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Trim

Eleven questions deal with loading cargo, then determining your final drafts.

Q. 9G The SS AMERICAN MARINER will sail with the loadings indicated. Use the white pages of the Stability Data Reference Book to determine the drafts.

Item
Tons
LCG-FP

F.O. & Salt Water
3215
263.2

Fresh Water
185
312.0

Dry Cargo
7880
263.5

Reefer Cargo
170
350.8

Deck Cargo
155
223.0

Step 1: Go to Page 7a and do a model tabulation for LCG

Item
Tons
LCG
Moments

Vessel
7675 Δ
276.5
2122138

Crew & Stores
50
276.5
13825

Lube Oil
13
317.5
4128

F.O. & Salt Water
3215
263.2
846188

Fresh Water
185
312.0
57720

Dry Cargo
7880
263.5
2076380

Reefer Cargo
170
350.8
59636

Deck Cargo
155
223.0
34565

Totals:
19,343 Δ

5214580

LCG = 5214580/19343 Δ = 269.58

Step 2 Collect Data from Sheet #3:
  Data:


Mean Draft
 27’-07”


MTI
        1807


LCB
268.15


LCF
279 .00

Step 3 Trim Arm:
LCG 269.58

LCB 268.15

1.43 trim Arm. . . “If LCG is greater than LCB, vessel will trim by the stern & vice versa”

Trim Arm X Δ = trimming moment 1.43 X 19343 Δ = 27,660

Trimming moment /MTI = 27660/1807…. 15.3" =T

The vessel will trim 15.3 inches distributed Fore & Aft from its mean draft of 27'-07" Fore & Aft drafts even keel.

The vessel trims its LBP (Length between Perpendiculars) at its LCF (Longitudinal Center of flotation)

Step 4

279   X 15.3  - 8.08                                                                  249   X 15.3  = 7.2

528 528

Fwd Draft                                                                                 Aft Draft

27'- 07"                                                                                     27'- 07"

__- 08                                                                                      ___+07_ 

26'-11"                                                                                      28'-02"     ANS                                                                                  

NOTE: I found my choices of the four to be off one inch on both fore and aft drafts.. This is easy to do. its very difficult to obtain extreme accuracy the way Sheet 3 is constructed. The other choices were way out of line or one of the drafts was out of line. But after getting your answer be careful in choosing the most likely choice.

Eight questions give you Fwd & AFT drafts and require you to use the draft correction table( sheet #2) to determine your final drafts. They give you the loads and discharges. The procedure is rather simple but it’s easy to make a mistake.

Q. 1A The SS American Mariner arrived in port with drafts of FWD 28’-04”, AFT 30-11”. Cargo was loaded and discharged as indicated. Use sheet 2 in the white pages of the Stability Data Reference Book to determine the final drafts.

Load 200 tons - 180 ft fwd of amidships

Discharge 60 tons -25 ft fwd of amidships

Load 80 tons -165 ft aft of amidships

Load 40 tons 200 feet aft of amidships

Step I

Familiarize yourself with sheet #2 and how to use it. The explanation is pretty clear.

Step 2 follow the plus and minus signs as directed from the table while loading. Reverse the signs on a discharge. Make sure you are forward or aft of amidships when directed.

Make sure you multiply the draft corrections by the proper tonnage. The table is based upon a draft change per 100 tons. To calculate distance from mid ship mark, each box is 10 feet.

Solution:

Tons      X   Table - Fwd =               ADJ - Fwd               Tons      X     Table - Aft =         ADJ - Aft

L.
2.0
+7.1
+ 14.2
L 2.0
-3.4
-6..8

D.
.60
-2.9
-1.74
D .60
-0.2
-.12

L. .80
-2.5
-2.0
L .80
+4•7
3.76

L. .40
-3.6
-1.44
L .40
+5.7
+2.28


+9.02 = +9”


.88 = 1”

Draft Fwd : 28’-04”
Draft Aft: 30’-l 1”

                         +9
                                 _________-_1_                         
Fwd            29’-0l”
                                  Aft
30’ -10”
ANS.

Nine questions are very familiar territory if you did the stability exercises in solving for KG (when you were given cargo and its VCG). In the above questions you are given cargoes and asked to calculate LCG. All the cargo tanks and decks list the VCG and the LCG distances. . . Multiplication of the cargo weights by the listed LCG distance will give you the LCG moments divided by the displacement will give you the answer the LCG of the entire cargo.

Q.
5J. The SS AMERICAN MARINER has on board 4850 tons of cargo with an LCG-FP of 275.72 feet. The cargo listed below will be loaded. Use the white pages of the Stability Data Reference Book to determine the final LCG-FP of the cargo.

No. I Third Deck
150

No. 2 Tank Top
100

No. 3 Third Deck
75

No .3 Tank Top
50

No. 4 Second Deck
80

No .4 Third Deck
100

No. 5 Third Deck
90

No .5 Tank Top
100

No. 6 Third Deck
120

Cargo Weight Tons
LCG
Moments

4850 (Existing cargo)
275.72
1337517


150
56.6
8490


100
106.2
10620


75
161.6
12120


50
162.7
8135


80
221.5
17720


100
221.9
22190


90
351.0
31590


100
353.6
35360


120
415.5
49860

Totals: 5715
1533602
LCG = 1533602/ 5715 = 268.34 ANS. “The final LCG of the Cargo”

Six Questions

Q.
5G Your vessel’s drafts are: FWD 19’-03”. AFT 21 “-03”. The LCG of the forepeak is 200 feet forward of the amidships. How many tons of ballast must be pumped into the forepeak in order to have a drag of 18 inches? (Use the reference material in Section 1, the blue pages of the Stability Data Reference Book.

Formula change of trim = Moment (W X D)


MTI

Data:

Mean Draft 20.25

MTI
1012

LCF
4.75 ft fwd of amidships

D = 200- 4.75 = 195.25 ‘Vessel trims by the center of flotation

W?

Aft draft    21’-03”

Fwd draft 19’ -03”

                  2 - 00  drag 

                - 1 - 60  desired drag
                         6"   change of trim        

W= 6X1012_    = 3I Tons ANS.

195.25

Three Questions

Q. 29 A vessel’s present draft is 16’-00” FWD and 18’-00” AFT. Her (MTI is 900 ft/tons. How much cargo can you load in #3 hold located 100 ft. forward of the tipping center to put her at an even draft fore and aft? (Tipping center is assumed to be at the vessels mid length.

!8’-00” -16’-00” = 2’ or 24 inches desired “change of trim” to get on even keel 

Formula change of trim = Moment (W X D)

                                              MTI

W = 24” X 900  = 216 tons ANS.

100

In Two Questions, they want final drafts. You are loading cargo first you solve for sinkage (TPI then solve for Trim (MTI)

Your vessel has a draft of 26’00” FWD and 28’-00” aft and has a MTI of 1600 ft/tons and a TPI of 60 tons. You load 400 tons of cargo in number 3 hold 100 feet forward of the tipping center. What will the vessel’s final draft be?

400/60 = 6.7 inches sinkage.

400 X100 = 25”

1600

6.7” = .56 ft.
25/2 = 12.5” = 1.04 ft.
26.00 FWD
28.00 AFT



+ .56
+.56


26.56
28.56



+1.04
-1.04


27.60
27.52

ANS. 27’- 7.2” FWD; 27’- 6.2” AFT

Comment: The question demanded decimal accuracy. Since my drafts were in feet I kept both sinkage & trim which were in inches in decimals of a ft.

Questions 5-6-7 May be considered your basic Trim question i.e. You are loading cargo and you want to know your drafts after load. The load will add sinkage or draft due to the weight. The distribution of the weight on the vessel doesn’t effect mean draft but does effect Fwd and Aft draft depending upon where the weight is stowed relative to the tipping center or center of flotation. These are the two problems we solve through (TPI & MTI)

Q. Your vessel’s draft is 18’00” FWD and 25’-00” AFT. TPI is 50 tons and MTI is 1200 ft/tons. You load 300 tons in number 3 hold, 200 ft forward of the tipping center. What will be the new draft? (The tipping center is assumed to be at the vessel’s mid-length)

Load : 300/50
6” sinkage
      I 8’00” FWD                                      25’-00” AFT.



 + 6”
+6"      



                             18’ -06”                                      25’- 06”

Trim Formula Moment (W X D) = 300 X 200 = 50/2 = 25’ (Fwd & AFT)


MTI
1200


I 8’00” FWD
25’-00” AFT.


+ 6”
 +6”


18’ -06”
25’- 06”


+2’ -01”
2’-01

20’ -07”
23- 05” ANS.

Comment: The weight is loaded forward of the tipping center so the forward will sink lower than aft relative to the previous mean draft. The key is solving first for sinkage adding to your drafts, then solving the trim the weight distribution relative to you new mean draft adjusting fore and aft. With large loads however it will be necessary to recalculate MTI based upon the new mean draft.. .with small loads such as we are experiencing the difference in MTI is negligible because draft is changing just a few inches in most cases.

Four Sinkage trim problems

The SS AMERICAN MARINER has drafts FWD 29’-04”. AFT 30-06”. Use the white pages of the Stability Data Reference Book to determine the drafts if you ballast the forepeak with 101.6 ton of seawater.

Data:

Mean Draft
29’-11”

TPI
70.4

MTI
1950

LCF
282’

LCB
269.3’

LBP
528’

Sinkage 101.6/70.4 = 1.4” = 29’-05”.4 FWD ; 30’-07”.4 AFT (Sinkage added to drafts.

Trim = moments


MTI

Trim considerations: The fore and aft trim will be determined from the center of flotation, which found in the hydrostatic tables is 282 feet aft of FP. The LCG of the forepeak tank is 17.1 ft. aft of the FP. Therefore the distance from the center of flotation to the tank is 264.9.

Trim = moments             =      101.6 X 264.9           = 13.80 (change of trim function)



MTI                                 1950

Since the vessel  trims by the center of flotation and distance is 282 from forward perpendicular


282
X 13.80 =7.3
246  X 13.80 =6.4


528

528


29’-05”.4 FWD                                            30’-07”.4 AFT


               + 7.3
          +6.4

          30’-00.7”
30-01.8 ANS.

Nine questions are nothing new Sinkage and Trim. You are given the drafts, then you are required to use the information in the “Blue Pages”. You need to be careful in getting your TPI, MTI and CFL. Regarding the CFL, You access the value from the curve in this case it says (+4.5 on the scale with an arrow fwd of amidships.) this is because the scale measurement is taken from the aft perpendicular on the blue pages. After calculating TPI and adjusting for sinkage, revisit hydrostats and check for new CFL, MTI, and any other reference like LCB. (I’ve noticed in the questions there is minimum change in draft thus the above variable change is not a factor).

Q3E Your vessel’s drafts are FWD 19’-03”, AFT 21’-07”. Use the information in Section 1, the blue pages, of the Stability Data Reference Book to determine the final drafts If 142 tons of cargo are loaded 86 feet forward of amidships.

Solution:

Data:

Mean Draft 20’-05”

TPI
47.75

MTI       1015

CFL         213.8

Sinkage 142/47.75 = 3"    FWD 19'-03"                                       AFT 21'-07"

                                                     + 03                                                ___03

                                                   19'-06"                                               21'10"

Trim = moments   =     142  X 86    = 12.03 (change of trim function)

               MTI                    1015

Since the vessel trims by the center of flotation and distance is 213.8 from forward perpendicular

213.8    X 12.03 = 5.89                                             222.8   X   12.03  = 6.13

436.6                                                                        436.6

19''-06".00 FWD                                                     21'-10".00 AFT

     +  5.89                                                                ___-_6.13

19'-11".11                                                                21.'-03".87   ANS

Question  Your vessel’s drafts are: FWD 22’-04”. AFT 21 ‘-06”. Use the information in Section 1, of the blue pages, of the Stability Data Reference Book to determine the final drafts if: (1) 300 tons are loaded 122 feet forward of amidships; (2) 225 tons are loaded 150 feet aft of amidships; and 122 tons of fuel pumped 72 feet aft.

Solution:

The trick to this solution is the realization that 3 different  transactions are going on in solving the problems.. . . There are two loadings of cargo adding to weight and sinkage. Another liquid cargo is 

already on board and is being transferred. After all the cargo has been accounted for, then make the proper adjustment for trim. First I solved for the loading and found that the placement of the two cargoes, didn’t affect trim, then I solved the trim for the cargo being transferred which gave me the final drafts. Collecting data is the key element to this problem.

Data:

TPI 48.3

MTI 1050

LBP 436.6

LCF 214.5

LCB 212.8

Mid 218.3

525/48.3 =11" Sinkage (add to drafts)

FWD 22'-04"                                                                              AFT 21'06"

            + 11                                                                                          +11
         23'-03"                                                                                       22'05"

W                                                      LCG-FP                                              Moment

300                                                      96.3                                                    28890

225                                                     368.3                                                   828675

Moments/W = LCG     111758/525 = 212.8   "Since LCG =LCB" trim remains the same resulting from the two loads.                             

122 X 72 =8.36  (Trim Adjustment T)

   1050

214.5 X 8.36 = 4.18"                                               222.1  X 8.36  = 4.25"

436.6                                                                       436.6    

23'-03"                                                                      22'-05"

   -    4                                                                     __+   4

22'-11"                                                                      22'-9"   ANS

Question  The maximum draft of the SS AMERICAN MARINER cannot exceed 28-’08” in order to cross a bar. The present drafts are: FWD 28-00”, AFT 29’-00”. Use the white pages of the Stability Data Reference Book to determine the minimum amount of sea water to ballast the forepeak to achieve this condition.

Solution:

Max Draft         28'-08"

Present Draft    29'-00" (aft)     28'-00" (fwd)

Sinkage       minus 04  (aft)

Step 1:  Access sheet #4  (Free Surface and tank capacities) Forepeak: Stem - frame 14 capacity 110 Tons..

Step 2: Right off the bat you have eliminated choice D…at 116 Tons "You don't have the capacity. Access Sheet 2 (Table of Corrections).

Putting 100 tons FWD would elevate my stern 5.3 inches …and sink my bow 9"… (according to the chart) That would be too much on the bow…Choice "C" 76.7 would seem to do the trick .77 x 5.3 = 4" elevation at the stern ; seven inch sinkage at the bow… Therefore transferring 77 Tons of ballast from stern to forepeak would result in drafts : FWD 28'-07" AFT 28'-04"  

 ANS C 76.7 Tons

Question # 6C, is similar to question 2H as mentioned above, with a couple of exceptions. #1 it requires that you access the MTI , TPI and CFL. #2 I put in the four choices because the question does not give you a “direct result”. You need then to convert your answer to moments, then convert the four choices to moments. The one closer is your correct answer. In other words they give you alternative choices since correct answer is combination of W & D one of which is correct alternative to your W & D

Four Questions in this area Q. Your vessel is limited to a maximum draft of 26’-03”. The present drafts are :FWD

22’-l0”, AFT 23’-08” How much more cargo can be loaded and where should it be located if a

drag of 18 inches is desired? (Use the reference material in Section 1, the blue pages, of the

Stability Data Reference Book)

A 875 tons 6 feet aft of amidships

B 950 tons 8 feet forward of the tipping center

C1323 tons 7 feet aft of the tipping center

D 1452 tons 7 feet aft of the tipping center

Solution:

Maximum Draft 26’-03”

Mean Draft       23’-03
                            3' 00 " allowable sinkage for additional cargo

36” X 48.75 (TPI) =1755 tons.. “may be loaded without violating maximum draft.

Change of trim = Moments (W X D)

                                   MTI

23-’08” aft

22’-l0” forward

10” trim (10 “drag aft)

18 desired trim

 8 change of trim

D= change of trim X MTI = 8” X1160  =5.3 feet


W                               1755

One important point here. Your MTI is not based upon your original mean draft of 23-03’ as your

TPI was, but upon your new mean draft of 26’-03”..

ANS. 1755 Tons 5.3 Aft of tipping center.

Now that you have your answer, in order to identify the correct answer from choices (A B C D), you need to convert your answer to moments. 1755 X 5.3 = (9280 moments aft).

With your choices do the same math. You will find that choice “C” 1323 tons 7 feet aft of the tipping center is the closest to your answer (9261 moments. In effect, this configuration W X D renders the same result or the closest to your answer than the other choices in the problem

This ends the Lecture on Trim.
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