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Inclining Experiment 

Pre-Laboratory Version 

 

1. Laboratory Instructor 

 CDR Suttipong Paksuttipol, RTN 

 MEng Naval Architecture and Marine Engineering 

 Lecturer, Marine Engineering Department, Academic Branch, Royal Thai Naval Academy 

2. Ship Stability Introduction 

 An inclining experiment is an experiment on a ship to determine its stability characteristics such as the 
center of gravity and the metacentric height. This experiment is conducted at various conditions of 
displacements. As a result, definitions of ship displacements are given. In addition, the characteristics of ship 
stability are described with equations. 

 2.1 Ship Displacements 

 Displacement is the weight of water that a ship’s hull displaces when it is floating, which in turn is the 
weight of a ship. Displacement is normally measured in units of tonnes (1000 kg) or tons (1 tonnes = 1.102 tons) 
and can be calculated as Equation 1. 

  bC LBT              (1) 

 where    = ship’s displacement 
    = water density 
    = ship’s underwater volume 
  bC  = block coefficient 

  L  = ship’s length 
  B  = ship’s breadth 
  T  = ship’s draft 

 It is noted that the densities of fresh water and sea water are generally considered as 1.000 tonne/m3 
and 1.025 tonne/m3, respectively. Block coefficient is a ratio of the volume of the ship’s displacement to that 
of a rectangular block with the same length, breadth and draft. Ship’s length for merchant practice is commonly 
the length between forward and after perpendiculars, while the waterline length is typically selected for the 
practice of naval vessels. The maximum breadth at the waterline is ordinarily used in this calculation. Ship’s 
draft in Equation is supposed to be a mean draft which is usually the average of forward and after drafts. 
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 The displacement of a ship can be considered in various conditions. Lightship displacement or light 
displacement is defined as a weight of a ship without cargoes, fuel, water, ballast, stores, passengers and crew. 
The definition of loaded displacement is a weight of a ship including cargoes, fuel, water, ballast, stores, 
passengers and crew. The weight difference between lightship displacement and loaded displacement is called 
deadweight or dead weight. As a result, deadweight is a ship’s carrying weight such as cargoes, fuel, water, 
stores as well as passengers and crew. 

 2.2 Ship Stability 

 Stability perhaps represents the most significant aspect of ship design because it reflects the safety of 
a ship. To achieve the excellent safety, the stability characteristics are required to determine at any conditions. 
In the consideration of transverse intact stability, the centers of gravity (G) and buoyancy (B) as well as the 
metacenter (M) are supposed to be obtained. These stability characteristics with the location of keel (K) are 
presented in Figure 1. 

 

Figure 1 stability characteristics of an intact ship 

 In Figure 1 (a), the center of gravity of a ship is the point where the force of gravity acts vertically 
downwards. This force is equal to the weight of a ship. The distance between the keel and the center of gravity 
is denoted as KG or VCG (Vertical Center of Gravity). The center of buoyancy is the point where the force of 
buoyancy act vertically upwards. The buoyancy force is equivalent to the weight of water displaced. The 
distance between the keel and the center of buoyancy is denoted as KB or VCB (Vertical Center of Buoyancy). 
In order to float at rest in still water, a ship must displace its own weight of water. Therefore, the center of 
gravity must be in the same vertical line as the center of buoyancy. 

 Now let the ship be inclined at a small angle ( ) as shown in Figure 1 (b). Because of no change in 
the distribution of weights, the center of gravity will remain at G and the force of gravity still acts vertically 
downwards. On the other hand, as a ship inclined, the underwater volume of a ship is changed leading to the 
movement of the center of buoyancy. The verticals through the centers of buoyancy at two consecutive angles 
of heel intersect at a point called the metacenter. For a small inclining angle, the metacenter can be considered 
to be fixed and this metacenter is then called as initial metacenter. The distance between the center of gravity 
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and the metacenter is referred to as metacentric height (GM). If G is below M, metacentric height is positive, 
whereas metacentric becomes negative as G is above M. The value of GM is crucial to ship stability. 

 2.3 Calculation of Stability Characteristics 

 The center of buoyancy can be calculated as the centroid of the underwater volume of a ship. In the 
case of that the underwater volume is a regular box, the KB value can be obtained as the half of the mean 
draft. The distance between the center of buoyancy and the metacenter (BM) is defined as Equation 2. 

   I
BM 


         (2) 

 where  I  = the second moment of area (In a case of a rectangular box, 𝐼 = 1

12
𝐿𝐵3) 

 The value of GM can be determined by shifting a weight within the ship as Equation 3. 
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 where  w  = the shifted weight 
  d  = the shifting distance 
    = the inclining angle 

  


