Lecture Two

Questions:

A vessel is floating at a mean draft of 14 feet. At this draft, the displacement is 6000 tons. The length of the vessel is 400 feet, beam is 50 feet, and the TPI is 45. What is the KM? (Use the blue pages P-K table)

Data Given:

DM =14' 

Δ =6000 T

L= 450'

B=50'

TPI =45'

Formulas:

P= Area of waterplane        45 X420    =0.84  {Waterplane Coeff} K=.061 {in Table 1} 

              L X B                     450' x 50

I/V = BM             .53 DM =KB          I = L X B x k          V = Δ X 35 cu ft

I=  450 X50³ X.061   =   3431250    = 16.33 BM 

V= 6000 X 35             210000           7.53 KB                    (14 X.538 = 7.53)  

                                                        23.86 KM ANS                OR 

                                                                                            KB =.34(5D/2 -V/TPI X420)

A vessel is floating at a mean draft of 16 feet. At this draft, the displacement is 8000 tons. The length of the  vessel is 475 feet, beam is 55 feet, and the TPI is 45. What is the KM? (Use the blue pages P-K table)

Data Given:

DM =16' 

Δ =8000 T

L= 450'

B=55'

TPI =45'

Formulas:

P= Area of waterplane        45 X420    = 0.72  {Waterplane Coeff} K=.044 {in Table 1} 

              L X B                     450' x 55

I/V = BM             .53 DM =KB          I = L X B x k          V = Δ X 35 cu ft

I=  475 X55³ X .044   =   3,477,237.5    = 12.41 BM 

V= 8000 X 35             280000                8.60 KB                    (16 X.538 = 8.60)  

                                                             21.03 KM ANS 

Question Area 2:

The SS AMERICAN MARINER has the liquid loading indicated below. Use the white pages of the Stability Data Reference Book to determine the KG of the liquid load.

DB   4 CL  224.1                                                    DB 6S                               87.0            

DB   4P     128.1                                                    DB 7P                               90.0

DB   4S     128.1                                                    DB 7S                               90.0

DB   5 CL  196.2                                                    DT 1 CL                          125.3           

DB   5P     178.0                                                    DT 1A CL                        257.6

DB   5S     180.0                                                    DT  4P/S                         100.0

DB   6 CL  242.3                                                    DT  5P/S                         108.4

DB   6P       87.0                                                    Dist. water CL                   24.9  

Solution:   

Sheet # 4 table for free surface corrections and tank capacities   

Match up the tanks with their respective VCG's "second to the last column" set up tabulation.  

   W                                                       KG (VCG)                                          Moments

224.1                                                         2.5                                                   560.3

128.1                                                         2.6                                                   333.1

128.1                                                         2.6                                                   333.1

196.2                                                         2.5                                                   490.5

178.0                                                         2.6                                                   462.8

180.0                                                         2.6                                                   468.0

242.3                                                         2.5                                                   605.8

  87.0                                                         2.8                                                   243.6

  87.0                                                         2.8                                                   243.6

  90.0                                                         2.7                                                   243.0

  90.0                                                         2.7                                                   243.0

125.3                                                       16.5                                                 2067

257.6                                                       16.8                                                 4328

100.0                                                       21.3                                                 2130

108.4                                                       20.9                                                 2266

  24.9                                                       39.5                                                   984

Totals

2247 16001.8

ANS    16001.8/ 2247        KG =7.12

Note: there are 8 more questions on the same thing… Find KG. using sheets 4& 7

The third area in this lecture deals with the subject negative GM..  A list of the vessel caused by negative GM is called the angle of loll.  The first question in this section gives us the angle of loll and asks us to find negative GM.  Our window of opportunity in this section is our drafts in order to obtain our data.  In this problem you don't need displacement.  What is important is using your draft to find K M. on the blue pages.  You can use the blue pages or take  53 percent of the mean draft to find KB.  Subtracting KB from K M. will give you BM . Now you have all the information to solve the following problem.

Q. your vessel assumes an angle of loll of 8.6 degrees after loading a deck cargo.  The drafts are FW D. 17'-09" AFT 18'-03".  Use the information in Section 1, the blue pages, of the stability data reference book to determine the negative GM.

Formula:  GM = tan angle² X BM / 2

Data:

DM   = 18'

Δ = 9000

KM = 26.1

KB =  9.54  

8.6 degrees tan angle = .023 X 16.56/2  (KM- KB = BM)

.190 GM = minus .190.  "Since the GM is negative you must put in the minus sign  Although the equation is resolved as a positive number, we know the GM to be negative.

There are three more questions that are similar… Additionally seven more questions with an extra step seen in the following example.  After finding negative GM there is some additional loading being done.  The key is to subtract the minus GM to the KM to obtain K G..  Then set up a tabulation to accommodate the new cargo and obtain a new K G..  The new displacement will give you a new draft. Now find the new KM and subtract from the just derived new K G. you now have a new GM which you will find to be positive.

Q. you have loaded a deck cargo and the vessel has assumed a 5 degree list due to negative GM.  Your salt water drafts are F W D. 16'-05' AFT. 16'-07".  If you then load 1200 tons of cargo in the lower holds ( V C G.11 feet) and take on 50 tons of bunkers (V. C. G. 2.5 feet), what is the final GM? ( Use the material in section 1, the blue pages of the Stability Data Reference Book.)

Formula:  GM = tan angle² X BM / 2

Data:

DM   = 16'-06"

Δ = 8200

KM = 26.7

KB =  8.7

5.0 degrees tan angle = .008 X 18.00/2  (KM- KB = BM)

GM = -. 07  { KM - GM =KG}  26.7-(-07) = 26.8 KG

W                                                       KG (VCG)                                          Moments

8200                                                      26.8                                                 219760

1200                                                      11.0                                                  13200

  520                                                        2.5                                                    1300

Totals:   234420/9920 =23.61

9920                                                     23.61                                               234420

With a displacement of 9920 the new K M. is 25.7… The new KG 23.6 therefore the new GM is a positive 2.1.  GM = 2.1 ANS

In the above questions you have been given the angle of a loll and you have solved for negative GM the next couple of questions, you are given negative GM and you are to solve for the angle of loll.

Q. if the vessel loads 400 tons of deck Congo resulting in a GM of -0.3 feet on 9000 tons displacement, what will be the angle of loll? (Use the information in Section 1, the Blue Pages of the Stability Data Reference Book)

Usually I collect the  data from the question and then write the formula.  In this case it is better to state the formula then collect data.  Why? You are given the negative GM, but  from the displacement you use the methodology above to solve for BM..  (KM - KB = BM) from the Blue Pages

Tan Angle =√ 2(GM) = √2(-03)  = √-.6       = √.036014  = .189774 =10.74 angle of loll
                     √  BM      √ 16.66     √16.66

Note  use the second button  on the calculator to convert .189774 to the angle in degrees.

The fourth area of this section gets into using a formula to solve GM.  When GM is known we can  adapt it in its many useful forms to solve several other problems.  The basic formula is this

Formula: GM = ____w x d________

                               Δ x tan angle     

On the exam there are three problems using this formula application. 

All the data is given in the question just interpret the question and plug it into the problem.  When you are the tangent angle take it five places at least.  This will ensure correct answer because alternatives are close.

Q. To check stability a weight of 40 tons is lifted with the jumbo boom, whose head is 40 feet from the ships centerline, the clinometer shows a list of 6.5 degrees with the weight suspended.  Displacement including weight is 16,000 tons. The GM while in this condition is?

Data:

w  = 40 Tons

d = 40 ' from centerline

tan angle 6.5 degrees

Δ = 16000

GM = ?

Solution:   40 X  40_____________________   = 1600____     GM = 8.77  
                  16.000 X (6.5 angle).113935               18.2296

Two of the questions take the equation one step further.  After we solve for GM they give you KM to resolve for KG..  They also throw in BM to try to trick you.  Disregard BM.

Sixty tons of cargo are raised with a heavy lift boom 45 feet from the centerline.  The vessel's displacement including the weight lifted his 18,400 tons.  The angle of list causes by the suspended weight is 1.5 degrees KM is 28.75 feet and BM is 17.25 feet what is the KG.?

Data:

w  = 60 Tons

d = 45 ' from centerline

tan angle 1.5 degrees

Δ = 18400

KM = 28.75

BM = 17.25

KG =   ?

Solution:   60 X  45_____________________   = 2700____     GM = 5.61  
                  18.400 X (1.5 angle).02618              481.71

{KM -GM =KG} 28.75 -5.61 = 23.14 KG ANS
Section 4B

There are six questions related to finding a solution to boom problems

The boom problems solve for GM employing the same equation solving for GM.  The elevation of the cargo creates a list which lowers GM.  After the cargo is stowed the strain is relieved with the stowage of the cargo.  The stowage causes a relief of the strain, lessens the list thereby GM is increased.  This shift is calculated by a second equation finalizing GM within the confines of the problem.  Every time you have  a list GM is reduced.

Q You are  hoisting a heavy lift with the jumbo boom.  Your vessel displaces 8560 tons.  The 45 ton weight is on the pier and its center is 65 feet to starboard of the centerline.  The head of the boom  is 95 feet above the baseline and the center of gravity of the left when stowed on deck will be 55 feet above the baseline.  As the jumbo boom takes the strain the ship lists 5.5 degrees. What is the GM of the cargo stowed,

The first thing you have to do is to add the weight on to the displacement.  Since the weight added is still on the pier unlike the other problems already considered.

Data:

w  = 45 Tons

d = 45 ' from centerline

tan angle 5.5 degrees

Δ = 8540 (45)

ds  55' up

boom head 95; above baseline

Formula: GM = ____w x d________

                            Δ x tan angle     

45 X  65__________        = 2925____     GM = 3.53  
8605 X (5.5)..09628             828.46    

Relief from list with stowage   adjustment = w x ds  = 45 x 55  = .288 +3.53 = 3.8 GM ANS

                                                                         Δ            8605

Section 4C

When a ship is built and comes out of dry dock with a light ship aspect it may be subject to an incline test.  It uses the same formula that we have been using to find GM.  After all that is the purpose of incline test to find the GM

Simply put the tangent angle is resolved by the pendulum apparatus.  The deflection of the pendulum is the tangent angle.

  Q. A vessel with a displacement of 6000 tons corrected for dock density was subject to an incline test.  Weights totaling 95 tons were moved 60 feet and deflected a pendulum with a length of 40 feet by 25 inches. What was the vessels GM.

Our now familiar tan angle equals deflection (inches) divided by the length X 12

25/480 =.05208

Data:

w  = 95 Tons

d = 60'

Δ = 6000

Tan angle = pendulum deflection  i.e. .05208

GM = ?

Formula: GM = ____w x d________

                               Δ x tan angle     

95 X  60__________        = 5700____     GM = 18.2  
8605 X (5.5)..09628            312.48    

A High  GM yes…. but remember this is light ship coming out of the yard.  Experiment is performed to verify GM from the naval architect's plans.

Section 5

Six questions are asked to find the list.  In reality the list is tangent angle.  If we know our GM, we just modify the formula and solve with the data given.

Q. A cargo of 30 tons is loaded on deck 30 feet from the ship centerline.  The ship's displacement including the 30 tons cargo will be 9000 tons and the GM five feet.  The list on the vessel after loading this cargo will be ?

Data:

w  = 30 Tons

d = 30' from centerline 

Δ = 9,000 Tons

GM = 5.0

Tan angle ?

Formula: GM = ____w x d________               modified     tan Angle =  wxd_____

                            Δ x tan angle                                                               Δ X GM    

30 X  30__________        =  900____   =.02 =1.14 degree list  
9000 X 5.0                           45000

A word of  explanation.  .02 is the decimal equivalent of tangent angle of 1.14 degrees.  The previous problems you have grown accustomed to entering 1.14 degrees pushing tangent and getting the decimal equivalent as would be the case .02.  In this problem you are just working backwards.  So how do I access it on my calculator.  From the point of .02 press the second key then press tangent and you'll get the tangent angle 1.14.

All the aforementioned questions are the same except "one question" where they give you K M.  and KG which you simply resolve to get GM to plug it into your formula

This is a favorite area of examination "seven more questions" are all the same using the modified formula.  Reference needs to be made to the Blue Pages to access the displacement and K M. the problem will explain itself.

Your vessels drafts are F W D. 15'-09; AFT 16-'08" and K G. is 23.6 feet.  Use the selective stability curves in the Blue Pages of the Stability Data Reference Book to determine the angle of list if the center of gravity be shifted the 0.9 ft. off the centerline.

Data:

DM =16'-03"

w  = 8000 Tons

Δ = 8000 Tons

KM = 27.0

KG = 23.6

GM =   3.4

modified     tan Angle =  w X d_____

                                       Δ X GM

The information in the problem was enough to find the  relevant data for the formula.  You will note that the weight that has shifted off the center of gravity "is" the vessel.  Therefore "w" equals the displacement of the vessel. They give you K G. so by assessing K M. you can derive GM to plug into the formula

8000 X 0.9_____       =.26470 = 14.8 degrees angle of list ANS.

8000 X 3.4

Again: Note that the decimal equivalent of the list must be converted into the angle in degrees. On most calculators it requires that after obtaining .26470 press second button then tangent to get 14.8 degrees

Section 5B 

There is another series of problems that first require an adjustment to G with a cargo load, lowering K G. in all the examples I believe, thereby adding correction or increasing GM.  Then using our modified formula solving the angle of list.

Q. Your sailing drafts are FWD. 19'-06" AFT 20'-10" and the GM is 3.3 feet.  What will be the angle of list if the #2 starboard deep tank (capacity 100 tons, VCG. 19.1 feet and 24 feet off the centerline) is filled with fuel oil ? (see the data in section 1 the blue pages of the Stability Data Reference Book

G'  w X d_____                                                                  tan angle =  w X d_____

            Δ                                                                                                Δ X  GM

Data:

DM =20'-01""

w  = 100 Tons

Δ = 10,200 Tons

d'= 19.1'.up

d = 24' off the centerline

GM =   3.3

100 X  19.1__  = .19 +3.3 =3.49 GM           100 X 24____     = 2400 = .06676 = 3.81 angle of list

10,300                                                         10, 300 X 3.49       35947

Section 5C:

Four questions deal with the SS Northland which begins with the salmon colored pages in the Stability Guide.  Warning be very careful in collecting data the tables are hard to read and it's easy to make a mistake while assessing displacement and KM..  For KM find the inches match up and multiply by 10.  All questions have the same wording. The only changes are drafts and KM's and the data that flows from these changes.

Q. The SS Northland is loaded to drafts FW D. 32'-04"  AFT 34'-02".  The KG is 31.5 feet.  Use the salmon pages of the Stability Data Reference Book to determine the angle of list if # 6.starboard tank is fully loaded with 1624 tons of saltwater ballast (VCG is 36.5 feet off the centerline).

These questions are very similar to the ones in section 5 B, with one very important exception with regard to the correction to GM.  The above questions use the VCG. of the tank multiplied by its weight and divided by the displacement to assume the correction to GM.

The questions regarding the Northland all more realistic.  They provide information on the vessels K G..  In collecting data on the current problem is essential to find the VCG. of # 6 starboard tank (in the pages) which is 25.93 feet measured from the baseline.  The shift difference is factored into the first formula as you will  see.  An important point here is to note that the VCG. of the tank is less than the VCG of the vessel.  The effect will be that KG is lowered very slightly increasing GM.  So care must be taken in calculating whether the correction is added or subtracted.  In this problem you will see that the correction is added as the problem unfolds.

The question might arise as to why the. KG or VCG of 25.93 (VCG) of # 6 is not used. This distance can only be used as part of the "Tabulation Method " in calculating the vessel and cargo K G..  As in section 1, this one item method may be used in considering only a shift from vessel K G. So instead of using a distance of 25.9 in the formula, which is the VCG of the tank, a VCG. of. 5.57 is used as the distance…The distance from the vessel's KG and the tank's KG This will show up in the data. If I put this one item in the tabulation, I would subtract the new K G from the old KG and come up with our difference.  

Data:

DM =33'-3"

w  = 1624 Tons

Δ = 50,000 Tons (1624)

d'= 5.57'

d = 36.5' off the centerline

GM =   10.5

KM = 42.0

KG =31.5

{KG of vessel 31.5, KG of cargo 25.93. d= 5.57.  Therefore G lowered increasing GM.  The correction when calculated in Formula One will be added to GM.}

Formula:      G'  w X d_____                                                                  tan angle =  w X d_____

                                 Δ                                                                                                   Δ X  GM

G' =       1624 X  5.57__________        =  9045.68____   =.17 correction added to GM  
              51624                                           51624

tan angle ==       1624 X  36.5__________        =  59276____   =.10751 = 6.13 angle of list ANS  
                             51624  X 10.68                          551344               

Note: press second button to convert decimal to the tangent angle

Sections 6

Five questions require a different application that needs further investigation.  Methodology appears correct however the solution doesn't match the apparent correct answers.

You are on the cargo vessel represented in the blue pages of the stability data reference book.  Your present KG is 22.2 feet and the drafts are FWD. 22'-09". AFT 23'-0 7".  The following cargo must be loaded 1,100 tons KG 24 . 1475 Tons K G. 31.  How many tons of deck cargo with a KG of 47 may be loaded if the ship is to sail with a GM of not less then 2.5 feet and not exceed the free board drafts

Calculate first: Mean draft… 23'-02";  Δ 12,000 Tons

W                       X                                      D              =                          Moments

12,000                                                      22.2                                         266,400

  1,100                                                      24.0                                           26, 400

  1,475                                                      31.0                                           45,725 

_____________________________________________________________________

14,575 Δ                                                   23.2                                         338,525

New Data :

New Δ 14,575                    

Mean draft 27'-07"

KM =26.0

GM = 2.8 {Therefore KG can rise to 23.6 and still maintain  the minimum GM of 2.5}

23.5(14,575 +x) =338,525 +47x

342,512 +23.5x =338,525 + 47x

3,987 = 24x       X = 169     "All C.G. problems in this area have been addressed "

