yi PROBLEM 5.1
Locate the centroid of the plane area shown.
) mm
150 mm
200 mm —»—l*—~40() mm\’J '
]
SOLUTION
Y
T [G) [6)
{Somm eC, T
i‘ T— ' Ca 00 wam
Q7I ”°°"""‘ 200mmn ’ 200 waen /Yllmm
QOON:\’ x
A, mm? LM | ymm | x4 ¥4, mm>
1| 200 x150 = 30000 -100 250 —-30000000 | 6750000
400 x 300 = 120000 200 150 24000000 18000000
b3 150000 21000000 | 24750000
L] ]
v _ x4 21000000 5
X == _ bl X =140.0
Then 1 150000 mm or mm <4
5 2yA 24750000 =
Y=""2 Y =165.0
=y 150000 mm or mm 4
]
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o
‘] PROBLEM 5.2
A m'_»}ng S Locate the centroid of the plane area shown.
|
Sin.
.
SOLUTION
13w
S -
l
c !
L t ‘ *
e
4 A i \ 4 M.
1
Am? X,in. y,in. %A4,in’ ¥4, in’
1 10 x 8 = 80 5 4 400 320
2 216
Lxoxi2=s 13 4 702
2
z 134 1102 536
Then ¥=Z4_1 or X =822in 4
r; , 24 134
| and y-24_ 1102 or 7 =4.00in 4
X4 13

PROPRIETARY MATERIAL. T 2007 The McGraw-Hill Companies, Inc. All ri
or distributed in any form or by any means, withour the
educators permitted by McGraw-Hill for their individua

ghts reserved. No part of this Manual may be displayed, reproduced
prior written permission of the publisher, or used beyond the limited disiribution 10 teachers and
Lcourse preparation. If vou are a studen: using this Manual, vou are using it without permission.

612




‘4——~ 375 mm “—4 '

PROBLEM 5.5
Locate the centroid of the plane area shown,

SOLUTION
v
4;(}—2—;—)"\"\
,3
2 wmm
/Jn- 1€ mven ¥
a(egy
iw
A, mm? X, mm ¥, mm X4, mm? A, mm?>
2 95.493 -3 796 900 3 796 900
1 7(225) = 39 761 _i@) = —95.493
4 3n
75
2 _21_(375)(225) - 42188 125 5273500 3164100
z 81949 1476 600 6961000
5 2XA 1476600 -
Th X === X =18.02 |
en >4 81949 mm or mm
5 Xy4A 6961000 o
=294 Y =849 <
T4 81949 ot mm

_
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PROBLEM 5.7

Locate the centroid of the plane area shown.

SOLUTION
\./
— ly«-— 40n
- )
w
¥ ¥
A m? X,in. %4,in®
2
] 7O o006 | A0 _ 67006 | 136532
s
—(8)(8) = —64 4 —-256
h> 137.06 1109.32
Then /_\7=—Zi4=—1—1—9&32m or X =809in «
YA 137.06
and Y = X by symmetry or Y =809in «
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¥ , PROBLEM 5.12
e 240 mm ————ni
| . Locate the centroid of the plane area shown.
) /i/ 150“mm
\ 1y =kx2 ,l
) Y
SOLUTION
Y A
one %(240\""""
Q]
— @]
[y —-_——JL 3. 1$olmm

c, COmm c,” _J_i.‘o(g)

T x T x
A, mm? X, mm ¥y, mm %4, mm’> A, mm?>
1 }_1—(240)(150) = 18000 160 50 2 880 000 900 000
2 —~—;—(240)(150) =12 000 —2(240) =180 13)(150) 45 | 2160000 | —540000
z 6000 720 000 360 000

Then )?zgﬂzmmm or X =120.0 mm <«
A4 6000
7:%=%&O~Qm or Y =60.0mm <

PROPRIETARY MATERIAL € 2007 T

ights reserved. No parr 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 limired distribution to teachers and
“aucators perminted by McGr aw-Hill for their individual course preparation. If you are a student using this Manual, vou are using

he McGraw-Hill Companies, Inc. All ri

it withour permission.
623




| . PROBLEM 5.26

1 The homogeneous wire 4BCD is bent as shown and is supported by a pin
4 at B. Knowing that / = 200 mm, determine the angle 6 for which
,//150 mm  portion BC of the wire is horizontal.
&
D

SOLUTION

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, ¥ = 0, or xL = 0.

(150 mm)] + (&)—2——“)(200 mm) + (200 mm — 1—5—92—(:059)(150 mm) =0
or
058 = 2000
11250

or 6 =63.6°d
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PROBLEM 5.27

The homogeneous wire ABCD is bent as shown and is supported by a pin
at B. Knowing that 6 = 30°, determine the length ! for which portion CD
of the wire is horizontal.

SOLUTION -

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 xL = 0.

Y

30
[
3 ico
—{ e 152 vam

/
/4\ 2050)
T
3L = ——zﬁf(:t&m)[n(lso mm) ] + (@;’—‘3)(200 mm) + (200 mm ~ ﬂz—mﬂcose)(lso mm) = 0

or

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

!/ =319 mm «
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, PROBLEM 5.31

i

T Determine by direct integration the centroid of the area shown. Express
| A

L your answer in terms of ¢ and /.

A

i S

SOLUTION

Note that y,

it

——Xx+h

a

")

"—x—-—*“é—‘dx

a

Choose the area element (EL) as

dd = (h- y)dx = ﬁxcbc
a

ad
Then A= —h-'fgxdx = ﬁlilxz} = lah
a a 2 0 2

Now, noting that Xz; = x, and y; = %(h + 3’1)

=

1 20 (h 271 51 2
= j‘f’CdA = 2}1_"‘0 x(;xdr) = ";lt—jx ]O = 3‘(1

%j%(}z +yy)dd = % é’B(h + yl)][(h ~ n)d| = a—zh'(%)fg(hz - 7 Ja

1o, # 2 h 1Y 1 N T 2
ZJZ 0 h “?(Q—X) dx=;l:x+(§)(?)(a—x) :L:;.ah—gq =”§h

<
Il

Therefore:

=2l

Il
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PROBLEM 5.32

Determine by direct integration the centroid of the area shown. Ex

press
your answer in terms of a and 4.
SOLUTION
Y
S~Jv
X —_
A 1\‘:
ey le—y 3 , ¥

First determine £:

For x = a, y = 0 and therefore

0= h(l - ka3) or k = a3, and therefore
3
x
=h1-=
y P

Choosing an area element as in the figure:

Xg = X, Ve = %, and d4 = ydx

3 a
3
A=[dd=["yax=[°h1-2 b =n|x-2| =3
Jd = Joyde =[5 1-2 | T
4 2 5
3
dad= [ opde = "Bl x-S v =p| - X | 23 2
Jrerdd = [ s = | x i 2 5] " 10°
fygada= [t dx—lj‘a;ﬁ _x 2dx_b_2“1_2x3+£ dx_éz_x__xi+x_7a__i b2
Yedd=Jol 5 U R 270 @ & 2 28° 74|, 28
Now
1 4 3% 2
¥=—(xpmdd = —— =z
%=l b 10 5°
and
1 4 9ab> 3
V= — )dA:——— _:—-b
y="lve 3ab 28 7
_ 2
Therefore: X = ga |
3
7=2b4
Y =5
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4 PROBLEM 5.33

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

SoLUTION For the element (EL) shown
At x=ay=h h=kd or k—-—}i
§ @ ek sk kg
a=k2h3 or k2=;a3_
* Hence, on line 1
, ®
ELv ,
* Il }’:?X
]-f- X *»H-‘—d)( X and on line 2
h 13
'y:;ﬁ
Then
dA:( " x a3x)dx and EL=5(;W s
af h 3 o3 3 4 1 4Y
A=[dd= o( By T3 dc=h R o 0=—ah
X h 13 h 3 3 73 1 5 ¢ 8 b}
ijLdA"J.ox( Tk __;x)‘k:k(%ﬁx -—5—;3—x 0=§ah
_ 1{ A h h h
.“yELdA = J‘Oai(am xlB + —§x3)(;ﬁxw - ;3—x3)dx
T EaE N gﬁ lx_éa__g_ah2
2 0 23 a6 7 5a5/3 7a6 35
ah 8 16
From ¥4 = [Xgdd: ¥| — | = —d*h %=
rom X }'XEL (2) 35a or X 25 |
h 8 16
d 4 =[ygdt: 7| 2|=Zar’ F=—hd
and 34 =[¥g }’(2) 3 or ¥ =22
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X I2
y;h(l *-2%)  PROBLEM 5.39

Determine by direct integration the centroid of the area shown.

SOLUTION

Using the area element shown: Y

and d4 = ydx

_ - ¥
XgL =X, )’54 = 5,

NN

2 3 2 3
— L x x L X X 1x
“EL‘“”O"”(”"z“z]d“””(”**z e 512
- e o K, x x? ) x? x x
J'))ELdAzszydx='2~J’O(l+—-—2F)dx—YJ.O 1+L2+4 4+2 -4 2—4
2 3 5 2 3 4
- %+414+3£__ﬁ%_x_3 =4
2 37 5L L 3 LO 10
Now
_ 1 6 (1 , 2
= — dd = —~h? | = 21 and
=2l ShL(3 )
1 6 (4 , 12
)= — dd=—| __}p ==}
v=4lm ShL(IO ) 25
_ 2
Therefore: X = EL |
7= 2h
|
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PROBLEM 5.42

A homogeneous wire is bent into the shape shown. Determine by direct
e integration the x coordinate of its centroid.
. / J

N

SOLUTION

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

Il

Now Xg = rcos6 and dL = rd6

Then L

T4 w43
[dL =[] rdo = r[6]", = S

i

and [%gdL j;?; cos 6(rdo)
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240 Uit PROBLEM 5.65

[So kg /W/f

48 ft i

Determine the reactions at the beam supports for the given loading.

SOLUTION

2-a by

<3,
¥

4
Ax\ ALAY l(
- »

6 £t 1

o

v

X

R = (240—%2)(4.8 ft) = 1152 1b

1 ib
R =—]180—=|(3.6ft) =324 1b
=3 (1802) s

Equilibrium;

+ZF, =0: A4, =0

+3F,=0: A, ~11521b+3241b=0

A, = 828.00 Ib A=8280D{«
+IM,=0: My (24 £)(1152 1b) + (6 ft)(324 Ib) = 0

M, = 820.80 Ib-ft

M, =81bft )4
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_— PROBLEM 5.69

f { { [ 1 I ‘T““I-»j  Determine the reactions at the beam supports for the given loading when
I A = 15 KN
( - o W =L /.
]
| é 6 |
2m L

SOLUTION

,«3m ~—15m

— Zm L bwm -

Have R = —;—(9 m)(2 kN/m) = 9 kN

Ry = (9m)(1.5kN/m) = 13.5kN
Then FLZF =00 C, =0
+) EMp=0: — SOKN-m — (1m)(9 KN) - (2.5m)(13.5kN) + (6 m)C, = 0
or C, = 154583 kN C=1546kN | «
+]ZF, =0 B, ~9KN - I3.5kN + 154583 = 0

or B, = 7.0417 kN B=704kN | «
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g
)

30
<

30 nyn

A,

15 mm

45 min

)
¥

gravity,.

10 mm

z i
T 30 mm

30 mm

PROBLEM 5.95

For the machine element shown, locate the

coordinate of the center of

SOLUTION

or distributed in any form or by any
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educators permitted by
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V, mm> Z, mm zV, mm?*
1 (60)(105)(10) = 63000 525 3307 500
2 1 1 664 400
—x(30)°(10) = 141372 105+ 4G9 _ 11793
2 3r
3 (15)(30)(60) = 27000 30 810 000
| —x(19)2(10) = 11341 1 105 1190 820
5 30 ~255180
-—;:n(19)2(15) = —-8505.9
B 84 290 B 4335900
Then Z = 2V _ 4335900 or Z=514mm <«
V84290
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