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Nonlinear Response Analyses for a Barge-Mounted Plant with Dolphin
Mooring Systems in Irregular Waves
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ABSTRACT: The time simulation of motion responses of dolphin-moored BMP in waves is presented. The equation of motion based
on Cummin’s theory of impulse responses are employed, and solved in time domain by using the Newmark G method — The
hydrodynamic coefficients and first order wave exciting forces involved in the equations are obtained from a three-dimensional panel

method in the frequency domain. The second order wave drift forces and mooring forces for dolphin systems are taken into account.

As for numerical example, time domain analyses are carried out for a BMP in irregular wave condition.
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where x; ; the response amplitudes
M ; mass matrix,
A(©0) ; added mass matrix of infinite frequency

B ; wave damping matrix, C ; Mooring stiffness matrix
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Table 1 Main particulars of barge-mounted plant

L X B XDepth 30:X22" 6m
Draft 1.8m
Water depth 0Om
Displacement 1188m”
KG 2.54m
kxx 5.79m
kyy 7.35m
kzz 8.72m

500.0 —
— B11

400.0 B22 .
300.0

200.0

Bii(ton/sec)

100.0 —

0.0 T T T 1
0.0 1.0 20 o 3.0 4.0

Fig. 2 Damping coefficients

50000.0 -

B33
40000.0

30000.0

20000.0

B66(ton m/sec)

10000.0 —|

0.0 T T T 1
0.0 1.0 20 ® 3.0 4.0

Fig. 3 Damﬁing coefficients



4 olzd - AW - AMA

AAS7] Slef QAo x Wako @ 57 y Weko 7 37)9]

2 gl tiHong 1987).

EUAFE Fg 194 & 5 %ol x&L
ol 27H(y=-6, 6)8 AAStH L, y5el wat ¥
A5 At

+E WEA (DY slE AN Y8l Faks FholA
B gD g AeE o5 g Aok dokh

ol 27}(x=-9)&

AGFgAAse) FAFSEGFEA Aol AL AFE Fig
2, 3elM ERRITE 2™l By oA i, jE j 8] %l
oA i g AFPAAFE vepdct

)
37 $RYrE =AS
I o

Fig. 4, 55 (Q2%EH A"
AEEQ $HEQ 9 A4EQ00 ot 2ASYeEE 527

T AWE A9 09 #E Al AS

Fig. 62 ATz} B=45deg?l 73-¢ofl % =2 7}
W] @2 5& =AEKAL. Fogd Wi 2o 3}
F7F 099A 22712 A4t kg =AETE FaErt 09
oA e e EFk] 2 olfE F4o] 10m olng HeE)
of o&l A 2H9 FRlA} EFol e AeEct ¥
A AABR LFo] A=3A =k

Fig. 72 2709 F3<(w, ©:=2.0, 205, IHAZ(¢,, ¢
=05m)Q) 7350l Aol mhE qjAlmtel 3ke) EolE EAISHY
o FRAe] 27126 2% AEang Qlolr] A A
g 5057715 ¥Rz F7F AF

Fig. 8~10& Fig. 79] 3% 27 3 Axg A

A

2
FAATIEA ALY HF L, FELE D AFLES =

=

X3

itk 2PORRE ¢ 4 YRo] A% H4o] HE 2%
o Fuhre WEA gt A¢ ¢ 5 AT e 247 B2
AR FAHO009E ATAAS ook Lo

&7] “Hf°ﬂ 1245 97 ’Xﬂ

=20t0nf/m°i 7R Aol 52 A FolAW, AX
d ATE U I7IE Beel 255 3A FolA g R

(s}

< BoF3 ok
Fig. 11 #1427 o] AX =+ sl disf vrErr]) 10003

A9 SmRAMp=1.26m, Ti=3.26sec)2l 7ol mhdA}z}
(B=45deg)cl] tld] ITTIC ~HEZH S AL&5le] alwo] thah ~

AEHE Fa 0904 2271x] Fuk4 7+3 0052 27709

L.

= el st AnERS wAls

Fig. 12& Fig. 110] EAE 35 ~slEdo] st B3}
S Akl wet mAsk e =AlE Bt ste] 538 Freak
g9} H]S3k FeQle] Bt 2427 2mo| e E13 &
ol IS Azt 310sec F-Zofl P oz Yol FTh

Fig. 13, 14&

B9 AFY 2T 5(k=10onfm)Q] %5

2 MFEE, FHLE 2 AFEES ARG n ade
7 dFFae F ! F7)Hch
A veites 28 24 5 A
F7F AAE A I
Fig. 15~ =
0E HELE, $HSE 9 HA5ES =AET

700.0 —
600.0
500.0
400.0 |\
300.0 |}
200.0
100.0 -
0.0 .
4100.0 - V
-200.0 4 \/
-300.0 4 "
-400.0 , , [ ,

0.0 5.0 10.0 15.0 20.0
time(sec)

K11
K22

IN A e

Kii(ton/sec2)

Fig. 4 Retardation function

60000.0
50000.0
40000.0
30000.0
20000.0
10000.0
0.0 H
-10000.0
-20000.0
-30000.0 -

K66

I

Kii(ton m/sec2)

-40000.0 , , , |

10.0
time(sec)

0.0 5.0 15.0 20.0

Fig. 5 Retardation function

1.0

RAO

0.5

0.0
0.0

Fig. 6 Lateral motion of BMP



2725 Fold B0 AFE wolAd Agpgel e MHY S HA 5

20

1.0
- LT .l?“‘!‘M!mm“lln A
é ! : " "l‘l’“.' ' ) ‘14,‘ ‘."lll' ! ‘I'l,, K T b
T 00 CARE A A
: e b L b
i L W g L b el sl
1.0 — [""|'!‘hilli':'] L "'uldhlihﬂ*’” h“ii|||1}‘w|"
'2-0 TETe T T oT e e s T T T T
0.0 100.0 200.0 300.0 400.0 500.0

time(sec)
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Fig. 8 Time histories of surge motion (w=2.0, 2.05, [=45deg)
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Fig. 19 Time histories of sway velocity (8=45deg)
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