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EXAMPLE |8.1

The uniform crate shown in Fig. 8-7a has a mass of 20 kg. If a force
P = 80 N is applied to the crate. determine if it remains in equilibrium.
The coefficient of static friction is g, = 0.3.

{a)
Fig. 8-7
1962 N
SOLUTION _ P=8ON ~—04m—4—04m—
Free-Body Diagram. As shown in Fig. 8-7b. the resuitant normal = ; |
force N must act a distance x from the crate’s center line in order to 30°f i oy /
counteract the tipping effect caused by P. There are three unknowns, S T -l N
F, Ne, and x, which can be determined strictly from the three 0zm e
equations of equilibrium. - -—
TN
Equations of Equilibrium.
BEE=0; 80 cos30°N — F =0 Ne
+13F =0; —80sin30°N + Npo — 1962N =0 ®)

C+EM, = 0;  80sin 30° N(0.4 m) — 80 cos 30° N(0.2m) + Ng(x) =0

Solving,
F=693N
Ny = 236N
r = —0.00908 m = —9.08 mm

Since x is negative it indicates the resultant normal force acts (slightly)
1o the left of the crate’s center line. No tipping will occur since
x < 0.4 m. Also, the maximum frictional force which can be developed
at the surface of contact is F = pNe = 03(236 N) = 70.8 N,
Since F = 69.3 N < 70.8 N, the crate will not slip. although it is very
close to doing so.
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EXAMPLE | 8.2

It is observed that when the bed of the dump truck is raised to an
angle of # = 257 the vending machines will begin to slide off the bed,
Fig. 8-8a. Determine the static coefficient of friction between a
vending machine and the surface of the truckbed.

SOLUTION

An idealized model of a vending machine resting on the truckbed is
shown in Fig. 88b. The dimensions have been measured and the
center of gravity has been located. We will assume that the vending
machine weighs W.

Free-Body Diagram. Asshown in Fig. 8-8c. the dimension x is used
to locate the position of the resultant normal force N. There are four
unknowns, N, F, .. and x.

Equations of Equilibrium.

NIEF =10; Wsin25"— F=10 (1)
+23F, = 0; N —Weos25 =0 (2)

CHEMg = 0 —W sin 25°(2.51t) + W cos 25%(x) = 0 (3)

Since slipping impends at # = 257, using Eqgs. 1 and 2, we have

E = N Wsin 25° = p (W cos 25°)
w, = tan 25° = (.466 Ans.

The angle of @ = 257 is referred to as the angle of repose, and by
comparison, it is equal to the angle of static friction, # = ¢,. Notice
from the calculation that # is independent of the weight of the vending
machine. and so knowing f provides a convenient method for
determining the coefficient of static friction.

NOTE: From Eq. 3, we find x = 1.17 ft. Since L.17 ft < 1.5 ft, indeed
the vending machine will slip before it can tip as observed in Fig. 8-8a.
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EXAMPLE |8.3

The uniform 10-kg ladder in Fig. 8-9a rests against the smooth wall at
B. and the end A rests on the rough horizontal plane for which the
coefficient of static friction is p, = (.3, Determine the angle of
inclination 6 of the ladder and the normal reaction at B if the ladder is
on the verge of slipping.

Ng

(4 m) sin#

AN

N Zmicoss (2m)coss

(a)

(b)
Fig. 8-9

SOLUTION
Free-Body Diagram. Asshown on the free-body diagram, Fig. 8-9b,
the frictional force E, must act to the right since impending motion at A
is to the left.

Equations of Equilibrium and Friction. Since the ladder is on the
verge of slipping, then F; = u,Ny = 0.3N,. By inspection, N, can be
obtained directly.

+12F,=0; Ny — 10(981)N =0 Ny=981N

Using this result, Fy = 0.3(98.1 N) = 29.43 N. Now Nj can be found.

SIF =0 2943N — Ny =0
Ny =2943N = 294N Ans.
Finally, the angle # can be determined by summing moments about
point A.
C+IM, = 0: (2943 N)(4m)sin @ — [10(9.81) N](2m) cos 6 = 0
ing
S8 _ tand = 1.6667
cos i
8 = 59.04° = 59.0° Ans.
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EXAMPLE | 8.4

Beam AB is subjected to a uniform load of 200 N/m and is supported
at B by post BC, Fig. 8-10a. If the coefficients of static friction at B

1 1_ e DO and Care pugy = 0.2 and - = 0.5, determine the force P needed to
} _ l 1 l I r 1 l l pull the post out from under the beam. Neglect the weight of the
A ; gt
hye S g members and the thickness of the beam.
—_— == (5
e 0.75m
—
1025 mP
SOLUTION
() Free-Body Diagrams. The free-body diagram of the beam is shown

in Fig. 8-10b. Applying M 4 = 0, we obtain Nz = 400 N. This result
is shown on the free-body diagram of the post, Fig. 8-10¢. Referring to
this member, the four unknowns Fy. P, F, and N are determined
from the three equations of equilibrium and one frictional equation

applied either at 5 or C.
Equations of Equilibrium and Friction.
L3R =0 P—Fy—F:=0 (1)
+13F, =0 Ne— 400N = 0 )
C+HEMc=0; —P(025m) + Fa(lm) =0 (3)
800N (Post Slips at B and Rotates about C.) This requires Fo = peNeand
1 | Fiz = pgNg: Fy = 02(400N) = 80N
A p— = - ;1—"' Fy Using this result and solving Egs. 1 through 3, we obtain
= ?' - 2 B
Y * Nap=son P = 320N
(b) Fe = 240N
Ne = 400N

Since F- = 240N > peNe = 05(400N) = 200N, slipping at C
occurs. Thus the other case of movement must be investigated.

|4Lm " (Post Slips at C and Rotates about B.) Here Fy = pgNg and
Fp ———
d 0.75m Fe = peNe Fe = 035N (4)
Fe *»-_- 1025 m £ Solving Egs. 1 through 4 yields
|1: P =267N Arts.
i Ne = 400N
© Fe = 200N
Fig, 8-10 Fg = 667N

Obviously. this case occurs first since it requires a smaller value for P.
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EXAMPLE |8.5

Blocks A and B have a mass of 3 kg and 9 kg, respectively, and are
connected Lo the weightless links shown in Fig. 8-11a. Determine the
largest vertical force P that can be applied at the pin C without
causing any movement, The coefficient of static friction between the
blocks and the contacting surfaces is p, = 0.3.

SOLUTION

Free-Body Diagram. The links are two-force members and so the
free-body diagrams of pin C and blocks A and B are shown in
Fig. 8-11h. Since the horizontal component of F, tends to move
block A to the left, F; must act to the right. Similarly, Fy must act to
the left to oppose the tendency of motion of block B to the right,
caused by Fge. There are seven unknowns and six available force
equilibrium equations, two for the pin and two for each block. so that
only one Irictional equation is needed.

Equations of Equilibrium and Friction. The force in links AC and
BC can be related to P by considering the equilibrium of pin C.

+13F, =0; FEycos30°— P = 0; Fye = L155P
SIF =0 1.155P sin 30° — By = () Fge = 0.5774P
Using the result for Fy for block A,

LHXF =0;  F-115Psin30°=0; F, =0.5774P (1)
+1SF,=0;  N;—1155P cos 30°—=3(9.81 N) = 0;

ke

Ny = P+2943N )
Using the result for Fye. for block B,
SIF =0 (0.5774P) — Fy = I; Fg = 0.5774P (3)
+T2.E‘, =0 Ny — 9981)N =0, Ny = 8829 N

Movement of the system may be caused by the initial slipping of either
block A or block B. If we assume that block A slips first, then

Fy= p Ny =03 N,y (4)
Substituting Egs. 1 and 2 into Eq. 4,

0.5774P = 0.3(P + 29.43)

P=318N Ans.
Substituting this result into Eq. 3, we obtain F;z = 184N,
Since the maximum static [rictional force at B s
(Fg)max = msNp = 0.3(8829N) = 265N > Fy, block B will not
slip. Thus, the above assumption is correct. Notice that if the
inequality were not satisfied, we would have to assume slipping of
block B and then solve for P.

P

— —
¢ Fg

LT 30'4

3(9.81)N

307 Fac = LISS P
F{i
N

2
A

9(9.81)N

Fp |
Ni
(b)
Fig. $-11
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- FUNDAMENTAL PROBLEMS

F8-1. If P =200N, determine the friction developed F8-4. If the coefficient of static friction at contact points A
between the 50-kg crate and the ground. The coefficient of and B is g, = (0.3, determine the maximum force P that can
static friction between the crate and the ground is p, = 0.3, be applied without causing the 100-kg spool to move.

F8-2. Determine the minimum force P to prevent the
30-kg rod AB from sliding. The contact surface at B is
smooth. whereas the coefficient of static friction between
the rod and the wall at A is p, = 0.2,

F#-5. Determine the minimum force P that can be applied
without causing movement of the 250-Ib crate which has a
center of gravity at (7. The coefficient of static friction at the
flooris p, = 0.4.

F8-3. Determine the maximum force P that can be applied
without causing the two 50-kg crates to move. The
coefficient of static friction between each crate and the
ground is u, = 0.25.
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Clrromiems

s8-1. Determine the minimum horizontal force P
required to hold the crate from sliding down the planc. The
crate has a mass of 50 kg and the coefficient of static friction
between the crate and the plane is p, = 0.25.

8-2. Determine the minimum force P required to push
the crate up the plane. The crate has a mass of 50 kg and the
coefficient of static friction between the crate and the plane
isp, = 025

8-3. A horizontal force of P = 100N is just sufficient to
hold the crate from sliding down the plane, and a horizontal
force of I = 350 N is required 1o just push the crate up the
plane. Determine the coefficient of static friction between
the plane and the crate. and find the mass of the crate.

Probs. 8-1/2/3

*8—4. If the coefficient of static friction at A s u, = 04
and the collar at 8 is smooth so it only exerts a horizontal
force on the pipe. determine the minimum distance x so
that the bracket can support the cvlinder of any mass
without slipping. Neglect the mass of the bracket.

100 mm

Prob. 84

*8-5. The 180-Ib man climbs up the ladder and stops at the
position shown after he senses that the ladder is on the verge
of shipping. Determine the inclination ¢ of the ladder if the
coefficient of static friction between the friction pad A and the
ground is w, = 0.4, Assume the wall at B is smooth. The center
ol gravity for the man is at G. Neglect the weight of the ladder.

8-6. The 180-Ib man climbs up the ladder and stops at the
position shown after he senses that the ladder is on the verge
of slipping. Determine the coefficient of static friction between
the friction pad at A and ground if the inclination of the ladder
is ) = 60" and the wall at B is smooth. The center of gravity for
the man is at . Neglect the weight of the ladder.

31—

Probs, 8-5/6
8-7. The uniform thin pole has a weight of 30 Ib and a
length of 26 . If it is placed against the smooth wall and on
the rough floor in the position d = 10 ft. will it remain in
this position when 1t is released? The coefficient of static
friction is u, = 0.3.

“8-8. The uniform pole has a weight of 30 Ib and a length
of 26 ft. Determine the maximum distance d it can be placed
from the smooth wall and not slip. The coefficient of static
friction between the floor and the pole is g, = 0.3.

Probs. 8-7/8
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*8-9. If the coefficient of static friction at all contacting
surfaces is u,, determine the inclination # at which the
identical blocks, cach of weight W, begin to slide.

8-10. The uniform 20-Ib ladder rests on the rough floor
for which the coefficient of static friction is g, = 0.8 and
against the smooth wall at B. Determine the horizontal
force P the man must exert on the ladder in order to cause
it to move.

8-11. The uniform 20-1b ladder rests on the rough floor
for which the coefficient of static friction is u, = 0.4 and
against the smooth wall at B. Determine the horizontal
force P the man must exert on the ladder in order to cause
it to move.

Probs, 8-10/11

“8-12. The coefficients of static and kinetic friction
between the drum and brake bar are g, = 0.4 and gy = 0.3,
respectively. If M = S0N-m and £ = 85 N determine the
horizontal and vertical components of reaction at the pin O.
Neglect the weight and thickness of the brake. The drum has
amass of 25 ke.

*8-13. The coefficient of static friction between the drum
and brake bar is u, = 04 If the moment M = 35 N-m,
determine the smallest force P that needs to be applied to
the brake bar in order to prevent the drum from rotating.
Also determine the corresponding horizontal and vertical
components of reaction at pin . Neglect the weight and
thickness of the brake bar. The drum has a mass of 25 kg.

Probs. 8-12/13

8-14. Determine the minimum coefficient of static
friction between the uniform 50-kg spool and the wall so
that the spool does not slip.

Prob, 8-14



8-15. The spool has a mass of 200 kg and rests against the
wall and on the floor. If the coefficient of static friction at B
18 (p)p = 0.3, the coefficient of kinetic friction is
(ue)s = 0.2, and the wall is smooth, determine the friction
force developed at B when the vertical force applied to the
cable is * = 800 N.

*8-16. The 80-1b boy stands on the beam and pulls on the
cord with a force large enough to just cause him to slip. If
the coefficient of static friction between his shoes and the
beam is (u,)p = 0.4, determine the reactions at A and B.
The beam is uniform and has a weight of 100 |b. Neglect the
size of the pulleys and the thickness of the beam.

*8-17. The 80-Ib boy stands on the beam and pulls with a
force of 40 Ib. If (g,)p = 0.4, determine the frictional force
between his shoes and the beam and the reactions at A and
B.The beam is uniform and has a weight of 100 Ib. Neglect
the size of the pulleys and the thickness of the beam.

Probs. 8-16/17
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8-18. The tongs are used to lift the 150-kg crate. whose
center of mass is at (. Determine the least coefficient of
static friction at the pivot blocks so that the crate can be
lifted.

8-19. Two blocks A and B have a weight of 10 Ib and 6 b,
respectively. They are resting on the incline for which the
coefficients of static friction are gy = 0.15 and pp = 0.25.
Determine the incline angle # for which both blocks begin
to shide. Also find the required stretch or compression in the
connecting spring for this to occur. The spring has a stiffness
of k = 21b/ft.

*8-20. Two blocks A and B have a weight of 101b and 6 1b,
respectively. They are resting on the incline for which the
coefficients of static friction are p, = 0.15 and gy = 0.25.
Determine the angle # which will cause motion of one of
the blocks, What is the friction force under each of the

blocks when this oceurs? The spring has a stiffness of

k = 21b/ft and is originally unstretched.

Probs. 8-19/20
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o8-21. Crates A and B weigh 200 |b and 150 lb.
respectively. They are connected together with a cable and
placed on the inclined plane. If the angle 0 is gradually
increased. determine # when the crates begin to slide. The
coefficients of static friction between the crates and the
plane are gy = 0.25 and gy = 0.35.

Prob. 8-21

8-22. A man attemplts to support a stack of books
horizontally by applying a compressive force of F = 120N
to the ends of the stack with his hands. If each book has a
mass of 0,95 kg, determine the greatest number of books
that can be supported in the stack. The coelficient of static
friction between the man's hands and a book is (w,);, = 0.6
and between any two books (), = 0.4,

Prob, 8-22

8-23. The paper towel dispenser carries two rolls of paper.
The one in use is called the stub roll A and the other is the
fresh roll B. They weigh 2 Ib and 5 Ib, respectively. If the
coefficients of static [riction at the points of contact C and £
are (p)ec =02 and (u.)p = 0.5. determine the initial
vertical force F that must be applied to the paper on the stub
roll in order to pull down a sheet. The stub roll is pinned in the
center. whereas the fresh roll is not. Neglect friction at the pin.

Prob. 8-23

*8-24. The drum has a weight of 100 Ib and rests on the
floor for which the coefficient of static friction is u, = 0,6, 1f
@ =20tand b = 3 ft, determine the smallest magnitude of
the force £ that will cause impending motion of the drum.

*8-25. The drum has a weight of 100 Ib and rests on the
floor for which the coefficient of static friction is u, = 0.5.1f
a =3 ftand b = 4 ft. determine the smallest magnitude of
the force P that will cause impending motion of the drum.




8-26. The refrigerator has a weight of 180 Ib and rests on a
tile floor for which pu, = 025, If the man pushes
horizontally on the refrigerator in the direction shown,
determine the smallest magnitude of horizontal force
needed to move it. Also. if the man has a weight of 150 Ib,
determine the smallest coefficient of friction between his
shoes and the floor so that he does not slip.

8-27. The refrigerator has a weight of 180 Ib and restson a
tile floor for which g, = 0.25. Also. the man has a weight of
150 Ib and the coefficient of static friction between the floor
and his shoes is g, = 0.6. If he pushes horizontally on the
refrigerator, determine if he can move it. If so, does the
refrigerator ship or tip?

Probs. 8-26/27

*8-28. Determine the minimum force P needed to push
the two 75-kg cylinders up the incline, The force acts
parallel to the plane and the coefficients of static friction of
the contacting surfaces are p, = 0.3, pg = 025, and
e = 04, Each cylinder has a radius of 150 mm.
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*8-29, If the center of gravity of the stacked tablesis at G,
and the stack weighs 100 Ib, determine the smallest force P
the boy must push on the stack in order to cause movement.
The coefficient of static friction at A and B is g, = 0.3. The
tables are locked together.

e

b2 fr—efe—2 i

Prob. 8-29

8-30. The tractor has a weight of 8000 Ib with center of
gravity at G. Determine if it can push the 550-1b log up the
incline. The coefficient of static friction between the log and
the ground is g, = 0.5, and between the rear wheels of the
tractor and the ground p) = 0.8. The front wheels are free
to roll. Assume the engine can develop enough torque to
cause the rear wheels to slip.

8-31. The tractor has a weight of 8000 Ib with center of
gravity at . Determine the greatest weight of the log that
can be pushed up the incline. The coefficient of static
friction between the log and the ground is p, = 0.5, and
between the rear wheels of the tractor and the ground
pi = 0.7. The front wheels are free to roll. Assume the
engine can develop enough torque to cause the rear wheels
to slip.
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*8-32, The 50-kg uniform pole is on the verge of slipping
at A when # = 45°. Determine the coefficient of static
friction at A.

8—-32_-_" = .

*8-33, A force of = 20 Ib is applied perpendicular to
the handle of the gooseneck wrecking bar as shown. If the
coefficient of static friction between the bar and the wood is
ey = 0.5, determine the normal force of the tines at A on
the upper board. Assume the surface at C is smooth.

3in. 3in.
8-34. The thin rod has a weight W and rests against the
floor and wall for which the coefficients of static friction are
oy and py. respectively. Determine the smallest value of #
for which the rod will not move. N

8-35. A roll of paper has a uniform weight of 0,75 Ib and
is suspended from the wire hanger so that it rests against
the wall. If the hanger has a negligible weight and the
bearing at @ can be considered frictionless, determine the
force P needed to start turning the roll if 9 = 30°. The
coefficient of static friction between the wall and the paper
is p, = 0.25.

“8-36. A roll of paper has a uniform weight of 0.75 1b and
is suspended from the wire hanger so that it rests against
the wall. If the hanger has a negligible weight and the
bearing at O can be considered [rictionless. determine the
minimum force P and the associated angle # needed to start
turning the roll. The coefficient of static friction between
the wall and the paper is pu, = 0.25.

Probs. 8-35/36

*8-37. If the coefficient of static friction between the
chain and the inclined plane is p, = tan 4, determine the
overhang length b so that the chain is on the verge of
slipping up the plane. The chain weighs w per unit length.
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10.4  MoOMENTS OF INERTIA FOR COMPOSITE AREAS

523

EXAMPLE [10.4

Determine the moment of inertia of the area shownin Fig. 10-8a
about the x axis.

== 100 mm — =100 mm —
=
5 2Hm 75 mm 25 mm
; -

|

75 mm

t x
(b)

Fig. 10-8

SOLUTION

Composite Parts. The area can be obtained by subtracting the

circle from the rectangle shown in Fig. 10-8b. The centroid of cach
area is located in the figure.

Parallel-Axis Theorem. The moments of inertia about the x axis
are determined using the parallel-axis theorem and the data in the
table on the inside back cover.

Circle
1y =1y + A&
s .};’w(ZS)‘ + #(25)%(75)° = 11.4(10°) mm*
Rectangle
Iy =T + Adj

-1—15(100)(15{1)-‘ + (100)(150)(75)* = 112.5(10°) mm*

Summation. The moment of inertia for the area is therefore

I, = —11.4(10%) + 112.5(10°)
101(10%) mm* Ans.
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EXAMPLE [10.5

Determine the moments of inertia for the cross-sectional area of the
member shown in Fig. 10-9a about the x and v centroidal axes.

SOLUTION

Composite Parts. The cross section can be subdivided into the three
rectangular areas A, B, and D shown in Fig. 10-9h. For the calculation,
the centroid of each of these rectangles 1s located in the figure.

- 600 mm —
@) Parallel-Axis Theorem. From the table on the inside back cover, or
Example 10,1, the moment of inertia of a rectangle about its
centroidal axis is [ = ébir‘. Hence. using the parallel-axis theorem
for rectangles A and D, the calculations are as follows:
100 mum ” i Rectangles A and D
I = 1
E X Io= T + A} = 5(100)(300)* + (100)(300)(200)?
A :
T "E" g ey = 1.425(10°) mm*
i m X = 1 .
| nEe 1, =1,+ Adi = 6(300]“00)3 + (100)(300)(250)?
rz-m mrr-nl .". — 300 mm
200 mm | = 1.90( lU‘j) mm*
— 100 mm
Rectangle B
(b)
Ti= i(suu)(lm}i‘ = 0.05(10") mm*
Fig. 10-9 = 19 :

Py = —1!5(100)(600}" = 1.80(10”) mm*

Summation. The moments of inertia for the entire cross section
are thus
1, = 2[1.425(10")] + 0.05(10%)

= 2.90(10") mm* Ans.

o~
I

2[1.90(10%)] + 1.80(10%)

5.60{10”) mm* Ans.
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. FUNDAMENTAL PROBLEMS

FI0-5. Determine the moment of inertia of the beam’s F10-7. Determine the moment of inertia of the cross-
cross-sectional area about the centroidal x and y axes. sectional area of the channel with respect to the y axis.

F10-5 F10-7
Fl0-6, Determine the moment of inertia of the beam’s F10-8. Determine the moment of inertia of the cross-
cross-sectional area about the centroidal x and y axes. sectional area of the T-beam with respect to the x’ axis

passing through the centroid of the cross section.

Flo-6 Flt-8
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“leromiems

10-27. Determine the distance y to the centroid of the
beam’s cross-sectional area; then find the moment of inertia
about the x' axis.

*10-28. Determine the moment of inertia of the beam’s
cross-sectional area about the v axis.

*10-29. Determine the moment of inertia of the beam’s
cross-sectional area about the v axis.

¥

Lin. Lin.
Probs, 10-27/28/29

10-30. Determine the moment of inertia of the beam’s
cross-sectional area about the v axis.

10-31. Determine the moment of inertia of the beam's
cross-sectional area about the y axis.

*10-32. Determine the moment of inertia of the

composite area about the x axis.

*10-33. Determine the moment of inertia of the

composite area about the y axis.

Probs. 10-32/33

10-34. Determine the distance v to the centroid of the
beam’s cross-sectional area; then determine the moment of
inertia about the x' axis.

10-35. Determine the moment of inertia of the beam’s
cross-sectional area about the y axis.

Probs. 10-30/31



*10-36. Locate the centroid y of the composite area, then
determine the moment of inertia of this area about the
centroidal x' axis.

*10-37. Determine the moment of inertia of the
composite area about the centroidal v axis.

Probs. 10-36/37

10-38. Determine the distance v to the centroid of the
beam’s cross-sectional area; then find the moment of inertia
about the x' axis.

10-39. Determine the moment of inertia of the beam’s
cross-sectional area about the x axis.

*1040. Determine the moment of inertia of the beam’s
cross-sectional area about the y axis.

200 mm —=

Probs. 10-38/39/40
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*]041 Determine the moment of inertia of the beam’s
cross-sectional area aboul the x axis.

1042, Determine the moment of inertia of the beam's
cross-sectional area about the y axis.

Probs. 10-41/42

1043, Locate the centroid v of the cross-sectional area
for the angle. Then find the moment of inertia /- about the
X" centroidal axis.

*10-44. Locate the centroid x of the cross-sectional area
for the angle. Then find the moment of inertia /. about the
' centroidal axis.

Probs. 10-43/44
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*10-45. Determine the moment of inertia of the
composite area about the x axis.

1046, Determine the moment of inertia of the composite
area about the y axis,

*10-49. Determine the moment of inertia /. of the
section. The origin of coordinates is at the centroid C.

10-50. Determine the moment of inertia /. of the section.
‘The origin of coordinates is at the centroid C.

10-47. Determine the moment of inertia of the composite
‘area about the centroidal y axis.

*10-48. Locate the centroid y of the composite area, then
determine the moment of inertia of this area about the
X' axis.

¥
240 mm )
30 mn_;l__ -
W
400 mm 50 mm

L b
150 mm 150 m—nql S0mm

Probs. 10-47/48

Probs. 10-49/50

10-51. Determine the beam’s moment of inertia /, about
the centroidal x axis.

*10-52. Determine the beam’s moment of inertia /, about
the centroidal y axis.

Probs. 10-51/52
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*10-53. Locate the centroid v of the channel's cross- *10-57. Determine the moment of inertia of the beam’s
sectional area. then determine the moment of inertia of the cross-sectional area about the x axis.
area about the centroidal x' axis. ; B

10-58. Determine the moment of inertia of the beam’s
10-54, Determine the moment of inertia of the area of the cross-sectional area about the y axis.

channel about the y axis.

Probs. 10-53/54 Probs. 10-57/58
10-55. Determine the moment of inertia of the cross- 10-539. Determine the moment of inertia of the beam’s
sectional area about the x axis. cross-sectional area with respect to the x' axis passing

= through the centroid C of the cross section. v = 104.3 mm.
*10-56. Locate the centroid ¥ of the beam’s cross- & :
sectional area.and then determine the moment of inertia of

the area about the centroidal y' axis.

Probs. 10-55/56 Prob, 10-59
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