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The main Hydrostatic Particulars are 

: Volume displacement (() 

: Weight displacement (∆) 

: Longitudinal centre of buoyancy (L.C.B) 

: Vertical centre of buoyancy (V.C.B) 

: Longitudinal centre of floatation (L.C.F) :

: BMT :

: BML
: Moment to change trim by 1 cm (MCTI) 

: Tones per centimeter immersion (TPC) 

: Form coefficients 

: Wetted surface area.
Hydrostatic curves are plotted with particulars on the X axis and draft on the Y axis.



2. HYDROSTATIC CALCULATIONS
· To estimate the condition in any stated set of circumstances

· Is a set of tools necessary to calculate the changes from the designed water line calculated over a complete range of water lines?

· Presented either in tabular form known as hydrostatic particulars or as a set of     curves known as hydrostatic curves.
· Calculated based on ARCHIMEDE'S PRINCIPLE
· Density is the mass per unit volume and the unit is kg/m3
· Density of fresh water is 1000 kg/m3 (1 tonnef/m3) 
· Density of sea water is 1025 kg/m3 (1.025 tonnef/m3)
· Relative density of body means density of the body divided by the density of    fresh water.
· When a body is immersed in a liquid, the apparent loss in weight is equal to the weight of the volume of liquid which the body displaces.
· A body of relative density less than one will float in water.
· The weight of a floating body is equal to the weight of the volume of liquid it displaces



2.1.1      AREA OF WATER PLANE AND TRANSVERSE
SECTIONS BY INTEGRATING HALF BREADTHS
Water planes are from half breadth plan
Transverse sections are from body plan
Area is found out by integrating half breadths. 

Examples

1. The half breadths of a ships water plane at
stations 12.2m apart commencing from aft
2.0,7.3,9.8,10.4,10.7,10.6,9.9, 8.8, 7.8,4.2,0.2
meters respectively. Determine the total
area of the water plane.
2. The half ordinates of the part of a ship's
water plane are spaced 12m apart and are
4.2, 7.8, 9.9, 10.5, 10.6,10.4, 9.8, 7.3, and
2.1 meters respectively. Determine the
total area.
3. Determine the area between the first pair of
ordinates if Y1= 4.2m, Y2=7.8m and Y3 =
9.9m. The common interval is 14m.
4. The half ordinate of a transverse section
starting from the top are 5.2, 4.8, 3.7, 2.8,
1.1 and 0 respectively. Calculate the total
area of the section if the spacing of
ordinates is 2.1 m


Procedure:-
Check whether it is a water plane or transverse section. 

: COUNT THE TOTAL NUMBER OF ORDINATES. 

: DECIDE WHICH RULE TO BE APPLIED. 

: FIND THE COMMON INTERVAL. 

: MAKE THE CALCULATION IN A TABULAR FORM.
    : APPLY THE FORMULA AND MULTIPLY BY 2 IF ONLY HALF BREADTHS WEAR GIVEN.



2.1.2 VOLUME BY INTEGRATING AREAS OF WATERPLANE AND AREAS OF TRANSVERSE SECTIONS
: area is found by integrating(Simpsonising) half breadths or ordinates.
: Similarly, Volume is found by integrating areas.
: Volume can be found by integrating waterplane areas as well as transverse sectional areas.
VOLUME BY INTEGRATING WATERPLANE AREAS
:    Waterplane areas must be equally spaced.
: Integrate waterplane areas by applying Simpson's first, second  or third rule wherever applicable.
: h should be distance between full water planes.
: Multiply the result by 2 if the integration is done on half waterplane areas.



:    Volume must be expressed in m3
: EXAMPLE: A rectangular block of wood is of dimension L=40m, B=30m, and D=12m.
Calculate the volume by applying Simpson's first rule and integrating the
waterplane areas.
: EXAMPLE: The half waterplane areas of a ship equally spaced at 0.16m apart are 5.8, 8.0, 10.7, 13.3 m2 respectively. Find the total volume.
VOLUME BY INTEGRATING TRANSVERSE SECTIONAL AREAS
: Transverse sectional areas must be equally spaced.
: Integrate sectional areas by applying Simpson's first, second or third rule wherever applicable.
: h should be distance between full sections or stations.
: Multiply the result by 2 if the integration is done on half sectional areas.



:    Volume must be expressed in m3
: EXAMPLE: A rectangular block of wood is of dimension L=40m, B=30m, and D=12m. Calculate the volume by applying Simpson's first rule and integrating the sectional areas.
: EXAMPLE: The half sectional areas of a ship spaced 2.13m apart are 2.1, 4.1, 5.7 m2 respectively. Find the total volume.
VOLUME DISPLACEMENT
: It is the total volume of fluid displaced by the ship(m3).
MASS DISPLACEMENT
:   It   is   the   mass   of   the   total   fluid displaced.(tonnes,t,or kgf) 

:   equal   to   Volume   displacement   x density  of   liquid   in  which   ship  is floating
    : density of sea water is 1.025 tonne/m3 

      : density of fresh water is 1 tonne/m3 

      : 1 tonne = 1000 Kilogramforce(kgf) 

    : 1 kgf = 9.81 Newtons(N) 

     : 1 Mega Newton (MN) = 106 Newtons. 

      : the term weight displacement will be used loosely to mean mass displacement in metric tonnes.
     DISPLACEMENT
:Displacement is sometimes defined as Light displacement, ballast displacement, loaded displacement.
EXERCISE
:The half sectional areas of a ship 120 m long are 0, 5.2, 6.5, 7.3, 8.4, 10.6, 10.6, 7.3, 4.1, 2.2 and 0 m2 respectively. Find the total displacement in :
: tonnes.
: kgf
: Newtons
: Meganewtons.



3 FIRST MOMENT OF AREA OF WATERPLANE AND TRANSVERSE SECTION, LONGITUDINAL CENTRE OF FLOATATION OF WATERPLANE, VERTICAL CENTRE OF BUOYANCY OF VOLUME.
First moment of an area about an axis is required to determine the position of the centroid relative to that axis Distance of centroid from a given axis   =First moment of the area about the axis divided by Area.
The moments of areas are required about two principal axis.
: about the transverse axis.
: about the longitudinal axis.
Total area = ∫y.dx
Moment of the area about a transverse axis   =   ∫y.x.dx
Centroid of the area about a transverse axis    =   ∫y.x.dx/∫y.dx
Moment of the area about a longitudinal axis       =       ∫1/2.y2.dx
Centroid of the area about longitudinal axis              =      ∫1/2.y2.dx/∫y.dx



Longitudinal Centre of Floatation(L.C.F)
:    It is the centroid of a waterplane.
:    Can be referred from A.P or from midship.
:    It is the point through which the trimmed waterline passes through.
:    It is required for the calculation of trim forward and trim aft.
:    It is calculated by using Simpson's rule and taking levers from A.P or from midship,
:    The   calculation   is  done   only  on   the ordinates of a waterplane.
:    L.C.F = h.∑f(M)/ ∑f(A)
Example
The half breadths in meters of a waterplane at stations 12.2 m apart are 2.0, 7.3, 9.8, 10.4, 10.6, 10.7, 10.6, 9,9, 7.8, 4.2, and 0.2 meters respectively commencing from the aft end. Determine the position of the L.C.F relative to the midship and also relative to the aft end.



Longitudinal Centre of Buoyancy(L.C.B)
: It is the longitudinal position of centre of buoyancy of the volume under given waterline.
:    Can be referred from A.P or from midship
: It is the longitudinal position of the point through which the buoyancy force acts.
: It is required for the calculation of total trim and resistance of the ship.
: It is calculated by using Simpson's rule and taking levers from A.P or from midship.
: The calculation  is done  by using the transverse sectional areas.
:    L.C.B = h.∑f(M)/∑f(V)
Example.
A ship 137 m long floats at a waterline at which the transverse sectional areas at equal spacing from the aft are 0,165, 349, 471, 526, 625, 617, 253, 0 m2 respectively. Calculate the position of L.C.B from midship.



Vertical Centre of Buoyancy(V.C.B)
: It is the vertical position of centre of buoyancy of the volume under given waterline.
:    Can be referred from base line(0 WL)
: It is the vertical position of the point through which the buoyancy force acts.
: It is required for the calculation of the stability of the vessel.
: It is calculated by using Simpson's rule and taking levers from base line(0 WL)
: The calculation is done by using the waterplane areas.
: V.C.B = h.∑f(M)/∑f(V)
Example.
Areas of waterplane of a ship 2.5m apart starting from the base line are 200, 700, 1700, 3100, 3800, 4000 and 4010 m2 respectively. Calculate the vertical position of the centre of buoyancy.



2.1.4 TRANSVERSE AND LONGITUDINAL SECOND MOMENT OF AREA OF THE WATERPLANE
Longitudinal second moment of area (lL).
:lt is the second moment of an area about a transverse axis.
:Usually IL is calculated with respect to midship(lamidshlp)
:Theorem of Parallel Axes    is used to transfer lamidship to ILCF
:The formula  is IL.C.F   = Iamldshjp-A..x2 

A   = Area of waterplane 

x   =   distance   of   L.C.F   from amidship
:The   general   formula   for   longitudinal second moment of area is
Imidship   = ∫x2.y.dx = 2/3.h.h2.∑f(lL)
:ILCF is required to calculate BML   

:The unit of ILCFis m4



EXAMPLE
■The half ordinates of a waterplane 180m long are as given in the table. Calculate the area of waterplane and second moment of the area about a transverse axis passing through L.C.F.
	St.
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1/2
	0
	8
	10
	12
	13
	13
	12
	11
	8
	3
	0

	B
	
	
	
	
	
	
	
	
	
	
	


Transverse second moment of area(lT).
:lt is the second moment of an area about a longitudinal axis.
:Usually IT is calculated with respect to the centreline
:The general formula for transverse second moment of area is
IT   =1/3∫y3.dx = 2.1/3.1/3.h.∑f(lT)
:IT is required to calculate BMT 

The unit of IT is m4


EXAMPLE
:The half ordinates of a waterplane 180m long are as given in the table. Calculate the area of waterplane and second moment of the area about a longitudinal axis passing through the centreline.
	St.
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	
	
	
	
	
	
	
	
	
	
	

	1/2
	0
	8
	10
	12
	13
	13
	12
	11
	8
	3
	0

	B
	
	
	
	
	
	
	
	
	
	
	




2.2 Definition and explanation of transverse and longitudinal metacentric height.
The main forces acting on a floating ship are:
: weight acting downwards through the centre of gravity
: buoyancy acting upwards through the centre of buoyancy
Statical stability
: the tendency of the vessel to return to the upright when inclined from that position.
Stable equilibrium
: if the vessel is slightly inclined from the position of rest, she tends to return to the original position. GM is positive
: if the vessel is slightly inclined from the position of rest, she tends to move away farther from   the original position. GM is negative



Distance of transverse metacentre from centre of buoyancy
BMT = IT/V
: IT is the transverse second moment of area of a waterplane
: V is the Volume displacement
Longitudinal metacentric height
:lt is the distance between the centre of gravity(G) and the longitudinal metacentre(ML)
              :lf ML is above G then GML is positive 

              :lf ML is below G then GML is negative
Distance of longitudinal metacentre from centre of buoyancy
BML = IL/V
: IL is the longitudinal second moment of area of a waterplane 

: V is the Volume displacement



: If the vessel is slightly inclined from the position of rest she tends neither tends to return to nor move farther from the original position. GM = 0
Transverse metacentric height
:lt is the distance between the centre of gravity(G) and the transverse metacentre(MT)
:lf MT is above G then GMT is positive 

:lf MT is below G then GMT is negative
Righting lever of stability
:lt is the distance GZ in the figure.
Moment of statical stability
:lt is the product of the displacement and righting level of stability
= ∆ . GZ
= ∆ . GM SinӨ



2.3 Define and calculate TPCM and form coefficients such as Cb, Cp, Cm etc.
Tons per Centimetre Imersion(TPCM)
The TPCM is the weight to be added or deducted from a ship in order to change the mean draft by 1 cm.
When a ship is floating at a particular draft, its area of waterplane is A m2. If we increase the mean draft by 1 cm the volume of displacement will change by:
Change in volume = Aw.(1/100)   m3
Change in displacement = Aw.(1/100).weight density of water
Weight density  of  sea water  =   1.025 tonnef/m3
Weight   density   of   fresh   water=   1.0 tonnef/m3
TPCM(Sea water)     = Aw.1.025/100 

TPCM(Fresh water) = Aw.1.0/100



2.3 Define and calculate form coefficients such as Cb Cp Cm Cw  etc
Form Coefficients
Form is used in general terms to describe the shape of the hull of a ship and compare one ship with another. It is expressed as coefficients such as Block coefficient, Prismatic coefficient etc.
Block coefficient Cb
The block coefficient represents the fullness/fineness of the ship. It can exceed 0.8 for tankers and can be less than 0.5 for fine forms. 
Cb =    Volume displacement/Length.Breath.Draft 

     = V/LB.T

Block coefficient Cb
The block coefficient is the ratio of the volume of displacement to a given waterline and the volume of the circumscribing block of constant rectangular section having the same length, breadth and draft of the ship.
[image: image1.jpg]



Cb  =  V/LBI
Prismatic coefficient Cp
The prismatic coefficient also represents the fullness/fineness of the ship. It can generally exceed 0.55 for merchant ships.
Cp =    Volume    displacement/Midship section area x Length = V/Am.L
Prismatic coefficient Cp
It is the ratio of the volume of displacement of the ship to the volume of the circumscribing block having a constant section equal to the immersed midship section of the ship Am and the length L of the ship.
C=V/(LAm)
[image: image2.jpg]Fig. 9.4





Midship section coefficient Cm
           The midship section coefficient represents the fullness/fineness of the midship section of the ship. The value of Cm can exceed 0.85 for merchant ships.

Midship Section area coefficient(Cm)
It is the ratio of the immersed area of the midship section to the area of the circumscribing rectangle having a breadth equal to that of the ship and depth equal to draft.
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                     Cm  =  Am/(B.d)



Waterplane area coefficient Cw
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The waterplane area coefficient represents the fullness/fineness of the waterplane area. It can vary from 0.7 for ships with fine ends to 0.9 for ships with much parallel middle body.
Cw = Waterplane area/Length x Breadth 

      = Aw/L.B
NOTE : ALL COEFFICIENTS HAVE NO UNITS AND WILL NEVER BE GREATER THAN 1.0
               Cb = Cp. Cm



