PROBLEM 2.2

Two forces P and Q are applied as shown at Point 4 of a hook support. Knowing that
P =601b and Q=25 Ib, determine graphically the magnitude and direction of their
resultant using (a) the parallelogram law, (b) the triangle rule.

SOLUTION
(@) Parallelogram law:
co\b
/
N /
Ny
\
(b)  Triangle rule:
-]
L0 b
N
35°
251\
We measure: R=7711b, a=854° R=77.11b 77 85.4° « J
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PROBLEM 2.4

Two forces are applied at Point B of beam AB. Determine
graphically the magnitude and direction of their resultant using
(@) the parallelogram law, (b) the triangle rule.

SOLUTION

(a) Parallelogram law:

(b)  Tnangle rule:

©

Ho

2 kN

o

Lo
SkN

We measure: R=330kN, a=066.6° R=330kN = 66.6° 4
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y PROBLEM 2.24

120N

Determine the x and y components of each of the forces shown.
0N
150 N 300

SOLUTION

80-N Force: F. =+(80 N)cos40° F,=613N «
F, =+(80 N)sin40° F,=514N «
120-N Force: ‘ F.=+(120 N)cos 70° F.=41.0N «
F, =+(120 N)sin 70° F,=112.8N «
150-N Force: F.=—(150 N)cos35° F,.=-122.9N «
F, =+(150 N)sin35° F,=86.0N «
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pl PROBLEM 2.37

Knowing that &= 40°, determine the resultant of the three forces
shown.

1201

60 1y

a

SOLUTION
60-Ib Force: F, = (60 1b)cos 20° = 56.38 Ib
F, =(601b)sin 20° = 20.52 Ib
BRI O(
80-1b Force: F, = (80 1b)cos 60° = 40.00 b Ry (23.8e%) 4
F, =(801b)sin 60° = 69.28 Ib o
R - (zooaou,{é
120-1b Force: F, =(1201b)cos30° =103.92 Ib = =
F, =—(120 1b)sin 30° = ~60.00 Ib
and R, =%F,=200301b

R, =%F, =29.801b

»

R =4/(200.30 1b)? +(29.80 Ib)?
=202.501b

2980
200.30

-1 29.80
200.30
=8.46° R=2031b £ 846° «

Further: tan o

o = tan
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PROBLEM 2.45

Two cables are tied together at C and are loaded as shown.
Knowing that P = 500 N and o = 60°, determine the tenston in
(a) in cable AC, (b) in cable BC.

SOLUTION

Free-Body Diagram Force Triangle

Law of sines: Tac _ _Tpe _ 500N

sin35°  sin75° sin70°

(@) Ty :ﬂsi1135° T,,=305N «
"~ sin70°
(b) Ty :Msin 75° ® The =514 N «
sin 70° .
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PROBLEM 2.61

Two cables tied together at C are loaded as shown. Knowing that
the maximum allowable tension in each cable is 800 N, determine
(a) the magnitude of the largest force P that can be applied at C,
(b) the corresponding value of o

SOLUTION
Free-Body Diagram: C Force Triangle
Te.: BOON
_7;6: &CON
s50°
35°
A
P
Force triangle is 1sosceles with
23 =180°-85°
p=47.5°
(o) P =2(800 N)cos 47.5°=1081 N
Since P >0, the solution is correct. P=1081N «
(b) o =180°-50°-47.5°=82.5° x=825° 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educaiors permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
You are using it without permission.

63




PROBLEM 2.69

A load Q is applied to the pulley C, which can roll on the
cable ACB. The pulley is held in the position shown by a
second cable CAD, which passes over the pulley 4 and
supports a load P. Knowing that P=750 N, determine
(a) the tension in cable ACB, (b) the magnitude of load Q.

F'SOLUTION

Free-Body Diagram: Pulley C

% (@) X ZF =0: T o5 (€0825°—c0855%) — (750 N)cos55° =0

Hence: T, =1292.88 N
/<\’ S50 T,ep =1293N <

o ®)  + EF, =00 T,0(sin25°+sin55%) + (750 N)sin 55° — 0 = 0
: (1292.88 N)(sin 25° + sin 55°) + (750 N)sin 55°— 0 = 0

or Q0=22198N 0=2220N «
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PROBLEM 2.106

A 1600-Ib crate is supported by three cables as shown. Determine
the tension in each cable.

SOLUTION

See Problem 2.103 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3)
below:

~0.48T,, +0.51948T,, =0
0.87; +0.88235T . +0.77922T,, — W =0
~0.36T +0.470597 . —0.35065T,,, = 0

Substituting # =1600 Ib in Equations (1), (2), and (3) above, and solving the resulting set of equations using
conventional algorithms, gives:

Ty=5711b «
T, -=8301b <

T,,=5281b «
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o PROBLEM 2.108

Three cables are connected at A, where the forces P and Q are
applied as shown. Knowing that P =1200 N, determine the values
of O for which cable 4D is taut.

mm

320 mm

350 my

Q

240 mm

960 nm P

SOLUTION

We assume that 7, =0 and write TF,=0: T,p+T,+0j+(1200N)i=0
AB =—(960 mm)i — (240 mm)j + (380 mm)k 4B =1060 mm
AC= —(960 mm)i — (240 mm)j— (320 mm)k AC = 1040 mm

AB (_48. 2., 191{}7"_,,,

T,,=Thy=Tp——=| ——i——]+—
ap = taphap T LT 53 53 ] 53
AC (12, 3. 4
T, =T, k=T ——=| ——i-—j——k [T
ac THackac Thac T s ( 13 131 3 ] AC
Substituting into £F , =0, factoring i, j, k, and setting each coefficient equal to ¢ gives:
4 2
i: “S—ETAB“%T,4c?+1200N:0 €))
. 12 3
oG g Te 0=0 )
19 4
k: S3 4B Tz AC =0 €)
Solving the resulting system of linear equations using conventional algorithms gives:
T,; =605.7IN
T,,=70571N
0 =300.00 N 0=0<300N <«

Note: This solution assumes that Q is directed upward as shown (Q = 0), if negative values of O
are considered, cable AD remains taut, but AC becomes slack for O =-460 N.
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R PROBLEM 3.2

16N 170 mm

A foot valve for a pneumatic system is hinged at B. Knowing
that a = 28° determine the moment of the 16-N force about
Point B by resolving the force into components along ABC and
in a direction perpendicular to ABC.

o~

"~
80 mm

SOLUTION

First resolve the 4-1b force into components P and Q, where
Q=(16 N)sin28°
=7.5115N

Then : My=r,;0
=(0.17 m)(7.5115N)

=1.277N-m or My=1277N-m ) «
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/ PROBLEM 3.8

o It is known that a vertical force of 200 b is required to remove the nail
wﬁ? at C from the board. As the nail first starts moving, determine () the

moment about B of the force exerted on the nail, () the magnitude of
the force P that creates the same moment about B if a=10°, (¢} the
smallest force P that creates the same moment about B.

18 in.

(@) We have My =repFy
=(41n.)(200 ib)
=800 Ib-in.

or M, =8001b-in. ) «

(b) Bydefinition Mp=r,,Psind
6=10°+(180°-70°)
=120°
Then 800 Ib-in. = (18 in.)x Psin120°

or P=5131b «

(¢)  For P to be minimum, it must be perpendicular to the line joining
Points 4 and B. Thus, P must be directed as shown.

v
A da2d Thus My =dP,,
d=ryp
™, or 800 Ib-in. = (18 in)P, .
ce or P =4441b P =44.41b 7 20° €
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PROBLEM 3.21

A 200-N force is applied as shown to the bracket ABC. Determine
the moment of the force about 4.

50 mm

SOLUTION
We have V M, =r,, xF,

where e =(0.06 m)i+ (0.075 m)j
F. =—(200 N)cos 30°j+ (200 N)sin 30°k
i j k
Then M, =200{0.06 0.075 0
0 —cos30° sin30°
=200[(0.075sin 30°)i — (0.06sin 30°)j— (0.06 cos 30°)k]

or M, =(7.50 N-m)i—(6.00 N-m)j—(10.39 N-m)k <«
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|

2.6 m

PROBLEM 3.42

e Knowing that the tension in cable AD is 405 N, determine {a) the
angle between cable AD and the boom AB, (b) the projection on
3m AB of the force exerted by cable AD at Point A4.

SOLUTION

(@)  First note

and

By definition,

(b)

AD =\J(-2.4 +(1.2)? + (~2.4)?
=3.6m
AB = (=24 + (=1.8)? + (0)°

=3.0m

AD =—(2.4 m)i+ (1.2 m)j— (2.4 m)k
AB=—(2.4 m)i— (1.8 m)j

AD - AB = (4D)(AB)cos 8

(=2.4i+1.2j-2.4k)- (=2.41 - 1.8]) = (3.6)(3.0)cos 6
(—2.4)(=2.4)+ (1. 2)(=1.8) + (~2.4)(0) = 10.8 cos &

cos&zl
3

Tip)ap = T, ‘}‘AB
=Typcos8

1
= (405 N)[—B-j

6=70.5° 4

(Tip) s =135.0N <
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Y PROBLEM 3.56

In Problem 3.55, determine the moment about the diagonal 4D
of the force exerted on the frame by portion BG of the cable.

0.925 m

SOLUTION |
Myp =R 4p - (rpy X Tpg)
Where A= —;~(4i -3k)
rp, = (0.5 m)j
and BG =1J(=0.5)> +(0.925) + (~0.4)?
=1.125m
Then Tso :%(—O.Si +0.925j - 0.4K)
= —{250 N)i + (370 N)j - (160 N)k
4 0 -3
Finally M, -1 05 0 0

-200 370 -160

=é[(—3)(0.5)(370)] M,,=—111.0N-m <
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PROBLEM 3.82

A 160-Ib force P is applied at Point A of a structural member.
Replace P with (@) an equivalent force-couple system at C,
(b) an equivalent system consisting of a vertical force at B
and a second force at D.

SOLUTION
(¢) Based on SF: P.=P=1601b or P =1601b 7 60° <
IMe: Me=-Pd,+Pd, A
where P, = (160 Ib)cos 60° R l
=80 Ib /t\f,oo 41"
P, = (160 Ib)sin 60° A—{ 4N |
) S/
=138.564 Ib \L{ c
. dey—
d(;vx = 4 ft
de, =275 ft
M. = (80 1b)(2.75 ft) +(138.564 Ib)(4 ft)
=220 Ib- ft+554.26 Ib- ft
=334.26 Ib- ft or Mo =3341b ft )«
(b) Based on ZF . P, =Pcos60° A
2 D T——— R, ‘z
— (160 1b) cos 60° P Ton e
30 1b 4\ 8 D pr
- /
B |
dpe >
IMp: (Pcos60°)(dp, )= Py(dpy)
[(160 1b)cos 60°](1.5 ft) = Py (6 ft)
P, =20.01b or P, =200«
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PROBLEM 3.82 (Continued)

LF.: Psin60°= Py + Py,

(160 Ib)sin60°= 20.0 Ib + By,
P, =118.564 1b

Fp = \/(PD.x)z * (Poy)z

= (80) +(118.564)
=143.029 Ib

P,
O =tan"'| -2

Dx

S (1 18.564)
80

=55.991° or P,=143.01b «756.0° 4
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PROBLEM 3.93

An eccentric, compressive 1220-N force P is applied to the end
of a cantilever beam. Replace P with an equivalent force-couple
system at G.

100 mm

S

60 mm

SOLUTION
y We have
2F: —(1220N)i=F
=-(122 i
olen F=-(1220N)i «
¢ Also, we have
T
Mg ryxP=M
« )
i j k
1220{0 -1 —-06|N-m=M
-1 0 0

M = (1220 N - m)[(=0.06)(=1)j — (~0.1)(= K]
or M=(73.2N m)j—(122N mk <«
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401, PROBLEM 3.110

j 121in.

A couple M and the three forces shown are applied to an angle bracket.
Find the moment of the couple if the line of action of the resuliant of the
force system is to pass through (a) Point 4, (b) Point B, (¢) Point C.

SOLUTION

In each case, must have M/ =0

(a) DYME =M, = M +(12 in)[(30 Ib)sin 60°]— (8 in.)(45 1b) =0

M =+48.2311b-in. M=4821b-in.") <
(b) H)YME =EMy = M +(12 in)(10 1b) - (8 in.)(45 1b) = 0

M =+240 1b-in. M =240 Ib-in. ) <«
() DYME=3M. =M +(12 in)(10 1b) - (8 in)[(30 Ib)cos 60°] =0

M=0 M=0 <
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PROBLEM 4.1
A 2100-1b tractor 1s used to lift 900 Ib of gravel. Determine
the reaction at each of the two (a) rear wheels A4, (b) front
wheels B.
| 1 1
20in.  40in. 50 in.
SOLUTION
G Gootb
2loo th
4 |
O G
7’497/1‘7711 JIIIB Lar g addd
A L - J|
A ¥ Q.
Ve 20in Hom, 28
(a) Rear wheels f) IMp=0: +(21001b)(40in.)— (900 Ib)(50 in.) + 24(60 in.) =0
A=+3251b A=3251b} <
(b)  Front wheels +‘> ZM,;: —(21001b)(201in.)— (900 16)(110in.)—2B(60in.) =0
B=+11751b B=11751b] «
Check: +2F, =01 24+2B-21001b-9001b=0
2(3251b)+2(11751b)-=21001b-900 =0
0=0 (Checks)
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201 PROBLEM 4.22

E 3in.
10 in. %

For the frame and loading shown, determine the reactions at 4 and £
when (a) a=30°, (b) a=45°.

SOLUTION

Free-Body Diagram:

T RO, g3

fn B .

’.qj " \><~{:— zolh
i Ky A

F :inl £ 4

7 Feosd b

'E/;(1 =y
b=

YIM, =0: (Esine)(8in.)+(Ecosa)(5in.)
~(20 1b)(10in.) — (20 1b)3 in.) = 0

B 260
8sina + S5cosax

(@) When a=30°% E=— 260 =31.2121b E=31.21b 7 60.0° 4
85in30° + 5¢c0s30°

FLYF =00 A4, —201b+(31.2121b)sin30°=0

A, =+4.3941b A, =439%1b—
7ot \ HTF, =0: 4, -20°+(31.212 Ib)cos30°=0
A, =-7.031b A, =7.031b,

A =8.291b58.0° 4
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PROBLEM 4.22 (Continued)

(b When a=45°:

= 260 =28281b E=2831b « 45.0° 4
8sin45°+5cosa

2

T ELZF, =0: A4, -201b+(28.281b)sin45°=0
A =0 A =0

X

+/5F, =0: 4, -201b+(28.28 1b)cos45° =0
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ON PROBLEM 4.50

150 mm
250 mm

00 mm —*‘*——’ Em—

!

. Determine the range of allowable values of the tension 1n wire
B BD if the magnitude of the couple at the fixed support Cis not to
exceed 100 N - m.

600 mm

400 mm

L

SOLUTION
750/4'*
-
’| HEON
Ot
+‘>2Mc =0: (750 N)(0.5 m) + (450 N)(0.4 m)—(%Tj(Oﬁ m)
12
—(——TJ(O.IS m)+ M. =0
13
4.8
375N—m+180N-m—(§m)T+Mc=0
13
T=—"-(555+M,
4‘8( c)
13
For MC=~100N'm: T=E(555—100)=1232N
For M. =+100 N-m: T=%(555+100)=1774N
For M- =100N-m: 1232kN=T=<1774kN <
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PROBLEM 4.68

Determine the reactions at 8 and C when ¢ =1.5 in.

SOLUTION

Since CD is a two-force member, the force it exerts on member ABD is directed along DC.

Free-Body Diagram of ABD: (Three-Force member)

E
‘5(n.—>1
X T}
D | 3
.5 1n. c Lcad I
Ak'ﬂ‘“-“‘i*—‘ T i, —> P

50 b

The reaction at B must pass through E, where D and the 50-Ib load intersect.

Triangle CFD: tano = % =0.6
b)
o =30.964°
Triangle EAD: AE=10tana =6 in.
GE=AE-AG=6-15=45in. p=33.6%
) GB 3 501
Triangle £GB: tan f = CE- s PR
B =33.690° =120964° O
D
Force triangle - B =— D =— S0 1b 0° - o - g
sin120.964°  sin33.690° sin 25.346° = 25.34,°
B=100.1551b
D =64.789 1b B=100.21b ™ 56.3° 4

C=D=6481b < 31.0° <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, withour the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitied by McGraw-Hill for their individual course preparation. If vou are a stuclent using this Manual,
You are using it without permission.

419




PROBLEM 4.71

10 in. One end of rod AB rests in the corner 4 and the other end is attached to
—_ cord BD. If the rod supports a 40-1b load at its midpoint C, find the
reaction at 4 and the tension in the cord.

“—-12 in.-—»iwl 2 in.,—

SOLUTION

Free-Body Diagram: (Three-Force body)

D R
:5 m,
_—
- E’__y_5{n«
3
18 0.
40 b

3

ala

12, 121,

The line of action of reaction at A must pass through E, where T and the 40-Ib load intersect.

{>

tax]a:_@,:é c‘OO_g T o<+%:
Fo12 =¢7380°] B 85.0671°
o =62.447° ‘x
EH 5

w0 sl /a

[ =22.620°
_ A T 40 1 A0 o 4
Force triangle = = =727.553

sin67.380° sin27.553°  sin 85.067°
A=3711b £ 62.4° 4

T=18.571b «
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J PROBLEM 4.106

A 2.4-m boom is held by a ball-and-socket joint at C and by two
cables AD and AE. Determine the tension in each cable and the

reaction at C.

SOLUTION

Free-Body Diagram: Five Unknowns and six Egs. of equilibrium. Equilibrium is maintained (ZM, - =0).
r; =12k
r, =24k

1D=-08i+0.6j-24k  AD=2.6m

AE =08i+1.2j-2.4k AE=2.8m
AD T
7o =22 24D (08i+0.6j—- 2.4k
40~ 2.6( ] )
AE T oo i g~
S AE _Z4E (9 gi+1.2j—2.4K
AE TR 2.8( ] )

IMp =00 1, XTp+r, XT g +1p X(=3 kN)j=0

o0 k| id k|
0o 0 24 2—-'”;—+ 0 0 24 -zég—‘+1.2k><(—3,.6 KN)j=0
08 06 =247 los 12 24/

Equate coefficients of unit vectors to zero.
i: —0.55385T,, —1.02857 T +4.32=0 M
j: —0.73846 T,p+0.68671T,; =0

T, =0.92857 T @
Eq. (1): 0.55385(0.92857) T, —1.02857 Ty +4.32=0

1.54286 T, =4.32
T, =2.800kN T, =280kN 4

L
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PROBLEM 4.106 (Continued)

Eq. (2): Typ =0.92857(2.80) = 2.600 kN Tp=2.60kN «
IF, =0: c‘_—‘o'—é’(z.() kN)+%(2.8 kN)=0 C, =0
’ t26 2.8

3F,=0: C, +%§(2.6 kN) +%(2.8 kN)-(3.6kN)=0 C, =1.800 kN
- i 2.0 L. i
) 24 2.4
SF.=0: C, —2—5(2.6 kN)—5—8(2.8 kN)=0 C. =4.80kN

C=(1.800 KN)j+(4.80 kKN)k <
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PROBLEM 4.123

The rigid L-shaped member ABC is supported by a
ball-and-socket joint at 4 and by three cables. If a
450-1b load is applied at F, determine the tension
in each cable.

SOLUTION

Free-Body Diagram:

In this problem: a=21in.
We have CD =24 in)j— (32 in)k CD=40in.
BD =—(42 in.)i+ (24 in.)j— (32 in)k BD =58 in.
BE =(42in)i—(32 in)k BE =52.802 in.
CD
Thus Ten =Tep——=T-(0.6j—0.8k
co =iepTap cp (0.6 )
BD : :
Top =T5p 3D =Ty (—0.72414i +0.41379j - 0.55172k)
BE

Tog = Tpp =Ty (0795421 - 0.60604k)

IM, =0 (rp XTpep)+ (g XTpp) + (g X Ty )+ (1 X W) =0
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m

PROBLEM 4.123 (Continued)

Noting that r. =—(42 in)i+ (32 in)k
r, =32 in.)k
r, =—ai+ (32 in.)k

and using determinants, we write

i ] k i j k
—42 0 32|T.,+| 0 0 32 |Typ
0 06 -08 ~0.72414 0.41379 —0.55172
i k ik
+ 0 0 32 |Ty+la 0 32/=0
0.79542 0 —0.60604 0 —450 0

Equating to zero the coefficients of the unit vectors:

i —19.2T,, —13.241T,, +14400 = 0 (1
§i —33.6Ty —23.172Ty, +25.453T,, =0 )
ki —252T,, +450a =0 3)

Recalling that o =21 in., Eq. (3) yields

=02 o5y T, =3751b <4

From (1): ~19.2(375)~13.241T,, +14400 =0
Ty, =543.77 1b T,, =544 1b <

From (2): ~33.6(375) ~ 23.172(543.77) +25.453T, = 0
Tye =990.07 Ib Tor =990 1b <
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e B 1. ——»’-«-——~ Gin. ._,‘

PROBLEM 5.4

Locate the centroid of the plane area shown.

SOLUTION

7 ke~ At —>

D+

(3

A,in? X, in ¥, in. XA, in’ y4,in’
1
1 =0 2)(6) =36 4 4 144 144
2 6)3)=18 9 75 162 135
)y 54 306 279
Then XA =334
X(54)=306 X =5.67in. 4
YA=334
Y(54)=279 Y =5.17in. 4
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v PROBLEM 5.5
Locate the centroid of the plane area shown.
-
SOLUTION
A “
® -~
¢ F— -
{ @
7 b X X
A,in? X, in. ¥, in. XA, in’ VA, in’
1 14 %20 =280 7 10 1960 2800
2 —r(4Y =-167 6 12 -301.59 —-603.19
by 229.73 1658.41 2196.8
Then o234 _165841 X =722in. <
T4 22973
yozyd_21968 ¥ =9.56in. <«
T4  229.73
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PROBLEM 5.18

For the area shown, determine the ratio a/b for which x = y.

X
SOLUTION
Y 3 4 .
® @
— +
C‘l+ Q’Z 2
26 B
L X, ¢ *
A X ¥y XA vA
2 2
gab ~a ib _a_é 2ab
3 5 4 5
2 2
—lab —l-a gb _a_ll _ﬂ
2 3 3 6 3
2 2
lab ﬂ ab
6 12 15
Then XZA=2XA4
)?(—l—abjzfj—)—
6 1
= 1
- or =—a
YZA=274
6 15
or )7221)
5
_ 4
Now X=Y= ~a=zb or =2 4
5 b 5
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v PROBLEM 5.34

Determine by direct integration the centroid of the area shown. Express your
T answer in terms of @ and A.

, 4

'*——— a h’]

SOLUTION
/
r. h I
X a
}Jzﬁx § h
a N \/
YeL =X \ Yot
— 1 S 0%
Yer =3V '
2 o -
dA = ydx X o
; o
A= ya’x:f (—zx)dxz—ah
0\ a
o a h _ hi x 2
!xELdA-jxydx -J’O x(;xja’,x =7 0 ==ha
_ af 1 Lpe(n Y a2 [#] 1,
dAd=| | =y lydx=—||Zx| de=-]X h*
J.yEL 0(2)’))’)( ZL(aYJ 25713 67a
XA= Xy dA: X lah =—ha ¥=—a 4
2 3
= [Frdt: 5 2an|=Lra F=ih <
2 6
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PROBLEM 5.36

Determine by direct integration the centroid of the area shown. Express your
answer in terms of @ and 4.

X
SOLUTION “
For the element (EL) shown -+ Xe
dq
At x=a, y=h h=ka® or kzl—é . 5
a '{——
Then X — a 1U3 \? l
T e % o] ¥
Now dd =xdy = —/% y? ay
Z
- 1 _ I a 73
Xpr = Ex = 5;71—/?)7
VeL =¥
h
_ - " a g 3 a 473 _ 3
Then A= J'dA —J’O hm 34 dy = 4 121/3 (y )0 = ah
h
- hl a a 1 a3 ; 3
3nd X5 dA = el & [— led) = | — )3/3 == —-a2h
S E YT VR RV EE RT)
h
_ h a a (3 3
dA: 5 ]/3d}]: 4[__ 7/3 :_ah2
J.y];L J-o ¥ (hw yoda P ¥ L7
Hence A= [T F Sanl=2 T=2q 4
g 4 10 5
— (= (3 3, - 4
VA= J‘yELdA. y(za17)~~7-a/z )% ~_7_h <«
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g PROBLEM 5.46
AN A homogeneous wire is bent into the shape shown. Determine by direct
N \43 integration the x coordinate of its centroid.
,/ 130 °

SOLUTION

First note that because the wire is homogeneous, its center of gravity coincides with the centroid of the
corresponding line

Now Xg, =rcosf and dL=rdf N
EL ] x&r_
. Tri4 Tms 3 \
Then L= J‘dL: L 0 =rOTt = " |
d Tdl= [ ros6(rd® )
an J.xEL = Lm rcos6(rd) :
=r?[sin 0] 7"
2( 1 1 %
= —_——— e
NoRNG
:—)‘2\/—5
2 _ 2N2
Thus xL = Jfde: X i7rr =2 Xx=- \/_r <
2 3z
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450 Thift J PROBLEM 5.69

600 /1t
s Determine the reactions at the beam supports for the given
) loading.
SOLUTION
1 2l -4 4 ot &
We have R;=—(31t)(480 1b/ft)=7201b Ry Ry ; .
2 S s o LOOTE
1 1
Ry :5(6 ft)(600 Ib/ft) = 1800 Ib =Te. G
B W —{2Z X
Ry = (211)(600 1b/ft) =1200 Ib
Then : HLEF =0 B =0
+‘} LMy =0 (21)(720 Ib) - (4 ft) (1800 Ib) +(6 f)C, — (7 ft)(1200 1b) = 0
or C, =23601b C=23601b] «
+T 2F, =0: —7201b+ B, -18001b+23601b-12001b=0
or B, =1360 I B=13601b{ «
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PROBLEM 5.103

For the machine element shown, locate the y coordinate of the
] center of gravity.

%\x
0.75 in.

SOLUTION

For half cylindrical hole:

r=1251n.
_ 4(1.25)
) pond 2 —_
Y Iz
=1.4701n.
For half cylindrical plate: r=2I1n. 2
Ty =7 3D 5650
iz
V,in3 ¥, in. z,in. | yV,in* | ZV,in?
1 Rectangular plate (7)(4)0.75)=21.0 -0.375 3.5 -7.875 73.50
I Rectangular plate ®H2)H =8.0 1.0 2 8.000 16.00
11 —(Half cylinder) —%(1 25)%(1)=2.454 1.470 2 -3.607 —4.908
v Half cylinder —;(2)2(0.75) =4.712 -0.375 -7.85 -1.767 36.99
\% —{Cylinder) -7(1.25)*(0.75) = -3.682 | —0.375 7 1.381 -25.77
z 27.58 —3.868 95.81
Ysy =3yv
Y(27.58in>)=-3.868 in* Y =-0.1403 in. «
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10,5 kips

108 Kips

PROBLEM 6.5

Using the method of joints, determine the force in each
member of the truss shown. State whether each member is in

tension or compression.

SOLUTION

Free body: Truss
ELXF =00 A =0

X

TYEM, =0: D(22.5)—(10.8 kips)(22.5) - (10.8 kips)(57.5) = 0

SF,=0: A,=16.8kips|

Free body: Joint 4:

-: -
__ I e V\%jla
21 2ss klf& A5 ~
115 ~cAD - "ﬁ;a"

Free body: Joint B:

Free body: Joint C:

10,8 kins F
= ]Tz )1!08 ki

_Fac

37 a C g 33
F 3 -Bc
D

D =38.4 kips |

Fup 16.8kips

Fuy )

225 255 12

SF, =0:

ZF), =0:

Fop Fpe 108kips

37 35 12

Fye =31.5kips T (Checks)

10.5 kips 105 kips

6’ NER 35k l

— A B : C
B A
\

b
D

F,=315kips T <«
Fp=357kips C 4
Fpe=315kips T <
F,, =1080kips C <
Fop=333kips C 4
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GO0

o0 1h

t
f

PROBLEM 6.11

Determine the force in each member of the Howe roof
truss shown. State whether cach member is in tension or
compression.

SOLUTION

Free body: Truss

2

&
$”
.

L

iy

A= _..‘:.«...._.,...:::..«.o.w o
i\ a&J——sn a-—‘—- f B’H *
F. =00 H, =0
Because of the symmetry of the truss and loading:
A=H = 1 Total load
T2
A=H, =12001]
Free body: Joint 4:
3o<1u» ) ;g% ) ng _ cm _ 90(3) Ib F,=15001b C <
5
N PSS - P
e ¢ _ —t =12
A =lion b e F,.=12001b T <
Free body: Joint C:
BC is a zero-force member
F
Facs iﬁg Fy. =0 F., =12001b T «
1ol ¢ Fee
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Free body: Joint B:

or

or

Add Egs. (1) and (2):

Subtract (2) from (1):

Free Body: Joint D:'

600 1h
D
27 X
Ego= lb.‘ L
100 fm-: fp;

PROBLEM 6.11 (Continued)

. SF, =0: %FBD +%FBC +§-(1500 1b)=0

Fyp + Fyp =—1500 b
3

+H2F, =0: <P ——%FBE +§(1500 Ib)—600 1b=0

Fpp ~ Fpe ==5001b
2F,, =-20001b

2Fy; =—1000 Ib

2LXF =0: g(lOOO 1b)+§FDF =0

Fpe =—10001b

600 b
# - gD
Fap= :bl};”‘
1500 N
N,
F'm:O
ey
2

Fyp =10001b C «
Foy =5001b C <

Fpe =10001b C <

+{2F, =0: %(1000 1b)~%(—1000 1)~ 600 Ib— Fpp, =0

Fpe =+600 Ib

Because of the symmetry of the truss and loading, we deduce that

Fip = Fpp
Fre = Fep
Frg = Fpe
ey =Fyp
Foy = Fyc

Fpe=6001b T 4

Fer=5001b C <
Fye =12000b T <

Frs =0 <
Fry =15001b C <
Fyr =12001b T <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No
reproduced or distributed in any form or by any means, without the prior written permission of th
distribution 1o teachers and educators permitted by McGraw-Hill for their individual course
you are using it without permission.

754

part of this Manual may be displayed,
e publisher, or used beyond the limited
preparation. If you are a student using this Manual,




PROBLEM

6.43

A Warren bridge truss is loaded as shown. Determine the force in
members CE, DE, and DF.

125125 L1250 1251 ' 125 f
6000 1 6000 3 i
SOLUTION
5'53JT}152 | 1255; i 125: i 125 i}i Free body: Truss
. TF =00 Kk, =0
158 ; :
X
R et A S S F)IM, =01 k,(62.5 1) — (6000 Ib)(12.5 )
& LN SET S PR ET S P 5 ~(60001b)(25 ft) =0
b
ot o000t k=k, =36001b] <
6250, 1258 +1ZF, =0: 443600 1b - 6000 1b— 6000 Ib=0

We pass a section th

AB0 e o free body shown.
fo00ib +‘> IMp,=0:
+ 37, =0;
V=M, =0:

A=840011 <

rough members CE, DE, and DF and use the

Frp (15 ft) = (8400 1b)(18.75 ft)
+(6000 1b)(6.25 ft) =0

Frp =+8000 Ib F.p =80001b T <«

8400 1b — 6000 Ib 13
16.25

F})/:' = 0

Fpp =+2600 b Fpp=26001b T <

6000 1b(12.5 ft) — (8400 1b)(25 ft)
—Fpr (15 1) =0

Fpr==90001b  F,.=90001b C <
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PROBLEM 6.63

8 i . . . , .
a Determine the force in members EH and G/ of the
§ 11 truss shown. (Hint: Use section aa.)

150 156 150 o 150 & 150 & 150

12kips 1 2%kips 12 kips

SOLUTION

Reactions:

AA 45 54 S¥ | ISR IS Ht

% d >

G Y
Ay 12 kips 12kips 2kips

d

IF,=0: 4,=0

FVEM, =00 12(45)+12(30)+12(15) — 4,(90)=0

e Fen A, =12 kipsf
!;EF ,j;,, + ZF, =0: 12-12-12-12+P=0 P =24 kips |
A T-Fi‘_l_

e om Gl Fo JTMg=0: —(12kips)(30 )~ Fyy, (16 f1) =0

Fpyy =—22.5kips Fpy =225kips C 4

HUFF, =0 Fy —225kips=0 Fy =225kips T 4
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PROBLEM 6.75

For the frame and loading shown, determine the force
acting on member ABC (a) at B, (b) at C.

Y120 mm | 120 mm | 120 min

SOLUTION
FBD ABC:
c

_.i.\_._—. 2 Q_x

09 m v &y

._L_.Eg A D

Zo0 N

|2 1.2 M Lzw {2 88 ™
Note: BD is two-force member
(a) QZMC- =0: (0.09 m}200 N)—(2.4 m) (%FBD] =0
Fyp =125.0 N2x36.9° «
(b) —XF =0: 2OON—%(125N)—CA.:O C, =100 N-—
3

IzF =0 ~Fp=C, =0 C},:%(DSN)=75N1

C=1250N"36.9° «
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PROBLEM 6.102

For the frame and loading shown, determine the components of all
forces acting on member ABE.

PROBLEM 6.101 For the frame and loading shown, determine the
components of all forces acting on member ABE.

4.8 m {
SOLUTION
FBD Frame: ’
(=M =0: (1.2m)(2400 N)- (48 m)E, =0 E,=600N{ <
I4OO N
FBD member BC: ox !
] - N 1
48 8 Bx .
e = {, AN
Cy 52 Cx 9 Cx By A/_lfl Cy
Ex 4 F_
(=M =0: (24m)B, -(1.2m)(2400N)=0 B, =1200N } o 2k
on ABE: B, =1200N| «
I$F, =0: ~1200N+C, ~2400N=0 C, =3600 Ni
9
S0 C, :gC), C,=4050 N—
—+3F =0: —B +C,=0 B, =4050N-—onBC
on ABE: B, =4050 N— <«
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FBD member ABOE:

PROBLEM 6.102 (Continued)

(=M, =0: a(4050 N)-24E, =0
E, =2025N
—~3F. =0: —A, +(4050-2025) N =0

{£F, =0: 600N+1200N—A4, =0

E, =2025N-— <
A, =2025N — «

A, =1800N| <
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N PROBLEM 6.122

An 84-1b force is applied to the toggle vise at C. Knowing that 6= 90°,
determine (a) the vertical force exerted on the block at D, (b) the force
exerted on member ABC at B.

SOLUTION

We note that BD is a two-force member.

Free body: Member ABC

We have BD =.J(7)* +(24)* =25in.

7 24
(Fep) :E‘S‘FBD» (Fap )y :2—5]*31)

FVEM =00 (Fyp),(24)+ (Fyp), (7)—84(16) =0

7 24
(EFBD)(24)+(—2§FBDJ(7) =84(16)
30 Fpp =1344
Fyn =1001b

tzma:—27i a=73.7°

(b)  Force exerted at B:

(ay  Vertical force exerted on block

CIE
(R 1 /|Feo 24 24 ~
“JJ (Fap)y = E—5~FBD =5 (100 16) =96 Ib

%‘73& Gin
L
2Yin,

q B

gl
Hin,
e
&

L

F,, =100.0 1b 7 73.7° <

(Fyp), =96.01b | <«
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PROBLEM 7.13

A semicircular rod is loaded as shown. Determine the internal
forces at Point J knowing that 8 = 30°.

(=M, =0: ;~(ic)+;~(§cj—2r(280 N)=0

5
C=400N /
] 4
— IR =00 — 4, +2(400N) =0
A, =320N —
IsF =0 A,\.+%(4OON)-280N:O
FBD AJ: A, =400N|

\ZF.=0: F—(320N)sin30°—(40.0 N)cos30°=0

Uore g »
‘F__._ Orlbm—:{ - y
A "’7&"‘7)'/0 F=194.641 N
2208 7\ 3p° F=194.6 NN 60.0° «
R '
/ZF‘,/ =0: V—(320N)cos30°+ (40 N)sin30°=0
5 )
£ . V =257.13N
\ , V =257N .4 30.0° 4

(=M, =0: (0.160 m)(194.641 N) — (0.160 m)(40.0 N)— M =0
M =24743
M=247N'm ) <«
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PROBLEM 7.32
For the beam and loading shown, (a) draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of the
shear and bending moment.
SOLUTION
(@) Along AB:
J TZF) =0: ~wx-V=0 V= —wx .
LTIy e
A 2z J‘D ~ AT 8 e Cx
v &y
Straight with LI é v
(=M, =0: M+Swr=0 M=t *
2 2 M
I
12 parsh
Parabola with M= —li at x= —L— it/
8 2 ¥
B
Along BC: z
L | Z2F, =0: —w——V=0 V:—-]—wL
A —==1 M
_ L et ~
! 2 kel g (\ZM,\wo M+(x1+—jw—=o
=YL |
2 \4
Straight with M :_%wﬁ at x, zé
(b)y  From diagrams: Ve = % on BC 4
2
!MH]HX = 3}18[/ at C <
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30RN 20 kN PROBLEM 7.35

@
|

<
05m 05m 0.5m

HE RN

Ve

For the beam and loading shown, () draw the shear and bending-
moment diagrams, (b) determine the maximum absolute values of the
shear and bending moment.

15 kN
SOLUTION
a Just to the right of 4:
(a) A DM‘
2R, =0 K=+15KN M =0 v,
\S kN
J he left of C:
ust to the left o A Cl'}t*\,.
— _ '1 e
V,=+15kN M, =+I5kN-m v
: o 15 kN x
Just to the right of C:
A IOkN'MC M3
V,=+15kN M, =+5kN-m ten le
: 15 kM
Just to the right of D: 30 e
1O &N . M
V,=—15kN M, =+125kN-m A = < 1'} 4
‘_,L__*———.l V
Just to the right of £: 15 kel 0.5m *
30kN 20LN
V,=—=35kN M,=+5kN-m R ok T Elpms
te N
At B: M, =-12.5kN-m ,SE“ el YN
V{kn) Mk -m)
19 7 p E 2
A e ' X e«
-is -35 -i2.5
(b) |V|mA\ :350 kN 'Mlma\ :1250 kN -m <
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1500 1/t

GOOO 1
6 ft

PROBLEM 7.80

For the beam and loading shown, (a) draw the shear and bending-moment
diagrams, (b) determine the magnitude and location of the maximum absolute
value of the bending moment.

A

SOLUTION

Free body: Entire beam

DIM, =

3?#]9/(7;5
NENEEEY

r ?é ékr}
H

Vi

Uy

0: (6 kips)(10 ft) — (9 kips)(7 fi) +8(4 ft) =0 e

L

B =+0.75 kips

B =0.75 kips |

SR, =00 4+0.75 Kips —9 kips + 6 kips = 0

A =+2.25kips
A=225kips|
1o SR/
. el TTIIIT1T je
tazs s Tostps & feips
t—o——— Gt ——;1-——-— b€t ———nvd
Weeps) +38p - LBep)n =+ 38T
#2251 [leq2ipet) 7 /7%/ c %
2 Ve 3k - 26 ’/ )
Bo% wo 26t 4FL b Rps
{e < ™
]

M{lep -F8)

M, =12.00kip-ft |
6.00 ft from 4
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PROBLEM 7.83

For the beam and loading shown, () draw the shear and bending-
moment diagrams, (b) determine the magnitude and location of the
maximum absolute value of the bending moment.

Free body: Beam
+‘> M, =0: B(4m)~(100kN)Y2m)-20kN-m=0

B=+55kN
2F . =0: A4, =0
+ ZF, =0: A4, +55-100=0
A, =+45kN
V{kN) Shear diagram
4y
At 4: Vy=A4,=+45kN
(405 c B ’ |
A 2 —=] N\ (-60.5) | * To determine Point C where V¥ = 0:
-55 Ve =V, =—wx
0—45kN=—(25kN -m)x
x=1.8m <
We compute all areas bending-moment
Bending-moment diagram
M(kﬂ-m)
At A4: M,=0
45— =
l, At B: My=-20kN -m
} 5 |M|,, =40.5kN -m <«
A 'C X
20""'8"’”“" . _ﬂ 1.800 m from 4 <«

Single arc of parabola
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PROBLEM 7.85

For the beam and loading shown, (@) write the equations of the
shear and bending-moment curves, (b) determine the magnitude and
location of the maximum bending moment.

L
SOLUTION
Distributed load s
X 1 , A A
W= W, | -— Total =— M’OL é:vf“ =
L 2 A R 2 4 @_
~y
. ! i
QZM¢=0: L lwOL ~LB=0 B:HULT 5
’ 32 6 ,
iy L ) [S— ——J\_J P
TZF,:O: A,—lW’L-{-wO =0 A.:MOLT q23L g T
’ ’ 2 ° 6 ! 3 H

nlL

Then — = V

Note: At x=L
V:—WOL
6
y=0at| > | -2/ > |+Z
L L
_osXoo b
L 3
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PROBLEM 7.85 (Continued)

Moment: M,=0
x /L - -
Then (dM)zVasz Vd_x-:Lj v 2 ld i)
Cdx 0 0 L L

~ XL 2
M:wozfj Lox Hxpafx
o [3 L 2\L L

1 1(xY 1(xY
Mzw(,L2 il B B +—| =
3\L/) 2\L 6\ L
X 1 2
M |at —=1~ = 1=0.06415w,L
i L 3

1 x 1{:
V=wl|——"4—
@ ' 3T 2(

M:H’OL:Z .1_ ij_-l_(_x_J +l(£] <
3L/ 2\ L 6\ L

(©) M =0.0642 w(,L2 <

max

at x=0.423L «
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PROBLEM 8.4

SO0 N
Hs =020 Determine whether the block shown is in equilibrium and find the

#y=0.15 magnitude and direction of the friction force when 6 =35° and
P =200N.

SOLUTION

Assume equilibrium:

Sy eon B 350 +/'$F, =0: N (800 N)cos 25°+(200 N)sin 10°=0
2
floo% N=6903N N =690.3 N1
25°
x
e
I"E

N ZF, =0: —F +(800 N)sin 25°—(200 N)cos 10°=0

&

F=141.13N F=141.13N

Maximum friction force:

Eﬂ = ILZ\N
= (0.20)(690.3 N)
=138.06 N

Since F > F, Block moves down 4

m?

Friction force:
F=N
=(0.15)(690.3 N)
=103.547 N F=103.5N_<
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PROBLEM 8.7

Knowing that the coefficient of friction between the 15-kg block and the
incline is gz, =0.25, determine (a) the smallest value of P required to
maintain the block in equilibrium, (b) the corresponding value of f.

SOLUTION
FBD block (Impending motion downward):
W =(15 kg)(9.81 m/s?)
=147.150 N
¢, =tan"" g1,

=tan"'(0.25)
=14.036°

(a)  Note: For minimum P, PLR
So f=c
=90°—(30°+14.036°)
=45.964°

and P=(147.150 N)sin o
= (147.150 N)sin (45.964°)

3o lb

P=108.8N <«
(b) B =46.0° 4
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PROBLEM 8.12

The coefficients of friction are 4, =0.40 and g, =0.30 between all
surfaces of contact. Determine the smallest force P required to start the
30-kg block moving if cable 4B (a) is attached as shown, (b) is removed.

SOLUTION |

(a)  Free body: 20-kg block

W, = (20 kg)(9.81 m/s*) =196.2 N
F = u,N,=04(196.2 N)=78.48 N

4. YF=0: T—F=0 T=F=7848N

Free body: 30-kg block

7, = (30 ke)(9.81 m/s*) = 2943 N PR s | i
N, =196.2 N +294.3 N =490.5 N e ¢ 7= BN
F, = 1t,N, =0.4(490.5 N) =196.2 N 14 2 fu
K4 Vo,
LYF=0: P-F-F=0
P=7848 N+1962 N=274.7N
P=275N~— <

(b)  Free body: Both blocks

Blocks move together

Vj:ﬁﬁd’/v
7 = (50 kg)(9.81 m/s®) f_(ﬂ_)_]
=490.5N “1 __
Foal (N =205,
JSF=0. P-F=0 g B ~

P =y N =04490.5N)=196.2 N

P:196.2N*—4J
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PROBLEM 8.22

A 6.5-m ladder AB leans against a wall as shown. Assuming that the coefficient of
static friction f is the same at 4 and B, determine the smallest value of 4, for
which equilibrium is maintained.

.

SOLUTION

Free body: Laddcr

Motion impending:

E»i = IUSNA
Fp =Ny

f-@ SHH% )M, =00 (.25 m)—Ny(6m)— g N, (2.5 m) =0

1.25W

oW 1
B 6250 )

+IEF =00 N, +pu Ny - =0

NA =W _IUSNB
125u W

Y,/ N, =W -5 2
S s 4 6+2.51, @)

A

H-XF, =00 uN, ~N, =
Substitute for N, and N, from Egs. (1) and 2):
125w 125w
642501, 6+2.50,
641, +2.507 ~1.251 =1.25

1.25467 + 641, —1.25=0
M, =02

s

and M, ==5 (Discard)
1, =0.200 «
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PROBLEM 8.105

The coefficient of static friction between block B and the horizontal
surface and between the rope and support C 18 0.40. Knowing that
my = 12 kg, determine the smallest mass of block B for which equilibrium
is maintained.

SOLUTION

Support at C: FBD block B:

w,=mg=(12kg)g

1SF,=0: Ny—=Ts=0 or Ny=0

[mpending motion: Fy=uNy=04Ng= 0.4Wy

Ce3F =0 Fy-Ty=0 or Tp=Fy=04W}

At support, for impending motion of W, down:

W, =Tye"”

50 T, =W P =(12 ke)g 9 = (6.4019 kg)g

T. (6.4019kg
Now A | 27770 1=16.0048
5704 ( 04 )g &
so that mp =E/B-=1§'99L§g my, =16.00kg 4

g
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PROBLEM 8.133

The 20-1b block 4 and the 30-Ib block B are supported by an incline
that is held in the position shown. Knowing that the coefficient of static
friction is 0.15 between all surfaces of contact, determine the value of 8
for which motion is impending.

SOLUTION

Since motion impends, F' = N at all surfaces.

Free body: Block 4

<]
Zot' baf? el

\ B .
T~ —~ Impending motion:
5—:%/\,77 > 2F, =0: N;=20cos¢
Ny

~LSF =0: T-20sin6- N, =0
T =20sin8+0.15(20cos 8)

T =20sin8+3cos8 €))
Free body: Block B

Impending motion:
+/ZF,=0: N,-30cosf—N, =0

N, =30cos6+20cos@ =50cosd

Fy =1 N, =0.15(50cos8) =6cos 8
~“LZF, =0: T-30sin6+uN, +u,N,=0
T =30sin0—-0.15(20cos8)—0.15(50cos 8)

T =30sind—-3cosf—"7.5cos6 2)
Eq. (1) subtracted by Eq. (2): 20sinf+3cosf—30sind+3cosf+7.5c0s0=0

13.5c0s8=10sind, tanf= 135
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PROBLEM 9

5

Determine by direct integration the moment of inertia of the shaded
area with respect to the x axis.

SOLUTION
By observation _h
Yy y—z,\ “
Sy
or x:éy ___J.
h |
\.1
Now dl, = y*dd = y*(x dy) by
’ L—x—al
2( b
=y (—ydyj
h
b 3
e d;
h)’ )
hp
The I = |dl. = v Bd’
: S
h
_b) L or I, =Lbi 4
hl4” | 4
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I PROBLEM 9.10

Determine by direct integration the moment of inertia of the shaded area with
respect to the x axis.

SOLUTION
! 4
x—1 r— X
X
ala b
At x=a,y=b: b=ke or k=—
e
Then y= P—QX/G — bex/a—l
e
Now dl, = 1 Yy = l(be‘m“l Y dx
-3 3
_ % B3 aD) g
a 3 a
Then ]r — J'dlx :J- lb3e3(x/a—~l)dx :b_ 383()(/01—1)
| 03 313 0
= éab3(l —e™) or I_=0.1056ab’ 4
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— L3in. |— | PROBLEM 9.44

1.0 in. . - LT T e :
| — Determine the moments of inertia I, and /1, of the area shown with

respect to centroidal axes respectively parallel and perpendicular to
side AB.

3.8 in.

. E’S in.
A \B_T'
I 3.6in. |
SOLUTION

First locate centroid C of the area.

A,in? X, In. y,in. X4, in? VA, in?

1 3.6x0.5=1.8 1.8 0.25 3.24 0.45
2 0.5%3.8=1.9 0.25 2.4 0.475 4.56
3 1.3x1=13 0.65 4.8 0.845 6.24
s 5.0 4.560 11.25

Then XZA=Y%4: X(5in?)=4.560in’

or X =0912in.

and YS4=534: Y(5in?)=11.25in’

or Y =2.25in.
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PROBLEM 9.44 (Continued)

Now Tx =W +U)+U ),

where () = %(3.6 in)(0.5in.)’ + (1.8 in.?)[(2.25 - 0.25)inJ"
=(0.0375+7.20)in.* =7.2375in"
(1), :TIE(O'S in)(3.8in)’ +(1.9in>)[(2.4 - 2.25)in.}’

=(2.2863 +0.0428)in.* =2.3291in.}

(1) = %(1 3in)(1in)® +(1.3in2)[(4.8-2.25in)]
=(0.1083)+8.4533)in.* =8.5616 in.*
Then ; T, =(7.2375+2.3291+8.5616) in." =18.1282 in.*
or  I,=18.13in" «

AlSO 7‘ = (]),-)1 + (1‘;')2 + (ly)3

where )= %(0.5 in)(3.61in.)° +(1.8in.2)[(1.8—0.912)in.T?
=(1.9440 +1.4194)in* =3.3634 in.*
(1), :%(3.8 in.)(0.5in.)> +(1.9in.2)[(0.912 - 0.25) in.}*
=(0.0396+0.8327) in.* =0.8723in.*
()= %(1 in)(1.3in.)* + (1.3 in.*)[(0.912 - 0.65) in.]*
=(0.1831+0.0892) in.* =0.2723in.*

Then T, =(3.3634+0.8723+0.2723)in.* = 4.5080 in.*

or I,=451in" <

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitied by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1434




v PROBLEM 9.70

Determine by direct integration the product of inertia of the given area
with respect to the x and y axes.

SOLUTION
y=h +(h—h)>
a

dl, =dl s+ Vg dd

dl s, =0 (by symmetry)

_ _ 1
Xpp =X YEL = EJ’ dA = ydx

Jd] j‘ ( )vch—~j:xy2dx
:% J:x[hl (hy —hl)ﬂzdx

_ 1 pa 2 xz 2 ,\’3
=3 L B x+2h(h —11,)—a—+(h2 -h) = dx

’7 N .
121 +2/’71 (h, — 11])_6_7__4_(;17 _hl)z a i
3a “ >
1 2 a?. 2 2 2 1 2 2 1 1 ,
Bk —2_+3h‘h‘2a —3h a’ +Zh;a _‘2‘/7zhla+zhlza7

Il
NIQN
| —
=5
bl )
TN
B |
|
W
+
,u o
~
+
=
S
/—.—\\

-2)4)

2

a
I, 27—4(/112 +2hh, +3/722) <
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