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Chapter 5, Solution 1.
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A, mm? X,mm | y,mm XA, mm’® VA, mm’>

-100 250 —-30000000 | 6750000

1 | 200x150 = 30000
400 x 300 = 120000 200 150

150000

24000000 | 18000000
21000000 | 24750000

Txd _ 21000000 or X =140.0 mm <«

Then X = =
YA 150000

_2yd _ 24750000 or ¥ = 165.0 mm 4

>4 150000

~
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A,in® X, in. ¥,in. X4,in’ y4,in’
1 10x 8 = 80 5 4 400 320
2 l><9><12—54 13 4 702 216
2
) 134 1102 536
Then )_(z%z% or X =8.22in. 4
and ?:%:% or Y =4.00in. <
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Chapter 5, Solution 3.
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A,mm2 X, mm J?A,mm3
1 729000
%x90><270=12150 %(90) = 60
2 2 460 375
%x135x270=18 225 90+%(135) =135
z 30375 3189 375
Then )—(:Zx_A:Mmm or X =105.0 mm «

XA 30375

For the whole triangular area by observation:

Y =%(270 mm) or Y =90.0 mm «
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A,in? X,in. y,in. XA,in’ y4,in’
l(21)(24) =252 2 40 — l(24) =32
1 2 §(21) =14 3 3528 8064
1
5 (13)(40) _ 520 21+ 5(13) =275 20 14 300 10 400
> 772 17 828 18 464
Then )_(z%zﬂin. or X =23.1in. 4
YA 772
Y 4 18464in. or Y =239in <
YA 772
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A, mm? X, mm y, mm XA, mm?> 4, mm?>
2 4(225 95.493 —-3796 900 3796 900
7(225 (225)
| (225) _ 19761 | - = —95.493
7T
1 125 75 5273500 3164100
2 | 5(375)(225) = 42188
81949 1476 600 6961000
>
Then )?z%z%mm or X =18.02 mm <
Y = Zzy_j = 6:?;280 mm or Y =849 mm <
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4 (8)
b 4.
4%5_)-‘"_ = | | v
O cy 1 °37L_'F_
| i
45 ta-
< in. |
A,in? X,in. y,in. xA,in’ y4,in’®
1 17x9 = 153 8.5 45 1300.5 | 688.5
T (45) =-15.9043 8 - X% _ 60901 9 - 2X43 _ 7.0001| —96.857 | ~112.761
2 4 3r 3z
~208.19 | —182.466
3 —%(6)2 = -28.274 10.5465 6.4535
s
108.822 905.45 | 39327
Then X _xxd _ 90545 or X =8.32in. <4
4 108.822
and ?:&:ﬂ or Y =3.6lin. 4
$4 108.22
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4,in? X,in. xXA,in’
2
4(16
1] 700 o6 | 209 _ 67906 | 136532
4 RY/4
—(8)(8) = —64 4 —256
z 137.06 1109.32
Then X = A _ Min. or X =8.09in. «
2A 137.06
and Y = X by symmetry or Y =8.09in. 4
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Chapter 5, Solution 8.

439
an

A,mm2 X, mm y,mm J_CA,mm3 )_/A,mm3
1 35343 63.662 0 2250 006 0
—4417.9 31.831 —31.831 —140 626 140 626.2
z 30925.1 2109 380 140 626.2
Then X = xxd _ 2109380 or X =682mm <
YA 30925.1
and Y = 24 _ 140625 or Y =4.55mm «
24  30925.1
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A X

1 —7[—242 an [_
4 RY/4
2 RV 2

x4 _4n

Therefore, for X = :
XA 3z

or 7t=$,wherep=r—2
2p° -1 R
or 2p0° =27 + (1) =0.
Solving numerically for p and noting that p > 1: 223024
4l
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G \ - 4 N
[
X {M 0(1 1 %
First, determine the location of the centroid.
-«
From Fig. 5.8A: ¥, = %Vz% 4, = (% _ 05)”2
_ gr cosx
3°(5-49)
.. _ 2 cosx
Similarly ¥ = EFIW 4 = (% _ a)rlz
— 2 cosx i, 22 oS [, 2
Then ZyA_3r2—(’2f—(Z)[(g 0!)1’2] 3}‘1—(72[_0{)[(’2’ a)rl ]
= g(rz3 - rf)cosa
and ZA:(E_QJFZZ _(f_ajrf
2 2
:(5 _ aj(r; )
Now YZ4 = 3y4
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Using Figure 5.8B, Y of an arc of radius %(rl +r,) s

Which agrees with Eq. (1).

_ s1n(%—0{)
Y =—(n+
(1 +1) (%—0{
cos o
=50 +n)
74
Now KK _ (”2_”1)(’”22+”1’”2+”12)
=i (ry = 1) (r +1)
_ B ARt
nth
Let r=r+A
n=r—-A
1
Then r :E(rl +75)
- B-r _(r+A) +(r+A)(r-A)+(r-A)
g — (r+A)+(r-A)
_ 3P+ A
2r
In the limitas A — 0 (i.e., ; = 1), then
B _3
I
3.1
__XE(”l +713)
so that Y = gxz(rl +r2)72$0_50; or Y = —(n+n)

(M
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~Liaya. M3
v L B (o
|/
%(35’);4’-/ %[ +|® A %\
Q| e * W x
A,in® X,in. x4,in’
1 27 8.1962 221.30
2 15.5885 3.4641 54.000
3 —18.8495 3.8197 -71.999
> 23.739 203.30
Then X = A = 203.30 or X =8.56 in. 4
24 23.739
and by symmetry Y=04d
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Y Y
el %(9403""“""
O]
= @
. ———JL \LF’—O(\TO)M""
Ca So ™ (S 0
T x T X
A, mm? X, mm ¥, mm XA, mm’ 4, mm’
1
1 5(240)(150) =18 000 160 50 2 880 000 900 000
2 —%(240)(150) = 12000 %(240) =180 %(150) = 45 | —2160000 | —540000
> 6000 720 000 360 000
Then X = 2xd = 720000 mm or X =120.0 mm <«
>A 6000
7=@=360000mm or Y =60.0 mm <4
>A 6000
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Chapter 5, Solution 13.

%
A,in? X,in. y,in. | %4,in’ y4,in’
1 (18)(8) = 144 -3 4 -432 576
1
2 5(6)(9) =27 2 -3 54 81
T
3 Z(12)(9) =84.823 | -5.0930 | —3.8197 | —432.00 | —324.00
T 255.82 -810.00 | 171.00
Then )_(z%zmin. or X =-3.17in. 4
T4 255.82
?zLA: 171.00 in. or Y =0.668 in. 4
T4 255.82
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| !
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o 1S
° Cy - C‘1 A -
Gommn ] /
¥ [ ¥ ¥
(2e- 42-\?;0)”‘”‘ (\70—4_%1?‘_ )M"'\
First, by symmetry X =90 mm 4
A,mm2 y,mm yA,mm3
1 (180)(120) = 21600 60 1 296 000
2 7 (90)(120) = 84823 | 120 - 22120 _ 69,970 | 585870
4 T
3 7 (90)(120) = 84823 | 120 - 2X12% _ 59,970 | 585870
4 kY4
) 4635.4 124 260
)72@2 124260 or Y =26.8mm <
A 46354
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Chapter 5, Solution 15.

(—Xo +3_‘5°3)m;\\
g —)l I(———- | h

Y
== ?’l-kl'%‘)w\w/\

l @ .o —_—
: — @ AT
c b ___JL . =, I 2L Y
T x ¥ T ox
(2
A, mm? X, mm y,mm ¥4, mm’ yA4,mm>
1 18 240 -4 12 72 960 218 880
2 -1920 -56 54 107520 —-103 680
3 —-4071.5 —41.441 —41.441 168 731 186 731
3y 12 248.5 -134171 -53531.1
Then X = x4 = —134171 or X =-10.95mm <
>A 12248.5
and ?zﬁzﬂ or Y =-437 mm <
>A 12 248.5
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Chapter 5, Solution 16.

7 _ Zyd _ 1933360

= mm
>4 23334

= mm
YA 23334

v Y
— 2 (2og) W™
b3
®
. -
B [ZGon-solam |yl 3 Coodoam
| = ® -[(so-2 (s}
s
A, mm? X, mm | y, mm XA, mm?> V4, mm?>
1 %(200)(200) = 26 667 75 70 | 2000000 | 1866690
2 %(100)(50) = -33333 | 375 | -20 | -125000 | 66666
3 23334 1875 000 1933360
Then X = zxd _ 1875000 or X =80.4 mm «

or Y =82.9 mm <«
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Chapter 5, Solution 17.

Locate first Y:

v y

@ i

Cyo — —_ Ce —\—,F
_;F'(‘Iz\. (2+S) in.
) I

¥

Note that the origin of the X axis is at the bottom of the whole area.

A, in? y,in. | ¥4, in’
1 8x15 =120 7.5 900
) —4x10 =-40 8 -320
T 80 580
Then 7=24_380 59500 in,
¥4 80
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Now, to find the first moment of each area about the x-axis:

Areal:

[-(4x5.75)], or O; =174.125 in® «

Oy =34 = —%(8 x7.25) - 4'—225[—(4 x 4.25)], or Oy = —174.125 in*> <

Note that Q( area) = Q; + Oy = 0 which is expected as y = 0 and Q(area) = yA since x is a centroidal axis.
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Chapter 5, Solution 18.

']
R :l—T
Q0 wm
S l
40 vam
A
¥
A, mm? y, mm | VA, mm’
1 (80)(20) = 1600 90 144 000
2| (20)(80) = 1600 40 64 000
)y 3200 208 000
Then Y = 4 = 208 000 = 65.000 mm
YA 3200

Now, for the first moments about the x-axis:
Areal
|

l Lé;l | T“’“’“
"

O = 54 = 25(80 x 20) + 7.5(20 x 15) = 42 250 mm’,

or Q; = 42.3x10° mm’ <«
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Area Il
\(
— '
&< wavw
Oy = ZyA = —32.5(20 % 65) = 42 250 mm’, or Oy = 42.3x10° mm® «

Note that Q(area) = Q; + Oy = 0 which is expected as y = 0 and Q(ma) = yA since x is a centroidal axis.
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Chapter 5, Solution 19.

b lj
|-'— Qrcosﬂ*'

: .3
wl// s ;,jn 5
X

(a) With O, = Xy4 and using Fig. 5.8 A,
2psin(Z -6
O, = M [rz (l - 9)} - (%rsiné’)(%x 2r cos @ x rsin&j
= §r3 (cosé’ — cos @'sin’ 9)
_ 25 3
or QX—3r cos” 6 4
(b) By observation, Q, is maximum when 6=0<d

and then 0. ==r 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 5, Solution 20.

©
L . I

SR

it 29C vamm

X

From the problem statement: F is proportional to Q.. Therefore:

£y — Fp "
), (©),°
FBZ(QX)BFA

For the first moments:

(0,), = (225 + %)(300 x12) = 831600 mm’

12

(0,), = (0,)4+ 2(225 - ?j(48 X 12) +2(225 - 30)(12 x 60) = 1364 688 mm’

Then Fp = M(%O
831600

N),

or Fy = 459 N «
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Chapter 5, Solution 21.

Because the wire is homogeneous, its center of gravity will coincide with the centroid for the

corresponding line.

’ Y
@
v
S} ©)
©
®© 2
L, mm X, mm y, mm XL, mm? yL, mm?
1 400 200 0 80 000 0
2 300 400 150 120 000 45 000
3 600 100 300 60 000 180 000
4 150 -200 225 -30000 33750
5 200 -100 150 —-20000 30 000
6 150 0 75 0 11250
z 1800 210 000 300 000
Then X _ L _ 210000 116.667 mm or X =116.7 mm <
2L 1800
and Y = 2L _ 300000 166.667 mm or Y =166.7 mm <«
2L 1800
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Chapter 5, Solution 22.

e
L, in X, in. ¥y, in %L, in> ¥, in?
1 19 9.5 0 180.5 0
2 15 14.5 6 217.5 90
3 4 10 10 40 40
4 10 50 80
5 8 0 4 0 32
> 56 488 242
Then X = XL = 488 or X =8.71in. 4
>L 56
and Y:@:& orY =432 in. 4
>A 56
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Chapter 5, Solution 23.

corresponding line.

Because the wire is homogeneous, its center of gravity will coincide with the centroid for the

\(
&)
@
X
®
L, mm X, mm y, mm XL, mm? yL, mm?
600 75 0 45 000 0
2 3752 4 2252 — 437.32 187.5 112.5 81 998 49 199
3 -50625 50 625
Z (225) “2(205) | Z(225)
2 T T
> 1390.75 76 373 99 824
Then X = L _ 76373 or X =549 mm <4
>L 1390.75
and 7:@: 99824 or Y =71.8 mm 4
2L 1390.75
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Chapter 5, Solution 24.

' b

@

o

L, mm X,mm | y,mm | oy opm? |5 mm?
1 75 37.5 0 2812.5 0
2 150 0 75 0 11250
3| (150)7 = 471.24 | 95492 0 45 000 0
4 75 0 -112.5 0 —-8437.5
5 47.746 | —47. 5625.0 - .
(75)£=117.81 47.746 5625.0
2
) 889.05 53 437 —-2812.5
Then )_(:E_53437, or X =60.1 mm <
>L 889.05
and Y:@:ﬂ or Y =—3.16 mm «
A 889.05
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Chapter 5, Solution 25.

From Figure 5.8 b:
(20 in.)sin30° 60,

y = =
T T
6

Note also that triangle ABO is equilateral, where O is the origin of the coordinate system in the
figure.

For equilibrium:

(a) =M, = 0: [20 in. — (6—;in.jcos30°}(l.75 Ib) — [ (20 in.)sin 60° | T = 0
Solving for Ty :
Tye = 0.34960 b or Tge = 0.350 1b 4
(b) TF, =0: A, +(0.34960 Ib)cos60° = 0
A, = —0.174800 Ib
SF, =0: A, —1.75Ib +(0.34960 Ib)sin 60° = 0
A, =1.44724 b

Therefore:
A =1.4581b ™ 83.1° 4
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Chapter 5, Solution 26.

The wire supported only by the pin at B is a two-force body. For equilibrium the center of gravity
of the wire must lie directly under B. Also, because the wire is homogeneous the center of gravity
will coincide with the centroid. In other words, x = 0, or 2xL = 0.

2080
T

SFL = —M[n(lso mm)] + (20()%)(200 mm) + (200 mm — MCOSHJ(ISO mm
T
or
e = 3000
11250

or 0 = 63.6° 4
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Chapter 5, Solution 27.

The wire supported only by the pin at B is a two-force body. For equilibrium the center of gravity
of the wire must lie directly under B. Also, because the wire is homogeneous the center of gravity
will coincide with the centroid. In other words, x = 0, or 2xL = 0.

\{

or
I* + 300/ — 197602 = 0.
Solving for /: [ =319.15, and / = —619.15, and discarding the negative root

/=319 mm 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 5, Solution 28.

The centroid coincides with the center of gravity because the wire is homogeneous.

L X xL v/7_ L
! r _r _ﬁ o~ Ly ]
2 2 > l\
Ca (2]
2 20r _rsin@ —2r2sin@ == -g D .
9 \‘ C1/? C.5
\ |-
3 / [ [2 —-—
- — Csia®
2 2 o
Then )?z%zOﬁZszOand
2 2

—%— 2r2sin @ +% =0,0rl = rl + 4sin@

(@) 6 =15°

| = ry1+ 4sinl5° orl =1.427r 4
(b) 6 = 60°:

| = ry/1 + 4sin 60° orl=211r 4
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Chapter 5, Solution 29.

Then

or

Let

Then

S

|
(avh)y,

—y———
3
N

o4
Y754

a (a+h)
__2(17) { 5 }[kb(a—h)]
7T ba — kb(a — h)
_ 1 (1=k)+ ki’

2 al—k)+kh
c=1-k and é’:ﬁ

a

_:£c+k§2
YT ek

Now find a value of ¢ (or h) for which y is minimum:

& _ ﬂ2k§(c +k¢) - k(c + kg”z)
dg 2 (c+k§’)2

. or

2 (c+k¢)—(c+ k) =0

(M

2
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Expanding (2) 208 +20% —c—kEP=0 or kC?+2¢8 —c=0

—2¢ +4/(2¢)" - 4(k) (c)

Then =
¢ 2k

Taking the positive root, since 2 > 0 (hence ¢>0)

—2(1-k)+ \/4(1 —k)? + 4k(1-k)
¢ 2k

5=
2
@ k = 0.2 hea —2(1 - 0.2) + \/4(1 — 0.2) + 4(0.2)(1 - 0.2) or hi = 04720 4
2(0.2)
2
B k06 L -21-06)+ J4(1-0.6)" + 4(0.6)(1 - 0.6) e oas7a

2(0.6)
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Chapter 5, Solution 30.

From Problem 5.29, note that Eq. (2) yields the value of ¢ that minimizes /.
Then from Eq. (2)

2
ctke” 3)

We see 20 =
¢ c+k{

Then, replacing the right-hand side of (1) by 2¢, from Eq. (3)

We obtain y = %(2@
But = h
a
So y=nh Q.E.D. <
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Chapter 5, Solution 31.

Note that y, = —ﬁx +h
a

=My
a
Choose the area element (EL) as

dA = (h - y)dx = ﬁxabc
a

Rl1 L] 1
—| —Xx [
al 2 0o 2

. — _ 1
Now, noting that x; = x, and yg; = E(h + )

A—h ah

Then = — axdx =
by,

| h2 2
= EJO[”Z ~l(a-x) }dx =

Therefore:
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Chapter 5, Solution 32.

B

e le—, ¥
e

First determine k:

For x = a, y = 0 and therefore
0= h(l - ka3) or k = a”>, and therefore
3
X
=hl-—
Choosing an area element as in the figure:

Xg = X, Vg = %, and dA = ydx

N}

. . 3 o a
AZJ.dAZJOdeZJ‘Oh 1——3 =h x—4—a3 Zzah

32 2 3 6 2 4 7 74
al y 1 ca,» X b* (a 2x X b X X 9
dA = = lydx = —| h - | dc=—||1- dc=—|x—-——=+—| =—ab
IyEL o[jy 0 { a3J 2!0[ 3 6} ) 200 745 . 78
Now
1 4 3a* 2
X = Xrrd. =—
AJEI‘ 3ab 10 5
and
__1 _ 4 9ab® _3
PE IR T s T
Therefore: X = %a |
3
v=2b4
Y 7
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Chapter 5, Solution 33.

For the element (EL) shown
y @
3 h
At x=a,y=h h=ka or k==
N a
7, O] a =k or kz—;
yEL
* ‘ Hence, on line 1
ey dle—dx X _ ks
y - 03 X
and on line 2
h 1
Yy=—5r
Then
h h _ 1( h h
dA = [me — ;xﬂ dx and YEL E[me + ?)CS]
of h h 3 1 “
sA= .[dA = .[0 (Txm ——3x3jdx = h(—mx“/3 -— x4j = —ah
a 4a 4 0 2
e hos RS, (3 g 1 S\ 8
J'xELdA = -[0 x(ﬁx —gx dx = h a]/3 —5—3 . = ga ]’l
[Vpdd = j:%(%ﬂB + %f)(%xm T3 x3]dx
a
2 23 6 2 513 6\*
_h_yx__x_ s |3x” 1) 8 s
200 4B 4 2154”7 74° 0 35
From XA = [xpdd: X ah) _ 3 2 or X = E01 <
2 35 35
_ _ _(ah 8 _ 16
and A = dA: — |=—ah or y=—h 4
N y(zj 35 35
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Chapter 5, Solution 34.

dr
)
[———
X e

Choose as an area element (EL) the shaded area shown:

dA = (zr]dr
2

Xg = 2 and
V4

n
A= :f(grj dr = g[%rﬂ = %(sz - ”12)

Then
1 4 27\( 7 4 1 5]?
X A.[XEL ”(sz_rlz)Irl T 2rr 71'(”22—7”12) 3r

and by symmetry

_ 4r23—r13
orxy =—-=>—5
3mr —n

3 3
i ki
2 2

3mr —n

<
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Chapter 5, Solution 35.

dA

T | [
J‘ N ‘\LEL l
l— x —‘l l<—chc

Note that y, = BNy é(a - x), and
a a

b
Y2 == a* -
a

Then for the shaded area element:

zﬁ(lxﬁ_lGZJZC’_b(,,_z)
a\2” 2 2 4

. — _ 1
Noting that X, = x, and that y,, = E(y1 + 1, ):

X = %I)_CELdA -4 aé[x\/x2 —a® - x(a - x)}dx

ab(ﬂ—2) 0q
4 2(1 3 | ol 4 1 3 1 1
SR LR ) AN
ab(m-2)| 3\2 2 3], a*(r-2)[\3 2 3
or x = 2a
3(r-2)
continued
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y= %.WELdA = ﬁfg[%(yz + yl)}[(h B yl)dx]

2 2 2 2 a b2 2 5 b2 )
a2 VR ) = G gl () - Gala e
— 2b a _x2 X = 4b a ax_xz o = 4b
) 03(”_2)j02(ax ) 613(72'—2)-[0( i a3(7r—2)[
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Chapter 5, Solution 36.

Y First note that symmetry implies X =
"-1
g /N For the element (EL) shown
N y = Rcos6, x = Rsinf
[ ——
R N —l dx = Rcos@d@
5 Jer
B * X dA = ydx = R* cos’6d0
Hence
. a
A= [dA =2 R cos® 0d6 = 2R (g + Smw} = %R2(2asin2a)
0
o

_[iELdA = 2jg§cosﬁ(R2 cos’ 9d6) =R’ [%cos2 Osind + %sinﬁj

0
3

_ R ). .

= ?(cos asino + 2sma)

3
?(cos2 asina + 2sina)

But y4 = _f)_/ELdA SO y = =
R .
7(205 + sin2a)
2 (cos2 o+ 2)
or y = =Rsinag —————
3 (20 + sin2a)
— qin2
Alternatively, 7= 2 Rsing 3 sn‘l o
20 + sin 2
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Chapter 5, Solution 37.

4 At x=0,y=5b
b=k(0-af o k=2
a
b
y=—(x~ay
a
Xpp =X, ), = L(x - a)2
EL > VEL ) 2d?
b 2
dA—ydx——z(x—a) dx
a
ab 2 b 3
Then A= [dd= | ?(x —a) dx = ﬁ[(x - a) J
_ a b 2
and  [Xpdd = || x[—z(x - a) dx} =1
a
4 2
= %[x_ - zaxS + a—xZJ = Lazb
a | 4 2 12
— a b 2| b 2
[Fpdd = Jy = (x~a) [_z(x —a) dx} =
a
= Lab2
10
_ (1 |
Hence X4 = |xj;dA x[—ab] =—a’b
3 12

YA = [y dd: y(%ab] =L

_ 2t a(x3 —2ax* + azx)dx
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Chapter 5, Solution 38.

K 9/ For the element (EL) shown on line 1 at
/ Y, x=a,b=k2a2 or k2=%
e'El_ a
. + C . b
PR *O{%T y = —2x2
L ’ 2b
(8\ On line 2 at x=a, 2b=ka or ky = _—3
| a
-2b ;
.y =—X
y e
d4 = [%xz + %f] dx
a a
ab 5 2% b(x 2x4a
Then A=|dd=[—| x* + = |dx = —| — + =—
I IO az[ X J az( 3 4a 0
= ab[l+1j = éab
3 2 6
and [ = [x[ 2+ 2 o 2[5 2] (L2
B 07\ &? a a*| 4 Sa o 4 5
_BB 2p
20
— _ al b 2 2b 3 b 2 2b 3
J-yELdA Ioz(?x _?x j|:(? +?x dx
2 2 2 5 ¢
al b 2 2b 3 b X 2 7
= | =||—=x"| —|—=x dx = - X
'[0 21:(612 j [a3 j } 2a4( 5 74° .
= p2 5(i_zj = —Eabz
10 7 70
Then XA = [xpdd: X Sab| =B F=24 <4
6 20 50
— _ _(5 13 5 _ 39
A = dA: ~ab|—-—ab or y=——"-5b 4
A= [ y[6 j 70 175
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Chapter 5, Solution 39.

Using the area element shown:

A yEng, and dA = ydx
2 3
A= [dd = jOLh{1+£—2x—2de=h{x+x——zx—} = 2nL
L L 6

2

2 3 2 3
_ L X by L X X X 1x
XppdA = | 'xh|1+ —=—-2—=|dx=h||x+—-2—|dx = h| —+ ——
[Revdd = |y ( L L2J L’( L LZJ {2 3L

h2

4

2

_2
4

)C4
L2

2

fo
} = —hI?
3

0

2
_ 1, L X X ol x? X X X X
ijLdAzgj'y dx=7j0[1+——2—J abc=—j0(1+?+4FJr2z—47—4F dx

, 10
Now
1 6 (1.,
X =—|xpdd=——| —hl” | ==L and
A'[EL 5hL(3 j
_ 6 (4, 12
=~ (ypdd =—| —hL|=—h
v="ba ShL(IO j 25
_ 2
Therefore: X = gL <
12
F=-"hd
Y= %5
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Chapter 5, Solution 40.

Note that y; = 0 at x = q, or

0= 2b(1 - kaz), ie k= a—lz

Also, note that the slope of y, is —3% and y, = 0 at x = 2a. Therefore
a

3b
¥y =—(2a-x).
a

Pick the area element dA4(EL) such that:

for0<x<a
dA=3b—y)dx, andXy =x, yg = %(357 + )

and for a < x < 2a

d4 = y,dx, andXxg =x, fELzéyz
Then:
A=[da=[(3b-y)dv+] yzdx—jo[% alz’(a —x)}d 22 (20 - x)dy =
a 2a
jo(b+— jd+j2“3b( )dx=b£x+§x3jo+%[—%](2a—x)2 =

continued
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ab(l + EJ - 2[—(Za - a)ZJ = Eab
3 2 6

a

Now for the centroid:

_ 1 6 a 2 3b (24
X = ZJ. dA = lgab{bjox(l +?x2jd +—.f x(2a —x)dx} =
6 |(1 ‘ e 1 8
=— (—x2+—2x4j +—(ax2——x3j =— (—+—j+3[4———1+—]
19a|\ 2 2a 0o a 3 19(\2 2 3
or x =Ea |
19
_ 1 .- 6 al al
y = —ijLdA = Toub [JOE(% + yl)(3b - yl)dx + '[az Eyzyzdx}
16 [ralfns o .
_519ab{j°5(9b ~ )| _yzdx} B
_ 1 6 al 2 4b 2 2 2 249 2
_519ab{j05{9b —a—4(a - X ) }dx+.|' —2(2a—x) dx}
3b a 8 4 2a 2
_@ 0(5+?x2—?x4)dx+j —2(2a—x) dx}
3 | 8 4 N\ 9 32
@ (5X+?X3 - 5 4x5j0 +?(——j(2a—x) . ]
= %[(5 8_ ij + 3(1)3}
19 3 5
_ 148
Y= s

—b 4
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Chapter 5, Solution 41.

! X For y, at x=a,y=b: a=kb* or kzl%
///‘qig_-_'K
- T e _ b on»
> ::‘ELL en Y2 = ax
SH
f * _
Now Xg, =X
12 12
a' p— yz b.x X
and for 0<x<—: =<t =—"x dd = y,dx =b—
2 EL 2\/; Y2 \/;
a _ 1 b(x 1 X%
For —<x<a: =_ + = |y
2 w= 501 0) 2[61 2 JZ]
(x1/2 ¥
dA = dx =b|—=—-—+—|d
(yz yl)x L\/; P Jx
/2x W x 1
Then A=(dd=[""b==dx+ — =+ —|dx
Jda=]7"b T an? J; o

32 2 4
[2 ﬂ [2x x_+lx:|
a 2a 2 ”

I
I—|
VR
NN EN
;/

+

T

[\

|
7\
O
N—

(98]
)
|

12 12
- al2 X a X x 1
and JxELdA = Jo x[b—Z dxj + J.a/zx{b[—ﬁa - + Ede

dx

continued
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= —ab?
48
Hence XA = [XpdA: X Bapl= Lo w1 0- 05460 «
24 240 130
o (13 1, _ 11
A = [y dA: —ab|=—ab =—b=0423) <4
A = Ve y(z4“j 4" 7= %
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Chapter 5, Solution 42.

=Y

a0
o

| S
X

=

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

Now

Then

and

Thus

Xp; = rcosé and dL =rd@
L=[d = [7ra6 = r[6]7 :%
[XpdL = ;Zmrcosﬁ(rdﬁ)
= [sin6]™ = (_% .
3L = [¥dL: f@m) =22

r
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SOLUTION 5.43 CONTINUED

Then ﬂ — ( a?® — B )1/2 (—x‘l /3)
dx
Now X =X
PRt " 512
and dL=[1+|Z de= 14| (a® - xm) (—x‘“) &
dx
/3 a
Then L= .[dL: _[aal/3ix=a1/3 ixm :Ea
0 > L2
13 a
< a | a 1|3 5 35
and Xodl = [“x| =—dx | = ad”| =x -4
feude = 1] S| =% 27| -2
2
Hence XL = [¥pdL: f(%aj = %az % =Za 4
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Chapter 5, Solution 43.

Alternative solution

a

_ N 2 2
L-XE:-I Then dL = [(—3a coszﬁsiné’dﬁ) + (3a sin29cos0d6’) }
) 5 o 12
= 3ac0s9s1n6‘(cos 0 + sin 0) do
= 3acos@sin@do
L= JdL = j.(;[/23acosﬂsin6d6 = 3a[%sin2 6’}
==a
2
and [XpdL = jg/zacos3€(3a cos@sinHd6)
2 1 s
= 3a {——cos 9}
5
Hence XL = [XpdL: )_c[%aj = %az

. 23
x=acos’@ = cos’> = [—]
a

y = asin® 6 :>sin249=(

)22 2
(_j + [lj -1 or y= (a2/3 _ x2/3)
a

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

dL = \Jdx* + dy*

Now Xy =acos 6 and
/%:“— Where x =acos’@: dx = —3acos’ @sinOdo
Al y =asin’@: dy = 3asin® @cosOdo
S

172

32
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Then dy _ (a2/3 - x%)l/z(_x—%)
dx
Now )_(EL =X
J 2 \ 12
1
and dL =,/1+ —y dx = 1+ (612/3 _ .X'Z/S) (_x—l/3) dx
dx
173 a
Then L= J.dL = Jaal_/g)dx = al/?’ §x2/3 = Ea
0 x 2 0o 2
1/3 a
= a_| 4 1|3 s 35
and X dL= X —dx =a —X =_q
.[ EL .[o 3 {5 L 5
2
Hence XL = [XpdL: f(%a) = %az Y =2a 4
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Chapter 5, Solution 44.

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

1
Have at x=a,y=a:a=ka2 or k=—
a

Thus y=—X and dy = 2xafx

a a
, 2 , 2
Then dL = 1+(d—yj dx = 1+(£x) dx
dx a
L=dL =]/ /1+ix2dx— X 1+4_x2+£1n 2.4 1+4—x2
0 a’ 2 a’ 4 a a’
0

a a
- E\E + Z1n(2 +5) = 1.4789a

_ a 45> 2( & 4 V]
IxELdL = -[0 X{ 1 + a—deJ = [E[?J(l + ?x J

2
- "—(53/2 - 1) = 0.84844>
12
Then %L = [¥pdL: ¥(1.4789a) = 0.8484a’ ¥ =0.574a 4
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Chapter 5, Solution 45.

X
Have Xg, =X, Vg = —Xxsin—
and dA = ydx
) L2
A= JdA jmx in iy = L—zsinﬂ - £xcos—x
L T L 0
and X = f)_cELdA = .fomx(xsin%de
21 . (mx) 21 zx) L , . (7x
= | —5-xsin| — |+ —-cos| — | — —x"sin| —
/1 L T L V4
Also y = nyLdA fL/zl sm—[xsm%dxj
5 3 17
_ L X L 2L X
I A A= A
L 0
f1(3) (¢ J ,
=—|=|— |- — (-1 ——(6+7
2 6(8} 4;;2(2j( )} 96752( )
2
Hence A = [%pdA Y(L—J = L{ L —%)
/4 /el

L2
yA = [ygdd: y

or y = 0.1653L 4

or

X =0.363L <
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Chapter 5, Solution 46.

First note that by symmetry y = 0.

Using the area element shown in the figure,

Xp = grcosé’ = chos290056’
3 3

dA = %rzdﬁ = %Rz cos>20.d0

T T T
A= [dA= %RZ [*,cos®6d6 = R* [ cos® 0d6 = %Rﬂg(l + cos46)do
K
z
=1R2[0+lsin49}4 - LR
2 4 o 8

T T
jf dd = _[4 chos 28 cosé le cos>20d0 | = zR2 I“ cos> 26 cos 0dO
EL 7\ 3 2 3000
o

T

T
= §R3 Je(1- 2sin26’)3 cos8d0 = 2 R J4(1 - 65in”6 + 125in*  — 8sin° ) cos 6

3
r
=2 R sing - 2sin*0 + Zsin® o - Ssin"g |
3 5 7 .

:gR3£[l_g+121 81}16«51{3

3 2 2 54 78 105
Now:
f:lijLarAz—g2 1692 o | _128V2
A TR 105 1057

or x=0.549R 4
y=0d
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Chapter 5, Solution 47.

i) J)L:|an.
©) I
e | I
@
€) |
@ "4

From the solution to problem 5.2:

A=134in%, Xx4=1102in’°, Xyd=536in’
and from the solution of problem 5.22

L =56 in., and ZxL = 488 in*

Applying the theorems of Pappus-Guldinus, we have

(@) Rotation about the x-axis:

Volume = 27y,,,,4 = 22554 = 27(536 in’ ) = 3367.8 in’ or v =1.949 fi° 4
Area = 270 gL = 275yL = 27t 6(15) +10(4) + 8(10) + 4(18) | = 1520.53 in’

or A4=10.56 ft* «
(b) Rotation about x = 19 in.:
Volume = 27(19 = X, ) A = 277(194 — xA) = 2;;[(19 in)(134in?) - 1102 in3]
=9072.9 in’ or V=5251t 4
Area = 27(19 - ¥y, )L = 27 (19L = 3¥L) = 27 (19 in.) (56 in.) - 488 in” |

=3619.11in?
or A=25.11 <
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Chapter 5, Solution 48.

From the solution to problem 5.4:

A=772in%, x4 =17828 in’, TyA = 18464 in’ (Area)
and for the line
L x y xL yL
I 13 275 |0 | 3575 0
2 40 34 20 1360 800
3 34 17 40 578 1360
4 h12+ 247 = 31.890 105 |28 [33485 |892.92
16 21 8 336 128
b 134.89 2966.4 | 3180.9

(@) V =27%,,A = 27554 = 27(17828 in®) = 112 017 in’

A= 27%,, L = 27351 = 277(2966.4 in” ) = 18 638.1 in”

or V=648 ft> <

or 4=129.4 ft*> <

continued
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()

V = 270(40 = 7,y ) A = 277(404 — SA)
= 27| (40n)(772 in”) 18 464 in’ | = 78 012 in’
or V=451 4
A= 27r‘()7hne )y:4O‘L — —27[ 3L (7 - 40)] = 27 (L7 — 405L)
= —277(3180.9 — 40 x 134.89) =13 915.3 in’

or A=96.6 ft> 4
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Chapter 5, Solution 49.

¥ = 400 wmn
From the solution of Problem 5.1:
A =150000 mm?, X, =140 mm, y,=165mm
[From the solution of Problem 5.21:

L =1800 mm, Xx; =116.667 mm, y; =166.667 mm

Applying the theorems of Pappus-Guldinus, we have
(a) Rotation about the x-axis:

A, =277, L = 27(166.667 mm (1800 mm) = 1884 960 mm>

or
V, = 277, = 22(165 mm)(150 000 mm* ) = 155 509 000 mm’

or

(b) Rotation about x = 400 mm:

A

x=400 mm

or

or

A=1.885%x10° mm? <

V =155.5%10° mm’ «

= 277(400 mm — X, ) L = 27[ (400 — 116.667) mm | (1800 mm) = 3204 420 mm”

A=3.20%x10°mm> <

V, = 27(400 mm — X,) 4 = 277[ (400 — 140)mm ] (150 000 mm? ) = 245 040 000 mm’

V =245%10° mm’> <
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Chapter 5, Solution 50.

IApplying the second theorem of Pappus-Guldinus, we have

(a) Rotation about axis A4’

Volume = 2774 = 2;:@)[”7"]’) = 7%’

(b) Rotation about axis BB’:

mab

ﬂ—-—a—h—-

Volume = 2774 = 27[(2a)[7j = 27%a’b

(c) Rotation about y-axis:

Volume = 27yA = 27[(4—61] (”—abj = 27razb

3z 2 3

V = r’a’h 4
V =27%"h 4
Vo= %ﬂazb |
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Chapter 5, Solution 51.

The area 4 and circumference C of the cross section of the bar are
A= %dz and C = 7d.

Also, the semicircular ends of the link can be obtained by rotating the cross section through a
horizontal semicircular arc of radius R. Now, applying the theorems of Pappus-Guldinus, we have
for the volume V-

V = 2(Vge) + 2(V g) = 2(AL) + 2(7RA) = 2(L + 7R) 4
or ¥ =2[3in.+7(0.75 in.)]{%(O.S in.)z} = 2.1034 in’ or V' =2.10in> 4

For the area 4:

A=2(Agge) + 2(4eg) = 2(CL) + 2(7RC) = 2(L + 7R)C

or A=2[3in.+7(0.75in)][7(0.5in.)]| = 16.8270 in® or 4=16.83 in”> 4
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Chapter 5, Solution 52.

M
N
Yl

!
+
7

X
— ~ 4o
a 47
L .c
| S
I T %
T~ ¥
q ——
L —d X
%

Following the second theorem of Pappus-Guldinus, in each case a
specific generating area A will be rotated about the x axis to produce the
given shape. Values of y are from Fig. 5.8A.

(1) Hemisphere: the generating area is a quarter circle

Have V = 2174 = 2n(ﬂj(1a2j
3r )\ 4

or V = %ﬂcﬁ |

(2) Semiellipsoid of revolution: the generating area is a quarter ellipse

Have V = 2774 = 2zz(ﬂJ(£haj
3z )\ 4

or V = g717c12h <
3
(3) Paraboloid of revolution: the generating area is a quarter parabola

Have V =27y4 = 2”(%‘1)(%“}1)

or V = %ﬁazh |

(4) Cone: the generating area is a triangle

Have V = 27vA = 2;:(%)(%@)

or V = %ﬂazh |
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Chapter 5, Solution 53.

The required volume can be generated by rotating the area shown about the y axis. Applying the second
theorem of Pappus-Guldinus, we have

\,1
BWH "‘"""""'75 |
+ !
S Mmm \\\C

@ X b

V =2nxA = 27{(% + 7.5) mm} X [%x 5 mm X Smm}

or V =720mm’> 4
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Chapter 5, Solution 54.

Applying the first theorem of Pappus-Guldinus, the contact area A~ of a belt is given by:
A =7yl =Xyl

where the individual lengths are the lengths of the belt cross section that are in contact with the
pulley.

(@)

26°
T Y 01150,
T \®_§:{a§?
Sin.

It

cos20°

Ac = 2(L) + WL, | = 7:{2{(3 - %)m}[mﬁ} +[(3-0.125)in. ](0.625 in.)}

or A-=8.101in> <

(b)
¥ 20°
<
[ V7
J 0.3%C .
St J e ™
IT
¥
_ 0.375). |(0.375 in.
A. =72 =27||3-0.08 - in.
c [ (ylLl)] K 2 J }[ cosZO"]
or A-=6.85in’> 4
(0)

or A-=7.01in> 4
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Chapter 5, Solution 55.

\{

20mm Pomm[22 mm 2Gmm o~ 2H WM

| |

\ [ (>

Lv
(= ao /
Bty 7 9

A AT 5@2+26)mm

w

Volume:

The volume can be obtained by rotating the triangular area shown through 7 radians about the y
axis.

The area of the triangle is:
A= %(52)(60) = 1560 mm’
Applying the theorems of Pappus-Guldinus, we have
V = 7% = 7(52 mm) (1560 mmz) or V'=255x10° mm’ «

The surface area can be obtained by rotating the triangle shown through an angle of 7 radians about
the y axis.

20mm | 30 2Emm 2L mmm

1= Cz

Lo

Considering each line BD, DE, and BE separately:

Line BD: L, = /22 + 60 = 63.906 mm X =20+2—22=31mm

Line DE: L, =52 mm X, =20+ 22+ 26 =68 mm

Line BE: L, = /74 + 60% = 95.268 mm X =20+7—24=57mm
continued
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Then applying the theorems of Pappus-Guldinus for the part of the surface area generated by the
lines:

A, =72xA = 72'[(31)(63.906) +(68)(52) + (57)(95.268)] = 7£[10947.6] = 34.392 x 10°mm?
The area of the “end triangles”:
Ap = 2{%(52)(60)} =3.12x10° mm*

Total surface area is therefore:

A= A4, + Az = (34392 +3.12) x 10’ mm” or 4 =37.5%10" mm* «

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 5, Solution 56.

The mass of the escutcheon is given by m = (density) V, where V is the volume. V can be

generated by rotating the area A about the x-axis.

¥
From the figure:

L =+/75% —=12.5 =73.9510 m

L, = 375 _ 76,8364 mm

tan 26°
a=1L,— L =29354 mm
¢= sin' 12 _ 9 5041°
75
o= w =8.2030° = 0.143168 rad

Area A can be obtained by combining the following four areas:

T
Al.emm
4

(e
Applying the second theorem of Pappus-Guldinus and using Figure 5.8 a, we have

V = 2774 = 21 SyA

%\— _ & - @[:liuz.cmm
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Seg A, mm’ 7, mm 7,, mm®
: %(76.886)(37.5) —1441.61 %(37.5) — 125 18020.1
2 —a(75) = —805.32 2(75)sinasin(a+ §) = 152303 -12265.3
3o
3 —%(73.951)(12.5) — —462.19 %(12.5) — 4.1667 —1925.81
4 —(2.9354)(12.5) = —36.693 %(12_5) 695 —229.33
s 3599.7
Then

V = 27554 = 27(3599.7 mm’ ) = 22618 mm’

m = (density)V
= (8470 kg/m® )(22.618 x 10°m’ )

=0.191574 kg

or m=191.6 g 4
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Chapter 5, Solution 57.

e 21.4 in. __,l

=

4—2|~|(qu

The volume of the waste wood is:
Vwaste = Vblank - Vtopa where
Viank = 72(22 in.)* (1.25 in.) = 1900.664 in®

14

top

The volumes V; can be obtained through the use of the theorem of Pappus-Guldinus:

Viep = [7:(21.15 in.)’ (0.75 in.)} + [7[(21.4 in.)’ (0.5 in.)}

" 2”{[21-4 + W}n} x %(0.5 in.)z} + 27:{(21.15 + (“)gﬁ

= (1053.979 +719.362 + 26.663 + 59.592)in3 =1859.596 in®

Therefore
Viaste = 1900.664 in® —1859.596 in®
= 41.068 in’
Then
Wwaste = 7woodeasteN tops

= (0.025 Ib/in® )(41.068 in’ ) (5000 tops)

=5133.5 Ib,or

75)

T

ng

V

waste

(0.75 in.)z}

= 5.13 kips <

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 5, Solution 58.

The total surface area can be divided up into the top circle, bottom circle, and the edge.

Ay + 4 + Apgge, OF

otal — ATop circle Bottom circle

Apo = [n(21.4 in.)z] + [7{(21.15 in.)ZJ

+ {2;{[21.4 + @]in} X %(0.5 in.)} + {27{(21.15 + 2((;_75)jin1 X %(0.75 in.)}

= (1438.72 + 1405.31 + 107.176 + 160.091)

=3111.3 in?
Now, knowing that 1 gallon of lacquer covers 500 ft2, the number of gallons needed, Ngajions 1S

Nialtons = Asurface % coverage X (number of tops) X (number of coats)

Ngagions = 3111.3 in? x _ 1Gallon  s000y3

(500)(144 in?)
= 648.19 gal

or NGallons =648
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Chapter 5, Solution 59.

@ _f®

The mass of the lamp shade is given by
m=pV = pAt

where A4 is the surface area and ¢ is the thickness of the shade. The area can be generated by rotating the line
shown about the x axis. Applying the first theorem of Pappus-Guldinus we have

A =27yl = 2755L = 27 (WL + Doy + VsLs + Vyly)

or A= 27{13 mm (13 mm) + [13 ; 16

mm x (32 mm)” + (3 mm)’
)

28 +33

(16+28
+

Jom s ) 2 (222 28 ) (5|

=277 (84.5 + 466.03 + 317.29 + 867.51) = 10903.4 mm?

Then  m = pAr=(2800 keg/m*)(10.9034 x107°m?)(0.001 m)

or m=30.5g <4
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Chapter 5, Solution 60.

Free-Body Diagram:

A
J First note that the required surface area 4 can be generated by rotating the
parabolic cross section through 27 radians about the x axis. Applying the
li first theorem of Pappus-Guldinus, we have
; [ A =2xyL
', : Now, since x = ky?, at x=a.a= k(7.5)2
X
-a-—h-l-#——v—l or
a ' ismm
a=5625k )]
At x = (a+15)mm: a +15 = k(12.5)°
or
a+15=156.25k (2)

Then Eq. ) a+15 15625k ¢ 4375mm
Eq. () a 56.25k

Eq.(1) = k = 0.15L
mm
x=0.15)7 and L3 = 0.3y
dy
2
Now dL =1+ [?] dy = 1+ 0.09y%dy
y
So A =2ryL and yL = jydL

12.5
s A =21 [ 1+ 0.09y% dy
12.5
32
—on| 2 (1+0.09y°)
310.18 .

= 1013 mm?> or A=1013mm?> <
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Chapter 5, Solution 61.

(a) Note that in the free-body diagram:

R = %(4.2 m)(600 N/m)=1260 N, and R, = %(4.2 m)(240 N/m) = 504 N

Then for the equivalence of the systems of forces:

SF,:  R=R +Ry=1260+504 =1764 N R=1764 N «
IM,: -x(1764 N)= Kz + %4.2}@(1260 N)+K2 + %4.2}11}(504 N) = 3.8000 m

or X =3.80m <«
(b) Equilibrium:
XF.=0: 4,=0
SF,=0:  A,—-1764=0
A=1764N | <
M, =0: M, —(380m)(1764 N)=0

M, =670kN-m )«
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Chapter 5, Solution 62.

2 (m) =35 G4

- £ = Boteler At —3| B,
2otefet [T

& ges —)'g ~ &

« 60 lkf¢t

20 \b/Et

With R, = (20 Ib/ft)(18 ft) = 360 Ib, and R, = %(60 Ib/ft) (18 ft) = 360 Ib:

+| 5F,: -R=-R -R
or  R=3601b+3601b=7201b
R=7201b <
+EM,:  —%(7201b) = —(9 ft)(360 Ib) — (13.5 ft)(360 ft)

x=1125ft 4
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Chapter 5, Solution 63.

I IGV“\ i ]« 6 1
- rad b I
[T00 Nfan
[
T
(
e\,rlp -2 m ,|, 2-4m foFem |
>| B
D-L£ v =

R = (1800 N/m)(3.2 m) = 5.76 kN

+EIM,=0: —(576kN)(1.2m+1.6m)+ B,(3.6m)=0, or

B, = 448 kN
B=448kN |«
| ZF, =0 4, +448-576=0,0r
A, =128 kN
+3F, =0: A =0
Therefore:
A=128kN |«
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Chapter 5, Solution 64.

(4
R OB E -
= <= 2 e/
.Sl r
?
A 1LY
x A [ 6 m @T
(e P PR
I loGM”ﬁ 24w " e 6w
R = (1.5k—N)(1.6 m) = 2.4 kN
m

Ry = l(3k—N)(2.4 m) = 3.6 kN
20 m

Ry = (3ﬁj(1.6 m) = 4.8 kN
m

Equilibrium:

+3F, =0: A4, =0

X

+IMy =0: (4.8 m)(2.4kN)+ (2.4 m)(3.6 kN) + (0.8 m)(4.8 kN) — (4.0 m)4, = 0
A4, = 6.0000 kN
+3F, =0:  6KN-24KkN-3.6kN-48kN+B, =0

B, = 4.8000 kN

A=6.00kN | <

B=480kN |«
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Chapter 5, Solution 65.

2-a by

< e,

.A'_)c // * —
M \—-\ Té Y [ﬁ/
I P 5 R

6 &+ V=t

Ib
R = (240§J(4.8 ft) = 1152 b
R, = l(lSOEj(3.6 ft) = 324 Ib

20 f
Equilibrium:
+3F.=0: A =0
+XF, =01  A4,-11521b+3241b=0
A, =828.00 Ib A=8281 |«

+XM,=0: M, —(2.41t)(11521b) + (6 ft)(3241b) = 0

M, = 820.80 Ib-ft M, =821lb-ft )«
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Chapter 5, Solution 66.

The distributed load given can be simplified as in the diagram below with the resultants R, and R,.

I.S £+ I

120 tofgr
AA
Ma TN
. 3 i
‘ 30 \bf¢r
’e——— 3 — &y

The resultants are:
R = (6 ft)(30 lb/ft) =180 1b, and R, = %(4.5 ft)(120 lb/ft) =2701b

Now, for equilibrium:

XF, =0: A4, =0

EFy=0: Ay+180—270=0
Ay =90.01b

Therefore: A=9001b | <«

IM,=0: M, +(3ft)(1801b) - (1.5 +§>< 4.5]ft>< (270 1b) = 0

or M=6751b-ft )«
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Chapter 5, Solution 67.

R = (1.5k—N)(2.4 m) = 3.6 kN
m

R, = g(9k—Nj(Z.4 m) = 144 kN
30 m
Equilibrium:

+3F, =0: A =0

X

+EMp =0 —(33m)A4, - (1.8m)(3.6 KN) + (2.1 m)(14.4 kN) = 0

A, =7.2000 kN
+3F, =0: 72KN+36kN-144kN+B, =0

B, =3.6000 kN

A=720kN | <

B=360kN [ «
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Chapter 5, Solution 68.

< 2.8 k¢ ,
‘ 78 '@\ ’I —)| <. Akt
v | :
AR trs
I 2
< 124 Y
The resultants:
R = %(3.2 11)(120 Ib/ft) = 256 1b
Ry = %(2.4 1)(120 b/ft) = 96 Ib
Ry = %(1.6 1)(45 Ib/ft) = 24 b
Then for equilibrium:
TF. =0 A =0
IMp =0: —(72ft)4, + (4 + % X 3.2)& X (256 1Ib)

+(1.6 +%>< 2.4}& x (96 1b) + Gx 1.6 ftJ(24 Ib = 0)

A, = 23156 Ib

SF,=0:  23.56-256-96-24+B, =0

A=2321b | <«

B=14441b | <
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Chapter 5, Solution 69.

|—*5m |5 m
&N S
25 ol T

! l |5 RN

W

Somm(
BA Cx c
—— Zm = b — e 1m
Have R = %(9 m)(2kN/m) = 9kN

Ry = (9m)(1.5kN/m) = 13.5kN
Then H3BF. =0 C, =0
+)EMy=0: —S50kN-m — (1m)(9kN) - (2.5m)(13.5kN) + (6m)C, = 0
or C, =15.4583 kN C=1546kN | <«
+! 5F,=0: B, —9KN —13.5kN +15.4583 = 0

or B, = 7.0417kN B=7.04kN | «
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Chapter 5, Solution70.

(35-w) rn
Y ] 7::.‘.\{
S0
50 &N M( - )
£ L <, Ac¢
] 2 o 6 ] i e
-
By Cy
Have R = %(9 m)[ (3.5 — wp) kN/m | = 4.5(3.5 — wy ) kN
(a) Then +)EMe=0: = S50kN-m + (5m)[4.5(3.5 = wy) kKN + (3.5 m) (9w, kN) = 0
or 9w, +28.75=0
50 wy = —3.1944 kN/m wp = 3.19KkN/m | <

Note: the negative sign means that the distributed force w; is upward.

(b) HZF =0: C, =0
+1 ZF,=0: —4.5(3.5+3.19)kN +9(319)kN + C, = 0

or C, =1375kN C=1375kN | <
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Chapter 5, Solution 71.

T3
‘6_, LT)
Re
R, —
//] 2400 Wfmn
200 N/m ] |+
—_—— |
5¥ | T@\‘
é., 4w

The distributed load can be represented in terms of resultants:

R, = (8 m)(300 N/m) = 2400 N

R, = %[(8 — a)m ](2400 N/m) = 1200(8 — a)N

For equilibrium:
My =0: -84, +4(2400) + B(s ~ a)}[lZOO(S ~a)]=0
A, =1200 +50(8 - a)’
M, =0: 8B, —4(2400) - [a + %(8 - a)}[1200(8 ~a)]=0
B, =1200 + 50(16 + a)(8 - a)
(a) F, =0: A4, + B, —2400 —1200(8 —a) = 0
Using the requirement B, = 24, and (1)

3(1200 + 50(8 - a)” | - 2400 - 1200(8 - @) = 0

or (8- a)2 - 8(8 —a) + 8 = 0, which gives

(M

@
3)
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8 +/(~8)° — 4(8)

(8-a)= 5 =6.82843mor 1.17157 m

a =1.17157 m or a = 6.82843 m, and therefore
Apin = 1.17157 m

ora.. =1.172m 4

min

(B)IF, =0: A =0
Equation (1) gives:
2
Ay =1200 + 50(6.82843)
=35314 N
or A =353kN | <«
B, =24, gives B, = 2(3531.4 N), and

B=706kN | «
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Chapter 5, Solution 72.

702

=
/ 9400 N/m
300 Njwm

A
” T'A“( | 4m 7T§"

The distributed load can be represented in terms of resultants:

R, = (8 m)(300 N/m) = 2400 N
R, = %[(8 — a)m (2400 N/m) = 1200(8 — a)N
For equilibrium:
My =0: -84, +4(2400) + B(s - a)}[1200(8 ~a)]=0
2
A, =1200 +50(8 - a)
M, =0: 8B, —4(2400) - [a + %(8 ~ a)}[1200(8 -a)]=0
B, =1200 +50(16 + a)(8 - a)
(a) Dividing Equation (1) by Equation (2):

B, _ 1200 +50(16 + a)(8 — a)
4, 1200 + 50(8 — a)’

) 24+(128—8a—a2)
- 24+ (64 —16a + a*)

_152-8a-d*
88 — 16a + a*

(M

)
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. ... B
Differentiating —:

y
d (By] (-8 —2a)(88 — 164 + a’) - (152 = 8a — @’ ) (=16 + 2a) .
da\ 4, (88164 + a2)2
or a’—20a+72=0
20 + \/(—20)° — 4(72)
or a =

2
Knowing that a < 8 m: a = 4.7085 m

(b) For equilibrium:
IF,=0: A4.,=0
and from (1):
2
4, =1200 + 50(8 — 4.7085)

=1741.70 N

Also,
YF,=0: 1741.70 — 2400 - 1200(8 - 4.7085) + B,

Il
S

B, = 4608.1 N

a=471m<d

A=1742kN | <

B=461kN | <«
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Chapter 5, Solution 73.

‘,’ LS H fe—— 4t — |l

6lLips 4:1‘;91 le kip
A c d

—
2 A & JL»JA
wWa T" Re [ —— 7

| e, |2,
|

ll-B{-i— ,

= 1

27 £v —>
R, = (3.6 ft)(w, kips/ft) = 3.6w, kips

R, = %(5.4 ft)[%wA kips/ft) =1.35w, kips

Ry = (5.4 ft)(%wA kips/ftj = 2.7w, kips
Equilibrium:
+EMe = 0: —(1.8 ft)[(3.6w,)kips | + (1.8 ft)[ (1.35w,)kips |

+(2.7 ft)[ (2. 7w, ) kips | + (2.1 ft)(6 kips)

—(2.4 ft)(4.5 kips) — (3.6 ft)(1 kip) = 0

w, = 0.55556 kips/ft or w, = 556 Ib/ft €

+3F, =0: Ry —(3.6)(0.55556)kips + 1.35(0.55556)kips

+2.7(0.55556 )kips — 6 kips — 4.5 kips — 1 kip = 0
Solving for Rp:

Ry = 7.2500 kips or Ry = 7.25 kips 4
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Chapter 5, Solution 74.

[-S £+ 1-Z ¢
= 4.5¢t A<
LG‘GPS 4.5 Lags l’f_
A 18
\""A ' N g‘ 1 FA —[O-t\,\»JA
Y By @1 Ez
— 2.6 £+ ——-—;1
Soa bt
—— 6.2 ——>
R, = (3.6 ft)(w, kips/ft) = 3.6w, kips
R, = %(5.4 ft)(0.6w, kips/ft) = 1.62w, kips
R; = (5.4 ft)(0.4w, kips/ft) = 2.16w, kips
Equilibrium:
+3M, =0:  —(1.8ft)[(3.6w,)kips ]|+ (3.6 ft) Ry
+(5.4 ft)[ (1.62w, ) kips ] + (6.3 ft)[ (2.16 w, ) kips | - (1.5 ft)(6 kips)
(6 ft)(4.5 kips) — (72 ft)P = 0
or 28.836w, +3.6R, —72P-36=0 1)

+2F, =0: Ry +3.6w, +1.62w, + 216w, —6-45-P =0
or 738w, + Ry — P—10.5 = 0 2)
(28.836)Eq. (2) — (7.38)Eq. (1) = 0 gives

2.268Rp —37.098 +243P =0
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Since R, = 0, the maximum acceptable value of P is that for which R, = 0, and
P =1.52667 kips or P =1.527 kips 4
(b) Now, from (2):
7.38w, —1.52667 —10.5 = 0

or w, = 1.630 kips/ft 4
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Chapter 5, Solution 75.

Noting that the weight of a section of the dam is W, = y¥;(V; being the volume of that section):

W, = [150%)[(10.5 ft)(9 ft)(1ft)] = 14175 1b
( jB(lO.S f)(21 f)(1 ft)} —16537.5 b
W, = (150—)[(18 ft)(30 ft) (1 ft) ] = 81000 Ib
()]

(3 )(30 f)(1 ft)} ~ 6750 Ib

From the free-body diagram:

_ _ 2 _ _ 235t
X =5251t,x, ==(105ft) =7 ft, x; = 19.5ft, and x, = 29.5 ft

3 T
For the distance a:
. 3 T 20§+t
— =—",ora=24ft Z4Gt
24 30
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Therefore:

W, = (62.4%)[%(2.4 fit) (24 ft)(1 ft)} =1797.12 Ib, and

X, =31.5- %(2.4) =30.7 ft

Now, for the pressure force P:

1 1
P = EPBA = 5(7WhB)A

1 b

= _(62.4ﬂ—3j(24 fi)[ (24 ft)(1 1) ]

2
=17971.2 1b

Then, for equilibrium:
(@ SF.=0. H-P=0
H =17971.21b
or H=17.97 kips — <
XF, =0: V —14175 -16537.5 — 81000 — 6750 —1797.12 = 0
V' =120259.62 b
or V =120.3 kips | <

(b) From moment equilibrium:

M, =0: X(120259.621b) + G X 24 ftj(17971.2 Ib) — (5.25 ft)(14175 Ib) — (7 ft)(16537.5 Ib)

(19.5 £t)(81000 Ib) — (29.5 ft)(6750 Ib) — (30.7 £t)(1797.12 Ib) = 0

or x =15.63 ft «

(c) free-body diagram for section of water:

continued
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For equilibrium:
SF=0: W, +P+(-R)=0

where R is the force of the water on the face BD of the dam, and
P =17971.2 1b, and W, =1797.12 1b

Then from the force triangle:

R= \/(17971.2 Ib)* + (1797.12 1b)* = 18.06 kips

0 = tan™! 179712 _ 5.71°
17971.2

Therefore: R =18.06 kips <~ 5.71° 4
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Chapter 5, Solution 76.

Free-Body Diagram:

Locations of centers of gravity:

% = %(5 m) =3.125m

)?3=[7+l(4)}=§m

3 3
Weights: W, = p,gV;

W, = (2400 kg/m*)(9.81 mys?) %(5 m)(8 m)(1m)| = 627840 N

W, = (2400 kg/m’)(9.81 m/s)[ (2 m)(8 m)(1 m) ] = 376700 N

W, = (2400 kg/m® )(9.81 m/s? ) %(4 m)(6m)(1m)|=188352 N

W, = (2400 kg/m’)(9.81 m/s?) %(4 m)(6 m)(1 m) | = 156960 N

The pressure force P is:

p= %Apgh = %[(6 m)(1 m)][(looo kg/m’)(9.81 m/s”)(6 m)] =176 580 N

Equilibrium:
(@) +ZF, =0: H -176.580kN =0
H =176.580 kN or H=176.6 kN — <

+3F, = 0: ¥ —627.84 kN - 376.70 kN - 188.352 kN — 156.960 kN = 0
V =1349.85 kN or V = 1350 kN | «
(b) +ZM, = 0:  ¥(1349.85 kN) — (3.125 m)(627.84 kN) — (6 m)(376.70 kN)

_(? m)(188.352 kN) — (9.5 m)(156.960 kN) + (2 m)(176.580 kN) = 0
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X =5.1337Tm

Thus the point of application of the resultant is: 5.13 m to the right of 4. 4

(c) Free-body diagram and force triangle for the water section BCD

W
“ FoRCE
TRI\AOKLE

Fenb,

Pz 176.C30 L

From the force triangle:

R= \/(176.580)2 +(156.960)° = 236.26 kN

0 ta-! [ 136960
176.580

) = 41.634°

or on the face BD of the dam R =236 kN £ 41.6° 4
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Chapter 5, Solution 77.

Free-Body Diagram:

4-0.7125 w
A [
0.0%F wA
ok
0.0Frm A‘ A
i —
A
003w 0:q wa
W : R
3 @.—- Q

Note that valve opens when B = 0.

Pressures p; and p, at top and bottom of valve:

pr = (10° ke/m’)(9.81 m/s?)(d - 0.225 m) = (9810d — 2207.3)N/m”
P = (10° kg/m®)(9.81 m/s?)(d) = (9810d) N/m”

Force Py and P»:

1 1 )
R=_pd= 5[(9810d - 2207.3)N/m” |[(0.225 m)(0.225 m)]

= (248.32d - 55.872)N

P, = %p2A = %[(98100’)N/m2][(0.225 m)(0.225 m)]

= (248.32d)N
+IM, =0:  —[(0.15-0.09)m][(248.32d — 55.872)N | +[(0.09 — 0.075)m |[(248.324)N | = 0
Thus 4 = 0.30000 m, or d = 300 mm <«
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Chapter 5, Solution 78.

Free-Body Diagram:
0.03CTw
. A
0.0 -
B h
0.0 A
8=0
Note that valve opens when B = 0.
Pressures p; and p, at top and bottom of valve:
pi = (10° keg/m®)(9.81 m/s?)(0.225 m) = 2207.3 N/m’
Py = (10° ke/m’)(9.81 m/s?) (0.450 m) = 4414.5 N/m’
Force P, and P5:
1 1 )
R=_pd= 5(2207'3 N/m?)[(0.225 m)(0.225 m) |
= 55872 N
1 1 )
= pd= 5(4414'5 N/m?)[(0.225 m)(0.225 m) |
=111.742 N
+EM,=0:  —[(0.15—h)m](55.872 N) +[(h—0.075)m |(111.742 N) = 0
Solving for 4: A = 0.100 000 m, or
h =100.0 mm <«

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell
© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 5, Solution 79.
Since gate is 4 ft wide: < e ,
I\ X'z €4 lb/er
p=dy(h=3) e
P2 = 47k A e |
pl =4y(d -3) R NA/ L \w [
p, =4yd P P

B -R= %(3 f)(p - pi) = %(3 ft)[47(d - 3) = 4y(h =3)] = 67 (d ~3) - 67(h - 3)
P -P = %(3 ft)(pz’ - p2) - %(3 ft)[4y/d — 4yh] = 6y'd — 6yh

This gives the free-body diagram:

raq®
(E%a
—*— |j—— B'-?,
164
Y !
"_@7_”?1
14
i)

+3M, =0 (3R)B-(1R)(R - R)-(20)(A - B)=0

1/, 2/,
or B:—(P—P)——(P —P)
3 1 1 3 2 2

= 2[67(d = 3) - 6y(h - 3)] - 2[o7d - ]

=2y (d —3)—2y(h—3)+4yd — 4yh

or B=6y(d—1)=6y(h-1) (1)
+3F, = 0: A+B—(P1’—P1)—(P2’—P2)=o, or using (1)
A+[6y(d-1)=6y(h—1)]-[6/(d -3)—6y(h—3)]-[6)/d — 6yh] = 0, or
A=6y(d-2)-6y(h-2) )

Using the given data in (1) and (2):

h=6ft d=91ft y=6241Ib/ft>, ¥ =64 Ib/ft’

A4 =6(64)(9 - 2) - 6(62.4)(6 - 2)
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= 2688 Ib — 1497.6 Ib = 1190.4 Ib
B =6(64)(9—1)-6(62.4)(6 1)

=30721b-18721b = 1200 Ib

A=11901b — <«
B =12001b — <«
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Chapter 5, Solution 80.

First, determine the force on the dam face without the silt.

} Have P, = %pr = %A(pgh)
&m
_ %[(6 m)(1m) ][ (10° kg/m®) (9.81m5s%) (6 m) |
R — 176.58 KN
/ Next, determine the force on the dam face with silt.
[
L Have P, = %[(4.5 m)(1m) | (10° kg/m)(9.81m/s?) (4.5 m)
=99.326 kN

(R), = [(1:5m)(1m)]] (10" kefm®) (9.81mss2) (4.5 m) |

T = 66.218 kN
‘7%_ = (R), = %[(1.5 m)(1 m)][(1.76 x10° kg/m3)(9.81 m/s2)(1.5 m)}

/ / =19.424 kN
CATEN R Y

Then P =P + (PS)I + (PS)H =184.97kN
The percentage increase, % inc., is then given by

- 184.97 —176.58
P =Py 1009 = | )
P, 176.58

% inc. =

x100% = 4.7503%

% inc. = 4.75% <
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Chapter 5, Solution 81.

From Problem 5.80, the force on the dam face before the silt is deposited, is P, =176.58 kN. The maximum
allowable force Zalow on the dam is then:

Puow = 1.5P, = (1.5)(176.58 kN) = 264.87 kN

Next determine the force 4 on the dam face after a depth d of silt has settled.

\

\ T

P (6-d)wm

J,

[ [}
o=
(P (P
Have P, = %[(6 —d)mx (1m)][(103 kg/m3)(9.81m/s2)(6 - d)m}

= 4.905(6 —d)’ kN
(R), =[@(1m)]] (10" keg/m)(9.81 ms?)(6 — d)m]

= 9.81(6d - dz)kN

(B), = %[d(l m)][(1.76 x 10° kg/m’ )(9.81 rn/sz)(d)mJ

= 8.63284° kN

P =FE, +(P) +(P),= [4.905(36 —12d +d*) +9.81(6d - d”) + 8.6328d2]kN

- [3.727&12 + 176.58]kN
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Now required that P =F

or

Finally

llow to determine the maximum value of d.

(3.7278ar2 n 176.58)kN = 264.87 kN

d = 4.8667 m

m

4.8667m =20x1073 x N

year

or N = 243 years 4

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,

Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell

© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 5, Solution 82.

Pressure force from the water on board AB:

P = %Api where p; and p, are the pressures at the top and bottom of the board:
R=1[(05m)(L5 m)]K103 k—%)(QSI%j(Ob m)} = 22073 N
2 m S

P = %[(0.5 m)(1.5 m)][(lm %](9.81?)(1 m)} =3678.8 N

Free-Body Diagram:

A, denotes the force from one piling and is therefore multiplied by two in the free-body diagram.
2

SIM, =00 —(03m)B+ B(o.s) m}(2207.3 N+ [5(0.5) m](sms.s N) = 0, or
B =53138 N
TSF, =00 24, + %(2207.3 N) + %(3678.8 N) =0, or
A =-23544N
+2F, = 0: 5318.8 N — %(2207.3 N) - %(3678.8 N) + Ay =0, or

4, =-1782.14 N

Therefore: (a) A, = 235 kN ~—
) A, =1782kN |«
() B=531kN |«
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Chapter 5, Solution 83.

Pressure force from the water on board 4B:

1
P. = —Ap; where p; and p, are the pressures at the top and bottom of the board:

B = %[(0.5 m)(1.5 m)]Klm %](9.81?)(0.6 m)} =2207.3 N

P = l[(0.5 m)(1.5 m)]K103k—%J(9.8192j(1 m)} =3678.8 N
2 m s

Note that the board can move in two ways: by rotating about A4 if the rope is pulled upward, and by sliding

down at A4 if the rope is pulled sideways to the left.

Case 1 (rotation about A):

For minimum tension the rope will be perpendicular to the board.

Free-Body Diagram:

+EM,; =0: (0.5 m)Ty + B(o.s) m}(2207.3 N) + B(o.s) m}(3678.8 N) =0, or

Tpe = 31883 N

Case 2 (sliding down at 4):
When the board is just about to slide down at 4, A, = 0.

continued
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Free-Body Diagram:

FEM, =00 —(04m)(24,) - B(o.s) m}(3678.8 N) - E(o.s) m}(2207.3 N) =0, or

24, = -33723 N

+3F, = 0:  —Tye —33723+ %(2207.3 N) + %(3678.8 N) =0, or

Tye = 133658 N
Thus: (Tac )y = 1-337 kKN ~— <
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Chapter 5, Solution 84.

Free-Body Diagram:

{‘Eﬂ/s\ 1

P [—
_f_
vornsy [
e
B an

Force from water pressure:
P — —Apg where A4 is the rectangular cross sectional area through line BD, and pp is the pressure at
point B. Thus

P= %A(}/h) - %[(16 )(10 )] (62.4 10/ )(10 f1) | = 18720.0 1b = 18.72 kips

W=yV = (62.4 1b/ft3)B(3 ft)(6 ft)(6 ft)} = 3369.61 Ib = 3.3696 kips
Equilibrium:

FIM, =0 (1872 kips)(? ftj _ B(3 ) + (3.3696 kips) (2 ft) = 0.

Solving for B:

B = 43.846 Kips, or B = 43.8 kips | «
+ZF. =0: 18.72kips + 4, = 0, or
A, = —18.7200 Kips

+2F, = 0: A, —3.3693 kips + 43.846 kips = 0, or

4, = —40.476 kips

4= J(~18.7200)" + (~40.476)" = 44.595 kips

0 a1 40476
18.7200

J = 65.180°

Therefore: A = 44.6 kips 7 65.2° 4
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Chapter 5, Solution 85.

Consider a 1-in. thick section of the gate and a triangular section BDE of water above the gate

Free-Body Diagram:

Pressure force P:
1

1 , 1
P == Apy = E(d x1in.)(yd) = Eydz Ib

Weight of water section above gate:

2

For impending motion of gate: B, = 0, and for equilibrium:

+IM, =0: E(m) - %(%dﬂ[%yg’z] - [g - 6}(%;«12} =0, and

d =27.3011in., or d=2731in. 4

Wy = Wy = y[lx%dxdxlin.j =%7d2 Ib
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Chapter 5, Solution 86.

Consider a 1-in. thick section of the gate and a triangular section BDE of water above the gate

Free-Body Diagram:

Pressure force P:
P=Lap, = l(ar><1 in.)(yd) = Lya?
27 T 2
Weight of water section above gate:
1 8 . 4
Wy =yVy =y =X—dxdxlin.|=—yd" 1b
w = Vw 7(2 15 ] 157
For impending motion of gate: B, = 0, and for equilibrium:
2 1(8 4 ) [d 1
+EXM, =0: =(16)—=| —=d ||| =yd” |- | =—-(10=h) || =yd~ | = 0, and
‘ 509 3(15 ﬂ(lsy J {3 ( )Ly ]

with d = 30 in.

_%(16) - %(%30]}(%7302] - [g —(10 - h)}e;aozj =0, and

h = 2.8444 in., or

h=284in. 4
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Chapter 5, Solution 87.

Free-Body Diagram:

B ©

—
1€
12
+
=
+
A:D
o

W = (125 kg)(9.81 m/s”) = 1226.25 N

Denoting the water pressure at a depth 4 by pj, the forces due to the water pressure Py, P,, P5;, P4 can be
obtained as follows:

1 .
P = EADCp(O.IS m)> OF with

Plo1sm) = (1000 kg/m®)(9.81 m/s*)(0.15 m) = 1471.50 N/m”

1 2
P = 5[(0'15 m)(1m)](1471.50 N/m®) = 110.363 N
Py = AegP(o.15 m) OF

P, =[(0.6m)(1m)](1471.50 N/m?) = 882.90 N

1
Py = EABAP(O.IS m)> OF

P, = %[(0.6 m)(1m)](1471.50 N/m? ) = 441.45 N

1 .
P, = EABAp(OJS m)» OF with

Plo7sm) = (1000 kg/m®)(9.81m/s?)(0.75 m) = 7357.5 N/im”

P, = —[(0.16 m)(1m)](7357.5 N/m?) = 2207.3 N

_ 1
2
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Now from the free-body diagram:

+EM,; =0:  —(12m)D + (0.6 m)(1226.25 N) + (0.3 m)(1226.25 N)

~[(0.6 +0.05 m)](110.363 N) - (0.3 m)(882.90 N) — (0.4 m)(441.45 N)

~(0.2m)(2207.3 N) = 0, or
D =124.1499 N,and D = 124.1 N — <

+3F, =0: A, +110363 N +441.45 N +2207.3 N = 0, or
4, = -2759.1N

+3F,=0: A, —3(1226.25 N) +882.90 N = 0, or
A, =2795.9N

Then,

A= \/(—2759.1)2 +(2795.9)> = 3930 N, and

0= tan_IM = 454°
59.1

Therefore: A =3930 N ™. 45.4°
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Chapter 5, Solution 88.

Free-Body Diagram:

B

—+:——
D
V€,
>
£
FERNY
«
N‘v4
—

W = (125 kg)(9.81 m/s?) = 1226.25 N
Denoting the water pressure at a depth 4 by p;, the forces due to the water pressure Py, P,, P3;, P4 can be

obtained as follows:

1
P = EADCp(d—O.é m)» OT W

1
P = 5[(d = 0.6)mx (1m)](y N/m’)(d - 0.6)m
= %7/(d -0.6)°N
where 7 denotes the specific weight of water. In the same way
1
P, = EACBp(d—o.o m)> OF

P, = [(0.6m)x (1m)](y N/m*)(d - 0.6)m

= 0.6y(d - 0.6)N
1
Py = EABAp(d—O.é m)> OF
1
P = [(0.6m)x(1 m) (7 N/m?)(d - 0.6)m
= 03y(d - 0.6)N
1

P4 = EABAp(d m)’ or

P, = %[(0.6m) x (1m)](7 Nm?) (d m)

=03yd N
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Now from the free-body diagram:
+XM , = 0: (0.6 m)(1226.25 N) + (0.3 m)(1226.25 N)

{(06m+ ~(d - 0.6) ﬂ{z (d -0.6) } (0.3 m)[0.6y(d - 0.6)N]

—E(Oﬁ m)}[O.Z&}/(d - 0.6) N [ (0.6m }[0 3y(d —0.6)N +0.18y N| = 0, or

%(d —0.6)° +0.3(d - 0.6) +0.36(d — 0.6) = 159 _ 9036
y
With y = (1000 kg/m*)(9.81 m/s®) = 9810 N/m’, this gives
L(d-06) +03(d - 06)* +036(d - 0.6) = —9 0,036 = 0.076501
6 9810 N/m

Solving for d numerically: d=0782m <
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Chapter 5, Solution 89.

(@)

Free-body diagram for a 24-in. long parabolic section of water:

In the free body diagram force P is:

P=Lap="Lam) = l(i ft}(ﬁ ftj{(62.4 lb/ft3)(i ftﬂ =3.9000 Ib
2 2 12 12

212
w,=yV
- (62.4 1b/ft3) E(E ftj[i ft)(ﬁ ftj
3\ 12 12 )12
= 7.8000 Ib

From the force triangle:

R =P +W,> = (39) +(7.8)° =8.7207 Ib

0 = tan_l% = tan_l% = 63.435°, or

R =8.721b X 63.4° <

Free-body diagram for a 24-in. long section of the water:

From (a) M = 7-8000 Ib

From the free-body diagram:
B, =7.8000 Ib

+IMp =0 My +[(2.25-1.8)in.](7.8000 Ib) = 0, or

Mg =-3.51001b - in.
Therefore, the force-couple system on the gutter is:

R=781Ib;M=351b-in «
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Chapter 5, Solution 90.

Note, for the axes shown
vV y 4
1 (7R?)(2R) = 22R° -R ~27R*
2 2 -=r L
4
> 3 4
27{R3 - rj —27[[R4 - r}
3 8
4 1 4
Then SV R3 3 lr3
3
4
. r)
_8lr
(Y
3\ R
4
3 - ;Gj
(@) =R y=——""5R
1(3
1——
3\4
or 7 = —1.118R 4
4
0
(b) ¥=-12R: —12R = ———"L_R
1(r
I
()
N IR
or —| =-32|—| +1.6=0
R R
Solving numerically T 20.884 4
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Chapter 5, Solution 91.

Labeling the two parts of the body as follows:

+
14 y §i4
1 | —za*h ﬁ —ra*h?
2 2 4

2 | —za*h h —ra*h?

4| 24
T | Zxd*h —ra*h?

24

_ T wa*h? _

ThenYzzsz(M ) orY=1h4

=V (% ,mzh) 16
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Chapter 5, Solution 92.

Labeling the two parts of the body as follows:

V z zV
1
—ra*h —ﬂ -2 dh
kY4
2
l7ra2h 4 la3h
T 6
z z7za2h —la3h
3 2
_ —La*h
Then Z = ﬁ = ( 2 )
(%ﬂazh)
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Chapter 5, Solution 93.

V x xV
. 1 1 5
Rectangular prism Lab EL EL ab
1 (b 1 1 1
P id —a|l—|h | L+—h | —abh|L+—h
yram 3 (2) 4|6 ( 4 j
1 — 1 2 1
Then XV =ab|L+—h XxV =—ab|3L° +h| L+ —h
6 6 4
Now XXV =3xV so that
= 1 1 ’ 1,
X|lab|L+—=h||=—ab|3L" + hL+—h
6 6 4
2
or lie )Lz 10
6L) 6 L 471

(a) X =2 when h:%L

Substituting % = % into Eq. (1)

Or)?vzﬂ
104
h _
() —=7? when X =L
L
2
Substituting into Eq. (1) L 1+l£ =lL 3+ﬁ+lh_2
6L 6 L 4L
1h 1 1h 1K
or 1+——=—+——+——2
6L 2 6L 24[
2
or i—2=12

@

X =0.548 «

h
L—zﬁ<
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Chapter 5, Solution 94.

Assume that the machine element is homogeneous so that its center of gravity coincides with the centroid of

the volume.

©)
V, mm> ¥y, mm Z, mm yV, mm* zV, mm*
1 (60)(105)(10) = 63000 -5 52.5 —-315 000 3307 500
2 1 -5 —70 686 1 664 400
—7(30)*(10) =14137.2 1052269 112035
2 T
3 (15)(30)(60) = 27000 15 30 405 000 810 000
5 —ln(19)2(15)=—8505.9 30—4(19)=21.936 30 —186 585 -255180
2 RY/4
)y 84 290 —110 565 4335900
Then )7=2J7V—_1]0565 or Y =-1312mm <

= mm
Vv 84290
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Chapter 5, Solution 95.

Assume that the machine element is homogeneous so that its center of gravity coincides with the centroid of
the volume.

V, mm’ z, mm zV, mm*

1 (60)(105)(10) = 63000 52.5 3307 500
2 1 1 664 400

—7(30)(10) =14137.2 105 +@=117,732

2 3z
3 (15)(30)(60) = 27000 30 810 000
4| —2(19)(10) = -11341.1 105 ~1190 820
> —%75(19)2(15) = ~8505.9 30 ~255 180
) 84 290 4335 900

2zV 4335900
= mm
)4 84290

Then Z = or Z=51.4mm <
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Chapter 5, Solution 96.

Assume that the bracket is homogeneous so that its center of gravity coincides with the centroid of the volume.

4

V, mm X, mm XV, mm
L1 (100)(88)(12) =105600 50 5280 000
2| (100)(12)(88) = 105600 50 5280 000
Tl L(6)(51)(10) = 15810 > 016390
! —%(66)(45)(12) =-17820 34+§(66) _7g | T1389960
z 209 190 9 786 600

XXV 9786600
= mm
v 209190

Then X = or X =46.8 mm <«
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Chapter 5, Solution 97.

Assume that the bracket is homogeneous so that it center of gravity coincides with the centroid of the volume.

Y
0]
@
‘ :j;;i@ \ X
v, mm> Z, mm zV, mm*
L1 (100)(88)(12) = 105600 6 633 600
21 (100)(12)(88) = 105600 12+1(88):56 5913 600
. %(62)(51)(10)=15810 12+l(51)=29 458 490
4 —%(66)(45)(12) =-17820 | 55+ =(45)=8S5 ~1514 700
b 209 190 5491 000
Then 7 — 22V _ 5491000
IV 209190

or Z =26.2 mm 4
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Chapter 5, Solution 98.

Assume that the machine element is homogeneous so that its center of gravity coincides with the
centroid of the volume.

@

2/ \X

V,in’ X, in. XV, in*
L1 (8)(0.9)(2.7) = 19.44 4 77.76
20 1 2 34.02

5(2.1)(6)(2.7) =17.01

2 T
4 —7r(0-8)2 (0.9) = —1.80956 8 —~14.4765
z 37.217 119.392
XV 119392

Then X = =—— or X =3.21in.4

in
Vv 37.217
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Chapter 5, Solution 99.

Assume that the machine element is homogeneous so that its center of gravity coincides with the
centroid of the volume.

, Y

o

2/ ' \

@ X
V,in® y, in. yV,in?
L1 (8)(0.9)(2.7) =19.44 045 | 8748
20 1 1.6 27.216

5(2.1)(6)(2.7) =17.01

%ﬁ(1.35)2(0.9)=2.5765 045 | 115943

4| _7(0.8)*(0.9)=—1.80956 | 045 | —0.81430

) 37.217 36.309
Then Y = 2V _ 36309 in. or ¥ =0.976 in. 4
>V 37217
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Chapter 5, Solution 100.

Labeling the five parts of the body as follows, and noting that the center of gravity coincides with
the centroid of the area due to the uniform thickness.

N ,(\©

@ +®

Zs = —(300 _4 271;0j =-236.34, 4= —%(150)2 =-112507r =-35343
A mm? ¥,mm| y,mm| z,mm | x4,10°mm? 74,10° mm? z4, 10° mm’
1 (600)(400) =240000| 300 200 0 72 48 0
2 (300)(400) =120000| 600 200 —-150 72 24 -18
3 —(120)(280) =-3360 600 140 —240 —20.160 —4.7040 8.0640
4 (600)(300) =180000| 300 400 -150 54 72 =27
5 —35343 240 400 —236.34| —2.7000 —4.5 2.6588
> 471 057 169.358 125.159 —28.583

continued
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Therefore:
)_(=ZXA=169358000=359.53mm or X =360 mm <«
P 471057
7 =24 _ 15519000 _ 565 70 mm or ¥ =266 mm <
A 471057
7= 224 _ ~28583000 —60.678 mm or Z=-60.7 mm <4
P 471057
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Chapter 5, Solution 101.

the area.

\©

/

Assume that the body is homogeneous so that its center of gravity coincides with the centroid of

/@
4, in’ X, in. | y,in. z, in. X4,in’ | 34,in’ | Z4,in’
1 15 | 7 0 10125 | 47.25 0
Las5)3)=675
2
2 (4.5)(10) = 45 225 | 3 4 101.25 135 180
3| —(2.25)(5)=-1125-225 | 1.125 | 15 6 ~12.6563 | —16.875 | —67.5
4 225 | 0 17.8925 0 71211
% (225) =7.9522 g 4 4(225)
2 3z
) 48.452 116.611 | 165.375 | 183.71
1
Then X = A _ Min. or X =2.41in. 4
SA 48452
y=d_165375,, or ¥ =3.411in. <
T4 48452
Z = A _ 183711 in. or Z =3.79 in. 4
SA 48452
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Chapter 5, Solution 102.

Assume that the body is homogeneous so that its center of gravity coincides with the centroid of
the area.

First note that by symmetry: X =150 mm <

4(150)
3z

= 339.7 mm

For1: y =180 + 96 +

For 3: Length DE = y/(180) + (96)° = 204 mm

y=90mm, Zz =48mm
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A, mm? y, mm | z, mm VA, mm?® ZA, mm?®
1 339.7 0 6 0
%(150)2 =3534x10° 12.005 %10
2 244.1 | 61.11 6 6
3| (204)(300) = 61.2x10° —=2.25 | 90 48 | 5508x10° | 2.938x10°
z 141.78 x 10° 28.420 x10° | 5.702 x 10°
Then
6
724 228.420><103 or 7 = 200 mm <4
T4 141.78x10
5 _ A _ 5.702 % 10°

= mm
A 14178 x10°

or Y =40.2 mm <
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Chapter 5, Solution 103.

Assume that the body is homogeneous so that its center of gravity coincides with the centroid of

the area.

V@) (2" T >

:343.63mm

A, mm? X, mm | y, mm XA, mm? VA, mm?
1 (360)(270) = 97 200 0 135 0 13 122 000
2 (339)(270) =91530 168 135 15377000 | 12 356 600
3 224 294 2733700 | 3588000
%(339)(72) = 12204
4 (360)(343.63) =123707 168 306 20 783 000 | 37 854 000
5 224 318 1731900 | 2458700
%(343.63)(45) = 773173
6 7731.7 224 318 1731900 | 2458700
7 12204 224 294 2733700 | 3588000
8 91530 168 135 15377 000 | 12 356 600
> 443 838 60 468 200 | 87 782 600
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x4 60468200

Then X = = or X =136.2 mm «
>4 443 838
Y = 24 = 87782 600 mm or Y =197.8 mm «

>A 443838
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Chapter 5, Solution 104.

Assume that the body is homogeneous so that its center of gravity coincides with the centroid of the

area.

Note that by symmetry X = 9 in.

A, in? y,in. Z,in. V4, in® 74, in®

1 16.2 1.8 2 29.16 324

2 16.2 1.8 2 29.16 324

3 97.2 2.7 0 262.44 0

4| 1017.876 | —15.2789 | 20.72113 | —15552 | 21091.54
5] 1017.876 | —15.2789 | 20.72113 | —15552 | 21091.54
6 | —706.858 | —12.7324 | 23.2676 9000 —16446.9
7| -706.858 | —12.7324 | 23.2676 9000 ~16446.9
8| 1017.876 | —22.9183 | 13.08169 | —23328 | 13315.54
T | 1769.511 —36111.24 | 22669.6
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Therefore
X =9in. 4
Y = 24 _—36111.24 or Y =-20.4 in. 4
>A 1769.511
7 -2z _ 22669.6 or Z =12.81in. 4
A 1769.511
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Chapter 5, Solution 105.

Assume that the body is homogeneous so that its center of gravity coincides with the centroid of

the area.
s | T (ot
@
fﬂnn@rﬁ ;u
) % @
" i
z
A4, in? X, in y.in. | x4,in® | ¥4, in’
1 (8)(12) = 967 0 6 0 5761
2 —5(8)(4) — _lér 2(4) 8 10 -128 -1607
2 T h T
3 1(4)2 =81 4(4) 16 12 | —42.667 | 967
2 iz 3rx
4 (8)(12) =96 6 12 576 1152
50 (8)12)=9 6 8 576 768
6 ~Z(4) = -sr 4(4) 16 8 | —42.667 | —64rx
2 3t 3w
7| (4)12) =48 6 10 288 480
8| (4)12)=48 6 10 288 480
z 539.33 1512.6 4287.4
Then X =E= 1514.67 in. or X =2.81in. 4
YA 539.33

SyA 42874 .
A 53933

Y

or Y =7.95 in. 4
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Chapter 5, Solution 106.

First, assume that the sheet metal is homogeneous so that the center of gravity of the awning
coincides with the centroid of the corresponding area.

o (4)(500)
Y =Yy =80+ ——==2922mm
RY/2

Zy =2y = M =212.2 mm

3z

2

Yiv =80+ M = 398.3 mm

T

2
T

Ay = Ay = %(500)2 = 196 350 mm>

Ay = %(500)(680) = 534 071 mm’

A, mm? y, mm Z, mm VA, mm?® ZA, mm>

I (80)(500) = 40 000 40 250 1.6 x 10° 10 x 10°
11 196 350 292.2 212.2 57.4%10° 41.67 x10°
I (80)(680) = 54 400 40 500 0.2176 x 10° 27.2x10°
v 534071 398.3 318.3 212.7 x10° 170 x 10°
v (80)(500) = 40 000 40 250 1.6 x10° 10 x 10°
VI 196 350 292.2 212.2 57.4%10° 41.67 x10°

T | 1.061x10° 332.9x10° 300.5x10°
Now, symmetry implies X =340 mm «
and Y24 = £34: ¥ (1.061x10° mm?) = 332.9 x10° mm’

or Y =314mm <
734 = S7A: 2(1.061 x 10° mmz) = 300.5 x 10°® mm?>
or Z =283 mm «
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Chapter 5, Solution 107.
Assume that the body is homogeneous so that its center of gravity coincides with the centroid of
the area.
/\ B @ . Q o
@ G) )
A,in? ,in. z,in y4,in® | z4, in’
1 (15)(14) =120 0 7 0 1470
2 (14)(2.5) = 35.0 1.25 7 43.75 245
3 (15)(2.5) =37.5 1.25 0 46.875 0
4 (14)(2.5) = 35.0 1.25 7 43.75 245
51 —(5) =-78.540 0 6.5 0 | -510.51
1 4(1.5
6 ——7[(1.5)2 =-1.76715 0 13 - u =12.36348 0 —-21.848
4 37 :
7 (4)(12) = 48 6 10 288 480
(4)(12) = 48 6 10 288 480
> 235.43 134.375 | 1405.79
Then 7 = 24 _ 134375, or Y =0.5711in. 4
T4 23543
Z= x4 _ 140579 in. or Z =5.97 in. 4
T4 23543

and by symmetry

X =7.50 in. 4
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Chapter 5, Solution 108.

A

e

AB? = (500 mm)” + (750 mm)” + (300 mm)’, or

l"f
et (1]

750w

bl

x
300

§now\-\/ (0 e

2L

2500

AB =950 mm
L,mm | x,mm | y,mm | z, mm XL, mm?> yL, mm? zL, mm?>
AB 950 250 375 150 237.5%10° | 356.25x10° | 142.5x10°
BD 300 500 0 150 150 x 10° 0 45x10°
DO 500 250 0 0 125%x10° 0 0
04 750 375 0 0 281.25x10° 0
z 2500 512.5%x10° | 637.5x10° | 187.5%x10°
Then
7o DL _5125%10° or X = 205 mm 4
>L 2500
YZZfL:637.5><103 or ¥ =255 mm <«
>L 2500
Z:ZEL=187.5><103 or 7 = 75 mm 4
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Elliot R. Eisenberg, William E. Clausen, David Mazurek, Phillip J. Cornwell

© 2007 The McGraw-Hill Companies.




COSMOS: Complete Online Solutions Manual Organization System

Chapter 5, Solution 109.

Assume that the body is homogeneous so that its center of gravity coincides with the centroid of

>l
I

~|

N

SXL 153000
3L 131124
SyL 135000
YL 1311.24
SZL 103200
L 1311.24

the line
~-@®
@ -
— @
~®
L, mm X, mm zL, mm>
300 0 150 | 0 0 45 000 0
280 140 0 0 | 39200 0 0
260 230 0 120 | 59800 0 31200
4 | Z(300) = 1507 3(2 a 300} _ 360 600 | 480 | 51000 | 90000 | 72000
2 s\« z z
| 131124 153000 | 135000 | 103200
Then

or X =116.7 mm 4
or Y =103.0mm <«

or Z =78.7 mm 4
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Chapter 5, Solution 110.

Assume that the body is homogeneous so that its center of gravity coincides with the centroid of

the line.
1\/
® \
4@‘
e
® o}
J(/ @
=3 \)(
L, ft X, ft v, 1t XL,ft2 | YL, ft?
1 10 4c0s45° = 2.8284 5 28.284 50
) 10 4c0s45° = 2.8284 5 28.284 50
3 A 0 12.5465 0 157.664
4 | 4r Mzﬁ 10 32 125.664
T T
2(4
5 2 —)=§ 12.5465 16 78.832
T T
> | 51.416 104.568 | 462.16
Then
x = =L _104.568 or X =203ft<d
L 51.416
y =L _ 46216 or Y =899 ft ¢
SL 51416

and by symmetry:
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Chapter 5, Solution 111.

First note by symmetry:

7Z =3.00 ft 4

To simplify the calculations replace:
(a) The two rectangular sides with an element of length

Ly =2[2(7 ft) +2(5 ft) | =48 ft
and center of gravity at (3.5 ft, 2.5 ft, 3 ft)

(b) The two semicircular members with an element of length

L, = 2[7[(3 ft)] =6rx ft

and with center of gravity at (2 ft, 5 + &ﬂ, 3 ftj = (2 ft, 6.9099 ft, 3 ft)
T

(¢) The cross members 1 and 2 with an element of length
L o=2(6ft)=121t
and with center of gravity at (2 ft, 5 ft, 3 ft)
(d) This leaves a single straight piece of pipe, labeled (d) in the figure.

Now for the centroid of the frame:

L,ft it | vft | xLf* | JLf?
(a) 48 3.5 2.5 168 120
(b) | 6 =18.8496 | 2 |6.9099 | 37.699 | 130.249
(c) 12 2 5 24 60
(d) 6 7 5 42 30
) 85.850 271.70 | 340.25
Then X = L = 271.70 or X=320ftd
>L  84.850
yo2L 34025 or Y =401ft <
SL  84.850

Vector Mechanics for Engineers: Statics and Dynamics, 8/e, Ferdinand P. Beer, E. Russell Johnston, Jr.,
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Chapter 5, Solution 112.

First, note that symmetry implies

puy

-

]

.
/@*
7

(PLASTW)

5 = %(0.5 in) = 0.3125in., W; = (0.0374 1b/in3)(%”j(o.5 in)’ = 0.0097911b

Have

XEW = xxWw: X(0.121361b) = 0.28228 in.Ib

0«

~i
I
N
I

] = —

% = 1.6in. + 0.5in. = 2.lin. W, = (0.0374b/in*)(z)(0.5in)" (3.2in.) = 0.093996 Ib
%y =3.7in. - lin. = 2.7in., W, = —(0.0374 lb/in3)(%J(0.l2in)2(2in.) = —0.000846 Ib

5 6m) = 0.017987 1b

Xy = 7.3in. — 2.8in. = 4.5in,, WIV—(0284lb/m (Z](OlZm
Xy = 7.3in. + ‘11(041n) =7.4in., Wy, = 02841b/1n )(%) 0061n )7 (0.4in.) = 0.000428 Ib
w,1b X, in. xW,in-Ib
I 0.009791 0.3125 0.003060
II 0.093996 2.1 0.197393
I —0.000846 2.7 —-0.002284
v 0.017987 4.5 0.080942
v 0.000428 7.4 0.003169
z 0.12136 0.28228

or X =233in. 4
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Chapter 5, Solution 113.

mE

—

FEX

Determine first the masses of the component pieces:

Now, for the center of mass:

m, = (8800 ke/m’ ) %(0.0162 ~0.012%)m* x (0.014 m) | = 0.0108372 kg

m, = (1250 kg/m’) %(0.0362 ~0.016>)m* x (0.014 m) | = 0.0142942 kg

m; = (1250 kg/m”) %(0.0602 ~0.036*)m? x (0.006 m) | = 0.0135717 kg

my = (1250 kg/m’ ) %(0.0802 ~0.060*)m? x (0.010 m) | = 0.027489 kg

m,kg x,mm | xm,kg-mm
1 | 0.0108372 7 0.075860
2 |1 0.0142942 7 0.100059
3 | 0.0135717 3 0.040715
4 | 0.027489 5 0.137445
X | 0.066192 0.35408

Then ¥ = Z¥m _ 035408

= or
Xm  0.066192

X =5.35mm 4
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Chapter 5, Solution 114.

O0-3wm

(- 4w 0-1Tw

T

—  0.7m

M il

Assume that the stone is homogeneous so that its center of gravity coincides with the centroid of the volume
and locate the center of gravity.

To determine the centroid of the truncated pyramid note that:

y = %(1.4 m) = 1.05 m, and V= %(0.3 m)(0.3m)(1.4 m) = 0.042 m’
v, = %(0.7 m) = 0.525 m, and v, = —%(0.15 m)(0.15 m)(0.7 m) = —0.00525 m*

Then V,,,, =V, +V, =0.042 m* — 0.00525 m*> = 0.03675 m*, and

spr (1.05m)(0.042 m’) + (0.525 m)(-0.00525 m”)

Yy T 0.03675 m

=1.12500 m

The center of gravity of the stone is therefore 0.425 m (i.e. 1.125 m — 0.7m) above the base.

Now to determine the center of gravity of the marker:

Wyione = (P8V) e = (2570 kg/m®)(9.81 mis” )(0.03675 m*) = 926.53 N

Wyt = (PEV) = (7860 keym*)(9.81 mss? [ (0.3 m)(0.3 m) 2 | = (6939.6A)N

continued
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Then

_ W
Ymarker = Wﬂ or

(0.425 m)(926.53 N) + (= m)(6939.64)N

03m=
(926.53 + 6939.6 h)N

, Or

h* +0.6h —0.033378 = 0.

Solving for 4 and discarding the negative root, this gives 4 = 0.051252 m, or

h =50 mm <«
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Chapter 5, Solution 115.

<

5 | :
—_— T

/ == ¥

Z

Since the brass plates are equally spaced and by the symmetry of the cylinder:

For the pipe:

Specific weight of steel: y, = 0.284 Ib/in®
» =4in

outside diameter: 2.5 in.

Inside diameter: 2.5 in. — 2(0.25 in.) = 2.00 in.
Volume: ¥, = %(2.52 ~2.0%)8=14.137 in®

Weight: ;= 7/, =(0.284 Ib/in® ) (14.137 in®) = 4.015 Ib
For each brass plate:

Specific weight for brass: y; = 0.306 Ib/in®
Yy = 22.667 in.

Volume: V, = %(8)(4)(0.2) =3.2in’

Weight: 1 = 7,7, =(0.306 Ib/in®)(3.21in>) = 0.979 Ib

>
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For flagpole base:
IW =(4.0151b) +3(0.979 Ib) = 6.952 Ib

IyW = (4in.)(4.015 Ib) + 3[(2.667 in.)(0.979 Ib) | = 23.892 in.-Ib, or

Sy _23892indb _ 00
/4 6.952 1b

Y =
Y =3.437 in. 4
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Chapter 5, Solution 116.

4 |

IR
NP

L

Choose as the element of volume a disk of radius » and thickness dx.
Then

dV = mldx, Xy =x

The equation of the generating curve is x* + y> =a®> so that
r* = a*> — x* and then
dV = ﬂ(a2 - xz)dx
Component 1
3 al2
L P 7{_}
0
L
24
and J'IEELdV = jg/zx[ﬂ'(az - xz)dx}
) 4 al2
_ {azx__x_}
2 4
=7 g
64
_ _ _(11 ;4 7 4
Now xV = | xgdV: x| —ma’ |=—nra
1”1 L EL 1(24 ] o4
or X, = 2a <
88

Component 2

3 al2
3
- az(a) ’ _ az(ﬁj_(g)
3 2 3
continued
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= —7d’
24
— a 2 2 2x2 x4 a
and szELdV = L,/zx[”(a - X )de =7xla S )
2 4 u 2 a 4
-7 aZ(a) _(a) _ az(z) _(2)
2 4 2 4
= —rxa*
64
Now S, = [ FudV: %|—7d* | = —zd*
272 2 EL 2 24 64
or X, —ﬂai
40
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Chapter 5, Solution 117.

\_“

Then

Choose as the element of volume a disk of radius » and thickness dx.

dV = mldx, X5 =x

2 2
The equation of the generating curve is z— + y—2 =1 so that
a
a2
rt = h—z(h2 - x2) and then
: a2
M a) b_ dV = E—z(hz - xz)dx
A pdl h
Component 1
W2 _a 2 x° "
_ 22 _ 4|0 X
n=1 z(h x)dx—ﬂ'hz{hx 3}0
=W
24
and [[Xdv = )" { < (n - xz)dx}
)
a*| o x* Xt
Iy
h 0
= lﬂ'azhz
64
Now XN o= [ xpdV: % Woan| = L aan?
1”1 = | XEL " 94 04
or X, = 2]14
88
continued
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Component 2
h
2 2 3
_fh A (0 2 _ 42 X
V2 _J.h/Zﬂ-ﬁ(h - X )dx— ﬂ-ﬁ h X—?
hi2
2 3 i)’
:;;a_z hZ(h)—@ _ ;ﬂ(ﬁ] _(2_)
h 2 3
_3 2p
24
— h 612 2 2
and jszLdV waX ﬂ-ﬁ(h - X )dx
I Pl
2
h 2 4 2
2 4 2 4
n? 2 4 2 4
= —7a*h®
64
Now NV, = IZJTELdV X, (aﬂ'azhj = aﬂ'ath
or x, =
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Chapter 5, Solution 118.

©

Choose as the element of volume a disk of radius r and thickness dx.
Then

dV = midx, Xg =x
. . . h
The equation of the generating curve is x=h——)" so that
a
a2
r = 7(}1 — x) and then

2
v = ﬂ%(h — x)dx

Component 1

2
W2 _a
n=1 7r7(h - x)dx
) 5 2
h 2,
= = ma’h
hi2 a’
and [\ ¥edV = || ){”7(}1 - x)dx}
hi2
- i{hx_z - x_ﬂ
hi 2 3]
= L7ra2h2
12
Now N o= [ XpdV: % 3pah | = Laaow
! 8 12
or X, = Eh <
9
continued
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Component 2

Woa a’ 2
Vy = [, 7—(h—x)dx = 7—| hx = —
h h 2 I
@ [y - OF ] |- 8)
= 2 n(n) -2 |- h(—j—2—
h 2 2 2
= Ln
8
h a’ A 2 2T
and [ XerdV =[x 7r7(h - x)dx | = e h— Y
2
2 2 3 AR AN
zﬂa_ h(h) _( ) _ h(z) _(2)
h 2 2 3
= —rxa’h’
12
- - —(1_» L 22
Now XV, = szELdV: X, (gﬂa h] = Eﬂa h
or X, = zh4
3
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Chapter 5, Solution 119.

Y
: First note that symmetry implies y=04d
g z-04
i X Choose as the element of volume a disk of radius r and thickness dx.
Then
z
dV = midx, Xz =x
2
Now r = b| 1 —— | so that
a
x? ’
dV = m*|1-= | dx
a
2\ 2 4
a a 2x X
Then Vo= [labt| 1= | de = [Cab?|1- S+ T fax
Io a2 Io 2 4
2 X ’
=z x -+
a>  54°
= ﬂabz(l——+lj
5
= ﬁ7rab2
— a 2%yt
and fxELdV = .[Oﬂb2x 1—7+? dx
2 4 6\
-
2 4a 6a
0
continued
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Then XV = [xgav:
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Chapter 5, Solution 120.

\.\
First, note that symmetry implies

Nl <
I

04
0«
Choose as the element of volume a disk of radius r and

thickness dx.
Then

dv = midx, Xy =x

Now r =1—l so that

X
1 2
av = M(l ——) dx
X
= 7!(1 _2 + izjdx
X X
2 1 17
Then V= J;37Z(1——+—2jdx=ﬂ'[x—21nx——}
:7{[3—21n3—lj—(1—21n1—lﬂ
3 1
= (0.469447) m’
2 1 ? ’
— 3 X
and IxELdV = j; x[ﬂ(l—;+;}dx} =7{7—2x+lnx}l
3 I
=73 =-2(3)+In3|-|=-2(1) + Inl
2 2
= (1.098617) m
Now ¥ = [¥,,dV: X(0469447 m’) = 1.098617 m*

or x =234m<d
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Chapter 5, Solution 121.

i.

{

First, by symmetry:

=l
I
Q
A A

<l
I
o

Next determine the constants kin y = foc:

At X =a, bzkamorkzﬁ
a

b a
Therefore, y = me, or x = E y3
a

Choosing horizontal disks of thickness dy for volume elements (dV in the figure above)

V= J.gﬂ'_az - (a —x)zJ

= ﬁj§(2ax - xz)dy

2
b a a
:7[_[0 2a><—3y3 —¥y6]dy

b
2
=T 2><l 4—% ly7 =i7m2b
4 b 7 , 14

100
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Chapter 5, Solution 122.

First note that by symmetry:
y=0<
z=04

'e
Choose as a volume element a disk of radius y and thickness dx. Then:

Xg; = x, and

dV = zy*dx, or

dv = h? cos? X dx

2a

Using the identity:

cos’x = l(1 + cos2x), this gives

dv = l7rhz (1 + cosﬂj dx.
2 a
Then:
2 2 a
V= JdV L Jo (1 + cos—)dx zh [x + ﬁsmﬂ} = l7rhza.
a 2 T a, 2
continued
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Also,
_ zh* ca X .
IxELdV = TJO X + xcos— |dx. Integrating by parts,
a
it |22 a{ . X . ﬂ'xT
=—-|—=| +— xsm——jsm—
2 2 0o T a a Jy
7h? | d* a[ 72'}
=——q— + —| xsin— + —cos—
212 =& a a |
2( 2
L2 T oy S | G R 42
2 |2 V4 T
Now,
_ 1 2 2,2 4
X =—|xgd a“h”|1 , or
V'[ H hza{ ( ﬂzﬂ
)_c=la 1—%)4
2 T
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Chapter 5, Solution 123.

First note that by symmetry:
x=0<

y=04d
Choosing the volume element shown in the figure, i.e. a cylindrical shell of radius r, height 4 and

thickness dr:

_ 1
YEL = Ey, and

dV =2xry dr = 27r cos?dr, and
a

V= I dv = 2ﬂhj'g rcosg—;dr, or, integrating by parts

V= 2Jz'h2—a[rsinﬂ - J‘sinﬂdr}
V4 2a 2a |,

a
. r  2a r
= 4ah[rsm— + —cos—}

2a 1« 2a |,

= 4ah(a - 2_a) = 4a2h(1 - zj
T T

Also,
— o _aca. amr , Th’a zr
j'yELdV =1h .[o 7 Ccos Zdr = T'[O r(l + cos;jdr

a

2 a
= ﬂ [l},z} + ﬁ[rsinﬂ - jsinﬂdr}
4

2 2 0 a a 0
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2 a
7h* |1 , a . Tr a r
=—-<—a" +—|rsin— + —cos—
0

2 12 T a T a
2
SELLU0 B SR U SR | QR T 1—i2
2 12 T T 4 T
Now,
yzi'[yELdV— ! {lnazhz[l tﬂ,or
|14 4 zh(l ) 4 T
V1
__(7r+2)h4
T
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Chapter 5, Solution 124.

CENTER ©F BASE

blz
on B
ol TARNTYN

l

Choose as the element of a horizontal slice of thickness dy. For any
number N of sides, the area of the base of the pyramid is given by

Abase = ka

where £ = k(N ); see note below. Using similar triangles, have

s_h-y
h
b
=2 (h-
or S h( y)
_ _ 2 _ b2 2
Then dV = Ag..dy = ks dy—k?(h—y) dy
h b 2 [ 1 3 ¢
d V=\|k—(h- dy = k—|—-—=(h-
an L hz( J/) y hz[ 3( y) L
= L
3
Also VEL =Y

2 2
so then I?ELdV = J.:J{kz_z(h - y)2 dy} = k[;l—z h(hzy - 2hy2 + y3) dy

M1, 2,5 1,1 1,5,
LA LY N TR R Y
hz[z TR NP

— — (1,2 12,2
Now V= dv: —kb“h | = —kbh

or y= %h Q.ED.«4

Note:
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Chapter 5, Solution 125.

Since the spherical cup is uniform, the center of gravity will coincide with the centroid. Also, because the cup is
thin, it can be treated like an area in finding the centroid.

IAn element of area is obtained by rotating arc ds about the y axis. With the y axis pointing downwards,

dA = 2zrds = 27 (Rsin6) Rd

= 27R*sin8d6O

Ygr =y = Rcos@

A= [dA=27R? [(sin0d6 = 2R [~cosB]] = 27R* (1 - cos9)

[Pridd = [[(Rcos®)(27R?sin0d6) = 22k’ [[ cos Osin 06

¢
=27k} [—%cos2 0} = 7R’ (1 — cos’ ¢)
0

Then,
y= % [Fprdd = mmﬁ (1-cos®¢), or
7 =21 + coso)

Using
cosp = BRI

S

The center of gravity is therefore located at a distance of

R—-y=R- (R - g} = g, above the base.(Q.E.D)
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Chapter 5, Solution 126.

2 R I

@
I T
70

]

4—;\171()@—-‘

=5

|\J*

(a) Bowl
First note that symmetry implies x=04

for the coordinate axes shown below. Now assume that the bowl may be
treated as a shell; the center of gravity of the bowl will coincide with the
centroid of the shell. For the walls of the bowl, an element of area is
obtained by rotating the arc ds about the y axis. Then

Ay = (27Rsin6)(Rd6)

and (yEL)Wall —Rcos @

Then J.”/22ﬂ'R2 sin0dé = 2z R? [—cosd]
= 7r\/§R2
and VwatAwan = ,[ (yEL )Wall dA
= .[;;/2 —-R cosé? (27Z'R2 s1n¢9d6)

/2

wall /6

=R’ [cos 9]”/2

= —iﬂR3
4
By observation A e R, Foae ?R
Now YZA = ZyA

or y = —-0.48763R R =350 mm
y =-170.7 mm 4
(b) Punch
First note that symmetry implies x=0d

and that because the punch is homogeneous, its center of gravity will
coincide with the centroid of the corresponding volume. Choose as the
element of volume a disk of radius x and thickness dy. Then

dv = ﬂ'xzdy, VgL =Y

continued
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Now x° + y2 = R?> sothat v = 7Z(R2 - yz)dy

0
Then V= ﬁ)\/?/zR”(RZ — yz)dy = E[Rzy - lyﬂ
—32R
3
= x| R? _ﬁR _1 _ﬁR =§7r\/§R3
2 30 2 8

0
_ 0 1 1
and IyELdV = j_ﬁ/zR(y)[”(Rz - yz)dy] = E{ERZJ’Z - Zyﬂ

—\/§/2R
1 N IR TENG * 15
- ERZ(——RJ - —(——RJ N

2 41 2 64
_ _ (3 3 15 4
Now yV = IyELdV: y gﬂ'\/gR = _aﬂR

or y =—F=R R =350 mm

. ¥ =-126.3mm <«
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Chapter 5, Solution 127.

The centroid can be found by integration. The equation for the bottom of the gravel is:
y = a + bx + cz, where the constants a, b, and ¢ can be determined as follows:

For x=0, and z =0: y =-3in., and therefore
—ift =3a,0ra= —lft
12 4
For x=30ft,and z = 0: y = -5 in., and therefore

= Lo p(30ft) orb=—t
2 2 180

For x=0,and z =50 ft: y = —6 in., and therefore

LN —%ft +¢(50 ft), or c __L

12 200
Therefore:
1 1 1
4 180 200
Now
— [ xgLdV
\%

A volume element can be chosen as:
dv = |y| dxdz,

or dV:l 1+ix+iz dxdz, and
4 45 50

continued
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Then
50 30 X 1 1
Xg dV = —|1+—x+—z |dxdz
e 0 Jo 4( 45" " 50 )
1 x> 1 z %
o AN S
4°0 1 2 135 100 0
_ 1199650 + 97)d
=2k (650 + 9z)dz
50
_Lles0z+ 222
4 2 0
=10937.5 ft*
The volume is:

V[dv = %0 301[1+ix+izjdxdz
45 50

0 Jo 4
30
Y P S LI
4 90 50 |,
_1 50(40 + gzjdz
470 5
50
NPT
4 10° |,
= 687.50 ft*
Then
Xg dV 4
x = XadV 1093751 _ 159091 ft
V 687.5 ft
Therefore: V =688 ft* 4

X =15.91ft «
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Chapter 5, Solution 128.

Choosing the element of volume shown, i.e. a filament of sides, y, dx, and dz:
dV = ydxdy, and

Zg, = Z

V= _[dV = L]; ,[5()’0 —ylg—y2§jdxdz

2 a
b X zX b 1 a
— X — 22 g = a——ya—y,—z|dz
Io {yo N 2 B %) b L JO (yo 2y1 h%) b ]

b

_{yaz lyaz yazz} _(y ly ly)ab

S\ ez —Vaz— | TN
2 b 2 0

2
J.EELdV = _[Ob '[:(yoz - Jﬁ% - yz%dedz

b X’z x| b za Z%a
=j0 VoZX — Y= — Yy —— dz=.|‘0 VoZd — Y — — Yo— |dz
2a b 0

2 2 3 P
_|,Za_,za_ zaj (1 _1 1 1.2
Yo 5 N 4 %) 3 ) 2)’0 i %)
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Now,
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Chapter 5, Solution 129.

First note that symmetry implies

T

X h

T o
il Tz o]

Choose as the element of volume a vertical slice of width 2x, thickness dz, and height y. Then

dv =2xydz, Vg = %y, Iy =1
Now x = a? - z? and y:E—Lz:E[l—ij

So dvV =h az—zz(l—é)dz

a

2
Then V = j;’lh a? - 72 (l— gjdz = h{%{ Ja? - 7% + azsinl(iﬂ ¥ i(a2 - 22) }

a 3a

—a

_ 1 2 - -
—Ea h[sm (1) —sin (—1)]
- Za%

2

Then [VerdV = jj‘aE y %(1— émh a? — 72 (1 - gjdz}

2 2
:h—ja Ja? - 22 [1-22 4+ 5 |4z
4°-a a a’

|

continued
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2

3 2 4
e _E(az -~ 22)2 + 22 a2 - 24 8 gint| £
a’ 8 a
5h?a?r . _ .
5 [sm (1) —sin (—l)]
_ _( za? 5h2a?
Then W = [Vadv (”2 hJ: 32 (%)
nd [zgdV = j_aaz[h a? - z° (1— éjdz}
3 3 .2 4
3 e e e
3
- —a—h[sin’l(l) —sin l(—1)}
ra’h ra’h

ory=—h
y 16
a
3)
a
-a
a
orz=——
4
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Chapter 5, Solution 130.

3
—o] |=w— 1.5 mm
;i
772 ram ‘}_777 Yy
‘Cr j — _ GEmm
Hwvem l Z
, @y Y I
. L ;
A, mm?> X,mm | y,mm | XA, mm?> VA, mm?>
1 21x22 = 462 1.5 11 693 5082
1
2 —5(6)(9) =-27 —6 2 162 -54
1
3 —5(6)(12) = 36 8 2 -288 -72
z 399 567 4956
= 3
Then ¥ o2 _ 307 mm or X =1421 mm <
24 399 mm
= 3
and y = zyd _ 2956 mm or ¥ =12.42mm <
A 399 mm
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Chapter 5, Solution 131.

and

S.{ —
gl
3T
) (R, 2.8A)
& 3
C’\
TR T 4415
T 0 (1O~ o Y IN.
( Euom. :
1
3 X
[ (EK l."_)\ I,
A, in? X, in ¥, in. XA, in’ ¥4, in®
1
1 5(10)(15) =50 4.5 7.5 225 375
VA 2
2 Z(15) =176.71 6.366 | 16.366 1125 2892
p) 226.71 1350 3267
Then XXA=3x4

)?(226.71 inz) = 1350 in’
YZA=3y4

Y (226.71 inz) = 3267 in’

or X =5.95in. <

or Y =14.411in. <
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Chapter 5, Solution 132.

corresponding line.

. /

First note that because the wire is homogeneous, its center of gravity will coincide with the centroid of the

X

Y(77.233 mm) = 982.7 mm?>

L, mm X, mm y, mm xL, mm? yL, mm?

1 V122 + 6% =13.416 6 3 80.50 40.25

2 16 12 14 192 224

3 21 1.5 22 31.50 462

4 16 -9 14 —144 224

5 V6% +9% =10.817 —45 3 —48.67 32.45

) 77.233 111.32 982.7
Then XXL =3xL

X(77.233 mm) = 111.32 mm? or X =1.441mm <«

and YL =XyL

or ¥ =12.72mm <
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Chapter 5, Solution 133.

N First note that for equilibrium, the center of gravity of the wire must lie
7 on a vertical line through C. Further, because the wire is homogeneous,
@ c 0] X its center of gravity will coincide with the centroid of the corresponding
line.
® Thus XM, = 0, which implies that X = 0
or Xx;L; =0
L . . . .
Hence E(L) +(-4in.)(8in.) + (-4 in.)(10in.) = 0
or [} =144 in’ or L =12.00in. <4
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Chapter 5, Solution 134.

e

KL

It

T

Then

For the element (EL) shown

At

Then

Now

and I;?ELdA =

,f)_’ELdA =

Hence

3
4 = JdA Z.[Oh%ymdy:Zﬁ(fB)

le =

x=ay=hh=ka or k=
x ﬁ 13
dA = xdy
%ymdy
)_CEL_lx_l 161/3)’1/35 YeL =Y
2 2 h

nl a Bl a 13 _l a 3 53
027 (h—y dy]-zﬁ(gy

h
h(a s, _ a3 i
{0 )= 5(3)

— _ —(3 3
XA = j'xELdA: X (Zahj = Eazh

o 7

VA = ijLdA:yGahj = %ahz

ia2/f1

10

x=="a 4
4

y=—h 4

Y 7
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Chapter 5, Solution 135.

“ 2
""‘“*‘_d“ For »natx=a,y=2b 2b = ka? or k=—l27
A a
g 2b ,
! i & %‘%t _l-“-?— Then = ?x
G ©
. b X
By observation Yy = ——(x + Zb) =bh|2-—
a a
Now Xg, =X
and for 0 < x < a:
Vg = lyl = %xz and dA = ydx = 2—12)x2dx
2 a a

Fora < x < 2a:

VEL = %yz = %(2 —fj and dA = y,dx = b(Z —f]dx

a a
Then A= [dd = [* B + jz”b(z—ﬁde
0 a2 a a

2a
3¢ 2
:%x— +b—ﬁ(2—fj ~Tab
al 3 0 2 a 6

0

and IJ?ELdA = J‘gzx(%xzdx) + jax{b(2 - f] dx}

a2 a

S]]
_ %azb + ][ (20)" - (a)' |+ %[(202) - (“ﬂ}

=—d%
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v ab 2 2b 2 2a b pY X
ijLdA = J'O ?x [?x dx} + .[0 5[2 —;j[b(z —;)dx:|
2[5 2 37
W | b _ﬂ(z_ﬁj
614 5 0 2 3 a
:£ab2
30
A (5ot #Lap) = la? i}
Hence XA = ijLdA X gab = ga b Y=a 4
4= (7 517 17 .2 _ 17
A = dA: —ab|=—"ab - <
Y .[yEL J/(6a ) 30 y T
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Chapter 5, Solution 136.

Manual Organization System

The volume can be generated by rotating the triangle and circular sector shown about the y axis. Applying the
second theorem of Pappus-Guldinus and using Fig. 5.8A, we have

V = 22%A = 27554 = 270(x5i A, + %, 4,)

=27

Since

o (L Lo 2
3727 27277 2 3x F
i 6
3 3
R, R )_33 4
163 243 8
%ﬂ'(lﬁn.f = 3526.03 in’
1gal = 231in’
-3
V= 3526.03in — 15.26 gal

© 231 in®/gal

V =15.26 gal 4
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Chapter 5, Solution 137.

— i
A 2 PR L
\s
Ny=— 9t — 3
Have R, = (9 t)(200 Ib/ft) = 1800 Ib
Ry = %(3 11)(200 Ib/ft) = 300 1b
Then AL FF. =00 4,=0

+) M, =0: —(4.5ft)(18001b) — (10 ft)(3001b) + (9 ft) B, = 0
or B, =123331b B=12331b | «
[ XF,=0: 4,-18001b—3001b+1233.31b = 0

or A, =866.71b A =8671b | <
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Chapter 5, Solution 138.

a(dm)=Im -a-i-_LZm\—sO.ﬁm
Z‘kN/W‘ 51 R
Ay =il
I&N/m
™M |
AN AX A
4o ~—Jo-2mﬂ=-

Have

Then

or

or

R = %(4 m) (2000 kN/m) = 2667 N

Ry = %(2 m)(1000 kN/m) = 666.7 N
HLSF, =00 4, =0
+1 ZF,=0: 4, -2667N - 666.7N =0
4, =3334N A=333kN | «
+) M, =0 M, - (1m)(2667 N) - (5.5m)(666.7 N)

M, =6334N'm M, =633kN-m ) «
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Chapter 5, Solution 139.

d A
5
Consider the free-body diagram of the side.
1 1
Have P=—Ap=—A(yd
5 4p = 4(rd)
d
Now +) M, =0 (9ft)T—?P=O

Then, for d, .

(9)[ (0:2)(40 %107 1b) | - %{%[(12 1) (A ) ] (62.4 lb/ft3)dmax} =0

or 216x10° ft* = 374.4d>
or d?. =576.92ft

d

max

=8.32ft 4
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Chapter 5, Solution 140.

First, assume that the machine element is homogeneous so that its center of gravity coincides with the
centroid of the corresponding volume.

)?(13.3454 in3) =32.618in*

V,in’ X, in. y,in. xV,in* yv, in*
I (4)(3.6)(0.75) =10.8 2.0 0.375 21.6 4.05
11 (2.4)(2.0)(0.6) = 2.88 3.7 1.95 10.656 5.616
1T 7(0.45)%(0.4) = 0.2545 4.2 2.15 1.0688 0.54711
v —7(0.5)%(0.75) = —0.5890 1.2 0.375 —-0.7068 —0.22089
p) 13.3454 32.618 9.9922
Have XZV =XV

or X =2.44in. 4
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Chapter 5, Solution 141.

First, assume that the sheet metal is homogeneous so that the center of gravity of the bracket coincides with
the centroid of the corresponding area. Then (see diagram)

x A" _ 4(6.25)
B v = 22.5-
E%A) -y kY4
_ 4\// A =19.85mm
t/ \////In 4 = _1(6 25)2
L VoW
= —61.36 mm?
A, mm?> X,mm | y,mm | Z, mm XA, mm?> 4, mm?> ZA, mm?>
I (25)(60) =1500 12.5 0 30 18 750 0 45 000
11 (12.5)(60) =750 25 -6.25 30 18 750 —4687.5 22 500
11 (7.5)(60) = 450 28.75 -12.5 30 12 937.5 -5625 13 500
v —(12.5)(30) = =375 10 0 37.5 -3750 0 —-14 062.5
A" -61.36 10 0 19.85 —-613.6 0 -1218.0
b 2263.64 46 074 -10 313 65 720
Have XXA = 3xXA

X(2263.64 mm? ) = 46 074 mm’
Y34 = 2y4
¥(2263.64 mm*) = ~10 313 mm’
734 = XzA

2(2263.64 mmz) = 65 720 mm°>

or X =20.4mm <

or ¥ = -4.55mm «

or Z =29.0 mm «
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