
Stability Formulas relating to Righting Arm & GZ theory

Lecture Three

Stability Formulas relating to Righting Arm  and GZ Theory

Section 1

Before we get to righting Arms, questions four questions deal specifically with ballasting to increase GM.

Q. The SS AMERICAN MARINER is partially loaded with a GM of 2.9 feet and drafts of: FWD 17’​10”; AFT I 9’-04”. Use the white pages of the Stability Data Reference Book to determine what tanks you should ballast to increase GM to 3.9 feet.

A Tanks: DB 4; DT 6

B Tanks:
 DB 3; DB 5; DT 8

C Tanks: DB 6; DT 7

D Tanks: DB 2; DTI ; DT 6

Sheet # 6 “Gain in GM by Ballasting (FEET) dictates what Data you need

DATA:

Mean Draft 18’06”

           Δ    12,050

 (Make sure you use the proper sheet for drafts & displacement sheet #3, white pages.)

GM sought 3.9 feet

Current GM 2.9 feet
Gain sought 1.0 GM

Now go to your table column in 100's.... column 120... check out your choices as to which tanks in your selection options render a 1.0 gain in GM ANS. A? DB 4 is .70 & DT 6 is .30 = 1.0

Much of what we deal with in the next few sections are the blue sheets numbers 3 & 4. The righting arm tables. If you take a brief look at the sheets, you will see cosine and sine values. These values will be used similarly to the last area, where we dealt with formulas employing tangent values. The tables give the decimal equivalents to the sine and cosine angles. Same process as tangent. Just press the appropriate buttons when the problem dictates.

Section 2

The next two sections of questions ask you to derive information from two similar accompanying tables. DOI5DG & DOI6DG.

Relating to sheet DOl 5 DG Questions 2-3-4-5

The statical stability curve in diagram DOl 5 DG is based on a KG of 20 feet. Determine the righting arm of the vessel when the KG is 22 feet and it is listed to an angle of 15 degrees

Actual KG 22 feet

Table GZ 20 feet
2 feet correction

Checking the diagram the GZ arm at 15 degrees is 1.3. Since it’s based upon a KG of 20 feet

and our actual KG is 22 feet we must make a correction.

Correction: difference X sine angle therefore: 2 X 15 sine =2 x .25 = .5 correction.

Should the correction be added or subtracted. When the Actual is greater than table subtract.

1.3 - .5 = 0.8 ANS.

Three questions require 2 corrections. First determine the righting arm value then contend with the corrections.

Q The statical stability curve in diagram DOI6DG is based on a KG of 20 feet Determine the righting arm at 10 degrees inclination if the KG is 20.8 feet and 1.0 feet off the centerline.

1-
Checking diagram 16 the GZ at 10 degrees inclination is .9 feet.

2-
The Actual KG is 20.8, the referenced Table is based upon KG 20 feet. So we must make a correction. Since the actual is greater than the table we subtract. .8 X (10 sine) .17 = .14 correction -.14.

3-
KG is 1 foot off the centerline. “use cosine” I X (10 cosine) =. .98

4-
The corrections add up to -1.12 which is subtracted from GZ of .9

5-
Ans. -0.2 feet
Review:

Use sine in your table correction if actual greater than table... subtract.

Use cosine in your centerline correction... It will always be a minus.

Don’t forget the big picture find your GZ first for the given angle of inclination.

On your statical curve you will have sine and cosine values.

On your cross curve entering with displacement you will have sine and cosine values

I’ve gone over all the Coast Guard problems pertaining to GZ as it relates to statical curves and cross curves. With an understanding “for want of a better term” of the big picture and a clear understanding in using the two corrections sine and cosine. Any problem you encounter in this area should be solvable at this point. Keep in mind that both curve charts in the blue sheets are based upon KG of 20 feet. Some of the question areas will give you drafts That opens the window for information needed as it relates to displacement used in the cross curves or in calculating KG.

Some questions will give you Gm and you will be required to find KM so that you can resolve for KG. We will go over the rest of this area now.

Two questions don't even ask for a KG sine correction. They require from the aforementioned diagrams only the centerline cosine correction to GZ.. both at 30 degree angle of inclination.

Keeping in mind when actual is reduced over table we add the sine correction. With that in mind we will do question 47

Q Using the stability curve in diagram DOI8DG, if KG is reduced 0.5 feet and the center of gravity is shifted 1.0 feet off the centerline, what will be the remaining righting arm at 30 degrees inclination

GZ @ 30 degrees inclination = 2.30

.5 X (30 sine .50) = .25 “they are implying actual less than table so we add correction” GZ = 2.55

1.0 X (30 cosine .87) = .87 a minus correction 1.68 ANS.

Q 53 The sailing drafts are FWD 24’-03”, AFT 25’-03” and the GM is 5.5 feet. Use the information in Section 1, the blue pages of the Stability Data Reference Book , to determine the available righting arm at 30 degrees inclination.


Data


DM 24’-9”


Δ 12,900


KM 25.5


             GM 5.5

GZ = 3.6 ANS.
            KG 20
Answer found on sheet # 3... From the mean draft you determine your displacement and KM. GM was given in the problem them deducted from KM. Since KG is 20 and the cross curve KG 20, coupled with CG assumed on the centerline no corrections were necessary.

Thirty one questions are all the same. Determine mean draft, displacement, and KG. Some questions require no corrections, some require only the sine correction adjusting for KG, some require only cosine correction adjusting for CG off the centerline some require both. But the format is the same as previously explained and exemplified. 53-84 require using sheet number 3.

Seven questions are the same as the aforementioned 31.. with one additional function.

After GZ is found, it is multiplied by the displacement. This is called the vessel's righting moment.

Like any other moment it is weight (vessels displacement) X distance (vessels GZ arm) equals

Vessel's righting moment

Q 87 Your vessel’s drafts are: FWD 22’-03”; AFT 22’-09”; and the KG is 23.2 feet. What is the

righting moment when the vessel is inclined to 30 degrees? (Use the reference material in Section

1, the blue pages, of the Stability Data Reference Book).

Data:

                                                                        DM 22’-06”

                                                                    KG 23.2 

                                                                       Δ 11,600

GZ @ 30 degrees (sheet #3 KG 20.0) 3.8 feet

Actual KG 23.2

Table  KG 20.0
Corr:           3.2 Actual greater than table, correction minus.” 3.2 x (Sin 30) .50 = 1.6

GZ = 3.8 -1.6 = 2.2 GZ Righting moment = 2.2 X 11,600 = 25,520 foot-tons. ANS.

SectIon  3

Positive Stability

Diagram    " Found  in the Explanation Help and Diagram Page"… Ref. Library
Viewed graphically from the stability curve, a vessel has positive stability at angles of inclination up until the righting arm curve crosses the baseline. At that point the righting arm is 0.

Mathematically when it’s calculated that the vessel’s remaining GZ arm is 0, at that angle of inclination the vessel has lost positive stability.

Six questions test you mathematically on this concept using sheet # 3

On one question, use the material in the Section 1 blue pages of the Stability Data Reference Book. If the KG is 25.2 feet, and the drafts are: FWD 27’-l 1” ; AFT 28’-09”, at what angle will the vessel lose positive stability?

A 54 degrees

B 59 degrees

C 65 degrees

D 71 degrees

Data:

Mean draft 28’-04” 

Δ 15.000


KG         25.2

GZ
KG Correction                                                Remaining GZ

45 = 4.3
5.2 X sin 45 = 3.67
+ 0.63

60 = 4.2
5.2 X sin 60=4.50
-0. 30

75 = 3.4
5.2 X sin 75= 5.00
-1.60

Observations:

Right off the bat you know that a vessel’s GZ curves will indicate positive stability till it reaches an advanced angle of heel. What we have available to us is sheet # 3 cross curves. From the information in the problem, the only data required from the drafts is the displacement of the vessel. We know from the curves, the GZ arms are based upon a KG of 20. Our actual KG is 25.2 or 5.2 more than the table GZ of 20. The key to solving the problem is the making the correction.

Given our options in the problem i.e. 54 to 71 degrees, some where between these angles the vessel will lose positive stability. Therefore it is necessary to plot only angles 45-60-75.

After setting up the information as above, and examine the solution to the problem, I have positive stability to a point some where until the mid 50s when the curve will cross the baseline. Given our options above, A- 54 degrees would be the correct answer. Why not B -59 degrees ? If 60 degrees was 0, I might consider that an answer but at -.03 @ 60, the vessel would have lost positive stability before 59, probably at about 55 degrees. 54 would be the correct answer.

Section: 4

In the section just completed we examined the nature of the righting curve to a point of 0 stability.

We stated that viewed graphically from the stability curve, a vessel has positive stability at angles

of inclination up until the righting arm curve crosses the baseline. At that point the righting arm is

0.

Common sense would suggest that long before a vessel reaches a point of 0 stability it would be seriously distressed. Examining the curve for a respective displacement, we consider where the crest levels out before the GZ curve begins to diminish; that angle of inclination is said to be the Angle of maximum list. As a practical matter, the angle of maximum list will be at a point of deck

edge immersion . At this point the inclining moments will begin to exceed the righting moments. The vessel will not be inclined to right itself, and the vessel distressed to that point will capsize.

If you look at sheet #4, the statical stability curves are constructed for the three respective displacements. Notice the angles of inclination at the crest of the three curves ranging from about 48 degrees to 53 degrees this is the angle of maximum list. The Coast Guard standards consider one half the angle of maximum list as the danger angle of permanent list. You will be tested on this. The nature of the questions are such that with good judgment you can determine the correct angle (mol) without having to construct or adapt curves. The choice of options are spaced to test knowledge of this concept. Seven questions can be done without calculations informed judgment will surfice. This is how it’s done.

Q 115 Using the information in Section 1, the blue pages, of the Stability Data Reference Book,

determine the danger angle for permanent list if the KG is 25.0 feet and the drafts are FWD 15’-

04” AFT I 5’-08”

A 12 degrees

B 17 degrees

C 20 degrees

D 23 degrees

ANS. D 23 degrees

Looking at Sheet #4 we know this. At a KG of 20 feet:

Displacement
                            Angle of Maximum List
                   Angle of Permanent List

4,500 Tons 
about 48 degrees
around 24 degrees

10,000 
about 51 degrees
around 25-26 degrees


15,000
about 54 degrees
around 27 degrees

[Examining this with a bit of a critical eye, Irrespective of the corrective KG differences, you know right off the bat 12 & 17 degrees are out. . .23 is the most likely of your choices. Your displacement at 7500 will fall between the 4,500 and 10,000 curve. Regardless of the KG factor differential in any of the problems, the graphical aspect of the curve will change very lithe, not enough to change your judgment. Of your four choices the answer in the lower to mid 20s range will be the correct answer. I had no trouble in picking the correct answers. On a similar question as above, similar drafts the choices were A-25 B-33 C-48 D-72  What do you think?]

Section : 5

Sixty seven questions really don’t present anything new. It requires only an application of adjusting for KG (sine corrections) and adjusting for CG (cosine corrections). The problem requires you to use the information referenced in the diagram then construct an adjusted GZ curve using you remaining GZ values. After you have constructed your curve based upon KG values, construct another curve of your cosine values where the two constructed curves intersect is your angle of list. The key to this problem is simplicity.. .After you adjust for KG plot the first curve. Then calculate your second curve plot your second curve.

A question using the stability curve in diagram DOl 8 DG. "If the center of gravity is shifted 1.0 feet off the center and the KG is raised 1.5 feet, to what angle will the vessel list?"

A 10 degrees B l3 degrees C l5 degrees D l9 degrees

Solution : Off the bat the list or the intersection of the two constructed curves is going to be somewhere between 0 and 19 degrees. This suggests our curve will not need go beyond 30 degrees.

Since my KG has been raised 1.5 my “Actual values” are greater than my “Table values”. (nothing new) This means that the new curve constructed represents the corrections to the GZ values.

Angle of inclination
GZ
Correction
New curve to be plotted

0
0
1.5X (sine 0) 0
       0

15
1.0
1.5 X (sine 15) .25 = .375
      .625

30
2.30
1.5 X (sine 30) .50 = .750
      1.55

Plot this curve before
moving on to second curve.

A of I
CG’
 Correction
   2nd curve

0
1.0
1 X (cosine 0) = 1.0
      1.0

15
1.0
1 X (cosine l5) = .97
      .97

30
1.0
 1 X (cosine 30) = .87
       .87

ANS. 19 degrees (initial list angle)

One last reminder before we leave the area of GZ, and its key roll in stability analysis; if, you didn’t pick up on it in the first lecture, GZ I Sine (angle of inclination) = GM. What this means of course is that the greater the GZ arm the less GM.

Section 6

The last section of this lecture deals with an empirical method in finding GM by determining the roll period of the vessel. To my mind this is one of the most valuable and practical equations available for the deck officer

Formula :   √GM = .44(B)
T = .44(B)

                                T                         √GM

Nine questions problems in this area using these two important formulas.

Question. You are at sea on a vessel that has a beam of 60 feet and you calculate the period of roll to be 25 seconds.  What is the vessels metacentric height?

GM =  .44(60)   = √GM =1.056  = GM =1.11 ANS 

              25

Question If your vessel has a metacentric height of 1.12 feet and your beam is 60 feet what will be your average full rolling period? 

T = .44(B)   .44(60) =   26.4    = 24.9 seconds ANS.

        √ GM       √1.12   1.058

Stiff Ship: A vessel with a large metacentric height. The vessel has an excessive righting arm and rights herself violently. Her roll period is short, racking stresses excessive, and very uncomfortable for crew.

Remedy elevate KG... pumping out ballast. Any method in placing weight high to increase KG.

Tender Ship : Tender vessels have small GM. This is usually due to high KG. Ballasting will decrease KG increasing GM.

Rolling period: (eg.) End of the roll on the starboard side, to the end of the next roll on the starboard side. T= the seconds of the roll  period.

This ends the question area in this lecture segment.
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