2025 F2 A KiE A2 Feb. 2025
%248 E% 6314 Port & Waterway Engineering No.2 Serial No. 631

a BAEERBIERT
o B RANSRERTE S

“ W E, A AV TR, RNER, AhEE, kO
(1. RXEIKF RBFR, AFTREBHRHLEEERET, Hk KX 430063;
2. KBEZTBREHAB T ELKR T, ik KX 430063;
3. b AREMERAsEL T o3k, LR MBS 2657005 4. S ONALESR, 7 & M 510725)

E . AFxT B AL AR B B A B A Sk B SR B 0T 10 3 m 6 191 80, AT VAR JE RORAE R F 483k 20 B 4R AR . AR
HERTOT ALY (B0 TRFEIE) F ik AR ARG HIRAN I ATE A RS, RASHBEIN T ik, RAHRBL
T kA B K B RE B AR s VAR BT i SR R Sk O ) AT AT, AR R RO AR RS BUAR IR AR A RUR
HMEFMHTRBLLFAAMBALER, Bk, 3.5 FobBRRME O BRE L ZMB AL, 5.0 7L BBHEMHE 8 BN
R EHE A Sk, AR RRA B TR R AS A B B R B A Sk o S BAS AR R R B ) 3G A 0 BB, T b B A AR D K B RS 4
AT A T B R B TR 0 A SR X

KA Bo; B WREL; AU, RARR

FESZES . U653.2 XHERFRAERD: A XEHS . 1002-4972(2025)02-0063-09
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Abstract: To the issue of increased port stay times for harbor vessels due to wind avoidance and evacuation
from docks, research is conducted on the emergency mooring standards of sea vessels at docks under the influence of
wind and current. Based on the General Layout Design Code for Sea Ports, Load Code for Harbour Engineering,
and the design standards for dock mooring lines and collision prevention facilities, force factor analysis methods and
wind-current load coupling calculation methods are used to determine the emergency wind avoidance standards for
harbor vessels at docks. Taking a coal dock on China’s coast as an example for illustrative analysis, the results show
that the representative ship types can safely moor and evacuate under wind-current coupling conditions. The
conclusion is that a 35, 000-ton bulk carrier should evacuate the dock in 9-level winds, and a 50, 000-ton bulk
carrier should evacuate the dock in 8-level winds. The research results can help address the issue of increased port
stay times for vessels due to wind avoidance and evacuation from docks and can provide support for determining the

emergency wind avoidance standards and emergency plans for harbor vessels at docks.

Keywords: harbor; ships; windproof emergency; mooring force; wind load

fs B HE: 2024-05-03
EERAN: &% (20001—), B, MEHRE, FFRF @AM LIRS A,



- 64 - K iE L

= 2025 %

bl AR T — Rk & D K —a — B 48
WS | 20 R R A X DOREL s 2 38 4 24 R 1)
AR SR AR AR T A Y, AR AE S Sk
EEVA BT RUFH T 8 s 2148 1l B XL, AT DAY 2
W], IR KRB FHAN AR 3, R,
T U T AR S B IR 2 T 1) A0 s T i A 7 A =k
PSIA % A 2 O, o n] LU g S8R ] A A
BEEEAR S, R, BT E A
FZ  RUPBEESRE R SR, 2 i S A0 7 XU
SFRAERIR R T AR R BRAR

TERSARB RS 2 AH S92 T, H N 3
SR ] JTJ 144-1—2010 #s 1 T RE 77 2 M98 ) 1 14
AR ERINRG S . 22ED RT3 i
B, SRR RSN B8 Oy XA X AN B 4 32 T 1 52
My, B THERIARR MR T BRI VE T 2 RS Sk
RYTITEARRE W HZE, A, $Eh
RS Sk R E A Vytautas et al. )
P — Pk VR TSk e, AR A& 2k ad
FEAE FITE M0 1 00 07 R0 7 8 DA S A R A T 3%
PR E T Ouk et al. "5 1 AQWA 4%t
— PR BA AR R0 O T BUE AL, 2R A
TR . W, BRAR R PO AR R X &
THRINR iz Shsgm; iR 256 (s 1 TR fr
ALY ARSI A AR AR — s N
PR RE I OT I TR Y LR A R
R, s 2 MR, BRI AE R

— R B . Kudale et al. VR0 2 BE
fredl, g5A KRB A SE0 O 2 R R
Xt R AN R IA R A TIRARIE

AR SCLA TS 165—2013 s SRSy 1)
A D TR AT O ) Bl 2R8I, T
R AN Sk 18 it 1) LRI B, B —Fh 5 RO
TR T I T A0S Sk By XU, bR v B 52 %,
T A VAR A A Sk 7 XUSE 8 s v A B 2 R D)7 XY
ESSTESL et it SR

1 HRFAZE

VRV S 00 05 S B KU b o 2 P A L4
BT TS WA T B4 AN BT R R G R T
T3k By B (AR B4 %) A [l A BT i fe ok
Frae e . AP EE. 1) MR Insorm
WUE A e AR AR 2) 13 FHRR A2 XU AR 5
W B35 AU A 0 AE 2R T0 IS T 52 1 XU 28
3) MR SZ K B 7 R R, A AE R
T2 KB a8 4) HRIGATAR P32 X i Ay
2, THEMNITREN RS T 5) WAL B
PRV (AR %) A B bR, BRI AN BF 5 0
6) LA TR G T B0 2R 45 0 RN
77 503 7 S R0 R B 1 A Y TR, e
VRS AN A5 Sk B IXURE A

VRS AN AL Sk B XU 2 A 1 A o 3k T A AL

k2 e

e |

LS

AT,

EX il

HRAEA A EAR TR

SEBFAE 1

___________________

————{ RAGEHRHE R () }———

BYWNE IS EEEEE

A E A

By W A AR Z bRt

B 1 i ARAARD Sk B XU

BIRERET ERE

Fig.1 Process of determining emergency mooring standards for ships at docks
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Tab.1 Characteristics of representative ship types
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Fig. 4 Relationship between full load/ballast mooring force
and wind speed/flow velocity of a 50, 000-ton bulk carrier
( when angle between water flow and ship longitudinal
axis is 0°~15°)
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( when angle between water flow and ship longitudinal
axis is 165°~180°)

HIFEl 5 AT, FE 5.0 J7 I 2 0 A 0 48 1 1
LR KT w5 A A 165° ~ 180°HT) , &
2577 Wi IR R R 4 1 R B K. R
PRI AR FREANAE | 2 AN TR B 28 2k 2 I 37
BRifE, G TR AT, RS T 2 B AN R 48
T A5 S RAENEZ Ty bR, PR KU AL A (E
NEAS L P S 2 B AR R A I BLE, AT
HRREA S, A LR Z 2R EA G,
AT, YW E N 2.0 m/s, XE =19.8 m/s
(8GR B, AR Ry 24. 4 m/s (9 ) | Ui
H=1.8 m/s I, 5.0 J7 W25 35 4% 06T A T 7 19 &R
D78 Sk R TR E; YUY 2.0 m/s |
KoE =21.5 m/s (9 X)) B, LI RGE N 24.4 m/s

(9K . Wi =1.7 m/s B, 5.0 J7 Ml 2% K 3%
AT 0 R A5 0 Sk RASHEBE TR
2.2.3 BEEIIbRE
FRAAET 5 1 75 2 58 XA I KT A A0 A6 FH sf 7=
i%ﬁﬁﬁﬁ&%%@%@%%@ﬁ%Aﬁ
1o A B RE AT 3.5 T I R 4 A A
%ﬁﬁ%%ﬁu*nsﬁMﬁﬁ““1%@%%

b fiZ o 13 4. LA 2.0 m/s iR E, MR
A ) TR T AR F = AR i 53 07,

FARXF 3.5 T3 5.0 T3 I 20 HICBT A A Tt RN
R T W BHEE ST VRA . AR i g
KU 3,
x3 ARAREKTL 2.0 m/s ARKRFIER
BAAMFENTEER
Tab.3 Calculation results of crushing force

on terminal ships with 2. 0 m/s
as representative flow velocity under different wind levels

B KRS Bedr 5

ﬁi Wi/ A A AR ARIERUAN
" (m-s™") () ™ B FE#%
0~15 124.5  103.0
13.8
165~ 180 124.6  105.1
0~15 138.9  126.5
17.1
3.5 JIigL 165~ 180 . 125.6  128.5
WG 0~15 158.7 170.0
20.7
165~ 180 145.3  160.3
0~15 181.6  196.1
24.4
165~ 180 168.3  198.1
0~15 126.5  90.1
13.8
165~ 180 112.4  91.7
0~15 139.2  111.4
17.1
5.0 Jimi% 165~ 180 o sr s
WO 0~15 156.6  150.3
20.7
165~ 180 142.5  142.1
0~15 176.7  174.9
24.4
165~ 180 196.4  176.5

M 3 AN, 3.5 T Mg B B i K58 1 hy
198.1 kN; 5.0 J7 Wi ¢ % 63 fiy i K5 1 0
196. 4 kN,

R AL S S T Bt T A5 A AT A, Skt
TEH] 1450H BRI Az, 51t 77 936 kN, R
71996 kN, HIEMAEFEM L2, BAERK
71, KRBT AR R AN S AR



.70 - K oiE L A2

2025 %

HRAEER 3 HAQ R AR A I Je K 5E ) 5053k ik
PR BTt B S pR (A LE BT A, 1450H 508
PPHEAT R SZ 3.5 JIF1 5. 0 J7 WIS B AR
2.3 iR

AR, FEE A DALY 3G B, AR A
2 AT 855 7K Bl g e 2045 e o B3 i DAAE
16 7 T T P LD K B DR A b MR, 7 7843 5 1
3k R B 30 DX A AL 3 1 05 5 Sk 1 B 1 e
i B G,

1) TESFEEIE R, T 3.5 JTmigH
iy, FEMEAR AN 57K 35 77 010 165° ~ 180°, Ui
9 G, MEANEERAS T TR MR KR LR
1 468. 145 kN, RSk T RE7R 32 1 R 40 0 e K 1
B, Pk, R 9 Gt i R BUHE N & 80 1
Bl KA it . % 5.0 0 W gRHET A, FE A IS5
LK HIT 18R 165°~180°, JRUE Jy 8 Z-it, FAAHE
BRET IR RLE I CEH 1 535.363 kN, i
A K T RE AR 52 1 R 4 ) B R I, 7 >R B
R R TR Tt HEA T B R T4 R G AE
SPRERAE AT REAEAE R, DR, SRR T Y
FRAT ) AR GIBEARSZARAERS R R IR
i3 OE = 1 0 O AR AL | BB 51 i = W ) = B L
AT, TEEWET, SRS AT A
DA DR A ARDE A 70 S BT G A5 F T s s . RIS
P AR 5 HC At R A0 S50 R AR R e B, LU
BESR AR RE A XU RS SR RS AHT,
A LA Ak e R B XL 8 i S T 5 B0 1 450 B sf
[F1) H8 o I

2) TEBfE AR LR BRI 5% 58 ) b e
B, AR R SN AR b2 B Y
SR AR B B R B AR 1 R 198, 1 kN, 7ERD Sk B K
RT3 936 kN bRt N, BIAT & 0% Sk B 5E 1 bR
W ARG Sk BRR FH BN [, 7R 32 ) br i
RTA] o A PRG3R 0™ A I B ) K
T R R il P9 7R 7 3 R, U O SR BB s
S KU,  DAGRIIE R AR Y 22 4

3 ZiE

1) DACHES ST HLIE ) A0 s 10 TR A 2
PR LA, 25 IRV 5 T R Sk 15t A A X
2o, P AR AR T B U A A A Sk B
RS bR HER 72 7k, A SO e T A TR 7 XU
PRSI I 7 S A VA S ] 1 T R

2) TEBTAN 2R HERf 2 T, 25 BT Sk J] R ER
BErE s, sy BUEBOE N 1.0~2.0 m/s, LA
0.1 m/s N IFRHEFT SR AL 2 ;K XU U 1558
4 10. 8 m/s (6 KR /IMEL) ~24. 4 m/s(9 HNXIK
(B, IR T AR T, DT SRS v b 2 R
BiS1 KN o SRR — 5 S AN ] G Bl XU 7 17
BHACHE, AR USROR

3)$X$%ﬁ@ﬁﬁ%ﬁﬁ%%%ﬁ
FTERXT R Y 5, %%W%xﬁﬁﬁ*u,
ST B XUSE SRR o HOAS BE

S k.

[1] SRUSE, whfdss. Tl s An AR Jo 35 i) L i
FE[J1. PEKE (FFA),2018,18(12): 8-10.
ZONG J H,HAN ] J. A comparative study on the calculation
of ship flow force in Chinese and British norms[J]. China
water transport (second half month), 2018, 18(12): 8-10.

[2] HhacsE—figs TR B A R A E], 388 it
5 TREE) Tt B A BR A F). s 10 TR A 2 80 40
JTJ 144-1—2010[ S]. dt.5T: A RACHE i itt, 2010.
CCCC First Harbor Consultants Co., Lid., CCCC Second
Harbor Consultants Co., Ltd. Load Code for Harbour
Engineering: JTJ 144-1-2010[S]. Beijing: China Commu-
nications Press, 2010.

[3]1 ZFk, B, Ao et 2548 32 A (], W TH
A&, 2022, 59(S1): 39-42, 64.
LIQ, HUANG ] W. Stress analysis of mooring cable for
ship berthing alongside [J]. Port engineering technology,
2022, 59(S1): 39-42, 64.

[4] . ST SIS T NI & Sk 2R 8877156
FE[D]. B K. 58 PRACIE KA, 2023.



%24 XN, F EASETGARAER T Ak R0a 8 EARE R R Tk - 71 -
HOU H T. Calculation of bollard force of inland barge model for defending against ship loss of control [J] China
quay based on regency theory[D]. Chongqing: Chongqing water transport ( Second half month), 2023, 23 (4):
Jiaotong University, 2023. 39-41.

[5] VYTAUTAS P, DONATAS P, BIRUTE P, et al. Ship [9] KUDALE A M, SOHONI V, KULKARNI S. Mooring system
mooring to jetties under the crosscurrent [J]. Transport, for very large ships at berth [J]. Internationaljournal of
2017, 33 (2): 454-460. current engineering and technology, 2016, 6 (4 ):

[6] OUK W K, WOOK S L, YOUNG J B . A study on mooring 1363-1371.
limit analysis of large ship [J]. Journal of fishries and [10] HPagsKE MR T Be A BRA 7. 1 s SR v R
marine sciences education, 2017, 29(2): 415-421. JTS 165—2013[S]. dbat: ARz HMitt, 2013.

[7] W 2. A0 & 10 ok ) 3R A 0 (0. P E KB, CCCC Water Transport Planning and Design Institute
2012, (12): 42-43. Co., Ltd. Design code of general layout for sea ports:
YAO Z Y. Control of ship berthing normal velocity [J] JTS 165 - 2013 [S]. Beijing: People’s Communications
China water transport, 2012, (12): 42-43. Press, 2013.

[8] WATTE, SWEIGK, F 0= A A 00 2 45 1 5 311 o 5 4 [11] AP, MORTAEAA R 48 01 SCATT 5T [ D], R Ki%

AL B 5% (7], " E K is (F 2k H), 2023, 23 (4):
39-41.

HU Y L, GUO Y B, WANG Y C. Berthing speedcontrol

KA, 2015.

HAO Q L. Measurement research on very large ships’s

mooring force [D]. Dalian: Dalian Maritime University, 2015.
(AL A4F)

R92,232,299,209,299,999.239.299.939,299.939.999.939.999.939.239.939,239.999,239.999.239,999.239.299.939,299.939.099.930.299.939.939.939.239.939, 239,909, 239,999.239.299.939.239.939.299.930

(EBF 62 W)

[10]

[11]

[12]

[13]

WU L J, GUAN L, JU X L, et al. High-efficiency algorithm
for the most unfavourable load case combinations of
multilayered frame-type wharf structure [J]. Tehnicki
vjesnik-technical gazette, 2021, 28(2): 629-638.
XIBA4E, &7 7F, SpRek, 55, 3 T 5040 J) 3k i i 48
23 Br UG Sk = 4E A3 W] 454 158 R FH AN A
AHT[I]. KB THE, 2014(10): 47-52.

LIUM W, SHU D, WU L J, et al. Analysis of effect
combinations in 3 D structure of vertical-faced wharfs in
inland rivers based on unit force method [J]. Port &
waterway engineering, 2014(10): 47-52.

PR, XVBHAE, SEpfe, 4 T 4R as By 0 Sk =4k
23 (RIS AR e A R A 28 T 0L A Bk (0] v B
A, 2014(2): 37-44.

SHU D, LIU M W, WU L J, et al. Algorithm for all
components worst load case combinations in 3D structure
of vertical-faced wharfs in inland rivers [J]. China
harbour engineering, 2014(2): 37-44.

XIAAE, Toltse, SpREE, 5. MR ATIRE TR M

[14]

[15]

SR B T A U IX N 7 OC R ABESE (], JKGE #E T,
2021, 42(2): 220-228.

LIUM W, XU G L, WU L J, et al. Study on relationship
between stress in the sensitive area of gate and
supporting operating parts under operation state of ship
lock[J]. Journal of waterway and harbor, 2021, 42 (2):
220-228.

XIUALE, 28R, b T, 45, A I 7 X R A 2540 32
T SURR DX AT [ )] /K98 AR, 2024(1): 76-83.

LIU M W, JI X D, GU M J, et al. Structural load sensitive
area for floating mooring column of ship lock[J]. Port &
waterway engineering, 2024 (1): 76-83.

HRAE S — 4 TRERIER T Be A PR ). s 1 TRE i
FHLIE: JTS 144-1—2010[S]. db & A R 3238 H AR
#t, 2010.

CCCC First Harbor ConsultantsCo., Ltd. Load code for
harbour engineering: JTS 144-1-2010[ S]. Beijing: China
Communications Press, 2010.

(AXB#H  Z%H)



