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Subject- Strength of Material Unit title- Moment of inertia

CONCEPT OF CENTRE OF GRAVITY (C.G.) &
MOMENT OF INERTIA (M.I) USED IN
ANCIENT CONSTRUCTIONS

Anmeni Indian Engineers used scientific principles in constructlon
The concepts of C.G. and M.l were apphed prachcaﬂy for strength stablhry and durabtllty j

B 1. CONCEPT OF CENTRE OF GRAVITY.(C.G.) (NI 2. CONCEPT OF MOMENT OF INERTIA (M )

The point through which the total weight of a body acts. M.L is the resistance offered by a section against bending
Keeping the C.G. low and at the center gives stability or deformation. Ancient builders used suitable shapes and
to the structure. h dimensions to increase M., and strength.

AL Al I @

UNSTABLE STABLE SYMMETRICAL LOW'M.L. HIGH M.L HIGH M.L
(High C.G) (Low C.G) (C.G. at Center) (Weak Section) (Strong Section) (Strong Section)
APPLICATIONS IN ANCIENT CONSTRUCTIONS APPLICATIONS IN ANCIENT CONSTRUCTIONS
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| A TEMPLES § DJ'STONE BRIDGES

T Heavy base
o thick walls

"L*- - Lower C.G.
-

i
il More
¥ [EE Stability

! + Wide and heavy base, gradually lighter
| towards the top. - T
+ Symmetrical structure keeps C.G. at the

center and low.

|« Large cross-sectional area increases M.1,
« Circular and polygonal columns resist
bending better.
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iR i || f Name :Ashoka Pillar, Sarnath
@ Era : 1010 AD i ' | (8] Era 1250 BC

I
|
J @ King : Raja Raja Chola 1 + Arch shape distributes loads || @ King :Emperor Ashoka {
i, 2 Dynasty Chola Dynasty y uniformly. | @ Dynasty Maury«l Dynasl‘y I
F - = [ ————

+ C.G. acts downwards at the center,

compressive forces increase stability.
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(8 Name o Kallgnal (GmndAmm).TamﬂNadu
@ Era :+ =200 BC

| | % King : Karikala Chola
@ Dynasty: Early Chola Dynasty

=
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* Fort walls are thicker at the base
and narrower at the top.

* Heavy construction keeps C.G. fow,
priventing overturning.

4 Name : Raigad Fort, Maharashtra
(& Era + 17% Century (1674 AD)

@ King  : Chhatrapati Shivaji Maharaj
2 Dynnsty Maratha Empire

+ Curved shape increases M.l
« Leads are transferred as compression,
rcduuns bending stress.

(@ Mame : Gol Gumbaz, Bijapur

B Era 1 1626-1656 AD
@ King  : Sultan Muhammad Adil $hah

Light roof
{Upper part)

. Heavy walls
{Lower part)

=l

- oo + The load acts at the center and . - ia
|+ Heavy walls and columns, light roof. distributes along the curve. |« Arch shape has high M.1. and strength,
+ Low C.G. gives stability and safety + Proper balance of C.G. and tension |+ Load is transferred to the supports,
against wind and earthquakes. in ropes provides stability. | impmvins stability,
(4 Name : Traditianal Wada House, Maharashtra- ﬂ Name - Liﬁgkoozsndges, Meghalaya || | "® MName :Sanchi Stupa (Gates & Arches)
; 2 Era : 18% Century | 8 Era 1 15 = 19% Century } (il Era  :3" Century BC - 1" Century BC
|| & King : Peshwa Madhavrao | | @ Commualty: Khasi Tribe | ® King :Emperor Ashoka
[ ® Dymasty: Mirsthe Emprm (Peshwa Period) {Traditional Builders) | J‘ 3] Dynasty : Maurya Dynasty

§ _ KEYENGINEERING PRACTICES IN'ANCIENT INDIA B concison |
oy f . oty |
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| ‘ | Ancient Indian architects and engineers had deep
! H understanding of structural behaviour. By applying the

| e concepts of Centre of Gravity and Moment of Inertia through
; | experlence and observation, they built temples, bridges,
Wide Japering | Symmetrical $tone Load | Strong forts and houses that are still standing strong even today.

Foundations | Structures | Design | Interlocking = Distribution | Sections = [

(& Dynasty : Adil Shahi Dynasty I
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Question Bank

Define - i) Moment of inertia ii) Radius of gyration

Explain polar moment of inertia

State the parallel axis theorem & perpendicular axis theorem with mathematical
formula.

An Angle section 120 mm x 100 mm x 20 mm is placed such as its longer leg is
horizontal. Calculate M.I. about centroidal horizontal axis only. (i.e. Ixx only)

A hollow circular section having 200 mm external diameter and 100 mm internal
diameter. Calculate the moment of the section about any of the tangent. Also find
polar moment of inertia.

A hollow square has inner dimensions a x a and outer dimensions 2a x 2a. Find
moment of inertia about the outer side.

A circular disc has diameter of 80mm. Calculate M.I. about its any one tangent.
Determine the Ml of unsymmetrical I-section having following details : Top flange
160mm x 12mm Bottom flange 240mm x 12Zmm Web 200mm x 10mm

Define ‘Polar moment of Inertia’. Calculate Polar moment of Inertia for square lamina
of side 40 cm

Calculate the M.I. for the following given section.

10 mm

|
100mm | —» [+ 10 mm

10 mm

50 mm

Calculate the moment of inertia about the base of composite lamina made up of a
semicircle of 150 mm base diameter is removed from base of rectangle 150 mm x 150
mm such that lamina is symmetrical to Y-axis.

Calculate the M.I. of a T-section about its horizontal centroidal axis. Assume flange
size = 200x10mm, vertical web = 180x12mm.

Calculate the moment of inertia about both centroidal axis for an equal angle section

180x180x10mm size




14. From a plate 4 cm x 8 cm a triangular portion is cut-off as shown in Figure No. 1.
Calculate M1 of remainder about horizontal line PQ passing through base of the lamina
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15. A T-section having flange 200 mm x 40 mm and web 40 mm x 200 mm, overall depth
240 mm is used as beam. It is subjected to shear force 75 kN. Calculate shear stress
and draw shear stress distribution diagram. N.A. is at 80 mm from top.




