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Exercise 1

The following histogram of wave heights has been derived from a time history of the surface elevation of an irregular wave

system [2].
. 1. Give a definition of the conception ”significant wave height, H, ,;”” and calculate this value. “%\’e h?lg})lt numb(e;*
= (M n (-
2. What is the probability that the significant wave height, H, 5, will be exceeded? < 0.25 0
u“h""‘!’-"] n % “,I - n{'f- X ;-&li”"f""d’*“-h#jl 096 - 07{) 30
e 0.¢ 30 0.1 39% 1.25 - 1.75 110
Solutions: - ,
{ H. .= 251 1_ ko o2 1.75-2.25 42
RS PLRL Tl e RNt =|Z 51 2.25-2.75 28
2. P=0.146 w2 0. 1y -
\ 25 s "ge 2.75 - 3.25 B
: o R Ty 10 0.0 3.75 - 4.25 2
@? Y s 2 0.0066 3 > 4.25 0

— ' — 9-;:“"-1.5.,, 160 adeb bebile -



Exercise 2 ==

A simplified wave energy spectrum is given by [2]:

. S/(w) m?  0.00 0.75 0.95 0.43 0.12 0.00

1. Calculate (by using the trapezoid rule) the significant wave height, H, /5, and the mean wave periods T, and T,. (Ans.

H, ;= 2.7 m, T,=7s, T,=6.9s.)
2. Determine the probability, P, of exceeding a wave height of 4.0 meter in this wave spectrum by using the Rayleigh

probability density function. (Ans. P=1.2%)

3. Determine also the number of times per hour that this wave height will be exceeded. (Ans. 6.3 Times per hour. Use T,

for this not T,

= T T
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7 017 Fo=fopgla L B]
=017 x 1.025 x 9.81 x 3.2 x 137 x 21.4
= 16037.1 kKN
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Exercise 3

i . 160371
The static heaving amplitude is cqual t 160571 _ (,68m
zzzzz

—
The heaving amplitude io.bsxl.s&‘i=1. 059
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Exercise 1-7

A homegenously loaded barge (A=5400 kN) is considered to have 12 uniform
divisions, cach weighing 450 kN. Find the Radius of gyration for Rolling,
pitching and yawing if the weights are considered to be centered at CG of
each division, that is, assuming that the mass moment of inertia of each 30m
division about its own CG can be neglected (See Fig 6) [1]. 2 /
Given: / 1 s
Length of the barge :L=30m T - .
B f the :B=6

cam of the barge 6m A T
Depth :D=4m L=
Displacement : A=5400 kKN PR —

Fig. 6: Barge of 12 uniform divisions[1]

109,

Exercise 1

e =T T i

No: [kN]
1 45”
2 450
3 450
4 450
5 450
6
7
8
9

450
450
450
450
10 450
1 450
12 450

lll
0
10
10
0

-10
-10

0
10
10
0

-10

[ton m?]

17550

[m]

1 1462,5
1,5 1 1462,5
15 1 1462,5
15 1 1462,5
15 1 1462,5
i3 1 14625
1,5 1 1462,5
15 1 14625
15 1 1462,5
15 1 1462,5
15 1 1462,5
15 1 1462,5

[ton m?]
45450
450
45450
45450
450
45450
45450
450
45450
45450
450
45450
365400

[ton m’|

_ [lexGiD]]_ [mss Jin
N x-J i o T L
46012,5
460125 : 2= /8226m P.‘bl@lg
460125 T
460125 | kzz= M 3:1—;2“:[8.30257—' YunJ

1012,5
10125
46012,5
46012,5
1012,5
46012,5
372150



Ega; g vorme

"’anws Muuad v giéuuﬂ SF-‘-!S’“

—

nba:b ~f u.\t “

nl'.ll'

“‘UJ‘ uﬁ"”

S'I\' uil.n Ay m‘jdlq" J")Plu#m}

,.3—\ .
? M + 479/4— CQ/w w } 3%& cguvdion

g‘,f/m,c'-ﬂ*f’
I,

6‘640-'-;
o,

di- H‘a 28 !‘.i';w /5D,

e ﬂﬁ|

-‘W DF?F@H!#M:‘,Q oF V:p;un, /|445_5 Mons, bpf‘pf,.“d‘(:lm*féjg!

L&. +5dg = 1(!"'“? k7] =l s

Uu 'J-:“J roSsS

2
he? |

<L Eﬁdﬂ’s BJ w;'i':u- {1,- rl#‘zfrj h?J;'M (L;ﬁ’) (3 kJ"‘m 0;2‘12‘, - 0'26"4 ﬁﬁdf"}b-

Exercise 1

0 0
5 211.925
10 211.925
15 195.623
20 0

Find the added mass moment of inertia

No
0
1.4625
2925 S’ b } d
43875 =y A" rd L
585 LD f ' My v \’ !

of a ship model for which the added mass was determined in Heavi

;W DF TEEMINt11 00 oF D.aﬁrw& C OFFFICIFN T

ing Section.

\V Lssronioe Mo, Cogesicsror

Exercise 1

c0:89613;

I 0,000 0,0000 0,0000 0,000

5 211925 14625 2,1389 309, 940" 4 1239,761
10 211,925 29250 8,5556  619,8806 2 1239,761
i 195,623 43875 19,2502 858,2959 4 3433,184
20 0,000 58500 342225 0 1 0,000

5912,706

) 2
oo b
7495 ton m*

C 9-"359‘7@&

?7 Feer Praomme Morow (p,50)

{7.:3@ + Lo 1-69?

or

/9+Z¢9+U99 D

il

2 (3 +33,5)

lv‘ﬂ

—

= é &My

Cf (Q t-'q}('-’}‘)*' & ‘h(&yé] V

Exercise 2 ;/
Give
Length of the Ship : L=152m
Radius of k,=025XL
Longitudinal Meta cight: GM; =152m
:

it of inertia is about 90% of the mass moment of inertia of

£ the ship, find the natural frequency and

}__,} 591‘;-."»-4 L@
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Exercise 3

Length of the Ship :L=137m
Longitudinal Metacenter Height: GM; =137m
Maximum beam :B=21.4m

| Displacement Force : A=124587kN

34m

The Radius of Gyration of Pitching: kyy=2
ton/m?=1025 kg/m’

Water Density 1 0=1.025
3.2m

: 0,=1.005 rad/s.

Added Mass Moment of Inertia: 80% of mass moment of inertia of the ship

The coefficient for damping is given non-dimensional form as by/g L/A L2 = 0.16

Wave Amplitude

The encountering Frequency

The amplitude for excitation force for heaving motion is given nondi lyas fo = o ';"'LZ 5=0.15
A
Find the the amplitude of pitching motion of the ship.

Exercise 3

Exercise 3 Z S

17068419
The natural frequency of pitching: g = |[———r =0.804 rad/s
4 (M+a,)k3, 26426160 —v—’
Solution:
ey | The tuning factor is equal to 1005 _ 1 25
Mass of the Ship is equal 10124587/‘),81:127(") ton. - .
Total Mass= Added Mass-+Ship Mass=[(M-+a,}=0.8XM-+M=1.8XM=22860 tog "The decaying constant is equal tofv rasies = srarra =.0:193
of ass: led Mass+Ship Mass=(M+a,}=0.8X M-+ & 60 to; 2x26426160 _ 52852320

Virtual Mass Moment of Inertia M 22860%342=26426160 ton m?
016412 _ 016x124587x1372 _ S
—rl- S e =10205612 ton m? s’

124587%137=17068419 ton m? s
T 1936604
The nondimensional amplitude for excitation force is given as fo = —2—=0.15-[My = fo p g {o L* B The static heaving amplitude is equal tc — =0.1136

|~ 170¢8419
0.1136)(1.2159%0.1381 ra;7

The damping cocfficient is given as by/g L/AL2 = 0.16 » b = 1

=1.2159

g
‘Thé restoring force coefficient is equal JarizstPrexozemaz —2

=015x1.025x981x32x 1372 x 214  The heaving amplitude i
= 1938604 kN
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Example 1:

‘The ship has a length of 160m and has aa displacement force of 156960 kN. The radius of gyration of 156960
k. 2 ! 2 7.5% = 1080000 ton m’
e SR

k_=7.5m, a transverse metacentic height GM of 0.8m and If the coefficient for roll damping moment

expression, b has value of 108000 KNms while the ship is rolling in still water. The added mass moment

ity 2m
156960%0.8
of inertia is 20% of the mass moment of inertia of the ship in this case of rolling. = ke —():341 = 18.426s
1080000 7 % 0341 —2
Find the natural and damped period of roll
b 108000
v= =—>==0.05
2 (Ixx+6ly. 2X1080000 m—p

== 18.426 ﬁ
d w3-v J (v/%) 1- (005/0341)

Example 2: Example 2: Solution

a(t

(Cy Coswgyt + C,Sinwgt

¥ S s E ~0.0378£((, C0s(0.5028t) + C,Sin(0.5028t))
A ship has a zadius of gyration of k,=8m, a transverse metacentric height GM of 2m and a displacement

force of 147150 kN. If the coefficient for roll damping moment expression, b has value of 87480 KNms I When the intial condition @(0)=6.5° is put into the above equation, C, is found to be equal to 6.5
while the ship is rolling in still water, determine the amplitude of roll after three complete oscillations if
the ship was initially inclined at 6.5° (ie when t=0, ® =6.5° and d®/dt=0)? The added mass moment of When th< QIR SRSEIRAD: s taken, the below equation is obtained;

inertia is 20% of the mass moment of inertia of the ship in this casc of rolling.

lé(rifv eVt (€, Coswyt + C,Sinwgt) + eV (—CywgSin(wyt) + szdCos(wdt)))

When the intial condition @(0)=0 is put into the above equation, C, is found to be equal to vC,/wa=0.0378%6.5/0.5028=0.487

B(t) = e~*9378¢(6.5 Cos(0.5028t) + 0.487 Sin(0.5028t))
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Example 2: Solution :
v Example 2: Solution

\[ 147150/9.81=15071.36 ton
.)
1.2415071.36=18085.63 ton =2 i derl ~as5 (/""
18085.63 ton

= 2 el asss aon. of inptin
. 1808 Soatin s llioamn om v trls S B(t) = e~09378L (6.5 Cos(0.5028¢) + 0.487 Sin(0.50281))
desrl o>

147150 x 2 e ot I e,‘né
is7age 2002 Jecas® et m nsozs_ 1255 > Do) f
L

J‘"’ € b=87480 KNms—> v=87480/(21157480)=0.0378
Flisd

(o
: 1/0.50422 — 0.03782 = 0.5028 rad/s ©(37.5) = e~*0378x375(6 5 C05(0.502, ) + 0.487 Sin(0.5028 x 37.5)
ST T = 0.2423%(6.5%1+0.487x0.0054)$1.576
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V=25 knots
A=270m
Determine the heading of the ship relaive to the waves when the largest Rolling would be expeeted 0
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we
where and y is the heading angle relative 1o the waves.

~
Then we can write the following expression;

Example 3: Solution
Lapheses b (encoube)

LA ! 36!' L

b
=10 " Ihatis when 0 = wp —»
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Wg)= We =y

Ths cos(p)=leztels

Wp= we =Wy — “TW\» c()s?

Thus cos=L2ee)d
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Example 3: Solution
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=25%0.5144=12.86 m/s.
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For pitching motion| [deg]
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Given
Length of the ship, L=137m.

The radius of gyration for rolling, k =9.4m. > f
=1.76m. ’/;

The added mass moment inertia for rolling is 20% of the mass moment inertia of the ship.

The transverse metacenteric height, GM

Displacement force, A=124587kN

If the ship is travelling with a speed of 20knots at angle of 150" to the line of wave crests in a seaway of significant wave

height 5.6m, determine the significant rolling motion. F,NJJ& C';LV}I !! k (1 ‘Jh' Vdf (/‘ -I .I

42 - IS P VO VA
S'L( 0.20 0.236 0000 0.000
/

L 0.30 0.382 0.002 0.001
If we put the values in the expression of v, we obtain; Gl 05 iz (KED
0.50 0.727 5200 2.725
2
wg (20%0.5144) > 0.60 0927 4708 2253
We = Wy, ————————cos(150°)=w,, X (1 + 0.9082 w
_-E b 9.81 ( ) Wi ( W) 0.70 1145 3086 1359
= TR T

0.80 1.381 1874 0.764
The values of o, and Sg (@) are given in Table 2 respectively. 030 1.636 1138 e
1.00 1.908 0707 0.251
S(ww) 1.10 2.199 0453 0.151

S (we) ==
120 2,508 0299 0.094
) cos (X) 1.30 2.835 0203 0.061
1.40 3.180 0.141 0.040
1.50 3.543 0101 0.027
1.60 3.925 0073 0.019
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The roll amplitude of steady motion can be either —

rd
e | oo
5 3 ; 5, o/ {a (deg, g’/m?)
determined by the following forumlas or experiments. = s = S .lgc (P31 — = ot
¢ 040 0545

a L 0554 0382 1391 1935
Da = Ost X Hg s/‘l‘L' 050 0727 0341 ¢‘ 2 0585 03554 0307
o= (&1
.

0.60 0927 0239 "” .

8 ¥ g x 0727 0.341 0116
whgre Dy, the Stat:lC rolling amg].t.tude is equal to the 070 1145 0197 o r— )
ratio of the amplitude of Exciting Moment(M,) to 080 1381 0am s o= e
restoring constant (¢). The magnification factor, fg is (00 L83 L7 1381 0171 0029
determined by the following formula [1]: 1.00 1908 o148 1636 0171 029

i &6 SEhL 1908 0148 0022
1 g =0 () 2199 0.148 0022
= ———— 130 2833 009 e v o
— A2)2 2 A2
VA=A +4K2A 140 3180 o115 T o T
G2y 28 i) 3180 0115 0013
160 3925 0075 3543 0.066 0.004
3925 0075 0.006
3 r.)nq.
. BExample 2
™ e SteSE
e ¢A0 *°7 ’(/
[ T
S Y S S NN R W
10_7, ( 025 0.000 0.0431 0.0000 1 0.0000 Average roll amplitude, |¢apg = 1253/, |= 0.52°
' 0.50 0.557 0409 0.2280 4 09120 b
o¥¥( 075 3.019 0099 0.2990 2 05980 . ; . %
100 1.858 00506 00940 4 03760 Mean of one-third highest amplitudes,f@q /3 = 2/, = 0.83
125 1.022 00344 00352 2 00704
150 0.595 00269 0.0160 4 00640 me = f So(w,) dw,
. . = o
s 0325 0104 0006 ) Donz6 s Mean of one-tenth highest amplitudeg, ¢4/19 = 2.5454/mg = 1.05
2,00 0.186 00151 0.0028 ) 00112 = T x 2.0516
225 0.121 00118 00014 2 00029 —0171
250 0.093 00108 00010 4 0.0040 =
1 0.0006

2175) 0.056 0.0108 0.0006
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The study of dynamic effects involved chiefly the following investigations [1]:

*  Frequencies of occurence of deck wetness and slamming

® Magnitude of impact pressure caused by slamming

*  Response of ship bottom plating to slam impact

* Hull response (stress and accelerations) due to slamming

* Freeboard and Deck Wetness

*  Severity of Green Water on the deck \‘ ‘h‘: aY
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/= 10288 m/s oY
180
= 1524 m
0150 rad R
4000 B 5
Length of the ship, L=137m W 15000 e~ iy T A\ PR ey /3 S T AT R
E= 68500 m
Draught of the ship, T=7.62m e s
Freeboard of the ship, £=6.1m AN =%/ o7 B 5":5*”1*“"@«”% G
; 000 000 000 I 1o

*  Determination of added resistance in a seaway operation

Example 1:

Given:

Ship Speed, V,=20knots=10.288m/s 025 065 0785 1518 5138 6,656
v = 050 1310 157 0,980 2,659 1,680 150

Wave length, A=128m 1,00 2,620 3,142 1,167 9,925 11,092
Wave height, h,=6.1m 125 3275 3927 1,518 5,138 6,656

§ Lans 150 300 472 0980 2659 1680 ') Zpa =22 + ( 6.)2 + 2 24 & O, cos(e, — £9) $11.219m
Heading angle, y=180 175 4586 5498 0,133 8898 9,031 e
From the experimental results; R L L167 9925 11092 ZaSin(e7)+£ Basin (e

B 225 sw6 700 1518 si3 6656 tan g, = ZenED* Busin(eg) 0 151 eb—() 150 rad.

2,=1.524m 0,=0.15rad ¢,=-40" ¢,=15" and £=68.5m distance from the bow of the ship | 250 6351 7854 0980 2659 1,680 2ac05(£2)+§ Bacos(eg)
Determine the vertical motion of the bow. “ J IIJ ) ] I[
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e asin(ke$) — zpgsin(ep)

Spa = nga i ((a)z = zzba (a COS(ketf e Eb) SN (aCOS(kef) = Zl,aCDS(Sb)

Sy = Sba - cas (vett &)

I

£, bolorw.
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S, is spectral density for the wave spectrum,

S, is spectral density for the response spectrum of heaving motion

%

Sy is spectral density for the response spectrum of pitching motion
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Example 2: -~ \ Example 2: Solution

Find the significicant relative bow motion of a 122m shipsteaming at 20 knots in head seas in a long crested seaway with a

Y S S S 3 w2 S, (o, 28 (o, SM Product
significant wave height of 5.64m. The following values are avilable for the ship from tests in regular waves of a corresponding o, 5 (@) ©8,(@) u
04 0,16 0,000 0,000 1 0,000
model:
0,6 0,36 0,483 0,174 4 0,696
[ o | s [maos/or] 08 064 4264 2729 2 5458
04 0.09 00 1 1 10,187 10,187 4 40,747
06 121 04 12 144 11,566 16,656 2 33311
08 251 17 14 1,96 5,574 10,925 4 43,702
10 2.00 5.1 16 2,56 1,329 3,401 2 6,802
12 139 83 1,8 324 0,585 1,896 4 7,585
14 093 60 2 4 0,325 1,301 1 1,301
16 051 26 SUM 139,602
18 033 18 m,= 9,307
—

20 023 14

Example 2: Solution
& @ S oo bt

3 Sw) (/L) S(@) SM  Product 1 1
0,4 0,09 0 0,000 0,000 my = 3 X Aw, X SUM|= 3 % 0.2 x101.961 = 6.797 o, ot S(0)  ©iS(w) SM el
0,6 1,21 04 0,483 1,932 S 04 0026 0,000 0,000 0,000 2 _ Mo my—m3 | 6.797x15.020-9.3072

Example 2: Solution

1 1
4 1 ‘ g2 } =0.133
0,8 2,51 il 4,264 2 8,528 0,6 0,130 0483 0,063 4 0,250 mom, 6.797x15.020
1 2,00 5,1 10,187 4 40,747 Says = 2\my £ 2V6.797 = 0,8 0,410 4,264 1,747 2 3,493
12 1,39 83 11,566 2 23,133 1 1,000 10,187 10,187 4 40,747 =TS
14 0,93 6 5,574 4 22297 1,2 2074 11,566 23984 2 47,968 el _2_2:1
1,6 0,51 26 1,329 2 2,657 14 3842 5574 21414 4 85,655
1,8 0,33 18 0,585 4 2,341 1,6 6554 1329 8707 2 17413 = V6797
2 0,23 14 0,325 1 0,325 1:8 16,493 0:585 (,:144 4 24:577 @@: 2 xV6.797 x 0.921
SUM 101,961 2 16000 0325 5203 1 5,203
SUM 225,307
m= 15020
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Dol Example 4

Assumming a relative bow motion in an irregular seaway as in Example 2. Find the frequency deck wetness for

Let the probability of shipping green water for a tanker 0.05 or 5%. If the average pitching period 5sec, how 2 122m ship with an effective frecboard of 7.32m. (See Example 2 for m(=6.797 m2 and m,,=9.307 m?/s?).

often will the bow of the ship be submerged per hour. “(/)”/& \
P{s > 7.32} = Py = 7732%/@X6797) = 00194 52 e e
{s }=Pr=e Pis: 407 _ =
Pe 0.05
Ny = T_e x 3600= TX 3600 " 1 [2mgs 5 1 2% 6.797 0.0194 4 0.0026
= X Py=—x X 0. y
W22y 2" |2 %9307

or 9.36 occurrences per hour.
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Example 5

Given:
For a similar ship which has a length of 158.5m, the threshold velocity v,=3.658m/s.
my,=28.1 m?
m, =14.2 m?/s?
Predict number of slams for 167.6m ship with a draught of 5.21m during 30min operation.
The threshold velocity of our ship is Vo = 3.658vV2 = 3.658 x T =3.762m/s
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Example 5: Solution

~—

5212 3.7622%
Prob{slam} = e (7272 mos) 4 w8/ @ mas )]]:[e e 2*1‘*2 =0.3748
“-—z

N, = i Mz * X Prob{Slam}¥-- f ‘;21 x 0.3748 = 0.0424

0.0424><1800 slams within the period of 30min.
e






