oy PANA ACKDENY
2 pmarks , A%l

NEPAL ENGINEERING COUNCIL
LICENSE EXAM PREPARATION COURSE

FOR

CIVIL ENGINEERS

Er. Dilendra Raj Panta



PANA ACADEMY

1. Basic Civil Engineering

1.4 Geometric properties of sections
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-~ Axes of symmetry
 Centre of gravity of different sections

» Moment of inertia ( T) ’D\//fn)jéﬁ

 Radius of gyration
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Axes of symmetry PANA ACADEMY

Axis of symmetry is a line that divides an object into two

equal halves, two sides are mirror image to each other
l' b
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Axes of symmetry (<~ - 4

( Shest Condce) PANA ACADEMY

Axis of symmetry is a line that d|V|des an object into two
equal halves

u L

J\
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Centre of gravity of different sections PAﬁMMY

Centre of gravity:
Imaginary point where weight of body is thought to be
concentrated.

Centroid: /Coﬁ\ ‘ | S

Imaginary point where area is concentrated.

Also, the centre of mass of an object of uniform density,
. . . - T——

especially of a geometric figure
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Centroid of lines (') 4
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Centroid of lines

PANA ACADEMY
4 y =x°
3 x€[0,2]
2 dy dx?
dx  dx 2x,
° i 1 V14 (2x)2 dx

=+1+4x% dx
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Centroid of lines
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PANA ACADEMY
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Centroid-of lines /Q

&

WS />%b x4y T ar o PANA ACADEMY
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PANA ACADEMY

MCQs
The centroid of semi circular arch with center in origin is

|
szO;yzZr/n

b) x=2r/m;y=2r/n /{'m

c) x=2r/m;y=0

d x=0y=0
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MCQs
PANA ACADEMY

The centroid of semicircular arch with center in origin is

&%Y//x =r;y=2r/n ]2*/)7
b) x =2r/m;y =2r/n X ‘[?,
Ay
c) x=2r/m;y=20 ‘ = f\
d x=2r/m;y=0
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PANA ACADEMY

MCQs

The centroid of semi circular arch with center in origin is

a) x=0;y=2r/n
b) x=2r/m;y=2r/n

ey x=2r/m;y =0 ‘ -
d x=0y=0
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PANA ACADEMY

The centroid of semi circular arch with center at (0, 2r/m ) is

LR

a) x=0;y=2r/n

oY x =2r/m;y = 2r/m. J&‘

c) x=2r/m;y=0 ?'/.1 /
d x=0y=0 ‘ 7

MCQs
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PANA ACADEMY

Centroid of lines

."

Straight-line segment Circular arc

1L, +yoL,

C
0 0 S o sina | *
T S . 1 Li+ L,
L=2ar

L+ L,

|

<l
||

1 Quarter-circular arc 1 Semi-circular arc

r
Chg =2l
A I |
4 X

=
I

15

~

¥ =<l

5
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MCQs Y= %— S —
~Nya M PANA ACADEMY

The centroid path formed by semi circular arch (r=5) with center at
origin and its diameter is

C) Yx = 2r/m;y =0

21
d)Xx=n+2;y=O
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MCQs 4

PANA ACADEMY

The centroid path formed by semi circular arch with center in
origin and its diameter is at

_ yili + y,L,
R _
_ XLy + x,L,
x —
L+ L, <
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Centre of gravity of different sections

[ ydaA __ Y1l + )4y
=74 YT TA 1A,
[ XdA XA + XA,
X = X =
A A + 4,
A= [dA

dA = xdy = ydx

PANA ACADEMY

Er. Dilendra Raj Panta



Centre of gravity of different sections 4

Ay
ey PANA ACADEMY
ydA XdA
A A
) General spandrel
y=k'" 48
pr ~. h
4"11.‘I’h
ntl g
n+2
_ bh
T n+1
y = kx™
When x=b, y =h, so,
h = kb™
4 _bh
T n+1
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Centre of gravity of different sections v
Lo PANA ACADEMY

_:fimquff¢4 A= [dA
Y A’ A dA = xdy = ydx

" General spandrel
/« A=k
b b"™*1  bh ntl .
J),( b :_1, M 4:1 +2 h l

0 n+1l n+1 ot ) h
P rth
P n+2
A-:_ﬁib_
- Y o y2dx b p2x2ngy n+l
jy _ffyx_j 2 _L 2
_l 2b2n+1_k'2b2n.b_ th hzb
T2 2n+1l 4n+2 4n+2 _ J¥dA grxz on+1
Y= bR 4n + 2
n+1
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Centre of gravity of different sections 4
NN — PANA ACADEMY

Rectangular area Triangular area Trapezoidal area
h a
]b

V141 + Y, A a
4 1A1 n ﬁ e '}k—LIJ 7"“’2 Q.v ‘ ’ _ (atb)h _(:*fb)L
1 2

I h / Circular area \[ Seml -cirqular area  Quarter-circular area %}CK& Ysin 2

_ flAl + szz )4)(
X
AL+ A,
/_\ % 3){ A= 1, ™Y
7/

a

<
I

Elliptical area

h

General spandrel
y=k"

n+2b
ntab 2
A=T4 4="14b 4o _bh
CI. ULEI n+1j rdra

—_—

Lo




Trapezoidal area

&
Ib DANA ACADENY

N : i

_; _é ,l‘_(cwb)ék C/ / b
A, =b ,f2=%,qc_\p/l (o- 5) )

6

1 1
CAx 4, + 4, =§(a—b)L+bL=§(a+b)L

s B [?(a—b) 3L?b L*(a—b)+3L%b L?(a+ 2b)
x1A1+x2A = 6 +72 = 6 = 6

_ ~ L*(a + 2b)
x1A1 + szz . 6 _ E(a + Zb)

X =
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Trapezoidal area

_ XA t XA,
T A+ 4, 4
[b DANA ACADENY
L
- - ~
7 .
2L Q\ |
A, ==bL,%, = —
2 2’\\3 % 10
1 1 1
b A:A1+A2=EaL+§bL=§(a+b)L A\ = Lo\ n L/
770 <
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XA + %A, (a6 ) L@+2b) ¢ é
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@\
, ~
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MCQs 4

PANA ACADEMY

The centroid of given shape (’\'1)
300

ﬂr—-w - [

a) 362.5 from top 9{ 1001
Y 362.5 from bottom

- 2375 ’('\'0"‘\ ),QP
c) 300 from bottom

d) cannot be determined

—

+—>
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PANA ACADEMY

MCQs

The centroid of given shape

V141 + ¥24; ) - 160§
Ay + A,

3_1:

¥,=250, A;=100*500
¥,=500+50, A,=300*100

362.5 from bottom
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MCQs

The centroid of given shape

V141 = Yo4; - géz-g —
Ay — A,

3_1:

¥,=600/2, A;=300*600
¥,=500/2, A,=200*500

362.5 from bottom

&

PANA ACADEMY

300 |

600

Lay
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MCQs
PANA ACADEMY

\
\

The centroid of given shape

- T = byl 9o, 3o:p

@ | ® T huh- A N

A2/~ (150,362.5) 1001
}aq (0,362.5)

of (362.5,150)
d) (150, 237.5)
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Centre of weight of different volumes 4

PANA ACADEMY
y = M\Y - _ yiVi +y, V5
T X A7
fxdv/ EEAEE A
X = 7 —
V Vl + V2
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Centre of W%Jhtpf different-volumes 4

@ jb - PANA ACADEMY
7 \‘* »' Cylmfcrg i Semicylinder 3 |
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Centre of weight of different volumes 4

g drow bage 4 PANA ACADEMY

/&Solid and hollow Prism Square pyramid
Z=2,V=Axh
. Solid Pyramid , cone

CU-Lp .
Ry e

Hollow Pyramid , cone

7= 3 KATR

Cylinder 3 Semicylinder

‘- Right-angle
triangular prism

| S

Hemisphere
> _3r_3d  _2_.3
T e e
5
LNVl 5%
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Moment of inertia , &

PANA ACADEMY

Second moment of area. — )

—

Ty = nde I—’“:fyzcy—l:zyzd/l D 1

Moment of inertia is defined as the quantity expressed bx
the body resisting angular acceleration which is the sum
of the product of the mass of every particle with its
square of a distance from the axis of rotation.

Cc qbd"\}‘ Mol .
Always positive R L TV
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Moment of inertia &

PANA ACADEMY

Product moment of area is

I, = f xXydA = z xydA

Principle axis — product moment of inertia is zero ([,;;)

nyl
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PANA ACADEMY
LK

Shape Centroid Moment of inertia

At center

> o
W N
oy
=
w

.y ST
Y =R/

Pz"x“"’f( NA~A

Rey A - L\G\{
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Moment of Inertia 4

PANA ACADEMY

Parallel axis theorem:
Ly = Ipg + AR?

Perpendicular axis theorem:
72 = Lex +1yy

—

I,, is also termed as polar moment of inertia
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Shape Centroid Moment of inertia
b e PWAACKDERY
y=h/2 *7 12
x=b/2 h\>
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Shape

Centroid

Moment of inertia

&

bh3
TS

PANA ACADEMY
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Shape

Moment of inertia

7‘\/ L

Centroid

x=0
/3w y =4r/3n
/j S “'Aé\

nD* nr?
Ly, = 5 = g (base)

_(F_ 8\ _ 4
Lz = (5—o) =011r
(about centroid)

nD*  mr?

Ly = e = glébase)
X =4r/3m 4
5 = 4r/3n Iy = (% - g) — 0.055r*
(about centroid)
’ _ 2rsina r4 1
e X =_ 3a Iz = y (a — ESlTLZCZ)
y =

&

PANA ACADEMY
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Moment of Inertia

T ) PANA ACADEMY
| Ip = Iy + Ad” = Lo + (bh)(ﬁ)2 _ Ly
b2 bl,,w\h\) S T 2’ T3
N
2 /— o
W2 Iy = Iy + Ad® = 1 + (bh)(2)? = Shi?
— )
o ey
} >
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z2- 1
_______,_a_) D4 _ d4 \/@// D4 _ d4
Jron TTEaD 732D
c) D*-—d* d) D* — d*
" 64d " 324

PANA ACADEMY
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Moment of inertia _,». »~

AT 6’
/
) Ton: - PANA ACADEMY
_ 1 1
T [1x = le/ + Ad2 = §7T'r'4 -+ (§7TT2)d2
1 1
—Q ® = é7r204 + (5720%)(55)* = 1.964 10° mm*
E« 23mm I _ ibhg + (bh)d2
30thm 30mm ' Jf-I()mm o 12
s = 112 (30)(65)% + (30 x 65)(42.5)* = 4.209 x 10° mm?
Y
— b3 + 2
i = I3, = 36bh (= bh)d
| i 1
5 (30)(42)3 + (=30 x 42)(47)? = 1.453 x 10°® mm*
42mm 36 2
1
Z : 0 4
A . L,=1;+ Db+ I\gw =7.626 x 10" mm
47 )mm -~ T
30mm ) 30mm 1C L .lck
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MOI of complex shape

PANA ACADEMY
EQLW T / D/,
- G L
G e T
@ - 3v )y
I G0 SN 1)
i
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Moment of inertia 4

Shape Centroid
X = b/z bh3 . blh13 PANA ACADEMY
y=h/2 Iz = 5
m(D* — d*)
At center xx — 64
X=0b/2 bh3
y = h/3 lex =3¢
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Moment of Inertia 4

PANA ACADEMY
About Base: 100 mm 8
) 11 == Ical + Ald% 40 mm
100 x 403
1661 = 12 {bo
, 40\°
A;di =100 x40 x| 150 + —
_ 2
100 mm |
201 _______________________ @ __________________ . 40-mm-
) 12 = ICGZ +A2d%
40 x 1503 Yoo S —
ICG2 = 12 I )
, 150\’ —
I - 11 + 12 -
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Moment of Inertia

o y141 + ¥4,
YT A+ 4
(150 + 42—0) (100 x 40) + (%) (40 x 150)

= ~ 11
100 x 40 + 40 x 150 3 mm

11 = ICGl +A1d% 12 = ICGZ +A2d%

100 x 403
Ical = —12 ICGZ = 12

2
40
A;d? =100 x 40 x (150 + - 113)

I=Il+12

40 x 1503

A;d? = 40 x 1500 X <113 —-—

150
2

)2

&

PANA ACADEMY

100 mm

40 mm

40 mm
100 mm |
________________________________ @._._._._._._._._._. 40_ mm
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Radius of gyration >4
PANA ACADEMY

Radius where entire mass is thought to be concentrated

such that ,moment of inertia is same. o, 4 _O
C G \}»\ M L_ 7

j=4r2 MY

————

I
N
~— o VA
As, I, =1, + 1,
AQ?-A@\ AQ R;:Rgzc-l-R}Z,
R . 8,
R
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Mass moment of Inertia

hoop or
cylindrical
shell

I = MR?

(a)

solid cylinder
or disk
I =} MR

(c)

hollow cylinder

- MR R (S

(b)

rectangular plate
I=5M (@ + b

long thin rod
I =5ML?

(e)

solid sphere
1=%MR?

(2)

&

PANA ACADEMY

long thin rod 6
I=iML? -
3 |'~~-""--.,\--\\
A-"'L- T~

(f)

thin spherical
shell
I =3MR?

(h)
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MCQs

A circular section consists of

a) No line of symmetry

b) One line of symmetry

c) Two line of symmetry

\d)~ Infinite line of symmetry

PANA ACADEMY
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MCQs 4

PANA ACADEMY

The center of gravity of a circle of radius 20 cm will be

a. At the center of the radius
\yA‘t its center of the diameter

c. Anywhere on the circumference

d. Anywhere in its area
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MCQs 4

PANA ACADEMY

In case of an area, the figure is assumed to be a lamina of
negligible thickness so that its centre of gravity will be
practically on the surface. As the area has no weight, this point
is also called the.

a. moment of inertia of areas.
b. neutral axis

\ (ezcentroid

d. None
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MCQs 4

PANA ACADEMY

The point through which the whole weight of the body acts is
called

a. inertial point
JB7center of gravity

c. central point

d. centroid
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MCQs 4

PANA ACADEMY
The centre of is the ratio of the product of
centroid and volume to the total volume.
_ (g
3 - Jdv  a) Centroid axis
b) Density
c) Mass
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; PANA ACADEMY

D
WHe‘?’% will be the centre of gravity of a uniform rod lies?

O

MCQ@M ~

|
a. At its end

4 . \_bZ At its middle point
]

L c. At its centre of its cross sectional area

" d. Depends upon its material

el\ ] J %\& GCUNO\/\,\ J-C(Jé'ﬂﬂq c:\orm l\d&u C\ }C\ &e \\dw)'y, ﬂ-/:)'
) Q ( COr\fl'\ cl 37 —~
’CLQYQ N A ) 0 -"(
X 4&4!%7[\-)»”

%7 Er. Dilendra Raj Panta



MCQs 4

PANA ACADEMY

Point, where the total volume of the body assumed to be
concentrated is.

a. center of area
_Jbcentroid of volume

c. centroid of mass

d. all of the mentioned
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MCQs 4

PANA ACADEMY

The Moment of inertia of a circular section having diameter 10

mm is N
oo

a.490.6 mm*
b. 480.6 mm*
c.981.2 mm*

d 961.2 mm?*
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MCQs 4

PANA ACADEMY

The composite section of area 250 mm? has centroidal axis
8mm from the bottom. The moment of inertia about centroidal
x-axis is 6250 mm*. The moment of inertia about the base is

a. 9750 mm?* PN cedvonda) gy
‘@W\b 22250 mm* e

———— \r\av\

— c. 8250 mm?*
‘l Ca=

™ ) d. 16000 mm*
~bs N yQAYS

Er. Dilendra Raj Panta



4 |

PANA ACADEMY

The radius of gyration along x and y axis are 30 mm and 40 mm
respectively, the radius of gyration along the axis perpendicular

to given axis is JERSD /
a.70 mm @ A j}»
|

MCQs
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PANA ACADEMY

Thank YOU !l
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