2026 41 A Kiz LA Jan. 2026
Bl P 643 Port & Waterway Engineering No. 1 Serial No. 643

ENXMIBBEZRHESMEREAR

ﬁyﬂ; i}j’:—rlz’ ﬁﬁ:ﬁl,z, ,g. éﬁg3, i # 1,2’ ;_,77](_‘1{,_1,2
(L. PASH AEH BRI TAA RS, _Eif 200090
2. LiETWHEE IR R I IRERBR s, L 200090;
3. BifwoRAFEES P, Eif 200050)

BE, ZHAXBLARFiEaRk, FEARK, BAOLSESREFT AR LEKRFIZRAR P EREAL T LY
EFAITAE; MIRFE ST EARAH S A FIFNER, FRRREAGY R F AR, LS50 E TR P
ZHRFERALE EZ YRR, BAKR—F AL AARKGAMRE, A TR, ZIBLARSRAHEIMELL%, Bt
B Zh A ) % A AT AR 3 A R B ATIRAE . A Sy, RN, SERTer B RS A S AT AR AT, RN AS B A YR FiEad AR b g
FH ARG T A Z, el EFRN PLAXIS 8 0 #t /7 & Bk Ao T Wikth, FREAKXMGL AL BN FRE, %
BN STREFRES D EMLGL DR T IR TPHARANEFFRRRA L, FDSAEMBEIRDENFZLHK, FAER
AYATAS TR BT IEAE AR A TR, HBFAETARRNEGY, BLE2FHREAPARG T, 840077 ERIRITAE
# 8G 3F4E F B A AR AT TRIR A 67

XHER, EHAXAL; HERE;, F8ME

hESES ., Usdl; TV3I2 XHERPRERD: A XEHES: 1002-4972(2026)01-0209-08

Multi-level dynamic warning of gravity dock slope
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Abstract: Gravity dock slope excavation is characterized by extensive excavation areas and prolonged
construction periods. Traditional terminal displacement warning methods are difficult to achieve differentiated
stability assessments across various stages of the long excavation period. As a static mechanical evaluation model,
the limit equilibrium analysis method requires precise physical and mechanical property indices of the slope.
However, when environmental or construction factors significantly influence the dock slope during excavation, the
model becomes further distorted, exhibiting notable limitations. Based on this, this study establishes a multi-level
dynamic early warning system for dock slopes. The system employs automated monitoring devices to conduct
remote, automatic, and real-time monitoring of dock slopes, followed by similarity analysis of time-series data to
identify abnormal environmental and construction factors during excavation. On this basis, the system invokes the
PLAXIS interface for stability evaluation at each excavation stage, enabling multi-level dynamic warnings for
gravity dock slopes. During the excavation of a dock slope in Zhoushan, the multi-level dynamic warning system
accurately identified abnormal environmental factors, dynamically adjusted initial geotechnical physical-mechanical
parameters, achieving advanced prediction of slope displacement and excavation stability at all levels, guiding
construction personnel to protect in a timely manner, avoiding economic losses and casualties. This system

provides new evaluation methods and advanced prediction directions for dock slope disaster prediction.
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Fig.2 Multi-level dynamic warning flow of dock slope
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Fig.3 Typical cross-section of the tail dock slope
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Fig. 4 Dynamic warning system of second and
third level slope excavation
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Fig. 5 Early warning analysis of dock slope based on dynamic programming and Pearson correlation coefficient
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