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Tab.1 Comparison between simulated result and actual operation data
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Tab.2  Shiplock performance parameters under different conditions in a month
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Tab.3  Shiplock performance parameters of emergency scheduling under working condition 1 in a month
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Tab. 4  Shiplock performance parameters with optimal operation under different throughput conditions of working condition 2

P W GE R (J7 1) 2 200 2 500 3 000 3 300 3 500
SR FEIREER V(E/h) 4.27 4.85 5.82 6. 40 6.79
FHIRSSH C (1 /h) 5.403 5. 665 6. 067 6.453 6.729

T p(p=V/C) 0. 790 0. 856 0. 959 0.992 1. 009




78 KoM ok oaE T OBO% W 2017 42 A

(EExR)
P[] 3 A 5238 8 (T t) 2 200 2 500 3 000 3 300 3 500
. ok 0.71 0.75 0.96 2.01 5.50
FHSE D/h

Tk 0.75 0.76 1.05 1.92 5.81
’ sk 1.0 1.3 2.6 9.0 31.1

SEYIHEA K BE LA
Tk 1.0 1.3 3.4 8.3 34.9
o K 19.6 21. 1 23.9 24.9 24.8

HP-3593:8 1R K n
Tk 19. 4 21.3 23.9 24.8 24.8

4 %4 iE

(1) R AR RN BB A IR 55 1 1 R HEBA R S8, 2L T Arvena B R P B AT SSE B S 0 1K

AR AR ] ) e 2 A A S B A IRAS , i 1 S B e RE A S e B ) n] AR, dE ﬁ*ﬁfﬁﬁ@%ﬁ”%
AR (AL PIRES ) A BT 780 E 9 R S r sl AL

(2) D5 ELEE R, FUA 8 e A IR A o) 2 0] FH 3R, A B 2808 s o] 140 368 2o 8 0 5 Ao, 454 IRl Y
ﬂ“ﬁﬁﬂ%&ﬁ;g — i I ], SR IE SR AB AT SR AT AR A IR AR ) S oK A BT

S VA EE , AAG R i B P ) Az Al A TR i A R R ) 4 4 A AT ER T B A 3 e D S A
Li%ZlEﬂE’J?é/%o

(3) % BN R GRS ENE | K ] (14 Sl Ay JCPRAZIT 1 H/NT 1, 68 7 P9 o 8 77 5 s 1] ) e K

REST . Il 23 A A R B 7K T B R R R i R T, R AR AN [+ S 97 A TS I 1B 3 88 07 5%, LA
412 i A I P03 e R 0 5 A 55 T

& % X #.

(1] MG, sKER. AR —UCd WP B SRR [ )], AR R A2 ( A SAREA ) |, 2010, 40(1) : 207-212. (LIAO Peng,
ZHANG Wei. Analytlcal model for average lockage tonnage of waterway locks[ J]. Journal of Southeast University ( Natural Science
Edition) , 2010, 40(1) : 207-212. (in Chinese) )

(2] B, TFHR. 50l TR M]. 2 iR et R RF M MFE, 2011, (WANG Wei, GUO Xiucheng. Traffic engineering
[M]. 2nd ed. Nanjing: Southeast University Press, 2011. (in Chinese) )

(3] DEvhl, WRSA, B, £ K UK A0 BUAT A e 3 ik B T 0k SREWFSE ()], /K2 T, 2011(4): 114- 119, 125. (PANG
Xuesong, PAN Rongyou, LIAO Peng. On improvement of navigation lock capacity at Changzhou hydro-complex[ J]. Port &
Waterway Engineering, 2011(4) ; 114-119, 125. (in Chinese) )

(4] FEUIEE, KU, BRI, KRR AL IR E 50 A R B (0], K T, 2013, 34(4): 359-363. (JIANG
Mingfeng, ZHANG Ming, LIAO Peng, et al. Study on recent lock capacity of Changsha hydro-junction[ J]. Journal of Waterway
and Harbor, 2013, 34(4) . 359-363. (in Chinese) )

[5] VERSTICHEL J, CAUSMAECKER P, SPIEKSMA F, et al. The generalized lock scheduling problem; An exact approach[ J].
Transportation Research Part E: Logistics and Transportation Review, 2014, 65(2) . 16-34.

[6] DAIM D M, SCHONFELD P. Metamodels for estimating waterway delays through series of queues[ J]. Transportation Research :
Part B, 1998, 32(1): 1-19.

[7] TING C J, SCHONFELD P. Control alternatives at a waterway lock [ J]. Journal of Waterway, Port, Coastal, and Ocean
Engineering, 2001, 127(2) : 89-96.

[8] CORTES P, MUNUZURI J, GUADIX J. Simulation of freight traffic in the Seville inland port[ J]. Simulation Modelling Practice
& Theory, 2007, 15(3) : 256-271.

[9] SMITH L D, SWEENEY D C I, CAMPBELL ] {. Simulation of alternative approaches to relieving congestion at locks in a river
transportation system[ J]. Journal of the Operational Research Society, 2009, 60 519-533.

[10] VERSTICHEL J, CAUSMAECKER P, VANDEN BERGHE G. An improved best-fit heuristic for the orthogonal strip packing

problem[ J]. International Transactions in Operational Research, 2013, 20(5) : 711-730.



55130 fLo g, & BEmis RS S B 0 B b 79

[11] 3Rk, M1EHE, FREBEMy. =055 PN ILE TR E W ENE I 5 TR M] . dbat, Bl2#lpitt, 2010. (QI Huan, XIAO
Henghui, ZHANG Xiaopan. The theory research and engineering practice for the co-scheduling of the Three Gorges dam and the
Gezhouba dam[ M ]. Beijing: Science Press, 2010. (in Chinese) )

[12] RGN, KRB, EmF. HET Arena 1 =X Az 4 RE HATAI[J]. /Kis T.#2, 2011(2) : 40-44. (ZHU Shunying,
ZHU Kai, WANG Lizheng. A simulation model based on Arena for the transportation system of the Three Gorges region[ J]. Port
& Waterway Engineering, 2011(2) ; 40-44. (in Chinese) )

[13] FSIF, R, B BTN AR IS I8 BE 7 B 9E[ )], KiZ TR, 2011(9) : 199-204. (SHANG Jianping,
WU Peng, TANG Ying. On multiple-lane lock’s joint scheduling plan based on computer simulation [ J]. Port & Waterway
Engineering, 2011(9) : 199-204. (in Chinese) )

[14] 2Z5ff, Z9EdE, JYRF. VAR Ay 9 BE SRt o (1], JKiz T2, 2013(3): 171-175. (LI Nan, LI Guihua, YIN
Jianping. Scheduling algorithm for Xiang River lock chamber[ J]. Port & Waterway Engineering, 2013(3). 171- 175. (in
Chinese) )

[15] M2 Hifg, FEE. ool A WL Eima g 5 )], /KE T/, 2013(1) : 123-129. (KE Jiangcen, GAN
Lu, CHENG Chao. Simulation of ship lock organization mode with cellular automata[ J]. Port & Waterway Engineering, 2013
(1) 123-129. (in Chinese) )

[16] KELTON W D. Simulation with Arena[ M ]. Columbus: The McGraw-Hill Companies, 2002.

(171 AL AT I VAL A I 502 ) 393 B2 T3k B ) O GG ). TR SCE R, 2014, 40(2) : 171-173. (WANG Weifan.
Measures to improve the navigation lock capacity during the initial operation of Changsha hydro-complex [ J ]. Hunan
Communication Science and Technology, 2014, 40(2); 171-173. (in Chinese) )

Analysis of shiplock operation and throughput capacity based
on traffic simulation model

KONG Zhuang', LIAO Peng', YANG Chunhong', ZHANG Ming’

(1. Department of Port, Waterway and Coastal Engineering, School of Transportation, Southeast University, Nanjing 210096, China;
2. Tianjin Research Institute of Water Transport Engineering, Ministry of Transport, Tianjin 300456, China)

Abstract; In order to quantitatively analyse and predict the shiplock operation conditions and give some guidances
in the lock scheduling, a traffic simulation model for a double-lane lock was developed based on the discrete event
simulation platform of Arena. Taking the double-lane lock of the Changsha hydroproject located at the Xiangjiang
River as a case study, the operation state parameters and the maximum throughput capacity of the Changsha lock
were simulated and analyzed under different traffic scheduling modes and working conditions, and the reliability of
the simulation model was validated by the measured operation data. The simulated results show that the utilization
rate of the lock chamber is only improved in each lockage time and that the lock throughput capacity can effectively
increase. The greater the number of ships in the lock chambers for each lockage time is, the longer the lockage time
and the mean delay are. From the engineering practices it is found that the relatioships between the lock throughput
capacity and delays can be coordinated and the navigation lock scheduling can be optimized under the conditions of
protection of the lockage safety, according to the traffic demands and the lock working conditions. With the
operation state parameters given by the simulation model, which can help to fully grasp a traffic law of the lock
system, the lock maximum throughput capacity at different design levels are analyzed or the lock scheduling
programs are optimized in dependence on different traffic loads to improve the lock throughput capacity and the

quality of service.
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