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Fig. 1 Flow chart of traffic simulation of IWSA based on AnyLogic
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Tab.1 Basic information of three inland waterway service areas
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Tab.2 Statistic values of traffic simulation of three inland

waterway service areas
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Fig.2 Validation of traffic simulation results from three inland waterway service areas
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Tab.3  Sensitivity analysis of different probability distributions of service characteristic parameters i
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Fig.4 Sensitivity analysis of mean values of service characteristic parameters
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Tab.4  Simulated results of number of vessels berthing in IWSA at different traffic flow rates

Q/(f-d™) 50 100 150 200 250 300 350 400 450 500 550 600

= 2.3 4.4 6.6 9.0 11.3 14.0 15.7 18.1 19.8 22.6 24.7 26.9
brifE2E o 1.5 2.0 2.6 3.1 3.5 3.9 4.0 4.7 4.6 4.8 5.2 5.2




55 4 1] w4 TRTTIE AR 55 XK S AL A 29

A2 (7) AT SR R 55 DK SRR 5 A AR gk A8 IR 55 I [R] S 5 20 LR A G . ok K (7 A5 RN S5E
T3, PR IR 55 DXCASETE A A S B A S AR N AT b AR U e ) e 22 pR R, D i R84 100 8/ d, YA 50
N BUE ERRRARZE 1 ~2 A0 kS5 XK IR AE 55 i S50 LA SIS b i SRR AR BAT O , Tk — 20 A 4
FCBE b AR AR X I3 (5 AE A5G O ) DL KA AR A 55 T ARG AR BRI B 5 Ak Ry Kk Sl AL«

S" =NxA, xn (8)
e S N KR 4 R ALy BIRSS ORI R (m?) 5 A, S AR 35 B (m® ), AT AR A BE L S B i 8
BB A R 3 et 2 Pk S I R AR 2 Az T o AL A AR A 5 1 RROG R AT KR N
A, = 0.47g + 132 , g RNV o S AF , 50 AT LLKE IR 55 XK S ARURT Ak S it B b M AA O 2 R A - 34
e 7 14 2 5 eR K, A BT 005 (A 5 55 DXt g 7Kk U AR

feJrte th pyg, 2 (7) B8R 4 JR I TREE UE A 55 DR 15 A0 R 55 RRIE S 8045 0 Y, BB 5 28 8E il
55 XA AR RE S E AR 55 X, JR IR 95 X T K Bl AR Y R . (BSEPR B2 AR R MF B iz B R R IR
i, G 23 AERE A 55 DA A S i (SRR TR) R T 3 ), 5% 17 e 95 XA BRI 7K S8 5 08, 4 22 1 55 X1
K BRI F AN B 2 A TR BMEAREEA . T — 2P W IR A3 A IR 55 X i D e C B IR 55 IX A
JRITENE L R 12 A AT () RO R 55 X A A R 520

4 4 iE

(1) BTN PR 55 5 AE , 4 Hh T 25 T Sl A5 7 A6 O 2 I 55 DX K Sl v ARUfG 2 7 3k, I LA
LSRG 3 Ab a5 X O BT T 96k . 3 K (i B AN B1 U 20, nDRE AR 55 DK i AU A A A Be L
U PO B RO 2 7 4 1 2 pR R, A7 BT 5 (6 B A 5 A 5 DX BT ZK SR T AR

(2) D5 BRI SR U E 2 2 B IR 55 DXAS=TE A AR 5 S5 00 B L AR & IR 55 R AE 2 B0 I (LR
LEMEIE R R , IS5 RIS B R o0 A SRS O HAT R AR/

(3) ARSCER 7 HARLE R B IR 551X, 24 e 55 X TR AR AR EL 2R 45 R 2R 1 R %5 08, T — 2 TR A
ST AT R 55 X A D REBC B AR Rt il B A B e MU S5 TR 3R B] B AR LR R

& £ X #:

(1] B8, skEh, 2me, S5 VLI T ZRMUIE MR 55 XI55 5 KA AE 23 (1], JKis T#2, 2008 (6): 122-126. (LIAO Peng,
ZHANG Wei, JIANG Ye, et al. Analysis of characteristics of service demand on main inland waterway in Jiangsu province[ J ].
Port and Waterway Engineering, 2008(6) ; 122-126. (in Chinses) )

[2] LIAO P. Service demand forecast for an inland waterway service area: A case study on the Grand Canal, China [ C] //Proceeding
of the 5th International Conference on Transportation Engineering, September 26-27, 2015, Dalian, China. Reston: ASCE,
2015 327-334.

[3] KOO C, HONG T, KIM J. A decision support system for determining the optimal size of a new expressway service area: Focused
on the profitability[ J]. Decision Support Systems, 2014, 67 9-20.

[4] DB 33/T 845—2011 Pynf i i Ak 45 X B AR HFE [ S]. (DB 33/T 845—2011 Code for master design of inland channel
service area[ S]. (in Chinese) )

[5] DB 32/T 2885—2016 P /K I iR4 X BRI HRIE[S]. (DB 32/T 2885—2016 Code for master design of inland waterway
service area[ S]. (in Chinese) )

[6] ZRARISEBIERFFTBE, AR K. LB WK FIRSS IX (B i) AR LB oE [ R]. A0 R R 3@ R PR 5 B
2017. ( Anhui Transportation Research Institute, Southeast University. Construction standardization research on inland waterway
service area (anchorage) in Anhui Province [ R]. Hefei; Anhui Transportation Research Institute, 2017. (in Chinese) )

[7] DAHAL K, GALLOWAY S, BURT G, et al. A port system simulation facility with an optimization capability[ J]. International
Journal of Computational Intelligence and Applications, 2003, 3(4) : 395-410.



30 b/ R S S N I 2019 4F8 H

(8] fhuiif, HI75 R, XUX4HE. MRARNSCHE AR 5 05 B FE s e [ ], /K FI/KGE TR 4H, 2014(6) : 91-99. (XU Wuxiong,
CHU Xiumin, LIU Xinglong. Review of modeling and simulation of vessel traffic flow[ J]. Hydro-Science and Engineering, 2014
(6):91-99. (in Chinese) )

[9] GOERLANDT F, KUJIALA P. Traffic simulation based ship collision probability modeling[ J]. Reliability Engineering and
System Safety, 2011, 96(1) . 91-107.

[10] fLHE, B, H&ar, . MmsfrRESEd e h o B5amr(J]. KFkis TR, 2017(1): 73-79. (KONG
Zhuang, LIAO Peng, YANG Chunhong, et al. Analysis of shiplock operation and throughput capacity based on traffic simulation
model [ J]. Hydro-Science and Engineering, 2017(1) ; 73-79. (in Chinese) )

[11] QI L, ZHENG Z Y, GANG L H. A cellular automaton model for ship traffic flow in waterways[J]. Physica A, 2017, 471
705-717.

[12] XIAO F, LIGTERINGEN H, VAN GULIJK C, et al. Nautical traffic simulation with multi-agent system for safety[ C ] // 16th
International IEEE Conference on Intelligent Transportation Systems (ITSC 2013 ), October 6-9, 2013. New York: IEEE,
2013, 1245-1252.

(13] WhifioT, prat, M4, % ZRBEAALEE TS E HER[]. K2 TH, 2016(5) : 116-120. (YAO Haiyuan, FANG
Zhuo, HAO Jun, et al. Simulation method of criteria for waterway navigation based on multi- agent technology[ J]. Port and
Waterway Engineering, 2016(5) ; 116-120. (in Chinses) )

[14] BIMS. PRIRTAF AN SCH B iR 1B 25 A AR [ T ] . JKFIKIE TR A4, 2009(2) ; 33-38. (LIAO Peng. Temporal and spatial
distribution of traffic flow in inland waterways[ J]. Hydro-Science and Engineering, 2009(2) ; 33-38. (in Chinese) )

[15] LIAO P. Improved analytical model for estimating the capacity of a waterway lock[ J]. Journal of Waterway, Port, Coastal and
Ocean Engineering, 2018, 144(6) ;. 04018021.

[16] BORSHCHEV A. Multi-method modelling: AnyLogic[ M] // BRAILSFORD S, CHURILOV L, DANGERFIELD B. Discrete-
Event Simulation and System Dynamics for Management Decision Making. West Sussex: John Wiley and Sons Ltd, 2014.

[17] LEEMIS L. M, MCQUESTON J T. Univariate distribution relationships[ J]. American Statistician, 2008, 62(1) ; 45-53.

Simulation analysis of water area in inland waterway service area

HAN Peng', LIAO Peng’, LIU Zhongwei’, NI Bing'

(1. Anhui Transportation Research Institute, Hefei 230051, China; 2. Department of Port, Waterway and Coastal Engineering, School
of Transportation, Southeast University, Nanjing 210096, China)

Abstract: The inland waterway service area (IWSA) is an important auxiliary navigation facility along the inland
waterway, which provides special services including berthing and replenishing of daily necessities for vessels and
mariners during their voyages. The water area and maximum number of vessels that can be accommodated
simultaneously are vital for the planning and designing of the IWSA, which is associated with the category of
service, passing vessel flow rate, demand probability ( driving- in rate) and service duration ( turnover rate ).
Taking into account the randomness of the dynamic traffic system and the service duration, a simulation model using
AnyLogic® for estimating the water area of the IWSA based on the characteristics of the inland vessel traffic and
service functions is established in this paper. On the basis of the field data concerning three service areas on three
different inland waterways in the Yangtze River delta, the water area of the service areas is simulated and analyzed.
The simulated results show that the number of berthing vessels and water areas of the service areas predicted by the
simulation model are in good agreement with the actual situation, compared to the empirical formulas. The
sensitivity analysis is adopted to identify the impacts of different distributions and expected values of the driving-in
rate and turnover rate in the water area of the INSA. According to the simulation and regression analysis, the water
area can be simplified to a continuous function of the flow rate and averaged tonnage of vessels on the corresponding
inland waterway, which can be used conveniently and reasonablely to estimate the water area needed for the inland

waterway service area.

Key words: inland waterway; service area; water area; simulation; AnyLogic



