceding section by cutting
the beam at various points and considering the free-body diagram of one of the two
resulting portions of the beam [Sample Prob. 7.3]. You can, however, consider one of
the following alternative procedures.

a. The shear V at any point of the beam is the sum of the reactions and loads
to the left of that point; an upward force is counted as positive, and a downward
force is counted as negative.

b. For a beam carrying a distributed load, you can start from a point where
you know V and use Eq. (7.2") repeatedly to find V at all other points of interest.

3. Draw the bending-moment diagram, using the following procedure.

a. Compute the area under each portion of the shear curve, assigning a posi-
tive sign to areas above the x axis and a negative sign to areas below the x axis.

b. Apply Eq. (7.4") repeatedly [Sample Probs. 7.4 and 7.5], starting from the left
end of the beam, where M = 0 (except if a couple is applied at that end, or if the
beam is a cantilever beam with a fixed left end).

c. Where a couple is applied to the beam, be careful to show a discontinuity in
the bending-moment diagram by increasing the value of M at that point by an amount
equal to the magnitude of the couple if the couple is clockwise, or decreasing the
value of M by that amount if the couple is counterclockwise [Sample Prob. 7.7].

4. Determine the location and magnitude of |M|,,,. The maximum absolute value
of the bending moment occurs at one of the points where dM/dx = 0 [according to
Eq. (7.3), that is at a point where V is equal to zero or changes sign]. You should

a. Determine from the shear diagram the value of |[M| where V changes sign;
this will occur under a concentrated load [Sample Prob. 7.4].

b. Determine the points where V = 0 and the corresponding values of |M|;
this will occur under a distributed load. To find the distance x between point C where
the distributed load starts and point D where the shear is zero, use Eq. (7.2"). For Vg,
use the known value of the shear at point C; for Vj, use zero and express the area
under the load curve as a function of x [Sample Prob. 7.5].

5. You can improve the quality of your drawings by keeping in mind that, at any
given point according to Egs. (7.1) and (7.3), the slope of the V curve is equal to —w
and the slope of the M curve is equal to V.

6. Finally, for beams supporting a distributed load expressed as a function w(x),
remember that you can obtain the shear V by integrating the function —w(x), and you
can obtain the bending moment M by integrating V(x) [Egs. (7.2) and (7.4)].



Static Friction: Fmax=sN
Kinetic Friction: Fi=puxN
e Wsis the coefficient of static friction
. . X i Lo Angle of static friction
e L is the coefficient of kinetic friction

Fn N
| tang, = — = —
Al b=5=F
Yy W A
b Y tan ¢, = i,
. | ‘V . . - .
Fp =P Angle of kinetic friction
N=P+W F, = N
N NI N=P+W
(a) No friction (P, = 0) (¢) Motion impending — (P, = F, ) Fk HAN
’ L tang, = i
A P W NP Al
IS Y ¥ tan ¢, = I
P\
< e
F=P, Fi<P,
E</aN Fi = N Note: Force R has
N N= l’,/ + W NIN= I’,’ +W

components Fsand N

(b) No motion (P, <F,,) (d) Motion ——(P, > F})

Wsin 6 .

w Weos § -

» NP !
T\ Steps:
& 1. Draw a free body diagram and
_IF-“ " . N
N1\R solve for unknowns. Align axis
'\ o<o, .
1LX with surface. 001
I ?’/1\ 3 e
(b) No motion 3 ‘<3 ,/ ’
AN /,/
N W oA
LN 1001 \

Determine if the body is static,

L)
\ R

X 2.
AL .
! ' about to move or moving so that
| % . . .
= you can find your friction force.
(@ Motionimpending— 3 Draw all cases. Is one block going

! to slide? Two? Tipping?

b a. Tipping is My about the
tipping point.

Frety usually is only made up
\ of the objects weight and
normal forces. Use that to
find N which will help you

(d) Motion ——»

= 74‘ N = Weos 6 A | Weos 6 , o find F (if impending motion).
=9 N /) RL-Fp=wWsing 05%, <Wsin 0
u 0o 1% e B e otk s ’ Note: Force R has components F;
(a) No friction b) No motion ) Motion impending .41‘,\1!1(!0!1/ and N
Fig. 8.4 (a) Block on horizontal board, friction force is zero; (b) board's angle of inclination is less than angle of static
friction, no motion; (c) board's angle of inclination equals angle of friction, motion is impending; (d) angle of inclination is
greater than angle of friction, forces are unbalanced and motion occurs.
Note:
A
o Ifall the forces are perpendicular to the surface it won’t have any friction forces. 1 "
e If F; has not reached its maximum static value, then FsusN. Only use this G o :
. . .. . . B 6°} 2] ) | =
equation if movement is impending. In this case, solve for Fs by Fnet coOmponents. LN F
- 7 -
e Friction is always opposing motion. | o
. . . . Y‘\\ In
e Normal forces cause by other blocks have are in opposite direction on each block o
e Always start with the block with the fewest unknowns. I~
Moment of inertia: i ) Polar moment of &
= 2 = 2 . . F; = 4N
= J} dA I, = J-t dA inertia: ]
2_y2 2 IN
y y y r=x +y
dA = dx dy dA =(a-x)dy dA =y dx == J'(; = ]_\ + i_\ J() — J).Z(IA — J(xz + v\'z)(lA — J‘J['IA + J”\.sz
dx ] 4 .
= may 2 4y ; Parallel axis theorem:
y y w \ ﬂ‘l"\ _
l : P | , oy =1+ Ad*
; x x dx X X t
dl, = y2dA 1/1,/ =12dA |4—u I I 24 0O T
dI, = y2dA eysred A Where:
(@) ®) © ->d is the distance
Fig. 9.3 (a) Rectangular moments of inertia d/, and dl, of an area dA; (b) calculating /. . between the two axis
with a horizontal strip; (c) calculating /, with a vertical strip. Fig. 9.6 Distance r used to evaluate the —.
polar moment of inertia of area A. ->] is the moment of

Radius of gyration:

inertia with respect to

I T 2 2 7.2 2
, , K=k +d =Jc + =k + i
ke is the distance  , _ [ Jo = Jc+ Ad™ or ko =k + d” the centroid.
tothe xaxis. And: V4 A .
|
ko = ki + ky ) ks
= o : Fig. 9.7 (a) Area A with given moment of
2 B 1_\' " ) inertia I,; (b) compressing the area to a
]_\‘ = f(_\.A k, = Z ’ } - horizontal strip with radius of gyration k;
0 Y

(c) compressing the area to a vertical strip with
radius of gyration k,; (d) compressing the area to

. a dircular ring with polar radius of gyration k.
()




y y T = 55 bh?
= 1
T Iy' =12 b3h
1
Rectangle h C = L= 3 bk
J_ I, = sb%h
! b | Jo = i5bh(b* + h?)
T 1
Triangle h 9 Ly = 35 bh?
- h X' A g
W NE 1= Lo
s
Yy
Y
Circle /— £ sl ;j_ an
!/ x | Jo=g™
Yy
I=1,=gmr
Semicircle *C 1
Jo=37r*
(0] | X
e r —
Yy
I.= Iy = %77!‘
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Y
/‘\—‘b I, = %mzhfs
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Fig. 9.12 Moments of inertia of common geometric shapes.




APPENDIX:

Table 1.1 S| Prefixes
Multiplication Factor Prefix" Symbol
1 000 000 000 000 = 10" tera T
1 000 000 000 = 10° giga G
1 000 000 = 10° mega M
1 000 = 10° kilo k
100 = 10° hecto h
10 = 10' deka® da
0.1 =10" deci® d
0.01 = 1072 centi ¢
0.001 = 107° milli m
0.000 001 = 107° micro U
0.000 000 001 = 107° nano n
0.000 000 000 001 = 107" pico p
0.000 000 000 000 001 = 107" femto f
0.000 000 000 000 000 001 = 107"% atto a
Table 1.2 Principal SI Units Used in Mechanics
Quantity Unit Symbol Formula
Acceleration Meter per second squared m/s’
Angle Radian rad T
Angular acceleration Radian per second squared rad/s*
Angular velocity Radian per second rad/s
Area Square meter m*
Density Kilogram per cubic meter .. kg/m’
Energy Joule J N-m
Force Newton N kg-m/s’
Frequency Hertz Hz s
Impulse Newton-second R kg m/s
Length Meter m oy
Mass Kilogram kg i
Moment of a force Newton-meter .. N'm
Power Watt W I/s
Pressure Pascal Pa N/m*
Stress Pascal Pa N/m*
Time Second s I
Velocity Meter per second m/s
Volume
Solids Cubic meter e m’
Liquids Liter L 107 m?
‘Work Joule J N-'m




Table 1.3 U.S. Customary Units and Their SI Equivalents

Quantity U.S. Customary Unit SI Equivalent
Acceleration ft/s? 0.3048 m/s*

in./s® 0.0254 m/s*
Area i 0.0929 m’

in’ 6452 mm’
Energy ft-lb 1.356 J
Force kip 4.448 kN

Ib 4448 N

0Z 0.2780 N
Impulse Ibs 4.448 N-s
Length ft 0.3048 m

n. 25.40 mm

mi 1.609 km
Mass 0z mass 2835 ¢

Ib mass 0.4536 kg

slug 14.59 kg

ton 907.2 kg
Moment of a force Ib-ft 1.356 N-m

Ib-in. 0.1130 N-m
Moment of inertia

Of an arca in’ 0.4162 X 10° mm*
Of a mass Ib-ft-s 1.356 kg'm’

Momentum Ibs 4.448 kg'm/s
Power ft-1b/s 1.356 W

hp 7457 W
Pressure or stress 1b/ft 47.88 Pa

Ib/in® (psi) 6.895 kPa
Velocity ft/s 0.3048 m/s

in./s 0.0254 m/s

mi/h (mph) 0.4470 m/s

mi/h (mph) 1.609 km/h
Volume ft’ 0.02832 m’

in’ 16.39 cm’
Liquids gal 3785 L

qt 0.9464 L
‘Work ft-1b 1.356 ]




