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Translation control model and optimization method of immersed tube
under action of water flow

LI Jun-jun, YANG Xiao-jun, LI Yun, XIAO Ying-jie
(School of Merchant Marine, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Aiming at the translation control of immersed tube under the action of water flow, the
resultant force and resultant moment of tugboats were analyzed based on the mathematical
description, the calculation equations of tug moment in four quadrants were unified, the
translation control model of immersed tube was built, and the number of working tugboats, the
surplus capacity of towing force and the floating speed were considered. A weighted logarithmic
ideal point particle swarm optimization ( WLIPPSO) method was designed. Cramer’s rule was
utilized to handle constraints for towing forces and angles of towing forces. The simulation was
carried out through tube floating control example of immersed tube tunnel in island tunnel project
of Hong Kong-Zhuhai-Macao Bridge. Simulation result shows that when the total number of
tugboats is six, in rising tide the floating speed is 4. 770 kn, the fitness is 0. 720, the number of
working tugboats is three, and the surplus capacity product of towing force is 2. 693X 10*° kN°.
In falling tide the floating speed is 1.750 kn, the fitness is 3. 042, the number of working
tugboats is five, and the surplus capacity product of towing force is 3. 352 X 10" kN°. So the
model and method proposed have strong applicability, the fitness is better, the number of
working tugboats is smaller, surplus capacity of towing force and floating speed are higher.
8 tabs, 5 figs, 24 refs.
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Tab. 2 Maximum towing forces of tugboats kN
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HULER 5 KR EE Vo JDUE U V) \%?ﬁjjbllﬁ—l 4, 2 396.51 0. 01 152.29
£S5 HEBFAT WLIPPSO Byt E 4 3 0. 00 270. 00 490. 00
Tab. 5 Calculation result of WLIPPSO in rising tide 4 337.12 360. 00 152. 88
i 46 #i /1 /kN MmO i 77 ¥ = / kN 5 272.15 5.74 149. 25
1 0. 00 180. 00 548. 80 6 272. 64 7.43 148.76
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V=2 kn Fig.5 Velocities and towing forces in falling tide
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Fig.4 Velocities and towing forces in rising tide
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Tab. 6 Results comparison of four methods in rising tide

- FPR R/ (s | MR | RaE /| I R
kn B e fH / kNS kn )i’
DWGA 3 2.104X10%! 3. 741 1.013
DWPSO 4 1. 850X 1020 4. 681 0. 815
WLIPGA 5.743 4 2.319X10% 4,968 0.734
WLIPPSO 6.675 3 2.693X10%0 4.770 0.720
4.2 EHERER

WA R 175°, Jeht 6, = (124360 —175)°=
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Tab.8 Results comparison of four methods in falling tide

Sk B/ MRS | MM VRIS EE/ | B
kn B e FH /kN® kn i3

DWGA 5 2.595X 10" 1. 386 3.583

DWPSO 6 2.776X10" 1.934 3. 354

WLIPGA 2.434 5 2.683Xx10" 1.707 3.138

WLIPPSO 2.816 5 3.352X10% 1. 750 3.042
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A LA/ B S ] i BT A ARL 0 A o X A oMb i s 5 R A



% 2 FEEF ORAERATHREFHIERERSMHAT ® 35

B I SR R KA TR i WLIPPSO 3k
B TR 7 38 8 BE 43 3 R 4. 7701, 750 kn, ] BLJIR
U S ) R 06 9 I g AR £

FE AR FFs S Ve —30GF, 71
M Zr — 28, L) o (i K 3 1) PG 43 7. FEIE S Hr L F
K55SV, —8F  F.  F JFs 7 A F V)
T WA P — 2, L5 IR K 3L 1) AR 0 4

TE% 6 v, WLIPPSO 25 3 3 1 B 4 Hofth 3 F
Tk AR s WLIPGA 45 3L (1 3% 2 B BRI T
WLIPPSO, {HAF i i 48 % it 32 2, 4 1 4 i 3570
DWPSO ()32 # & 5 WLIPPSO 4 ., {HAE V. #i
AR BN DWGAE L it B e 5
WLIPPSO [A#f /2 3 i, BARH ) #r it 38 & (BT78
MW AR, fE3R 8 . MU B B . WLIPPSO
el s WLIPGA 1 /5l 46 %8 %1 & 5 WLIPPSO #
) AELHi g M o /0 7 38 T IR DWPSO (1742
M ARt WLIPPSO AR Hi 5 B K 2 . 4
JIR AL DWGA /Rl Hi 5 %0 5 WLIPPSO #H
[) o (ELHE ) 4 it L V72 o 1 O A1

25 LI AR SCR B S AT AT AR SCHR
i) WLIPPSO 83548 F H A LR 5% .

5 % i&

AR SCHESE T KWL F R Gl U0 - 58 1 4 4
i P AR B B T — A R T A S AR
S R TR DAL 505 W BRI AR & B R A
Sk AVUIE DU 7 42 58 B 475 FL 45 SR R W L %07 15 1
JE B A A 58 R B A R T s
BEB R o A S M A AR T A O 1 AT B0 Y
P O BT R RS I I 0 L 2] R A
A SCHY I 08 2% JE U0 UL L TT 3l 3 A B4 46 17 2
iz A —ENBSHNE.

S % Xk -

References :

U] . voss peaE po ke 5B [ . P [ s 18 2152, 2004.(5) ¢
53-58.
FU Qiong-ge. Development and prospect of immersed tunnels[ ] .
China Harbour Engineering, 2004(5): 53-58. (in Chinese)

[27] LIWei, FANG Ying-guang, MO Hai-hong, et al. Model test
of immersed tube tunnel foundation treated by sand-flow
method[J]. Tunnelling and Underground Space Technology,
2014, 40, 102-108.

[ 3] XIAO Long-fei, YANG Jian-min, LI Run-pei. Experimental
study on mooring, towing and installing of immersed tunnel

caissons| ] ]. Journal of Shanghai Jiaotong University: Science,

L4]

[5]

7]

L8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

2010, 15(1): 103-107.

CHEN Ke-qiang, PENG Sheng, WU Wei-guo, et al. Model
test of immersed tunnel element in towing tank in winds,
waves and currents[ C]//ISOPE. Proceedings of the Twenty-
Second (2012) International Offshore and Polar Engineering
Conference. Mountain View: ISOPE, 2012. 831-836.
CHERNEVA Z, SOARES C G. Evolution of wave properties
during propagation in a ship towing tank and an offshore
basin[J]. Ocean Engineering, 2011, 38(17/18): 2254-2261.
FITRIADHY A, YASUKAWA H. KOH K K. Course stability
of a ship towing system in wind[ ] ]. Ocean Engineering,
2013, 64, 135-145.

FITRIADHY A, YASUKAWA H, MAIMUN A. Theoretical
and experimental analysis of a slack towline motion on tug-
towed ship during turning[ J]. Ocean Engineering, 2015, 99
95-106.

S R A A T B A R P R T D P E A
W ,2006(3) :23-26.

BAO Wen-ming. Application of harbor operational tugs in
maneuvering large vessels in port[ J]. Navigation of China,
2006(3): 23-26. (in Chinese)

NAM T K, JUNG C H, JEONG J S. A study on the
calculation of resistance of the ship to be towed and towline
tension[J]. Journal of Navigation and Port Research, 2012,
36(8): 607-612.

NAM T K. A study on the relation between towing force of
tow vessel and towing point and behavior of towed ship[]].
Journal of the Korean Society of Marine Environment and
Safety, 2013, 19(6): 637-642.

NAM B W, HONG S Y, KIM J H, et al. Experimental and
numerical study on towing stability of transportation barge[ J].
Journal of Ocean Engineering and Technology, 2014, 28(2) :
102-110.

IR T I I W i NS e AR I R TR A E (RN
B IE B 2R [T 1. e E AL HE 5 2008, 31(4) 1 424-427, 438,
ZHAN Hai-dong, LU Ping, LIU Rong-kang, et al. Assessment
and actual operation of towing dead ultra large LNG carrier in
Huangpu River[J]. Navigation of China, 2008, 31(4). 424-
427, 438. (in Chinese)

RBAR P L SRR, o AR . B R AR 5 B I AR N v 4 48 B R Y
B LT SR 3K B AR B2 I, 2009, 14(3) 1 260-264.
XIONG Zhen-nan, WENG Yuezong, ZHANG Shou-gui.
Application of tug-assisting in super-sized ship’s berthing and
unberthing[J]. Journal of Jimei University: Natural Science,
2009, 14(3): 260-264. (in Chinese)

COUCE L C, COUCE J C C, FORMOSO J A F. Operation
and handling in escort tugboat manoeuvres with the aid of
automatic towing winch systems[ J]. The Journal of Navigation,
2015, 68(1). 71-88.

NAM B W, PARK J Y, HONG S Y, et al. Numerical
simulation of towing stability of barges in calm water[ ] ].

Journal of Ocean Engineering and Technology, 2013, 27(1):



36

\

I

>‘\

I £ %

=[:8 2016

[16]

[17]

[18]

[19]

67-73.

SINIBALDI M, BULIAN G. Towing simulation in wind
through a nonlinear 4-DOF model: bifurcation analysis and
occurrence of fishtailing[ J]. Ocean Engineering, 2014, 88:
366-392.

KOF B FLARHELL, . YU BRIE TRI8 K 3 ) PERE AL
(AT L. b 55008 R 24 4, 2010, 34(1) : 25-29, 34

ZHU Sheng, MAO Jun, XI Yan-hong, et al. Numerical
simulation of the hydrodynamic characteristics of the immersed
tube tunnel in tugging[ J]. Journal of Beijing Jiaotong University.,
2010, 34(1): 25-29, 34. (in Chinese)

(S U S ENES I W N B 37 31 DN 1T = 3T RS N S 8
Sy Stk A AL (1], BAR DA, 2014,47(3) 1 138-144.
LU Wei-qing, WU Wei-guo, SU Lin-wang. et al. Hydrodynamic
experimental study on immersed tube tunnel element of Hong
Kong-Zhuhai-Macao Bridge[ J]. China Civil Engineering Journal,
2014, 47(3): 138-144. (in Chinese)

B DS . R U VL0 BE S TRUE VR 08 R e R AR A K
By [ ], BB R K2 2 4. 2000, 24 (4) :397-401.
HU Xiao-ming. An experimental study of the maneuverability of

a segment of submerged tunnel pushed by supernatant means[ J].

[20]

[21]

[22]

[23]

[24]

Journal of Wuhan Transportation University, 2000, 24(4) .
397-401.
VR AR. AT ) 9 A8 S LT ] IR, 2011¢5) - 9-12.
SHEN Pu-gen. Discussion
resistance[ J . Marine Technology, 2011 (5);: 9-12.
Chinese)

KENNEDY J. EBERHART R. Particles swarm optimization[ C] //

(in Chinese)
on the estimation of towing

(in

IEEE. IEEE International Conference on Neural Network.
New York: IEEE, 1995. 1942-1948.

EBERHART R, KENNEDY J. A new optimizer using particles
swarm theory[ C]//1IEEE. Sixth International Symposium on
Micro Machine and Human Science. New York: IEEE, 1995.
39-43.

BB L 5Kk AR L A 2 B UKL B S S ). B0 45 T o,
2003,18(2):129-134.

XIE Xiao-feng, ZHANG Wen-jun, YANG Zhi-lian. Overview of
particle swarm optimization[ J]. Control and Decision, 2003,
18(2) . 129-134.
SHI Y, EBERHART R. A modified particle swarm optimizer[ C] //

(in Chinese)

IEEE. IEEE International Conference on Evolutionary Computation.

New York: IEEE, 1998. 69-73.

(B35 26 70

[19]

[20]

[21]

FHE 2B WRSERE. R E RAEBUREE LR 5
P B LT ] TR BE 1. 2006 (9) :92-94.

JI Ri-chen, XIA Xiu-shen, CHEN Yao-long. Temperature
field calculation and preventing crack measure in massive con-
crete about pillar abutment[ J]. Concrete, 2006(9): 92-94. (in
Chinese)

FIUMGETEL AL RRBUR BE L0 T Ak Al R
il J3E 3 K B 1 3 FE L) ], ke £, 2005(2) - 86-88.

YUAN Guang-lin, HUANG Fang-yi, SHEN Hua, et al. Re-
search on temperature field and thermal stress of hydration
heat in massive concrete of construction period[J]. Concrete,
2005(2) : 86-88. (in Chinese)

BB, PN AL L F AR . K DR TR B e B v 400 I R

[22]

[23]

S r k0], 28 iE i TR 2%, 2013,13(5) : 1-9.

HU Chang-bin, SUN Zeng-hua, WANG Li-juan. Characteristic
and control method of early-age temperature field for cement
concrete pavement[ ] ]. Journal of Traffic and Transportation
Engineering. 2013, 13(5): 1-9. (in Chinese)

ENfgAE .4 R AR RBVEERE K & K AL BT 5 4k
PRI Tk #5,2005,35 () :862-866,871.

YAN Hai-hua, LI Dong, ZHOU Hong-bing, et al. Hydration
heat analysis and crack control of large baseplate[ J]. Industri-
al Construction, 2005, 35(S): 862-866, 871. (in Chinese)
HONORIO T, BARY B, BENBOUDJEMA F. Evaluation of
the contribution of boundary and initial conditions in the
chemo-thermal analysis of a massive concrete structure[ J .

Engineering Structures, 2014, 80, 173-188.



