




13.42 HW8 Solutions Spring 2005 

Project scenario: Density, rho = 1000 kg/m^3 

A naval vessel is transiting in head seas at speed, U = 10 m/s Gravity, g = 9.81 m/s^2 

Deep water. 

Note: A33 (2D) is listed as a33 in this report, likewise with B. 

1a) Incident wave frequency: Encounter frequency: 

omega_o = 0.5 rad/s omega_e = 0.754842 rad/s 

Radius or Sectional omega_e^2*R a33 a33 x*a33 x^2*a33 b33 b33 x*b33 x^2*b33

Station HalfBreadth Breadth x*Breadth x^2*Brdth Area, S over g over rho*S over rho*omega_e*S 

m m m m^2 m^3 m^2

Observed Observed Observed Observed

30  0 0 0 0 0 0.000 0 0 0 0 0 0

25 2.5 5 125 3125 9.8 0.145 1.15 11290 282252 7056312 1.56 11561 289015 7225378

20 5 10 200 4000 39.3 0.290 0.82 32201 644026 12880530 1.2 35571 711422 14228436

15 7.5 15 225 3375 88.4 0.436 0.67 59199 887991 13319862 0.88 58692 880385 13205768

10 10 20 200 2000 157.1 0.581 0.61 95819 958186 9581858 0.7 82999 829992 8299921

5 10 20 100 500 157.1 0.581 0.61 95819 479093 2395464 0.7 82999 414996 2074980

0 10 20 0 0 157.1 0.581 0.61 95819 0 0 0.7 82999 0 0

-5 10 20 -100 500 157.1 0.581 0.61 95819 -479093 2395464 0.7 82999 -414996 2074980

-10 10 20 -200 2000 157.1 0.581 0.61 95819 -958186 9581858 0.7 82999 -829992 8299921

-15 7.5 15 -225 3375 88.4 0.436 0.67 59199 -887991 13319862 0.88 58692 -880385 13205768

-20 5 10 -200 4000 39.3 0.290 0.82 32201 -644026 12880530 1.2 35571 -711422 14228436

-25 2.5 5 -125 3125 9.8 0.145 1.15 11290 -282252 7056312 1.56 11561 -289015 7225378

-30  0 0 0 0 0 0.000 0 0 0 0 0 0

Sums: 80 160 0 26000 684474 0 90468051 626644 0 90068967

Here , I find the added mass and damping coefficients (3D) for the ship, Aij and Bij for i,j=3,5 

The equations to calculate these coefficients were taken from Faltinsen page 56. 

Since I have discrete values, I will use the trapezoidal rule as a substitute for integration. 

h = 5 m Trapezoidal rule = .5 * h * (a33(-30) + 2a33(-25) +2a33(-20) . . . + 2a33(25) + a33(30)) 

Since a33(-30)=a33(30), I can simplify the formula to h*(sum(a33 values)) 

A33 = 3422372

B33 = 3133220

A35 = 54989379

B35 = -34223725

A53 = -54989379

B53 = 34223725

A55 = 1052981521

B55 = 1000238628

1b) Find the restoring coefficients, Cij for i,j=3,5 Area of waterplane = Awp = 800 m^2 



Formulas for restoring coefficients were taken from Faltinsen page 58. 

z_g = -7.5 To find C55, I need to find GM_L or KB. 

To find KB, I will integrate the underwater volume vertically using waterplanes at 1 m intervals. 

C33 = 7848000 Based on geometry, half breadth at each waterline, z, is SQRT(10^2 - z^2) 

C35 =C53 = 0 The area of each waterplane is then 2*HalfBreadth(which is a fn of z)*'Effective Length' 

C55 = 1456709517 The 'Effective Length' is the length of the waterplane if you cut off the aft triangular portion and 

flip it over and put it with the forward triangular portion to make an equivalent rectangular Awp. 

z Midships "Effective Awp(z) Trapezoidal F(M) Lever F(V)

m HalfBr (m) length" (m) m^2 Multiplier Arm

0 10.00 40 800.00 0.5 400.00 0 0.00

-1 9.95 38 756.19 1 756.19 1 756.19

-2 9.80 36 705.45 1 705.45 2 1410.91

-3 9.54 34 648.68 1 648.68 3 1946.04

-4 9.17 32 586.57 1 586.57 4 2346.28

-5 8.66 30 519.62 1 519.62 5 2598.08

-6 8.00 28 448.00 1 448.00 6 2688.00

-7 7.14 26 371.35 1 371.35 7 2599.48

-8 6.00 24 288.00 1 288.00 8 2304.00

-9 4.36 22 191.79 1 191.79 9 1726.12

-10 0.00 20 0.00 0.5 0.00 10 0.00

Sum = 4915.65 18375.09

Here, h = 1 m 

Volume (m^3) = h*Sum F(M) = 4916 m^3 

M_volume (m^4) = h^2*Sum F(V) = 18375 m^4 

KB = M_vol/Vol = 3.74 m 

z_B = -3.74 m 

















13.42 HW8 Solutions Spring 2005 

Project scenario: 

A naval vessel is transiting in head seas at speed, U = 10 m/s 

Deep water. 

Density, rho = 1000 kg/m^3 

Gravity, g = 9.81 m/s^2 

Note: A33 (2D) is listed as a33 in this report, likewise with B. 

1a) Incident wave frequency: Encounter frequency: 

omega_o = 0.75 rad/s omega_e = 1.3233945 rad/s 

Radius or Sectional omega_e^2*R a33 a33 x*a33 x^2*a33 b33 over b33 x*b33 x^2*b33

Station HalfBreadth Breadth x*Breadth x^2*Brdth Area, S over g over rho*S rho*omega_e*S

m m m m^2 m^3 m^2

Observed Observed Observed Observed

30  0 0 0 0 0 0.000 0 0 0 0 0 0

25 2.5 5 125 3125 9.8 0.446 0.67 6578 164443 4111069 0.85 11044 276088 6902210

20 5 10 200 4000 39.3 0.893 0.6 23562 471239 9424778 0.43 22347 446938 8938768

15 7.5 15 225 3375 88.4 1.339 0.64 56549 848230 12723450 0.25 29233 438493 6577400

10 10 20 200 2000 157.1 1.785 0.69 108385 1083849 10838495 0.14 29103 291030 2910296

5 10 20 100 500 157.1 1.785 0.69 108385 541925 2709624 0.14 29103 145515 727574

0 10 20 0 0 157.1 1.785 0.69 108385 0 0 0.14 29103 0 0

-5 10 20 -100 500 157.1 1.785 0.69 108385 -541925 2709624 0.14 29103 -145515 727574

-10 10 20 -200 2000 157.1 1.785 0.69 108385 -1083849 10838495 0.14 29103 -291030 2910296

-15 7.5 15 -225 3375 88.4 1.339 0.64 56549 -848230 12723450 0.25 29233 -438493 6577400

-20 5 10 -200 4000 39.3 0.893 0.6 23562 -471239 9424778 0.43 22347 -446938 8938768

-25 2.5 5 -125 3125 9.8 0.446 0.67 6578 -164443 4111069 0.85 11044 -276088 6902210

-30  0 0 0 0 0 0.000 0 0 0 0 0 0

Sums: 80 160 0 26000 715301 0 79614830 270762 0 52112497

Here , I find the added mass and damping coefficients (3D) for the ship, Aij and Bij for i,j=3,5 

The equations to calculate these coefficients were taken from Faltinsen page 56. 

Since I have discrete values, I will use the trapezoidal rule as a substitute for integration. 

h = 5 m Trapezoidal rule = .5 * h * (a33(-30) + 2a33(-25) +2a33(-20) . . . + 2a33(25) + a33(30)) 

Since a33(-30)=a33(30), I can simplify the formula to h*(sum(a33 values)) 

A33 = 3576507 

B33 = 1353808 

A35 = 7729979 

B35 = -35765069 

A53 = -7729979 

B53 = 35765069 

A55 = 602285755 

B55 = 337862269 



Note: The restoring coefficients are not frequency dependent, so these are the same as for omega_o=0.5 rad/s. 

1b) Find the restoring coefficients, Cij for i,j=3,5 Area of waterplane = Awp = 800 m^2 

Formulas for restoring coefficients were taken from Faltinsen page 58. 

z_g = -7.5 To find C55, I need to find GM_L or KB.  

To find KB, I will integrate the underwater volume vertically using waterplanes at 1 m intervals. 

C33 = 7848000 Based on geometry, half breadth at each waterline, z, is SQRT(10^2 - z^2) 

C35 =C53 = 0 The area of each waterplane is then 2*HalfBreadth(which is a fn of z)*'Effective Length' 

C55 = 1456709517 The 'Effective Length' is the length of the waterplane if you cut off the aft triangular portion and 

flip it over and put it with the forward triangular portion to make an equivalent rectangular Awp. 

z Midships "Effective Awp(z) Trapezoidal F(M) Lever F(V)

m HalfBr (m) length" (m) m^2 Multiplier Arm

0 10.00 40 800.00 0.5 400.00 0 0.00

-1 9.95 38 756.19 1 756.19 1 756.19

-2 9.80 36 705.45 1 705.45 2 1410.91

-3 9.54 34 648.68 1 648.68 3 1946.04

-4 9.17 32 586.57 1 586.57 4 2346.28

-5 8.66 30 519.62 1 519.62 5 2598.08

-6 8.00 28 448.00 1 448.00 6 2688.00

-7 7.14 26 371.35 1 371.35 7 2599.48

-8 6.00 24 288.00 1 288.00 8 2304.00

-9 4.36 22 191.79 1 191.79 9 1726.12

-10 0.00 20 0.00 0.5 0.00 10 0.00

Sum = 4915.65 18375.09

Here, h = 1 m 

Volume (m^3) = h*Sum F(M) = 4916 m^3 

M_volume (m^4) = h^2*Sum F(V) = 18375 m^4 

KB = M_vol/Vol = 3.74 m 

z_B = -3.74 m 
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