
Stability & Trim of 3,700 TEU 
Container Carrier(3,700 TEU  
컨테이너선 복원성)

2008.5

서울대학교 조선해양공학과

이규열

서울대학교 조선해양공학과 학부4학년 “창의적 선박설계” 강의 교재



Ship Design, Stability& Trim of 3,700TEU Container Carrier,2008.5

목차

 용어 정리

 비손상시 복원성 (Intact Stability) 요구 조건

 Tank Summary Table

 Hydrostatic table 

 예제



Ship Design, Stability& Trim of 3,700TEU Container Carrier,2008.5

용어 정리 (I)

 draft :  Mean draft above baseline

 da :  draught above baseline at AP

 df :  draught above baseline at FP

 LBP :  length between perpendiculars

 FP :  forward perpendicular

 AP :  after perpendicular

AP FP
LBP

Moulded Line
draft

da df

B/L

B/L
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용어 정리 (II)

 DISP(MLD)  :  DISPLACEMENT MOULDED (CUBIC METER)

 DISP(EXT.)  :  DISPLACEMENT EXTREME (TONNES)  S.G = 1.025

 LCB :  Longitudinal center of buoyancy

 LCF :  Longitudinal center of floatation

 LCG :  Longitudinal center of gravity

AP FP

LCB

LCF

LCF

da df

LCG

B/L
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용어 정리 (III)

 Trim : da – df ( 양수이면 선미트림, 음수이면 선수 트림)

 MTC :  moment to change trim one centimeter over the LBP

(1cm trim이 생기는데 필요한 모멘트)

AP FPTrim Lever

da df

LCG

LCB

LCF

100
][






MTC

LeverTrim
mTrim

LCGLCBLeverTrim 
100 MTCTrim

Trim이 발생하여

배가 받는 모멘트

LeverTrim

부력 중심과 무게 중심의

위치 차이 때문에 생기는

모멘트

LBP

GM
MTC L






100

B/L
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용어 정리 (IV)

K

B

G

B’

Z

N

M



Go

 GGo :  free surface correction

 GM :  initial transverse metacentric 

height

 GoM :  initial transverse metacentric 

height corrected for free surface

 GZ :  the transverse righting lever

 KG :  height of the center of gravity 

of the sihp above the base line

 KGo : height of the center of gravity 

of the sihp above the base line 

corrected for free surface 

 KMT :  height of initial transverse 

metacenter above base line

 KN :  the righting lever with the ship 

heeled to angle 0 degrees when the 

center of gravity of the vessel is 

assumed to be at the base line
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용어 정리 (V)

K

B

G

B’

M

Z

N



 KG, KB, KN, KMT can be measured

 GM = KMT - KG

 GZ = KN – KG sinθ

KGsinθ

 G, B, B’ 의 위치는 계산에 의한 결과값
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용어 정리 (VI)

K

B

G

B’

M

N



Go










 iii
IFSM

GGo


(FSM : Free Surface Moment, 

I : Area Moment of Inertia, ρ: 화물의 밀도)

 GoM = GM - GGo

 KGo = KG + GGo

 GZ(GoZ) = KN – KGo sinθ
KGo sinθ

Z

 Free Surface Effect

: 자유표면을 가진 액체 화물에 의해 선

박이 경사질 경우 무게 중심의 위치가

올라가는 효과가 나타남

GoZ < GZ 이므로 복원암이 짧아지는

결과. 즉, 복원력이 작아짐
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Specific Gravity (Density) & Filling Ratio

Name Specific Gravity Filling Ratio

Heavy Fuel Oil 0.990 98%

Diesel 0.860 98%

Lubricating Oil 0.900 98%

Fresh Water 1.000 100%

Sea Water 1.025 100%
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Intact Stability Criteria (IMO Res.A-749(18) chapt.3.1)

(a) Area A ≥ 0.05 m-rad

Area A + B ≥ 0.09 m-rad

(b) Area B ≥ 0.030 m-rad

(c) Heel Angle이 30° 이상에서의 GZ은 0.200 m 이상이어야 한다.

(d) GZ이 최대가 되는 Heel Angle은 25° 이상이어야 한다.

(e) Heel Angle이 0° 일때의 GM(GoM)은 0.150 m 이상이어야 한다.

Area A : Heel Angle이 0°~ 30°까지의 면적

Area B : Heel Angle이 30° ~ 40°

(40°와 θf 중 작은 값)까지의 면적

※ θf : an angle of heel at which 

openings in the hull



Ship Design, Stability& Trim of 3,700TEU Container Carrier,2008.5

Intact Stability Criteria (IMO Res.A-749(18) chapt.3.2)

(a) area “b” ≥ area “a”

(b) θ0는 16° 와 갑판의 끝단이 침수되는 각도(θf)의 80% 중 작은 값보다 작아야 한다. 
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Tank Summary Table

Name Specific Gravity Filling Ratio

Heavy Fuel Oil 0.990 98% 4.110799.06.1118

4.120299.06.1214





FSM (Free Surface Moment)

계산에 사용

ex)
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Tank Summary Table
Water Ballast Tank

Fresh Water Tank

Heavy Fuel Oil Tank

Lubrication Oil Tank

Diesel Oil Tank

Miscellaneous Tank
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LCG (Longitudinal Center of Gravity) 계산

DWT

VLCG
LCG

iii

DWT

 



①

②
LWT

WLCG
LCG

jj

LWT

 







LWTLCGDWTLCG
LCG

LWTDWT

i
LCG

i


i
V

: Tank에 실린 화물의 길이방향 무게 중심

: Tank에 실린 화물의 밀도

: Tank에 실린 화물의 부피

j
LCG

j
W

: 길이 방향의 일정 구간에 분포하는 LWT의

무게 중심

: 길이 방향의 일정 구간에 분포하는 LWT

의 위치는 Loading Condition에 따라 달라짐
DWT

LCG

의 위치는 항상 일정함LWT
LCG
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Lightweight summary

LIGHTWEIGHT DISTRIBUTION DIAGRAM

FR. NO0 25 50 74 99 125 150 175 200 226 251 276 301 326
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Bow Thruster

Emergency Pump

Engine

AP FP
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Hydrostatics Table

 DRAFT MLD : Draft from baseline , moudled (m)

 DISP.MLD : Displacement moulded (m3)

 DISP.EXT : Displacement Extreme (tonnes) S.G. = 1.025

 VCB : Verrtical Center of Buoyancy above Base line (m)

 LCB : Longi. Center of Buoyancy from midship ( -.AFT / +. FWD)

 LCF : Longi. Center of Floatation from midship ( -.AFT / +. FWD)

 KMT : Trans. Metacenter height above base line (m)

 KML : Long. Metacenter height above base line (m)

 MTC : Moment to change trim one centimeter (Tonnes-m)

 TPC : increase in Disp.MLD per one centimeter immersion

 WSA : Wetted Surface Area (m2)

 C.B. : Block Coefficient

 C.W. : Water plane Area Coefficient

 C.P. : Prismatic Coefficient

 C.M. : Midship section area Coefficient

Moulded Line

draft
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Hydrostatics Table

TBLTBL
C

sea

B












 CB : Block Coefficient

BL

A
C

WP

WP




 CWP : Water plane Area Coefficient
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Hydrostatics Table

Am : maximum transverse underwater area

B

T
 Cp : Prismatic Coefficient

TB

A
C

m

m




m

b

m

b

m

p
C

C

TBLC

TBLC

LA
C 











 Cm : Midship Section Coefficient
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X 1.025 X C - 선체 부가물의 부력을 포함시켜야 함

- Moulded Line이므로 철판의 두께 고려해야함



Loading Condition Examples
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대상 선박

 3,700 TEU Contaioner Vessel

 Principal Dimensions

 LOA 257.368 M

 LBP 245.240 M

 BREDTH MOULDED 32.20 M

 DEPTH MOULDED 19.30 M

 DESIGNED DRAUGHT MOULED 10.10 M

 SCANTLING DRAUGHT MOULED 12.50 M
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3,700 TEU Container ship 
-Tank Plan
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Tank Plan
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Loading Conditions Example (I)
- Lightship condition

 Lightship condition : 배에 아무 것도 싣지 않은 상태
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Loading Conditions Example (I)
- Lightship condition

① Hydrostatics table의 결과 사용

①

선형 보간 하면, draft at LCF =3.871에서 ,][087.2)( mKBVCB  ][38.818 mKML 

 293.816087.238.818  KBKMLBM
L

][5.532
24.245100

293.8161.15998

100100
mT

LBP

BM

LBP

GM
MTC LL 















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Loading Conditions Example (I)
- Lightship condition

②

③ ][560.4
1008.532

188.151.15998

100
][ m

MTC

LeverTrim
mTrim 











][188.15228.103416.118 mLCGLCBLeverTrim 

③
②

AP FPTrim Lever

da df
LCB

LCFLCG
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Loading Conditions Example (I)
- Lightship condition

④

④

LBP

LCFda

df

deq

][086.6

560.4
24.245

110.119
871.3

m

Trim
LBP

LCF
ddd

eqaeqa





 

a
LCFTrimLBP :: 

Trim

Trim
LCF

a


Trim
LBP

LCF
a



][526.1560.4086.6 m

Trimdd
af




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Loading Conditions Example (I)
- Lightship condition

⑤

⑤

K

B

G

B’

M

Z

N



Go=

KMT : Hydrostatics table로 부터 얻음

KG : LWT와 DWT의 분포로 부터 얻음

GM = KMT – KG

GGo = 0   (∵Lightship condition이므로 액체 화물 없음)

∴ KGo = KG = 13.2

(KMT = 21.296 [m])

(KG = 13.2 [m])

(GM = 21.296 – 13.2 = 8.096 [m])
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Loading Conditions Example (I)
- Lightship condition

A B
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Loading Conditions Example (II)
- Ballast Departure Condition

 Ballast Departure  condition : Ballast Tank 및 운항에 필요한 Consumable 화물을 실은 상태
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Loading Conditions Example (II)
- Ballast Departure Condition

① Hydrostatics table의 결과 사용

①

선형 보간 하면, draft at LCF =7.044에서 ,][826.3)( mKBVCB  ][55.495 mKML 

 724.491826.355.495  KBKMLBM
L

][3.661
24.245100

724.4911.32980

100100
mT

LBP

BM

LBP

GM
MTC LL 















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Loading Conditions Example (II)
- Ballast Departure Condition

②

③ ][890.2
1003.661

794.51.32980

100
][ m

MTC

LeverTrim
mTrim 











][794.5116.113910.118 mLCGLCBLeverTrim 

③
②

AP FPTrim Lever

da df
LCB

LCFLCG
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Loading Conditions Example (II)
- Ballast Departure Condition

④

④

LBP

LCFda

df

deq

][443.8

890.2
24.245

707.118
044.7

m

Trim
LBP

LCF
ddd

eqaeqa





 

a
LCFTrimLBP :: 

Trim

Trim
LCF

a


Trim
LBP

LCF
a



][553.5890.2443.8 m

Trimdd
af




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Loading Conditions Example (II)
- Ballast Departure Condition

⑤

⑤

K

B

G

B’

M

Z

N



KMT : Hydrostatics table로 부터 얻음

KG : LWT와 DWT의 분포로 부터 얻음

GM = KMT – KG

GGo = 0.177

∴ KGo = KG + GGo = 5.967 [m]

(KMT = 15.728 [m])

(KG = 9.584 [m])

(GM = 15.728 – 9.584 = 6.144 [m])
Go
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Loading Conditions Example (II)
- Ballast Departure Condition

A B


