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Fig. 1 Framework for constructing the knowledge graph and index system for service state evaluation of high-pile wharves
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Fig. 3 Service state evaluation and operation & maintenance ontology information of high-pile wharves
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Fig. 7 Process of constructing the evaluation index system for the service performance of high-pile wharves
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Tab. 1 Evaluation comments collection for the safety assessment of high-pile wharves
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Tab.2 Examples of the grading standard
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(IBIZE PG o SRITEEIRIEIE RIBUSERIPEA ) 0, DL AR Sk B A 22 P A D 91, 42 T 77 ik
ARIUEAERD Sk 2 A MEPAS TR TR IR R, RS S PRSI 45 2R LU SR PPAG SRR, JATA M 1 T I 2 AV b ox



78 KoM oK B8 TOB ¥ iR 2024 10 H

IO SR PEA 0] 5 Vo = (a,b,¢,d), TG a. b, c. dWRUNT KGN 25 AR VAL S5 98 3 b T s @ i, R
Vo FEAE USSR R BE M &: Vo = (Va, Vi, Ve, Va)

HEFEAMERR TP IEAGEE R ITE 0 T2 S PEFR R BRI PTAR [0 5 Vi~V 153 BNZA e bR A7 G Al 45
AR AT HE 4 R:

R=(V{,Vs,---, V)T (7N
ZWHEB IR E, 558 FiRn 2 PR AR EES (~ S, WALE [ 5 S,
S=(51,52,"-,5,) (®)

PRI 3 A PEAL FE A S, AT [ i S 5 X AR IO BRI B R AR, 245X N A -8 bR A AR 1
flim & V:
V=SxR ©)
23 5 F R 0 E R A, P IRIUA R T A FE AR B BDITTAL ) i, S5 A TR SR T R o8 4R s B )
i, 8T FEP S AT AR BUSOMA PEA o] f 7R A PPN S 9T BT B, e 2O e R T B X 7 1A S 2
VE I Sk 2 425540

3 E@ o

BT T I HE AR RAR i AEAS Sk P 5 T 2009 4R HEAY, B 1500 m, B A 454, HEARIAIRE 10.5 m.
e SR 85 [ Sehm s, o b i A 5.20 m BV MR N —17.50 m, B K A0 1.66 m, B
KA R—1.22 me TR T BRDE R & A, £ PRI R AN G2, -0 BAGE R S A 14 . 15
KTy 4 MAGLL 17 DGR BE, S5 Z 8] R F o0 BESE 1L, A MnFAR A 12 ARFEAE, FF5E 6 A1 i, Bl
BER AR s A0 B 3 ARAE, AT IR T A B 1~2 ARAE, 48 TR DU B, S A I /s, ARATHZ %48
TR AR Sk VR R (AR IR 35 4N 3 s

*®3 EMarENEER

Tab. 3 Inspection results of wharf components
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Fig. 9 Construction of the safety assessment index system for high-pile wharves
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Tab. 4 Index weights and evaluation results of secondary index layer

Hr)z Eit Ay E — R IEhR)2 & Z R ER)E & TR IERR)Z VA S

)2 0.051 1.000 (1,0,0,0)
) fi#% 0.167 (0,1,0,0)

. AR 0.267 .
ST 0.358 TRE o 0.833 (1,0,0,0)
i . fits 0.167 (0,1,0,0)
TREE TR 0.833 (0,1,0,0)
Fefh 0.025 (1,0,0,0)
fits 0.050 (1,0,0,0)
il 8 0.875 ULk 0.185 (0,1,0,0)
TG 0.519 RE IR 0.526 (1,0,0,0)
TRBE TR 0214 (1,0,0,0)
_ x4 0.125 (1,0,0,0)

o . . BENR 0.125 .
e ARG Sk 2 AV T4l TRBEL 5L 0.875 (1,0,0,0)
fi#% 0.017 (1,0,0,0)
P s 0167 ?Eé?%ﬁi%ﬁi 0.121 (1,0,0,0)
RS 0.121 (1,0,0,0)
R4 0.095 T iFEE 0.741 (1,0,0,0)
R 0.049 (0,1,0,0)
R 0.833 BRI SIuNPI| 0.147 (1,0,0,0)
AR 0.804 (1,0,0,0)
SrBiE 0.089 ik 1.000 (0,1,0,0)
— 0.028 }F‘ﬂ%ﬁ\ 0.550 TRHE LR 1.000 (0,1,0,0)
FAE 0.272 1.000 (1,0,0,0)
LIRS 0.089 fi#% 1.000 (1,0,0,0)

K HIBMIER G PG IEA Y = S xR, RUHER. L2385 BB Al 0] 1, ZRAS— S8 Tn = AR 1B
PP AR AN 5 FTR .



%5 5K M, A5 TR PSR E DAL AR SR AR AL 81

x5 —RIEREREGERWITMER

Tab. 5 Fuzzy evaluation results of primary index layer and index layer
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Tab. 6 Evaluation grades of target layer and indicator layer
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Fuzzy evaluation of high-pile wharves based on knowledge graph and

entropy optimization

ZHANG Peng', ZHOU Yiheng', CUI Chunyi', JI Zezhou?, ZHOU Yang?, LIU Zhixin*

(1. School of Transportation Engineering, Dalian Maritime University, Dalian 116026, China; 2. CCCC First Harbor Consultants
Co., Ltd., Tianjin 300222, China; 3. School of Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China,
4. China Construction First Group Co., Ltd., Beijing 100161, China)

Abstract: High-pile wharves are widely used and may experience structural performance degradation during their
service life due to factors such as overloading, siltation, and environmental corrosion. Evaluating their service state is of
significant importance. Based on existing industry standards and engineering cases, this study organizes a service state
evaluation index system for common wharf structures in China. A top-down approach is used to create a knowledge
graph of the index system, and the visNetwork toolkit is utilized to write the core code of the index system and the BS
architecture interactive interface. The AHP-FCE method is combined with the evaluation indicators for the service state
evaluation of wharves: establishing a set of comments and evaluation grade sets to obtain fuzzy evaluation vectors; the
entropy method (EM) is used to correct the weights in the analytic hierarchy process (AHP) to achieve objective
weighting. Finally, the process is demonstrated using a high-pile wharf structure at a seaport in southeastern China.
Safety evaluation indicators are extracted from the knowledge graph based on the characteristics of the project, and a
hierarchical evaluation system is established. The fuzzy evaluation vectors are calculated layer by layer, resulting in an
overall safety grade of A for the wharf. This result is consistent with the evaluation results of engineering inspection
agencies, verifying the applicability of the constructed knowledge graph and the correctness of the modified AHP-FCE
method. This indicates that the method can be widely applied to the operation and maintenance evaluation of other
types of wharf structures.

Key words: index system; knowledge graph; analytic hierarchy process; entropy method; fuzzy comprehensive

evaluation; service state
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