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Stability of Floating Structures

▪ Stability of floating structures is a fundamental design problem

that requires understanding of the basic physics that control

the stability of the floaters.

▪ Stability is the game of these physics terms: volume, density, weight,

center of gravity, force, and moments.

Inclining moment produced by moving a Weight 
outboard

Trimming moment



What Is Buoyancy Force

▪ When a body is

immersed in fluid, an

upward force is exerted

by the fluid on the body.

▪ This upward force is equal

to the weight of the fluid

displaced by the body and

is called the force of

buoyancy.



What causes buoyant force?

Buoyant force is the force on an object

exerted by the surrounding fluid.

▪ When an object pushes water, the water pushes

back with as much force as it can.

▪ If the water can push back as hard, the object

▪ floats (boat).If not, it sinks (steel).



Forces Acting on Buoyancy

▪ The buoyant force is caused by the difference between

the pressure at the top of the object (gravitational

force), which pushes it downward, and the pressure at the

bottom (buoyant force), which pushes it upward

▪ Since the pressure at the bottom is always greater than at

the top, every object submerged in a fluid feels an upward

buoyant force.

▪ Buoyancy= “the floating force”

▪ Water is “heavier” than the object…so the object floats

▪ Low density-more likely to float

▪ Buoyant force is measured in Newtons (N)



How do you Calculate BF?

Buoyant Force= Weight of displaced fluid

OR

- WwaterBF =

Buoyant 
Force

Wair

= Weight of 
object in air

- Weight of object

in water



Condition of equilibrium of a floating and
sub-merged bodies

Positive buoyancy:

▪ Buoyant force is greater than

weight so the object floats.

Neutral buoyancy:

▪ Buoyant force is equal to

weight so the object is

suspended in the fluid.

Negative buoyancy:

▪ Buoyant force is less than

weight so the object sinks.



Why do things float?
1. Things float if they are less dense than the fluid they are in.

2. Things float if they weigh less than the buoyant force pushing up

on them.

3. Things float if they are shaped so their weight is spread out.

How can you get 50 kg of solid steel to float?



Shape

• How can you get 50 kg of solid steel to
float?



Centre of Buoyancy

Definition:-

▪ The point through which the force of buoyancy is

supposed to act is known as Centre of Buoyancy.



META-CENTRE

▪ It is defined as the point about which a body starts

oscillating when the body is tilted by a small angle.

▪ It is the point at which the line of action of the force of

buoyancy will meet the normal axis of the body when

the body is given small angular displacement.



Meta-centric Height

• It is the distance between the meta-centre of
floating body and centre of gravity.

• We can find this height by two methods:-

1. Analytical Method

GM =
I
− BG

Here, 
I=Moment of Inertia m 4

=Volume of sub-merged body



Condition of equilibrium of a floating
and sub-merged bodies

Stability of Sub-merged Body:-

a. Stable Equilibrium:-When W=Fb and point B is above G .

b. Unstable Equilibrium:- When W=Fb but B is below G.

c. Neutral Equilibrium:-When W= Fb and B & G are the same

point.





Stability of Floating Body

a. Stable Equilibrium:-If the point M is above G.

b. Unstable Equilibrium:-If the point M is Below G.

c. Neutral Equilibrium:-If the point M is at the G.



Naval Architecture

HYDROSTATICS AND STABILITY:

▪ Stability is resistance to capsizing

▪ Centre of Buoyancy is located at centre of mass

of the displaced water.

▪ Under no external forces, the centre of

▪ gravity and centre of buoyancy are in same

vertical plane.

▪ Upward force of water equals to the weight of

floating vessel and this weight is equal to weight

of displaced water

▪ Under wind load vessel heels, and thus CoB

moves to provide righting (stabilizing) moment.

▪ Vertical line through new centre of buoyancy will

intersect CoG at point M called as Metacentre
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Rules of Floaters Design
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DW Floaters Design Criteria

Hydrostatics and Stability
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DW Concept
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DW Concept
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Intro to hydrostatics and stability
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Stability and Rotational Stiffness
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Stability Satisfying Rules
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Equilibrium Conditions



Other Design Considerations

Global Response of Floating Structures
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Structural Design

Load Conditions and Structural Design Criteria






































