


1. 4-2 A ship has a submerged volume of 112,000 ft3 and a righting arm of 2 ft when heeling to 15◦.

Calculate its righting moment when heeling at this angle.

RM = GZ(φ) ·∆ = GZ(φ) · ρ · g · ∇

assuming seawater:

RM = 2.0 ft · 64
lb

ft3
· 112,000 ft3 · 1 LT

2240 lb
= 6,400 ft · LT
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2. 4-4

(a) Use the following data to plot the Curve of Intact Statical Stability of a ship for starboard heels

only. The data is taken from a ship displacing 3,600LT with a KG of 18.0 ft. Remember to title

your plot and label the axis correctly.

Angle of Heel, φ (◦) 0 20 40 60 80 100

Righting Arm, GZ (ft) 0.0 1.2 2.8 4.1 2.7 0.0

(b) Use your plot to sketch a diagram of the ship heeling to 30 degrees to starboard. Calculate the

righting moment being developed at this angle.

RM = GZ(φ) ·∆ = 2 ft · 3,600 LT = 7,200 ft · LT

(c) By observation of your sketch, what would happen to the magnitude of the righting moment

calculated in (b), if the center of gravity was raised so that KG increased to 18.5 ft.
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If KG increases by δKG = 0.5 ft, the righting arm GZ will decrease by

δKG · sin(φ) = 0.5 ft · sin(30◦)

→ RM will decrease to: RMf = RM0−∆ ·δKG ·sin(φ) = 7,200ft ·LT−3,600LT ·0.5ft ·sin(30◦)

RMf = 7,200 ft · LT − 3,600 LT · 0.5 ft · 0.5 = 6,300 ft · LT
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3. 4-5 Using the Cross Curves provided for the FFG-7 in the notes, graph the Curve of Intact Statical

Stability for FFG-7 at a displacement of 3500 LT with KG = 0 ft.

φ [◦] GZ [ft]

0 0.0

5 2.0

10 4.0

15 5.9

20 7.8

25 9.6

30 11.5

35 13.1

40 14.8

45 16.3

50 17.5

55 18.4

60 19.2

65 19.7

70 20.1

80 20.3
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4. 4-6

(a) Plot a curve of intact statical stability for starboard heels only for a ship with the following overall

stability characteristics.

Overall Stability Characteristic Value

Range of Stability 0− 90◦

Maximum Righting Arm 3.8 ft

Angle of Maximum Righting Arm 50◦

Righting Arm at 30◦ of heel 2 ft

(b) On your plot in part (a) sketch the curve of intact statical stability for a ship with a stiffer righting

arm. Which ship is more stable?

The stiffer ship in (b) is more stable.

(c) How would you calculate the dynamic stability from your plot in part (a)?

Find dynamic stability by integrating the righting arm plot (area under the curve) and multiplying

through by the displacement ∆.

Dynamic Stability = ∆s

∫ ]Range of Stability

0

GZ dφ
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5. 4-7 A DDG-51 has a displacement of 8,350 LT and KG = 21.5 ft. In this condition it develops a

righting arm of 2.1 ft when heeling to 20◦.

(a) Use a suitable diagram to derive an equation for the magnitude of the new righting arm if the

center of gravity shifted so that KG increased.

GfZf = G0Z0 − δKG · sin(φ)

(b) Use the equation you derived and the data above to calculate the magnitude of the new righting

arm at 20◦ of heel if the KG of the DDG-51 increased to 22.6 ft.

GfZf = G0Z0 − δKG · sin(φ) = 2.1 ft− [22.6 ft− 21.5 ft] sin(20◦) = 1.72 ft
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6. 4-9 A ship has a displacement of 6,250 LT and KG = 17.6 ft. In this condition the ship develops a

righting arm of 5.5 ft when heeling to 30◦.

(a) Draw a diagram showing the effect that lowering the center of gravity has on the righting arm.

Include on your diagram the old and new locations of G, old and new locations of the center of

buoyancy, the metacenter, angle of heel, initial and final righting arms, and displacement and

buoyant force vectors.

(b) A weight shift causes the ship’s center of gravity to be lowered by 1.5 ft. Calculate the ship’s

righting arm at a heeling angle of 30◦ after the weight shift.

GfZf = G0Z0 − δKG · sin(φ) = 5.5 ft− [−1.5 ft] sin(30◦) = 6.25 ft
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7. 4-10 USS SUPPLY (AOE-6) is preparing to UNREP its Battle Group. Prior to UNREP the ship was

steaming on an even keel at a draft of 38.5 ft. The center of gravity was located 37 ft above the keel.

Lpp = 717ft. When UNREP is complete, AOE-6 has discharged 10,000LT (3.2 million gallons) of F76

and JP-5 to the Battle Group. The fuel is assumed to have had a center of gravity on the centerline,

25 ft above the keel of AOE-6. Using the curves of form and cross curves of stability, determine the

following:

(a) Displacement and draft of SUPPLY after UNREP.

From COF: ∆0 = 163.75 units · 300 LT

unit
= 49,125 LT

Assuming that the UNREP causes no δTrim,

∆f = ∆0 − wUNREP = 49,125 LT − 10,000 LT = 39,125 LT

On COF: ∆f, COF =
39,125 LT

300 LT
unit

= 130.42 units

→ From COF: Tf = 32.3 ft
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(b) Ship’s KG and TCG following UNREP

KGf =
KG0 ·∆0 +

∑n
i=1±wi · kgi

∆0 +
∑n

i=1±wi
=

∆0 ·KG0 − wfuel · kgfuel
∆0 − wfuel

KGf =
49,125 LT · 37 ft− 10,000 LT · 25 ft

39,125 LT
= 40.07 ft

TCGf =
TCG0 ·∆0 +

∑n
i=1±wi · ±tcgi

∆0 +
∑n

i=1±wi
=

∆0 · TCG0 − wfuel · tcgfuel
∆0 − wfuel

TCGf =
49,125 LT · 0 ft− 10,000 LT · 0 ft

39,125 LT
= 0 ft

(c) Compute and plot the righting arm curves for the initial and final conditions of the ship. Do this

for starboard heeling angles only. Note: use of a spreadsheet program is encouraged.

φ0 [◦] GZ0 [ft] φf [◦] GZf [ft]

0 0.0 0 0.0

5 4.0 5 4.0

10 8.0 10 8.0

20 16.0 20 16.1

30 24.5 30 24.5

40 31.7 40 32.1

50 36.4 50 37.3

60 39.0 60 40.0

70 40.0 70 41.2

80 39.6 70 40.5

90 38.4 80 38.5
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(d) From your results in part (c), complete the following table and comment on the UNREP’s effect

on stability.

Parameter Before UNREP After UNREP

Displacement, ∆ (LT ) 49,125 LT 39,125 LT

Center of Gravity, KG (ft) 37 ft 40.07 ft

Maximum Righting Arm, GZmax (ft) 8.06 ft 6.61 ft

Angle of GZmax (◦) 50◦ 50◦

Range of Stability (◦) 0◦− ≈100◦ 0◦ − 84◦

UNREP has made the AOE less stable (lower righting arm for all angles, lower righting moment,

less dynamic stability (area under the curve), and a smaller range of stability.
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8. 4-11 A ship has a displacement of 7,250LT and KG = 23.5 ft on the centerline. At this condition the

ship has the following stability characteristics:

Range of stability: 0◦ − 85◦

Maximum righting arm: 5.2 ft at a heeling angle of 50◦

(a) What happens to the ship’s stability characteristics if the center of gravity is raised?

Range of Stability, Dynamic Stability, ]GZmax
, righting moment, and GZmax all decrease due to

increase in KG.

(b) What happens to the ship’s stability characteristics if the center of gravity is lowered?

Range of Stability, Dynamic Stability, ]GZmax
, righting moment, and GZmax all increase due to

decrease in KG.

(c) What happens to the ship’s stability characteristics if there is a change in the transverse location

of G with no vertical change in G?

Range of Stability, Dynamic Stability, righting moment, and GZmax all decrease due to a lateral

shift in G (TCG 6= 0 ft).]GZmax
should increase due to the static list angle.
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9. 4-13 An LCS-1 has a displacement of 3,000LT and KG = 14.0 ft. Use Cross Curves of Stability found

in the Ship’s Data section.

(a) Plot the Curve of Intact Statical Stability for starboard heels for the ship at TCG = 0 ft. On the

same axes, plot a second curve for the LCS-1 in the same condition but with TCG = 1 ft.

φ0 [◦] GZ0 [ft]

0 0.0

5 1.4

10 3.0

15 4.5

20 6.1

30 9.0

40 11.8

50 14.2

60 16.0

70 16.8

80 17.2

90 17.4
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(b) Compare the two curves. In which condition is the ship more stable?

For all angles, the LCS with TCG = 1.0 ft has a lower righting arm and is, therefore, less stable

(at least for rolling to starboard). The ship is more stable with G on the centerline.

(c) What is the permanent angle of list when TCG = 1.0 ft?

This is seen as the angle where the GZ curve crosses zero for TCG = 0 ft, or ≈ 16◦.
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10. 4-14 An FFG-7 class ship is underway at a displacement of 3,990 LT . KM = 22.8 ft, KG = 19.3 ft,

Lpp = 408ft. 9,000 gallons (28LT ) of F-76 are transferred from a storage tank located on the centerline,

6 ft above the keel, to a service tank located 6 ft above the keel and 15 ft to port of centerline.

(a) Determine the ship’s TCG after transferring fuel.

TCGf =
TCG0 ·∆0 +

∑n
i=1±wi · ±tcgi

∆0 +
∑n

i=1±wi
=

∆0 · TCG0 − wfuel, 0 · tcgfuel, 0 + wfuel, f · tcgfuel, f
∆0

TCGf =
3,990 LT · 0 ft− 28 LT · 0 ft+ 28 LT · −15 ft

3,990 LT
= −0.105 ft [to PORT]

(b) What is the ship’s list angle after the fuel transfer?

tan(φ) =
TCG

GMT
=

TCG

KMT −KG
=

−0.105 ft

22.8 ft− 19.3 ft
= −0.03008

→ φ = −1.723◦ [list to PORT]

(c) Draw a diagram of the ship heeling to port. Show the initial and final locations of G and B (G0,

Gf , B0, Bf ), initial and final righting arms (G0Z0, GfZf ), metacenter (M), heeling angle (φ),

and displacement and buoyant force vectors.

(d) Using the cross curve for the FFG-7, calculate and plot for both port and starboard heeling

angles, the ship’s GZ curve before and after transferring fuel. Use of a spreadsheet program for

the computations and plotting is encouraged.
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φ0

[◦ PORT ]

GZ0

[ft PORT ]

φf

[◦ STBD]

GZf

[ft STBD]

0 0.0 0 0.0

-5 -1.9 5 1.9

-10 -3.8 10 3.8

-15 -5.9 15 5.9

-20 -7.75 20 7.75

-25 -9.7 25 9.7

-25 -11.5 30 11.5

-35 -13.2 35 13.2

-40 -14.8 40 14.8

-45 -16.25 45 16.25

-50 -17.3 50 17.3

-55 -18.3 55 18.3

-60 -19.1 60 19.1

-65 -19.6 65 19.6

-70 -20.0 70 20.0

-80 -20.2 80 20.2
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11. 4-15 A compartment has a volume of 600 ft3 and permeability of 90%. How many LT of fresh water

would it hold if it were completely full? (ρfresh = 1.94 lb·s2
ft4 , 1 LT = 2240 lb).

wfresh = ∇compartment, floodable · ρfresh · g = ∇compartment · ρfresh · g · µ

wfresh = 600 ft3 · 1.94
lb · s2

ft4
· 32.17

ft

s2
· 90% · 1 LT

2240 lb
= 15.05 LT
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12. 4-18 USS ROSS (DDG-71) is underway in the North Atlantic during the winter season. The ship

encounters a severe storm which covers the weather decks, superstructure, and masts with a layer of

ice 1.5 in thick. Prior to the storm the ship was on an even keel at a draft of 20.5 ft, KG = 21.3 ft.

Lpp = 465 ft. The ice has the following characteristics:

(ρg)ice = 56 lb
ft3 kg = 68 ft

Area ice covers = 71,250 ft2 tcg = 0 ft

Ice thickness = 1.5in lcg = 75 ft fwd of amidships

Using the curves of form and cross curves of stability, determine the following:

(a) Weight of ice on the ship.

wice = ∇ice · ρgice = 71,250 ft2 · 1.5 in · 56
lb

ft3
· 1 LT

2240 lb
· 1 ft

12 in
= 222.66 LT

(b) Ship’s KG after the storm.

From the C.O.F.:
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∆0 = 138 units · 60
LT

unit
= 8,280 LT

∆f = ∆0 + wice = 8,502.66 LT

KMT = 146 units · 0.2 ft

unit
= 29.2 ft

MT1′′ = 157.5 units · 9.24
ft · LT
in · unit

= 1455.3
ft · LT
in

TPI = 171.5 units · 0.3 LT

in · unit
= 51.45

LT

in

LCF = 22.5 ft from

KGf =
KG0 ·∆0 + wice ·Kgice

∆0 + wice
=

8,280 LT · 21.3 ft+ 222.66 LT · 68 ft

8,280 LT + 222.66 LT
= 22.523 ft

(c) Ship’s forward, aft, and mean drafts after the storm.
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δTps =
wice

TPI
=

222.66 LT

51.45 LT
in

= 4.33 in = 0.361 ft

δ Trim =
wice · l
MT1′′

=
222.86 LT · (75 ft+ 22.5 ft)

1455.3 ft·LT
in

= 14.93 in = −1.244 ft by the bow!

dfwd =
465 ft

2
+ 22.5 ft = 255 ft

daft =
465 ft

2
− 22.5 ft = 210 ft

δTfwd = δTrim · dfwd

Lpp
= 1.244 ft · 255 ft

465 ft
= 0.682 ft (increase in draft fwd)

δTaft = δTrim · daft
Lpp

= 1.244 ft · 210 ft

465 ft
= −0.562 ft (decrease in draft aft)

Tfinal, fwd = T0 + δTps + δTfwd = 20.5 ft+ 0.361 ft+ 0.682 ft = 21.54 ft

Tfinal, aft = T0 + δTps + δTaft = 20.5 ft+ 0.361 ft− 0.562 ft = 20.30 ft

Tm =
21.37 ft+ 20.44 ft

2
= 20.92 ft

(d) Metacentric height before and after the storm.

GM0 = KM −KG0 = 29.2 ft− 21.3 ft = 7.9 ft

GMf = KM −KGf = 29.2 ft− 22.523 ft = 6.677 ft

(e) Calculate and plot the ship’s righting arm curve (for starboard heeling angles only) before and

after the storm. Use of a computer is encouraged.
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∆ = 8,280 LT ∆ = 8,502.66 LT

φ GZ(φ)cc φ GZ(φ)cc

0◦ 0 ft 0◦ 0 ft

5◦ 2.6 ft 5◦ 2.6 ft

10◦ 5.3 ft 10◦ 5.3 ft

15◦ 7.6 ft 15◦ 7.6 ft

20◦ 10.2 ft 20◦ 10.2 ft

30◦ 15.1 ft 30◦ 15.1 ft

40◦ 19.7 ft 40◦ 19.7 ft

50◦ 23.1 ft 50◦ 23.1 ft

60◦ 25.1 ft 60◦ 25.1 ft

70◦ 26.3 ft 70◦ 26.3 ft

80◦ 26.5 ft 80◦ 26.5 ft

90◦ 25.6 ft 80◦ 25.6 ft
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(f) Discuss the effects of ice accumulation of the ship’s overall stability. Include in your discussion

the effects of ice on ship’s trim, metacentric height, range of stability, maximum righting arm,

dynamic stability, and stiffness or tenderness.

Metacentric Height has been reduced from 7.9ft to 6.677ft, Max Righting Arm has been reduced

from 6.78 ft to 5.85 ft, Range of stability has been reduced (though CC data does not extend

to reach GZ0/GZf = 0 ft), area under the GZ curve has been reduced so dynamic stability has

been reduced.

22















13. 4-20 USS NIMITZ (CVN-68) is underway in the North Atlantic during the winter season. A severe

storm covers the flight deck to a uniform depth of 3 ft with a mixture of snow and ice. The flight deck

has an area of 196,000 ft2, and the flight deck is located 82 ft above the keel. Prior to the storm the

ship was on an even keel at a draft of 37 ft, KG = 37.5 ft, Lpp = 1040 ft. The snow and ice have

a combined weight density of 33 lb
ft3 and has its center of gravity located on the ship’s centerline at

amidships. Using the curves of form and cross curves of stability determine the following:

From the COF:

∆0 = 222 units · 400
LT

unit
= 88,800 LT

LCF = 67 ft aft of

KMT, 0 = 194 units · 0.3 ft = 58.2 ft

(a) Weight of snow and ice on the flight deck.

wice = ∇ice · ρgice = 196,000 ft2 · 3 ft · 33
lb

ft3
· 1 LT

2240 lb
= 8,662.5 LT
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(b) Location of G following the storm.

KGf =
KG0 ·∆0 + wice ·Kgice

∆0 + wice
=

88,800 LT · 37.5 ft+ 8,662.5 LT · (82 ft+ 1.5 ft)

88,800 LT + 8,662.5 LT
= 41.588ft

TCGf = TCG0 = 0 ft

(c) Ship’s forward and aft drafts after the ice accumulation. From C.O.F. for final displacement:

∆f = ∆0 + wice = 88,800 LT + 8,662.5 LT = 97,462.5 LT ⇒ ∆f =
97,462.5 LT

400 LT
unit

∆f = 243.6 units⇒ TF = 40.0 ft

MT1′′f = 163 units · 91.81
ft · LT
in · unit

= 14,965.03
ft · LT
in

δ Trim =
wice · l
MT1′′

=
8,662.5 LT · 67 ft

14,965.03 ft·LT
in

= 38.783 in = −3.232 ft by the bow

dfwd =
1040 ft

2
+ 67 ft = 587 ft

daft =
1040 ft

2
− 67 ft = 453 ft

δTfwd = δTrim · dfwd

Lpp
= 3.232 ft · 587 ft

1040 ft
= 1.824 ft (increase in draft fwd)

δTaft = δTrim · daft
Lpp

= 3.232 ft · 453 ft
1040 ft

= −1.408 ft (decrease in draft aft)

Tfinal, fwd = T0 + δTps + δTfwd = 40.0 ft+ 1.824 ft = 41.824 ft

Tfinal, aft = T0 + δTps + δTaft = 40.0 ft− 1.408 ft = 38.592 ft

Tm =
41.824 ft+ 38.592 ft

2
= 40.208 ft
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(d) Calculate and plot the ship’s righting arm curve (starboard heeling angles only) before and after

the storm.

KMT, f = 191 units · 0.3 ft = 57.3 ft

∆ = 88,800 LT ∆ = 97,462.5 LT

φ GZ(φ)cc φ GZ(φ)cc

0◦ 0 ft 0◦ 0 ft

5◦ 5.0 ft 5◦ 5.0 ft

10◦ 10.1 ft 10◦ 10.0 ft

20◦ 20.5 ft 20◦ 20.0 ft

30◦ 30.5 ft 30◦ 30.0 ft

40◦ 39.2 ft 40◦ 39.2 ft

50◦ 46.9 ft 50◦ 47.2 ft

60◦ 53.0 ft 60◦ 53.0 ft

70◦ 56.2 ft 70◦ 56.5 ft

80◦ 57.0 ft 80◦ 56.9 ft

90◦ 55.2 ft 80◦ 55.0 ft
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(e) How has the accumulation of snow and ice affected the ship’s stability? Discuss your answer in

terms of metacentric height, maximum righting arm, range of stability, dynamic stability, etc.

GMT, 0 = KMT, 0 − KG0 = 58.2 ft − 37.5 ft = 20.7 ft

GMT, f = KMT, f − KGf = 57.3 ft − 41.588 ft = 15.712 ft

Metacentric Height has been reduced from 20.7 ft to 15.712 ft, Max Righting Arm has been 

reduced from 20.96 ft to 17.42 ft, Range of stability has been reduced (though CC data does not 

extend to reach GZ0/GZf = 0 ft), area under the GZ curve has been reduced although 

Displacement has increased by about 10% (it is unclear whether more or less area under the GZ 

curve has been lost so it is not clear what the final dynamic stability difference is).
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14. 4-21 A LCS1 class ship suffers a major flood in the forward portion of the ship resulting in the total

flooding of 7,800 ft3 (i.e no free surface). The flood’s center of gravity is located 142 ft forward of

amidships, 8 ft above the keel, and 1 ft starboard of centerline. Prior to the flood, the ship was on an

even keel at a draft of 14 ft, KG = 12 ft. Lpp = 324 ft. Using the curves of form and cross curves of

stability determine the following:

(a) Weight of flooding water.

wflood = ∇flood · (ρ g)sw = 7,800 ft3 ·
(

64
lb

ft3

)
· 1 LT

2240 lb

wflood = 222.86 LT

(b) Ship’s KG and TCG of the ship after flooding has occurred.

From COF:

∆0 = 333 units · 10 LT

unit
= 3,330 LT

∆f = 3,330 LT + 222.86 LT = 3,552.86 LT

⇒ on COF 3,552.86 LT · 1 unit

10 LT
= 355.286 units

KMT, f = 348 units ·
0.033LT ·ft

in

unit
= 11.484 ft
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MT1′′ = 199 units ·
4 ft·LT

in

unit
= 796

ft · LT
in

TPI(average of starting and ending dispalcement) = 276.5 units ·
0.12 LT

in

unit
= 33.18

LT

in

LCF = 35.8 ft aft of

KGf =
KG0 ·∆0 + wflood ·Kgflood

∆0 + wflood
=

3,330 LT · 12 ft+ 222.86 LT · 8 ft
3,330 LT + 222.86 LT

= 11.749 ft

TCGf =
TCG0 ·∆0 + wflood · tcgflood

∆0 + wflood
=

0 ft · 3,330 LT + 222.86 LT · 1 ft
3,330 LT + 222.86 LT

= 0.063 ft

(c) Angle at which the ship is listing.

Using the new KMT :

tan(φ) =
TCG

GM
=

TCG

(KMT, f −KGf )
=

0.063 ft

(11.484 ft− 11.749 ft)
=

0.063 ft

−0.265 ft

GM is negative, so there is no stable list angle!! If, instead, the original KMT is used,

KMT, 0 = 372 units ·
0.033LT ·ft

in

unit
= 12.276 ft

tan(φ) =
TCG

GM
=

TCG

(KMT, 0 −KGf )
=

0.063 ft

(12.276 ft− 11.749 ft)
=

0.063 ft

0.527 ft
= 0.1195⇒ φ = 6.82◦

Note: this does not agree with the righting arm curve that we will plot below.

(d) Ship’s forward, aft, and mean drafts after the flood occurs.

Tm, f = 14.6 ft from C.O.F. at the ∆f

δ Trim =
wflood · l
MT1′′

=
222.86 LT · (35.8 ft+ 142 ft)

796 ft·LT
in

= 49.78 in = −4.148 ft by the bow!

dfwd =
324 ft

2
+ 35.8 ft = 197.8 ft

daft =
324 ft

2
− 35.8 ft = 126.2 ft

δTfwd = δTrim · dfwd

Lpp
= 4.148 ft · 197.8 ft

324 ft
= 2.53 ft (increase in draft fwd)

δTaft = δTrim · daft
Lpp

= 4.148 ft · 126.5 ft

324 ft
= −1.62 ft (decrease in draft aft)

δTps =
222.86 LT

33.18 LT
in

= 6.717 in

Tfinal, fwd = T0 + δTps + δTfwd = 14.0 ft+ 6.717 in+ 2.53 ft = 17.08 ft

Tfinal, aft = T0 + δTps + δTaft = 14.0 ft+ 6.717 in− 1.62 ft = 12.94 ft

Tm =
17.08 ft+ 12.94 ft

2
= 15.01 ft
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(e) Compute and plot the ship’s righting arm curve before and after the flood. Use of a computer is

encouraged.

∆ = 3,330 LT ∆ = 3,552.86 LT

φ GZ(φ)cc φ GZ(φ)cc

0◦ 0 ft 0◦ 0 ft

5◦ 1.4 ft 5◦ 1.4 ft

10◦ 3.0 ft 10◦ 3.0 ft

15◦ 4.4 ft 15◦ 4.2 ft

20◦ 5.9 ft 20◦ 5.7 ft

30◦ 8.7 ft 30◦ 8.6 ft

40◦ 11.5 ft 40◦ 11.4 ft

50◦ 13.8 ft 50◦ 13.6 ft

60◦ 15.4 ft 60◦ 14.9 ft

70◦ 16.2 ft 70◦ 15.8 ft

80◦ 16.6 ft 80◦ 16.1 ft

90◦ 16.8 ft 80◦ 16.2 ft
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(f) What affect does the flooding have on the ship’s stability and seaworthiness?

• Max righting arm has decreased from 5.01 ft to 4.74 ft.

• KG lowered from12 ft to 11.749 ft.

• TCG of 1 ft causes a small list to starboard shown on the GZ curve, but GM is negative

when calculated from COF. These results do not agree with the GZ Curve!!!

• Draft increased from 14 ft to 15.01 ft.

Overall stability decreased somewhat by adding weight to the ship. Decreased freeboard, trim of

-4.148 feet (down by the bow) and negative GMT (based on new KMT ) is very concerning for

seaworthiness.
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15. 4-26 A ship has a displacement of 12,200LT , KG = 22.6 ft on the centerline. At this displacement the

ship has KMT = 37 ft. The ship has a free surface in a fuel tank
(
ρfuel = 1.616 lb·s2

ft4

)
. The tank is

35 ft long, 40 ft wide, and 15 ft deep.

(a) Calculate the effective metacentric height if the center of the fuel tank is located on the centerline,

15 ft above the keel.

itank =
b3 · b
12

=
(40 ft)3 · (35 ft)

12
= 186,666.67 ft4

∇S =
∆S

(ρg)sw
=

12,200LT

64 · lbft3
· 2240 lb

1 LT
= 427,000 ft3

FSC =
itank · ρfuel
∇S · ρS

=
186,666.67 ft4 · 1.616 lb·s2

ft4

427,000 ft3 · 1.99 lb·s2
ft4

FSC = 0.355 ft

GMeff = KMT −KG− FSC = 37 ft− 22.6 ft− 0.355 ft = 14.045 ft

(b) Calculate the ship’s effective metacentric height if the center of the fuel tank is located 15ft above

the keel and 10 ft starboard of the centerline.

FSC is not influenced by the placement of the tank in question, so there is no difference to GMeff

if the tank is off centerline.
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16. 4-28 A large oil tanker is preparing to transit from CONUS to the Persian Gulf to load crude oil. The

ship is currently empty, and is floating on an even keel at a draft of 16 ft. At this condition the ship’s

center of gravity is located 33 ft above the keel. The ship is 850 ft long, a beam of 120 ft, and when

fully loaded has a draft of 70 ft. At a draft of 16 ft the ship has the following hydrostatic parameters:

∆ = 38,500 LT MT1′′ = 3,872 LT ·ft
in

KB = 8.5 ft TPI = 206.4 LT
in

KMT = 40 ft LCF = 10 ft aft of amidships

To improve the ship’s stability and lower the center of gravity, the Cargo Officer recommends filling the

smallest cargo tank 50% full with salt water ballast. The cargo tank has the following characteristics:

length = 100 ft lcg at LCF

width = 120 ft tcg on the centerline

height = 60 ft Kgballast = 15 ft

µ = 99%

(a) Determine the weight of water to be taken on as ballast.

wballast = µ · ∇tank ·% full · (ρ g)sw = (0.99)(100 ft)(120 ft)(60 ft) · 50% · 64
lb

ft3
· 1 LT

2240 lb

wballast = 10,182 LT

(b) Determine the ship’s center of gravity in the ballasted condition.

KGf =
KG0 ·∆0 + wballast ·Kgballast

∆f
=

38,500 LT · 33 ft+ 10,182 LT LT · (15 ft)

38,500 LT + 10,182 LT
= 29.235 ft

(c) Assuming that the ship is wall-sided, and that TPI and MT1′′ do not change, determine the

mean draft of the ship in the ballasted condition.

Tf = T0 + δTps = T0 +
wballast

TPI
= 16 ft+

10,182 LT

206.4 LT
in

· 1 ft

12 in
= 20.111 ft

(d) Determine the ship’s effective metacentric height after taking on ballast. At a draft of 20 ft,

KMT = 42 ft.

GMeff = KMT −KG− FSC

FSC =
itank · ρtank
∇S · ρS

=
itank
∇S
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itank =
b3 · l
12

=
(120 ft)3 · 100 ft

12
= 14,400,000 ft4

∇S =
∆f2

(ρg)sw
=

38,500 LT + 10,182 LT

64 lb
ft3 ·

1 LT
2240 lb

= 1,703,900ft3

FSC =
14,400,000 ft4

1,703,900ft3
= 8.45 ft

GMeff = 42 ft− 29.235 ft− 8.45 ft = 4.314 ft

(e) What effect does the free surface have on the ship’s stability? Is the Cargo Officer’s recommen-

dation a good recommendation? Explain your answer in terms of metacentric height, dynamic

stability, and range of stability. Use a sketch of the GZ curve before and after ballasting to help

explain your answer. This large free surface has significantly reduced overall stability in reducing

GMeff which is counter to the Cargo Officer’s intention.

The range of stability, GZmax, dynamic stability (area under the curve), and GMeff have all

been reduced by ballasting down.

(f) What could be done to achieve the Cargo Officer’s goal of improving stability over that of the

empty condition?

Cargo Officer should fully flood this cargo tank. This would generate another 10,182 LT of

increased displacement, the tank would now act at Kg = 30 ft so KGfull ballast = 31.96 ft. If

KMT increases linearly to 44 ft in this condition, GMeff = 44 ft − 31.96 ft = 12.04 ft which

would permit the ship to have better roll response (larger maximum righting moments) than in

the un-ballasted state.

33































17. 4-33 A Navy LCU can be modeled as a rectangular, box-shaped barge. The barge has the following

dimensions and hydrostatic parameters:

Length = 135 ft Draft (ft) KM (ft) TPI (LT/in)

Beam = 35 ft 4 27.5 11.25

Depth = 7 ft 5 22.9 11.25

Deck located 7 ft above keel 6 20.0 11.25

gunwales extend 4 ft above the deck

When empty the barge floats at a draft of 4 ft, KG = 1.9 ft. The barge is then loaded to maximum

capacity with 3 M-60 tanks. Each tank weighs 60LT and has a center of gravity 4ft above the ground

(i.e., 4 ft above the deck).

(a) Determine the draft and displacement of the barge after loading the tanks.

∆f = ∆0 + w = ∇0 · ρg + w = (4 ft)(135 ft)(35 ft)

(
64

lb

ft3
· 1 LT

2240 lb

)
+ 60 LT · 3

∆f = 720 LT

δTps =
w

TPI
=

3 · 60 LT

11.25LT
in

= 16 in = 1.333 ft

Tf = T0 + δTps = 4 ft+ 1.333 ft = 5.333 ft

(b) What is the barge’s center of gravity after loading vehicles?

Assume Tanks are loaded on centerline and midships.

KGf =
KG0 ·∆0 + wtanks ·Kgtanks

∆f
=

540 LT · 1.9 ft+ 180 LT · (4 ft+ 7 ft)

720 LT
= 4.175 ft

(c) What is the metacentric height of the barge before and after the vehicle onload? How is the

barge’s stability affected when loaded to maximum capacity?

GMT, 0 = KMT0
−KG0 = 27.5 ft− 1.9 ft = 25.6 ft

GMT, 0 = KMTf
−KGf = 21.933 ft− 4.175 ft = 17.76 ft

Loading of tanks has reduced GM by nearly 8 ft and has reduced the stability of the barge.

(d) In a heavy monsoon rainstorm the barge accumulates 2 inches of freshwater on deck. Calculate

the weight of water added to the barge and the barge’s new KG.

wrain = ∇rain · (ρg)rain = (2 in)(135 ft)(35 ft)

(
62.4

lb

ft3
· 1 LT

2240 lb

)
· 1 ft

12 in
= 21.9375 LT
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KGf2 =
KG2 ·∆2 + wrain ·Kgrain

∆f + wrain
=

720 LT · 4.175 ft+ 21.9375 LT · (1 in · 1 ft
12 in + 7 ft)

720 LT + 21.9333 LT

KGf2 = 4.261 ft

(e) The rainwater creates a free surface on deck. Calculate the barge’s effective metacentric height

following the storm.

FSC =
ideck · ρrain
∇S · ρS

ideck =
B3 · L

12
=

(35 ft)3 · 135 ft

12
= 482,343.75 ft4

∇S =
∆f2

(ρg)sw
=

720 LT + 21.9333 LT

64 lb
ft3 ·

1 LT
2240 lb

= 25,967.67ft3

FSC =
482,343.75 ft4 · 1.94 lb·s2

ft4

25,967.67ft3 · 1.99 lb·s2
ft4

= 18.108 ft

T, f2 = Tf +
wrain

TPI
= 5.333 ft+

21.9333 LT

11.25 LT
in

= 5.495 ft

KMT, f2 = 21.463 ft found by interpolating based on new draft

GMeff = KMT, f2 −KGT, f2 − FSC = 21.463 ft− 4.261 ft− 18.108 ft = −0.906 ft

(f) On the same axes, sketch a righting arm curve for the barge in the following conditions: unloaded,

fully loaded, free surface on deck.

(g) What can be done to eliminate the possibility of a free surface?

Design drainage holes v(scuppers) in the gunwales to prevent water from collecting.
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