2026 4 8 A KiE A2 Aug. 2026
%8 EH 650 Port & Waterway Engineering No. 8 Serial No. 650

. “RRIE+FT AR REX M EBM R %
& S FE ST
ol WAE, Fag, B OF, &, E W, xE2

(1. P RKRBHIR]ZF A RG], PR GAE B A ARARAFL P (Be5®T), %K 100007;
2. PR—MEFH—TAEARAE, KE 300456)

]

HE., §EHRAFEGAR ., A, AR EERF O P R ALE TR N FTBAL AR, AR A2, THBAGE & a8k
BEAR, HE2ERFHYH, RARZBAELEBERIE, DRI BIRA a7 RAFREAR, BB¥/(0n) 8
TEAE A S ey Zida4R, HP o AIRENK, QAKEE, 1, %%il%i—z&c GHMAESKEA EAMEAYRSIBITT

W AEARIL IR R Gy ABEA, WS REBEEARER LA GE T, LESMBRALGHEE, £2REY, F@MAA%KGE
HRABRREZARREG Ao, WiEZWRZH A UERL G st Sy Hom i T A4, 2 S iEFBL AT 4L Ao,

BERBTZARGHERY AR FRR, FIRARRA S B RAEAW RSB TH-EHRBETRT, yx&szmu‘@wﬁ%ﬁﬁﬂ%i
FHHw, S AT BARIERRE A

KEER, AW JHAEAL; @R BRA R, AN, S

FESES . U612 XHERPRERD: A XEHS: 1002-4972(2026)08-0194- 08

Robustness simulation analysis of navigation system with ship lock and

ship lift arranged in series
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Abstract: The inland navigation system, composed of series arrangement of ship lock, ship lift, and the
intermediate channel connecting them, features a complex structure and limited anchorage capacity for navigation
buffering. This makes it vulnerable to unexpected disruptions and poses significant challenges to restoring stable
operation. Taking the configuration of series arrangement of ship lock and ship lift as the research object, we
propose using the value of #,/(Qt,) as a quantitative robustness indicator, where ¢, is the recovery duration, Q is
the freight volume, and ¢, is the number of failure days. By developing a simulation model of ship lockage
operations under coordinated functioning of these structures, we quantitatively analyze the robustness of navigation
system under various scenarios of freight volume and failure duration. The results indicate that when the passage
capacity of the navigation system substantially exceeds the freight volume, increases of freight volume or failure
days have a relatively mild effect on robustness. However, when freight volume approaches the system’s passage
capacity, the effect of failure days on robustness becomes significantly more pronounced. The findings provide
references for robustness research in multi-structure navigation systems, quantifying the impact of short-term

disruptions such as facility failures and analyzing navigation reliability.
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Tab.1 Design of test conditions
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Tab.3 Results of recovery time and robustness indicator
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Fig. 2 Number variation of vessels blocked in system during consecutive failure 4 d under

different annual unidirectional freight volume conditions
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