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ABSTRACT

When the very large offshore structures are constructed at sea, the site has a various
wave in which the physical phenomena are very complicated. But most research on the
wave force of the very large offshore structures are carried out on linear wave force.
Because of the complexity of analysis and difficulties of measurement. To get more
realistic estimations of force on offshore structures in real sea, it is necessary to
consider the effects of nonlinear water waves. Some research has been carried out
analysis of transient waves to consider breaking waves. However, almost all of the
simulations to transient waves are very complicated and difficult because of taking
measurements.

This paper first presents easier simulation to transient wave. Second, It compares wave

force based on the 3-D source distribution method and measured in breaking waves. A
numerical procedure is described for predicting the wave force of cylinders by the 3-D
source distribution method. As well as, to analysis of irregular wave, carried out a
convolution integral with a response impulse function which is to take inverse FFT the
wave exciting force in frequency domain. And transient wave is solved from linear Airy
wave theory and based on combining an energy transmission velocity and a wave phase
velocity. This formula applies to any water depth, because this formula includes linear
dispersion relationship.

when the 3-D source distribution method is used to calculate the wave force and
generated by breaking wave meets the very large floating body, the resulting figures
are smaller than the real wave force.
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(2.84)
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, Hsu
history) (zero cross)
[8].
[9].
{F W)} (Volterra) 2
{F (1)}

= {F (0} {FL}

(time

= [T nP@K- e [ [T @ et 208t e de e,

(3)
31 1 2

(FO= [ {(hP@)- gdr (32)

FO%= [ [ 0P e}t et i e, (33)
{(h’(@} {(h¥ (D} 1 2

{(hP(o)}= 2—1” f_i{H D(w) e "“dw (34)

1 e e - (wir*+ w,r,
(02} (57 ] AP (@ wo))e " ') de o

(35)

’ {H (Fl)} 1 ’ {H (FZ)(a)lla)Z)} 2
{H(w)}= f_i{h(pl)(r)}ei“”dr (36)
HPOWwo)= [ [ 1Pl arde, @)
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2 , (34)
. (32), (83

, 2 1 (2.10)

2 - iwy
cP(= Re X al’e "

|at?|cos (w4t &) + |ab”|cos (@, t- &)

1 - i(wat- ey i(wit- e 1 - i(w,t- &, i(w,t- &,
= —zla(ll)l(e (@t )+e( t ))+_2|a(21)|(e (@,t )_I_e( t ))
(38)
B4), (38) (3.2) 1
{F (e}()(t)}: f m{h(pl)(Z')}é’(t- 7)dr
_ f_z{h(Fl)(r)}[_;la(ll) e loa(t- 9= e | ilon(t 9+ e
n _;. |a(21) |e' i[w,(t- 0)- &,] + ei[wz(t' 7) - SZ]]dZ'
1 - i(w,t- ey * i(wq.t- e,
= —2|a(11)|[ {H(w)}e (@rt- ey {HE (a)l)}e( ey
1 - i(w,t- &, * i(w,t- &,
+ —2|a(zl)|[{H Dwle " e fH D (w,))e " )
- Re[la(ll) |{H (Fl)(a)l)}e- i(w,t- 81)+ |a(21)|{H (Fl)(a)z)}e- i(w,t- 52)]
2 - iwy
= Re 2 [al{H (0w }e
(39)
. (35  (38)  (33) 2
{F20}
= [ [ (@i e}t 28t r)drdr,
(3.10)

1 2 2 i@t o
Lre 3 alalP(H Pwp @)l

=1

1 1)* 2 - (wy- o)t
+alPalV{HP(w,- w)}e "

(3.9) (273) 1 , 1
{H (Fl)(a) k)} {f (Fl)(a) k)}
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{H (Fl)(CU k)}:

(3.10) (2.111)

{f ' (@}= {f i} (3.11)

2 , 2

(HP(w¢, 2w0)} {0 0)}

{HP (0, 0)}= 2{f (0, 0)}= 2{f £
) ) (3.12)
{H(F (@, - |)} 2{f @ (@, CU|)} 2{f Fkl }
1 2
2 1 2
{(HP(wy, tw)} , 2 (35) 1
2 , 2
(3.3) 1 2
(one-side)
&(1) S¢ (random wave) , Rice
&(1) [10].
£(h) = fom cos (wt- )V 25 (@) dw -
_% fom{e- (ot &) 4 gilot- g)}\/m
, & 0~2r7 (random phase) . (3.13) (3.2)
(4.33) 1

{FO(0}=

F(w)le
HP@}= {1 (@) e} f“( e

[ nP@¥ oo
f_i{h(Fl)(f)}[_; fom{e- Lot - el 4 gilelt 9 )58 (yda]dr

[ costat- - {6 - 2{ [H P (@) [7}S @) dw

(3.14)

i0"(w)

8 (w)
HY (o) e’
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(1) - 169(w)
w) e
(D* () - ife )} (11F)( )| - 169 (w)
HY (@)= {HY(w) e = Qi@ " (3.15)
HE (@ "

(3.13) 33) (3.7) , 2

FOOY= [ [ P ealt- c)et- r)deydr,

fomfomcos[(a)1+ wo)t- (1% &) - {‘9(2)(5‘)1:@2)}]

N{HP (01,0 |35 (@1)S @ 2)dw 1dw 5

+ fomfomcos[(wl' w)t- (e1- &5)- {5(2)(501,- 502)}]

A{HP (01, - @2)]}S dw)S dw,)dw do,
(3.16)

09w, w,
M@0} {HP(w, w0yl

W1, wW;)

2 i6'?(
(1F)(CU1.CU2) |e
080,
= H(Zzl:)(wlxa)z)le|2(w @)

H (0w )
(2) - (2) i{0P (.. w2}
{HE(w1,- @3)}= {|HF(w1,- w))|le

(2) i0P(w,,- w,)
F(wi,- @) |e
0P (@1, @,)

2

= H(ZF)(wlx' wz)le
2 10 (@1,- w,)

H(3F)(CU1:' wz)le ’ ’

* - 10wy, 0,
HO (@0} {HP(@,w)fe ¥ /@)

(2 - 109wy, w,)
(w1, @57) |e
0P (w1, w5)

2 -
H (01, 0))e

-6,
HP(w1,w)e "

HO (@1 0}z {HP(@1,- wy)fe T oo}
(3.17)

- 0w, -
(12F)(501,' a)z)le e @)
69w, .
= H2(w,,- v, le i (@, w2)

H(0,,- @) le” 103(@s @)
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M odel Fig4.2
M odel 0.07m
0.15m . Fig4.3 M odel
0.15m T abled.1
Table 4.1 Principal Dimensions d M odels
Designation Unit Model 1 M odel 2
Length overall L M 0.2 05
Breadth B M 0.22 045
Draft T M 0.15 0.15
Displacement M*® 0.000577 0.03948
center of VCG M 0.09 0.124
gravity LCG M 0 0
M etercentric GM. M -0.162 -0.197
height GM - M -0.162 -0.197
IX X kg- m’ 0.0094996 0.03948
M ass moments
of lyy kg- m’ 0.0094996 0.04031
Inertia ,
lzz kg- m 0.0003646 0.0092387
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Fig 4.3 Wave Exciting Force and M oment ( M odel )
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Fig 4.7 Impulse Response Function d Surge ( M odel )
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5.1
2n=- apsin(k x- wpt+ ¢,) (5.1)
B' rn f i & ™ L \
i #% L 5 g1 Y w3
i ! y k y i Iﬁ fi " | r' § Iy
el g b & § 9§ Fd % o ik
T T - o AT
b ok By LR R WD R4 Al
1".!" ".f‘ ".'f 1"." "." II'-."ll v ".'r
Fig 5.1 A Propagating Regular Signal
Fig5.1
U2 A
[15]. 84,
A A (1)
t - (84,)
UE*t = 8*)(n (52)
8* A,
Uug = T
t Ue
(v, (x) B'
8T ,+ T,/4 , (5.1)
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_ k
ﬂn:'ansma)n( wnx' t-I'(»an)
n

K . 1
CUnX- t+¢n_ (' 8Tn' 4Tn)
LoX gy Ta= 0
@, (¢")
X , t
(55) (5.2) Ug Ug
1 v, 33 _
2*uEX t+ ¢, + 4Tn—O
t v, 33 _
Z*S*Anx t+¢n+ 4 Tn_o

(5.8)

“BISECTION METHOD FOR TWO VARIABLES”
$n
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kx X = @ 1, kll ¢l(_ 0 )
kx X = a)Zl k2| ¢2(: Tl)
2
K, x = @ ks, pa(= 2T
(59)
n-1
ko x = wa ke da(= 2T
¢n @ n, kn . (,251
wq, Ky ?, W, K
(59) $n )
(5.2) @y
b
5.2
(1), (x)
Case
Case
Case Case . Table5.1
Table 5.1 List o Cases
Case Case Case Case
0.130 0.120 0.110 0.100
7 7 7 7
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Fig5.2 Fig5.5 (Case)
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Fig 55 Input Wave Prdile into Wave M aker ( Case )
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5.3

. Fig5.6
, Fig5.7
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Fig 5.7 The Filtering Process d Experimental D ata.
(Force History)
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5.4

Figh.8, Figh.9, Fig5.14, Fig5.15 Case Figh.8 Figh.14

, Fig59  Fig5.15
. Fig5.10, Fig5.11, Fig5.16, Fig5.17  Case

Fig5.10 Fig5.16 Figh.11 Fig5.17
. Figh.12, Fig5.13, Fig5.18, Fig5.19 Case
Figh.12 Fig5.18 , Figh.13  Fig5.19
Case

35

Case



Fig 5.8 Photo Wave Prdile near The Cylinder ( Case , M odel )

Fig 5.9 Photo Wave Prdile on The Cylinder( Case , M odel )
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Fig 5.10 Photo Wave Prdile near The Cylinder ( Case , Model )

Fig 5.11 Photo Wave Prdile on The Cylinder ( Case , Model )

37



Fig 5.12 Photo Wave Prdile near The Cylinder ( Case , M odel )

Fig 5.13 Photo Wave Prdile on The Cylinder ( Case , Model )
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Fig 5.14 Photo Wave Prdile near The Cylinder ( Case , M odel )

Fig 5.15 Photo Wave Prdile on The Cylinder ( Case , Model )
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Fig 5.16 Photo Wave Prdile near The Cylinder ( Case , Model )

Fig 5.17 Photo Wave Prdile on The Cylinder ( Case , Model )
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Fig 5.18 Photo Wave Prdile near The Cylinder ( Case , Model )

Fig 5.19 Photo Wave Prdile on The Cylinder ( Case , Model )
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Fig5.20, Fig5.21, Fig5.22

Fig5.23
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, Case
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Fig 5.20 M easured Wave Prdile ( Case )
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Fig 523 M easured Wave Prdile ( Case
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Fig5.20 Fig5.23 (Trough)
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Fig5.24
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Fig 5.24 Relationship Between Maximum Wave Slope and Wave H eight
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5.5

Fig5.25 Fig5.28 M odel
Fig5.29 Fig5.32 M odel
Fig5.33 Fig5.36 M odel
Fig5.37 Fig5.40 M odel
Fig5.41
T ableb.2 Case
M odel 27 , Model
Fig5.41 M odel
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55.1 Model
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Fig 5.26 Theoretical Wave Force in Time D omain ( Case , M odel
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Fig 527 Theoretical Wave Force in Time D omain ( Case , M odel
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Fig 5.28 Theoretical Wave Force in Time D omain ( Case , M odel
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Fig 529 Experimental Wave Force in Time Domain ( Case , Model )
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Fig 5.30 Experimental Wave Force in Time Domain ( Case , Model )
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Fig 5.31 Experimental Wave Force in Time Domain ( Case , Model )
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Fig 5.32 Experimental Wave Force in Time Domain ( Case , Model )
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55.2 Model
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Fig 5.37 Experimental Wave Force in Time Domain ( Case , Model )
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Fig 5.38 Experimental Wave Force in Time Domain ( Case , Model )
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Fig 5.39 Experimental Wave Force in Time Domain ( Case , Model )
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Fig 541 Comparison Experimental with Theoretical M aximum Wave Force

Table 52 Results d Breaking Wave

Experimental

T heoretical

(Experimental Wave Force)

. Percentage
Wave Force | Wave Force | - (T heoretical Wave Force)
M odel 0.3388 0.2474 0.0914 27
M odel 0.9337 0.6321 0.3016 32
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