CHAPTER 5 GEOMETRICAL PROPERTIES OF SYMMETRICAL
SECTIONS

EXERCISE 27, Page 120

1. Determine the second moments of area about the centroid of the squares shown below.

@ el ® / \
bj2 | _

T tdy
N * 31 ! A
Iy
a1
@ prese . s
ooy
e
{55 {5
(t)

From similar triangles
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2. Determine the positions of the centroidal axes xx and the second moments of area about these
axes, for the sections of figures (a) to (d).
(a) k——8 cm—si i ®) le— 8 cm—{ i
e ) tom [ ] 1cm
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Section a y ay ay’ io
1 8 10.5 84 882 0.67
2 5 5 25 125 41.67
by 13 - 109 1007 42.34
Dlay 109

y= == =8.385cm
d>a 13
Lo = Zay? + Zio = 1007 + 42.34 = 1049.34
o=l —~(¥) Ya=1049.34-(8.385)" x13

ie. Iya=1353cm*=1.353x10° m*

(b)
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N— ~ - —A
5 ! < ] s
Section a y ay ay’ io

1 8 14.5 116 1682 0.67

2 12 8 96 768 144

3 20 1 20 20 6.67

5 40 . 232 2470 151.34

— a

= & = 232 _ 5.80cm
Za
Ly = Zay? + Zig = 2470 + 151.34 = 2621.34
—\2 2

L =1 —(Y ) Y a=2621.34-(5.80)" x40

ie. Ina=1275.7cm*=1.276x10°m*
11x14® nx10*
C Ina = — 2
© =5 64
i.e. Ina = 2515.33 — 490.87
=2024 cm* =2.024x10°m*
(d)
‘ J/®
|
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Section a ay ay? Uo
1 154 1078 7546 2515.3
2 —78.54 —471.2 -2827.4 -490.9
b3 75.46 606.8 4718.6 2024.4
_ a
2 _6068 oo o
da 7546

ly = Zay? + Zi = 4718.6 + 2024.4 = 6743

=1, —(Y ) Y a=6743—(8.04)" x75.46

ie. Ina=1865cm*=1.865x10"°m*

3. Determine the second moment of area of the section shown about an axis passing through the

centroid and parallel to the xx axis.

0.1 m—{ _L
[ ] 0.02m

Oim
“501m
10.02 m
x__l 0 _f X
f————02m—-i

What would be the percentage reduction in second moment of area if the bottom flange were

identical to the top flange?

First case
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Section a y ay ay’ io
1 2x107° 0.13 2.6x10™ 3.38x10° 6.7x10°°
2 1x10°° 0.07 7x107° 4.9%x10°° 8.33x10~7
3 4x10°° 0.01 4x10° 4x107 1.33x1077
z 7x107 - 3.7x10™* 3.91x10°° 1.03x10°°
- Yay 37x10*

=0.0529 m

V=58 T 7xa0”
b = Zay” + Zip = 3.91x10° + 1.03x10° = 4.013x10°°

=Ly —(¥ ) Y a=4013x10° ~(0.0529)" x7x10°

ie.  Ina=1865cm*=2.054x10"°m*

Second case

0.1x0.14°  0.09x0.T°
12 12

3

Ina =

i.e. Ina = 2.2867x10° —7.5x10°°
=1.537x10°m*

2.054 -1.537

Percentage reduction =
2.054

JXlOO% =25.2%

4. Determine the second moment of area for the cross-section shown below about the neutral axis,

NA.

<— 1im: — - l—A-m |

N_____._..__
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. bd® zd*
Second moment of area about the neutral axis, 1, =—-

12 64
3 4

= 2x2 7L oeam
12 64

5. Determine the second moment of area for the cross-section shown below about the neutral axis,

NA.
N— + —-— - - - [(LSm — A
O!}SM
’ '
o (m sl (m |
Section a y ay ay’ io
1 4 1 4 4 1.333
5 _0.785 0.75 —0.589 _0.442 —0.0491
by 3.215 - 3411 3.558 1.281
— a
2 341
da 3215

ly = Zay” + i = 3.558 + 1.281 = 4.839

=l —~(¥) Da=4839—(1.061) x3.215

ie. Iya=1220m*

6. Determine the second moment of area for the cross-section shown below about the neutral axis,

NA.
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1im

i1 e
0.1m l—i 1
T — l<— 0.1 m
_________ e
f
O.Elm | v
r 01my
B t
Section a y ay ay’ io
1 0.10 0.95 0.095 0.09025 | 8333x10°
. 2.5x10
3 0.10 0.05 0.005 x 30
2 0.28 - 0.140 01105 | 4.434x10°
v >ay 0.140
da 028

L = Zay? + Zi = 0.1105 + 4.434x107° = 0.114934

INA

ie.  Ina=0.0449 m*

L—(v) S a=0.114934—(0.5) x0.28

7. Determine the second moment of area for the cross-section shown below about the neutral axis,

NA.

< 1m

> |
1
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Section a y ay ay’ io
1 0.10 1.95 0.195 0.3803 8.333x10°°
2 0.18 1.00 0.180 0.1800 0.0486
4
3 0.20 0.05 0.010 5x10 166710
5 0.48 - 0.385 0.5608 0.04885
- a
52 0385 _ oo
da 048

ly = Zay? + i, = 0.5608 + 0.04885 = 0.6097

= 1o —(¥) X a=0.6097-(0.8021)° x0.48

ie. Iya=0.301m*

8. Determine the second moment of area for the cross-section shown in Figure 5.24 about the

neutral axis, NA.

. oy
l I N
f 4
g —e il —
Imn
R A
Figure 5.24
Section a y ay ay? io
1 0.10 1.95 0.195 0.3803 8.333x10°
2 0.19 0.95 0.1805 0.1715 0.05716
% 0.29 - 0.3755 0.5518 0.05724
- a
208755 oee
da 029
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L = Zay” + i, = 0.5518 + 0.05724 = 0.6090

=1 ~(¥) Y a=0.6090—(1.205)" x0.29

ie. Iyww=0123m*

9. Determine the second moment of area for the cross-section shown in Figure 5.25 about the

neutral axis, NA.
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Section a y ay ay? io
1 1000 195 195000 | 38.03x10° | 8333.33
2 1900 95 180500 | 1715x10° | 5.716x10°
z 2900 - 375500 55.18x10° 5.724x10°
- Ya
_ 2.3 875500 _yog 40 m
Sa 2900

Ly = Zay” + iy = 55.18x10° + 5.724x10° = 60.90x10°

o= 1o ~(¥) D a=60.90x10° ~(129.48)° x 2900

ie.  Ina=12.28x10°mm*=12.28x10°m*
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10. Determine the second moment of area for the cross-section shown in Figure 5.26 about the

neutral axis, NA, together with its polar moments of area.

Im
N
Ra
Figure 5.26
. 7d*
Second moment of area about the neutral axis, I, = o
4
= 7@ - 785 m
64
xd?
Polar second moment of area, I, =——
32
4
=@ 571 me
32

11. Determine the second moment of area for the cross-section shown about the neutral axis, NA,

together with its polar moments of area.
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. ”(d14 - d24)
Second moment of area about the neutral axis, I, =——

64
z(2*-1.6"
= g =0.464 m*

64
7(d,' -d,")
Polar second moment of area, I, = —
z(2*-1.6"

= ( ) =0.927m*
32
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EXERCISE 28, Page 129

1. Determine the second moment of area about XX of the section enclosed by y = 2x + x ? and the x-
axis between x = 0 m and x = 2 m as shown below by (a) the Naval architects’ method, and (b) by

Ross’s method. Compare the results with the exact solution obtained by integration.

yl\

The area is shown in Figure 5.33 where x varies from 0 mto 2 m.

Atx=0,y,=0m
Atx=1m,y,=3m
Atx=2m,y, =8m

(a) By the Naval architects’ method,
From equation (5.37), |, = g(yf SARAY
where Figure 5.33,h=1m, y, =0, y,=3mand y,=8m

Hence, o = é(o3+4(3)3+83): é(o3+108+512) =68.89 m*

(b) By Ross’s method, from equation (5.38),

13, 5 o 16 , 1, , , ) 2
| :2_h m(yl +Y; )+£y2 +7(Y1 Y, +Y,Y, )_m(yl Yo+ V.Y, )
Xx g +i(>’y2+y2y)—i(yyy)
35 1Y2 2 J3 35 1Y2J)3
13 3 3 16 3 1 2 2 3 ) )
2 |10 )+ 5T 7 (@ OO )5 (@ 06))
3 4 2 2 4
+2 (OO +37®)- 1 (03)®)
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2]13 16 1 3 4 4
= —9—(512)+—(27) +=(0+192)———(0+0)+—(0+72)——(O
3{140( )+35( )+7( +192) 140( i )+35( +72) 35( )}

= %{47.543+12.343+27.429 —-0+8.229-0} =63.70 m*

y’ y°
By integration, I, = | ydx—=|| = |dX
y g XX Iy 3 J.( 3 J

2x+x2)3

and from Figure 5.33, 1, :IOZ ( 3 dx = %102(8%5 +12x" +6x° +x° ) dx

4 5 6 77°
_ E[SX 12" 6x +X_} :%[(32+76.8+64+18.2857)—(0)]
0

3| 4 5 6 7

=63.70m*
Integration gives an exact value.

Hence, Ross’ method is exact and the Naval architects’ method is in error by

(68.89 —63.70

x100% = 8.15%
63.70

2. Calculate the second moment of area, about the base XX (where y = 0), of the area enclosed by y
=e” and the x-axis between the limits of x = 0 and x = 2 m, by the ‘exact’ integration method.
Hence, or otherwise, obtain the approximate numerical values of this equation using (a) the Naval

architects’ method, and (b) Ross’s method.

=44.714 m*
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Integration gives an exact value.

(a) By the Naval architects’ method,
From equation (5.37), |, = g(yf +4y," +y;)

where Figure 5.33,h=1m, y, =0, y,= e¢'mand y,= e’m
Hence I, = 1(03 +4(e")° + (e’ )3)
' XX 9
= %(03 +80.342+403.429) =53.752 m"

(b) By Ross’s method, from equation (5.38),

13 16 1 3
1, =20 VLSRR N A ) CLR TR D eyl R TR O LY
XX

3

y1y22 + yzzya)_ y1y2 ys)

4
35 3

E(oS+(e2)3)+16( e') + (Oz(e)+(e E)) - (Oz(e)+(0)(e))

_ 2(1) 140 35
3
+£((0)<e1)2+(el)Z(eZ))—£(<0>(el>(e2))
2113 3 4 4
= 403.429)+—(20.086 0+148.413 0+0)+—(0+54.598 )——(0
3{140( )+ ( )+3 ( " ) 140( " )+35( " ) 35( )}
%{37461+9182+21202 0+6.240 — O}:49.39 m*
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