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Problem Statement for Ship Design 
Determination of Ship’s Principal Dimensions

� Given: Shipowner’s requirements

� Deadweight (DWT)

� Capacity of the cargo hold (VCH)

� Service speed (Vs)

� Daily Fuel Oil Consumption (DFOC)

� Endurance

� …

� Find: Ship’s principal dimensions

� Length (L)

� Breadth (B)

� Depth (D)

� Draft (T)

� Block coefficient (CB)
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1. 중량에 의한 주요 치수 결정

2. 용적식에 의한 주요 치수 결정

3. 건현 추정

4. 방형계수 선정

5. 선박 건조비 추정

6. 주요 치수 설계를 위한 설계 모델

선박 설계 문제의 정의

주어진 사항: 선주의 요구조건

재화중량 (DWT)

화물창 용적 (VCH)

운항 속도 (Vs)

일일 연료유 소비량 (DFOC)

항속력

...

구할 것: 선박의 주요 치수

길이 (L)

폭 (B)

깊이 (D)

흘수 (T)

방형계수 (CB)
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Production
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Detail
Design

System
Diagram

• System Diagram
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• BOM

• Outfitting Arrangement
• Outfitting BOM

• Production Plans
- Working Plans
- Installation Plans
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• Detailed Construction Plan
• Local Analysis

Hull Design Outfitting Design

Production
(Construction
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• Key Plan
• Building Specifications

• Production Plans
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• Steel Material BOM

• Preliminary Hull Form
- Lines, Offset
• Propeller Design
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and Hydrodynamic Performance 
• Model Test
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• Ship Calculation
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• Midship Section Plan
• Typical Bulkhead
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Calculation & BOM
• Cost Estimation
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Process of Principal Dimensions Design

Analysis of shipowner’s requirements

Estimation of lightweight

Rough design for general arrangement

Rough design for hull structure

Rough design for outfitting

Estimation of shipbuilding cost

Preparation of technical documents

Calculation of freeboard

Rough design for hull form

Determination of principal dimensions

Prediction of resistance and power

Propeller design

Selection of main engine

Estimation of capacity of the cargo hold
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선박 설계 과정 개요

선주 • 선주 요구조건 DWT, 속도, DFOC 기본 설계 비용, 인도 영업 및 마케팅 • 선형 설계 • 일반 배치 설계 • 구조 설계 예비 선형 •
일반 배치 • 중앙 횡단면도 선도, 오프셋 • 선박 계산 • 일반 격벽 프로펠러 설계 • 중량 추정 • 구조 해석 선주 문의 • 기관 출력 추정
예비 설계 기관 배치 개략 사양 및 유체역학적 성능 주요 치수 • 주요 장비 용량 배치도 스케치 • 모형시험 의장 설계 계산 및 BOM 예비
선형 - 비용 및 비용 산정 • 비용 산정 건조 사양 예비 구획 예비 구조 • 키 플랜 건조 사양 예비 의장 상세/생산 설계 선체 설계 • 의장 설계
건조용 선도 • 시스템 정의 • 시스템 도면 종방향 배치도 - P&ID, 배선도 BOM 상세 건조 계획 • 의장 배치 상세 • 상세 방법) • 국부 해석
• 의장 BOM 설계 • 설계 생산 계획 • 생산 계획 절단 계획 - 작업 계획 생산 생산 조립 계획 - 설치 계획 설계 설계 강재 자재 BOM • 생산
수량

1. 중량 방정식 요구조건에 따른 주요 치수 결정
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8

� Weight equation

� Dimensions of a deadweight carrier whose design is weight critical are 
determined by the following equation.

� Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an 
appropriate assumption.

(1 )BL B T C DWT LWT        
 Given: DWT (shipowner’s requirement)

 Find: L, B, T, and CB

How can you estimate the LWT?

: Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3 

: Fraction of the shell appendage allowance, i.e., 
displacement of shell plating and appendages as 
a fraction of the moulded displacement

DWT LWT W 

...(3)

: Weight equation

2026-08-03 (Mon)

4

SEOUL NAT’L UNIV.

1. Determination of
the Principal Dimensions
by the Weight Equation 
Requirements

SEOUL NAT’L UNIV.

Determination of the Principal Dimensions by the Weight Equation

8

� Weight equation

� Dimensions of a deadweight carrier whose design is weight critical are 
determined by the following equation.

� Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an 
appropriate assumption.

(1 )BL B T C DWT LWT        
 Given: DWT (shipowner’s requirement)

 Find: L, B, T, and CB

How can you estimate the LWT?

: Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3 

: Fraction of the shell appendage allowance, i.e., 
displacement of shell plating and appendages as 
a fraction of the moulded displacement

DWT LWT W 

...(3)

: Weight equation

2026-08-03 (Mon)

4

SEOUL NAT’L UNIV.

1. Determination of
the Principal Dimensions
by the Weight Equation 
Requirements

SEOUL NAT’L UNIV.

Determination of the Principal Dimensions by the Weight Equation

8

� Weight equation

� Dimensions of a deadweight carrier whose design is weight critical are 
determined by the following equation.

� Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an 
appropriate assumption.

(1 )BL B T C DWT LWT        
 Given: DWT (shipowner’s requirement)

 Find: L, B, T, and CB

How can you estimate the LWT?

: Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3 

: Fraction of the shell appendage allowance, i.e., 
displacement of shell plating and appendages as 
a fraction of the moulded displacement

DWT LWT W 

...(3)

: Weight equation

2026-08-03 (Mon)

4

SEOUL NAT’L UNIV.

1. Determination of
the Principal Dimensions
by the Weight Equation 
Requirements

SEOUL NAT’L UNIV.

Determination of the Principal Dimensions by the Weight Equation

8

� Weight equation

� Dimensions of a deadweight carrier whose design is weight critical are 
determined by the following equation.

� Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an 
appropriate assumption.

(1 )BL B T C DWT LWT        
 Given: DWT (shipowner’s requirement)

 Find: L, B, T, and CB

How can you estimate the LWT?

: Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3 

: Fraction of the shell appendage allowance, i.e., 
displacement of shell plating and appendages as 
a fraction of the moulded displacement

DWT LWT W 

...(3)

: Weight equation

2026-08-03 (Mon)

4

SEOUL NAT’L UNIV.

1. Determination of
the Principal Dimensions
by the Weight Equation 
Requirements

SEOUL NAT’L UNIV.

Determination of the Principal Dimensions by the Weight Equation

8

� Weight equation

� Dimensions of a deadweight carrier whose design is weight critical are 
determined by the following equation.

� Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an 
appropriate assumption.

(1 )BL B T C DWT LWT        
 Given: DWT (shipowner’s requirement)

 Find: L, B, T, and CB

How can you estimate the LWT?

: Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3 

: Fraction of the shell appendage allowance, i.e., 
displacement of shell plating and appendages as 
a fraction of the moulded displacement

DWT LWT W 

...(3)

: Weight equation

2026-08-03 (Mon)

4

SEOUL NAT’L UNIV.

1. Determination of
the Principal Dimensions
by the Weight Equation 
Requirements

SEOUL NAT’L UNIV.

Determination of the Principal Dimensions by the Weight Equation

8

� Weight equation

� Dimensions of a deadweight carrier whose design is weight critical are 
determined by the following equation.

� Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an 
appropriate assumption.

(1 )BL B T C DWT LWT        
 Given: DWT (shipowner’s requirement)

 Find: L, B, T, and CB

How can you estimate the LWT?

: Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3 

: Fraction of the shell appendage allowance, i.e., 
displacement of shell plating and appendages as 
a fraction of the moulded displacement

DWT LWT W 

...(3)

: Weight equation

2026-08-03 (Mon)

4

SEOUL NAT’L UNIV.

1. Determination of
the Principal Dimensions
by the Weight Equation 
Requirements

SEOUL NAT’L UNIV.

Determination of the Principal Dimensions by the Weight Equation

8

� Weight equation

� Dimensions of a deadweight carrier whose design is weight critical are 
determined by the following equation.

� Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an 
appropriate assumption.

(1 )BL B T C DWT LWT        
 Given: DWT (shipowner’s requirement)

 Find: L, B, T, and CB

How can you estimate the LWT?

: Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3 

: Fraction of the shell appendage allowance, i.e., 
displacement of shell plating and appendages as 
a fraction of the moulded displacement

DWT LWT W 

...(3)

: Weight equation

2026-08-03 (Mon)

4

SEOUL NAT’L UNIV.

1. Determination of
the Principal Dimensions
by the Weight Equation 
Requirements

SEOUL NAT’L UNIV.

Determination of the Principal Dimensions by the Weight Equation

8

� Weight equation

� Dimensions of a deadweight carrier whose design is weight critical are 
determined by the following equation.

� Deadweight is given by the shipowner’s requirement, whereas the total weight
is not a given value. Thus, lightweight (LWT) should be estimated by an 
appropriate assumption.

(1 )BL B T C DWT LWT        
 Given: DWT (shipowner’s requirement)

 Find: L, B, T, and CB

How can you estimate the LWT?

: Density of seawater = 1.025 Mg/m3 = 1.025 ton/m3 

: Fraction of the shell appendage allowance, i.e., 
displacement of shell plating and appendages as 
a fraction of the moulded displacement

DWT LWT W 

...(3)

: Weight equation

1. 중량식 요구조건에 따른 주요 치수 결정

중량식에 따른 주요 치수 결정

중량식

중량을 기준으로 설계하는 재화중량 운반선의 치수는 다음 식으로 결정한다.

주어짐: DWT(선주의 요구조건) 구함: L, B, T 및 CB

재화중량은 선주의 요구조건으로 주어지는 반면, 총중량은 주어진 값이 아니다. 따라서 경하중량(LWT)은 적절한 가정에
따라 추정해야 한다.
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Assume that the Lightweight is the Same as that of the Basis Ship. (1/3)

9

� At the early design stage, there are few data available for the estimation 
of the lightweight. 

� The simplest possible way of estimating the lightweight is to assume that 
the lightweight does not change in the variation of the principal 
dimensions.

� Finding a solution for this equation is a complex matter, because there are 
4 unknown variables (L, B, T, and CB) with one equation, which means this 
equation is a kind of indeterminate equation.

� Moreover, the unknown variables are multiplied by each other, which 
means this equation is a kind of nonlinear equation.

Method 1: Assume that the lightweight is the same as that of
the basis ship.

(1 ) B sisB aL B T C TT LWDW        

BasisLWT LWT

...(4.1)

SEOUL NAT’L UNIV.

Weight Estimation: Method 1
Assume that the Lightweight is the Same as that of the Basis Ship. (2/3)

10

� The equation (4.1) is called nonlinear indeterminate equation which has 
infinitely many solutions.

� Therefore, we have to assume three unknown variables to solve this 
indeterminate equation.

� The principal dimensions must be obtained by successive iteration until 
the displacement becomes equal to the total weight of ship. (∵ nonlinear 
equation)

� We can have many sets of solutions by assuming different initial values. (∵
indeterminate equation)

� Thus, we need certain criteria to select a proper solution.

(1 ) B sisB aL B T C TT LWDW         ...(4.1)
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경하중량이 기준선과 같다고 가정한다. (1/3)

초기 설계 단계에서는 경하중량을 추정하는 데 이용할 수 있는 자료가 거의 없다.

경하중량을 추정하는 가장 간단한 방법은 주요 치수의 변화에 따라 경하중량이 변하지 않는다고 가정하는
것이다.

방법 1: 경하중량이 다음과 같다고 가정한다

기준선.

기준

이 방정식의 해를 구하는 일은 복잡하다. 미지수가 4개(L, B, T, CB)인데 방정식은 1개뿐이므로, 이 방정식은
일종의 부정방정식이기 때문이다.

또한 미지수들이 서로 곱해져 있으므로, 이 방정식은 비선형 방정식이기도 하다.

경하중량이 기준선과 같다고 가정한다. (2/3)

방정식 (4.1)은 무한히 많은 해를 갖는 비선형 부정방정식이라고 한다.

따라서 이 부정방정식을 풀려면 미지수 3개를 가정해야 한다.

배수량이 선박의 총중량과 같아질 때까지 주요 치수를 반복적으로 구해야 한다. (∵ 비선형 방정식)

서로 다른 초기값을 가정하면 여러 해의 조합을 얻을 수 있다. (∵ 부정방정식)

따라서 적절한 해를 선택하기 위한 일정한 기준이 필요하다.
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� For example, this is the first set of solutions.

� The ratios of the principal dimensions L/B, B/T, and CB can be obtained 
from the basis ship.

� Substituting the ratios obtained from the basis ship into the equation (4.1), 
the equation can be converted to a cubic equation in L.

(1 )BL B T C W       

(1 )B

B T
L L B C W

L B
               

   

2

3 (1 )B

B T
L C W

L B
             

   

(1 )B

B B T
L L C W

L L B
                  

     
２ ．

1
2 3( / ) ( / )

(1 )

Basis Basis

B

W L B B T
L

C  
  

     

SEOUL NAT’L UNIV.

Weight Estimation: Method 2
Assume that the Total Weight (W) is Proportional to the Deadweight.

(1 )BL B T C W       

Therefore, the total weight of design ship can be estimated by 
the ratio of deadweight to total weight of the basis ship.

Basis

Basis

W
DWT

DWT
W  

Weight equation

Method ②: Basis

Basis

W
W DWT

DWT
 

Given: DWT, Find: L, B, T, CB

...(3)
(1 )

B
L B T C W       

DWT LWT 

...(4.2)

Basis

Basis

DWT DWT

W W


Since the lightweight is assumed to be invariant in the ‘Method 1’, even though the 
principal dimensions are changed, the method might give too rough estimation.

How can you estimate the lightweight more accurately than the ‘Method 1’?

Method 2: Design ship and basis ship are assumed to have the 
same ratio of deadweight to total weight.

12
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Since the lightweight is assumed to be invariant in the ‘Method 1’, even though the 
principal dimensions are changed, the method might give too rough estimation.

How can you estimate the lightweight more accurately than the ‘Method 1’?

Method 2: Design ship and basis ship are assumed to have the 
same ratio of deadweight to total weight.
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경하중량이 기준선의 경하중량과 같다고 가정한다. (3/3)

예를 들어, 이는 첫 번째 해 집합이다.

주요 치수 L/B, B/T 및 CB의 비는 기준선에서 구할 수 있다.

기준선에서 얻은 비를 식 (4.1)에 대입하면, 식을 L에 대한 3차 방정식으로 변환할 수 있다.

L B T C (1 ) W

L C (1 ) W

W ( L B / ) ( B T / ) L C (1 )

총중량(W)이 재화중량에 비례한다고 가정한다.

방법 2: 설계선과 기준선의 재화중량 대 총중량 비가 같다고 가정한다.

재화중량 대 총중량의 동일한 비율.

따라서 설계선의 총중량은 다음과 같이 추정할 수 있다.

기준선의 재화중량 대 총중량 비를 이용해
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where the coefficient CLWT can be obtained from the basis ship.

( , , )LWT f L B D

Method 3: Assume that the lightweight is dependent on the 
principal dimensions such as L, B, and D.

...(4.3)

To estimate the lightweight, we will introduce the volume variable 
L·B·D and assume that LWT is proportional to L·B·D.

The lightweight estimated in the ‘Method 2’ still has nothing to do with the variation of 
the principal dimensions.

How can you estimate the lightweight more accurately than the ‘Method 2’?
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...(4.2)

Weight equation

Method ③:

Given: DWT, Find: L, B, T, CB

...(3)
(1 )BL B T C W       

DWT LWT 

LWT
LWT C L B D   13

SEOUL NAT’L UNIV.

Weight Estimation: Method 4
Estimate the Lightweight in Three Components.

How can you estimate Ws, Wo, and Wm ?
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경하중량이 선박의 용적에 따라 달라질 수 있다고 가정한다.

방법 3: 경하중량이

L, B, D와 같은 주요 치수에 의존한다고 가정한다.

LWT f L B D ( , , )

경하중량을 추정하기 위해 용적 변수 L·B·D를 도입하고, LWT가 L·B·D에 비례한다고 가정한다.

여기서 계수 CLWT는 기준선에서 구할 수 있다.

L B T C ...(4.2) (1 ) D W T C L B D B LWT ...(4.3)

경하중량을 더 정확하게 추정하려면 어떻게 해야 하는가?

선박은 선체 구조, 의장 및 기관으로 구성된다고 가정한다.

이 가정에 따르면 각 구성 요소의 중량을 추정할 수 있을 때 경하중량을 더 정확하게 추정할 수 있다.

방법 4: 구조 중량(Ws), 의장 중량(Wo) 및

구성 요소별 기관 중량(Wm)을 추정한다.

Ws, Wo, Wm이 주요 치수에 의존한다고 가정한다.
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Estimation of the Structural Weight (Ws): Method 4-1

* Regression analysis is a numerical method which can be used to develop equations or models from data when there is no or limited 
physical or theoretical basis for a specific model. It is very useful in developing parametric models for use at the early design stage.

( , )sW f L B B D  

Parameters (Cs , α , β) can be obtained from as-built ship data by regression analysis.

To estimate the structural weight, we will introduce an ‘area variables’ such 
as L·B or B·D.

Method 4-1:

Since the structural weight of a ship is actually composed of stiffened plate 
surfaces, some type of ‘area variables’ would be expected to provide a better 
correlation. 

( , , )sW f L B D

For example, assume that structural weight is proportional to Lα and (B+D)β.

( )s sW C L B D   

Assume that the structural weight (Ws) is a function of L, B, and D as follows:

s o mLWT W W W= + +
Ws: Structural weight
Wo: Outfit weight
Wm: Machinery weight
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(b) If sets of as-built ship data (X1i, X2i; Yi) are available, then the parameters can be obtained 
by finding a function that minimizes the sum of the squared errors, “least square method”, 
which is the difference between the sets of the data and the estimated function values.

1.6
( )s sW C L B D   

, 1.6, 1SC    

ln ln ln ln( )s SW C L B D    
Y 0A 1X 2X

1 2oY A X X    

(a) To perform the regression analysis, we transform the above 
nonlinear equation into a linear form by applying a logarithmic 
operation on both sides, resulting in a logarithmic equation.

: Logarithmic Form

: Linear Equation

( )s sW C L B D  

The above equation indicates that length (L) has a significantly greater exponential effect on the 
structural weight (Ws) compared to variables B and D.

e.g., for 302K VLCC, Cs = 0.0414

1X

2X

Y
1 2oY A X X   

Regression analysis plane for data on 
the variables Y, X1 and X2

2026-08-03 (Mon)

8

SEOUL NAT’L UNIV.

15

Weight Estimation: Method 4
Estimation of the Structural Weight (Ws): Method 4-1

* Regression analysis is a numerical method which can be used to develop equations or models from data when there is no or limited 
physical or theoretical basis for a specific model. It is very useful in developing parametric models for use at the early design stage.

( , )sW f L B B D  

Parameters (Cs , α , β) can be obtained from as-built ship data by regression analysis.

To estimate the structural weight, we will introduce an ‘area variables’ such 
as L·B or B·D.

Method 4-1:

Since the structural weight of a ship is actually composed of stiffened plate 
surfaces, some type of ‘area variables’ would be expected to provide a better 
correlation. 

( , , )sW f L B D

For example, assume that structural weight is proportional to Lα and (B+D)β.

( )s sW C L B D   

Assume that the structural weight (Ws) is a function of L, B, and D as follows:

s o mLWT W W W= + +
Ws: Structural weight
Wo: Outfit weight
Wm: Machinery weight

SEOUL NAT’L UNIV.

16

Weight Estimation: Method 4
Estimation of the Structural Weight (Ws): Method 4-1

(b) If sets of as-built ship data (X1i, X2i; Yi) are available, then the parameters can be obtained 
by finding a function that minimizes the sum of the squared errors, “least square method”, 
which is the difference between the sets of the data and the estimated function values.

1.6
( )s sW C L B D   

, 1.6, 1SC    

ln ln ln ln( )s SW C L B D    
Y 0A 1X 2X

1 2oY A X X    

(a) To perform the regression analysis, we transform the above 
nonlinear equation into a linear form by applying a logarithmic 
operation on both sides, resulting in a logarithmic equation.

: Logarithmic Form

: Linear Equation

( )s sW C L B D  

The above equation indicates that length (L) has a significantly greater exponential effect on the 
structural weight (Ws) compared to variables B and D.

e.g., for 302K VLCC, Cs = 0.0414

1X

2X

Y
1 2oY A X X   

Regression analysis plane for data on 
the variables Y, X1 and X2

2026-08-03 (Mon)

8

SEOUL NAT’L UNIV.

15

Weight Estimation: Method 4
Estimation of the Structural Weight (Ws): Method 4-1

* Regression analysis is a numerical method which can be used to develop equations or models from data when there is no or limited 
physical or theoretical basis for a specific model. It is very useful in developing parametric models for use at the early design stage.

( , )sW f L B B D  

Parameters (Cs , α , β) can be obtained from as-built ship data by regression analysis.

To estimate the structural weight, we will introduce an ‘area variables’ such 
as L·B or B·D.

Method 4-1:

Since the structural weight of a ship is actually composed of stiffened plate 
surfaces, some type of ‘area variables’ would be expected to provide a better 
correlation. 

( , , )sW f L B D

For example, assume that structural weight is proportional to Lα and (B+D)β.

( )s sW C L B D   

Assume that the structural weight (Ws) is a function of L, B, and D as follows:

s o mLWT W W W= + +
Ws: Structural weight
Wo: Outfit weight
Wm: Machinery weight

SEOUL NAT’L UNIV.

16

Weight Estimation: Method 4
Estimation of the Structural Weight (Ws): Method 4-1

(b) If sets of as-built ship data (X1i, X2i; Yi) are available, then the parameters can be obtained 
by finding a function that minimizes the sum of the squared errors, “least square method”, 
which is the difference between the sets of the data and the estimated function values.

1.6
( )s sW C L B D   

, 1.6, 1SC    

ln ln ln ln( )s SW C L B D    
Y 0A 1X 2X

1 2oY A X X    

(a) To perform the regression analysis, we transform the above 
nonlinear equation into a linear form by applying a logarithmic 
operation on both sides, resulting in a logarithmic equation.

: Logarithmic Form

: Linear Equation

( )s sW C L B D  

The above equation indicates that length (L) has a significantly greater exponential effect on the 
structural weight (Ws) compared to variables B and D.

e.g., for 302K VLCC, Cs = 0.0414

1X

2X

Y
1 2oY A X X   

Regression analysis plane for data on 
the variables Y, X1 and X2

2026-08-03 (Mon)

8

SEOUL NAT’L UNIV.

15

Weight Estimation: Method 4
Estimation of the Structural Weight (Ws): Method 4-1

* Regression analysis is a numerical method which can be used to develop equations or models from data when there is no or limited 
physical or theoretical basis for a specific model. It is very useful in developing parametric models for use at the early design stage.

( , )sW f L B B D  

Parameters (Cs , α , β) can be obtained from as-built ship data by regression analysis.

To estimate the structural weight, we will introduce an ‘area variables’ such 
as L·B or B·D.

Method 4-1:

Since the structural weight of a ship is actually composed of stiffened plate 
surfaces, some type of ‘area variables’ would be expected to provide a better 
correlation. 

( , , )sW f L B D

For example, assume that structural weight is proportional to Lα and (B+D)β.

( )s sW C L B D   

Assume that the structural weight (Ws) is a function of L, B, and D as follows:

s o mLWT W W W= + +
Ws: Structural weight
Wo: Outfit weight
Wm: Machinery weight

SEOUL NAT’L UNIV.

16

Weight Estimation: Method 4
Estimation of the Structural Weight (Ws): Method 4-1

(b) If sets of as-built ship data (X1i, X2i; Yi) are available, then the parameters can be obtained 
by finding a function that minimizes the sum of the squared errors, “least square method”, 
which is the difference between the sets of the data and the estimated function values.

1.6
( )s sW C L B D   

, 1.6, 1SC    

ln ln ln ln( )s SW C L B D    
Y 0A 1X 2X

1 2oY A X X    

(a) To perform the regression analysis, we transform the above 
nonlinear equation into a linear form by applying a logarithmic 
operation on both sides, resulting in a logarithmic equation.

: Logarithmic Form

: Linear Equation

( )s sW C L B D  

The above equation indicates that length (L) has a significantly greater exponential effect on the 
structural weight (Ws) compared to variables B and D.

e.g., for 302K VLCC, Cs = 0.0414

1X

2X

Y
1 2oY A X X   

Regression analysis plane for data on 
the variables Y, X1 and X2

2026-08-03 (Mon)

8

SEOUL NAT’L UNIV.

15

Weight Estimation: Method 4
Estimation of the Structural Weight (Ws): Method 4-1
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구조 중량(Ws) 추정: 방법 4-1

구조 중량(Ws)이 다음과 같이 L, B 및 D의 함수라고 가정한다.

선박의 구조 중량은 실제로 보강재가 부착된 판 면으로 구성되므로, 어떤 유형의 ‘면적 변수’를 사용하면 더 나은
상관관계를 얻을 수 있을 것으로 예상된다.

구조 중량을 추정하기 위해 L·B 또는 B·D와 같은 ‘면적 변수’를 도입한다.

예를 들어, 구조 중량이 Lα 및 (B+D)β에 비례한다고 가정한다.

매개변수(Cs, α, β)는 실선 데이터에 회귀 분석을 적용하여 구할 수 있다.

구조 중량(Ws) 추정: 방법 4-1

(a) 회귀 분석을 수행하기 위해 위의 비선형 방정식에 양변의 로그 Y 연산을 적용하여 로그 방정식으로 변환함으로써
선형식으로 바꾼다.

(b) 실선 데이터 집합 (X1i, X2i; Yi)이 주어지면, 데이터 집합과 추정 함수값 사이의 차이인 제곱 오차의 합을 최소화하는 함수, 즉
“최소제곱법”을 구함으로써 매개변수를 얻을 수 있다.

데이터 집합과 추정 함수 값의 차이의 제곱합을 최소화하는 함수를 구하는 방법인 “최소제곱법”으로 구한다.
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Weight equation

Method ④:

Given: DWT, Find: L, B, T, CB

...(3)
(1 )BL B T C W       

DWT LWT 

s o m
LWT W W W   17

Weight Estimation: Method 4
Estimation of the Outfit Weight (Wo): Method 4-2

To estimate the outfit weight, we will use the area variable L·B.

Assume that the outfit weight (Wo) is a function of L and B:

For example, assume that outfit weight (Wo) is proportional to L·B.

( , )oW f L B

o oW C L B  

where the coefficient Co can be obtained from the basis ship.

( )oW f L B 

Method 4-2:

s o mLWT W W W= + +
Ws: Structural weight
Wo: Outfit weight
Wm: Machinery weight

SEOUL NAT’L UNIV.

Weight equation

Method ④:

Given: DWT, Find: L, B, T, CB

...(3)
(1 )BL B T C W       

DWT LWT 
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LWT W W W   18

Weight Estimation: Method 4
Estimation of the Machinery Weight (Wm): Method 4-3

m m CC RW NM 

* NMCR (Nominal Maximum Continuous Rating) is the maximum power/speed 
combination available for the engine and is a criterion for the size, weight, fuel oil 
consumption, and cost of the main engine.

( )m NW f MCR

s o mLWT W W W= + +

To estimate the machinery weight, assume that the machinery weight (Ws) 
is a function of NMCR:

For example, assume that machinery weight is proportional to NMCR:

where the coefficient Cm can be obtained from the basis ship.

Then, how can you predict the NMCR?

Method 4-3:

Ws: Structural weight
Wo: Outfit weight
Wm: Machinery weight
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is a function of NMCR:

For example, assume that machinery weight is proportional to NMCR:

where the coefficient Cm can be obtained from the basis ship.

Then, how can you predict the NMCR?

Method 4-3:

Ws: Structural weight
Wo: Outfit weight
Wm: Machinery weight
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의장 중량(Wo)은 L과 B의 함수라고 가정한다: W_o=f(L, B)

의장 중량을 추정하기 위해 면적 변수 L·B를 사용한다.

W_o=f(L·B)

예를 들어, 의장 중량(Wo)이 L·B에 비례한다고 가정한다.

여기서 계수 Co는 기준선에서 구할 수 있다.

기관 중량(Wm) 추정: 방법 4-3

기관 중량을 추정하기 위해 기관 중량(Ws)이 NMCR의 함수라고 가정한다:

W_m=f(NMCR)

예를 들어, 기관 중량이 NMCR에 비례한다고 가정한다:

여기서 계수 Cm은 기준선에서 구할 수 있다.

NMCR(공칭 최대 연속 출력)은 기관에 사용할 수 있는 최대 출력·회전수 조합이며, 주기관의 크기, 중량, 연료유 소비량 및
비용을 결정하는 기준이다.

출력(L1의 %) 4NCR(정상 연속 출력)
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula

2/3 3

Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater

ad

V
DHP

C

 


Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.

1
ad

DHP

C
C



Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�

�
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula

2/3 3

Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater

ad

V
DHP

C

 


Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.

1
ad

DHP

C
C



Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�

�
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula

2/3 3

Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater
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V
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 


Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.

1
ad

DHP

C
C



Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula

2/3 3

Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater

ad

V
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C

 


Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.

1
ad

DHP

C
C



Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula

2/3 3

Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater
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V
DHP
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 


Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.

1
ad

DHP

C
C



Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�

�

2026-08-03 (Mon)

10

SEOUL NAT’L UNIV.

19

Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula

2/3 3

Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater

ad

V
DHP

C

 


Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.

1
ad

DHP

C
C



Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula

2/3 3

Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater
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V
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Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.

1
ad

DHP

C
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

Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]

SEOUL NAT’L UNIV.

20

Prediction of the NMCR by the Admiralty Formula

2/3 3

Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater
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Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.

1
ad

DHP

C
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

Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP

DHP

L3

L4

L1

L2
BHP

70% 75% 80% 85% 90% 95%100%105%110%
40%

50%

60%

70%

80%

90%

100%

110%

Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D

EHP
DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T

DHP
BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin

NCR
DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula
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Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
formula, such as the ‘Admiralty formula’.
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Cad is called “Admiralty coefficient”.

Define

Cad : Admiralty coefficient
Vs: Ship speed [knot]
: Displacement [ton]�
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Prediction of the NMCR (Nominal Maximum Continuous Rating)

Propeller

Propeller shaft

Diesel engine

Total calm water

resistance (RT(v))

Ship speed (Vs)

BHP
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L3

L4

L1

L2
BHP
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Power (% of L1)

Engine speed (% of L1)

Sea margin 15% 

NCR
MCR

Engine margin 90% 

NMCR

Derated

NMCR � MCR
(Derated MCR: DMCR)

( )
T s

EHP R v V 

① EHP (Effective Horse Power)

(in calm water)

② DHP (Delivered Horse Power)

(D: Propulsive efficiency)

D
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DHP




D O H R     
O: Propeller efficiency in open water

R: Relative rotative efficiency
H: Hull efficiency

(T: Transmission efficiency)
T
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BHP




③ BHP (Brake Horse Power)

④ NCR (Normal Continuous Rating)

Sea Margin
(1 )

100
NCR BHP 

⑤ DMCR (Derated Maximum Continuous Rating)

Engine Margin
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DMCR 

⑥ NMCR (Nominal Maximum Continuous Rating)

Derating rate

DMCR
NMCR 

* SFOC: Specific Fuel Oil Consumption [g/kWh]
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Prediction of the NMCR by the Admiralty Formula
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Calmwater DHP sDHP C V  

m m CC RW NM 

( , )Calmwater sDHP f V 

2/3 3

s
Calmwater

ad

V
DHP

C

 


Admiralty formula:

NMCR can be determined based on the prediction of resistance and propulsion 
power. However, there is little data available for the prediction of the NMCR at 
the early design stage. NMCR can be approximately predicted by an empirical 
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• Finding a solution to this equation is a complex matter because there are 5 unknown variables (L, B, D, T, and 
CB) with one equation, which means this equation is a kind of indeterminate equation. 

• Moreover, the unknown variables are multiplied by each other, which means this equation is a kind of 
nonlinear equation. Therefore, we have to assume four unknown variables to solve this indeterminate equation.

• The principal dimensions must be obtained by successive iteration until the displacement becomes equal to 
the total weight of the ship (∵ nonlinear equation). We can have many sets of solutions by assuming different 
initial values (∵ indeterminate equation). Thus, we need certain criteria to select a proper solution.
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� What kind of criteria are available to select a proper solution?

� Possible criteria (Objective Function)

� For a shipbuilding company: Shipbuilding cost

� For a shipping company:

� Less power � Less energy consumption
� Minimum OPerational EXpenditure (OPEX)

� Operability � Required Freight Rate (RFR)

� Minimum CAPital EXpenditure (CAPEX)

� Minimum main engine power/DWT

� For example, shipping company will adopt an objective function as RFR, 
then the design ship should have the least RFR expressed as:

Capital cost+Annual operating cost

Annual transported cargo quantity
RFR=

*Capital cost=Building cost Capital recovery factor.×

(1 )
*CRF(Capital Recovery Factor)

(1 ) 1
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이 방정식의 해를 구하는 것은 복잡한 문제이다. 하나의 방정식에 5개의 미지수(L, B, D, T, CB)가 있기 때문에 이 방정식은 일종의 미정
방정식이다.
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� Volume equation

� Principal dimensions have to satisfy the required capacity of the cargo hold 
(VCH).

� Dimensions of a volume carrier whose design is volume critical can be 
determined by the following equation.

How can you represent the capacity of the cargo hold in terms of
the principal dimensions?

( , , )CHV f L B D : Volume equation

 Given: Capacity of the cargo hold (VCH) [m3] (shipowner’s requirement)

 Find: L, B, and D
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(VCH).

� Dimensions of a volume carrier whose design is volume critical can be 
determined by the following equation.
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the principal dimensions?

( , , )CHV f L B D : Volume equation

 Given: Capacity of the cargo hold (VCH) [m3] (shipowner’s requirement)

 Find: L, B, and D

2. 용적식에 의한 주요 치수 결정

용적식

주요 치수는 화물창의 요구 용적을 만족해야 한다

용적이 설계의 지배적 요소인 용적 화물선의 치수는 다음 식으로 결정할 수 있다.

주어진 값: 화물창 용적(VCH) [m3](선주 요구조건)

구할 값: L, B, D

화물창 용적을 주요 치수로 어떻게 나타낼 수 있는가?
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It will be noted that finding a solution to this equation is a complex matter, 
because there are 3 unknown variables (L, B, and D) with one equation, which 
means this equation is also a kind of indeterminate equation. 
Moreover, the unknown variables are multiplied by each other, which means 
this equation is a kind of nonlinear equation.

Estimation of the Capacity of the Cargo Hold
Method 1

Volume equation

Method ①: ( , , ) CHf L B D C L B D   
Given: VCH, Find: L, B, D

( , , )CHV f L B D

Method 1: Assume that the capacity of cargo hold is proportional to (L·B·D).

How can you estimate the capacity of cargo hold?

where, the coefficient CCH can be obtained from the basis ship.

This kind of equation is called a nonlinear indeterminate equation, which 
has infinitely many solutions.

CHCH C B DV L  
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Estimation of the Capacity of the Cargo Hold
Method 2

C HH HC C L BV D  

where, the coefficient (CCH) and partial lengths, LAPT, LER, and LFPT can be obtained
from the basis ship.

H BP APT ER FPT
L L L L L   

LH : Length of the cargo hold

AP FP

LAPT LER LH LFPT

Hold capacity can be estimated more accurately by using the length of  
cargo hold (LH) instead of the ship’s length (L)

The Length of cargo hold (LH) is defined as being LBP subtracted by LAPT, LER, and LFPT:

LBP: Length between perpendicular
LAPT: Length between aft perpendicular 
to aft bulkhead
LFPT: Length between forward 
perpendicular 
to collision bulkhead
LER: Length of engine room

Method 2: Assume that the cargo hold capacity is proportional to (LH·B·D).

Volume equation

Method ②:
Given: VCH, Find: L, B, D

( , , )CHV f L B D

( , , )
CH H MD

f L B D C L B D C    
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The Length of cargo hold (LH) is defined as being LBP subtracted by LAPT, LER, and LFPT:

LBP: Length between perpendicular
LAPT: Length between aft perpendicular 
to aft bulkhead
LFPT: Length between forward 
perpendicular 
to collision bulkhead
LER: Length of engine room

Method 2: Assume that the cargo hold capacity is proportional to (LH·B·D).

Volume equation

Method ②:
Given: VCH, Find: L, B, D

( , , )CHV f L B D

( , , )
CH H MD

f L B D C L B D C    
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It will be noted that finding a solution to this equation is a complex matter, 
because there are 3 unknown variables (L, B, and D) with one equation, which 
means this equation is also a kind of indeterminate equation. 
Moreover, the unknown variables are multiplied by each other, which means 
this equation is a kind of nonlinear equation.

Estimation of the Capacity of the Cargo Hold
Method 1

Volume equation

Method ①: ( , , ) CHf L B D C L B D   
Given: VCH, Find: L, B, D

( , , )CHV f L B D

Method 1: Assume that the capacity of cargo hold is proportional to (L·B·D).

How can you estimate the capacity of cargo hold?

where, the coefficient CCH can be obtained from the basis ship.

This kind of equation is called a nonlinear indeterminate equation, which 
has infinitely many solutions.

CHCH C B DV L  
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화물창 용적 추정

방법 1: 화물창 용적이 (L·B·D)에 비례한다고 가정한다.

여기서 계수 CCH는 기준선으로부터 구할 수 있다.

이 방정식의 해를 구하는 것은 복잡한 문제라는 점에 유의해야 한다. 3개의 미지수(L, B, D)가 1개의 방정식에
포함되어 있으므로, 이 방정식은 미정 방정식의 일종이기도 하다.

더욱이 미지수들이 서로 곱해져 있으므로, 이 방정식은 비선형 방정식의 일종이다.

이러한 방정식을 비선형 미정 방정식이라고 하며,

화물창 용적 추정 화물창 용적은 다음의 길이를 사용하면 더 정확하게 추정할 수 있다.

방법 2: 화물창 용적이 (LH·B·D)에 비례한다고 가정한다.
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Determination of the Principal Dimensions by the Volume Equation

Summary

Since the Methods 1 and 2 are used for a rough estimation, 
the capacity of cargo hold should be estimated more accurately after 
the compartment arrangement has been made.

Method 1: Assume that the capacity of cargo hold is proportional to 
L·B·D.

Method 2: Assume that the capacity of cargo hold is proportional 
to LH·B·D.

CH CHV C L B D   

CH CH HV C L B D   
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3. Estimation of Freeboard
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Summary
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3. Estimation of Freeboard

용적식에 의한 주요 치수 결정

방법 1: 화물창 용량이 L·B·D에 비례한다고 가정한다.

방법 2: 화물창 용량이 LH·B·D에 비례한다고 가정한다.

방법 1과 방법 2는 개략적인 추정에 사용되므로, 구획 배치를 완료한 후 화물창 용량을 더 정확하게 추정해야
한다.

3. 건현 추정
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What is Freeboard?

� International Convention on Load Lines (ICLL) 1966

� Ships need safety margin to maintain buoyancy and stability while 
operating at sea.

� This safety margin is provided by the reserve of buoyancy of
the hull located above the water surface.
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• Freeboard (Fb) means the distance between the water surface and the top of the deck at the 
side (at the deck line). It includes the thickness (tdeck) of freeboard deck plating.

• The freeboard is closely related to the draft.
• A ‘freeboard calculation’ in accordance with the regulation determines whether the desired 

depth is permissible.
31
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32

Regulatory Constraint by ICLL 1966
Freeboard Inequality

 Actual freeboard (DFB - T) of a ship should not be less than the 
required freeboard (FbICLL) required by the ICLL 1966 regulation.

How can you determine the required freeboard (Fb)?

( , , , )Fb ICLL BD T Fb L B D C 
This draft should be the maximum operating draft of the ship,
that is, scantling draft (Ts).
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: Freeboard inequality
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depth is permissible.
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Regulatory Constraint by ICLL 1966
Freeboard Inequality

 Actual freeboard (DFB - T) of a ship should not be less than the 
required freeboard (FbICLL) required by the ICLL 1966 regulation.

How can you determine the required freeboard (Fb)?

( , , , )Fb ICLL BD T Fb L B D C 
This draft should be the maximum operating draft of the ship,
that is, scantling draft (Ts).
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What is Freeboard?

� International Convention on Load Lines (ICLL) 1966

� Ships need safety margin to maintain buoyancy and stability while 
operating at sea.

� This safety margin is provided by the reserve of buoyancy of
the hull located above the water surface.
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Regulatory Constraint by ICLL 1966
Freeboard Inequality
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국제 만재흘수선 협약(ICLL 1966)

선박은 해상에서 운항하는 동안 부력과 복원성을 유지하기 위한 안전 여유가 필요하다.

이러한 안전 여유는 다음의 예비 부력으로 제공된다.

건현(Fb)은 수면과 선측 갑판 상단(갑판선)의 수직 거리를 의미한다. 여기에는 건현 갑판 판재의 두께(tdeck)가 포함된다.

건현은 흘수와 밀접한 관련이 있다.

규정에 따른 ‘건현 계산’을 통해 원하는 깊이가 허용되는지 결정한다.

ICLL 1966에 따른 규정 제약

선박의 실제 건현(DFB - T)은 ICLL 1966 규정에서 요구하는 요구 건현(FbICLL) 이상이어야 한다.

D T Fb ( , , L B D C , ) : 건현 부등식

이 흘수는 선박의 최대 운항 흘수이어야 한다. 요구 건현(Fb)은 어떻게 결정할 수 있는가?
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Estimation of Freeboard

How can you determine the required freeboard (Fb) ?

At the early design stage, there are few data available to calculate required 
freeboard. Thus, the required freeboard can be roughly estimated from the basis 
ship.

( , , , ) ( , , , , , )ICLL B f B Length HeightFb L B D C f L D C Superstructure Superstructure Sheer

In progress of the design, however, the required freeboard has to be calculated 
in accordance with ICLL 1966.

Assume that the freeboard is proportional to the depth.

Volume equation

Given: L, B, D (= Dmld), T, CB, Check: Satisfaction of the freeboard regulation

( , , , )
Fb ICLL mld B

D T Fb L B D C 

( , , , )ICLL B FbFb L B D C C D 

Fb s Fb DD CT 

( , , , )
ICLL B FB

Fb L B D C C D 

where the coefficient CFb can be obtained from the basis ship.

If ICLL 1966 regulation is not satisfied, the depth should be 
changed.
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4. Recommendation on 
Block Coefficient

설계 초기 단계에서는 필요한 건현을 계산하는 데 사용할 수 있는 데이터가 거의 없다.

따라서 필요한 건현은 기준선으로부터 대략적으로 추정할 수 있다.

건현이 깊이에 비례한다고 가정한다.

여기서 계수 CFb는 기준선으로부터 구할 수 있다.

4. 방형계수 권고
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Recommendation on Block Coefficient
Empirical Formulas

� Recommended value for the obesity coefficient considering 
maneuverability

� Recommended value for CB proposed by Watson and Gilfillan

� This formula seems to confirm its continuing validity, and many naval 
architects are using this equation up to now.

  15.0BLCB

  410023tan125.070.0 1 FnCB  
Fn: Froude number

�L/B Coefficient �Maneuverability

�L/B Coefficient �Maneuverability

(slender)

(fat)
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5. Estimation of 
Shipbuilding Cost

방형계수 권고

조종성을 고려한 방형계수 권고값

Watson과 Gilfillan이 제안한 CB 권고값

이 공식은 현재까지도 유효함을 확인해 주는 것으로 보이며, 많은 선박 설계자가 지금까지 이 방정식을 사용하고 있다.

Fn: 프루드 수

5. 선박 건조비 추정
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Estimation of Shipbuilding Cost (1/2)
Objective Function (Criteria to Select a Proper Principal Dimensions)

1.6

1.6

2/3 3

( )

( )

( )

PS s PO o PM ma

PS s PO o

PM power B

Shipbuilding Cost C C L B D C C L B C C NMCR

C C L B D C C L B

C C L B T C V

          

       

      

The above coefficients can be obtained from the as-built ship data.

where
CPS: Coefficient related to the cost of the structure (steel)
CPO: Coefficient related to the cost of the outfit
CPM: Coefficient related to the cost of the machinery

 PS s PO o PM mShipbuilding Cost C W C W C W     

If the weight of the ship is represented by the main dimensions of the ship, 
the shipbuilding cost can be represented by them as follows:

Assume that the shipbuilding cost is proportional to the weight of the ship.

e.g., The value of the coefficients obtained from the 302K VLCC.

2,223, 4,834, 17,177PS PO PMC C C  
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Estimation of Shipbuilding Cost (2/2)
Method to Obtain the Coefficients Related to the Cost

  = (Man-hour for the steel structure + Material cost for the steel structure)

+ (Man-hour for the outfit +Material cost for the outfit)

+ (Man-hour for the machinery +Material cost for 

Shipbuilding Cost

the machinery)

  + Additional cost

※ The shipbuilding cost of the VLCC was about $95,000,000 in 2020.

 PS s PO o PM mShipbuilding Cost C W C W C W     

The shipbuilding cost is composed as follows:

(Man-hour for the steel structure + Material cost for the steel structure)
PS

s

C
W



(Man-hour for the outfit +Material cost for the outfit)
PO

o

C
W



(Man-hour for the machinery +Material cost for the machinery)
PM

m

C
W



If we assume that the shipbuilding cost is proportional to the weight of the 
ship and the weight of the ship is composed of the steel structure weight, 
outfit weight and machinery weight, the shipbuilding cost can be represented 
as follows.

where
CPS: Coefficient related to the cost of the structure (steel)
CPO: Coefficient related to the cost of the outfit
CPM: Coefficient related to the cost of the machinery
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[Reference] Shipbuilding Cost by Ship Type

* Reference: Clarkson Research

* 신조선가 지수 (Index): 1988년 1월 기준 선박 건조 비용을 100으로 정하고, 매달 가격을 비교해 매기는 수치. 이 지수가 100보다 크면 선가가 올랐다는 의미
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[Reference] International Competitive Power of the Domestic Shipbuilding

40

� Comparison of the Shipbuilding Cost [Unit: %]

Korea Japan China

Material 
Cost

Steel 17 17 18
Equipment 42 43 47
Sub sum 59 60 65

Labor Cost 27 29 19
General Cost 14 13 16

Total sum 100 100 100
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Equipment 42 43 47
Sub sum 59 60 65

Labor Cost 27 29 19
General Cost 14 13 16

Total sum 100 100 100
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Principal Dimensions 
Design

Determination of the Optimal Principal Dimensions

6. 주요 치수 설계 모델 최적 주요 치수 결정
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Design Model for the Principal Dimensions Design
Simplified Model for the Determination of the Optimal Principal Dimensions

1.6

2/3 3

( , , , )

( )

( )

d B sw given B

given s o

power d B

L B T C C DWT LWT L B D C

DWT C L B D C L B

C L B T C V

      

      

     

Physical constraint

Find (Design variables) Given
(Shipowner’s requirement)

max,  ,  ,    ( )CH sDWT V V T T
Length DeadweightBlock 

coefficient
Breadth Depth

Ship
speed

Required capacity
of the cargo hold

Scantling
draft

Economical constraints

CH HV C L B D   

� Freeboard regulation by ICLL 1966 (Freeboard inequality) - Inequality constraint

s FBD T C D  

Objective function (Criteria to select proper principal dimensions)

1.6

2/3 3

 ( )

( )

PS s PO o

PM power d B

Shipbuilding Cost C C L B D C C L B

C C L B T C V

       

      

� Hydrostatic equilibrium (Weight equation) – Equality constraint

� Required capacity of the cargo hold (Volume equation) - Equality constraint

Regulatory constraint

dT
Design
draft

, , , BL B D C
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Iteration for the Principal Dimensions Design
For Deadweight Carrier

(1 )
B

L B T C DWT LWT        

D O H R

EHP EHP
DHP

   
 

 
( )T sEHP R v V 

m m
W C NMCR 

Resistance prediction Propeller design

DMCR

,BHP NCR

Selection of
main engine

CH CHV C L B D   

( , , , )Fb ICLL BD T Fb L B D C 

Repeat
for obtaining
multiple
alternatives
(L, B, T, D, and CB)

 
PS s PO o PM m

Shipbuilding Cost C W C W C W     

Optimal principal dimensions
of the design ship

Weight equation (Find: L, B, T, and CB)

Volume equation (Find: D)

Freeboard inequality

Shipowner’s requirements

Freeboard calculation

Find
a design alternative
that minimizes shipbuilding cost

Hull form design, …
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