9-17.  Locate the centroid of the quarter elliptical area.

9-18. Locate the centroid (X, ¥) of the shaded area.

Area and Moment Arm : The area of the differential element is dA = ydx
= amin Zdx and its centroid are # = x and j = 2 = Ygin %,
a 2 2 a

Cuuroid : Applying Eq. 9~6 and performing the integration, we have
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9-19. Locate the centroid of the shaded area.

i
da = - vdy= (4 - W)\) dx v
o=
T =
=

v=280m Ans

¥ = =20 ;
f dA f (4— /\Z)d»
A o i6
¥=300m Ans
#m9.20. Locate the centroid X of the shaded area. Solve N

the problem by evaluating the integrals using
Simpson’s rule.

f dA = f_(z,m, —yydx = f“(ma VT 1205 d
A ) )

N X
=2.177 t
f FdA = / (2786 — /72 4 265 dx = 1412 fr* v
A 0 .
dx A% )
- /‘EdA |412 )
X= / = 17 = (.649 {1 Ans v =V,x1/2 +258
dA
A X
2 ft ———~
m9.21. Locate the centroid ¥ of the shaded area. Solve N
the problem by evaluating the integrals using 1
Simpson’s rule.
2 2
dA:/ (2.786 — ) d- =/ 2.786 — Va'? + 2657) dx
j; A nde= | (2,786 — Va2 + 2533 dx y = a2 4 2657
=2.177 t*
J Re
1

2/27 : 21t
/ §dA = / (————86 + ") (2786 — v) dx
A 4] 2 :

N

! s s
=A 5{(2.786)‘ — v ldx

—_—
v =2 4 267

[ 2 )
= EL 17.764 — ("2 + 223 dx = 4.440 10
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9-22. The steel plate is 0.3 m thick and has a density of
7850 kg/m*. Determine the location of its center of mass.
Also compute the reactions at the pin and roller support.

»o=-x

)’: 2,

dA=(y~y)dr= (Y2 + 1) de

2
s hidt BxfEens [Fonep]

= = = 12571 = 1.26
[P 2 (/; + x) dx [ls_ﬁxm + %,z]: " Ans
slidt BEPGEena  [-b)
= = = =0 Ans
IRT 12 (ﬁ; +x) dx [Zs_ﬁxm + zlxz}z "

A = 4667 o
W = 7850(9.81)(4.667)(0.3) = 107.81 kN

L+IM, = 0; - 1.2571(107.81) + Ny(2/2) = 0

Ny = 4792 = 479 kN Ans
53K =0, ~A, + 47.92¢in45° = 0
A, = 339N Ans

+
-
5
1

=)

A, + 47.92c0845° - 107.81 = ¢

A =T39KN Ans
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9.23. Locate the centroid X of the shaded area.

2
4 =L of the
Area and Moment Arm : Here, x, =-iandx1 = 4"“\elu

2
A4 its centroid is
differential element is dA = (x; —x;)dy = (i— T)dy and its cen!

2
-x; 1 I(y y
i=x,+x' > 2 =§(X'+xz)=5(5+7)'

Centroid : Applying Eq. 9— 6 and performing the integration, we have

PR (5.

X
i= (Z-ﬁ)dy bt ——]
o \2 4
1 i _.l ’) llﬁ
(IZ‘V o - 2q-0an Ans
iy L 1
(4’ 12’
| X%,
*Far (%)
24t 2
xy)
x
It
*9-24. Locate the centroid y of the shaded area. y

2
Area and Moment Arm : Here, X = % andx, = L The area of the

differential element is d4 = (x; =x;)dy = (———)dy and its centroid is

Centroid : Applying Eq. 96 and performing the integration, we have

i LA-5)e]
(-5

-
= ﬁ = 1R Ans
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9-25. Locate the centroid x of the shaded area.

Area and Moment Arm : Here, y, =xi and y, =x%. The arca of the
. . . !
differential clement is dA = (y, —y,)dx = (x!—x’)dx and its centroid is

X=x.

Centroid : Applying Eq. 9-6 and performing the integration, we have

‘e [, idA . f;'x[(xi_xz) dx]
IAdA fol-(x;_x1)¢x

23 1 m b
xf—ayt
=(s’ e )lo 9
(jTl*l—-= ﬁm=0.45m Ans
Zxi-op
33 )o

9.26. Locate the centroid y of the shaded area.

Area and Moment Arm : Here, y, =xland y; = x°. The area of the

differential element is dA = (y, =y, ) dx = (x; -x’)dx and its centroid is

- =y _1 14
FEn+ =5 =iy =5 (x1e ).

Centroid : Applying Eq. 9~ 6 and performing the integration, we have

i _fi () [(-4) ]

i= 1m 1
Jyaa fo (x’—xz)dx
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9.27. Locate the centroid x of the shaded area. y

0.5in
Area and Moment Arm : The area of the differendal element is dA = ydx '7'7
= ldx and its centroid is X = x.
X
Centroid : Applying Eq. 9 - 6 and performing the integration, we have 2in |
. \v -1
2in (ldx ) o
-3 x| = 2ia
x.=fodA _ o_sz.l: x - xozs: =1.08 in. Ans \—r
JdA J’ ldx In x| 'S, [ \ 05in
0.5 ¥ % | i x
}-—————~ 2in —’{
——
PANIN
Zin. l xy!
x4)
‘é 13’ ‘170‘5[7\.
| AArax | f
osml” /5N g
*9-28. Locate the centroid y of the shaded area.
v

Area and Moment Arm : The area of the differential clement is dA = ydx

1 oy _ 1
= -dx and its centroid is § = = = —.
z 1Its cen y 2 o

Centroid : Applying Eq. 9 - 6 and performing the integration, we have

2ia | ldx 1|1i|

- IAy-dA osi-Z(; ) _—2; 0.5in M

=1 = = iaia=0s4lin  Ans
J Zdx 0.5ia

0.5in ¥
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Area and Moment Arm : The area of
=x’dx and its centroig isf=x

-6 and performing the integration
X‘
o Jyida Ilzi':“'(xzd") 4

<
]
N
it

s, | 2 Idx x3 (2.
i_IAy.dA_-[hLEx (x )—10“"=l33in Ans
= ——— s . .
o fme Tape
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9.31. Determine

the location 7 of the centroid C of the

cardioid, r = a(l — cos 8).

e

1
dA = -r*d8
2

1 3
A= 2]0"5( (1~ cos)’dd = S’

A

j rdA = Zj:é rcosB)(%)(az)(l—cosa)z de

2
- 5 @[ (1-cos8)’ cos6 d6 = 3927’
0

[,FdA 3927

3
2

na

= 0.833a

Ans

av = xldy

b 2
IW B fo Ka’([_%) dy = xa’[ y

- 5 2
av = 2 y 2
Iy Io ‘“Y(l—ﬁ)dy= ”az[y

T

Ans

- Ixa*h
3
2T | xe¥?
s 4

*9-32. Locate the centroid of the ellipsoid of revolution.
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r9-33. Locate the center of gravity of the volume. The

material is homogeneous.

Volume and Moment Arm: The volume of the thin disk differential -
element is dV = myidz = n(2:)dz = 2 zdz and its centroid T = 2.

Centroid: Due to symmetry about = axis
i=3=0 Ans

Applying Eq. 9-5 and performing the integration, we have

2m
fEdV f H{2mzd2)
v 0

T
/‘IV / 2rzdz
¥ 4
3y i2m
m (ZT) ‘ ; 4
1
- Ans
3 n:

2m

e

9-34. Locate the centroid 7 of the hemisphere.

Volume and Moment Arm: The volume of the thin disk differential
element is dV = nyv2dz = n(a® — :H)dz and its centroid I = z.

Centroid: Applying Eq. 9-5 and performing the integration, we have

fE(IV / z{:'r(a2 — )z

14 — 20 o
/dV / na? — 2z
v 0
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9-35.

Locate the centroid of the solid. f=j=o0

IdV = I: ﬂy’dz = ﬂj:apzz‘dz =

7 A ma? na?
zdV = rylzds = Z4 "S54 - .
J fo Y R dz P

=

vy zav
fav = s

(By symmetry)

=T
Sht -

Ans

.
3

»

s [

My

[}
|
-

*9-36. Locate the centroid of the quarter-cone.

=gz

r—a(},)
PR ¢

x ra
dv = =7 - Y
4r dz 4—"2(), 2% dz

T r
vV = — 2 _ 2 _na 3
J 4th (K 2h+z)dz‘m[hzz—hz’+%]:
_rd K rath
h'3 12
- ra®
Ide:— (B =2z + Dgdy = T8 Iz_z 2,
an 4 h2 h 2 _Zh_3_ + 410
_E@ K aaR
w'R g
. .
f:.*IZJV = '48" =f A
dav xath r ns
12
: ra® ¢k 4r )
dav=—" "2 _ 1, _ Ea (rdg
am i, 3”(h 2)°dz = m 03’”’(,'3 _3"2‘*3"51—2’)41
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9-37. Locate the center of MASS -F of the hemisphere.
The density of the material varies linearly from zero at

i=2
the origin O to py at the surface. Suggestion: Choose a  * = 3 z
hemispherical shell element for integration,.»-
X
pP= Po(;)
dv = 2nx'dx
av = 2x L de
dw = p —(T)Po Snel)
FEreme it

Iy 2dW _ I3 52%py) £ dx
dew J; (%‘Po)xsd‘

=

Lrzlya
= 2[310 = 04a Ans
[e1
9-38. Locate the centroid z of the right-elliptical cone. z
x 4
Volume and Moment Arm : From the geomerry, T o
bt 4
3
£=04(10-2) and 2— = =, =0.3(10-27). The volume of the thin
10-z 10

disk differential clement is dV = mxydz = #{0.4(10~2)}[0.3(10-2)] dz
=0.127(2* - 202+ 100) dz and its centroid 7 = .

Centroid : Applying Eq. 9- 5 and performing the integration, we have

10fc
v [ 01280~ 200+ 100 ]

Ly o (i~ 200 100 &
1]
4 3 100
0‘12'{% -2—;'2—+50:’)

= =
O.IZA’(? -10z22+ 100:)

1oft 10ft

°_ -
$r=250f Ans 2

o T
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9-39. Locate the centroid y of the paraboloid.

Volume and Moment Arm : here, z= Zyi. The volume of the thin disk
differential element is dV = nz*dy = #(dy)dy and its centroid 7 = y.

Centroid : Applying Eg. 9 -5 and performing the integration, we have

4m
gygav Iyisena)

y- = m
lyav J‘ n(4y)dy
0

3

“f5)
3
y2

4
= —-—2—— =2.6Tm Ans
-

7)

*9-40. The king’s chamber of the Great Pyramid of Giza
1s located at its centroid. Assuming the pyramid to be a
solid, prove that this point is at 7 = %h, Suggestion: Use
arectangular differential plate element having a thickness
dz and area (2x)(2y).

dv = (x)(2y) dz = 4xy dz

a
x=y=10-2)
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9-41. Locate the centroid z of the frustum of the right-
circular cone.

~r A=
Volume and Moment Arm : From the geomenry, y_r= —Z,

R-r h
(r~R)z+Rh
y:*

. The volume of the thin disk differential element is
~R)z+Rh\?

w:,,yzdm{("%J }dz

_n 22 2;2

—h—z[(r—R) £+ 2R(r= Rz + R g

and its centroid 7= 7,
Centroid : Applying Eq. 9-5 and performing the integration, we hay

} .

I, zav J':z{hlz[(r—k)zzz-ﬁ-ZRh(r—R)z+th2]dz

I= =
Toav J"hfz[(r-k)zzuZRh(r~R)z+R2h2]dz

o
i _ 2 f: _ zJ ZZ ’h
=£2_Ilr R) (4J+2Rh(r R)(g +Rp? 3 \
f[(r-k)z(z—’)+2Rh(r—R)(Z—z +Rr2(z) r
h? 3 2 0

_ R2+3r1+2rRh
TR AR

Ans

., y_f-/
&

R+

9-42.  The hemisphere of radius r is made from a stack
of very thin plates such that the density varies with height
p = kz, where k is a constant. Determine its mass and the
distance z to the center of mass G.

Mass and Moment Arm : The density of the maierial is P = kz. The mass of
the thin disk differential element is dm = pdV = pryldy = kz[ﬁ( -7 dz}
and its centroid 7 = z, Evaluating the integrals, we have

m =j- dm = fo’kz[ft( r” —zz) dz]

2 4 r 4
N o Ans
2 4)l, "4

P of 2_2
dem—fnz{kz[x(r z )dz]}
m(ﬁ-i}" Lk
35 )1, 15
Centroid : Applying Eq. 9-4, we have

z_zj..zdm=2nkr’/15 _8 Ans

Jndm ki3 " 15
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9.43. Determine the location z of the centroid for the
tetrahedron. Suggestion: Use a triangular “plate™ element H

> v-v ple . C thie s 7. 1 1
parallel to the x-v plane and of thickness dz e c(l—BX)

c abc
fav = J‘;%(x)(y)dz=%job(1—£)a(1-z)dz=—6— . \

i 1e z 7, _abc? . i
_ oo b= L
2 /
¥ i= [zdv = —__a;‘c & Ans )
. T e 4

G of the five

R

¥9.44. Locate the center of gravity
particles with respect to the ongin 0.

Center of Gravity : The weight of the particles are W, = 5g, W, = 6g, W, =2g,
W, = 10g and W, = 1g and their respective centers of gravity are 5, =3 m, £, =5m,
iy=-1m, £, =-2mand 5 = -4 m. Applying Eq. 9 - 8, we have

LW 3(58)+5(6g) +(=1)(28) +(-2) (10g) + (~4) (18)

Iw Sg+6g+2g+10g+1g

X =

=0.792m Ans

9.45. Locate the center of mass (X, y) of the four Z
particles.

Center of Gravity : The weight of the particles are W, =2kg, W, =5kg, W, =
2kg and W, = 1 kg. Their respective centers of mass aref, =lmandy, =3m,

- Q
£, =2mandy, =4m, i, = Imand y, = - _ 2kg

) ’ yy=-2mand ¥, =~1mandy, =1 m 2 m
Applying Eq. 9~ 8, we have ‘ .

Im/ I m

==

LW _ LD +2()+ 1D +(-1D(D

z 2+5+2+1
X
=130m Ans
j=IW _30+4(5)+ (- @+ 1(1)
z 2454241
=230m Ans
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9.46. Locate the centroid (X, ¥) of the uniform wire bent
in the shape shown,

Centroid: The length of each segment and its respective centroid are
tabulated below.

1

100 mm ——*1

150 mm

—

¥

mm

of the center of mass. Neglect the size of the bolts.

Em = 2{7.8501097 (0.3)(0.2)(0.02)] + 2.71(10)*(0.3)(0.2)(0.02)
= 22002 kg
TEm = 150{2[7.85(10) (0.3)(0.2)(0.02) ]}

+ 350{2.7 H(10)*(0.31(0.2)(0.02)]

= 3964.2 kg-mm
Tim 39642
= ——=— =179
! Zm 22.092 mm

Segment L{mm) X(mm)  ¥(mm) FLmm?)  $LmmY)
1 150 0 75 0 11250 E; ——:—:6,_,
2 50 25 0 1250 0 75 mm (5 \ ﬁ) AG
3 130 50 65 6500 8450 35 65 mm
4 100 50 150 5000 15000 —1— iy
S 50 75 130 3750 6500 N
z 480 16500 41200 75 mm 9 65 mm
2
Thus x
: |
g ZFE _ 1000 o 375 mm= 344 mm Ans L ¢
= = = 34,7 = 34. 1 3
T EL T a0 25 mm
ry 41200
g DAL 0 o83 mm =858 mm  Ans
L 480
9-47. The steel and aluminum plate assembly is bolted 5
together and fastened to the wall. Each plate has a constant
width in the z direction of 200 mm and thickness of
20 mm. If the density of A and B is p, = 7.85 Mg/m?,
and for C, p,, =2.71 Mg/m3, determine the location ¥ 100 mm

Ans
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*9.48. The truss is made from five members, each having
a length of 4 m and a mass of 7 kg/m. If the mass of the
gusset plates at the joints and the thickness of the
members can be neglected, determine the distance d to
where the hoisting cable must be attached, so that the
truss does not tip (rotate) when it is lifted.

d=i=

IiM _
™

IM = 47)(5) = 140 kg

IEM = {N(1+4+2+3+5) = 420kg'm

Ans

9-49. Locate the centroid for the wWhre,

- Neglect the thickness

of the material and slight bends at the corners.

Centroid : The length of cach segment and its respective centroid are tabulated
below.

Segment L(in.) y(in.) yL(in?)

1 3 9.5 28.5
2 5 9.5 4.5
3 8 4 320
4 10 0 0
5 8 4 320
6 5 9.5 47.5
7 3 9.5 28.5

216.0
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9-50. Locate the centroid (X, y) of the metal

Cross section. Neglect the thickness of the material and 1
slight bends a the corners,

I
L) / | ;
50 mm j0n mm 100 mp, 50 mm

Centroid : The length of each segment and its respective centroid are mbulated

below.
Segment L(mm) y(mm) yL(mm?) v -2(50).
1 507 168.17 26415.93 77T 23 8%mm
2 180.28 75 13520.82
3 400 0 0
4 180.28 75 13520.82
b 917.63 53457.56
/éa-/]lnn,
Due 10 Symmetry abouty axis, =0 Ans
IyL 53457.5¢6
y = o= 00 8.26 =583 mm Anz
YT Sires = 826 mm

¥) of the center of gravity, Neglect the sjze of the pins at
the joints angd the thickness of the members, Also,
calculate the reactions at the fixed Support A4,

v

LiW = 1.5(4)/35 + 3(Y72= 142073 b8t

IW = 4T) + 4/35 + 4T3 = 88.774 b

LIW 142073
I = = m—— = ], A
T O o - 1e0n s

| ZyW = 3.54)(7) + Y45 + 1004)y7T3 = 625.241 Ib.ft

T e

f‘“”f'“f’*‘ﬂtﬁj i=¥=%ﬂ=7mn Ans
AS A =0 Ans
+T28 =0 4, = 88774+ 60 = 149 b Ans
(+EM, =0; ~60(6) ~ 88.774(1.60) + M, = 0
M, = 5021b-ft Ans
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*9.52. Each of the three members of the frame has a mass
per unit length of 6 kg/m. Locate the position (x, y) of
the center of gravity. Neglect the size of the pins at the
joints and the thickness of the members. Also, calculate
the reactions at the pin A and roller E.

Centroid : The length of each segment and its respective centroid are tabulated

below.
Segment L(m) £(m) y(m) FL(m?®) yL(m?)
1 8 4 13 32.0 104.0
2 7.211 2 10 1442  T2.11
3 13 0 6.5 ] 84.5
h3 28.211 4642 260.61
Thus,
i_XfL_46.42_1646 6
T m =1 m=165m Ans
- _IjL 26061 _ 0238
u—m— . m=924m Ans

Equations of Equilibrium : The wnl weight of the frame is
W=28.211(6)(9.81) = 1660.51 N.

+IM, =0; K (8)-1660.51(1.646) = 0

E =341.55N = 342N Ans
+TZF =0; A, +341.55-1660.51 =0

A, =1318.95N = 1.32kN Ans
L1E =0 A, =0 Ans

&
Za-l//’(ﬂ(fg,)
1

160.5/ N

X =/ -btm

A

9-53. Determine the location y of the centroid of the
beam’s cross-sectional area. Neglect the size of the corner
elds at A and B for the calculation.

- 2 2
IyA = 5(25(25)+ 15(110)(50 + 55) + x(?) (50 + 110 + ?),393 112 o

2
ZA = m257 + 15(110) + "(12%) = 4575.6 mm?

- IjA 393112
Y — o
IA 45756 T899mm  Ans
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9-54. The gravity wall is made of concrete. Determine
the location (x. v) of the center of gravity G for the wall

LEA = 18(.6X0.4) + 2.13)(3) - 3.4(%)(3)(0,6) - 1.2@)(1.3)(3)
/ = 15192 m?
IyA = 0.2(3.6)0.4) + 1.9(3)(3) - 1.4(51)(3)(0.6) - 2.4(51)(1.8)(3,‘
= 9.648 m’

ZA = 3.6(04) + 33) — 51(3)(0.6) - %(1.3)(3)

IS

‘ ¥E L= —— =22m  Ans
0.6 m 0.6 m TA 6.84
;:z_"=9"58=141m Ans
A 6.

9-55.  An aluminum strut has a cross section referred to
as a deep hat. Locate the centroid y of its area. Each
segment has a thickness of 10 mm.

100 mm
centroid are tabulated

Centroid : The area of each scg and its resp

below.
Segment A(mm’) y(mm) yA(mm’) L\ }
010 s 2000 80 mm —

2 100(20) 50 100 000
60(10) 95 57 000

—

w

z 3000 159 000
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*9.56. Locate the centroid y for the cross-sectional area
of the angle.

Centroid : The area and the centroid for segments 1 and 2 are

A, =t(a—)
a-t t . t ﬁ
y, = ——— = —_—— =1 (at+20)
N (2 +2)°°545 * s a4
Ay=at
ey N
yz-(i-i)coSAS +200545°_ 1 (a+1)
Listed in a tabular form, we have
Segment A y yA
2 2t
1 Ha-1) ‘/T_(uz:) Q(aha-z:’)
2
2 @ -‘/—i-(aﬂ) £-(az+nx)
4 4
2t
p3 H(2a-1) -‘/7‘-(1114-6-:1)
Thus
2
. ZjA i;-'(aua-ﬂ)
YEETT Haa-n
_ﬁ(a’ﬂz-r‘) Ans
YY)

9-57. Determine the location y of the centroidal axis X X
of the beam’s cross-sectional area. Neglect the size of the
corner welds at A and B for the calculation.

|

i 150mm~—-{

IyA = 7.5(15)(150) + 90(150)(15) + 215()(50)*

= 1907 981.05 mm’

X
[

= 15(150) + 150(15) + (50)*

12 353.98 mm?

= IZyA  1907981.05
1235398 ~ 4mm Ans
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9-58, Determine the location (X, ¥) of the centroid C of

1 1
LEA = 36)(6) + U3)(6(3) + 8(3)(9)(6)

the area,
=333 in’
1 1
ZyA =3(6)(6) + 2(5)(6)(3) - 2(5)(9)(6)
b =72 in®
: Do 1 .
L\ém.‘—*.? m.ﬁ TA = 6(6) + 51(6)(3) + E(9)(6) = 72 in®
- |
‘ | g2 ZEA 3B s - aerin, Ans
6 in. ! ZA 72
I " y:%:%:].Win. Ans
4 —_—
|
6in
I}
_t
¥ v

9-59, Locate th
sectiona) area,

below.

1 6(2) 1 3 120
2 6(2) 5 1 60.0

3 240 720

Centroid : The area of cach segment and jts fespective centroid are tabulased

Segment A (in?) X(in.) ¥ (in.) XA (in%) YA (in?)

36.0
12.0

48.0

=1




l};a;u?lgla weight of 15 |p Each gf the legs Weighs 2 Ib apg .
. hong Determine hqw high its center of gravity js i< X _ 15(3)*\4(2)(1.5)‘
hro{n the floor. Also, what is the angle, measyreq from the w Bragy =240 Ans w
tvf/):f)(;nlil] thrc;)uglih whlc'I; 115 tOp surface cap pe tilted on o L2
. €8s before it beging ¢4 Overturn? Neglect (b T RGE) = e
thickness of each leg. . ¢ 248 Ans 425
¥
N
“v
9-61.  Locate the centroid ¥ of the cross-sectional area
of the beam.
Centroid : The area of cach segment and jts respective centroid are tabulaged
below,
Segment A4 (in?) y(in.) ya(inY)
1 14(1) 15.5 217.0
2 6(2) 13 156.0
3 16¢1) 8 128.0
) 42.0 501.0
Thus,
IjA 5010 .
R Uit =11.93in, = |]. . Ans
=T 119 = 119in
9-62. Determine the location ¥ of the centroid C of the
shaded area which is part of a circle having a radiyg r.
. 1 2r 1 2
E5A = Erza(ﬁ sing) - E(rsma)(rcosa)(grooaa)
_r. v 2
-?sma - —3- sina cos” o
= ’—;sin’a
1 1
A = Erza— E(rsma)(rcosa)
1 sin2a
=3 - ==
£ Zf4 - ,5‘sin3¢.z _ %rsix?’a Ans
o dra-sE T T
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9-63. Locate the centroid y of the channel’s Cross-

sectional area.

Centroid : The arca of each tand its resp id are tabulated
below.
- . 2
Segment A(in?) y(in.) ¥A (in?) m,
1 6(4) 3 72.0
24.0
2 12(2) 1 jli
3 48.0 96.0 e
Thus,
Ans

*9-64. Locate the centroid y of the cross-sectional area
of the beam constructed from a channel and a plate.
Assume all corners are square and neglect the size of the

weld at A.
350 mm

4 000 500

13700 =272.14 mm =272 mm
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Centroid : The area of each and its d are
below.
Segment A(mm?) y(mm) YA (mm’) ' r_
1 350(200 175 1225000 365mm|  355mm 1D s500m
2 630(10) 355 2236500 20
mm = fe—
3 70200 385 539000 ) 19mm
- ¥
¥ 14700 4000 500 ! @ (omi 7o
|- N
Thus, l 430mm -




0.65. Locate the centroid (x,y) of the member’s cross-
sectional area.

Centroid : The area of cach segment and its respective centroid are tabulased
below.

Segment A(mm’) F(mm) y(mm) FA(mm?) yA (mm?) 'é‘ i
1
) 1 10 mm
53090 20 30 27000 40500 L 60 mm 100 mm
2 30(90) 45 45 121500 121500 —*—’—”‘ﬂ
3 100(50) 110 25 550000 125000
|| L
s 9050 698500 287000 20med ! '| ©)
- @ M. Eomm
Thus, _ 301;11- @ —12_5 x
g A S0, . =772 A
__I7A 287000 VI
y A 9050 =3L71 mm=31.7mm Ans

30mm

9-66. Locate the centroid y of the concrete beam having
the tapered cross section shown.

I7A = 900(80)(40) + 100(360)(260) + 2[%(100)(360)(200)] = 19.44(10%) mm’

ZA = 900(80) + 100(360) + 2[%(100)(360)] = 0.144(10%) ram®

IFA _ 19.44(105

Y=—}T—m=l35mm Ans
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9-67. Locate the centroid ¥ of the beam’s cross-section
built up from a channel and a wide-flange beam.

0.65 in.-
Ccp
Centroid: The area of cach segment and its respective centroid are
tabulated betow 16 in.
. 1 =056 in, ¥
Segmemt A(in?) ¥in FA(In i
1 14.3(0.4) 16.20 90.72
2 3.40(1.30) 14.70 6497 e '
3 10.3(0.76) 15.62 122.27 / St
4 14.48(0.56) 8.00 64.87 I | 07,6'
5 10.3(0.76) 0.38 2.97 03— O
z 3378 34581
Thus.
@ L@ 140in
Z¥A 34581 I
y=—r=—"7"=--=1024in.=102in. A T
¥ TA FRRT] in in ns ; _g——ﬁfl =
r 0.65 in.
16.2inj1562in]14.7in] ¥ ®/'_' 14.48in.
8 in.
. 0.76in.
0.56 in. — [+
A
[ T
10.3 in.
0.38 in.
*9.68. Locate the centroid ¥ of the bulb-tee cross
section. ‘—— 225 mm —f— 225 mm #
/"__‘4 50 mm
400 mm
75 mm
y - 475 mm
‘ oo N0 mm
L : X
L— 300 mm *-[
Centroid: The area of each segment and its respective centroid are 450 mm
tabulated below. F_‘*'{_L
) R el 50 mm
Segment A(mm?) F(mm) FA(mmY 1
1 450(50) 600 13 500 000 —  —75 mm
2 475075 3375 12 023 437.5
1 757%) o /@ 400 mm
3 =(225%(75) 125 1 054 687.5 T *
4 3000100y 50 1 500 000 3
z 96 562.5 28 078 125 337.5 mm < S ;75 mm
Thus, i B 1 100 mm
vA 28078 12 50 300
o B _ BB 0078 mm= 291 mm Ans ) mm mm

TA 96 5625
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the distance 4,

to i
hole mys Which 4

t be bored into the base of the
he Tesulting shape s

i 1:(0.15)2(0-5) os
¢ ‘ 2 =) )""(0.052;,1
Material has 4 densxty of }”(0.15)2(0;) . ”(0.05)2)(;))(2) - ous

04313 _ 028754 ~ 04688 - 125 42

enter of magg of ¢
; 2= 15mm, Th

A - 02304 _ 0.0300 = ¢
Choosing the positiye root,

% = 323 mm Ans

9-70. Determine the distance 7 to the centroid of the

shape which consists of a cone with a hole of height
h = 50 mm bored into its base.

. 0.05
ZiV = %fr(O.lS)’(Oﬁ)(oTs) - x(o.osf(o.osxT)
= 1.463(10°%) m*

£V = 51;:(0.15)’(0.5) - 7(0.05)%(0.05)

= 001139 m’
- 3
i=zzv=%=mzs¢5m:128m Ans
TV 0.01139
v . z
9-71. The sheet metal part has the dimensions shown,

Determine the location (X.7,Z) of its centroid,
Aad)+ %(3)(6) = 2lin?
B = 2003 + 03 )OXS) = ~ 24’
2/l "
¥ =(3){< J(3X6) = 36m
LA = L3@)3) + 3(3>(2)< X6)

7 Lo} - ~18in’
LA = 0(4)3) ;3«»(2)(3)(6)

i=&=——24=—1.14in. Ans
7T

=A% ol Ane
A T30

R
7T
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*9-72. The sheet metal part has a weight per unit area
of 2 1b/ft? and is supported by the smooth rod and at C.
If the cord is cut, the part will rotate about the y axis until
it reaches equilibrium. Determine the equilibrium angle
of tilt, measured downward from the negative x axis, that
AD makes with the —x axis.

Since iaf i
the material ig homogeneous, the center of gravity coincides with the centroid.
2

See solution 1o Prob.9.71, ,

P m-.( 1.14) .
0857) = 331°  Ans

x

9-73. Determine the location (%, ¥) of the centroid C of
the cross-sectional area for the structural member
constructed from two equal-sized channels welded
together as shown. Assume all corners are square. Neglect
the size of the welds.

v

LEA = 1.5(0.5)(0.25) + 10(0.5)(5) + 1.5(0.5)(9.75)
+ 1.5(0.5)(5.25)(2) + 10(0.5)(4.25)

= 61.625 in’
IA = [L5(0.5) + 10(0.5) + 1.5(0.5)](2) = 13 in®

ZiA _ 61625
A 13

= 4.74 in. Ans

X =

LyA = 1.5(0.5)(1.25)(2) + 10(0.5)(0.25) + 1.5(0.5)(0.75)
+ 10(0.5)(5.5) + 1.5(0.5)(10.25)

= 38.875 in®
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9.74. Determine the location (X, ¥) of the center of
gravity of the three-wheeler. The location of the center of
gravity of each component and its weight are tabulated in
the figure. If the three-wheeler is symmetrical with respect
to the x -y plane, determine the normal reactions each of
its wheels exerts on the ground.

TEW = 4.5(18) + 2.3(85) + 3.0(120)
= 648.5 Ib-ft

SW=18+85+120+8=23L1b

¥ = 2;;’ = %? =281 ft Ans
TFW = 1.30(18) + 1.5(83) + 2(120) + 1(8)
= 3989 Ib-ft
¥ o= EE%’VZ = 3,3;9 1.73 ft Ans
,( FIM, =0 2N - 231281 =0
Ny =7211b Ans
FPEF =0, Na+2721)-231=0
Ny =8091b Ans

{. Rear wheels 181b
¥y 2. Mechanical components 85 1b
3. Frame 1201b
4. Front wheel 8 1b

130 &

-—2.30 fL—
0.80 f1

140 ft=

231 b

4.50 ft

9.75. Major floor loadings in a shop are caused by the
weights of the objects shown. Each force acts through its
respective center of gravity G. Locate the center of gravity
(x, ¥) of all these components.

Centroid: The floor loadings on the floor and its respective centroid
arc tabulated below.

Loading Wby  T(ft) F  Iwdbfy Wbt
I 450 6 7 2700 3150
2 1500 18 16 27000 24000
3 600 26 3 15600 1800
4 280 30 8 8400 2240
h 2830 53700 31190

Thus,

4 53700 18.9% fi N

= = o = =

W 3730 98 ft=19.0 ft  Ans
g IIW 3090 e
¥= 5w T g3 — MR t=11.0ft Ans

1500 1b
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*9-76. Locate the center of gravity of the two-block
assembly. The specific weights of the materials A and B
are y4 = 150 Ib/ft* and v = 400 Ib/ft?, respectively.

Centroid : The weight of block A and B are W, = %(%)(%)(é)( 150) =3.125 1p

6V 62
and W, = (ﬁ)(ﬁ)(ﬁ)(‘aoo) =16.671b. The weight of each block and its respective

centroid are tabulated below.

Block W(Ib) X(in.) ¥(in.) £(in.) XW(lb.in) YW(b in) ZW(Ib-in)
A 3.125 4 1 2 12.5 3.125 6.25
B 16.667 1 3 3 16.667 50.0 50.0
¥ 19.792 29.167 53.125 56.25
Thus,
IiW  29.167
X = o = oo—=1474in. = . in. A
X Z2RTXr 1.474in. = 1.474n ns / EZZ/’:.
. IyW 53125 3 5
y—W-Tm=2.684m.—2.68m. Ans
. LW 5625
=-.=“=2.84 '.=. ..
Z W = 19797 2in. =2.84in Ans

9-77. The buoy is m
€ach having a radiy
distance 7 to the buo

ade from two homo
s of 1.5 ft. If 4 =
Y’s center of gravity

geneous cones
L2ft, find the
G.

=

593

v

\ 22V = srayian-Ld . glm.sm)(;)
\\ = 85771t
IV = %n(l.s)lu.z) + §m1.5)’(4)
= 12.25 i’
LIV 8577

0.70 ft Ans

12.25




9.78. The buoy is made from two homogeneous cones

each having a radius of 1.5 ft. If it is required that the

buoy’s center of gravity G be located at 7 = 0.51t, sV
determine the height & of the top cone.

Leasion + Laasiad
3#(1-5) (h)( 4) + 3’!(1-5) (4)(4)
—0.5890 K* + 9.4248

[ ]
<
1

%n(lﬁ)z(h) + %n(l.S)’(A)
= 23562 h + 9.4248

LIV _ 0SB0 + 9428 _
1= 3V T T23562h+ 94248

—0.5890 #* + 9.4248 =1.1781 h +4.7124

h=200ft Ans

9-79. Locate the centroid z of the top made from a
hemisphere and a cone.

Centroid : The volume of each segment and its respective centroid are tabulated

below.
Segment V(mm?) £ (mm) £V (mm*)
2
1 37!(243) 129 1.1888647x(10%)
1
2 37!(242) (120) 90 2.07367(10%) 120 T
7 230mm
b)) 32.256x( lp’) 3.2624647(10%) ®
. JROmm
i= iV - 3.2624647(10%) Jomm
v 322567(15) =10l.14mm=101mm Ans
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*9-80. A triangular plate made of homogeneous material
has a constant thickness which is very small. If it is folded
over as shown, determine the location ¥ of the plate’s
center of gravity G.

1
TA= (801 =48 in?

i 1
TFA =2(1) (5) (1H(3) + 1L.5(6)(3) + 2(2) (5) (1H(3)

=36 in’
_ LyjA 36 .
= — = ={.75 in.
y A b [¢ in Ans
9-81. A triangular plate made of homogeneous material ZA= l(8)(12) =48 in?

has a constant thickness which is very small. If it is folded
over as shown, determine the location Z of the plate’s
center of gravity G.

2

Tid =2 (51) 6 + 362 +6 (%) 23)

=78 in®
A 78 R
3:_4=E=1.625 in. Ans

9-82. Locate the center of mass T of the assembly. The
material has a density of p = 3 Mg/m®. There is a 30-mm
diameter hole bored through the center.

Centroid: Since the density is the same for the whole material, the
centroid of the volume coincide with centroid of the mass. The volume
of each segment and its respective centroid are tabulated below.

Segment V(mm®)  Z(mm) IV (mm*)
1 %;:(402)(60) 115 3.687(10%)
2 7(40%)(100) 50 8.007(10%)
3 - -;—7!(203)(30) 137.5 —0.5507(10°)
4 - (15%)(130) 65 —1.901257(10%)
T 158.757¢10%) 9.228 757 (10%)
Thus,

=58.13 mm =58.1| mm Ans

VT 158.75m(10%)

30 mm

| { ) 20 mm

— 3

0
=75
60 _ s 3 7.5 mm !
a° 15 mm ’_J. 30 ram
60 mm —— I
1
'
65 nun 1
i
50 mm :
1 $—@ | 1300m
100 mm |
!
|
50 mm 65 mm 1
1
i
—_ e
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9.83. The assembly consists of a 20-in. wooden dowel
rod and a tight-fitting steel collar. Determine the distance
¥ to its center of gravity if the specific weights of the
materials are yy = 150 1b/f and yy = 490 Ib/ft. The
radii of the dowel and collar are shown.

. 1
TIW = (107(1)* CO(150) + 7.57(5)(22 — 12)(490)}(—12—)1
= 154.8 lbin.

1
TW = ((1}Q0N150) + 7(5)(2* — 12)(4%”715?

=18.821b
3 54.
P= IiW =ﬁ—§=ﬂ.22 in. Ans
W 18.82

Iin

9.84. Using integration, determine both the area and the
centroidal distance X of the shaded area. Then, using
the second theorem of Pappus—Guldinus, determine the
volume of the solid generated by revolving the area about
the v axis.

Y
i
SIS

=

]

dA =x dy

-

2.2 KR
A:/dA:f Yay=12] =1333=133m Ans
0 2 6 1y

2.4 592
f.hIA = f Ly = [V—] =08 m'
{ 8 4 o

= ——=06m Ans
[dA 1.333

Thus.

V = 0FA = 27(0.6)(1.333) =5.03 m* Ans

9.85. The anchor ring is made of steel having a specific
weight of yy = 490 1b/ft}. Determine the surface area of
the ring. The cross section is circular as shown.

A=6rL =21{32x(1)

=118 in°
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9-86. Using integration, determine both the area and the
distance ¥ to the centroid of the shaded area. Then using
the second theorem of Pappus—Guldinus, determine the
volume of the solid generated by revolving the shaded
area about the x axis.

Area of the differential element dA = (l + \7) dy and ¥ = ¥
A= / dA = f (1 + %) dy =333 00 =333 0% Ans
A [ “

2 ).Z
/ju]A:/ y(l+7)d;~=4ﬂ»‘
A (] =

=121 Ans

Volume:

V=6FA=21(12)3.333) =251 ft* Ans

oy

9-87. A steel wheel has a diameter of 840 mm and a
cross section as shown in the figure. Determine the total
mass of the wheel if p = 5 Mg/m?

100 mm
A 30 mmA-qr‘T-L 60 mm

420 mm
250 mm |
30 mm
840 mm
i i
80 mm

Section A-A

Volume: Applying the theorem of Pappus and Guldinus, Eq. 9-12, with

=271 =005 m.r; =0235m,73, =039 m A, =0.1(0.03) =

0.003 m*, A; = 0.25(0.03) = 0.0075 m? and A3 = (0.1(0.06) =

0.006 m*, we have

V = 6ZFA = 2x[0.095(0.003) + 0.235(0.0075) + 0.39(0.006)]
=8.7757(10")m?

The mass of the wheet is

m = pV = 510°)[8.775(10 %))

=138 kg Ans

0.l m

R e

0.06 m
003 m
. 0.25m
A
1.03m
;{7 0.08 m
F1=0.095m

7=0235m



=808, pp p .
S (¢] ¢]

9 88 H c ho er 18 tl”ed t its to Wlt‘l C al

Determine the volume of C()a‘ if the V()ldS (all space) are

1 vercent of the voiume of ﬂle I Oppel.

Volume : The volume of the hopper can be obtained by applying the theorem of
Pappus and Guldinus, Eq. 9~ 12, with 6=2x, f;, =0.75m, ;, =0.6333 m,

1 2
fo=01m, A, = 1.5(4)=600m’, A, =3(13(12) =0.780 m’ and

A, =(0.2)(1.2) =0.240 m,

V, = 0Z7A = 22(0.75(6.00) +0.6333(0.780) +0.1(0.240)]
=10036% m’

The volume of the coal is

3
V., = 0.65V, = 0.65(10.036x) =205 m Ans

A

K=06333m—

Asf'
/}':0.//7,—4

—

9-89. Sand is piled between two walls as shown. Assume
the pile to be a quarter section of a cone and that 26 percent
of this volume is voids (air space). Use the second theorem
of Pappus-Guldinus to determine the volume of sand.

m
’ ; I &
V=674 = [(%’)(1)(5)(»(2)](0.74) = 349 Ans
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3m

9-90. The rim of a flywhee! has the Cross section 4-A4
shown. Determine the volume of material needed for its
construction.

60 mm

120 mm
40 mm V=ZX0FA = 2m(350)(60)(20) + 21(320)(40)(20) 350mm
320
H\.{ V = 425(10%) mm’ -
“~ 20 mm = 4. ) mm Ans
Section A-A




9.91. The open tank is fabricated from a hemisphere
and cylindrical shell. Determine the vertical reactions that
each of the four symmetrically placed legs exerts on the
fioor if the tank contains water which is 12 ft deep in the

tank. The specific gravity of water is 62.4 Ib/ft*. Neglect
the weight of the tank.

Volume: The volume of the water can be obtained by applying
the theorem of Pappus and Guldinus, Eq. 9-12, with 8 = 27,7, =

|
4,72 = 3.395 fi. A; = 8(4) =320 f and A> = 3n(s-) =50.27 ft’.
V = 6LFA = 2r]4(32.0) + 3.395(50.27)] = 1876.58 ft'
The weight of the water is
W =y, V = 62.4(1876.58) = 117098.47 b
Thus, the reaction of each leg on the floor is

W 117098.47

4 4

=29274.62 b =293 kip Ans

water
surface

F=4ft Im

L] 81t

/H
7= o350

%¥9.92. Determine the approximate amount of paint
needed to cover the outside surface of the open tank.
Assume that a gallon of paint covers 400 ft2,

Surface Area: Applying the theorem of Pappus and Guidinus,

8
Eq. 9-11, withéd =27, Ly = 10 ft, Ly = # =4r ft.7, =8 ftand

16 .
ra = —ft, we have
b4

16 A
A=60XFL =12 [8(10) + —(47!)] = 288 ft°
F:d

Thus.

2887

The required amount paint =
e red P 400

=226 gallon Ans

water
surface

10 ft
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9.93. Determine the volume of material needed to make
the casting. V- 204

4«6)
3n

1 1 2
= 2;:[2(27:)(6)2(——) + 26)(4)(3) - Z(Efr) %6 - 43(—”))1

= 1402.8 in’
V = 1.40(10%) in® Ans
Side View Front View
9-94. A circular sca wall is made of concrete. Determine
the total weight of the wall if the concrete has a specific ) . o
weight of . = 150 1b/ft’. V= S07A = () x[(60 + S(DNNIONT) + T1(30)(8)) r
180° 3 2 f
= 20795.6 i° (N
W = yV = 150(20 795.6) = 3.12(10°) Ib Ans

9-95.  Determine the outside surface ar

ea of the storage
tank.

Surface Area : Applying the theorem of Pappus and Guldinus, Eq.9~ 11,

with 8 =27, L, =y 152 +42= /241 1, L =301ft, 7, =75ftand 7, = 15fx,
we have

A = 057 = 22{ 7.5 ( /24T) + 15(30)]=3.56(10') ! Ans

600

—

306 | |- ’

— Cam|
h=754t
[,=20f¢




*9-96. Determine the volume of the storage tank.

Volume: Applying the theorem of Pappus and Guldinus, Eq. 9-12,
with 6 =277 =5f,F, =751 A = 5 U9)) =300 ft!  and
Az = 30(15) = 450 £, we have

V = 0ZFA = 2715(30.0) + 7.5(450)] = 22.1(10°) £ Ans

9-97.  The water-supply tank has a hemispherical bottom
and cylindrical sides. Determine the weight of water in
the tank when it is filled to the top at C. Take y =
62.4 1b/ft?,

_ 40) (1 )
V = Z07A = 2 {3(8)(6) + —= '—) (ﬂ)(6\‘}
3 \4

V =1357.17

W =yV =62.4(1357.17) = 84.7 kip Ans

9-98. Determine the number of gallons of paint needed
to paint the outside surface of the water-supply tank, which
consists of a hemispherical bottom, cylindrical sides, and
conical top. Each gallon of paint can cover 250 ft°.

ift
A= EOFL =21 {3(()\/5) 46 + 2@ (3@)] o
t

T 4
2A6) 1t
= 687.73 ¢ 4

687.73 ft?

Number of gal. = —————
250 17 /gal.

=2.75 gal. Ans
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9-99. The process tank is used to store liquids during
manufacturing. Estimate both the volume of the tank and
its surface area. The tank has a flat top and the plates from
which the tank is made have negligible thickness.

1
V=X0FA =27 [1 (5) (3 + I.5(3)(6)]

vV =2073 m' =207 m’ Ans
A = T6FL = 2a[1.5(5) + 36 + L.5(3)]

= i88 m* Ans

[imopin
L DI

fm

1.5m

3m

%9.100. Determine the height /i to which liquid should
be poured into the cup so that it contacts half the surface
area on the inside of the cup. Neglect the cup’s thickness
for the caiculation.

A = 8FL = 27{20/¢20)? + (50)° + 5¢10)}

=27(1127.03) mm?

2 sl Iz/thz_l 70
71500 + 10+ 2 W5 +h? = 2 (27)(1127.03)

20 mm

s

L;»«

2

10.77h +0.2154h% = 513.5

h =299 mm Ans

9.101. A V-belt has as inner radius of 6 in., and a cross-
sectional area as shown. Determine the volume of material
used in making the V-belt.

Volume: Applying the theorem of Pappus and Guldinus, Eq. 9-12, with
0 = 2, F| = 6.4665 in.. 7 = 6.6220 in.. A; = 0.5(0.9330) =
0.4665 in” and A; = %(0.5)(0.9330) =0.2333 in’, we bave

V = 0TFA = 27{6.4665(0.4665) + 6.6220(0.2333)]

=287 in" Ans

023 1n. 0.25in.

0.5 in.

A A A
.

0.25

T' tan 15°
f

=0.9330 in.

7, =6.6220 in. 7y = 6.4665 in

Gin.
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9.102. The full circular aluminum housing is used in an
automotive brake system. The cross section is shown in
the figure. Determine its weight if aluminum has a specific
weight of 169 1b/ft*.

and Guldinus, Eq. 912, with
045in., Ay = 0.25(05)

=0.25(09) =0225 in*,

Volums : Applying the theorerm of .Papp_us
g=12x. 1 =0.875in., 7, = 0.825in., 73 =

.2 A
—0.125 in?, A, =0.15(329) =0.4875 in"and A3

we have

v = 674 = 2r(0875(0.125) + 0.825(0.4873) +045(0229)

=3850 1’
The weight of the housing is
3.850) Ans
v =169 2o 1=0.3771b
w=yV= 169( >

9-103. Determine the height A to which liquid should be

poured into the conical cup so that it contacts half the
surface area on the inside of the cup.

. 1
Surface Area : This problem requires that EA' = A,. Applying the theorem of
Pappus and Guldinus, Eq.9~9, with 6 =2z, L, = y502+ 1502 = 158.11 mm, L

Ry 10

_ i .k
L= hz+(§) .—.-—;—h,rl=25mmandr2=€.wehave

1
5(9;11-1) =6RL,

1 h( 10
=-[2n(25)(158.11)] = — || X—
51225 (158.11) 21:(6)\ : ;.]

h =106 mm
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5’ =2omn

:‘r" 100 mm ——-+

150 mm
‘f
h
L,=158 1tmm



*9-104. Determine the surface area of the roof of the
structure if it is formed by rotating the parabola about
the y axis.

Centroid : The length of the differential clement is dL = y/dx? + dy?

dyy? . s d)
=( “(E) dx lnduswnlmlduxax.Hen:.£=-§.Evlhming'hc

integrals, we have

lém
2
L=|dL= l+x— =
J L (‘/ = =363
16m xz X-K
fidL:J’ Y1+ |dr=217.181 m?
L 0 64

Applying Eq. 9-7, we have A

lem du
[ 7L 217181

i= =S o9
TdL ~ 73663 - 178m

Surface Area : Applying the theorem of Pappus and Guldinus, Eq.9-9, with F o 'f .
0=2r, L =23663m, F=i=9.178, we have em
A = 6L = 27(9.178) (23.663) = 1365 m? Ans
- b gy ———

9-105. Determine the interior surface area of the brake
piston. It consists of a full circular part. Its cross section
is shown in the figure.

A= EOTL = 2 212040) + 55/707 5 o 8020)
+ 90(60) + 100(20) + 110(40)]

A= 11910") mm?

Ans
40 m/r;\ 30 mm 20 mm
9-106. Determine the magnitude of the resultant
hydrostatic force acting on the dam and its location,
measured from the top surface of the water. The width of
the dam is 8 m; p, = 1.0 Mg/m’.
P = 6(1)(10°)(9.81) = 58 860 N/m* Ih
F= %(6)(8)(58 860) = 1.41(10°) N = 1.41 MN Ans F
P

2
k= 5(6) =4m Ans
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9-107. The tank is filled with water to a depth of

d = 4m. Determine the resultant force the water exerts  For water
on side A and side B of the tank. If o] instead of water .
1s placed in the tank, to what depth d should jt reachso Atfide4:
that it creates the same resultant forces? p = 3
Y Po = 900 kg/m W, =
and p,, = 1000 kg/m’. ’ " Pp.sd X
Ty
= 2(1000)(9.81)(4) )
= 78 480 N/m
1
B, = 5(78480)(4) = 156960 N = 157 kN Ans
At side B :
We =bp,gd
= 3(1000)(9.81)(4)
AY
= 117720 N/m :
e
1
B, = 217 720)(4) = 235440 N - 235 kN Ans
For oil
At side A -
Wa =bp,gd
= 2(900)(9.81)d
N\
= 176584 d J AN
1 T
B, = 217658 d)(d) = 156 960 N
d=422m Ans

*9-108. When the tide water A subsides, the tide gate
automatically swings open to drain the marsh B. For the
condition of high tide shown, determine the horizontal
reactions developed at the hinge C and stop block D,
The length of the gate is 6 m and its height is 4 m.
pw = 1.0 Mg/m*,

Fluid Pressure : The fluid pressure at points Dand £ can be determined using

Eq. 9-15, p=pgz.
Pp=1.0(10°) (9.81)(2) = 19 620 N/m? = 19.62 kN/m?
Pe=1.0(10°) (9.81)(3) =29 430 N/m? = 29.43 kN/m?
Thus, C'?_
wp = 19.62(6) = 117.72 kN/m F
wg =29.43(6) = 176.58 kN/m
- H Ca
Resultant Forces :
1
F = =(176.58)(3) = 264.87 kN
% 3m //
R, =;01172)(2) = 117.72)N / 3333m
// \
Equations of Equilibrium : /_- // \\\
&, 364 BT, N\ Rz
+IM =0, 264.87(3)- 117.72(3.333) - D, (4) = 0 ’ ,f Ay ReIT1E
D, = 100.55 kN = 101 kN Ans L’ \‘\ o-bob]m
- Dn.

7
E
SIE =0, 26487-117.72- 100.55-C, =0 217658 r{m W= /17,72 Kifm
C, =466 kN Ans
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9-109.  The concrete “gravity” dam is held in place by its
own weight. If the density of concrete is p, = 2.5 Mg/m?,
and water has a density of p,. = 1.0 Mg/m", determine
the smallest dimension d that will prevent the dam from
overturning about its end A.

Consider a | - m width of dam.

w = 1000(9.81) (6) (1) = 58 860 N/m

F= %(58 860)(6)(1) = 176 580N

¥
[

é(d)(6)(l)(2500)(9.81) = 7357SdN

Gw, =0, ~-176 580(2) + 73 575d Gd) =0

d=268m Ans

9-110. The concrete dam is designed so that its face AB

has a gradual slope into the water as shown. Because of

this, the frictional force at the base BD of the dam is E,
increased due to the hydrostatic force of the water acting

on the dam. Calculate the hydrostatic force acting on the  F, = 486 kip Ans
face AB of the dam. The dam is 60 ft wide.

Yy = 62.4 Ib/ft°.

L}

%[(62.4)(12)(21.63)](60)

055
00, T

fas

9-111. The semicircular tunnel passes under a river
which is 9 m deep. Determine the vertical resultant
hydrostatic force acting per meter of length along the
length of the tunnel. The tunnel is 6 m wide;
p = 1.0 Mg/m®.

F = 391 kN/m Ans
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*9.112, The tank is used to store a liquid having a
specific weight of 80 Ib/ft’. If it is filled to the top,
determine the magnitude of force the liquid exerts on
each of its two sides ABDC and BDFE.

i ined usin
Fluid Pressure : The fluid pressure at points Band E can be determin 8
Eq.9-15.p=72 .
py = 80(8) =320 b/t pg =80(12) =960 %11
s wy =320(12) = 3840 Ib/ft W= 960(12) = 115201b/ft

Resultant Forces : The resulrant force acts on suface ABCD is
R, = l(3340)(‘/52) =13 84531 1b=13.8 kip Ans
12

and acts on surface BDFE is

. N = 11520 1bfr
ke, ’%(Ssaonnszo)(s)=6l44°'b=61-“°" Ans ¢ /it

9-113. Determine the resultant horizontal and vertical
force components that the water exerts on the side of the
dam. The dam is 25 ft long and v,, = 62.4 Ib/ft".

Fluid Pressure : The fluid pressure at the toe of the dam can be determined
using Eq. 9-15, p= 7yz.

p = 62.4(25) = 1560 Ib/f = 1.56 kip/f®

w = 1.56(25) = 39.0 kip/ft

Resultant Force : From the inside back cover of the text, the area of the
2 2

semiparabolic area is A = 3ab = = (10)(25) = 166.67 fe. Then, the vertical

component of the resultant force is

Fp, = 7V = 62.4{166.67(25)] = 260 000 Ib = 260 kip Ans

and the horizontal component of the resultant force is

R, = =(39.0)(25) = 487.5 kip Ans oft

/
W=29.0Kkipfft .
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9-114. The gate AB is 8 m wide. Determine the hori-
zontal and vertical components of force acting on the pin
at B and the vertical reaction at the smooth support A.
pu = 1.0 Mg/m”.

O

Fluid Pressure: The fiuid pressure at points A and B can be deter-

B,
mined using Eq. 9-15, p = pge. Wy =292.40 kl\\l/m !
P, = 1.0(10%)(9.81)(9) = 88 290 N/m? = 88.29 KN/m? 23m //”/\ B
w = 1OATIE: - = Fp, = 1962 kN
- 3 - 2 . 4Q 2
Py = 1.0(10M)(9.81)(5) = 49 050 N/m® = 49.05 kN/m Fo= 7848 KN .
N m

Thus, ,

\\
w4 = 88.29(8) = 706.32 kN/m

wy = 49.05(8) = 392.40 kN/m
Resultant Forces :
Fg, = 392.4(5) = 19620 kN
i
Fr, = 5(706‘32 ~ 392.4)(5) = 7848 kN

Equations of Equilibrium:

LEMy =0: 1962.0(2.5) + 784.8(3.333) - A,(3) = 0

A, = 2507 kN = 2.5! uN Ans
+ 4 4
SEF =0 7848 (g) + 1962 (§> -B, =0

B, = 2197 kN = 2.20 N Ans

3 3
+1 TF, =0; 25077848 (;) - 1962(5) - B, =0

B, =859 kN Ans
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9-115. The storage tank contains oil having a specific

weight of y, = 56 Ib/ft®. If the tank is 6 ft wide, calculate o = bpoh = 6(56)(2) = 672 1b/ft
the resultant force acting on the inclined side BC of the
. [ . y We = bp, h = 6(56)(10) = 3360 Ib/ft [
tank, caused by the oil, and specify its location along BC, c=bpoh=d
measured from B. Also compute the total resultant force K, = 8(672) = 5376 b
acting on the bottom of the tank.
K, = %(3360 - 672)(8) = 10752 b
SERETC S —
R, = 3(2)(6)(56) = 2016 Ib
1
R, = 5(3)(8)(6)(56) = 4032 b
55R, = IE; B = 5376 + 10752 = 16128 Ib
+VLZR, = IE; Fpy = 2016 + 4032 = 6048 Ib
R = v(16 128)* + (6048)2
= 172251b = 17.2 kip Ans
| L 1
: 6048
L——4ft~ 3 ft~ =t (——) = i
‘ 8 =t (0) = 20567

(+IMy, = Re(d);

17225d = 10752(;)(8) + 5376(4) + 2016(1.5) + 4032(2)

d=35221t Ans
At bottom
R = 414)(6)(56) = 188161b = 18.8 kip Ans
*9-116. The arched surface AB is shaped in the form of
a quarter circle. If it is 8 m long, determine the horizontal
and vertical components of the resultant force caused by
the water acting on the surface. pw = 1.0 Mg/m>.
]
B = 1000(9.81)(3)(2)(8) = 470.88 kN f
F
F, = 1000(9.81)(3)(2)(8) = 470.38 kN ! N
1
F = 1(!X)(9.81)(2)(§)(2)(8) = 156.96 kN
1

W= [(2) - ZN(Z)ZI(S)(XOOO)(QSI) = 67.37 kN

F = 156.96 + 470.88 = 628 kN Ans

E, = 470.88 + 67.37 = S38 kN Ans
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9.117. The rectangular bin is filled with coal, which
creates a pressure distribution along wall A that varies
as shown, e, p = 423 1b/ft°. where z is measured in
feet. Determine the resultant force created by the coal,
and specify its location measured from the top surface of
the coal.

Resultant Force and Its Location: The volume of the differential
clement is dV = dFp = 4pdz = $4:Ndz = 16:*dz and its centroid
isat I ==z

14 1t \1(\ 1t
Fr= f dfg = / 16:%dz = 4z
Fa Jo

0

= 40000 b = 40.0 kip Ans

10 f1 R 16 0t
/ FdFy :f 262N = o =320 000 bt
Fa fl 5

= 40000

z - = 8.00 ft Ans

dFg

3

/ IdFg
Jig 320 (X& _
I

9.118. The semicircular drainage pipe is filled with
water. Determine the resultant horizontal and vertical
force components that the water exerts on the side AB
of the pipe per foot of pipe length; ¥, = 62.4 Tb/fe.

Fluid Pressure: The fluid pressure at the bottom of the drain can be Fy
determined using Eq. 9-15, p =y

p = 624(2) = 1248 b/t A
(I
Thus. e Fy
e — \ ¥
w = 124.8(1) = 124.8 b/t |

21t w1248 b/t

1,
Resultant Forces: The area of the quarter circle is A= =
i
Zﬂ(ZZ) — r ft2. Then, the vertical component of the resultant force is
Fp = yV = 62.4n(1)} = 196 b Ans

and the horizontal component of the resultant force is

I
Fro= ;(124.8)(2) =1251b Ans
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9.119. The pressure loading on the plate is described
by the function p = 10{6/(x + 1) + 8] 1b/ft>. Determine
the magnitude of the resultant force and the coordinates
(%,5) of the point where the line of action of the force
intersects the plate.

[
=10 ——— +8
r [(x+l) }
F f dA fll()[ 6 +8]?d\’
= ¢ = —— ) A
K AI [ (x+1

Fe = 30[6In(x -+ 1 + 8]} = 67775 1b = 678 b Ans

2 6
TpdA= (10) +8|3dx
f,,”’ fo . [um ]

= 30[6(x — In(1 + X)) + 4527 = 642.250

= 0.948 ft Ans

v=150ft (by symmetry) Ans

9.120. The tank is filled to the top (y = 0.5 m) with
water having a density of pw = 1.0 Mg/m3 Determine
the resultant force of the water pressure acting on the flat
end plate C of the tank, and its location, measured from
the top of the tank.

Py )2 = (0.5)°

dF = pdA=1OINHIOS5 — v) 2x dy
0.5
F= 2(9.81)/ 0.5 - /0.5~ V2 dy
(15

9.81 e

; 0.5
= 2201 J(0.5)2 — 2 _Z"‘l-_‘_]
2 [)V(U )=y 405 sin (0.5) ~0.8

209.81), e

+ 3 [/1(0.5)° - RS
F =385 kN N
) HVOH - 0.5 05
AR [ @5y = /@57 =y = 1962 ["{‘ SO )’3)-‘] +
{18 ' "
R e SN T Y (()5)2 R o
YOS AP — Sk [/ 037 = 5 4 (057 sin”! =]
4 0.5 ) [M Y+ 057 i o=
= —0481 KN 'm
¥ ¥
F(=d) = / dF
P=1(05-y) MPa
d,-if
g OBl s !
=35 - em

Hence. measured from the top of the tank,

d'=054+0125=0625m Ans
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9-121. The wind blows uniformly on the front surface of .
the metal building with a pressure of 30 Ib/ft2. Determine <
the resultant force it exerts on the surface and the position Parabola :
of this resultant. =X
] A
E = fo3o(2xdy) =

=60 /8y dy
0
= wﬁ(gz)(x)’” = 2560 Ib

- I3y Goy2x ay) _ 60f} ﬁymdy
2560 - 2560

2 512
= LS(,)(s) =480t

2560

e

)

Also, from table in back of text:

2 2
b = p(3ab) = 60Z)(8)(8) = 2560

3
y=7(8) = 4801
5
F = 2560 + 30(3)(16) = 4000 Ib = 4.00 kip Ans

4000(y) = 4.80(2560) + 9.5(30)(3)(16)

y= 6491t Ans
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9.122. The loading acting on a square plate is repre-
sented by a parabolic pressure distribution. Determine the
magnitude of the resultant force and the coordinates (X, )
of the point where the line of action of the force intersects
the plate. Also, what are the reactions at the rollers B and
C and the ball-and-socket joint A? Neglect the weight of
the plate.

F=v
dA = pdy
=0 Ans (Due to symmetry)

4 4
12 4 3
dA = 2vitdy = | 2y = 10.67 kN/m
0 3 o
. o 45 .
/‘y (IA:/ 2y dy =<y X
o 5

42.67 kN
P C
*'—/\.JA*—S()—MK) Ans
= f T A A
dA
Al )
Fp = 10.67(4) = 42.7 kN Ans
=M, =0 B, =C, +rTF =0,
M, =0 42.67(2.40) — 2B, (4) = 0
B, =C, =128 kN Ans

A, - 4267+ 128+ 128=0

A, =171 KN Ans

9-123. The tank is filled with a liquid which has a density
of 900 kg/m*. Determine the resultant force that it exerts
on the elliptical end plate, and the location of the center
of pressure, measured from the x axis.

Fluid Pressure: The fluid pressure at an arbitrary point along y
axis can be determined using Eq. 9-15, p = y(0.5— y} = 900(9.81)
(0.5 — v) = 8829(0.5 — »).

Resultant Force and its Location: Here, x = \/1 — 4y2. The volume
of the differential element is dV = dFg = p(2xdy) = 8829(0.5 —
)2yt — 4y?)dy. Evaluating the integrals using Simpson’s rule,
we have

05 m
Fp= / dlfgy = 17658/ (0.5 — (V1 —4yhydy
Fr

~0.5 m

=69342 N =693 kN Ans
05 m
/ JdFg = 17658/ V(0.5 — YWV 1 —4ydy
Fr ~0.5 m
= —866.7 N-m
/ vdFy
_ ) —866.7
L S— =-0.125m Ans

f dFg 6934.2
I
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*9.124. A circular V-belt has an inner radius of 600 mm
and a cross-sectional area as shown. Determine the
volume of material required to make the belt.

—
75 mm , }
; V=LA
=22 0.625(2) ( 1) (0.025)(0.075) +0.6375(0.05) (0.079) ]

"‘
l
| b 50mm—
%[

25 mm 75 mm =22.4(10)° m’ Ans

600 mm

9-125. A circular V-belt has an inner radius of 600 mm
and a cross-sectional area as shown. Determine the A
surface-area of the belt.

LofL

2 =[0.6(0.05) + 2(0.6375)(y(0.025)? + (0.075)?) + 0.675(0.1)]

=125 m Ans

9-126. Locate the centrmd y of the beam’s cross-

sectional areg» ~ 50 50

U mm 20 mm

- 75 mm =~ l——s}
-

Ccuroid:Themofuchsegmcmandinmpecﬁveoenwﬂmnbuhnd ‘
below.
100 mm

Segment A(mm?) y(mm) YA (mm*)
1 300(25) 1125 843750 -

,‘.1

2 100(50) 50 250 000 25 mm 25 mm
z 12 500 1093 750
Thus, ] 300 mm X
. IZyA 1093750 L
Y 3= 2500 = 87.5 mm Ans '\ _1_25mm

UZ5mm L4 @

-1 25mm {100 mm,
50mm

614



9-12§. Locate the centroid of the solid.

Volume and Moment Arm : The volume of the thin disk differential element is
z z . i aieq
dv=xy'de= ﬂ{a( -5)]41 = m(a—i)dz and its centroid is atZ =2

Centroid : Due to symmetry about the z axis

x’=y'=0 Ans

Applying Eq. 9-5 and performing the integration, we have

fyddv _ I::[“‘( ’%)d‘]

=
Tvav .ﬂa(a-i dz
0 2
@1_2, r.l
= 2 6 9 =Za Ans
3

*9.128. Determine the magnitude of the resultant
hydrostatic force acting per foot of length on the sea wall;

v, = 62.4 Ib/ft>. -2

Fluid Pressure : The fluid pressure at the toe of the dam can be determined
using Eq. 9~ 15, p=7z.

p = 62.4(8) = 499.2 Ib/f*

Thus,
w = 499.2(1) = 499.2 Ib/ft
Resultant Forces : From the inside back cover of the text, the
1 1
exparabolic area is A = zab = 2 (8) (2) = 5.333 fc*. Then, the vertical and

horizontal components of the resultant force are

Fp =7V =624(5333(1)] = 3328 b ]
1
R, =%(499.2)(8)= 1996.8 Ib L
L 8ft
The resultant force and is Fﬂh - -.?/.
/
o= (FE+FE = /3328 +1996.82 - :
=2024.34 1b = 2.02 kip Ans W=499.2 Ibjst klft
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9.129. The tank and compressor have a mass of 15 kg
and mass center at Gy and the motor has a mass of 70
kg and a mass center at Gy. Determine the angle of tilt,
§ of the tank so that the unit will be on the verge of
tipping over.

LIW 02315 + 0.5(70)

f= = = 0.4471
S Ew 15 +70 m
OTEW 035(15) + 0.625(70)
= = T = {).57647
YT Ew 15+70 57647 m
Y\ 0.4471
f=tan" ' { >} = =378° Ans
a ( 3 ) 057647 s

,%

oK)

“ 6

9.130. The thin-walled channel and stiffener have the
cross section shown. If the material has a constant thick-
ness, determine the location ¥ of its centroid. The dimen-
sions are indicated to the center of each segment.

LFL (O +2001D) +22)0H + 205+ 13

L 9) +202) +2(1) + A1) + 3

<t

¥ = 0.600 in. Ans

1-—3 inA——T<——3 in,‘L—-i-—,% in,ﬂ
T - —
Zin. LL‘_LTJI] " 2 ;n,
3 s

Lin. 1in.

9-131. Locate the center of gravity of the homogeneous
rod. The rod has a weight of 2Ib/ft. Also, compute the
X, v, z components of reaction at the fixed support A.

TiL = 0(d) + 2(r)(2) = 12.5664 ft?

(TH2) =8 13

2(2
VL = 0d) + 2

T
£IL = 2(4) +0(n)(2) =8

L =4+4m(2)=102832 ft

= = — = 1221t Ans
TL 102832

CoTiL 8 i

= YL = -—10.2832 =778 ft Ans
TiL 8

ozl % o788 An
L - tosn -8 ns

W = (2 1bA1)(10.2832 ft) = 20.566 ib
M, =0, M, —077820556) =0
My, = 16.0 Ibft Ans

IM, =0, My — (4= 122)20.566) =0

My, =571 1b A1 Ans
M. =0 Miy=0 Ans
TF =0, A, =10 Ans

TF =0, Ay =0 Ans

TF. =0, A, =2(10.2832)=20610 Ans
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9.132. The rectangular bin is filled with coal, which
creates a pressure distribution along wall A that varies as
shown. ie. P = 4Z'/ 1b/ft, where Z is in feet. Compute
the tesultant force created by the coal, and its location,
measured from that top surface of the coal.

pP=4.13

\/3

dF = fdA =423 dZ

B
F= 12/ z'3 dz
0

=144 1b Ans

R
f ZdF:lZ/ 24 dz
A it}
R
= 12[3 z”»‘]
7 0

= 658.29 1b-ft
658.29

F'S

57 ft Ans
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9.133. The load over the plate varies linearly along the
2

sides of the plate such that p = ;[.\'(4 — yv)JkPa Deter-
mine the resultant force and its position (X.y) on the
plate.

Resultant Force and its Location: The volume of the differential
element is dV =dFg = pdxdy = ;(,ul,\‘)[(“ — v)dy} and its

centroid are ¥ == x and ¥ = v.

T os 4m
Fp = / dFp :f :(xdx‘)f (4 — vydy
Fo v 3 [}
5 L AL
e
3 2 /0 27
Im 2 N 4
f xdFg = f —(A'dr)/ (4 — v)dy
Fu 3 i
ERNER Y
Jal 4y — = 48.0 kN-
[(3)% (+ 2)“} "

Tog 4m
/ ydFg = / 7(.((1,()/ 4 — vydy
¥y b 3 0

4m

] =240kN Ans

il

IR

Im

S{E0 e

= 32.0 kN-m
0

8 kPa ‘

=——==200m Ans

9.134. The pressure loading on the plate is described by
the function p = {—240/(x + 1) + 340} Pa. Determine
the magnitude of the resultant force and coordinates of
the point where the line of action of the force intersects
the plate.

Resultant Force and its Location: The \;n]ume of the differential

240
element is dV =dFg =6pdc =6 (——_‘_—T + 340) dx and its
X
centroid in ¥ = x.
Sm 240
Fe=| dFg= / f,(—_— +340) dx
Fy 0 x4+
= 6(—2401n(x + 1) + 34013 ™
= 7619.87 N = 7.62 kN Ans
s 240
/ ,E:/F,g:/ 6 (—-—+340>
Fe o x+1
= [~ 1440[x — In(x + D+ 102062 )5 ™
= 20880.13 N-m
/ xdFyg
880.13
f =2t - 20880.13 =274 m Ans

7619.87

f dFg
£y

Due to symmetry,

¥=300m Ans
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Lefva-of yaa
10-1. Determine the moment of inertia of the shaded

. 4
area about the x axis. = zfo YWa-ydy
L =2 15y% + 124)(y) + 8 (d—y)?
105
l, = 390 m* Ans

I

yad.p?

(%, 9)
A4

o]

. . d
10-2. Determine the moment of inertia of the shade
area about the y axis.

L = IA X dA = 21: x(4-x") dx

- 4ax o7
3 5

L =853m*
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10-3. Determine the moment of inertia of the area
about the x axis. Solve the problem in two ways, using
rectangular differential elements: (a) having a thickness
dx and (b) having a thickness of dy.

a)Differential Element : The area of the differential element parallel to y axis
is dA = ydx . The moment of inertia of this element about x axis is

_1 3 SAY
= 740" +ves(3)
1 3
=§(2.5-0.lx2) dx

1 -
= 3(-o.oou‘ +0.075x* ~ 1.8752% +15.625) dx

Moment of Inertia : Performing the integration, we have

I 1 350t 6 .
L=fa, =2 J'_m(—o.oou +0.075x* - 1.875x +15.625) dx

=1-m7 MS_M; n —F—r:,‘_jd"‘»
3( 7 X'+ 5~ 7% +l§.625x)|_”‘ 2,5&/é E —‘LT—.:,‘}

_ ‘.
=238ft Ans

b)Differential Element : Here, x = /25— 10y. The arca of the differential
clement parallel to x axisis dA = 2xdy = 24/25- 10ydy .

Moment of Inertia : Applying Eq. 10~ 1 and performing the integration, we
have

L =Iﬁy’d4

- zj:'"'y’,/zs TT0ydy

=23.8 1t

620

y P Y s
=2 -1 (25-10y) -2 (25| ’_L _ 1,2.50
7{ 15 375( ikl l3l25(25 10y lo

Ans




*10-4.  Determine the moment of inertia of the area
about the x axis. Solve the problem in two ways, using
rectangular differential elements: (a) having a thickness
of dx, and (b) having a thickness of dy.

a)Differenticl Element : The area of the differential element parallel 1o y axis
is A = ydx . The moment of inertia of this clement about x axis is
dl =d. +day?
1 y\?
el
75 {0y +yde 3
1 3
=§(4—4x2) dx

1
=564 + 1920 - 1924 + 64)

Moment of Inertia : Performing the integration, we have

lis.

1t
L=]ar =3 3 (651926 19247 4 64)

164, 192 qop .
=3[ +64

=19.5in* Ans

~lia,

b)Differential Elemen : Here, x = %/4?): The area of the differential
clement parallel 10 x axis is dA = 2xdy = Y4~ydy .

Moment of Inertia : Applying Eq. 10~ | and performing the integration, we
have

L=f ya
A
4in.
=fo YA ydy
2y1 3 sy s 16 17 4is.
=== (4-y)1o 4-Vio __(a_\1
[3( ) U<y>lMMyﬂL

=19.5in* Ans
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10-5. Determine the moment of inertia of the area

about the v axis. Solve the problem in two ways, using
rectangular differential elements @ (a) having a thickness
of dx.and (b) having a thickness of dy.

a\Differential Element : The area of the differental element parallel to yaxis
s dA = yde=(3-4x") dx.

i i ion, we
Moment of Inertia: Applying Eq. 10— | and performing the integranon

have

=1.07in' Ans

Differentia Element : Here, x = = 4~ Th m()menl()i inerua of the
b) lff 1 N Y Yy 14

differential element abouty axis is
L (20) = 20y = 4=y
dh, =33 () 3 12
Moment of Inertia: Performing the integration, we have

1 4in. 3
Lefa=f @-n'd

17 2 {] 4is.
= | == (4=
12[ 549 \o

=107in* Ans

10-6. Determine the moment of inertia of the shaded
area about the x axis.

03

1K 372 2 512

1
3(;‘) (g)x To

L]

H

2w Ans
15
Also, R
= 0-ndy = b=
L=]rya
LY _'b_ 2
=y e

b 3 b $I
= [Sy T

= Low Ans
15

1 h?
- Ihy_’dy - j:g(_b_))nxsndx
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10-7. Determine the moment of inertia of the shaded
area about the x axis.

Differential Element : The arca of the differential element paraliel to y axis
is dA = ydx . The moment of inertia of this element about x axis is

dl =dl. +dAy?

- 1 3 Yy 2
= —(dx)y +ydx(5)

I-— 1 in.————l

=§(z—2x’)’¢x
=;(-8x9+24x‘-24x’+8)dx

Moment of Inertia : Performing the integration, we have

1 ptin.
L=fdA=§fo (-8 +24x* - 245’ +8) dx
4,0 28, lia.
-3( 5x + 7: 6x +8x)o
=1.54in* Ans

*10-8. Determine the moment of inertia of the shaded
area about the y axis.

Differential Element : The arca of the differential element paralle] to yaxis is
dA=yde=(2-20)dx.

Moment of Inertia : Applying Eq. 10— land performing the integration, we
have

y=f Paa= I;"'x’(z-z:’) de

2 3 [6 tis.
-[32-5,
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10-9.  Determine the moment of inertia of the shaded
area about the x axis,

b i . .
Differential Element : Here, x = —hy’. The area of the differential element

b
parallel to xaxis is dA = xdy ={ —p? |dy .

7

Moment of Inertia : Applying Eq. 10~ | and performing the integration, we
have

X

10-10. Determine the moment of inertia of the shaded y
area about the y axis, !

’ X
Differential Element : The arca of the differential element parallel to yaxis is ;*x b _\_{
h z)
=(h- =|h-—=x"|dx.
dA = (h~y)dx ( blx

Moment of Inertia : Applying Eq. 10~ 1 and performing the integration, we .
have
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10-11. Determine the moment of inertia of the shaded

area about the x axis.

dl, =dl + AT

1 3 Y2 ] N .
_-l—zdxy +ydx(2) % ‘ —tty

Also,

[yaa

o~
[}

#

[re-ne

*10-12. Determine the moment of inertia of the shaded
area about the ¢ axis.

1
dl = — 3
L=pa

L=fd1,

= Iz 2 n
A 5(1—0.5):) dx

= Z 2 s
3[m(1—0.51)

0.533 m*
Also, Ans

dA = xdy = A1-y%) gy

L=fyau
IT
1
= 2
f_l 2y’ 1~y &y ;f*
PR 4
=2[’L_>’_
3 51,
=0533m*

Ans
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dA = 2ydx

10-13. Determine the moment of inertia of the shaded
area about the y axis.

L=fraa

2
= [P 2x1-050" ax
0

_ 2|:2(8+12(-—0.5)x + 15(-0.5)? x’)m]z
o

105(-0.5)?
y
=244 m* Ans
Also,
. ¥
g =fay
x i1 AN
, = Zf ~x dy "
I ! 3
1m ° +‘
; '8 Im
4 \ =2 a- L
2 m-— —~ 03
8 3 !
= 2(5)[y -y + 3)” - ;)'7]0
=244 m* Ans
ii-14, Determine the moment of inertia of the shaded y
area about the x axis.
X
1
Differential Element : Here, x = 2y. The area of the differential clement
)
paraucltoxaxisisdA=xdy=(2y’)dy. Y
Moment of Inertia : Applying Eq. 10~ 1 and performing the integration, we ‘_Z/_ﬂ_’{
have
—3

-

L =J'Aysz xj-o“"y,(zyﬁ)dy l'ﬂ..‘ - _Fg
o x

o

=0.571in* Ans
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10-15. Determine the moment of inertia of the shaded
area about the v axis.

Differential Element: The area of the differential element paraliel to
b,
vaxisisdA=( - vida = (l - Z.r') dx.

Moment of Inertia: Applying Eq. 10-1 and performing the integration,
we have

2 in. 1
1, = f x1dA :f x? (1 - —xz) dx
’ A 0 4
2 in.

1
- __r.!‘i_rﬁ
37w ),

=107 in* Ans

¥

+810.16. Determine the moment of inertia of the area
about the y axis. Use Simpson’s rule to evaluate

the integral.

Iy =/.r2(IA

1
=[ x3(0.5¢" dx)
0

=034 m* Ans

y= 0.5¢%

. . R
10-17. Determine the moment of inertia of the area
abogt the x axis. Use Simpson’s rule to evaluate
the integral.

1
dl, = ; (I,\‘y3
[ i
1, =/ ~(0.5¢ ) dx
o 3

1
= — AN g
2 ) (" Y dx

=0.176 m* Ans
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10-18. Determine the moment of inertia of the shaded
area about the x axis.

y=2cos (%X) ———~———’—F

2in.
- 4in. L 4in —]
_2 3
dl, = dl; + dAy ,,,u(*.)
2
:.dey’,yd,(.y.) =l,’d, []
12 2 3 o x
Yy
4

",I dl, = l[ Emi(f )dt

4 3 8

(% .,(n)
smi - s -x
) —\8) =—2956-9.05in‘ Ans
= = 94

10-19. Determine the moment of inertia of the shaded
area about the y axis.

T
y= 2008 (X))~ ——
T |
/ 2in
s \
: | .
4in 4in !

2 sin(gx) . Zxoos(-;x) i 2$in(’§:x)
)

=4(1-2§ - 323) =309in' Ans
x 4
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¥10-20. Determine the moment of inertia of the shaded
area about the v axis.

1
Differential Element : Here, x = y*. The arca of the differential element ’)f
.
parallel w xaxis is dA = xdy = y'dy .

Moment of Inertia : Applying Eq. 10— land performing the integration, we

have dﬂf L

Bin
L= JA yidA =f:" y’(y")dy T

e .

=307 in* Ans Zin.

10-21. Determine the moment of inertia of the shaded
arca about the y axis.

Differential Element : The arca of the differential clement parallel to yaxis is
dA=(8-y)dx=(8-x")dx.

Moment of Inertia : Applying Eq. 10~ 1 and performing the integration, we
have

L= ‘[4 x'dA = J‘:h.xz( 8-:’) dx

83 16 2in.
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10-22. Determine the moment of inertia of the shaded . ¥
area about the x axis.

N

dA=xdy = % dy

N :/_\‘3<1A

dv {x, ¥)

X

VT
_{m (1]

1 1
- VZotdx + 7e- EO2 + VI de

=320m' Ans

Also,
I = /(ll(
dA=1(2— \/7.?)(1.\‘
dl, = dls + AV - f [1'-2(2 Vet %(2 o+ ﬁ:f] dx
[})
i — 2 - V2 )
= 2= VI + (2 — V2x)dx (‘T‘/j + Jﬂ) =320 m' Ans

#10.23. Determine the moment of inertia of the shaded
area about the y axis. Use Simpson’s rule to evaluate
the integral.

Area of the differential element (shaded) dA = ydx where v = e,
hence, dA = ydx = ¢* dx.

1
1, =[x2dA =f e ydx
’ A 0

Use Simpson’s rule to evaluate the integral: (to 500 intervals) . "l
m
I, = 0628 m* Ans
w:10.24. Determine the moment of inertia of the shaded N ¥

area about the x axis. Use Simpson’s rule to evaluate
the integral.

dl, = dI + dAT?

|

==

dx

1 SCA!
dey" + yde (\E) = 5)'5 dx

=~
1l

1! [
—/ y3 dx = —[ (e )Y dx =141 m* Ans
3y 34
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10-25. The polar moment of inertia of the area is J¢ =
23 in® about the z axis passing through the centroid C. If
the moment of inertia about the v oaxis is 3 in?, and the
moment of inertia about the x axis is 40 in®, determine
the area A.

Moment of Inertia: The polar of moment inertia Jo = I +7yv.
Then, I, = J¢ — 7‘\, — 23— 5 = 8.0 in*. Applying the parallel-axis
theorem, Eq. 10-3, we have

1o=1T¢+ Ad?

40 = 18.0+ A3

A = 2.44 in? Ans

10-26. The polar moment of inertia of the area is Jeg =
548(10°%) mm®, about the z' axis passing through the
centroid C. The moment of inertia about the ' axis is
383(10°) mm*, and the moment of inertia about the x
axis is 856(10%) mm®. Determine the area A.

=T, +Ad? = 856(10F) — A(250)*

~|

It

c=T1,- +7)"
548(10°) = 856(10°) — A(250)% + 383(10%)

A= 111(10"mm? Ans

250 min

x

10-27. The beam is constructed from the two channels
and two cover plates. If each channel has a cross-sectional
area of A, =118 in® and a moment of inertia about a
horizontal axis passing through its own centroid, C,, of

U, =349 in*, determine the moment of inertia of the
beam about the x axis.

)
=2 [ﬁ“z)“ )+ (D2 10.5)2] + 2(349)

=3.35(10%) in* Ans
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*10-28.  The beam is constructed from the two channels
and two cover plates. If cach channel has a cross-sectional
area of A, = 11.8in" and a moment of inertia about a
vertical axis passing through its own centroid. C. of
(/)¢ = 9.23in" determine the moment of inertia of the
beam about the v axis.

1
5= 2[5(1)(12)’] + 2(923) + 11.8(6-1.28)%]

= 832 in* Ans

10-29. Determine the moment of inertia of the beam’s
cross-sectional area with respect to the x’ centroidal axis,
Neglect the size of all the rivet heads, R, for the
calculation. Handbook values for the area, moment of
inertia, and location of the centroid C of one of the angles
are listed in the figure.

2

275 :
I = _15(15)(275)’ + {1.32( 10%) + 1.36( 10’)(— - 28)]
1

2
+2[l<7s>(20>’+ asao(Z +1o)] = 162(10°) mm*  Ans
12
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10-30. Locate the centroid ¥ of the cross-sectional area
for the angle. Then tind the moment of inertia [, about
the x’ centroidal axis.

Centroid: The arca of each segment and its respective centroid are

¥
tabulated below. i
5
Segment A(in®) ¥(in.) YA(in’) |
1 6(2) 3 36.0
2 6(2) 1 12.0
z 240 48.0
Thus, o= 180
g2 TA B0, Ans
! ZA 24.0

Moment of Inertia: The moment of inertia about the 1" axis for each
segment can be determined using the parallel - axis theorem I =
Lo + Ad;.

Segment A;(in?) (dy)i(in) (T,); (") (Ad});(n®) Ue)i(inh)

! 26) i L6 12.0 480
2 6(2) i Loy 120 16.0
Thus, B
Iy = Z(y) =640 in' Ans

10-31. Locate the centroid ¥ of the cross-sectional area
for the angle. Then find the moment of inertia I, about
the ¥ centroidal axis.

Centroid: The area of each segment and its respective centroid are
tabulated below.

Segment A(in?) F(in) FA(in")

1 6(2) I 12.0
2 6(2) 5 60.0
z 24.0 720
Thus,
_ XA 720 .
X=a=2—46=3.00m. Ans

Moment of Inertia: The moment of inertia about the ' axis for each
segment can be determined using the parallel - axis theorem /o =
I, + Adl.

Segment A, (in?) (d.);(in) (T,)i(in") (4dd);(in®) (1,):(in*)

1 6(2) 2 L6y2hH 480 52.0
2 26) 2 e 480 84.0
Thus,
1o = E(y); =136 in’ Ans
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*10-32. Dctermine the distance x to the centroid of the
beam’s cross-sectional area: then find the moment of
incrtia about the y' axis.

Centroid : The area of each segment and its respective centroid are tabulated below.

Segment A(mm?) X(mm) JA(mm®)

1 160(80) 80 1.024(10%)
2 40(80) 20 64.0(10%)
T 16.0(10°) 1.088(10%)
Thus,
f:ﬂ =——L088“06) =68.0 mm Ans

Moment of Inertia : The moment of inertia about the y" axis for each segment can be determined
using the parallel ~ axis theorem /[, =] . +Ad>.

Segment A, (mm?) (d,),(mm) (1',,)i (mm*) (Ad?), (mm*) (1,.)', (mm*)
1 80(160) 12.0 (80)(160°)  1.8432(10%)  29.150(10%)
2 80(40) 48.0 Ir(80)(40%)  7.3728(10%) 7.799(10%)

Thus,

L =2(4), =36949(10°) mm*=369(10°) mm* Ans

0 mm’

10-33. Determine the moment of inertia of the beam’s
cross-sectional area about the x' axis.

Moment of Inertia : The moment inertia for the rectangle about itscentroidal

1 A
axis can be determined using the formula, [, = ﬁbh’, given on the inside back

cover of the extbook.

L= rlz(lso)( 160°) -1—12(120)(80’) =495(10°) mm' Ans
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10-34. Determine the moments of inertia of the shaded
area about the x and y axes.

—3 in.T 3in.

6 in.

4in.

x

I 3 S _[1 3 (l) 3%6 82]
1‘_[12(6)(10) +6(l())(5)] [36(3)(6) +{7)®©O®
_ [%ﬂzv + ,-:(2)2(4)2] = 1.192(10%) Ans
: ' : : ‘ (l) :]
1< ol e+ (5 ) oons
L [12(10)((1) +6(lO)(3)] [36(6)() +(3) 00

- [‘—:mzr + 7r(2)2(3)2] = 364.8 in’ Ans

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

the corner welds at A and B for the calculation, 15 mm
¥ = 154.4 mm.

150 mm

Moment of Inertia: The moment of inertia about the x’ axis for cach
segment can be determined using the parallel - axis theorem {,. =

1.+ Ad. IST 150 mm
Segment A;(mm?) (@,);(mm) (T)(mm¥) (AdD);(mm*) (L) (mm?) 0] i
— 15
1 150(15) 1469 5(150)(15%)  48.554(10%)  48.596(10% Dmmg
2 150500 644 L(5)S0%)  9332010M  13.550(10% 150 mm @ |eomm
3 7(50%) 60.6 %(50*) 28.843(10%)  33.751(10%) 164.4 mm) ‘
T A’
— H
Thus, i 60.6 mm
ORI

I = E(1,); = 95.898(10°) mm* = 95.9(10°) mm®  Ans
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[ = 715(170)(30)’ + 170(30)(19)*
*10-36. Compute the moments of inertia [, and [, for the . 1_12(30)(”0)J + 30(170)(85)?
am’s cross-sectional area: about the x and v axes.
beam’s cross-sectional area N 1_12(100)(30)’ + 100(30)(185)°
L = 154(10%) mm' Ans

1 3 2

= — 70)(115

L = 33060070 + 30(170)(115)
+ 1—12(170)(30)’+ 30(170)(15)2

+ 1—12(30)(100)J + 30(100)(50)*

4 = 91.3(10°) mm* Ans

5 = 17(30)(15) + 170(30)(85) + 100(30)(185)
- dC of r= 170(30) + 170(30) + 100(30)

10-37.  Determine the distance v to the centroid C ot

the beam’s cross-sectional area and then compute the = 80.68 = 80.7 mm

moment of inertia - about the x' axis.

Ans

L = [712(170)(30)’ + 170(30)(80.68 —15)1]
+ [1—12(30)(170)’ + 30(170)(85—80.68)2]

+ 1—12(100)(30)3 + 100(30)(185 — 80.68)2

I, =67.6(10% mm* Ans

30 m‘m;170 mm \{\
X

10-38.  Determine the distance ¥ to the centroid € of
the beam’s cross-sectional area and then compute the
moment of inertia /- about the ¥y axis,

£ = 2706018 + 170(30)(15) + 100(30)(50)
170(30) + 170(30) + 100(30)

= 6159 = 616 mm

Ans

1
b= [E(so)(m)’ + 170(30)(115-61.59)’]

1
+ [1-2<17ox30)’ + 30(170)(15—61.59)2J

1
* 230100 + 100(30)(50- 61.55)?

L =412(10% mot Ans
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10-39. Locate the centroid ¥ of the cross section and
detenmne the moment of inertia of the section about the
" axis.

7 -
"
.
0.4 m 7 X
()()DmL ‘ ___]___J/—/ ;
I
#*O?m*———rf*]

()7m()7m 0.2m02m

Centroid: The area of each segment and its respective centroid are
tabulated below.

Segment  A(m?) F(m) FA(m')

i 0.3(0.4) 0.25 0.03

2 lz (0.4)(0.4) 0.1833 0.014667
3 11005 0.025 0.001375
z 0.255 0.046042

Thus.
IFA 0.046042

Vo

= =0.1806 m =0.181 m Ans
LA 0.255

Moment of Inertia: The moment of inertia about the « axiy for each
segment can be determined using the parallel - axis theorem [, =
I + Al/\z.

Seg-  Aj(m})  (dyitm)  (T.)i(m*)
ment

(adi(m®)  (Lo)itmY)

1 0.304) 006934 50304 057870107 217871107 k)
2 10.4)(04) 0002778 ,i (0.4)(0.4%)  0.6173(107%) 0.7117(107%)
3 L1005y 0.1556 lz(l 1(0.05%) 1.3309(107) 1.3423(107%)

Thus,

Io = £(1); = 4.233107%) m* = 4230077 m* Ans

02m 03m 02m

0.1833 m “ ‘ >
‘ [().4 m
025m -
L o L —005m
[P

— F0.025m ‘ r

| @ Lim !

02m03m 02m F=0.1806m
| [
006944 m (2)/| () @
\{\V f’}_ 0.4m
AL
1 T~ -0.05m

£ [ 2
| 0002778 m) \
r 1im {556 m

*10:40. Determine y, which locates the centroidal axis
x’ for the cross-sectional area of the T-beam, and then
find the moments of inertia /- and /..

LyA _ 125(250)(50) + (275)(50)(300)
ZA 250¢50) + S0(300)

y=

= 206818 mm

¥y =207 mm Ans

- 1
1, = {-; 501(250)% + 50(250)(206.818 — 125)* :I

1
[—;;(’:00)150)1 + 503001275 — 206.818) ]

T, =222(10% mm* Ans

| < 1
Iy = E(ZSO)(DO)" + E(SO)(BOO)" = H15(10°) mm* Ans
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10-41. Determine the distance ¥ to the centroid for the
beam’s cross-sectional arey; then determine the moment
of inertia about the x’ axis.

25 mm
- —

[

25 mm
—

10() i

-
_‘*_I 25 mm

‘ LST)n{fr;J 75 myy -5 mm—-{ S—(ﬁl’ﬁl_)ﬁ

100 mm

|

o e
—
25 mm

Centroid: The area of each segment and its respective centroid are
tabulated below.

50 mm 55 iy

L

25 mm S0 mm

oL

175 mm

Sepment  Atmm®) F(mm) FA(mm®) |
1 S0(100) 75 A75(10%)

2 325(23) 125 101.5625(10%)

3 25(100) —50 —125(10%)

™

T

T

'

15.625(10%) 351.5625(10")

|
:EO() mm 75§j ‘ \
]

Thus,
T¥A  351.5625(10%)

Y= =TT =225 mm  Ans
’ LA 15.625(10%)

Moment of Inertia: The moment of inertia about the & axis for each
segment can be determined using the parallel - axis theorem /7,
I+ Ad3.

Segment A;(mm?) (d,);(mm) (Tx)i(mmY) (Ad?);(mm?) (Jo)i(mm*)

1 S0(100) 52.5 M‘O)UOO ) 13.781(10%)  17.948(10°%)
2 325(25) 10 T(325(25%)  0.8125(10%)  1.236(10°)
3 25(100) 725 7 (25)(100%)  13.141(10%)  15.224(10%)
Thus.
fe = T =34.41(10°) mm* = 34.4(10°) mm*  Ans

50 mm o5 50 mm

25 mm

175 mm

L
’ 52.5 mm|
\

100 mm
O - AE(

e S B
¥ 4
10 mm| ¥

I00mm
@

—~{

1

72.5 mm

=25 mm

100

12.5 mm J
mm

25 mm
5() mm

25 mm
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10-42. Determine the moment of inertia of the beam’s
cross-sectional area about the ¥ axis.

Moment of Inertia: The moment of inertia about the v axis for cach
segment can be determined using the parallel-axis theorem /[y =

3 <
Iy + Ade. 50 mm 25 mm 25 mm 50 mm
Segment A;(mm?) (dy);(mm) (T,)i(mm%) (AdY);(mm*) (1,); (mm*) A %_87’5 mm|87.5 mm+) % (.
! 2A10025)) 100 llr:(lOO)QS:) 50.0(10%) 50.130(10:) 1100 mm} 100 mm [ 1
2 25(325) 0 £(25)(325%) 0 7L519(10% 1
3 100(25) 0 5 (100)(25%) 0 0.130(10°) 100 mm 4d
@ ,
Thus, [ ¥ ]
T
Iy = SUy) = 120.78(10°) mm’* = 122(10°) mm*  Ans 25 mm

{00 mm

10-43. Determine the moment of inertia I of the shaded v
area about the x axis.

b—6 in.—=f 3 in|

(=)

B

i
I = [Em(m-‘ + 6(6)(3)1]

+ L?()“ ! 3)(6)(2)° .
L6 +(5)<,)< ) )] [
1

1 !
— I 2 2
+ [36(9)(6) + 2(6)(9)(2) ]

>
5

I, = 648 in* Ans

*10-44. Determine the moment of inertia I, of the

shaded area about the y axis. i
A =6 in.—+3 in.
M R 1 1 R .
I = [5(6)@‘ + 6(6)<3)-] + [%(6)0)‘ + 5O + 1)~] bIn.
i L1 - !
+ [ 3OO+ ;(6)(9)(6)“] =1971 in* Ans r
6 in.
|
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10-45. Locate the centroid y of the channel's cross-
sectional area, and then determine the moment of inertia y

;= ZVA _ (DA + AGN6)(2);]

with respect to the x' axis passing through the centroid.

= 2in, Ans

ZA 12(2) + 2(6)(2)

;T 1
L= [1—2(12)(2)3 + 12(2)(1)2] + 2[1_2(2)(6)3 + 6(2)(3_2)2]

L. = 128in* Ans
10-46. Determine the moments of inertia /, and I, of
the shaded area.
i L=y <50z
) 3 8
= 503 in* Ans
R
10-47. Determine  the moment of inertia of the
parallelogram about the x* axis, which passes through the
centroid C of the area. i
v A)
h=asing
L =0k = L5(b)(asin 8)° = Lo'bain® 0 Ans

X’

*10-48. Determine the moment of inertia of the
parallelogram about the v’ axis. which passes through the
centroid C of the area.

¥=ac0s9+27520 _ Legrocg py

+77(asin 6)(b- acos§)*®

640

3. =2 (asin6)(acos 6)" + §(asin)(acos 8) 0

+£c0s0~2acos ) 2]




10-49.  An aluminum strut has a cross section referred
to as a deep hat. Determine the location y of the centroid
of its area and the moment of inertia of the area about
the x’ axis. Each segment has a thickness of 10 mm.

Centroid : The area of cach segment and its respective centroid are tabulated below.

Segment A(mm?) y(mm) yA(mm®)

1 40(10) 5 2.00(10%)
2 20(100) 50 100.0(10%)
3 60(10) 95 57.0(10%)
b3 3.00(10%) 159.0(10%)
Thus
_ Eyj _ 159.0(10%) =53.0 mm

A 3.00(10%)

Ans

|
|
[

30 mm
—
|

—— 80 mm ——

95 mm @

@ Jomm

10 mem|
o

Moment of Inertia : The moment of inertia about the x” axis for each segment can be determined usin

the parallel - axis theorem /,. =1, +Ad,2.

Segment 4, (mm?) (d,), (mm)

1 40(10) 48.0 L(40)(10°)  09216(10%)
2 20(100) 3.00 1(20)(100°)  0.018(10%)
3 60(10) 420 L(60)(10°)  1.0584(10%)

L. =X(,.), =3.613(10°) mm*=367(10°) mm*

(i), (mm*) (Ad}) (mm*) (1,.), (mm*)
0.9249(10%)
1.6847(10%)
1.0634(106)

Ans

}(—@;m—:_ﬁ "—/Or'lm

10mm —)i
20mm 20mm
y=5}0mm N
Q— ] omm
3mm A )
___L— M X
F 9omm
480mm e @/Omm
42007

¥
A
10mm —){ }(—Z’m—m?ﬁ‘ I'—/Oﬂ’m

641



10-50. Determine the moment of inertia of the beam's
Cross-sectional area with respect to the x' axis passing
through the centroid C of the cross section. Neglect the

size of the corner welds at A and B for the calculation, y
= 104.3 mm.

Moment of Inertia : The moment of inertia about the x” axis for
the parallcl - axis theorem /,. = [, +Ad,

Segment A; (mm?)

(4,), (mm) (%), (mm?*) (Ad}?), (mm*) (1,.), (mm)

each segment can be determined usin

Determine the location
channel's cross-sectional ar
moment of inertia of the are

Y of the centroid of the
€a and then calculate the
a about this axis,

Segment A (mm?) y(mm) yA(mm®)
1 100(250) 125 3.125(10%)

2 250(50) 25 0.3125(10¢)

p 37.5010%) 3.4375(10%)

IVA _ 3.4375(10%)

yE—=

YA m=91.67mm=9l.7mm

Moment of Inertiq - The moment of inertia about the
using the parallel - axis theorem Le=l.+Ad.

642

Centroid : The area of cach segment and its respective centroid are @bulated below,

1 7(17.5%) 1132 1(17.54 12.329(10%)  12.402(10%)
2 15(150) 207 T 5)(150°)  0.964(108) 5.183(10°%) 20T mn
3 n(25%) 79.3 F(254 12.347(10%) 12.654(10%)
Thus -
' Y04 3mm
I =Z(L,), =3024(10°) mm* = 302( 10°) mm*  Ans ¢ _-]
R5Mmm
10-51.

x" axis for each segment can be determined

250mm
/
Sepment A (mmy (4)), (mm) (L), (mm) (AdZ) (mmy (), (mmty 747 X
1 100250) 3333 L(100)(250% 21.778(10%)  157.99(10) [
2 250(50) 66.67 7(250)(50°)  55.556(10%) 58.16(10%) =omm 50mm
0b-67mm
Thus,
L =X, =216.15( 10°) mm‘=216(1o°) mm*  Ans

S50 mm




#10-52. Determine the radius of gyration k. for the
column’s cross-sectional area.

¢
¢
¢
H
5.
L
]

1 1
L = 555000100 + 2 1002007 + (10020150

= 1.075(10°) mm*

_ [1O70%)
k = ——90(10,) 109 mm

Ans

10-53. Determine the moments of inertia of the
triangular area about the x’ and y’ axes, which pass
through the centroid C of the area.

R

A ik e

L=HQF + L0~ a8 = Low

o EHA _ iAW @]+[a+ B2 in(b-a)

Ans

ZA L(h)(@) + Ln(b-a)

€'=5‘;M’+§ha('f-l—§-a)z+

= ;‘.—hb(bz—tt-nzz)

J_bta
3

Fsh(b=a + Lh(b-a) (a+ be_bre) 2

Ans

*10-54. Determine the product of inertia of the shaded
portion of the parabola with respect to the x and y axes.

for this element are § = 0,y

dlxr =dl:',' +dAxy
= 0+(2/§(—)y!dy )(0)(}’)
=0

Product of Inertiq - Performing the integration, we h
., ave

L =I¢’,,=O Ans

Note : By nspection, }xy =0 since the shaded area is Symmetrical about the y
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10-55. Determine the product of inertia of the shaded
area with respect to the x and y axes,

leferelm'al Elemeny . Here, x

1
3 —Zy’. 'Ihcareaoflhediff
paraucnothcxaxulsdA

b ’dy The coordinaes o
this elementare 5 = ¥ _

f the centroid for
3 —y Y=y, Then zhcproducxofm

ertia for this element is

Ay =dl.,. + gz
= 0+(2y’dy )(y )(y)
=2

Product o f Inertiq - Perfonm'ng the integranion we have

[”=fd]”=j;m2y dy-§y["'=o.667in‘ Ans

*10-56. Determine the product of inertia of the shaded
area of the ellipse with respect to the x and y axes.

b=f a- 'S a
1re ,
=3, e

1¢4 1 2
=z) (16 ~xhxax
2‘[0 4( )

L}

16 - 2 ax
8%

L
00+
)

)
"
i
Bl
H,
=i



10-37. Determine the product of inertia of the parabolic

oY
area with respect to the v and vy axes. Y 2
dA = ydx
xy?
dh, = =
L, = Idlx,v

L}
ey
I
|-
~
(S
-
=
o
&

L}
[-
—
—
al%
~
=
"
—1

a b Ans

10-58. Determine the product of inertia of the shaded
area with respect to the x and y axes.

645



10-59.  Determine the product of inertia of the shaded

area with respect to the x and ¥ axes.
T~
[ \\ /.x‘2+'\'2=4
Differential Element : Here, y = /4= x2, The area of the differential X ‘ \\\
element paralle] 1o the y axis is dA = ydx = y/d—x2dx . The coordinates of the ‘m' \
1 I

centroid for this element are £ = x, f:‘%: 5¢4—x2.1‘hm the product of | \\
inertia for this element is “L_ | .

L“"*“Zin.’* -

d,, =df..+dAiy ‘ ‘

=0+ (/a=xids) “’G/“_‘F)
1 3
= E(4x-x )dx

Product of Inertia : Performing the integration, we have

by=fa, =5 [ (42"

1 2 x4\ 2.
= =2 - —
(%)

=2.00in* Ans

0

*10-60.  Determine the product of inertia of the shaded
arca with respect to the x and ¥ axes.
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10-61. Determine the product of inertia of the shaded )
area with respect to the x and y axes. b]
dA
v
ai
Ly

x
4
2
= xdy
xty
= =4
2 Y
= [ar,
nl b o sn
= Io 3G Y dy
1f ¥ 3 sn
= 5[(,]7,,‘)(5))’ I
=i i Ans
16

*10-62, Determine the

. roduc i i
area with respect to the P t of inertia of the shaded

x and y axes.

Differential Element : The arca of the differential element parallel to the y

1 1\3
axis is dA = ydx = (a’ -x’) dx . The coordinates of the centroid for this

| A 1\2
elementare f=x, y = g = i(a’—x’) . Then the product of inertia for this
element is

dl,, =dl,, +dA%y

=o+[(.,§-,é)2¢r}x)[§(aé-,'xﬂ

1 ) 3 2 33 [
= E(x +a'x +6ax -4a’x’—4a’x’)dx
Product of Inertia : Performing the integration, we have

ire 3 3 18
I, =Jd’u = EJ’O (X3+azx+6ax2-4a’x’-4a’x’)dx
1t &, 8 7
= o ——— - 1
2(4 2" 5 )
al

3 33 1
+2ax Tl 7a’x

o
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+7 43, Determine the product of inertia of the shaded
arec with respect to the X and y axes,

5 )( 1 2n.2]" Banet
(Za”' 2+ 2 !o S dns Do
a
Tame1) Am

-

*10-64. Determine the product of inertia of the shaded .
area with respect to the x and ¥ axes. ’

2
Differential Elemen; - Here, x = y? The area of the differential element

2
parallel 10 the x axis is ¢4 = xdy = Z—dy - The coordinates of the centroid for this

. yi=24
H
element are £ = g = % Y =y. Then the product of inertia for this element is
— X
S

dlxy = dl;'y’ +dAi)7

2 2
=0+(’;dy )(’7)0)
b

=§ydy

Product of Inertiq - Performing the integration, we have

im
llm 1 2m

1=d1=_f Sdy= — 8" a3

ey f,, gl YV 48y0 133 m Ans
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#19.65. Determine the product of inertia of the shaded
area with respect to the x and y axes. Use Simpson’s rule
to evaluate the integral.

v

y= 08¢

X=2x
—_ ¥ 20}
¥=3
(x, v/z)
dA = vdx
N X
vl 1 m—
dly = =5 dx
Ly = f dl.y
"1
= / ~x(0.8¢" ) dx
0
1
=0v/ x e dx
il
=051 m* Ans
10-66. Determine the product of inertia of the thin strip y

of area with respect to the x and y axes. The strip is
oriented at an angle 6 from the x axis. Assume that 1 < [.

i 1
L =/xyzlA = / (s cosO)(s sin())rd.v:sinfrcnsf)tf stds
A 0

0

1
6

%1 5in 20 Ans
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10-67.  Determine the product of inertia of the beam’s
Cross-sectional area with respect to the x and y axes that
have their origin located at the centroid C.

5 mm
! !

el

Product of Inertia : The area for cach segment, its centroid and product of
incrtia with respect to x and Y axes are mbulated below.

Segment 4, (mm?) (d,), (mm) (d,)'_(mm) (l,,)i(mm‘)
1 50(5) -5 7.5 -9.375(10%)
2 25(5) 10 -~15 -18.75(10%)

Thus,

L, =1(4,), =-28.125(10°) mm'=-28.1(10°) mm*  Ans

*10-68. Determine the product of inertia of the beam's
Cross-sectional area with respect to the x and v axes,

4, = 0.5(4)(8)(1) + §0.5)(10)(1) + 1193y

= 97.8 in*

Ans
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