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 تٌام خذا

 . خذا سا ضاوشم وِ وواواى لذست دسن هغالة ٍ هفاّین ػلوی سا دس هي ًگاُ داضتِ است

دس وطتی، اص دسٍس هْن افسشی ػشضِ هی  (Stability)هدوَػِ پیص سٍ، هثحث تؼادل 

تاضذ وِ تَسظ آلای هحوذ ػلی خادهی تِ ًحَ احسٌت تذسیس گشدیذُ ٍ تٌذُ آى سا دس یه 

تشای توام اهیذٍاسم ّواًگًَِ وِ تشای خَد هي تسیاس هفیذ ٍالغ گشدیذ، . لالة گٌداًیذُ ام

تٌْا تماضای تٌذُ اص . اضذّوىاساًی وِ پس اص ایي، ایي هدوَػِ سا هی خَاًٌذ هَثوش ثوش ب

ٍ دسگزضتگاى ( آلای هحوذ ػلی خادهی)خَاًٌذگاى علة آهشصش دسگزضتگاى استاد هذسس 

 .هی تاضذتٌذُ، تا لشائت فاتحِ 

 

 

 

 

 

 

 تا تطىش
 احوذسضا صاسع پَس

 1396آتاى هاُ 
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 ( :ρ) (Density) غلظت یا چگالی

ٍ تِ ػثاستی هیضاى خشهی است  غلظت هؼوَلاً تِ غَست خشم تش ٍاحذ حدن تؼشیف هی ضَد

چگالی سا هی تَاى تش حسة ٍاحذّای صیش تیاى . وِ دس یه ٍاحذ حدن اضغال ضذُ است

 :وشد وِ ػثاستٌذ اص 

گشم تش ساًتی هتش هىؼة  (1
𝑔𝑟

𝑐𝑚3 

ویلَگشم تش هتش هىؼة  (2
𝑘𝑔

𝑚3 

تي تش هتش هىؼة  (3
𝑡

𝑚3 

چگالی =
 خشم هادُ 

(حدن اضغال ضذُ تَسظ هادُ)
                             ρ =

𝑚

𝑉
 

 .دس اهش دسیاًَسدی تیطتش ها تا سَهیي ٍاحذ چگالی، تي تش هتش هىؼة سش ٍ واس داسین

 :چگالی آب ضیشیي ٍ آب ضَس تِ ضشح ریل هی تاضذ: ًىتِ

ρfresh water = 1000 
kg

m3= 1 t

m3 

ρsalt water = 1025 kg

m3= 1.025 t

m3 
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 (:Relative Density( )RD)ًسثی چگالی ًسثی یا غلظت 

غلظت ًسثی وِ تِ ػثاست دیگش ٍصى هخػَظ ًیض ًاهیذُ هی ضَد، ػثاستست اص ًسثت 

 .غلظت یه هادُ تِ غلظت آب ضیشیي ٍ ضوٌاً ّیچ گًَِ ٍاحذی ًخَاّذ داضت

= RD  چگالی ًسثی 
 چگالی ّش هادُ 

(چگالی آب ضیشیي)
 

Example: 950 tones of liquid occupied in a box shaped 

ballast tank of long=22m, beam=8m and height=7m and tank 

is full, calculate density of liquid? 

m= 950 tones L= 22 m B= 8 m H= 7 m ρ =? 

 

ρ = 
m

V
 

V = L B H = 22 x 8 x 7 = 1232 m3 

ρ =  
950

1232
  = 0.77    t

m3 

 

Example: find mass of salt water which can loaded box 

shaped tank of size 5mx3mx2m ? 

L= 5 m B= 3 m H= 2 m ρ = 1.025 t

m3 m =? 
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ρ = 
m

V
  ⟹   m = ρ V 

V = L B H = 5 x 3 x 2 = 30 m3 

m = 1.025 x 30 = 30.75 tones 

Example: find volume of oil of density= 820 kg, which 

occupied by 850 tons of oil? 

ρ = 0.820
t

m3 m = 850 tons  V =? 

 

ρ = 
m

V
    ⟹  V = 

m

ρ
     

V =   
850

0.820
 = 1036.58 m3 

Example: find the relative density of salt water whose 

density is 1025 per Cu.m? 

ρ = 1.025 
t

m3 

 

RD = 
ρ

ρfw
 =  

1.025

1
  = 1.025 
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 ( :Reserve Buoyancy( )RB)رخیشُ ضٌاٍسی 

ایي همذاس هوىي است . فضای تستِ تالای خظ آب ضٌاٍس سا رخیشُ ضٌاٍسی هی گَیٌذحدن 

اگش تاس اضافی تش سٍی ضٌاٍس تاسگیشی . تا حدن ٍ یا تا دسغذ حدن ولی وطتی تیاى گشدد

ضَد ٍ ٍصى وطتی تیطتش گشدد تٌاتشایي ایي فضای تالای خظ آب، ًیشٍی ضٌاٍسی اضافی 

 .ضذى وطتی تَخَد هی آٍسدلاصم سا تشای خلَگیشی اص غشق 

 

  

 

 

Example: A box shaped vessel 105m = long, 30m = beam 

and 20m = deep is floating upright in fresh water, if the 

displacement is 19500 tons, find the volume of reserve 

buoyancy ? 

L= 105m  B= 30m H= 20m ρ= 1
t

m3 m= 19500 t RB= ? 

 

RB = Vtotal – Voccupied 

Vtotal = L B H = 105x30x20 = 63000 m3 

Voccupied = 
m

ρfw
 =  

19500

1
  = 19500 m3 

RB 
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RB = 63000 – 19500 = 43500 m3 

Example: A box shaped barge 55mx15mx6m is floating in 

water of density 1015 kg per Cu.m on an even keel, 

determine reserve buoyancy of ship if displacement of the 

ship was 3500 tons ? 

L= 55 m B= 15 m H= 6 m ρ= 1.015
t

m3 m= 3500 t RB= ? 

 

RB = Vtotal – Voccupied 

Vtotal  = L B H = 55x15x6 = 4950 m3 

Voccupied  = 
m

ρ
 =  

3500

1.015
 = 3448.27 m3 

RB = 4950 – 3448.27 = 1501.73  m3 

 ( :Archimedes Law)لاًَى اسضویذٍس 

ّش خسن ضـٌاٍسی تِ اًذاصُ همذاس آتی وِ خاتحا هی وٌذ اص ٍصى آى خسن ضــٌاٍس واستِ 

هی ضَد تؼثاست دیگش اگش یه خسن ضٌاٍس سا دسٍى یه ظشف پش اص آب لشاس دّین ٍصى 

  .ضذهمذاس آب خاتدا ضذُ ٍ سیختِ ضذُ اص آى ظشف تشاتش تا ٍصى آى ضٌاٍس هی تا

Displacement : 

همذاس آب خاتدا ضذُ تَسیلِ ضٌاٍسی وِ سٍی سغح آب غَعِ ٍس هی تاضذ سا گَیٌذ وِ 

 .هی تاضذ( ton)ّویطِ تشاتش تا ٍصى ولی وطتی تَدُ ٍ ٍاحذ آى تي 
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Light Displacement : 

تِ ٍصى خالع وطتی یا ٍصى آب خاتدا ضذُ ضٌاٍس تذٍى ّیچ گًَِ تاس، آب، سَخت ٍ غیشُ 

 Dockهی تاضذ ٍ تؼثاستی ٍصى آب خاتدا ضذُ یا ٍصى وطتی ٌّگاهی وِ دس واسخاًِ یا 

 .ساختِ ٍ تِ آب اًذاختِ هی ضَد سا گَیٌذ

 

Load Displacement : 

دس آب ( Summer load line)ستاًی ٍصى ولی ضٌاٍس ٌّگاهی وِ ضٌاٍس تا آتخَس تاب

 .ضَس تاسگیشی وشدُ تاضذ

Present Displacement : 

ٍصى ولی وطتی دس حال وًٌَی ٍ حاضش وِ تشاتش است تا ٍصى خالع وطتی تِ اضافِ توام 

 .تاسّا، سَخت، آب ٍ غیشُ وِ دس حال حاضش دس سٍی وطتی لشاس داسد

Dead Weight : 

ٍصى ول تاس، سَخت، آب ٍ غیشُ وِ وطتی هی تَاًذ تاسگیشی وٌذ تا تِ خظ آب خَس  

 .تاتستاًی دس آب ضَس تشسذ سا گَیٌذ

 :فشهَلْای هشتَط تِ تؼاسیف تالا تشای وطتی ّای 

 ( :Box Shaped Vessel)خؼثِ ایی ضىل ( الف

Displacement (ٍُصى آب خاتدا ضذ) = L B D ρ (چگالی آب صیش وطتی) 

Light Dispt. = L B D (آتخَس وطتی خالی)  ρsw (ρ آب ضَس) 
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Load Dispt. = L B D (آتخَس وطتی پش)  ρsw (ρ آب ضَس) 

Dead Weight = Dispt Load – Dispt Light 

Present Dispt1= L B D1 ρ1 

Present Dispt2= L B D1 ρ2 

W (ُ  l Dispt2– Dispt1l = (ٍصى تاس تخلیِ ضذُ یا تاسگیشی ضذ

Example: A Box shaped vessel with 45m=long, 12m=beam, 

7m=height is floating in fresh water with draft=4.2m find 

dispt. of V/L ? 

L= 45m B= 12m H= 7m ρ= 1
t

m3 D= 4.2m  Dispt.= ? 

 

Dispt. = L B D ρ = 45x12x7x1 = 2268 tons 

Example: A box shaped ship long= 60m, maximum beam= 

12m has a light draft= 2 meters, load draft= 5.2m, find dead 

weight ? 

L= 60m B= 12m Dlight= 2m Dload= 5.2m Dead weight= ? 

 

Dead weight = Disptload – Disptlight 

Disptlight  = L B Dlight  ρsw 

Disptlight  = 60x12x2x1.025 = 1476 tons 
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Disptload = L B Dload  ρsw 

Disptload  = 60x12x5.2x1.025 = 3837.6 tons 

Dead weight= 3837.6 – 1476 = 2361.6 tons 

Example: A box shaped ship long= 100m, wide= 12m has 

light draft of 4m and load draft= 9.2m, find her light Dispt., 

load Dispt. and dead weight ? 

L= 100m  B= 12m Dlight = 4m Dload = 9.2m 

ρ= 1.025
t

m3 Disptlight = ? Disptload = ? 

 

Dead weight = ? 

Disptlight = L B Dlight ρsw = 100x12x4x1.025 

Disptlight  = 4920 tons 

Disptload = L B Dload ρsw = 100x12x9.2x1.025 

Disptload = 11316 tones 

Dead weight= Disptload – Disptlight  = 11316– 4920 = 6396 

Example: A Box shaped V/L with dimension of 48x10x8 m, 

floated in a water of density 1.019 tons per cubic meter with 

draft= 3.3m, She is loading a cargo in fresh water to reach 

draft= 6m, find amount of cargo loaded? 
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L= 48m B= 10m H= 8m ρ1= 1.019
t

m3 D1= 3.3m 

ρ2= 1
t

m3 D2= 6m w= ? 

 

w= dispt2 – dispt1  

dispt1 = L B D1 ρ1 = 48 x 10 x 3.3 x 1.019 = 1614.09 t 

dispt2 = L B D2 ρ2 = 48 x 10 x 6 x 1 = 2880 t 

w= 2880 – 1614.09= 1265.91 t 

 

Example: A box shaped V/L of 60m= long, 15m= wide, 

floating in a water of density= 1017 kg per Cu.m with draft= 

6.4m, She is going to discharge cargo of draft= 3.5m, find 

amount of cargo discharged? 

L= 60m B= 15m ρ1=1.017 
𝑡

𝑚3       D1 =6.4m  ρ2 = ρ1 = 1.017
𝑡

𝑚3         

D2 = 3.5m w= ? 

 

w= dispt1 – dispt2 

dispt1= L B D1 ρ1 = 60x15x6.4x1.017 = 5857.92 tons 

dispt2= L B D2 ρ2 = 60x15x3.5xx1.017 = 3203.55 tons 
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w = 5857.92 – 3203.55 = 2654.37 tons 

 

Example: A box shaped V/L with dimension 62x14x10 m, 

displaces 3200 tons in water of density 1014 kg per Cu.m, 

find present free board of V/L ? 

L= 62m B= 14m H= 10m dispt= 3200 tons ρ= 1.014 
𝑡

𝑚3  

Fb = ? 

 

Fb= H – D 

dispt= L B D ρ  ==== > 3200= 62x14xDx1.014 

D= 
3200

880.152
 = 3.63 m 

Fb= 10 – 3.63= 6.37 m 

 

 ( :Block coefficient( )Cb)ضشیة هىؼثی 

آتخَس خاظ ػثاستٌذ اص ًسثت حدن آب خاتدا ضذُ دس آى ضشیة هىؼثی یه ضٌاٍس دس ّش 

 .آتخَس تِ حدن هىؼثی لسوت غَعِ ٍس ضذُ دس آب دس ّواى آتخَس

ًضدیىتش  1لاصم تزوش است تا افضایص آتخَس، ضشیة هىؼثی ًیض افضایص یافتِ ٍ تِ : 1ًىتِ 

 .هیطَد
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هی تاضذ ٍ ّش وطتی  1،  (Box Shaped)ضشیة هىؼثی وطتی ّای هىؼثی : 2ًىتِ 

 .هی تاضذ 1تغیش اص وطتی ّای هىؼثی ایي ضشیة ووتش اص 

 ( disptفشهَلْای : )تشای وطتی ّای غیش هىؼثی ضىل ( ب

dispt= L B D ρ Cb 

disptlight= L B Dlight ρsw Cb light 

disptload= L B Dload ρsw Cb load  

Dead Weight= l disptload – disptlight l 

Present dispt1= L B D1 ρ1 Cb 1  

Present dispt2= L B D2 ρ2 Cb 2  

Wload/discharged = l dispt2 – dispt1 l 

 

Example: A V/L with long= 48m, wide= 12m, has present 

draft= 4m with block coefficient of 0.78 in that draft in salt 

water, determine dispt of V/L? 

L= 48m B= 12m D= 4m Cb= 0.78 
𝑡

𝑚3 ρsw=1.025
𝑡

𝑚3 dispt=? 

 

dispt= L B D ρsw Cb= 48x12x4x1.025x0.78= 1842.048 tons 
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Example: A ship is 150m long, has 20m beam load draft 8m, 

light draft 3m, the block coefficient at the load draft is 0.766 

and at the light draft is 0.668 find the ship dead weight? 

L= 150m B= 20m Dload= 8m Dlight= 3m Cb load= 0.766 

Cb light= 0.688  Dead weight= ? 

 

DW= disptload – disptlight 

disptload= L B Dload ρsw Cb load 

disptload=  150x20x8x1.025x0.766= 18843.6 tons  

disptlight= L B Dlight ρsw Cb light = 150x20x3x1.025x0.688 

disptlight= 6162.5 tons 

DW= 18843.6 – 6162.5= 12681.3 tons 

 

Example: A ship 64m long, 10m maximum beam, has a light 

draft of 1.5m and a load draft of 4m the block coefficient of 

fineness is 0.600 at light draft and 0.750 at the load draft, 

find the dead weight ? 

L= 64m B= 10m draftlight= 1.5m draftload= 4m  

Cb light= 0.600  Cb load= 0.750  dead weight= ? 
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ρ= ρsw= 1.025  
𝑡

𝑚3 

dead weight= disptload – disptlight 

disptload= L B Dload ρsw Cb load= 64x10x4x1.025x0.750 

disptload= 1968 tons 

disptlight= L B Dlight ρsw Cb light= 64x10x1.5x1.025x0.600 

disptlight= 590.4 tons 

dead weight= 1968 – 590.4= 1377.6 tons 

 

Example: A ship 100m long, 15m beam & 12m deep is 

floating on an even keel at a draft= 6m with block 

coefficient= 0.72 in salt water, find amount of cargo to be 

loaded in water of density= 1012 kg per Cu.m with draft= 

7.4m block, coefficient= 0.81 

L= 100m  B= 15m H= 12m D1= 6m Cb1= 0.72  

ρ1= 1.025 
𝑡

𝑚3  ρ2= 1.012 
𝑡

𝑚3  D2= 7.4m 

Cb2= 0.81 w= ? 

 

w= l dispt2 – dispt1 l 

dispt2= L B D2 ρ2 Cb2= 100x15x7.4x1.012x0.81 
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dispt2= 9098.892 tons 

dispt1= L B D1 ρ1 Cb1= 100x15x6x1.025x0.72 

dispt1= 6642 tons 

w= 9098.892 – 6642= 2456.892 tons 

 

Example: A ship 120m long, 15m beam has block coefficient 

of 0.700 and is floating at the load of 7m in fresh water. find 

how much more cargo can be loaded if the ship is to float at 

the same draft in salt water? 

L= 120m  B= 15m  Cb1= 0.700 D1= 7m 

ρ1= 1 
𝑡

𝑚3  D2= D1 Cb1= Cb2  ρ2= 1.025 
𝑡

𝑚3     w= ? 

 

W= l dispt2 – dispt1 l 

dispt1= L B D1 ρ1 Cb1= 120x15x7x1x0.700 

dispt1= 8820 tons 

dispt2= L B D2 ρ2 Cb2= 120x15x7x1.025x0.700 

dispt2= 9040.5 tons 

W= 9040.5 – 8820 = 220.5 tons 

 



Ship Stability 
 

  
Page 16 

 
  

Example: A ship 100m long, 15m beam and 12m deep is 

floating on an even keel at a draft of 6m, block coefficient 

0.8 the ship is floating in salt water. find the cargo to 

discharge so that the ship will float at the same draft in fresh 

water? 

L= 100m  B= 15m  D1= 6m Cb1= 0.8 ρ1= 1.025 
𝑡

𝑚3  

D2=D1 Cb2=Cb1  ρ1= 1 
𝑡

𝑚3  w= ? 

 

W= l dispt2 – dispt1 l 

dispt1= L B D1 ρ1 Cb1= 100x15x6x1.025x0.8 

dispt1= 7380 tons 

dispt2= L B D2 ρ2 Cb2= 100x15x6x1x0.8 

dispt2= 7200 tons 

W= 7380 – 7200 = 180 tons 
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 Water plane area)ضشیة هساحت یا هحذٍدُ سغح همغغ آب 

coefficient ( )Cw ) 

ًسثت هساحت یا هحذٍدُ سغح همغغ آب تِ هساحت یا هحذٍدُ هستغیلی آى وِ داسای 

 :عَل ٍ حذاوثش ػشؼ یىساى تاضذ سا دس یه آتخَس خاظ گَیٌذ وِ فشهَل آى ػثاستٌذ اص

Cw =
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑝𝑙𝑎𝑛𝑒

𝑎𝑟𝑒𝑎 𝑜𝑓 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑢𝑙𝑎𝑟
  

 

Cw =
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑝𝑙𝑎𝑛𝑒

𝐿 𝑥 𝐵
  

 

WPA= Cw x L x B 

 

Example: Find the area of the water plane of a ship 36 

meters long, 6 meters beam which has a coefficient of 

fineness of 0.8 ? 

L= 36m B= 6m Cw= 0.8 WPA= ? 

 

WPA= Cw L B= 0.8x36x6= 172.8 𝑚2 
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 ( :displacement)تش سٍی ٍصى وطتی ( Density)تاثیشات چگالی 

 : ثاتت تواًذ( draft)تشای وطتی ّای هىؼثی یا غیش هىؼثی ٌّگاهیىِ آتخَس 

L B D1 ρ1 Cb1 ==== > dispt1= LBD1ρ1Cb1 

L B D1 ρ1 Cb1 ==== > dispt1= LBD1ρ1Cb1 

if draft= constant ==== > 

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐿𝐵𝐷1𝜌1𝐶𝑏1

𝐿𝐵𝐷2𝜌2𝐶𝑏2
  ==== > 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝜌1

𝜌2
 

 

Example: A ship displaces 7500 tons of water of density 

1000 kg per Cu.m find displacement in tons when the ship is 

floating at the same draft in water of density 1010 kg per 

Cu.m ? 

dispt1= 7500 tons  ρ1= 1 
𝑡

𝑚3  dispt2= ? 

ρ2= 1.010 
𝑡

𝑚3  draft= const. 

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝜌1

𝜌2
  

7500

𝑑𝑖𝑠𝑝𝑡 2
=

1

1.010
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dispt2= 7500x1.010= 7575 tons 

 

Example: A ship displacement 7000 tons whilst floating in 

fresh water. Find the displacement of ship when floating at 

the same draft in water of density 1015 kg per cubic meter. 

dispt1= 7000 tons  ρ1= 1 
𝑡

𝑚3  dispt2= ? 

ρ2= 1.015 
𝑡

𝑚3  draft= const. 

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝜌1

𝜌2
  

7000

𝑑𝑖𝑠𝑝𝑡 2
=

1

1.015
  

dispt2= 7500x1.015= 7105 tons 

 

Example: When floating in fresh water at a draft of 6.5m a 

ship displaces 4288 tons, find the displacement when the 

ship is floating at the same draft in water of density 1015 kg 

per Cu.m? 

dispt1= 4288 tons  ρ1= 1 
𝑡

𝑚3  dispt2= ? 

ρ2= 1.015 
𝑡

𝑚3  draft= const. 
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dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝜌1

𝜌2
  

4288

𝑑𝑖𝑠𝑝𝑡 2
=

1

1.015
  

dispt2= 4288x1.015= 4352.32 tons 

 

Example: A ship of 6400 tons displacement is floating in salt 

water. The ship has to proceed to a berth where the density 

of the water is 1008 kg per Cu.m find how much cargo must 

be discharged if She is to remain at the salt water draft? 

dispt1= 6400 tons  ρ1= 1.025 
𝑡

𝑚3  ρ2= 1.008 
𝑡

𝑚3 

 draft= const.  dispt2= ?  w=? 

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝜌1

𝜌2
  

6400

𝑑𝑖𝑠𝑝𝑡 2
=

1.025

1.008
  

dispt2= 
6400×1.008

1.025
 = 6293.85 tons 

w= dispt1 – dispt2 = 6400 – 6293.85 = 106.15 tons 
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Example: A ship of 120m x 17m x 10m, has a block 

coefficient 0.800 and is floating at the load summer draft of 

7.2m in fresh water, find how much cargo can be loaded to 

remain at the same draft in salt water? 

L= 120m  B= 17m  H= 10m  Cb1= 0.8   

D1=7.2m  ρ1= 1 
𝑡

𝑚3  draft= const.  ρ2= 1.025 
𝑡

𝑚3 

 w= ? 

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝜌1

𝜌2
  

Dispt1= LBD1ρ1Cb1= 120x17x7.2x1x0.8= 11750.4 tons 

11750 .4

𝑑𝑖𝑠𝑝𝑡 2
=

1

1.025
  

dispt2= 11750.4x1.025 = 12044.16 tons 

w= dispt2 – dispt1= 12044.16 – 11750.4= 293.76 tons 

 

Example: A box-shaped vessel 24m x 6m x 3m, displaces in 

a draft of 2m with density= 1010 kg per Cu.m. find the 

density of water whilst in that ship displaces 292 tons with 

same draft? 
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L= 24m  B= 6m  H= 3m  D1=2m            

ρ1= 1.010 
𝑡

𝑚3  ρ2= ?   dispt2= 292 t       draft= const. 

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝜌1

𝜌2
  

Dispt1= LBD1ρ1= 24x6x2x1.010= 290.88 tons 

290.88

292
=

1.010

𝜌2
  

Ρ2= 
292×1.010

290.88
 = 1.013 

𝑡

𝑚3 

 

ٌّگاهیىِ چگالی ( displacement)تاثیشات تغییش آتخَس تش سٍی ٍصى وطتی 

 :آب ثاتت تواًذ 

 : (Box – Shaped Vessel)تشای وطتی ّای خؼثِ ایی ضىل ( الف

  L B ρ1 D1 === > Dispt1= LBD1ρ1 : حالت یه

  L B ρ2 D2 === > Dispt2= LBD2ρ2 : حالت دٍ

=== > 
dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐿𝐵𝐷1𝜌1

𝐿𝐵𝐷2𝜌2
   & ρ2= ρ1  === > 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐿𝐵𝐷1𝜌1

𝐿𝐵𝐷2𝜌1
    

=== > 
dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐷1

𝐷2
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Example: A box-shaped vessel displaces 3450 tons has 

draft= 3.4m, She is to load cargo where draft reach to 6m, in 

same density, find new displacement of vessel? 

Dispt1= 3450 t D1= 3.4m D2= 6m ρ1=ρ2 dispt2= ?        

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐷1

𝐷2
    

3450

𝑑𝑖𝑠𝑝𝑡 2
=

3.4

6
    

Dispt2= 
6×3450

3.4
 = 6088.23 tons 

 

Example: A box-shaped vessel displaces 2650 tons with 

draft= 7.3m, has arrive to berth & then discharge cargo, find 

amount of cargo discharged when draft reach to 4.2m on 

departure? 

Dispt1= 2650 t D1= 7.3m D2= 4.2m ρ1=ρ2 w= ?        

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐷1

𝐷2
    

2650

𝑑𝑖𝑠𝑝𝑡 2
=

7.3

4.2
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Dispt2= 
2650×4.2

7.3
 = 1524.65 tons 

W= dispt1 – dispt2= 2650 – 1524.65= 1125.35 t 

 

 :تشای وطتی ّای  غیش خؼثِ ایی یا غیش هىؼثی ( الف

  L B ρ1 D1  Cb1 === > Dispt1= LBD1ρ1 Cb1 : حالت یه

  L B ρ2 D2  Cb2 === > Dispt2= LBD2ρ2 Cb2 : حالت دٍ

=== > 
dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐿𝐵𝐷1𝜌1𝐶𝑏1

𝐿𝐵𝐷2𝜌2𝐶𝑏2
   & ρ2= ρ1  === > 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐿𝐵𝐷1𝜌1𝐶𝑏1

𝐿𝐵𝐷2𝜌1𝐶𝑏2
    

=== > 
dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐷1𝐶𝑏1

𝐷2𝐶𝑏2
    

 

Example: A vessel of 2600 tons displacement has draft= 

4.5m with block coefficient= 0.74 proceed to a port of same 

density, find new displacement of V/L when draft= 6.7m 

with block coefficient= 0.85 in destination?  

Dispt1= 2600 t Cb1= 0.74 ρ1=ρ2 Dispt2=? 

 D2=6.7m       Cb2= 0.85 D1= 4.5m 

 

dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐷1𝐶𝑏1

𝐷2𝐶𝑏2
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2600

𝑑𝑖𝑠𝑝𝑡 2
=

4.5×0.74

6.7×0.85
   

Dispt2= 
2600×6.7×0.85

4.5×0.74
  

Dispt2= 4446.546 t 

ٌّگاهیىِ ٍصى ( Draft)تش سٍی آتخَس وطتی  (Density)تاثیشات تغییش چگالی 

 :ثاتت تواًذ  (Displacement)وطتی 

 : (Box – Shaped Vessel)تشای وطتی ّای خؼثِ ایی ضىل ( الف

  L B ρ1 D1 === > Dispt1= LBD1ρ1 : حالت یه

  L B ρ2 D2 === > Dispt2= LBD2ρ2 : حالت دٍ

=== > 
dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐿𝐵𝐷1𝜌1

𝐿𝐵𝐷2𝜌2
   & Dispt2= Dispt1   

=== >    LBD1ρ1 = LBD2ρ2 === >   D1ρ1 = D2ρ2   

=== > 
D1

𝐷2
=

𝜌2

𝜌1
    

Example: A Box-Shaped vessel floats at a mean draft of 

2.1m meters; in dock water of density 1020 kg per Cu.m find 

the mean draft for the same mass displacement in salt water 

of density 1025 kg per cubic meter?   

D1= 2.1m ρ1=1.020 
𝑡

𝑚3  D2=?       Dispt2= Dispt1 

 D2=? Ρ2=1.025 
𝑡

𝑚3 
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Dispt2= Dispt1 === > 
D1

𝐷2
=

𝜌2

𝜌1
    

2.1

𝐷2
=

1.025

1.020
    

D2= 
2.1×1.020

1.025
 = 2.089m 

 

Example: A Box-Shaped vessel upright on an even keel as 

shown in fresh water of density 1000 kg per Cu.m and the 

center of buoyancy is 0.50m above the keel. Find the height 

of center of buoyancy above the keel when the V/L is 

floating in salt water of density 1025 kg per cubic meter. 

ρ1=1 
𝑡

𝑚3  KB1= 0.5m KB2=? ρ1=1.025 
𝑡

𝑚3  

 

Note: the center of buoyancy is the geometric center of 

underwater volume and for a box shaped V/L must be at half 

drafts i.e. KB= 
1

2
 D 
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Dispt1= Dispt2 

D1

𝐷2
=

𝜌2

𝜌1
    

1

𝐷2
=

1.025

1
   === > D2= 

1

1.025
 === > D2= 0.975m 

KB2= 
𝐷2

2
= 

0.975

2
= 0.4875m 

 

 

 

 

 

 

 

 

B 

K 

D 𝐷

2
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  :تشای وطتی ّای غیشخؼثِ ایی یا غیش هىؼثی( الف

  

  L B D1 ρ1 Cb1 === > Dispt1= LBD1ρ1 Cb1 : حالت یه

  L B D2 ρ2  Cb2=== > Dispt2= LBD2ρ2 Cb2 : حالت دٍ

=== > 
dispt 1

𝑑𝑖𝑠𝑝𝑡 2
=

𝐿𝐵𝐷1𝜌1Cb 1

𝐿𝐵𝐷2𝜌2Cb 2
   & Dispt2= Dispt1   

=== >    LBD1ρ1 Cb1 = LBD2ρ2 Cb2=== >   D1ρ1 Cb1 = D2ρ2 Cb2   

=== > 
D1

𝐷2
=

𝜌2Cb 2

𝜌1Cb 1
    

 

Example: A Vessel of draft= 4m with block coefficient= 0.66 

floating in salt water, find new draft of ship with block 

coefficient= 0.71 when proceed in to water of density 1012 

kg per Cu.m 

D1=4m  Cb1= 0.66 ρ1=1.025 
𝑡

𝑚3  D2=? 

Cb2= 0.71 ρ2=1.012 
𝑡

𝑚3  

 

Dispt2=Dispt1 === > 
D1

𝐷2
=

𝜌2Cb 2

𝜌1Cb 1
   === > 

4

𝐷2
=

1.012×0.71

1.025×0.66
  === > D2= 

4×1.025×0.66

1.012×0.71
= 3.766m 
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TPC (Ton per Centimeter):  

ساًتی هتش تغییش  1چٌاًچِ تِ اصاء تاسگیشی ٍ یا تخلیِ یه تاس تش سٍی ضٌاٍس، آتخَس آى ضٌاٍس 

 .گَیٌذ TPCًوایذ تِ هیضاى تٌاط تاس تخلیِ یا تاسگیشی ضذُ 

تغییش  1cmتؼثاستی هی تَاى گفت هیضاى تاسی هی تاضذ وِ هی تَاًذ آتخَس یه ضٌاٍس سا 

ٍاحذ آى . دّذ
𝑡𝑜𝑛

𝑐𝑚
تیاى هی ضَد ٍ فشهَلْای آى تطشح ریل هی  tonٍ تػَست ػاهیاًِ تِ  

 :تاضذ

TPC = 
𝑊  𝑡𝑜𝑛 هیضاى تاسگیشی یا تخلیِ ضذُ   

cm)(ΔD هیضاى تغییش آتخَس ضٌاٍس) )
  

TPC = 
عغهك آب  )(𝜌 چگالی آب )× 𝑊𝑃𝐴 (𝑚2) هساحت سغح 

𝑡

𝑚3)

100
  

TPC = 
𝐷𝑖𝑠𝑝𝑡 ضٌاٍس ٍصى    𝑡𝑜𝑛  

𝑚𝑚)(𝐹𝑊𝐴 فشخِ آب ضیشیي)× 4 )
  

 

Example: A Vessel with draft= 6.2m discharge a cargo of 80 

tones, find TPC of V/L, when draft of V/L changed to 6.02m 

D1= 6.2m w= 80 t  TPC=? D2= 6.02m 

 

TPC= 
𝑤

∆𝐷
= 

80

6.2−6.02
= 

80

0.18𝑚
= 

80

18𝑐𝑚
= 4.44 

𝑡

𝑐𝑚
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Note: 

 

 M        cm                   mm 

 

 

 

Example: A vessel of TPC= 8 tones per centimeters, loaded 

a weight of cargo, then draft changed about 150mm. find 

amount of cargo loaded? 

 TPC= 8 
𝑡

𝑐𝑚
 ∆D= 150mm  w=?  

 

TPC= 
𝑤

∆𝐷
     === > w= TPC X ∆D 

∆D= 150mm= 
150

10
 cm= 15 cm 

W= 18 X 15= 120 tons 

 

 

 

÷ 100 ÷ 10 

× 10 × 100 

÷ 1000 

× 1000 
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 (:Fresh Water allowance)فشخِ آب ضیشیي 

تغییشات آتخَس یه ضٌاٍس اص آب ضیشیي تِ عشف آب ضَس ٍ یا اص آب ضَس تِ عشف آب 

 :تَدُ ٍ فشهَل آى ػثاستست اص  mmضیشیي سا گَیٌذ ٍ ٍاحذ آى تِ 

FWA= 
𝐷𝑖𝑠𝑝𝑡

4×𝑇𝑃𝐶
  

 :فشهَلْای واستشدی

Dsw= Dfw – FWA 

Dfw= Dsw + FWA 

FBsw= FBfw + FWA 

FBfw= FBsw – FWA 

 

Example: A V/L displaces 1800 tons during the discharging 

of a weight of 150 tons has draft 0.75m had changed, find 

fresh water allowance? 

Dispt= 1800 t w= 150 t  ∆D=0.75 m= 75 cm FWA=? 

 

FWA= 
𝐷𝑖𝑠𝑝𝑡

4×𝑇𝑃𝐶
  

TPC= 
𝑤

∆𝐷
 = 

150

75
  

TPC= 2 tons 
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FWA= 
1800

4×2
= 

1800

8
= 225 mm 

Example: A ship of draft= 4.2m floating in a salt water, find 

new draft of her, if she proceed in fresh water with FWA= 

50mm 

Dsw= 4.2 m Dfw=? FWA= 50 mm= 0.05 m 

 

Dfw=Dsw + FWA 

Dfw= 4.2m + 0.05m= 4.25 m 

 

Example: A vessel of 0.542m free board floating in a water 

of density 1000 kg per Cu.m find new free board of V/L 

whilst floated in a salt water with 2200 tons displacement, 

TPC= 18 tons  

FB1= 0.542 m ρ1=1 
𝑡

𝑚3 FB2=? Ρ2=1.025 
𝑡

𝑚3 

dispt=2200 tons   TPC= 18 t 

 

FB2=FB1 + FWA 

FWA= 
𝐷𝑖𝑠𝑝𝑡

4×𝑇𝑃𝐶
= 

2200

4×18
= 

2200

72
= 30.555 mm= 0.030 m 
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FB2= 0.542 + 0.030= 0.572 m 

 

Example: A Ship of 70m X 12m X 8m has draft= 5m with 

block coefficient= 0.8 floated in salt water, She arrive into 

fresh water, find new free board of ship, TPC= 10 tons. 

L= 20 m B= 12 m H= 8 m D1=5 m Cb1= 0.8 

ρ1= 1.025 
𝑡

𝑚3  ρ2= 1 
𝑡

𝑚3  FB1=? TPC= 10 t 

 

FB2= FB1 – FWA 

FB1= H – D1= 8 – 5=3 m 

FB1= 
𝐷𝑖𝑠𝑝𝑡

4×𝑇𝑃𝐶
  

Dispt= L1XB1XD1Xρ1XCb1= 20X12X5X1.025X0.8= 3444 tons 

FWA= 
3444

4×10
 = 

3444

40
 = 86.1 mm= 0.086 m 

FB2= 3 – 0.086= 2.914 m 
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 Dock (Dock Water allowance:)فشخِ آب 

Dock Water آتی هی تاضذ وِ چگالی آى هاتیي آب ضیشیي ٍ آب ضَس هی تاضذ. 

تِ آب ضیشیي سا  Dockٍ یا اص آب  Dockتغییشات آتخَس یه ضٌاٍس اص آب ضَس تغشف آب 

هیلی هتش تَدُ ٍ فشهَل آى ٍاحذ آى تِ . گَیٌذ Dock water allowanceیا  Dockفشخِ آب 

 تطشح ریل هی تاضذ

DWA (mm)= 
𝐹𝑊𝐴×(𝜌𝑠𝑤 − 𝜌𝐷𝑤 )

0.025
  

 :فشهَلْای واستشدی

Dsw= DDw – DWA 

DDw= Dsw + DWA 

FBsw= FBDw + DWA 

FBDw= FBsw – DWA 

 

Example: A Ship with FWA= 150 mm floating in a water of 

density= 1010 kg per Cu.m find change of draft whilst 

entering in a water of density= 1025 kg per Cu.m? 

FWA= 150 mm ρ1= 1.010 
𝑡

𝑚3   ∆D=? ρ2= 1.025 
𝑡

𝑚3   

 

 :است پس DWAّواى  D∆دس ایي حالت : ًىتِ 



Ship Stability 
 

  
Page 35 

 
  

∆D= DWA= 
𝐹𝑊𝐴×(𝜌𝑠𝑤 −𝜌𝐷𝑊)

0.025
 = 

150× 1.025−1.010 

0.025
 = 90 mm 

 

Example: A Ship of 3.5m draft floating in a salt water, find 

new draft of ship while She will arrive into water of density 

1017 kg per Cu.m with fresh water allowance= 120 mm 

D1=3.5 m ρ1= 1.025 
𝑡

𝑚3  D2=? ρ2= 1.017 
𝑡

𝑚3 

FWA= 120 mm 

 

DDw= Dsw + DWA 

DWA= 
𝐹𝑊𝐴× 𝜌𝑠𝑤 −𝜌𝐷𝑤  

0.025
 = 

120× 1.025−1.017 

0.025
 = 

120×0.008

0.025
  

DWA= 38.4 mm= 0.038 m 

DDw= Dsw + DWA= 3.5 + 0.038= 3.538 m 

 

Example: A vessel of free board= 3.105 m floating in a 

water of density= 1.007 
𝑡

𝑚3 determine new free board of 

vessel when proceed to a water of density= 1025 kg per 

Cu.m (FWA= 205 mm) 

FB1= 3.105m ρ1= 1.007 
𝑡

𝑚3          FB2=?     ρ2= 1.025 
𝑡

𝑚3                  
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FWA= 205 mm 

 

FB1= FB2 + DWA 

DWA= 
𝐹𝑊𝐴× 𝜌2−𝜌1 

0.025
= 

205× 1.025−1.007 

0.025
= 

205×0.018

0.025
= 

3.69

0.025
 

DWA= 147.6 mm= 0.147 m 

FB2= 3.105 + 0.147= 3.252 m 

 

Example: A Ship is loading in a summer zone in dock water 

of density 1005 kg per Cu.m FWA= 62.5 mm, TPC= 15 tons. 

The lower edge of summer load line is in the water line to 

port and is 5 cm above the water line to starboard side. Find 

how much more cargo may be loaded if the ship is to be at 

the correct load draft in salt water? 

ρDw= 1.005  
𝑡

𝑚3         FWA= 62.5 mm       TPC= 15 t        w=? 

 

حاضیِ یا لثِ پاییٌی خظ  Dockدس هسالِ تالا ّواًغَس وِ گفتِ ضذُ است، دس آب : تَضیح 

تالاتش اص خظ آب  5cmتاتستاًی دس سوت چپ وطتی هواس تا خظ آب ٍ دس سوت ساست 

هی تاضذ، تٌاتشایي تا تَخِ تِ ضىل خظ ضاّیي هی تَاى تغَس هیاًگیي تِ ایي ًتیدِ سسیذ 

تاتستاًی لشاس داسد صیش لثِ پاییٌی خظ تاسگیشی  2.5cmس فَق خظ آب دوطتی دس وِ 
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25mm 

S 

تٌاتشایي اگش تخَاّین فاغلِ تا لثِ تالایی خظ تاسگیشی تاتستاًی وِ هؼیاس هحاسثِ ها هی 

 2.5cmتاضذ سا تذست آٍسین تایذ فاغلِ خظ آب تا لثِ پاییٌی خظ تاسگیشی تاتستاًی وِ 

است، خوغ ًوایین  2.5cmٍ تؼثاستی  25mmتَدُ سا تا ضخاهت خظ تاسگیشی تاتستاًی وِ 

 5cm = 2.5 + 2.5وِ تشاتش تا ) تا دس ًْایت فاغلِ اص خظ آب تا تالای خظ آب تاتستاًی 

 .تذست آیذ( است

لشاس داضتِ ٍ هی خَاّذ تا آتخَس تاتستاًی دس  Dockدس آب اص عشف دیگش چًَىِ وطتی فَق 

ًیض آتخَس خَد سا افضایص  Dock water allowanceآب ضَس تاسگیشی وٌذ تٌاتشایي تِ اًذاصُ 

 .دّذ

هیضاى تاسی وِ هی تَاى تاسگیشی وشد تا ایي  w = ∆D X TPCحال تا استفادُ اص فشهَل 

 .وطتی دس خظ آب تاتستاًی لشاس گیشد سا تذست آٍسد

 

 

 

 

 

 

 

DWA= 
𝐹𝑊𝐴× 𝜌𝑠𝑤−𝜌𝐷𝑤  

0.025
 = 

62.5× 1.025−1.005 

0.025
= 

62.5×0.020

0.025
 = 

1.25

0.025
 = 50 mm = 5 cm 

∆D= 5 + DWA= 5 + 5= 10 cm 

25mm 

Water Line 
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TPC= 
𝑤

∆𝐷
 === > w = ∆D X TPC = 10 X 15 = 150 tons 

 

 :تؼشیف هفاّین پایِ هشتَط تِ تؼادل وطتی

 : (Upright)م ئحالت لا -1

م تش سٍی ئضٌاٍس تػَست ػوَد یا لاتِ حالتی اص تؼادل وطتی گفتِ هی ضَد وِ وطتی یا 

 .سغح آب غَعِ ٍس تَدُ ٍ ّیچ گًَِ حشوت ػشضی ًذاضتِ تاضذ

2- Heel : 

 .گَیٌذ Heelخشیاى آب ٍ غیشُ سا  ،وح ضذى ػشضی ضٌاٍس تش اثش ًیشٍی خاسخی ًظیش تاد

3- List : 

تشای هثال  .گَیٌذ Listوح ضذى ػشضی ضٌاٍس تش اثش چیذهاى ًاهٌاسة تاس سا تش سٍی ضٌاٍس 

ٌّگاهیىِ یه تاس دس ساستای ػشضی ضٌاٍس خاتدا گشدد تاػث وح ضذى ضٌاٍس گشدیذُ وِ تِ 

 .گَیٌذ Listایي وح ضذى 

4- Even Keel : 

 .تحالتی گفتِ هی ضَد وِ آتخَس ضٌاٍس دس خلَ ٍ ٍسظ ٍ ػمة یىساى تاضذ

5- Trim : 

ٌّگاهیىِ آتخَس ضٌاٍس دس خلَ ٍ ػمة یىساى ًثاضذ تِ اختلاف ٍ تفاٍت آتخَس خلَ ٍ ػمة 

Trim گَیٌذ وِ هوىي است دس دٍ حالت تَخَد آیذ وِ ػثاستٌذ اص: 
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وِ دس ایي حالت آتخَس سیٌِ یا خلَی ضٌاٍس تیطتش اص آتخَس پاضٌِ :  Trim By Head( الف

 .هی تاضذ

التی گفتِ هی ضَد وِ آتخَس پاضٌِ تیطتش اص آتخَس سیٌِ هی تِ ح:  Trim By Aft/Stern( ب

 .تاضذ

 

6- Center Of Floatation (هشوض غَعِ ٍسی:) 

تشای وطتی ّای . هی وٌذ (Trim)عَلی ًمغِ ایی است وِ ضٌاٍس حَل ایي ًمغِ ًَساى 

 .هی تاضذ (Amidships)ایي هشوض دس ٍسظ ضٌاٍس  (Box Shaped Vessel)هىؼثی 

 : G (Center Of Gravity)یا  COGهشوض ثمل یا  -7

ًمغِ ایی است وِ تشآیٌذ ًیشٍّای ٍصى ضٌاٍس اص آى ًمغِ تػَست ػوَد تسوت پاییي هی 

تؼثاست دیگش هشوض ثمل یه وطتی یا ضٌاٍس، ًمغِ ایی . گزسد ٍ تشاتش تا ٍصى وطتی هی تاضذ

سا اص هشوض است وِ توام ٍصى یه ضٌاٍس دس آى ًمغِ فشؼ هی ضَد، تٌاتشایي اگش خسوی 

 .ثمل آى آٍیضاى ًوایین تحالت تَاصى ٍ تؼادل لشاس خَاّذ گشفت

 : B (Center Of Buoyancy)یا  COBهشوض ضٌاٍسی یا  -8

ًمغِ ایی است وِ تشآیٌذ ًیشٍّای ضٌاٍسی ػوَد تسوت تالا اص آى هی گزسد ٍ تشاتش تا ٍصى 

ضٌاٍس سا، هشوض ضٌاٍسی  آب خاتدا ضذُ تَسیلِ ضٌاٍس هی تاضذ تؼثاستی هشوض ثمل صیش آتی

 .گَیٌذ
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 : FOB (Force Of Buoyancy)ًیشٍی ضٌاٍسی یا  -9

ًیشٍی ضٌاٍسی، ًیشٍیی است وِ اص عشف آتْای خاتدا ضذُ صیش وطتی تػَست ػوَد ٍ 

 .تسوت تالا تش هشوض ضٌاٍسی اػوال هی ضَد

10- Meta Center  یاM : 

دس خای خَد ثاتت هی  Gًمغِ  (Heel)اگش یه ضٌاٍس دس دسیا تش اثش ًیشٍی خاسخی وح گشدد 

ًمغِ ایی وِ خظ . تذلیل تغییش ضىل صیش آب ضٌاٍس خایص تغییش هی وٌذ Bهاًذ ٍلی ًمغِ 

لثل اص وح ضذى ضٌاٍس ٍ خظ ًیشٍی ضٌاٍسی ثاًَیِ تؼذ اص وح ضذى  ًیشٍی ضٌاٍسی اٍلیِ

 .گَیٌذ Meta Centerّوذیگش سا لغغ هی وٌٌذ، ًمغِ 

11- Meta Centric Height  یاGM : 

 .سا گَیٌذ (G)تا هشوض ثمل وطتی  Meta Center حذ فاغل تیي ًمغِ

12- KM : 

 .سا گَیٌذ Meta Centerوطتی تا ًمغِ  Keelػوَدی تیي حذ فاغل 

13- KG : 

 .تا هشوض ثمل وطتی سا گَیٌذ Keelحذ فاغل ػوَدی تیي 

14- Kg : 

وطتی تا هشوض ثمل تاس تاسگیشی ضذُ یا تخلیِ ضذُ ٍیا خاتدا  Keelحذ فاغل ػوَدی تیي 

 .ضذُ سا گَیٌذ
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K

K 

15- KB : 

 .تا ًمغِ ضٌاٍسی سا گَیٌذ Keelحذ فاغل ػوَدی تیي 

16- BM  : 

 .تا ًمغِ ضٌاٍسی سا گَیٌذ Meta Centerحذ فاغل ػوَدی تیي 

 

 

 

 

 

 

KM= KG + GM 

KM= KB + BM 

GM= KM – KG 

KG= KM – GM 

 

 

 

 

 

G 

B 

M 

W L 
KM 

BM GM 

KG 

KB 
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θ 

K

K 

 

 

 

 

 

 

 : (Type Of Stability Equilibrium)وطتی اًَاع تؼادل دس

 : (Stable Equilibrium)تؼادل پایذاس  -1
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θ= Angel of Heel 

Moment of statical stability= Dispt X GZ; GZ= GM X Sin θ 

Moment of statical stability= Dispt X GM X Sin θ 

تاضذ، اگش  Gتالاتش اص ًمغِ هشوض ثمل یا  Mیا  Meta Centerٍلتی وِ دس یه ضٌاٍس ًمغِ 

آى ضٌاٍس توایل داسد تحالت اٍلیِ  (Heel)ایي ضٌاٍس تش اثش ًیشٍی خاسخی تِ سوتی وح ضَد 

 GMتاصگشدد وِ تِ ایي حالت تؼادل پایذاس هی گَیٌذ ٍ تٌاتشایي دس ایي ٍضؼیت وطتی داسای 

اگش یه وطتی تش اثش یه ًیشٍی خاسخی تِ عشفی وح گشدد، تذلیل تغییش . هثثت هی تاضذ

 ’Bتغییش هی وٌذ ٍ تِ ًمغِ خذیذی تٌام  (B)ل لسوت صیش آتی، هىاى هشوض ضٌاٍسی ضه

تػَست ػوَد تسوت تالا اػوال هی  ’Bتغییش هىاى هی دّذ ٍ ًیشٍی ضٌاٍسی خذیذ اص ًمغِ 

 Gّواًغَس وِ دس ضىل هطخع است یه اّشم وِ اص ًمغِ . هی گزسد Mگشدد ٍ اص ًمغِ 

ٍ اّشم    هی ًاهٌذ Zیذ تَخَد هی آیذ ٍ هحل تلالی آًشا تػَست ػوَد تش ًیشٍی ضٌاٍسی خذ

تَدُ ٍ تاػث هی  ًاهیذُ وِ تِ اّشم تاصگشداًذُ هطَْس GZ (Righting Lever)تَخَد آهذُ سا 

 Moment of statical)گشدد وِ یه گطتاٍس تاصگشداًذُ یا تؼثاستی گطتاٍس تؼادل استاتیىی 

stability)  تَخَد آٍسد وِ اًذاصُ آى تشاتش تاDispt X GM X Sin θ  هی تاضذ وِ دس آىθ 

ٍ ًیشٍی  هی تاضذ، ًیشٍی ٍصى وطتی (Angel of heel)صاٍیِ وح ضذى ضٌاٍس اص خظ ػوَد 

استفادُ ًوَدُ ٍ ًیشٍّایی تش خلاف خْت ّوذیگش تَخَد  (GZ)ضٌاٍسی وطتی اص ایي اّشم 

 .حالت اٍلیِ هی گشددهی آٍسد ٍ تاػث تشگطت وطتی ب
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 : (Stiff Ship)وطتی سشسخت 

هثثت تضسي تاضذ، اگش تش اثش ًیشٍّای خاسخی تسوتی وح  GMٌّگاهیىِ یه وطتی داسای 

اٍلیِ خَد تاصگشدد وِ ایي ضَد، آى ضٌاٍس توایل داسد وِ تا سشػت ٍ ضذت صیادی تحالت 

هی تاضذ وِ  GMٍ یا تؼثاستی تضسي تَدى همذاس  GZاّشم تاصگشداًٌذُ یا  تؼلت تضسي تَدى

دس ًتیدِ تاػث هی ضَد، گطتاٍس تاصگشداًٌذُ همذاسش افضایص یافتِ ٍ دس ًتیدِ تاػث هی 

ضَد وطتی تا سشػت تیطتشی تحالت اٍلیِ تاصگشدد ٍ تاػث تشٍص هطىلاتی تطشح ریل هی 

 :ضَد

 .تاػث اریت ٍ ًاساحتی خذهِ هی گشدد -1

 .ّا سا پاسُ هی وٌذ Lashingاحتوالا تاسّای خاتدا ضذُ  -2

ضشتِ ایداد ضذُ دس هخاصى پش وطتی، تَسظ هایؼات تشای ضٌاٍس خغشًان هی  -3

 .تاضذ

احتوال ایٌىِ وطتی دس صهاى تشگطت تحالت اٍلیِ، تؼلت ضذت حشوت، تؼادل خَد  -4

 . سا اص دست دادُ ٍ دس سوت هماتل وح ضذى اٍلیِ ٍاطگَى گشدد، صیاد است

 : (Tender Ship) ساموطتی 

هثثت وَچه تاضذ اگش تش اثش ًیشٍی خاسخی تسوتی وح  GMٌّگاهیىِ یه وطتی داسای 

ضَد آى وطتی توایل داسد وِ تِ آساهی تحالت اٍلیِ خَد تشگشدد وِ ایي تؼلت وَچه تَدى 

وطتی هی تاضذ ٍ تٌاتشایي دس ًْایت  GMٍ تذًثال آى وَچه تَدى  (GZ)اّشم تاصگشداًٌذُ 

تاػث هی ضَد وِ گطتاٍس تَخَد آهذُ تشای تاصگشداًذى وطتی تحالت اٍلیِ همذاسش ون تَدُ 

تایذ تَخِ داضت وِ ایي . ٍ تٌاتشایي وطتی تا ضذت ٍ سشػت ووی تحالت اٍلیِ تاصگشدد

ج گشدد ٍ هطىل هوىي است صهاًی خَد سا ًطاى دّذ وِ وطتی تش اثش ًیشٍی خاسخی ن
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م آًشا فشا یگشی لثل اص تشگطت وطتی تحالت لائٌّگام تشگطت تحالت اٍلیِ هَج تضسي د

  .گیشد ٍ تاػث ٍاطگًَی وطتی گشدد

 : (Unstable Equilibrium)پایذاس  ًا تؼادل -2

تاضذ،  Meta Center (M)تالاتش اص ًمغِ  (G)دس یه ضٌاٍس ٍلتی ًمغِ هشوض ثمل وطتی 

(GM هٌفی هی تاضذ)گش ضٌاٍس تش اثش ًیشٍی خاسخی تسوتی وح ضَد ایي ضٌاٍس توایل داسد ، ا

 .تِ وح ضذى خَد اداهِ دّذ تا ًْایتاً ٍاطگَى گشدد وِ تِ ایي ٍضؼیت تؼادل ًاپایذاس گَیٌذ

اگش یه ضٌاٍس تش اثش ًیشٍی خاسخی وح گشدد، ًیشٍی ٍصى ضٌاٍس تػَست ػوَد تسوت پاییي 

ٍ تِ ًمغِ  تغییش ًوَدُ (B)اػوال هی ضَد ٍ تذلیل تغییش ضىل ضٌاٍسی، خای هشوض ضٌاٍسی 

B’  ِاًتمال هی یاتذ ٍ ًیشٍی ضٌاٍسی خذیذ اص ًمغB’  تػَست ػوَد تش سغح آب تسوت تالا

وِ  GZّواًغَس وِ دس ضىل هطخع است اّشم . هی گزسد Mاػوال هی گشدد ٍ اص ًمغِ 

تؼثاستی اّشم ٍاطگَى وٌٌذُ هی تاضذ، گطتاٍسی ایداد هی وٌذ وِ تضسگی آى تشاتش تا 

DisptXGMXSin θ  ُتَدُ ٍ تِ گطتاٍس ٍاطگَى وٌٌذ(Moment of capsizing)  هطَْس

صاٍیِ وح ضذى  θٍدُ ٍ تاػث ٍاطگًَی ضٌاٍس تغشف وح ضذى اٍلیِ هی گشدد وِ دس آى ب

(Angel of heel) هی تاضذ. 
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 : (Neutral Equilibrium) خٌثیتؼادل  -3

تش سٍی ّن لشاس  Meta Centerیا  Mٍ ًمغِ ( هشوض ثمل) Gٍلتی دس یه ضٌاٍس ًمغِ 

تاضذ اگش تش اثش ًیشٍی خاسخی ایي ضٌاٍس تسوتی وح ضَد، ایي  GM= 0گیشًذ ٍ یا تؼثاستی 

. ضٌاٍس ًِ توایل داسد تِ حالت اٍلیِ خَد تاصگشدد ٍ ًِ توایل داسد تِ وح ضذى خَد اداهِ دّذ

تشّن  G  ٍMتٌاتشایي دس ّواى ٍضؼیت وح ضذى لثلی تالی هی هاًذ تٌاتشایي چًَىِ 

ى ٍ یا ٍاطگَى ضذى ٍخَد ًخَاّذ داضت ٍ هٌغثك هی تاضٌذ ّیچ اّشهی تشای تاصگشًذا

هی ضَد ٍ دس ًتیدِ ّیچ گًَِ گطتاٍسی ًیض تَخَد ًوی آیذ ٍ دس ًتیدِ  GZ= 0تٌاتشایي 

 .ضٌاٍس ّیچ توایلی تِ چشخص ػشضی ًخَاّذ داضت
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 Angel of Loll : 

اٍلیِ هٌفی تاضذ، چٌاًچِ تا یه  GMچٌاًچِ لثلاً گفتِ ضذ ٌّگاهیىِ یه وطتی داسای 

 Angel of)حال چٌاًچِ صاٍیِ ودی . صاٍیِ وَچه وح گشدد، دچاس تؼادل ًاپایذاس هی ضَد

hell)  ایي وطتی افضایص یاتذ، هشوض ضٌاٍسی(B)  تغشف تیشٍى ٍ سوت غَعِ ٍس ًمل هىاى

تِ هَلؼیتی تشسذ وِ تػَست ػوَدی دلیماً صیش هشوض  (B)هی وٌذ، چٌاًچِ هشوض ضٌاٍسی 

ًاپذیذ هی  (Moment of capsizing)لشاس گیشد، دیگش گطتاٍس ٍاطگًَی  (G)ثمل وطتی 

افتادُ است، وِ ایي اتفاق  (Angel of heel)تِ آى صاٍیِ ودی . گشدد ٍ اص تیي هی سٍد

Angel of Loll  ِگَیٌذ وِ تٌاتشایي دس ایي صاٍیGZ صاٍیِ حال اگش . تشاتش تا غفش هی گشدد

ٍ تسوت دس ساستا  (B)گشدد، هشوض ضٌاٍسی  Angel of Lollتیطتش اص  Angel of heelودی 

ودی تیطتش حشوت هی وٌذ تا ایٌىِ یه اّشم تاصگشداًٌذُ ٍ تذًثال آى یه گطتاٍس ایداد 

 .ُ وِ تاػث هی گشدد وطتی تحالت اٍلیِ تاص گشددضذ
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θ3 

θ2= Angel Of Loll 
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 (1)ضىل 

 (2)ضىل 

 (3)ضىل 

θ3 > θ2 > θ1 



Ship Stability 
 

  
Page 49 

 
  

 : Angel of Lollتػحیح ٍضؼیت صاٍیِ 

 .دس غَست اهىاى هخاصى آب تَاصى سوتی وِ وح ضذُ سا پش وٌین -1

 .تالا تِ پاییي اًتمال دّیندس غَسى اهىاى تاسّای سوت وح ضذُ سا اص  -2

 .دس غَست اهىاى هخاصى آب تَاصى سوت هخالف وح ضذُ وطتی سا تخلیِ وٌین -3

 .سا اًدام هی دّین 3ٍ  1دس هَسد هخاصى ًیوِ پش، ػولیات تٌذ  -4

 :تػحیح ٍضؼیت تؼادل ًاپایذاس 

 .اًتمال تاسّای سٌگیي اص اًثاسّای تالایی ٍ ػشضِ تِ اًثاسّای پاییي -1

 .تؼادل تالایی ٍ پش وشدى هخاصى تؼادل پاییٌی تخلیِ هخاصى -2

 .تخلیِ ٍ یا پش وشدى هخاصى ًیوِ پش -3

 .اغلاح ًطذ، تایذ تاسّای سٍی ػشضِ سا تخلیِ ًوَد GMاگش تا الذاهات فَق  -4
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ٍ  Final GM (G1M)ًْایی یا  Final KG (KG1)  ٍGMًْایی یا  KGهحاسثِ 

ص ػولیات صیش تٌْا تشای یه تاس تش سٍی خظ تؼذ ا (GG1)خاتدایی هشوض ثمل وطتی 

 :تشای )     (   (Center Line)سشتاسشی وطتی 

 

 : Center Lineتش سٍی  (G)تاسگیشی پاییي تش اص هشوض ثمل ضٌاٍس ( الف

 w= هیضاى ٍصى تاسگیشی ضذُ 

 d= فاغلِ ػوَدی هشوض ثمل تاس تا هشوض ثمل وطتی 

 Dispt= ٍصى اٍلیِ وطتی 

 

 

 

 

 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 +𝑤
 

KG1= KG – GG1 

G1M= GM + GG1 

G1M= KM – KG1 

 

M 

G 

G1 

g 

d 

K 
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Example: A Ship displaces 2000 tons has KG= 10.8m, find 

the KG/GM if a weight of 100 tons mass already loading on 

center line with Kg= 6m 

Dispt= 2000 t  KG= 10.8 m  KM= 13 m  KG1=? 

G1M=?   w= 100 t   Kg= 6 m 

d= 10.8 – 6= 4.8 m 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 +𝑤
= 

100×4.8

2000+100
= 0.228 m 

KG1= KG – GG1= 10.8 – 0.228 

KG1= 10.572 m 

G1M= KM – KG1= 13 – 10.572= 2.428 m 

 

 

 

 

 

 

 

 

 

13 m 

10.8m 

6 m 

M 

G 

G1 

g 

K 
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Example: A ship of 700 tons displacement has GM= 1.2 m 

find new Meta centric height of ship while a cargo of 200 

tons mass loading in 3.2 m below the central of gravity of 

ship? 

Dispt= 700 t  GM= 1.2 m  G1M=?  d= 3.2 m 

w= 200 t 

 

G1M= GM + GG1 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 +𝑤
= 

200×3.2

700+200
= 

640

900
= 0.71 m 

G1M= 1.2 + .071= 1.91 m 

 

 

 

 : Center Lineتش سٍی  (G)اص هشوض ثمل ضٌاٍس  تالاتشتاسگیشی ( ب

 w= هیضاى ٍصى تاسگیشی ضذُ 

 d= فاغلِ ػوَدی هشوض ثمل تاس تا هشوض ثمل وطتی 

 Dispt= ٍصى اٍلیِ وطتی 

 

 

M 

G 

G1 

K 

g 

3.2 

1.2 
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GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 +𝑤
 

KG1= KG + GG1 

G1M= GM – GG1 

G1M= KM – KG1 

 

 

 

 

Example: A ship displaces 250 tons has KM= 7.2 m, KG= 5 m 

find vertical shift of center of gravity & new Meta centric 

G 

G1 

g 

K 

M 
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height of ship if a weight of 50 tons with Kg= 7.5 m already 

loading in center line of ship. 

w= 250 t  KM= 7.2 m  KG= 5 m  GG1=? G1M=? 

w= 50 t Kg= 7.5 m 

 

d= Kg – KG= 7.5 – 5= 2.5 m 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 +𝑤
= 

50×2.5

250+50
= 

125

300
= 0.41 m 

G1M= GM – GG1 & GM= KM – KG 

GM= 7.2 – 5= 2.2 m 

G1M= 2.2 – 0.41= 1.79 m 

 

 

 

 

 

 : Center Lineتش سٍی  (G)هشوض ثمل ضٌاٍس  یشصتخلیِ تاس ( ج

 w= همذاس ٍصى تاس تخلیِ ضذُ 

 d= فاغلِ ػوَدی هشوض ثمل تاس تخلیِ ضذُ تا هشوض ثمل وطتی 

 Dispt= ٍصى اٍلیِ وطتی 

G 

G1 

g 

K 

M 

7.2 

5 

7.5 
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GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 −𝑤
 

KG1= KG + GG1 

G1M= GM – GG1 

G1M= KM – KG1 

 

 

 

Example: A ship has displacement 1750 tons, KM= 6.5 m, 

KG= 5.9 m. Calculate vertical shift of G & new Meta centric 

height of ship if a weight of 300 tons raised with Kg= 3.3 m 

(operation is on     ) 

Dispt= 1750 t  KM= 6.5 m  KG= 5.9 m w= 300 

Kg= 3.3 m  GG1=?   G1M=? 

M 

G 

G1 

g 

K 
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d= KG – Kg= 5.9 – 3.3= 2.6 m 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 −𝑤
= 

300×2.6

1750−300
= 

780

1450
= 0.53 m 

GM= KM – KG= 6.5 – 5.9= 0.6 m 

G1M= GM – GG1= 0.6 – 0.53= 0.07 m 

 

 

 

 : Center Lineتش سٍی  (G)هشوض ثمل ضٌاٍس  تخلیِ تاس تالای( د

 w= همذاس ٍصى تاس تخلیِ ضذُ 

 d= فاغلِ ػوَدی هشوض ثمل تاس تخلیِ ضذُ تا هشوض ثمل وطتی 

 Dispt= ٍصى اٍلیِ وطتی 

 

 

M 

G 

G1 

g 

K 

6.5 

5.9 

3.3 
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GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 −𝑤
 

KG1= KG – GG1 

G1M= GM + GG1 

G1M= KM – KG1 

 

 

Example: A box shaped vessel of 45 X 10 X 6 m, floating in a 

salt water, with draft= 4 m and has KG= 4.5 m , KM= 6.4 m, if 

a weight 200 tons discharged from a distance of 3 m above G 

on center line, find new GM? 

L= 45 m  B= 10 m  H= 6 m  D= 4 m 

KG= 4.5 m KM= 6.4 m w= 200 t  d= 3m 

ρsw= 1.025 
𝑡

𝑚3   G1M=? 

M 

G 

G1 

g 

K 
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Dispt= L X B X Dsw X ρsw= 45 X 10 X 4 X 1.025= 1845 t 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 −𝑤
= 

200×3

1845−200
= 

600

1645
= 0.36 m 

KG1= KG – GG1= 4.5 – 0.36= 4.14 m 

G1M= KM – KG1= 6.4 – 4.14= 2.26 m 

 : Center Lineتش سٍی  خاتدایی تاس اص تالا تسوت پاییي( ّـ

 w= همذاس ٍصى تاس خاتدا ضذُ 

 d= هیضاى خاتدایی تاس 

 Dispt= ٍصى اٍلیِ وطتی  

 

 

 

 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
 

M 

G 

G1 

g 

K 

6.4 

4.5 

3 

M 

G 

G1 

g 

K 

g1 

d 
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KG1= KG – GG1 

G1M= GM + GG1 

G1M= KM – KG1 

 

Example: A Ship has displacement of 2000 tons has GM= 

1.5 m, find new Meta centric height of ship if a weight of 200 

tons on board shifted from main deck toward tween deck 

through a distance of 3 meters vertically on center line of 

ship? 

Dispt= 2000 t  GM= 1.5 m  G1M=?  w= 200 t 

d= 3 m 

 

 

 

 

 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
= 

200×3

2000
= 0.3 m 

G1M= GM + GG1= 1.5 + 0.3= 1.8 m 

M 

G 

G1 

g 

K 

g1 

1.5 m 

3 m 
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Example: A Ship displaces 1500 tons has KM= 9 m, KG= 6.5 

m, a weight of 250 tons shifted downward vertically on the 

center line of ship through a distance of 2.5 m, determined 

final KG & GM? 

w= 1500 t KM= 9 m KG= 6.5 m w= 250 t  

d= 2.5 m  KG1=?  G1M=? 

 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
= 

250×2.5

1500
= 0.41 m 

KG1= KG – GG1= 6.5 – 0.41= 6.09 m 

G1M= KM – KG1= 9 – 6.09= 2.91 m 

 

 

 

 

 

 

 : Center Lineتش سٍی  خاتدایی تاس اص پاییي تسوت تالا( ی

 w= همذاس ٍصى تاس خاتدا ضذُ 

 d= هیضاى خاتدایی تاس 
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 Dispt= ٍصى اٍلیِ وطتی  

 

 

 

 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
 

KG1= KG + GG1 

G1M= GM – GG1 

G1M= KM – KG1 

 

 

 

Example: A Vessel 2400 tons displacement has KM= 7 m, 

KG= 4.1 m, a weight of 200 tons already on board shift from 

Kg= 2.2 m to Kg= 7.2 m, find vertical shift of ship’s center of 

gravity & final Meta centric height (operation is on     ) 

Dispt= 2400 t KM= 7 m KG= 4.1 m w= 200 t 

Kg= 2.2 m Kg1= 7.2 m GG1=? G1M=? 

M 

G 

G1 

g 

K 

g1 
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d= Kg1 – Kg= 7.2 – 2.2= 5 m 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
= 

200×5

2400
= 0.41 m 

KG1= KG + GG1= 4.1 + 0.41= 4.51 m 

G1M= KM – KG1= 7 – 4.51= 2.49 m 

 

 

 

 

Example: A Ship has displacement of 2000 tons & KG= 10.5 

m, find the new KG if the weight of 40 tons already on board 

is shifted from the tween deck to the lower hold, through a 

distance of 4.5 m vertically? 

Dispt= 2000 t KG= 10.5 m  KG1=? w= 40 t 

M 

G 

G1 

g 

K 

g1 

7m 

4.1m 

2.2m 

7.2m 
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d= 4.5 m 

 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
= 

40×4.5

2000
= 0.9 m 

KG1= KG – GG1= 10.5 – 0.9= 9.6 m 

 

 

Example: A Ship has displacement of 2400 tons & KG= 10.8 

m, find the new KG if a weight of 50 tons already on board is 

raised 12 meters vertically? 

Dispt= 2400 t KG= 10.8 m  KG1=? w= 50 t 

d= 12 m 

 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
= 

50×12

2400
= 0.25 m 

KG1= KG + GG1= 10.8 + 0.25= 11.05 m 

 

 

 

 

M 

G 

G1 

K 

g1 

g 

10.5 m 

4.5 m 

M 

G 

G1 

g 

K 

g1 

10.8 m 

12 m 
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هشاحل خاتدایی هشوض ثمل وطتی اص وف اًثاس تا تخلیِ آى تش سٍی اسىلِ تَسظ 

 :خشثمیل وطتی 

 Gٌّگاهیىِ یه تاس دس وف اًثاس تاضذ عثك ضىل صیش هشوض ثمل وطتی دس ًمغِ ایی تٌام 

ّشچٌذ تِ )لشاس داسد، اها چٌاًچِ ایي تاس تَسظ خشثمیل وطتی اص سغح وف اًثاس خذا ضَد 

ایي اًتمال تػَست . ، هشوض ثمل تاس تِ ًَن تَم خشثمیل هٌتمل هی گشدد(اًذاصُ یه هیلی هتش

ٍ تػَست ػوَدی ػوَدی هی تاضذ دس ًتیدِ هشوض ثمل وطتی ًیض تِ هَاصات ایي خاتدایی 

 .دضَظاّش هی  G1ًام دس ًمغِ ایی ب

ًىِ تاس تش سٍی اسىلِ گزاضتِ حال پس اص چشخص تَم خشثمیل تغشف اسىلِ ٍ لثل اص ای

ضَد، هشتثاً هشوض ثمل وطتی خای آى ٍ تِ هَاصات ساستای خاتدایی ًَن تَم خشثمیل تغییش 

ُ دس پایاى ٌّگاهیىِ تاس تش سٍی اسىل .هٌتمل هی ضَد G2وشدُ ٍ تِ ًمغِ ایی تٌام ًمغِ 

گزاضتِ ضذ هشوض ثمل وطتی دس ساستای ًَن خشثمیل لثل اص گزاضتي تاس سٍی اسىلِ ٍ دس 

 .هی سسذ G3سوت هماتل ًَن خشثمیل هٌتمل هی گشدد ٍ تِ ًمغِ 

 

 

 

 

تایذ تَخِ داضت چٌاًچِ ایي ػولیات تَسظ خشثمیل اسىلِ اًدام هی گشفت تٌْا : نکته

ضذ ٍ آًْن صهاًی تَد وِ تاس اص سغح اًثاس هشوض ثمل وطتی فمظ دس یه هشحلِ خاتدا هی 

خذا هی ضذ ٍ خْت حشوت هشوض ثمل ًیض تستگی تِ هَلؼیت تاس خاتدا ضذُ داضتِ وِ آیا  اص 

 .صیش هشوض ثمل وطتی تخلیِ ضذُ است یا اص تالای آى
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Example: A Ship of 2000 tons displacement has KG= 4.5 

meters, a heavy lift 20 tons mass is in the lower hold and has 

Kg= 2 meters, this weight is then raised 0.5 meters clear of 

the tank top by a derrick whose head is 14 meters above the 

keel. Find the new KG of ship? 

g3 

g2 

g1 

g G 

G1 

G2 

G3 

W L 
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Dispt= 2000 t KG= 4.5 m w= 20 t  Kg= 2 m 

KG1=? 

 

 

 

 

 

 

 

 

d= 14 – 2=12 m 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
= 

20×12

2000
= 0.12 m 

KG1= KG + GG1= 4.5 + 0.12= 4.62 m 

 

Example: A Ship has displacement of 7000 tons & KG= 6 

meters, a heavy lift in the lower hold has Kg= 3 meters and 

mass 40 tons. Find the new KG when this weight is raised 

through 1.5 meters vertically and is suspended by a derrick 

whose head is 17 meters above the keel. 

g 

G 

G1 

g1 

K 

M 

4.5 m 

2 m 

14 m 
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Dispt= 7000 t KG= 6 m  Kg= 3 m  w= 40 t 

KG1=? 

 

 

 

 

 

 

 

 

d= 17 – 3=14 m 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
= 

40×14

7000
= 0.08 m 

KG1= KG + GG1= 6 + 0.08= 6.08 m 

 

 

 

g 

G 

G1 

g1 

K 

M 

6 m 

3 m 

17 m 
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 (Final GM)ًْایی  GMٍ  (KG1) (Final KG)ًْایی  KGهحاسثِ 

(G1M)  هیضاى خاتدایی هشوض ثمل وطتی ٍ(GG1)  ،تؼذ اص ػولیات تاسگیشی

تشای تاسّای  (Center Line)تخلیِ ٍ یا خاتدایی تشسٍی خظ سشتاسشی وطتی 

 :هختلف 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

GG1= | KG – KG1| 

G1M= KM – KG1 

G1M= GM ± GG1 

 

Example: A Ship of 6000 tons displacement has KG= 6 m & 

KM= 7.33 m the following cargo is loaded: 

1000 tons Kg= 2.5 m 

500 tons  Kg= 3.5 m 

750 tons  Kg= 9.0 m 

The following cargo is then discharged: 

450 tons  Kg= 0.6 m 

800 tons  Kg= 3.0 m 

Find the final GM? (Operation is on     ) 
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Dispt= 6000 tons  KG= 6 m  KM= 7.33 m 

Loading: 

w1= 1000 t / Kg= 2.5 m 

w2= 500 t / Kg= 3.5 m 

w3= 750 t / Kg= 9 m 

Discharging: 

w4= 450 t / Kg= 0.6 m 

w5= 800 t / Kg= 3 m 

G1M=? 

 

G1M= KM – KG1 &  KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

 

 

 

 

 

 

Moment about Keel Kg w 
+36000 6 +6000 
+2500 2.5 +1000 
+1750 3.5 +500 
+6750 9 +750 
-270 1.6 -450 

-2400 3 -800 
+44300  +7000 Total 
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KG1= 
44300

7000
= 6.33 m 

G1M= 7.33 – 6.33= 1 m 

 

Example: A Ship arrives in a port with displacement 7000 

tons and KG= 6 m, then She discharges and loads the 

following quantities: 

Discharge: 

1300 t  Kg= 4.5 m 

680 t  Kg= 3.5 m 

420 t  Kg= 9 m 

Load: 

980 t  Kg= 4.25 m 

550 t  Kg= 6 m 

700 t  Kg= 1 m 

80 t   Kg= 12 m 

During stay in the port 30 tons of oil (Kg= 1 m) are consumed 

if the final KM is 6.8 m, find the GM on departure and 

vertical shift of G? (Operation is on     ) 

Dispt= 7000 t KG= 6 m 
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Discharge: 

w1= 1300 t / Kg= 4.5m 

w2= 680 t / Kg= 3.5 m 

w3= 420 t / Kg= 9 m 

w4= 30 t / Kg= 1 m 

Load: 

w5= 980 t / Kg= 4.25 m 

w6= 550 t / Kg= 6 m 

w7= 700 t / Kg= 1 m 

w8= 80 t / Kg= 12 m 

KM= 6.8 m  G1M=?  GG1=? 

 

G1M= KM – KG1 & KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
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KG1= 
39085

6880
= 5.68 m 

G1M= 6.8 – 5.68= 1.12 m 

GG1= KG – KG1= 6 – 5.68= 0.32 m 

 

Example: A Ship has displacement 2000 tons and KG= 4 m, 

She loads 1500 tons of cargo (Kg= 6 m), 3500 tons of cargo 

(Kg= 5 m) and 1520 tons of bunker (Kg= 1 m), She discharged 

2000 tons of cargo (Kg= 2.5 m) and consumed 900 tons of oil 

fuel (Kg= 0.5 m). During the voyage, shift 120 tons of cargo 

from Kg= 5.5 m to Kg= 2.2 m. Find the final KG on arrival at 

the port of destination? (Operation is on     ) 

Moment about Keel Kg w 
+42000 6 +7000 
+4165 4.25 +980 
+3300 6 +550 
+700 1 +700 
+960 12 +80 
-5850 4.5 -1300 
-2380 3.5 -680 
-3780 9 -420 

-30 1 -30 

+39085  +6880 Total 
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Dispt= 2000 t  KG= 4 m 

Load: 

w1= 1500 t / Kg= 6 m 

w2= 3500 t / Kg= 5 m 

w3= 1520 t / Kg= 1 m 

Discharge: 

w4= 2000 t / Kg= 2.5 m 

w5= 900 t / Kg= 0.5 m 

Shift: 

w6= 120 t / from Kg= 5.5 m to Kg= 2.2 m 

KG1=? 

 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
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KG1= 
30174

5620
= 5.37 m 

 

Example: A vessel of 2980 tons displacement has a constant 

KM= 5.1 m & a present KG= 4.4 m, the vessel load 30 tons of 

cargo on deck at KG= 7.5 m & then moves 80 tons of cargo 

from tween deck KG= 4.1 m to lower hold KG= 1.8 m. All 

weight being on center line, Calculate the final GM? 

Dispt= 2980 t KM= 5.1 m  KG= 4.4 m 

Load: 

w1= 30 t / Kg= 7.5 m 

Shift: 

Moment about Keel Kg w 
+8000 4 +2000 
+9000 6 +1500 

+17500 5 +3500 
+1520 1 +1520 
-5000 2.5 -2000 
-450 0.5 -900 
-660 5.5 -120 
+264 2.2 +120 

+30174  +5620 Total 
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w2= 80 t / from Kg= 4.1 m to Kg= 1.8 m 

G1M=? 

 

G1M= KM – KG1 & KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

 

 

 

 

 

KG1= 
13353

3010
= 4.37 m 

G1M= 5.1 – 4.37= 0.73 m 

 

Example: A Ship displacing 9000 tons, KG= 6 m, GM= 0.8 m, 

loads following weights: 

200 t  Kg= 5 m 

100 t  Kg= 4 m 

400 t  Kg= 8 m 

And discharges: 

Moment about Keel Kg w 
+13112 4.4 +2980 

+225 7.5 +30 
+144 1.8 +80 
-328 4.1 -80 

+13353  +3010 Total 
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300 t  Kg= 2 m 

Find vertical shift of G (GG1) and final GM?  

(Operation is on      ) 

Dispt= 9000 t  KG= 6 m  GM= 0.8 m 

Loaded: 

w1= 200 t / Kg= 5 m 

w2= 100 t / Kg= 4 m 

w3= 400 t / Kg= 8 m 

Discharged: 

w4= 300 t / Kg= 2 m 

GG1=?  G1M=? 

 

GG1= |KG – KG1| & KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

 

 

 

 

 

Moment about Keel Kg w 
+54000 6 +9000 
+1000 5 +200 
+400 4 +100 

+3200 8 +400 
-600 2 -300 

+58000  +9400 Total 
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KG1= 
58000

9400
= 6.17 m 

GG1= 6.17 – 6= 0.17 m 

 : G1Mساُ حل اٍل خْت هحاسثِ 

G1M= KM – KG1 & KM= KG + GM= 6 + 0.8= 6.8 m 

G1M= 6.8 – 6.17= 0.63 m 

 : G1Mساُ حل دٍم خْت هحاسثِ 

 :سفتِ است پس  Mضذُ است پس هشوض ثمل تسوت  KGتیطتش اص  KG1چَى 

G1M= GM – GG1= 0.8 – 0.17= 0.63 m 

 

Example: A Ship displacing 8400 tons, KM= 7.2 m, GM= 0.7 

m, loads following weights: 

300 t  Kg= 5 m 

250 t  Kg= 4 m 

Discharges: 

150 t  Kg= 1 m 

450 t  Kg= 1.7 m 
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Find vertical shift of G & final GM, if a cargo shifted from Kg= 

4.2 m to Kg= 5 m with 200 t weight? 

(Operation is on      ) 

Dispt= 8400 t KM= 7.2 m GM= 0.7 m 

Loaded: 

w1= 300 t / Kg= 5 m 

w2= 250 t / Kg= 4 m 

Discharged: 

w3= 150 t / Kg= 1 m 

w4= 450 t / Kg= 1.7 m 

Shifted: 

w5= 200 t / from Kg= 4.2 m to Kg= 5 m 

GG1=?  G1M=? 

GG1= |KG – KG1|  & KG= KM – GM= 7.2 – 0.7= 6.5 m 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
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KG1= 
56345

8350
= 6.74 m 

GG1= 6.74 – 6.5= 0.24 m 

G1M= KM – KG1= 7.2 – 6.74= 0.46 m 

 

Example: A Ship of 5000 tons displacement has KG= 4.5 m 

& KM= 5.3 m, the below cargo is loaded: 

2000 t  Kg= 3.7 m 

1000 t  Kg= 7.5 m 

Find how much deck cargo (Kg= 9 m) may now be loaded if 

the ship is to sail with minimum GM of 0.3 m? 

(Operation is on      ) 

 

Moment about Keel Kg w 
+54600 6.5 +8400 
+1500 5 +300 
+1000 4 +250 
-150 1 -150 
-765 1.7 -450 
-840 4.2 -200 

+1000 5 +200 

+56345  +8350 Total 
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Dispt= 5000 t KG= 4.5 m KM= 5.3 m 

Loaded: 

w1= 2000 t / Kg= 3.7 m 

w2= 1000 t / Kg= 7.5 m 

w3=? / Kg= 9 m 

G1M= 0.3 m 

 

G1M= KM – KG1 

0.3= 5.3 – KG1 

KG1= 5 m &  KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

 

 

 

 

 

5= 
37400 +9𝑤3

8000+𝑤3
  

5 X (8000 + w3) = 37400 + 9w3 

40000 + 5w3 = 37400 + 9w3 

Moment about Keel Kg w 
+22500 4.5 +5000 
+7400 3.7 +2000 
+7500 7.5 +1000 
+9w3 9 +w3 

37400+9w3  8000+w3 Total 
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40000 – 37400 = 9w3 – 5w3 

2600 = 4w3 

w3= 650 t 

 

Example: A Ship of 5500 tons displacement has KG= 5 m 

and She proceed to load the following cargo: 

1000 t  Kg= 6 m 

700 t  Kg= 4 m 

300 t  Kg= 5 m 

Then She discharge 200 tons of ballast Kg= 0.5 m, find how 

much deck cargo (KG= 10 m) can be loaded so that the ship 

may sail with a positive GM= 0.3 m, the KM is 6.3 m 

(Operation is on      ) 

Dispt= 5500 t KG= 5m  KM= 6.3 m  G1M= 0.3 m 

Loaded: 

w1= 1000 t / Kg= 6 m 

w2= 700 t / Kg= 4 m 

w3= 300 t / Kg= 5 m 

w4=? / Kg= 10 m 
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Discharged: 

w5= 200 t / Kg= 0.5 m 

 

G1M= KM – KG1 

0.3= 6.3 – KG1 

KG1= 6 m  &  KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

 

 

 

 

 

 

6 = 
37700 +10𝑤4

7300+𝑤4
  

6 X (7300 + w4) = 37700 + 10w4 

43800 + 6w4 = 37700 + 10w4 

43800 – 37700 = 10w4 – 6w4  

6100 = 4w4 

Moment about Keel Kg w 
+27500 5 +5500 
+6000 6 +1000 
+2800 4 +700 
+1500 5 +300 
+10w4 10 +w4 
-100 0.5 -200 

37700+10w4  +7300+w4 Total 
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w4= 1525 t 

 

Example: A Ship of 2980 tons displacement has KG= 4 m, 

KM= 5.5 m and She proceed to load the following cargo: 

80 t   Kg= 5 m 

500 t  Kg= 3 m 

200 t  Kg= 4 m 

Then She discharges 150 tons of ballast Kg= 0.4 m, find how 

much deck cargo of Kg= 7 m can be loaded so that the ship 

may sail with positive GM of 0.5 m. (Operation is on      ) 

Dispt= 2980 t KG= 4 m  KM= 5.5 m G1M= 0.5 m 

Loaded: 

w1= 80 t / Kg= 5 m 

w2= 500 t / Kg= 3 m 

w3= 200 t / Kg= 4 m 

w4=? / Kg= 7 m 

Discharged: 

w5= 150 t / Kg= 0.4 m 
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G1M= KM – KG1 

0.5= 5.5 – KG1 

KG1= 5 m  & KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

 

 

 

 

 

 

 

 

5 = 
14560 +7𝑤4

3610+𝑤4
  

5 X (3610 + w4) = 14560 + 7w4 

18050 + 5w4 = 14560 + 7w4 

18050 – 14560 = 7w4 – 5w4  

3490 = 2w4 

w4= 1745 t 

Moment about Keel Kg w 
+11920 4 +2980 

+400 5 +80 
+1500 3 +500 
+800 4 +200 
+7w4 7 +w4 
-60 0.4 -150 

+14560+7w4  +36100+w4 Total 
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Example: A Ship has light displacement 2800 tons and light 

KM= 6.7 m, She loads 400 tons of cargo (Kg= 6 m) and 700 

tons of cargo (Kg= 4.5 m). The Kg is then found to be 5.3 m. 

Find the light GM? (Operation is on      ) 

Dispt= 2800 t KM= 6.7 m KG1= 5.3 m 

Loading: 

w1= 400 t / Kg= 6 m 

w2= 700 t / Kg= 4.5 m 

GM=? 

 

GM= KM – KG1 & KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

 

 

 

 

5.3 = 
5550+2800𝐾𝐺

3900
 

5.3 X 3900 = 5550 + 2800KG 

20670 – 5550 = 2800KG 

Moment about Keel Kg w 
+2800KG KG +2800 

+2400 6 +400 
+3150 4.5 +700 

5550+2800KG  +3900 Total 
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KG= 
15120

2800
= 5.4 m 

GM = 6.7 – 5.4= 1.3 m 

 

Example: A Ship’s displacement is 4500 tons and KG= 5 m, 

KM= 6.6 m, the following cargo is loaded: 

450 t  Kg= 7.5 m 

120 t  Kg= 6 m 

650 t  Kg= 3 m 

Find how long far from the keel, a cargo of 555 tons must be 

loaded so that, the ship sail with minimum GM= 0.6 m 

(Operation is on      ) 

Dispt= 4500 t KG= 5 m  G1M= 0.6m  KM= 6.6 m 

Loaded: 

w1= 450 t / Kg= 7.5 m 

w2= 120 t / Kg= 6 m 

w3= 650 t / Kg= 3 m 

w4= 555 t / Kg=? 

 

KG1= KM – G1M= 6.6 – 0.6= 6 m 
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KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑀𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝐾𝑒𝑒𝑙

𝐹𝑖𝑛𝑎𝑙  𝐷𝑖𝑠𝑝𝑡
 

 

 

 

 

 

 

6 = 
28545 +555𝐾𝑔

6275
 

6 X 6275 = 28545 + 555Kg 

37650 – 28545 = 555Kg 

Kg= 
9105

555
= 16.4 m 

 

 

 

 

 

 

Moment about Keel Kg w 
+22500 5 +4500 
+3375 7.5 +450 
+720 6 +120 

+1950 3 +650 
+555Kg Kg +555 

+28545+555Kg  +6275 Total 
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 : KB  ٍBM  ٍKMهحاسثِ 

 : (Box – Shaped V/L)تشای وطتی ّای خؼثِ ایی ضىل ( الف 

KB= 
𝐷

2
                        BM= 

𝐵2

12×𝐷
                  KM= KB + BM 

 

 

 

 

 

Example: A box shaped vessel has draft= 4 m and 

dimension is 20 X 15 X 6 m, floating in salt water, find KB, 

BM and KM? 

D= 4 m L= 20 m  B= 15 m  H= 6 m ρsw= 1.025 
𝑡

𝑚3 

KB=?       BM=?        KM=? 

 

KB= 
𝐷

2
 = 

4

2
 = 2 m 

BM= 
𝐵2

12×𝐷
 = 

152

12×4
 = 

225

48
 = 4.7 m 

KM= KB + BM= 2 + 4.7= 6.7 m 

M 

G 

B 

K 

W L 
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Example: A box shaped vessel is 24 X 5 X 5 m and floats on 

an even keel at 2 m draft, KG= 1.5 m. Calculate the initial 

Meta centric height? 

L= 24 m  B= 5 m  H= 5 m  D= 2 m 

KG= 1.5 m GM=? 

 

GM= KM – KG & KM= KB + BM 

KB= 
𝐷

2
 = 

2

2
 = 1 m 

BM= 
𝐵2

12×𝐷
 = 

52

12×2
 = 

25

24
 = 1.04 m 

KM = 1 + 1.04 = 2.04 m 

GM= 2.04 – 1.5 = 0.54 m 

 

 Example: A box shaped vessel 75 long, 12 m beam and 7 m 

deep is floating on an even keel @ 6 m draft, calculate KM? 

L= 75 m  B= 12 m  H= 7 m  D= 6 m 

KM=? 
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KM= KB + BM 

KB= 
𝐷

2
 = 

6

2
 = 3 m 

BM= 
𝐵2

12×𝐷
 = 

122

12×6
 = 

144

72
 = 2 m 

KM= 3 + 2 = 5 m 

 

Example: A box shaped vessel L= 70 m, B= 13m, Draft= 6 m 

on an even keel, density= 1.025 
𝑡

𝑚3 and FWA= 5 cm, find TPC 

and KM? 

L= 70 m  B= 13 m  D= 6 m  ρ = 1.025 
𝑡

𝑚3 

FWA= 5 cm= 50 mm  TPC=?  KM=? 

 

TPC= 
𝐷𝑖𝑠𝑝𝑡

4×𝐹𝑊𝐴
       &        Dispt= L X B X D X ρ  

Dispt = 70 X 13 X 6 X 1.025= 5596.5 t 

TPC= 
5596.5

4×50
 = 27.98 tons 

KM= KB + BM 

KB= 
𝐷

2
 = 

6

2
 = 3 m 

BM= 
𝐵2

12×𝐷
 = 

132

12×6
 = 

169

72
 = 2.347 m 
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KM= 3 + 2.347= 5.347 m 

 

Example: A box shaped vessel L= 60 m, B= 10m, Draft= 5 m 

on an even keel, density= 1015 Kg per Cu.m and FWA= 40 

mm, find TPC and KM? 

L= 60 m  B= 10 m  D= 5 m  ρ = 1.015 
𝑡

𝑚3 

FWA= 40 mm  TPC=?  KM=? 

 

TPC= 
𝐷𝑖𝑠𝑝𝑡

4×𝐹𝑊𝐴
       &        Dispt= L X B X D X ρ  

Dispt = 60 X 10 X 5 X 1.015= 3045 t 

TPC= 
3045

4×40
 = 19.03 tons 

KM= KB + BM 

KB= 
𝐷

2
 = 

5

2
 = 2.5 m 

BM= 
𝐵2

12×𝐷
 = 

102

12×5
 = 

100

60
 = 1.66 m 

KM= 2.5 + 1.66= 4.16 m 
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 Triangular Shaped) ضىل هثلثی یا هٌطَسیتشای وطتی ّای ( الف 

Prism V/L) : 

KB= 
2×𝐷

3
            BM= 

𝐵2

6×𝐷
           KM= KB + BM 

 D= Draft    B= ػشؼ خظ آتی ضٌاٍس 

Example: A vessel is in the form of triangular prism 32 m 

long, 8 m wide at top and 5 m deep, KG= 3.7 m. Find the 

initial Meta centric height when floating on an even keel at 4 

m draft F & A. 

L= 32 m  B= 8 m  H= 5 m  KG= 3.7 m 

GM=?  D= 4 m 

 

 

 

 

 

 

 

 

M 

G 

K 

P 

Q 

Y 

Z 

W L 

5 m 

8 m 

4 m 

3.7 m 

X 
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GM= KM – KG 

KM= KB + BM 

KB= 
2×𝐷

3
 = 

2×4

3
 = 2.66 m 

BM= 
𝐵2

6×𝐷
   

 :ػشؼ خظ آتی ضٌاٍس است وِ تایذ آًشا هحاسثِ وٌین تػَست ریل Bدس فشهَل فَق 

B = 2 X PQ 

XYZ & XPQ   === >  
𝑋𝑌

𝑌𝑍
 = 

𝑋𝑃

𝑃𝑄
    === > 

5

4
 = 

4

𝑃𝑄
 

PQ= 
4×4

5
 = 3.2 m 

B= 2 X 3.2 = 6.4 m 

BM= 
6.42

6×4
  = 1.7 m 

KM = 2.66 + 1.7 = 4.36 m 

GM= 4.36 – 3.7 = 0.66 m 

 

Example: A vessel in form of triangular prism, 45 m long, 

Cw=0.7, KG= 4 m, find initial Meta centric height when 

floating in draft= 3 m with water plane area= 200 𝑚2 

L= 45 m  Cw= 0.7  KG= 4 m  GM=? 

B 
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D=3 m  WPA= 200 𝑚2 

 

GM= KM – KG 

KM= KB + BM 

KB= 
2×𝐷

3
 = 

2×3

3
 = 2 m 

 BM= 
𝐵2

6×𝐷
  

WPA= Cw X B X L 

200= 0.7 X B X 45 

B= 
200

0.7×45
 = 

200

31.5
 = 6.35 m 

BM= 
 6.35 2

6×3
 = 

40.32

18
 = 2.24 m 

KM= 2 + 2.24= 4.24 m 

GM= 4.24 – 4= 0.24 m 

 

 

Example: A vessel in form of triangular prism 80 m long, 15 

m wide and 6.5 m deep has KG= 5.2 m. Find initial Meta 

centric height when floating on an even keel at 5 m draft. 
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L= 80 m  B= 15 m  H= 6.5 m  KG=5.2 m 

GM=?  D= 5 m 

 

 

 

 

 

 

 

 

GM= KM – KG 

KM= KB + BM 

KB= 
2×𝐷

3
 = 

2×5

3
 = 3.3 m 

B = 2 X PQ 

XYZ & XPQ   === >  
𝑋𝑌

𝑌𝑍
 = 

𝑋𝑃

𝑃𝑄
    === > 

6.5

7.5
 = 

5

𝑃𝑄
 

PQ= 
5×7.5

6.5
 = 5.7 m 

B= 2 X 5.7 = 11.4 m 

M 

G 

K 

P 

Q 

Y 

Z 

W L 

6.5 m 

15 m 

5 m 

5.2 m 

X 

B 
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BM= 
11.42

6×5
  = 4.33 m 

KM= 3.3 + 4.33= 7.63 m 

GM= 7.63 – 5.2= 2.43 m 

 

Example: Compare the initial Meta centric height of two 

barge, each 60 m long, 10 m beam at the water line, 6 m 

deep, floating upright on an even keel at 3 m draft and 

having KG= 3 m. One barge is in the form of rectangular 

prism and the other is in form of a triangular prism, floating 

apex downwards. 

L= 60 m  B= 10 m (@water line)  H= 6 m 

KG=5.2 m D= 3 m  GM∆=?  GM□=? 

 

GM□= KM□ – KG□ 

KM□= KB□ + BM□ 

KB□= 
𝐷

2
 = 

3

2
 = 1.5 m 

BM□= 
𝐵2

12×𝐷
 = 

102

12×3
 = 2.77 m 

KM□= 1.5 + 2.77= 4.27 m 

GM□= 4.27 – 3= 1.27 m 
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GM∆= KM∆ – KG∆ 

KM∆= KB∆ + BM∆ 

KB∆= 
2×𝐷

3
 = 

2×3

3
 = 2 m 

BM∆= 
𝐵2

6×𝐷
 = 

102

6×3
 = 5.55 m 

KB∆= 2 + 5.55= 7.55 m 

GM∆= 7.55 – 3= 4.55 m 

 .است  Rectangularتیطتش اص وطتی ّای  Triangularدس وطتی ّای  GMپس 

  

 : (Moment of Statical Stability)هحاسثِ گطتاٍس تؼادل استاتیىی 

 :ضذُ تاضذ  heelدچاس  °10دس ٌّگاهی وِ وطتی دس یه صاٍیِ وَچه تا ( الف

(Angel of heel < 10°) 

Moment of statical stability= Dispt X GZ= Dispt X GM X Sin θ 

θ= Angel of heel 

 :ضذُ تاضذ  heelدچاس  °10 تیطتش اصدس ٌّگاهی وِ وطتی دس یه صاٍیِ ( ب

(Angel of heel > 10°) 

Moment of statical stability= Dispt X GZ=  
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Dispt X (GM + 0.5 X BM X tan2 𝜃) X Sin θ 

 

Example: A Ship of 4000 tons displacement has KG= 5.5 m 

and KM= 6 m, calculate the moment of statical stability 

when heeled 5 degrees. 

Dispt= 4000 t KG= 5.5 m KM= 6 m θ= 5° 

Moment of statical stability=? 

 

GM= KM – KG= 6 – 5.5= 0.5 m 

Moment of St. St. = Dispt x GM x Sin θ= 4000 x 0.5 x Sin 5° 

Moment of St. St. = 174 t.m 

 

Example: A Ship of 10000 tons displacement has GM= 0.5 m 

calculates the moment of statical stability when ship is 

heeled 7
3

4
 degrees. 

Dispt= 100000 t GM= 0.5 m    Moment of statical stability=? 

θ= 7.75° 

 

Moment of St. St. = Dispt x GM x Sin θ 
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Moment of St. St. = 10000 x 0.5 x Sin 7.75°= 674.25 t.m 

 

Example: A Box shaped vessel 65m x 12m x 8m has KG 4m, 

and is floating in salt water upright on an even keel at 4m 

draft F&A. Calculate the moments of statical stability at: 

a) 5 degrees 

b) 25 degrees heel. 

L= 65m  B= 12m  H= 8m  KG= 4m 

ρ= 1.025 
𝑡

𝑚3          D= 4m        moment of St. St. =? 

 

a) θ= 5° 

Moment of St. St. = Dispt x GM x Sin θ 

Dispt= L x B x D x ρ= 65 x 12 x 4 x 1.025= 3198 t 

GM= KM – KG 

KM= KB + BM 

KB= 
𝐷

2
 = 

4

2
 = 2 m 

BM= 
𝐵2

12×𝐷
 = 

122

12×4
 = 3 m 

KM= 2 + 3= 5 m 
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Moment of St. St. = 3198 x 1 x Sin 5°= 3198 x 0.087 

Moment of St. St. = 278.72 t.m 

a) θ= 25° 

Moment of St. St. = Dispt x (GM+0.5xBMxtan2 𝜃) x Sin θ 

Moment of St. St. = 3198 x (1+0.5x3x0.217) x 0.423 

Moment of St. St. = 1792.39 t.m 

 

Example: When a ship of 12000 tons displacement is heeled 

6
1

2
 degrees, the moment of statical stability is 600 tons 

meter, calculate the initial Meta centric height? 

Dispt= 1200 t θ= 6.5° moment of St. St. = 600 t.m 

GM=? 

 

Moment of St. St. = Dispt x GM x Sin θ 

600 = 12000 x GM x Sin 6.5° 

600 = 1356 x GM 

GM = 
600

1356
 = 0.442 m 
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Example: When a ship of 12000 tons displacement is heeled 

5
1

4
 degrees, the moment of statical stability is 300 tons 

meter, if KG= 7.5m, find the height of the Meta center above 

the keel? 

Dispt= 1200 t θ= 5.25° moment of St. St. = 300 t.m 

KG= 7.5m KM=? 

 

KM = KG + GM 

Moment of St. St. = Dispt x GM x Sin θ 

300 = 12000 x GM x Sin 5.25° 

300 = 12000 x GM x 0.091 

300 = 1092 x GM 

GM = 
300

1092
 = 0.274 m 

KM = 7.5 + 0.274 = 7.774 m 

 

Example: When a ship of 10000 tons displacement is heeled 

9 degrees, the righting lever is 0.2m, KM= 6.8m, find the KG 

and the moment of statical stability? 

Dispt= 10000 t θ= 9° GZ= 0.2m KM= 6.8m 
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KM=?  Moment of St. St. =? 

 

Moment of St. St. = Dispt x GZ = 10000 x 0.2= 2000 t.m 

KG= KM – KG 

Moment of St. St. = Dispt x GM x Sin θ 

2000 = 10000 x GM x Sin 9° 

2000 = 10000 x 0.156 x GM 

2000 = 1560 x GM 

GM = 
2000

1560
 = 1.28 m 

KG= 6.8 – 1.28= 5.52 m 

 

Example: A Ship of 10000 tons displacement has KG= 5.5m 

KB= 2.8m and BM= 3m, calculate the moment of statical 

stability at: 

a) 5 degrees of heel 

b) 25 degrees of heel 

Dispt= 10000 t KG= 5.5m KB= 2.8m BM= 3m 

Moment of St. St. =? 
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a) θ= 5° 

Moment of St. St. = Dispt x GM x Sin θ 

GM= KM – KG 

KM= KB + BM= 2.8 + 3= 5.8 m 

GM= 5.8 – 5.5= 0.3 m 

Moment of St. St. = 10000 x 0.3 x Sin 5° 

Moment of St. St. = 3000 x Sin 5°= 3000 x 0.087 

Moment of St. St. = 261 t.m 

b) θ= 25° 

Moment of St. St. = Dispt x (GM+0.5xBMxtan2 𝜃) x Sin θ 

Moment of St. St. = 10000 x (0.3+0.5x3xtan2 25°) x Sin 25°  

Moment of St. St. = 10000 x (0.3+1.5 x 0.466 2) x 0.422 

Moment of St. St. = 10000 x (0.3+1.5x0.217) x 0.422 

Moment of St. St. = 10000 x 0.625 x 0.422 

Moment of St. St. = 2637.5 t.m 

 

 

 



Ship Stability 
 

  Page 
104 

 
  

 : (Liquid free surface effect)تاثیش سغح آصاد هایؼات 

ٌّگاهی وِ هخضى هایؼات واهلا پش یا خالی تاضذ، صهاًیىِ وطتی تذلیل ًیشٍّای خاسخی 

(heel)  وح گشدد، تؼلت ایٌىِ هایغ دسٍى هخضى واهلا پش است ّیچگًَِ حشوتی ًوی

 .تٌاتشایي ّیچ تغییشی دس هشوض ثمل وطتی تَخَد ًوی آیذ. تَاًذ داضتِ تاضذ

ٍلی صهاًیىِ یه هخضى ًیوِ پش تاضذ دس ٌّگام وح ضذى وطتی چَى همذاسی اص ایي هایغ 

حشوت هی ًوایذ، تاػث هی ضَد وِ اص سوت هخالف وح ضذى تغشف سوت وح ضذُ ضٌاٍس 

همذاسی اص ٍصى دسٍى هخضى تسوت وح ضذُ اضافِ گشدد ٍ دس ًْایت هشوض ثمل تاس اضافِ 

وطتی  GMضذُ تغشف وح ضذُ وطتی، تغشف تالا خاتدا گشدیذُ ٍ تاػث هی ضَد وِ 

تٌاتشایي تِ ایي ًتیدِ هی سسین وِ تش اثش سغح آصاد هایؼات . تػَست هداصی واّص یاتذ

GM تایذ دس غَست اهىاى ایي اثش سا دس ضٌاٍسّا واّص دّین وطتی واّص هی یاتذ ٍ. 

هی تَاى تِ تمسین تٌذی یا دیَاسُ تٌذی  اص ساّْای سایح واّص تاثیش سغح آصاد هایؼات

عَلی دس هخاصى وطتی اضاسُ وشد، ّش چِ ایي دیَاسُ تٌذی ّا تؼذادش تیطتش تاضذ تاػث 

 .ایؼات ووتش گشددهی ضَد وِ اثش سغح آصاد م

تَسیلِ فشهَل صیش هحاسثِ هی وطتی تش اثش سغح آصاد هایؼات  GMهمذاس واّص هداصی 

 : گشدد

Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

L = عَل هخضى یا تاًه 

B = ػشؼ هخضى یا تاًه 

ρ1= یا تاًه چگالی هایغ دسٍى هخضى  
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ρ2= چگالی آب صیش وطتی 

V =  (حدن اضغال ضذُ آب خاتدا ضذُ تَسظ ٍصى وطتی)وطتی حدن صیش آتی  

n = تؼذاد هخضى ّای تمسین ضذُ وَچه تَسظ دیَاس ّْای عَلی 

 

 

 

 

 

 

 

 

 

 

 

Example: A Ship of 6000 tons displacement floating in salt 

water has a double bottom tank 20 x 12 x 2 m which is 

divided at the center line and is partially filled with oil of 

W 

L 

W 
L 

G 

B 

g 

g1 

K 

B1 

Z1 

Z 

G1 

GV ZV 

B = Buoyancy 

M 

W = weight 
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relative density 0.82 find the virtual loss of Meta centric 

height? 

Dispt= 6000 t ρ2= 1.025 
𝑡

𝑚3         LTK= 20m        BTK= 12m 

HTK= 2m  n= 2  RDoil= 0.82 Virtual Loss of GM=? 

 

Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

RDoil= 
𝜌𝑖𝑜𝑙

𝜌𝑓𝑤
 

ρoil = RDoil x ρfw 

ρoil = 0.82 x 1 = 0.82 
𝑡

𝑚3 

V = 
𝑚

𝜌
 = 

6000

1.025
 = 5853.65 𝑚3 

Virtual Loss of GM= 
20×123×0.82

12×5853.65×1.025×22 = 
28339.2

287999.58
  

Virtual Loss of GM= 0.0984 m 

 

Example: A Ship of 6000 tons displacement is floating in 

fresh water and has a deep tank 10 x 15 x 6 m which is 

undivided and is partially filled with oil of relative density 

0.92 find the virtual loss of GM due to the free surface? 
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Dispt= 6000 t ρ2= 1 
𝑡

𝑚3         LTK= 10m        BTK= 15m 

HTK= 6m  n= 1  RDoil= 0.92 Virtual Loss of GM=? 

Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

RDoil= 
𝜌𝑖𝑜𝑙

𝜌𝑓𝑤
 

ρoil = RDoil x ρfw 

ρoil = 0.92 x 1 = 0.92 
𝑡

𝑚3 

V = 
𝑚

𝜌
 = 

6000

1
 = 6000 𝑚3 

Virtual Loss of GM= 
10×153×0.92

12×6000×1×12 = 
31050

72000
  

Virtual Loss of GM= 0.43125 m 

 

Example: A Ship of 10000 tons displacement is floating in 

dock water of density 1024 Kg per Cu.m and is carrying oil of 

relative density 0.84 in double bottom tank; the tank is 25m 

long, 15m wide and is divided at the center line. Find the 

virtual loss of GM due to this tank being slack? 

Dispt= 10000 t ρ2= 1.024 
𝑡

𝑚3  RDoil= 0.84  

LTK= 25m        BTK= 15m n= 2  Virtual Loss of GM=? 
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Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

RDoil= 
𝜌𝑖𝑜𝑙

𝜌𝑓𝑤
 

ρoil = RDoil x ρfw 

ρoil = 0.84 x 1 = 0.84 
𝑡

𝑚3 

V = 
𝑚

𝜌
 = 

10000

1.024
 = 9765.62 𝑚3 

Virtual Loss of GM= 
25×153×0.84

12×9765.62×1.024×22 = 
70875

479999.76
  

Virtual Loss of GM= 0.147 m 

 

 

 

Example: A Ship of 8153.75 tons displacement has KG= 

7.5m & KM= 8m and has a double bottom tank 15x10x2 m, 

which is full of salt water ballast. Find the new GM if this 

tank is now pumped out till half empty? 

Dispt= 8153.75 t  KM= 8m  KG= 7.5m LTK= 15m 

BTK= 10m HTK= 2m  ρ1= ρ2= 1.025 
𝑡

𝑚3   n= 1 
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GMnew=? 

 

 

 

 

GMnew= GM – GG1 – G1Gv 

GM = KM – KG = 8 – 7.5 = 0.5 m 

GG1 =  
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 −𝑤
 تِ خْت تخلیِ ًػف تاًه : 

w= ٍُصى آب تخلیِ ضذ 

d= G فاغلِ هشوض حدن آب تخلیِ ضذُ تا 

Dispt ُحدن آب تخلیِ ضذ= V= L x B x H ًػف تاًه  = 15 x 10 x 1 = 150 𝑚3 

ρ = 
𝑚

𝑉
  

1.025 = 
𝑚

150
  

m = w = 150 x 1.025 = 153.75 tons 

d= KG – Kg= 7.5 – (1 + 0.5) = 6 m 

GG1= 
153.75×6

8153.75−153.75
 = 

153.75×6

8000
 = 0.115 m 

G1Gv = Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

M 

G 

G1 

GV 

GG1 

G1GV 

g 

1m 

0.5m 
7.5 m 

8 m 

K 
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Vصیش آتی = 
𝑚

𝜌
 = 

8153.75

1.025
 = 7954.67 𝑚3 

G1Gv = Virtual Loss of GM= 
15×103×1.025

12×7954.67×1.025×12 = 
15375

97842.441
 

G1Gv = Virtual Loss of GM= 0.157 m 

GMnew= 0.5 – 0.115 – 0.157 = 0.228 m 

 

Example: A Ship of 8000 tons displacement has KG= 3.75m 

& KM= 5.5m a double bottom tank 16x16x1 m is subdivided 

at center line and is full of salt water ballast. Find the new 

GM if this tank is pumped out until it is half empty? 

Dispt= 8000 t  KG= 3.75m  KM= 5.5m 

LTK= 16m BTK= 16m HTK= 1m  ρ1= ρ2= 1.025 
𝑡

𝑚3 

n= 2  GMnew=? 

 

 

 

 

 

GMnew= GM – GG1 – G1Gv 

M 

G 

G1 

GV 

GG1 

G1GV 

g 

0.5m 

0.25m 
3.75 m 

5.5 m 

K 
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GM = KM – KG = 5.5 – 3.75 = 1.75 m 

GG1 =  
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 −𝑤
 تِ خْت تخلیِ ًػف تاًه : 

w= ٍُصى آب تخلیِ ضذ 

d= G  ِهشوض حدن آب تخلیِ ضذُ تافاغل  

Dispt ُحدن آب تخلیِ ضذ= V= L x B x H ًػف تاًه  = 16 x 0.5 x 16 = 128 𝑚3 

ρ = 
𝑚

𝑉
  

1.025 = 
𝑚

128
  

m = w = 1.025 x 128 = 131.2 tons 

d= KG – Kg= 3.75 – (0.5 + 0.25) = 3 m 

GG1= 
131.2×3

8000−131.2
 = 

393.6

7868.8
 = 0.050 m 

G1Gv = Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

Vصیش آتی = 
𝑚

𝜌
 = 

8000

1.025
 = 7804.87 𝑚3 

G1Gv = Virtual Loss of GM= 
16×163×1.025

12×7804.87×1.025×22 = 
67174 .4

383999.604
 

G1Gv = Virtual Loss of GM= 0.174 m 

GMnew= 1.75 – 0.050 – 0.174 = 1.526 m 
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Example: A Ship of 7000 tons displacement has KM= 6.4m 

& KG= 5m and has a double bottom tank 20x12x4 m, find 

the new GM if this tank is now pumped in till half full by 

water of density 1015 Kg per Cu.m? 

Dispt= 7000 t  KM= 6.4m  KG= 5m 

LTK= 20m BTK= 12m HTK= 4m  ρ1= ρ2= 1.015 
𝑡

𝑚3 

n= 1  GMnew=? 

 

 

 

 

 

GMnew= GM + GG1 – G1Gv 

GM = KM – KG = 6.4 – 5 = 1.4 m 

GG1 =  
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡 +𝑤
ًػف تاًه پش ضذىتِ خْت  :   

w= ضذُ پش ٍصى آب  

d= G  ضذُ تا پشفاغلِ هشوض حدن آب  

Dispt ُحدن آب تخلیِ ضذ= V= L x B x H ًػف تاًه  = 20 x 12 x 2 = 480 𝑚3 

M 

G 

G1 

GV 

GG1 

G1GV 

g 1m 

6.4 m 

K 

5 m 

2m 
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ρ = 
𝑚

𝑉
  

1.015 = 
𝑚

480
  

m = w = 1.015 x 480 = 487.2 tons 

d= KG – Kg= 5 – 1 = 4 m 

GG1= 
487.2×4

7000+487.2
 = 

1948.8

7487.2
 = 0.260 m 

G1Gv = Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

Vصیش آتی = 
𝑚

𝜌
 = 

7000

1.015
 = 6896.55 𝑚3 

G1Gv = Virtual Loss of GM= 
20×123×1.015

12×6896.55×1.015×12 = 
35078 .4

83999.979
 

G1Gv = Virtual Loss of GM= 0.417 m 

GMnew= 1.4 + 0.260 – 0.417 = 1.243 m 

 

Example: A Vessel of 20000 tons displacement KG= 8.20m 

KM= 8.7m floats in salt water, there is slack water in a 

ballast tank measuring 30m long and 10m wide, calculate 

GM allowing for FSE. 

Dispt= 20000 t KG= 8.2m KM= 8.7m ρ1= ρ2= 1.025 
𝑡

𝑚3 

LTK= 30m BTK= 10m GMnew=?  n= 1 
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GMnew= GM – GGV 

GM= KM – KG= 8.7 – 8.2= 0.5 m 

GGV = Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

Vصیش آتی = 
𝑚

𝜌
 = 

20000

1.025
 = 19512.19 𝑚3 

GGV = Virtual Loss of GM= 
30×103×1.025

12×19512.19×1.025×12 = 
30750

239999.937
 

GGV = 0.128 m 

GMnew= 0.5 – 0.128= 0.372 m 

 

Example: A Ship of 6000 tons displacement has KG= 4m and 

KM= 4.5m, a double bottom tank in the ship 20m long, 10m 

M 

G 

GV 

8.2 m 

8.7 m 

K 
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wide is partially fill of salt water ballast, find the moment of 

statical stability when the ship is heeled 5 degrees? 

(Answer= 112.580 t.m) 

Dispt= 6000 t KG= 4m  KM= 4.5 m LTK= 20m 

BTK= 10m ρ1= ρ2= 1.025 
𝑡

𝑚3     moment of St. St. =? 

θ= 5° n= 1 

 

Moment of St. St. = Dispt x GMnew x Sin θ 

GMnew= GM - GGV 

GM= KM – KG= 4.5 – 4= 0.5 m 

GGV = Virtual Loss of GM= 
𝐿×𝐵3×𝜌1

12×𝑉×𝜌2×𝑛2 

Vصیش آتی = 
𝑚

𝜌
 = 

6000

1.025
 = 5853.66 𝑚3 

GGV = Virtual Loss of GM= 
20×103×1.025

12×5853.66×1.025×12 = 
20500

72000 .018
 

GGV = 0.28 m 

GMnew= 0.5 – 0.28= 0.22 m 

Moment of St. St. = 6000 x 0.22 x Sin 5° = 1320 x 0.087 

Moment of St. St. = 114.84 t.m 
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 : Listهحاسثِ صاٍیِ 

 :خاتدایی یه تاس دس ٌّگام ( الف 

 

 

 

 

 

 

θ = Angel of list 

tan θ = 
𝐺𝐺1

𝐺𝑀
سا داضتِ تاضین θٌّگاهیىِ صاٍیِ  :   

θ = tan−1(
𝐺𝐺1

𝐺𝑀
سا اص ها تخَاٌّذ θٌّگاهیىِ صاٍیِ  : (  

 

 

 

 

 

 

 

θ 

M 

G G1 

W 

g g1 

K 
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Example: A Ship of 6000 tons displacement has KM= 7.3m 

and KG= 6.7m and is floating upright. A weight of 60 tons 

already on board is shifted 12m transversely. Find the 

resultant list? 

Dispt= 6000 t KM= 7.3m KG= 6.7m w= 60t 

d= 12m  θ =? 

 

 θ = tan−1(
𝐺𝐺1

𝐺𝑀
) 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
 = 

60×12

6000
 = 0.12 m 

GM= KM – KG= 7.3 – 6.7= 0.6 m 

W W L L 

M M 

G 

B 

K 

G1 

W 

b 

G 

B 

K 

G1 

B1 

W 

b 

θ 
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θ = tan−1(
0.12

0.6
) = tan−1(0.2) 

θ = 11.3° 

 

Example: A Ship of 2800 tons displacement has KM= 7m 

and KG= 5.9m and is floating upright. A weight of 50 tons 

already on board is shifted 8m transversely. Find the 

resultant list? 

Dispt= 2800 t KM= 7m  KG= 5.9m w= 50t 

d= 8m  θ =? 

 

 θ = tan−1(
𝐺𝐺1

𝐺𝑀
) 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
 = 

50×8

2800
 = 0.14 m 

GM= KM – KG= 7 – 5.9= 1.1 m 

θ = tan−1(
0.14

1.1
) = tan−1(0.127) 

θ = 07.2° 

 

Example: A Ship of 1500 tons displacement has KB= 2.1m 

KG= 2.7m and KM= 3.1m and is floating upright in salt water. 
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Find the list if a weight of 10 tons is shifted transversely 

across the deck through a distance of 10 meters? 

Dispt= 1500 t KB= 2.1m KG= 2.7m KM= 3.1m 

ρ= 1.025 
𝑡

𝑚3   θ =?  w= 10 t  d= 10m 

 

θ = tan−1(
𝐺𝐺1

𝐺𝑀
) 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
 = 

10×10

1500
 = 0.066 m 

GM= KM – KG= 3.1 – 2.7= 0.4 m 

θ = tan−1(
0.066

0.4
) = tan−1(0.165) 

θ = 09.3° 

 

Example: A Ship of 4515 tons displacement is upright and 

has KG= 5.4m and KM= 5.8m, it is required to list the ship 2 

degrees to starboard and a weight of 15 tons is to be shifted 

transversely for this purpose. Find the distance through 

which it must be shifted? 

Dispt= 4515 t KG= 5.4m KM= 5.8m θ =2° 

w= 15 t  d=? 



Ship Stability 
 

  Page 
120 

 
  

 

tan θ = 
𝐺𝐺1

𝐺𝑀
 

GM= KM – KG= 5.8 – 5.4= 0.4 m 

tan 2° = 
𝐺𝐺1

0.4
 

GG1= 0.4 x tan 2° = 0.4 x 0.034 = 0.0136 m 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
 

0.0136 = 
15×𝑑

4515
 

15xd = 4515 x 0.0136 

15xd= 61.404 

d= 
61.404

15
 = 4.09 m 

 

Example: A weight of 12 tons when moved transversely 

across the deck through a distance of 12m, causes a ship of 

4000 tons displacement to list 3.8 degrees to starboard if 

KM= 6m, find the KG? 

w= 12 t  d= 12m  Dispt= 4000 t θ =3.8° 

KM= 6m  KG=? 

KG= KM – GM 
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tan θ = 
𝐺𝐺1

𝐺𝑀
 

GG1= 
𝑤×𝑑

𝐷𝑖𝑠𝑝𝑡
= 

12×12

4000
 = 

144

4000
 = 0.036 m 

tan (3.8°) = 
0.036

𝐺𝑀
  

GM = 0.036 x tan (3.8°) = 0.036 x 0.066= 0.545 m 

KG= 6 – 0.545= 5.455 m 

 

Example: A Ship of 8000 tons displacement has GM= 0.5m, 

a quantity of grains in the hold estimated at 80 tons shifts 

and as a result, the center of gravity of this grains move 

6.1m horizontally and 1.5m vertically. Find the resultant list? 

Dispt= 8000 t GM= 0.5m w= 80 t  dH= 6.1 m 

dV= 1.5 m  θ =? 

 

 

 

 

 

 

M 

G G1 

b 

g g1 

g2 

G2 X 

θ 

W L 

K 
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θ = tan−1(
𝑋𝐺2

𝑋𝑀
) 

XG2= GG1 & XG= G1G2 

XM= GM – GX= GM – G1G2 

θ = tan−1(
𝐺𝐺1

𝑋𝑀
) 

GG1 = 
𝑤×𝑑𝐻

𝐷𝑖𝑠𝑝𝑡
= 

80×6.1

8000
 = 

488

8000
 = 0.061 m 

G1G2 = 
𝑤×𝑑𝑉

𝐷𝑖𝑠𝑝𝑡
= 

80×1.5

8000
 = 

180

8000
 = 0.015 m 

XM= 0.5 – 0.015= 0.485 m 

θ = tan−1(
𝐺𝐺1

𝑋𝑀
) = tan−1(

0.061

0.485
) = tan−1(0.125) 

θ = 7.12° 

 

Example: A quantity of grain estimated at 100 tons shifts 

10m horizontally and 1.5m vertically in a ship of 9000 tons 

displacement, if the ship’s original GM was 0.5m, find the 

resulting list? 

w= 100 t  dH= 10m  dV= 1.5m Dispt= 9000 t 

GM= 0.5m θ =? 
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θ = tan−1(
𝑋𝐺2

𝑋𝑀
) 

XM= GM – GX= GM – G1G2 

G1G2 = 
𝑤×𝑑𝑉

𝐷𝑖𝑠𝑝𝑡
= 

1000×1.5

9000
 = 

1500

9000
 = 0.016 m 

XM= 0.5 – 0.016= 0.484 m 

XG2= GG1 

GG1 = 
𝑤×𝑑𝐻

𝐷𝑖𝑠𝑝𝑡
= 

100×10

9000
 = 

1000

9000
 = 0.111 m 

θ = tan−1(
𝐺𝐺1

𝑋𝑀
) = tan−1(

0.111

0.484
) = tan−1(0.229) 

θ = 12.89° 

 

Example: A Ship of 6500 tons displacement is floating 

upright and has GM= 0.15m, a weight of 50 tons already 

M 

G G1 

b 

g g1 

g2 

G2 X 

θ 

W L 

K 
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onboard is moved 1.5 vertically downwards and 5m 

transversely to starboard. Find the list? 

Dispt= 6500 t GM= 0.15m  w= 50 t  dV= 1.5m 

dH= 5m (STBD)  θ =? 

 

 

 

 

 

 

 

θ = tan−1(
𝐺1𝐺2

𝐺1𝑀
) 

G1G2 = 
𝑤×𝑑𝐻

𝐷𝑖𝑠𝑝𝑡
= 

50×5

6500
 = 

250

6500
 = 0.038 m 

G1M= GM + GG1 

GG1 = 
𝑤×𝑑𝑉

𝐷𝑖𝑠𝑝𝑡
= 

50×1.5

6500
 = 

75

6500
 = 0.011 m 

G1M = 0.15 + 0.011= 0.161 m 

θ = tan−1(
0.038

0.161
) = tan−1( 0.236) 

M 

G 

G1 

b 

g 

g1 g2 

G2 

θ 

W L 

K 
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θ = 13.27° To STBD 

تشای تاس یا تاسّای هختلف تؼذ اص تخلیِ، تاسگیشی ٍ یا  Listتذست آٍسدى صاٍیِ ( ب 

 :خاتدایی 

θ = tan−1(
𝐺𝐺1

𝐺1𝑀
) 

G1M= KM – KG1 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑘𝑒𝑒𝑙

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 

GG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑐𝑒𝑛𝑡𝑒𝑟  𝑙𝑖𝑛𝑒

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 

 

Example: A Ship of 8000 tons displacement has KM= 8.7m 

and KG= 7.6m, the following weight are then loaded and 

discharged: 

Load: 

250 tons cargo Kg= 6.1m and center of gravity 7.6m to 

starboard of the center line. 

300 tons fuel oil Kg= 0.6m and center of gravity 6.1m to port 

of the center line. 

Discharge: 

50 tons of ballast Kg= 1.2m and center of gravity 4.6m to 

port of the center line. 
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Find the final list? 

Dispt= 8000 t KM= 8.7m KG= 7.6m 

Load: 

w1= 250 t / Kg= 6.1m / 7.6m STBD of  

w2= 300 t / Kg= 0.6m / 6.1m port of  

Discharge: 

w3= 50 t  / Kg= 1.2m / 4.6m port of  

θ =? 

 

θ = tan−1(
𝐺𝐺1

𝐺1𝑀
) 

G1M= KM – KG1 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑘𝑒𝑒𝑙

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 

 

 

 

 

 

KG1= 
62445

8500
 = 7.34 m 

Moment about Keel Kg w 
+60800 7.6 +8000 
+1525 6.1 +250 
+180 0.6 +300 
-60 1.2 -50 

+62445  +8500 Total 



Ship Stability 
 

  Page 
127 

 
  

G1M= 8.7 – 7.34= 1.36 m 

 

 

 

 

 

 

GG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑐𝑒𝑛𝑡𝑒𝑟  𝑙𝑖𝑛𝑒

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 = 

2130−1830

8500
 = 

300

8500
  

GG1= 0.035 m 

θ = tan−1(
0.035

1.36
) = tan−1(0.025) 

θ = 1.43° to STBD 

 

Example: A Ship of 5600 tons displacement has KG= 4.5m, 

KM= 6.8m, find the final list if the following cargos load, 

discharge and shift: 

Load: 

A cargo of 280 tons Kg= 3m and 3.5m starboard of  

Discharge: 

Moment about CL 
g CL w 

To STBD To port 
1900 -- 7.6 250 

-- 1830 0.6 300 
230 -- 4.6 50 

2130 1830   Total 
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A cargo of 400 tons Kg= 5m and 6m starboard of  

A cargo of 150 tons Kg= 1.5m and 5m port of  

Shift: 

A cargo of 200 tons with Kg= 1.8m to Kg= 4m during a 

distance of 5m to port side. 

Dispt= 5600 t KG= 4.5m KM= 6.8m θ =? 

Load: 

w1= 280 t / Kg= 3m  / 3.5m STBD of  

Discharge: 

w2= 400 t / Kg= 5m  / 6m STBD of  

w3= 150 t / Kg= 1.5m / 5m port of  

Shift: 

w4= 200 t / Kg= 1.8m to Kg= 4m / 5m port of  

 

θ = tan−1(
𝐺𝐺1

𝐺1𝑀
) 

G1M= KM – KG1 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑘𝑒𝑒𝑙

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
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KG1= 
24255

5330
 = 4.55 m 

G1M= 6.8 – 4.55= 2.25 m 

 

 

 

 

 

 

GG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑐𝑒𝑛𝑡𝑒𝑟  𝑙𝑖𝑛𝑒

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 = 

3400−1730

5330
 = 

1670

5330
  

GG1= 0.313 m 

Moment about Keel Kg w 
+25200 4.5 +5600 
+8400 3 +280 
-2000 5 -400 
-225 1.5 -150 
-360 1.8 -200 
+800 4 +200 

+24255  +5330 Total 

Moment about CL 
g CL w 

To STBD To port 
980 -- 3.5 280 

-- 2400 6 400 
750 -- 5 150 

-- 1000 5 200 

1730 3400   Total 
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θ = tan−1(
0.313

2.25
) = tan−1(0.139) 

θ = 7.91° to port side. 

 

Example: A Ship of 6000 tons displacement has KG= 4.5m, 

KM= 5.8m and listed 6 degrees to STBD, find final list if the 

following cargos load, discharge & shift: 

Load: 

A cargo of 200 tons Kg= 2m and 3m starboard of  

Discharge: 

A cargo of 250 tons Kg= 2.5m and 6.5m starboard of  

Shift: 

A cargo of 150 tons Kg= 3m to Kg= 4m during a distance of 

8m to port side.  

Find the final list? 

Dispt= 6000 t KG= 4.5m KM= 5.8m θ1 =6° to STBD 

Load: 

w1= 200 t / Kg= 2m  / 3m STBD of  

Discharge: 

w2= 250 t / Kg= 2.5m  / 6.5m STBD of  
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Shift: 

w3= 150 t / Kg= 3m to Kg= 4m / 8m port of  

 

θ = tan−1(
𝐺𝐺1

𝐺1𝑀
) 

G1M= KM – KG1 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑘𝑒𝑒𝑙

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 

 

 

 

 

 

 

KG1= 
26925

5950
 = 4.25 m 

G1M= 5.8 – 4.25= 1.28 m 

هی تاضذ، تایذ ٍصى اٍلیِ وطتی سا ًیض دس خذٍل  Listچَى خَد وطتی دس اتتذا داسای 

تشای ایي هٌظَس تایستی فاغلِ هشوض ثمل وطتی . ٍاسد ًوایین Center Lineگطتاٍس حَل 

 :سا هحاسثِ وٌین تِ ضشح ریل Center Lineتا 

tan 𝜃1= 
𝐺𝐺1

𝐺𝑀
 

Moment about Keel Kg w 
+27000 4.5 +6000 

+400 2 +200 
-625 2.5 -250 
-450 3 -150 
+600 4 +150 

+26925  +5950 Total 
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GM= KM – KG= 5.8 – 4.5= 1.3 m 

tan 6°= 
𝐺𝐺1

1.3
 

GG1= 1.3 x tan 6° = 1.3 x 0.105= 0.136* m 

 

 

 

 

 

 

GG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑐𝑒𝑛𝑡𝑒𝑟  𝑙𝑖𝑛𝑒

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 = 

2825−1416

5950
 = 

1409

5950
  

GG1= 0.236 m 

θ = tan−1(
0.236

1.28
) = tan−1(0.189) 

θ = 10.42° to port side. 

 

Example: A Ship of 5000 tons displacement has KG= 4.2m, 

KM= 4.5m and is listed 5 degrees to port, assuming that the 

KM remains constant, find the final list if 80 tons of bunkers 

are loaded in No.2 starboard tank whose center of gravity is 

Moment about CL 
g CL w 

To STBD To port 
816 -- 0.136* 6000 
600 -- 3 200 

-- 1625 6.5 250 
-- 1200 8 150 

1416 2825   Total 
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1 meter above the keel and 4 meters out from the center 

line. 

Dispt= 5000 t KG= 4.2m KM= 4.5m θ1 =5° to port 

Load: 

w1= 80 t  / Kg= 1m  / 4m STBD of  

 

θ = tan−1(
𝐺𝐺1

𝐺1𝑀
) 

G1M= KM – KG1 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑘𝑒𝑒𝑙

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 

 

 

 

 

KG1= 
21080

5080
 = 4.14 m 

G1M= 4.5 – 4.14= 0.36 m 

 

tan 𝜃1= 
𝐺𝐺1

𝐺𝑀
 

GM= KM – KG= 4.5 – 4.2= 0.3 m 

Moment about Keel Kg w 
+21000 4.2 +5000 

+80 1 +80 
+21080  +5080 Total 
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tan 5°= 
𝐺𝐺1

0.3
 

GG1= 0.3 x tan 5° = 1.3 x 0.087= 0.026* m 

 

 

 

 

 

GG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑐𝑒𝑛𝑡𝑒𝑟  𝑙𝑖𝑛𝑒

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 = 

320−130

5080
 = 

190

5080
  

GG1= 0.037 m 

θ = tan−1(
0.037

0.36
) = tan−1(0.102) 

θ = 05.8° to STBD 

 

Example: A Ship of 9500 tons displacement is listed 3
1

2
 

degrees to STBD and has KM= 9.5m and KG= 9.3m, She loads 

300 tons of bunkers in No.3 double bottom tank port side 

(Kg= 0.6m and center of gravity 6m from the center line) and 

discharges two parcels of cargo each of 50 tons from port 

side of No.2 shelter deck (Kg= 11m and the center of gravity 

5m from the center line). Find the final list. 

Moment about CL 
g CL w 

To STBD To port 
-- 130 0.026* 5000 

320 -- 4 80 
320 130   Total 
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Dispt= 9500 t θ1 =3.5° to STBD  KM= 9.5m 

KG= 9.3m 

Load: 

w1= 300 t   / Kg= 0.6m / 6m port of  

Discharge: 

w2= 50+50= 100 t  / Kg= 11m  / 5m port of  

θ =? 

 

θ = tan−1(
𝐺𝐺1

𝐺1𝑀
) 

G1M= KM – KG1 

KG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑘𝑒𝑒𝑙

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 

 

 

 

 

 

KG1= 
87403

9700
 = 4.14 m 

G1M= 9.5 – 9.01= 0.49 m 

Moment about Keel Kg w 
+88350 9.3 +9500 

+180 0.6 +300 
-1100 11 -100 

+87403  +9700 Total 
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tan 𝜃1= 
𝐺𝐺1

𝐺𝑀
 

GM= KM – KG= 9.5 – 9.3= 0.2 m 

tan 3.5°= 
𝐺𝐺1

0.2
 

GG1= 0.2 x tan 3.5° = 0.2 x 0.061= 0.012* m 

 

 

 

 

 

 

GG1= 
𝐹𝑖𝑛𝑎𝑙  𝑚𝑜𝑚𝑒𝑛𝑡  𝑎𝑏𝑜𝑢𝑡  𝑐𝑒𝑛𝑡𝑒𝑟  𝑙𝑖𝑛𝑒

𝑓𝑖𝑛𝑎𝑙  𝑑𝑖𝑠𝑝𝑡
 = 

1800−614

9700
 = 

1186

9700
  

GG1= 0.122 m 

θ = tan−1(
0.122

0.49
) = tan−1(0.248) 

θ = 13.9° to port side 

 

 

Moment about CL 
g CL w 

To STBD To port 
114 -- 0.012* 9500 

-- 1800 6 300 
500 -- 5 100 

614 1800   Total 
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 :تَسیلِ چٌذیي تاس یا تخلیِ ٍ یا خاتدایی  Listتػحیح صاٍیِ 

 Center Lineضذُ است هدوَع گطتاٍسّای حَل  Listدس ٌّگاهیىِ وطتی دچاس 

تایذ  Listوطتی دس یه سوت تیطتش اص سوت دیگش هی تاضذ، تٌاتشایي تشای تػحیح صاٍیِ 

ضشط ایٌىِ وطتی . تش سٍی سغح آب لشاس گیشد (Upright)وطتی دس ًْایت تػَست لائن 

دس عشفیي  Center Lineع گطتاٍسّای حَل تػَست لائن لشاس گیشد ایي است وِ هدوَ

 :تا ّن تشاتش تاضٌذ ( چپ ٍ ساست)وطتی 

Moment about Center Line to port = Moment about Center Line to STBD 

 

Example: A Ship of 13750 tons displacement GM= 0.75m is 

listed 2
1

2
 degrees to STBD and yet to load 250 tons of cargo. 

There is space available in each side No.3 tween deck 

(center of gravity 6.1m out from center line). Find how much 

cargo to load on each side if the ship is to be upright on 

completion of loading? 

Dispt= 13750 t GM= 0.75m  θ1 =2.5° to STBD  

Cargo= 250 t 

wport= w t   6.1m port of  

wSTBD= 250 – w t  6.1m STBD of  

 

Moment about Center Line to port = Moment about Center Line to STBD 
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tan 𝜃1= 
𝐺𝐺1

𝐺𝑀
 

tan 2.5°= 
𝐺𝐺1

0.75
 

GG1= 0.75 x tan 2.5° = 0.75 x 0.043= 0.032* m 

 

 

6.1w= 6.1 x (250-w) + 440 

6.1w + 6.1w = 440 + 1525 

12.2w = 1965 

w = 
1965

12.2
 = 161.06 t 

wport= 161.06 t 

wSTBD= 250 – 161.06 = 88.94 t 

 

Moment about CL 
g CL w 

To STBD To port 
440 -- 0.032* 13750 
-- 6.1w 6.1 W 

6.1x(250-w) -- 6.1 250-w 

440+6.1x(250-w) 6.1w   Total 
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Example: A Ship of 7800 tons displacement has a mean 

draft of 6.8m and is to be loaded to mean draft of 7 meters, 

GM= 0.7m and TPC= 20 tons. The ship is at present list 4 

degrees to starboard, how much more cargo can be shipped 

in the port and starboard tween deck, center of gravity 6m 

and 5m respectively, from the center line, for the ship to 

complete loading and finish upright. 

Dispt= 7800 t D1= 6.8m D2= 7m  GM= 0.7m 

TPC= 20t  θ1 = 4° to STBD  port: 6m from 

STBD: 5m from  w =? 

 

∆D= 7 – 6.8= 0.2m = 20 cm 

TPC = 
𝑤 𝑡 

∆𝐷 𝑐𝑚 
    

20 = 
𝑤

20
 

w= 400 t 

wSTBD= w t ; wport= 400 – w t 

 :تَدى  Uprightضشط لاصم تشای 

Moment about Center Line to port = Moment about Center Line to STBD 

tan 𝜃1= 
𝐺𝐺1

𝐺𝑀
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tan 4°= 
𝐺𝐺1

0.7
 

GG1= 0.7 x tan 4° = 0.7 x 0.069= 0.048* m 

 

 

6 x (400-w) = 374.4+5w 

2400 – 6w = 374.4 + 5w 

2400 – 374.4 = 5w + 6w 

2025.6 = 11w 

w = 
2025.6

11
 

w = 184.14 t 

wSTBD= 184.14 t 

wport= 400 – 184.14 = 215.86 t 

 

Moment about CL 
g CL w 

To STBD To port 
374 -- 0.048* 7800 
5w -- 5 w 
-- 6x(400-w) 6 400-w 

374.4+5w    Total 
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Example: A Ship of 12500 tons displacement KM= 7m & 

KG= 6.4m has a 3 degrees list to starboard and has yet to 

load 500 tons of cargo. There is space available in the tween 

deck center of gravity 6m each side of the center line. Find 

how much cargo to load on each side if the ship is to 

complete loading upright. 

Dispt= 12500 t KM= 7m  KG= 6.4m θ1 =3° to STBD 

Cargo= 500 t 

wport= w t   6m port of  

wSTBD= 500 – w t  6m STBD of  

 

Moment about Center Line to port = Moment about Center Line to STBD 

tan 𝜃1= 
𝐺𝐺1

𝐺𝑀
 

GM= KM – KG= 7 – 6.4= 0.6 m 

tan 3°= 
𝐺𝐺1

0.6
 

GG1= 0.6 x tan 3° = 0.6 x 0.052= 0.031* m 
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6w = 387.5 + 6 x (500 – w) 

6w = 387.5 + 3000 – 6w 

6w + 6w = 3387.5 

12w = 3387.5 

w = 
3387.5

12
  

w = 282.29 t 

wport= 282.29 t 

wSTBD= 500 – 282.29 = 217.71 t 

 

 

 

 

Moment about CL 
g CL w 

To STBD To port 
387.5 -- 0.031* 12500 

-- 6w 6 w 
6x(500-w) -- 6 500-w 

387.5+6x(500-w) 6w   Total 
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 : (Trim)خوص عَلی 

MCTC  یاMCT 1cm : 

هی تاضذ ٍ همذاس  Moment to change trim by one centimeterهخفف 

تغییش  1cmوطتی سا تِ اًذاصُ  trimگطتاٍس لاصهی هی تاضذ وِ تتَاًذ خوص عَلی یا 

 :تَدُ ٍ تَسیلِ فشهَل صیش هحاسثِ هی گشدد  ton  meterدّذ ٍ ٍاحذ آى 

MCTC = 
𝐷𝑖𝑠𝑝𝑡 ×𝐺𝑀𝐿

100×𝐿
 

Dispt= ٍصى ضٌاٍس 

GML= Longitudinal Meta Centric Height = عَلی ضٌاٍس GM 

L = عَل ضٌاٍس 

 

 

 

W 

L 

M 

G 

B 

K 

G1 

B1 

b 
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تا هشوض ثمل عَلی ضٌاٍس صیاد هی تاضذ، تٌاتشایي  Meta Centerتؼلت ایٌىِ فاغلِ : ًىتِ

تا هشوض ضٌاٍسی ًیض صیاد تَدُ ٍ هساٍی تا آى فشؼ هی گشدد، لزا  Meta Centerفاغلِ 

 :هی تَاى گفت 

GML ≈ BML 

 :تشای ضٌاٍسّای صیش تایذ اص فشهَل هزوَس استفادُ ضَد  BMLتشای هحاسثِ : ًىتِ

 : (Box Shaped)ضٌاٍسّای خؼثِ ایی ضىل ( الف 

BML= 
𝐿2

12×𝐷
 

L= عَل وطتی 

D= Draft 

 : (Triangular Shaped)ضٌاٍسّای هثلثی ضىل ( ب 

BML= 
𝐿2

6×𝐷
 

L= عَل وطتی 

D= Draft 

 

Example: A Vessel of 2500 tons displacement has 120m 

long and longitudinal Meta centric height 140m, find MCTC? 

Dispt= 2500 t L= 120m  GML= 140m MCTC =? 
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MCTC= 
𝐷𝑖𝑠𝑝𝑡 ×𝐺𝑀𝐿

100×𝐿
 = 

2500×140

100×120
 = 

350000

12000
 = 29.16 t.m 

 

Example: A Box shaped vessel of 48x10x4 m has draft= 

2.5m floating in fresh water, find MCT 1cm? 

L= 48m  B= 10m  H= 4m  D= 2.5m 

ρ= 1 
𝑡

𝑚3   MCT 1cm=? 

 

Dispt= L x B x D x ρ= 48 x 10 x 2.5 x 1= 1200 t 

GML= BML= 
𝐿2

12×𝐷
 = 

482

12×2.5
 = 

2304

30
 = 76.8 m 

MCTC= 
𝐷𝑖𝑠𝑝𝑡 ×𝐺𝑀𝐿

100×𝐿
 = 

1200×76.8

100×48
 = 

92160

4800
 = 19.2 t.m 

 

 

 :تاثیشات خاتدایی تاس دس ساستای عَلی تش سٍی آتخَس ضٌاٍس

Change of Trim = 
𝑤(𝑡)×𝑑(𝑚)

𝑀𝐶𝑇𝐶
  (cm) 

w= ٍُصى تاس خاتدا ضذ 

d= هیضاى خاتدایی عَلی تاس 
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3m 

Change of draft in aft due to change of Trim = 
𝑙

𝐿
 x Change of Trim 

 Change of draft in FWD due to change of Trim = Change of Trim – Change of aft draft 

𝑙 = CF  فاغلِ پاضٌِ تا 

 

Example: A Ship 126m long is floating at draft of 5.5m F & 

6.5m A. The center of floatation is 3m aft of amidships, MCT 

1cm= 240 t.m, displacement= 600 tons. Find the new draft if 

a weight of 120 tons already on board is shifted forward a 

distance of 45 meters. 

L= 126m  DF= 5.5m DA= 6.5m 𝑙= 60m 

MCTC= 240 t.m       Dispt= 6000 t       new draft =?       w= 120 t 

d= 45m tw FWD 

 

 

  

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

120×45

240
 = 

5400

240
 = 22.5 cm 

CF 

60m 63m 
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Change of draft in aft due to change of Trim = 
𝑙

𝐿
 x Change of Trim 

Change of draft in aft due to change of Trim= 
60

126
 x 22.5= 10.714 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 22.5 – 10.714= 11.786 cm 

 

 FWD AFT 
Old Draft 5.500 m 6.500 m 

Change of Trim + 0.117 m - 0.107 m 
New Draft 5.617 m 6.393 m 

 

Example: A Ship 100m long and with a Dispt of 2200 tons 

has longitudinal Meta centric height 150m, the present 

drafts are 5.2m F & 5.3m A. center of floatation is 3m aft of 

amidships. Find the new drafts if a weight of 5 tons already 

on board is shifted aft through a distance of 60 meters. 

L= 100m  Dispt= 2200 t GML= 150m  DF= 5.2m 

DA= 5.3m COF= 3m aft of amidships new drafts=? 

w= 5 t  d= 60m tw aft 
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3m 

 

 

 

MCTC= 
𝐷𝑖𝑠𝑝𝑡 ×𝐺𝑀𝐿

100×𝐿
 = 

2200×150

100×100
 = 

330000

10000
 = 33 t.m 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

5×60

33
 = 

300

33
 = 9.090 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
47

100
 x 9.090= 4.272 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 9.090 – 4.272= 4.818 cm 

 FWD AFT 
Old Draft 5.200 m 5.300 m 

Change of Trim - 0.048 m + 0.042 m 
New Draft 5.152 m 5.342 m 

 

Example: A Ship 130m long is floating at the draft of 5.3m 

forward and 6.3m aft, the center of floating is 3m FWD of 

amidships. MCTC= 230 t.m displacement= 6500 t, find the 

CF 

47m 50m 



Ship Stability 
 

  Page 
149 

 
  

new draft if a weight of 130 tons already on board is shifted 

aft a distance of 55 meters? 

L= 130m  DF= 5.3m DA= 6.3m 

COF= 3m fwd amidships  MCTC= 230 t.m Dispt= 6500 t 

new drafts=?  w= 130 t  d= 55m tw aft 

 

 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

130×55

230
 = 

7150

230
 = 31.08 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
68

130
 x 31.08= 16.25 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 31.08 – 16.25= 14.83 cm 

 

 

 

 

CF 

65m 3m 62m 

𝑙 = 68m 
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 FWD AFT 
Old Draft 5.300 m 6.300 m 

Change of Trim - 0.148 m + 0.162 m 
New Draft 5.152 m 6.462 m 

 

Example: A Box shaped vessel 90mx 10mx6m is floating in 

salt water on an even keel at 3m draft fwd and aft. Find new 

draft if a weight of 64 tons already on board shifted a 

distance of 40m aft? 

L= 90m  B= 10m  H= 6m  ρ= 1.025 
𝑡

𝑚3 

DF= DA= 3m      new draft=?        w= 64 t      d= 40m tw aft 

 

 

 

 

 

Dispt= L x B x D x ρ= 90 x 10 x 3 x 1.025= 2767.5 t 

GML ≈ BML 

BML= 
𝐿2

12×𝐷 = 
902

12×3
 = 

8100

36
 = 225 m 

MCTC= 
𝐷𝑖𝑠𝑝𝑡 ×𝐺𝑀𝐿

100×𝐿
 = 

2767.5×225

100×90
 = 

622687 .5

9000
 = 69.18 t.m 

CF 

𝑙= 45m 45m 
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Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

64×40

69.18
 = 

2560

69.18
 = 37 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
45

90
 x 37= 18.5 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 37 – 18.5= 18.5 cm 

 FWD AFT 
Old Draft 3.000 m 3.000 m 

Change of Trim - 0.185 m + 0.185 m 
New Draft 2.815 m 3.185 m 

 

Example: A Box shaped vessel 100mx 15mx8m is floating in 

salt water on an even keel at 3.5m draft fwd and aft. Find 

new draft if a weight of 80 tons already on board shifted a 

distance of 38m forward? 

L= 100m  B= 15m  H= 8m  ρ= 1.025 
𝑡

𝑚3 

DF= DA= 3.5m      new draft=?        w= 80 t      d= 38m tw fwd 

 

 

 

 

CF 

𝑙= 50m 50m 
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Dispt= L x B x D x ρ= 100 x 15 x 3.5 x 1.025= 5381.25 t 

GML ≈ BML 

BML= 
𝐿2

12×𝐷 = 
1002

12×3.5
 = 

10000

42
 = 238.09 m 

MCTC= 
𝐷𝑖𝑠𝑝𝑡 ×𝐺𝑀𝐿

100×𝐿
 = 

5381.25×238.09

100×100
 = 

1281221 .81

10000
 = 128.122 t.m 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

80×38

128.122
 = 

3040

128.122
 = 23.727 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
50

100
 x 23.727= 11.863 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 23.727 – 11.863= 11.863 cm 

 FWD AFT 
Old Draft 3.500 m 3.500 m 

Change of Trim - 0.118 m + 0.118 m 
New Draft 3.382 m 3.618 m 
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 :تاثیشات تاسگیشی تش سٍی ًمغِ ایی خاسج اص هشوض غَعِ ٍسی تش سٍی آتخَس ضٌاٍس 

 

 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 

w= ٍصى تاس 

d= CF فاغلِ هشوض ثمل تاس تا 

𝑙 = CF فاغلِ پاضٌِ تا 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of FWD draft = Change of Trim – Change of aft draft 

Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 

 FWD AFT 
Old Draft m m 

Change of Trim ± m ∓ m 
Bodily Sinkage + m + m 

New Draft   
 

CF 

𝑙 𝑑 

g 
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14m 1.5m 

Example: A Ship 90m long is floating at draft 4.5m fwd and 

5m aft. The center of floatation is 1.5m aft of amidships, 

TPC= 12 tons, MCTC 120 tons meter. Find the new draft if a 

total weight of 450 tons is loaded in a position 14 meters 

forward of amidships. 

L= 90m  DF= 4.5m DA= 5m CF= 1.5m aft amidships 

MCTC= 120 t.m new draft =?  TPC= 12 t 

w= 450 t in 14m fwd amidships 

 

 

d= 1.5 + 14= 15.5 m 

𝑙 = 43.5 m 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

450×15.5

120
 = 

6975

120
 = 58.125 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
43.5

90
 x 58.125 = 28.07 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

CF 

43.5m 

g 
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Change of FWD draft = 58.125 – 28.07= 30.055 cm 

Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 = 

450

12
 = 37.5 cm 

 FWD AFT 
Old Draft 4.500 m 5.000 m 

Change of Trim +0.300 m -0.280 m 
Bodily Sinkage +0.375 m +0.375 m 

New Draft 5.175 m 5.095 m 
 

Example: A Ship 84m long is floating on an even keel at a 

draft of 5.5 meters. 45 tons of cargo is then loaded in a 

position 30m aft of amidships; the center of floatation is 1m 

aft amidships. TPC 15 tons, MCT 1cm 200 t.m, find the final 

drafts? 

 

 

d= 30 – 1= 29 m 

𝑙 = 42 – 1= 41m 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

45×29

200
 = 

1305

200
 = 6.525 cm 

CF 

42m 

g 

1m 
30m 
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Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
41

84
 x 6.525 = 3.184 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 6.525 – 3.184= 3.341 cm 

Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 = 

45

15
 = 3 cm 

 FWD AFT 
Old Draft 5.500 m 5.000 m 

Change of Trim -0.033 m +0.031 m 
Bodily Sinkage +0.030 m +0.030 m 

New Draft 5.497 m 5.561 m 
 

Example: A Box shaped V/L 50x8x4m is floating in salt 

water on an even keel at 2.5m draft F&A. Find new draft if a 

weight of 50 tons is loaded in position of 10m forward of 

astern? 

L= 50m  B= 8m  H= 4m  ρ= 1.025 
𝑡

𝑚3 

DF= DA= 2.5m new drafts =? 

w= 50t in 10m fwd of astern 
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d= 25 – 10= 15 m 

𝑙 = 25 m 

Dispt= L x B x D x ρ= 50 x 8 x 2.5 x 1.025= 1025 t 

GML ≈ BML=  
𝐿2

12×𝐷 = 
502

12×2.5
 = 

2500

30
 = 83.33 m 

MCTC= 
𝐷𝑖𝑠𝑝𝑡 ×𝐺𝑀𝐿

100×𝐿
 = 

1025×83.33

100×50
 = 

85413 .25

5000
 = 17.08 t.m 

WPA= L x B x Cw= 50 x 8 x 1= 400 

TPC= 
𝑊𝑃𝐴×𝜌

100
 = 

400×1.025

100
 = 

410

100
 = 4.1 t 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

50×15

17.08
 = 

750

17.08
 = 43.91 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
25

50
 x 43.91 = 21.955 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 43.91 – 21.955= 21.955 cm 

Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 = 

50

4.1
 = 12.19 cm 

CF 

𝑙= 25m 25m 

g 
10m 
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 FWD AFT 
Old Draft 2.500 m 2.500 m 

Change of Trim -0.219 m +0.219 m 
Bodily Sinkage +0.121 m +0.121 m 

New Draft 2.402 m 2.840 m 
 

 : (CF)تاثیشات تخلیِ تش سٍی آتخَس ضٌاٍس دس ًمغِ ایی خاسج اص هشوض غَعِ ٍسی 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 

w = ٍُصى تاس تخلیِ ضذ 

d = CF فاغلِ هشوض ثمل تاس تخلیِ ضذُ تا 

𝑙 = CF فاغلِ پاضٌِ تا 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of FWD draft = Change of Trim – Change of aft draft 

Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 

 FWD AFT 
Old Draft m m 

Change of Trim ± m ∓ m 
Bodily Sinkage - m - m 

New Draft   
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Example: A Ship 100m long arrives in a port with draft 3m F 

and 4.3m A. TPC= 10 tons, MCT 1cm 120 tons meter, the 

center of floatation is 3m aft of amidships. If 40 tons of cargo 

is discharged from 120m aft of amidships, what are the new 

drafts? 

L= 100m  DF= 3m  DA= 4.3m TPC= 10 t 

MCTC= 120 t.m CF: 3m aft of amidships 

w= 40 t from 120 aft of amidships  new drafts=? 

 

 

 

d = 12 – 3= 9 m 

𝑙 = 50 – 3= 47 m 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

40×9

120
 = 

360

120
 = 3 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
47

100
 x 3 = 1.41 cm 

CF 

50m 

g 

3m 
12m 

50m 



Ship Stability 
 

  Page 
160 

 
  

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 3 – 1.41 = 1.59 cm 

Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 = 

40

10
 = 4 cm 

 

 

 

 FWD AFT 
Old Draft 3.000 m 4.300 m 

Change of Trim + 0.015m -0.014 m 
Bodily Sinkage -0.040 m -0.040 m 

New Draft 2.975 m 4.246 m 
 

Example: A Ship 150m long has draft F&A respectively 4.5m 

and 5m, with center of floatation 4m forward of amidships, 

TPC= 20 t, MCTC= 100 t. Find new drafts if a weight of 200 

tons discharged 20m from ahead? 

L= 150m   DF= 4.5m  DA= 5m  TPC= 20t 

MCTC= 100t  new draft=? w= 200t from 20m ahead 
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d = 75 – 20 – 4 = 51 m 

𝑙 = 75 + 4= 79 m 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

200×51

100
 = 

10200

120
 = 102 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
79

150
 x 102 = 53.04 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 102 – 53.04 = 48.96 cm 

Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 = 

200

20
 = 10 cm 

 FWD AFT 
Old Draft 4.500 m 5.000 m 

Change of Trim -0.489 m + 0.530 m 
Bodily Sinkage -0.010 m -0.010 m 

New Draft 4.001 m 5.520 m 
 

75m 75m 

CF 

4m 20m 

g 

51m 
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Example: A Box shaped vessel 40x6x3 m is floating in salt 

water on an even keel at 2m draft F&A. Find the new draft if 

a weight of 35 tons is discharged from a position 6m from 

forward (MCTC= 8.4 t.m)  

L= 40m  B= 6m  H= 3m  ρ= 1.025 
𝑡

𝑚3 

DF= DA= 2m   new draft =?       w= 35t from 6m forward 

MCTC= 8.4 t.m 

 

 

 

d = 20 – 6 = 14 m 

𝑙 = 20 m 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

35×14

8.4
 = 

490

8.4
 = 58.33 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
20

40
 x 58.33 = 29.165 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 58.33 – 29.165 = 29.165 cm 

TPC= 
𝐿×𝐵×𝐶𝑤×𝜌

100
 = 

40×6×1×1.025

100
 = 

246

100
 = 2.46 t 

CF 

𝑙= 20m 20m 

6m 
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Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 = 

35

2.46
 = 14.227 cm 

 FWD AFT 
Old Draft 2.000 m 2.000 m 

Change of Trim -0.291 m + 0.291 m 
Bodily Sinkage -0.142 m -0.142 m 

New Draft 1.567 m 2.149 m 
 

Example: A Ship 150mx20m floats on an even keel at 10m 

draft and has a block coefficient of fineness 0.8 and LGM of 

200 meters. If 250 tons of cargo is discharged from a 

position 32m from the center of flotation, find the resulting 

change of trim and new draft. (TPC= 10 tons) 

L= 150m  B= 20m  DF= DA= 10m  Cb= 0.8 

GML= 200t w= 250t from 32 fwd COF  TPC= 10t 

ρ= 1.025 
𝑡

𝑚3         COF: at amidships 

 

 

d = 32 m 

75m 75m 

CF g 

32m 
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𝑙 = 75 m 

Dispt= L x B x D x ρ x Cb= 150 x 20 x 10 x 1.025 x 0.8= 24600 t 

MCTC= 
𝐷𝑖𝑠𝑝𝑡 ×𝐺𝑀𝐿

100×𝐿
 = 

24600 ×200

100×150
 = 

4920000

15000
 = 328 t.m 

Change of Trim = 
𝑤×𝑑

𝑀𝐶𝑇𝐶
 = 

250×32

328
 = 

8000

328
 = 24.39 cm 

Change of aft draft = 
𝑙

𝐿
 x Change of Trim 

Change of aft draft = 
75

150
 x 24.39 = 12.195 cm 

Change of FWD draft = Change of Trim – Change of aft draft 

Change of FWD draft = 24.39 – 12.195= 12.195 cm 

Bodily Sinkage = 
𝑤

𝑇𝑃𝐶
 = 

250

10
 = 25 cm 

 

 FWD AFT 
Old Draft 10.000 m 10.000 m 

Change of Trim -0.121 m - 0.121 m 
Bodily Sinkage -0.250 m -0.250 m 

New Draft 9.629 m 9.871 m 
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 :TPC  ٍDispt (TPC & Displacement Curve)هٌحٌی ّای هشتَط تِ 

 : TPC  ٍDraftهٌحٌی هشتَط تِ ( الف 

ػثاستست اص همذاس تاسی وِ تایذ تاسگیشی یا تخلیِ گشدد تا  TPCّواًغَس وِ گفتِ ضذ 

هشتَط تِ  TPCٌّگاهیىِ یه ضٌاٍس دس آب تاضذ، فشهَل . تغییش ًوایذ 1cmآتخَس وطتی 

 :ایي ضٌاٍس ػثاستست اص

TPC = 
𝐴×𝐶𝑤×𝑅𝐷

100
 

ًیض  Aّواى چگالی ًسثی آتی است وِ ضٌاٍس تش سٍی آى لشاس گشفتِ ٍ  RDوِ دس آى 

هساحت سغح همغغ آب یا ّواى غفحِ آتی هی تاضذ وِ دس ساستای خظ آب دسیا دس یه 

ضشیة سغح همغغ آب هی  Cwهی تاضذ ٍ دس آى  𝑚2آتخَس خاظ لشاس گشفتِ ٍ ٍاحذ آى 

 .تاضذ

 Box Shaped)هساحت غفحِ آب ّوتشاص تا خظ آب دسیا دس وطتی ّای خؼثِ ایی 

V/L)  وطتی تشای ولیِ آتخَسّای هختلف( ِدس غَستیىTrim یىساى تاضذ ) ٍ تشاتش است

ًیض دس ولیِ آتخَسّا دس ضٌاٍسّای خؼثِ ایی ضىل تا  TPCتا تَخِ تِ فشهَل تالا دس ًتیدِ 

ّن تشاتش هی تاضٌذ اها دس ضٌاٍسّای غیش خؼثِ ایی تؼلت ایٌىِ هساحت غفحِ آب دس 

ًیض دس  TPCتٌاتشایي تا ّن هتفاٍت هی تاضذ، (  Aیا  WPA) آتخَسّای گًَاگَى 

سا دس  TPCآتخَسّای گًَاگَى، هتفاٍت تَدُ ٍ دس ًتیدِ تَسیلِ یه هٌحٌی ها هی تَاًین 

 .آتخَسّای هتؼذد ٍ هتفاٍت تذست آٍسین

 

 



Ship Stability 
 

  Page 
166 

 
  

Example: 

a) Construct a graph from the following information: 

Mean draft (m)  3 3.5 4 4.5 

TPC (tons)   8 8.5 9.2 10 

b)  From this graph find the TPCs at drafts 3.2m, 3.7m and 

4.3m 

c) If the ship is floating at the mean draft of 4m and then 

loads 50 tons of cargo, 10 tons of fresh water and 25 

tons of bunkers, whilst 45 tons of ballast is discharged, 

find the final mean draft. 

 

b) 

Draft (m) 3.2  3.7  4.3 

TPC (m)  8.2  8.8  9.7 

7

8

9

10

11

3 3.5 4 4.5 5 5.5 6 6.5 7

Draft

TPC (y)
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c) 

Loaded= 50 + 10 + 25= 85t 

Discharged= 45t 

wpresent = 85 – 45= 40t 

Ref to upper curve if D1= 4m then TPC= 9.2 t 

∆D= 
𝑤

𝑇𝑃𝐶
 = 

40

9.2
 = 4.34 cm= 0.043 m 

Because Loading > Discharging: D2= D1 + ∆D 

D2= 4 + 0.043= 4.043 m 

 

Example: From the following information construct a TPC 

curve: 

Mean draft (m)  1  3  5  7 

TPC (tons)   4.7  10.7  13.6  15.5 

Then find the new mean draft if 42 tons of cargo is 

discharged whilst the ship is floating at 4.5m mean draft. 
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Mean draft 4.5m then TPC ≈ 12.7 t 

Discharged= 42 t 

∆D= 
𝑤

𝑇𝑃𝐶
 = 

42

12.7
 = 3.30 cm= 0.033 m 

Because of Discharging: D2= D1 – ∆D  

D2= 4.5 – 0.033= 4.467 m 

 

 : TPC  ٍdisplacement (Displacement Curve)هٌحٌی هشتَط تِ ( ب 

وطتی دس آتخَسّای  Displacementهتطىل اص ٍصى وطتی یا  Disptیه ًوَداس 

وطتی ًیض افضایص هی  Disptلثلاً ًیض ػٌَاى گشدیذ وِ تا افضایص آتخَس، . هختلف هی تاضذ

یاتذ، تٌاتشایي تشای سسن ایي هٌحٌی، آتخَسّای هتفاٍت وطتی سا دس ساستای ػشؼ ًوَداس 

لشاس هی ( ّاyهحَس )هشتَعِ سا دس ساستای عَل ًوَداس  Displacementٍ ( ّا xهحَس )

 .دّین

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10

10.5
11

11.5
12

12.5
13

13.5
14

14.5
15

15.5
16

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8

Draft

TPC (y)
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Example: 

a) Construct a displacement curve from the following data: 

Draft (m)  3      3.5         4  4.5          5      5.5 

Dispt (tons)  2700   3260   3800   4450      5180     6060 

b) If this ship’s light draft is 3m and the load draft is 5.5m 

find the dead weight. 

c) Find the ship’s draft when there are 500 tons of bunkers 

and 50 tons of fresh water and stores on board. 

d) When at 5.13m mean draft the ship discharges 2100 

tons of cargo and loads 250 tons of bunkers, find the 

new mean draft. 

e) Find the approximate TPC at 4.4m mean draft. 

f) If the ship is floating at a mean draft of 5.2m and the 

load mean draft is 5.5m, find how much more cargo 

may be loaded? 

 

0

1000

2000

3000

4000

5000

6000

7000

2 2.25 2.5 2.75 3 3.25 3.5 3.75 4 4.25 4.5 4.75 5 5.25 5.5 5.75 6

Draft

Dispt(y)
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b) 

DLight= 3m: DisptLight= 2700 t 

DLoad= 5.5m: DisptLoad= 6060 t 

Dead Weight= DisptLoad – DisptLight= 6060 – 2700= 3360 t 

c) 

Load: 500 + 50= 550 t 

wpresent= 550 + DisptLight= 550 + 2700= 3250 t 

 :سا هطخع هی وٌین Dispt= 3250 tهشتَط تِ  Draftحال اص ًوَداس فَق 

 If Dispt= 3250 t  === >  Draft= 3.5m 

d) 

Discharge: 2100 t  & Load: 250 t 

=== > w= 2100 – 250= 1850 t تخلیِ ضذُ است 

If Draft= 5.13m  === >  Dispt= 5300 

Disptpresent= 5300 – 1850= 3450 t 

سا اص ًوَداس استخشاج هی وٌین وِ عثك ًوَداس هؼادل  3450tهشتَط تِ  Draftحال 

3.65m  هی تاضذ. 

e) 

Draft1= 4.3m  === >  Dispt1= 4200 t 
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Draft2= 4.5m  === >  Dispt2= 4450 t 

TPC= 
𝑤

∆𝐷 𝑐𝑚 
 = 

4450−4200

 4.5−4.3 ×100
 = 

250

20
 = 12.5 t 

f) 

If Draft1= 5.2m  === >  Dispt1= 5400 t 

DisptLoad= 6060 t 

w= DisptLoad – Dispt1= 6060 – 5400= 660 t 

 

Example: 

a) From the following information construct a 

displacement curve: 

Draft (m)  1      2         3  4        5      6 

Dispt (tons)  376   736    1352      2050      3140     4450 

b) From this curve, find the displacement at a draft of 2.3m 

c) If this ship floats at 2.3m mean draft and then loads 850 

tons of cargo and discharges 200 tons of cargo, find the 

new mean draft. 

d) Find the approximate TPC at 2.5m mean draft. 
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b) 

D= 2.3m   === >  Dispt= 900 tons 

c) 

If D1= 2.3m (Dispt1= 900 t) 

Loaded: 850 t & Discharged: 200 t 

=== > w= 850 – 200= 650 t تاسگیشی ضذُ است 

Dispt2= Dispt1 + w= 900 + 650= 1550 t 

0

500

1000
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سا استخشاج هی وٌین، وِ هساٍی  Dispt2= 1550 tهؼادل  Draftحال اص سٍی ًوَداس 

3.25m هی تاضذ. 

d) 

TPC=?  If Draft= 2.5m 

If Draft1= 2.4m  === >  Dispt1= 1000 t 

If Draft2= 2.6m  === >  Dispt2= 1150 t 

TPC= 
𝑤

∆𝐷 𝑐𝑚 
 = 

1150−1000

 2.6−2.4 ×100
 = 

150

20
 = 7.5 t 

 

 : (GZ Cross Curve) (GZ)هٌحٌی اّشم تاصگشداًذُ 

خاظ  KGوطتی سا تشای ّش  GZدس ایي هٌحٌی ها هی تَاًین تا استفادُ اص ٍصى وطتی، 

هی تَاى همذاس گطتاٍس لاصم تشای ایٌىِ وطتی  GZتذست آٍسین ٍ دس ًْایت تا استفادُ اص 

 .سا تذست آٍسین (Moment of Statical Stability)تحالت اٍلیِ تشگشدد 

 

Example: Using the stability cross curve for MV. Tanker, 

find the GZs at 15 degrees intervals between 0 degrees and 

90 degrees heel when the displacement is 35000 tons and 

KG= 9 meters. 

Angel Of Heel 0° 15° 30° 45° 60° 75° 90° 
GZ (m) 0 0.85 2.1 2.5 1.9 0.75 -0.5 
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فشؼ  KGّایی غیش اص  KGتا استفادُ اص هٌحٌی فَق تشای  GZتشای تذست آٍسدى : ًىتِ

وِ ایي . لثلی اضافِ گشدد GZیا ضشیثی تِ  Correctionتایذ یه  GZضذُ دس ًوَداس 

تفاٍت  GG1وِ دس آى . هی تاضذ GG1xSinθهمذاس آى تشاتش تا  Correctionضشیة یا 

تشای هٌحٌی هشتَعِ ٍ فاغلِ هشوض ثمل  (KG1)وطتی  Keelفاغلِ هشوض ثمل وطتی تا 

هی تاضذ ٍ  GZتشای حالت هفشٍؼ هَخَد دس هٌحٌی  (KG)وطتی  Keelوطتی تا 

 .است heelصاٍیِ  θّوچٌیي 

 

Example: Using the stability cross curve for MV. Tanker, 

find the GZs at 15 degrees interval between 0 degrees and 

90 degrees when the displacement is 35000 tons and the KG 

is 8.5 meters. 
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GG1= KG – KG1= 9 – 8.5= 0.5 m 

Angle 
of heel 

Tabulated GZ (KG 9m) Correction (GG1xSinθ) Correction GZ (KG 8.5m) 

0° 0 0.5x0= 0 0+0= 0 
15° 0.85 0.5x0.259= 0.129 0.85+0.129= 0.979 

30° 2.1 0.5x0.500= 0.250 2.1+0.250= 2.350 
45° 2.5 0.5x0.707= 0.353 2.5+0.353= 2.853 
60° 1.9 0.5x0.866= 0.433 1.9+0.433= 2.333 

75° 0.75 0.5x0.966= 0.483 0.75+0.483= 1.233 
90° -0.5 0.5x1= 0.5 -0.5+0.5= 0 

 


