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In rough seas, green water shipped on board may impose quite large impact loads on the structures on deck and sometimes

result in structure damages, One of the essential tasks of the naval fluid engineers is to provide the design impact loads which

are needed for proper design of the structure strength against the green water impacts, Computation of the design impact load

due to green water needs first a process to find the sea condition and the ship cruising condition which cause maximum green
water impacts on structures as well as other succeeding processes to compute ship motion responses, green water flows and
impact loads, Also, as a bold and practical process, it is needed that the irregular real seas are to be substituted by design

regular waves which are equivalent in view points of green water impacts, In this paper, the whole processes to compute the

design green water loads acting on bow structure are set up creatively. And the green water design impact loads acting on the

box—type structure of a high—speed ship's bow are computed and discussed,
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Table 1 Principal particulars of the ship

Principal Particulars Values
Length (Water Line) (L) 54.4 m
Breadth (B) 8.7 m
Depth (D) 4.7 m

Draft (Td) 2.3 m
Displacement (A) 500 ton
Design Speed (Vd) 40 Knots
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Fig. 1 Projection views of bow deck and box-type
bow structure
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Table 2 Voyage conditions for green water calculation
(a) Case 1(H,;=3.0m, T,=6.758seq)

No. of Slamming(/V,;) and No. of

Voyage Condition

Deck Wetness(/V,,) per Hour for Green Water Cal.
Ship . _
Speed| 5 | 6 | 7 | 8 | 9 |10 Ship Speed :
(knots) V=7.78 knots
N, [1.8]3.4|55]|8.5[12.2/16.9 Head'”_iglg'e:
N,, |14.5/18.1|21.9]25.9/30.1|34.6 a

(b) Case 2(H,,;=2.75m T,=6.494sec)

No. of Slamming(/V,;) and No. of

Deck Wetness(/V,,) per Hour

Voyage Condition
for Green Water Cal.

Ship Speed :
V4=9.78 knots

Heading Angle :

Ship

Speed | 7 8 9 10 | 11 | 12
(knots)

N, 139|6.1(9.0(12.6(16.6]|21.1
Ny, [15.9/19.0]22.2|125.8|29.2|32.5

=180

(c) Case 3(H, ;3=2.5m, T,=6.207sec)

No. of Slamming(/V,;) and No. of

Deck Wetness(/V,,) per Hour

Voyage Condition
for Green Water Cal.

Ship . .
Speed| 11 | 12 | 13 [ 14 [ 15 | 16 Ship Speed
(knots) V#13.11 knots
N, [11.7]15.018.6|22.5(26.3|30.1 Head'”_iglg'e :
Ny |20.0[22.4]24.7[27.1]29.1]30.9 a
(d) Case 4(H,5=2.25m, T,=5.909sec)

No. of Slamming(/V,;) and No. of

Deck Wetness(/V,,) per Hour

Voyage Condition
for Green Water Cal.

Ship
Speed
(knots)

16

17

18

19

20

21

Ship Speed :
V~18.35 knots

19.4

22.0

24.3

26.4

28.3

30.1

Heading Angle :

18.3

19.2

20.0

20.5

20.9

21.2

1=180°

of, PR YT VI 2.30(TfEo 2 EhAkSIH I
4'__'_'~r AR Wy L/g = 5 51 o (e) Case 5(H, ;;=2.0m T,=5.535sec)
MxZole| 1.188412 mhollM RAO Z[CHgfol 3.5881S & -
olch o] AR 20} siAlAMe] ALHRE MAHZsk I = No. of Slamming(XV,,) and No. of Voyage Condition
UCL O] BF EriAE S = SHiTs 2ARTRA SE Deck Wetness(/V,,) per Hour for Green Water Cal.
5t 2719 MUi2se Riste mElulel MAmle| mhl(g )= Ship
| . .
Che Aoz Ak 4= Qo Speed| 18 | 19 | 20 | 21 | 22 | 23|  Ship Speed :
(knots) V20 knots
Heading Angle :
4t — o o Design Eretreme Amplitude of VAD N, |13.4]14.5/15.5[16.3]16.9]17.4 i
o= Mazimum RAO of VRD Ny, [9.08]9.21]9.24|9.18[9.04|8.84
(f) Case 6(H,5=1.75m, T,=5.154se0)
where VRD: Vertical Relative Displacement -
No. of Slamming(/V,;) and No. of Voyage Condition
Deck Wetness(/V,,) per Hour for Green Water Cal.
&, Case 49| 4% Ati2s MdASekt 6.054 me| 2681E Ship
RAO Z[CHzt 3.582 Liw0] MAme| Zpa(7 )= 3.382 m2 Speed| 20 | 21 | 22 | 23 | 24 | 25 Ship Speed :
AElch TR\ E Tl 2 Adiese Rwsle w5, o G
AlCizke == gixiol Malziole N, |5.48|5.67|5.77|5.81|5.78/5.69| €a¢N9 ANGlE -
RAO z|HgtE F= ROl 64.61 m(MA|Zole] 1.188HH) 2 1=180°
SaFCh N, |2.19]2.09]1.98]1.86]1.72]1.57
36 ChSIABIEI=RY F54H H135 2017 22
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Table 3 Design wave calculations for 6 cases

(VRD=* : Vertical Relative Displacement)

(c) Case 3
Wave Significant Wave Height( ;) 2.5 m
Condition Average Wave Period(77) 6.207 sec
Voyage Ship Speed( V) 13.11 knots
Condition Heading Angle(u) 180°
VRD* at FP RMS 1.27 m
in Average Period 3.69 sec
Short-Crest Design Extreme Amplitude
Irregular Sea (Duration Time : 2 hr) 6.269 m
VRD* at FP Maximum RAO 3.4
in Regular Wave Length(\) / Ship 1,091
Waves Length(Z) for Max. RAO '
) . 3.687 m
D W Height( A
esign Wave Height(4,) (6.269mx2/3.4)
Design Wave Length(\) 59.34 m (1.091L)

(a) Case 1
Wave Significant Wave Height(H,/3) 3.0 m
Condition Average Wave Period(7}) 6.758 sec
Voyage Ship Speed( V) 7.78 knots
Condition Heading Angle(y) 180°
VRD* at FP RMS 1.29 m
in Average Period 4.33 sec
I;SrZOLtI:r:rSZ; Design Extreme Amplitude 6.325 m
g (Duration Time : 2 Ar) '
VRD* at FP Maximum RAO 3.04
in Regular Wave Length(\) / Ship 1.005
Waves Length(ZL) for Max. RAO '
: . 4161 m
Design Wave Height(H,) (6.325mx2/3.04)
Design Wave Length(\) 54.69 m (1.005L)

(b) Case 2
Wave Significant Wave Height(/, ;) 2.75 m
Condition Average Wave Period(77) 6.494 sec
Voyage Ship Speed( Vg) 9.78 knots
Condition Heading Angle(y) 180°
RMS 1.28 m
VRD=* at FP
in Average Period 4.05 sec
Short-Crest Desion Ext Amolitud
Imeqular Seg | DESign Extreme Amplitude
u (Duration Time : 2 Ar) 6.294 m
VRD* at FP Maximum RAO 3.19
in Regular Wave Length(\) / Ship 1 091
Waves Length(ZL) for Max. RAO '
) . 3.946 m
Design Wave Height(A,) (6.294mx2/3.19)
Design Wave Length(\) 59.34 m (1.091L)

(d) Case 4
Wave Significant Wave Height(/, ;) 2.25 m
Condition Average Wave Period(77) 5.909 sec
Voyage Ship Speed( V) 18.35 knots
Condition Heading Angle(y) 180°
VRD* at FP RMS 1.22 m
in Average Period 3.24 sec
Short-Crest Design Extreme Amplitude
Irregular Sea (Duration Time : 2 A7) 6.054 m
VRD* at FP Maximum RAO 3.58
in Regular Wave Length(\) / Ship 1 188
Waves Length(Z) for Max. RAO ‘
! . 3.382 m
Design Wave Height( /) (6.054mx2/3.58)
Design Wave Length(\) 64.61 m (1.188L)
(e) Case 5
Wave Significant Wave Height(H,/3) 2.0 m
Condition Average Wave Period(7]) 5.535 sec
Voyage Ship Speed( V) 20 knots
Condition Heading Angle(y) 180°
VRD* at FP RMS 111 m
in Average Period 3.04 sec
Short-Crest Design Extreme Amplitude
Irregular Sea (Duration Time : 2 A7) 5522 m
VRD* at FP Maximum RAO 3.6
in Regular Wave Length(\) / Ship
Waves 1.298
Length(Z) for Max. RAO
3.068 m

Design Wave Height( )

(5.522mx2/3.6)

Design Wave Length(\)

70.62 m (1.298L)
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Table 3 (Continued)

(f) Case 6
Wave Significant Wave Height(/,,;) 1.75 m
Condition Average Wave Period(77) 5.154 sec
Voyage Ship Speed( V) 22 knots
Condition Heading Angle(y) 180°
RMS 0.958 m
VRD* at FP :
in Average Period 2.78 sec
Short-Crest Design Extreme
Iregular Sea Amplitude 4.783 m
(Duration Time : 2 Ar)
VRD* at FP Maximum RAO 3.64
in Regular | wave Length(\) / Ship | 298
Waves 1| ength(Z) for Max. RAO '
. . 2.628 m
D W Heigh ’
esign Wave Height(7,) (4.783 mx2/3.64)
Design Wave Length(\) 70.62 m (1.298L)
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