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Abstract: To address the difficulty in uniformly organizing and
holistically representing reliability indices, grading rules, and
evaluation results in the safety assessment of in-service piled
wharf structures, this paper proposed an ontology knowledge
base approach for the holistic representation of structural safe-
ty evaluation knowledge. Taking the structural global reliabili-
ty analysis as the quantitative foundation, and semantically
models engineering objects, load conditions, reliability indi-
ces, safety grades, and judgment rules, constructed the Onto-
PWSE (Ontology for Piled Wharf Safety Evaluation) knowl-
edge base for piled wharf safety assessment, and achieved au-
tomatic reasoning for safety levels and result retrieval by using
SWRL rules and SQWRL queries. A 10-year-old in-service
container piled wharf was selected as an example for verifica-
tion. The results show that the global reliability index of the
wharf under horizontal loads is 3.2746, corresponding to safe-
ty grade B. The OntoPWSE ontology knowledge base can real-
ize the structured organization, rule-based reasoning and
knowledge-graph-based representation of structural safety eval-
uation results. The proposed method can provide methodologi-
cal support for the holistic representation and information-
based management of safety evaluation knowledge for in-serv-
ice piled wharf structures.
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Flowchart of the safety evaluation method for piled wharf structures
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Tab.l Safety assessment grading scale for the piled wharf
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D R4/84<<0.90 R4/S4<<0.85 R4/S4<<0.90 R4/84<<0.90

e Rav SaZPAINGHIGTIT S A BALE RS FR B A



108 KEHBFRFFHR

%52 %

(10 TR A b ) A B S — bR M)
(GB 50158—2010) HLE ; A PRIESS ¥ 7EBETT L v
BN R L2, 45 22 4 55 90 0 N A SE dwe/ s H AR
AIREFE DR, BARRT R C R L3R 2,
®R2 FEREFRELR BRI EER
Tab.2 Minimum target reliability indicators for

structures of different safety levels
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Tab.3 Quantitative grading criteria for structural

safety classification of the piled wharf
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Tab.5 Soil physical and mechanical parameters
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-4 I 100 300 0 37 2000
MR L IV 150 750 25 19 1900
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Fig.3 Numerical model meshing of the piled wharf
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-dur_ab.lm_/_techmca|_md|mors @ material,_filing
entire_pier © ooncl

el

== rebar_corrosion_rate_indicator @ rust_expansion_cracking

= reliability_index @ segmented_joint

= risk_performance_indicators @ shoreline_structure

= rust_expansion_crack_width_indicator @ & ercirictire

i safe_class

= safety @ surface_layer

mm safety_technical_indicators @ track_beam

= service_life @ water_erosion

_rate_i
= diffusion_depth_indicator
== dock_structure
== durability

= shoreline_structure @ wharf
i stability_indicators ®BA

= strength_indicators PN
= structural_reliability

= substructure & Bc
== superstructure &80
i torsional_resistance

= vibration

5 OntoPWSE #ZLXS5RMESLHILER
Fig.5 Instantiation results of core classes and properties in OntoPWSE
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[ Control | Rules | Asserted Axioms | Inferred Axioms | OWL 2 RL

Using the Drools rule engine.

Press the 'OWL+SWRL->Drools’ button to transfer SWRL rules and relevant OWL knowledge to the rule engine.
Press the ‘Run Drools' button to run the rule engine.
Press the ‘Drools->OWL' button to transfer the inferred rule engine knowledge to OWL knowledge.

Completed
The SWRLAPI supports an OWL profile called OWL 2 RL and uses an OWL 2 RL-based reasoner to perform reasoning. i B A
See the 'OWL 2 RL' sub-tab for more information on this reasoner.Successful execution of rule engine.
Number of inferred axic
The process took 212 millisecond(s).
Look at the ‘Inferred Axioms' tab to see the inferred axioms.
Press the 'Drools->OWL' button to translate the inferred axioms to OWL knowledge.
Successfully transferred inferred axioms to OWL model.

The process took 16 millisecond(s).

OWL+SWRL->Drools Run Drools Drools->OWL

&l 6 OntoPWSE MN—HHEELER
Fig.6 Consistency checking results of OntoPWSE rules

Types Object property assertions
O safety_indicators some safety_assessment_indicators
Same Individual As i reliability_index 3.2746f
mm classification_of_reliability_indicators_B 3.122f
| Different Individuals mm safe_class "B/b_class”

i classification_of_reliability_._"~ators_C 2.798f

Negative object property assertions

Inferred facts

Negative data property assertions

No Reasoner set. Select a ressoner from the Reasoner menu |V Show Inferences

E7 BITHEIEERHNREFRAFLM)

Fig.7 Safety grade facts generated after running the reasoner

K SQWRL X TREX} 2 fazdk T &R m]  f), HAEBREE RS 3.4 A ep i SR AT
SEFEAR TR BRME N SR A R T B85 HIE SR8 KR T AR AR A S RSk
WK 8 fn., HiEl 7 MK 8 A%, OntoPWSE el TEM a4k,
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< untitled

File Edit View Reasoner Tools Refactor Window Help

antic

org/zjt/o

untitled-ontolog;

[@ untitled-ontology6 (htp ; eRloe 0 e o] | Search...

|Active Ontology x | Entities x | Classes x| Object Properties x | Data Properties x\lndmdu-lsbyd.ss x| DL Query x| SWRLTab x| OntoGraf x| SQWRLTab x|

Name | Query | Comment
Indirect HD loss Total Direct loss(? A DirfDI(?TotalDirectloss, 2DirectHDloss) ~ iply(?IndirectHDloss, 7Ind_HDR, ?DirectHDIoss) " has Direct loss(ZIndirectloss, ?TotalDirect... HOR'DirHOI B
Indirect LD loss DirlDI(?TotalDirectloss, 7D|rec!LD|oss) * Total Direct loss(?TotalDirectioss) * : rectLDloss, 2ind_LDR, 7DirectLDloss)  has Direct | TotalDirectlo... LDR*DIrLDI
Indirect MD loss Total Direct loss(? A DirMDI(? i A i 7Ind_MDR) * has Direct | “TotalDirectloss) MDR*DirMDI
Injury BI Number Personnel_Injury jury) ~ ? y, A) A PD jury, 2P_Den) ~ BIIR(? 21_BIIR) » has_Bl ?Blstate) » Bl... Area*Den*BIIR*BI Probabi
Injury HD Number Personnel Injury(? jury) * Area(? y, A) * PD(2 jury, 2°_Den) * HD! 71 HDIR) A has HD, Probabvllly(’Personnelanury, ?HDstate) .. Area’Den*HDIR™HD Prob: =
Injury LD Number Personnel_Inj i ) edit 18 7 .. Area"Den"LDIR"LD Probabil
Injury MD Number Personnel | |nJury(7Persunne|anuly) A Area(ﬂ’ersonnellmuv (&) Edi Dstate... Area"Den"MDIR*MD Probal
imitDi: | 2dis| Name i imitdisplacement
Q1:Direct loss Total_Direct | i A DirBlI(?TotalDirectl
Q2indirect loss Indirect loss(Indirectloss) A - ndBlnciecioss, nire: [safetyLevel
Q3:Death Number Personnel_D Comment
Qéinjury Number Personnel_Injury(? oy % BIDNG il |
SafetyLevelA PledWhar(7s ~ hasLoadCapaciyr. Tespaciy) " hesDe ! SafetyEvaluationofPiledWharf
SafetyLevelB sLoa (2x, 7ca |z
SafetyLevelC PiledWharf(?x)  hasLoadCapacity(? P A hasDe [Ok
SafetylevelD FiledWharf(2) » hastoadCapaciy(x, 7capaclty) * hasDe ~ g - ———
Total Death Number Personnel_Death f:ii‘”:f;:‘ d"’,“::)s"fadcap“"y[ . Ponpuriy} hasnes'gl"""d[ - o100 A .. BIDR+LDDR+MDDR +HDDR
Total Direct loss DirlDICTotalDirectioss, 7DlrectLDloss) B To\al Direct loss | 95!9 il el g ) bt B . DirectBlloss + DirectiLDoss +DirectMDloss +...
Total Indirect loss Indirect loss(lndirectioss) * IndS(indirectioss, indire( e) YO, true) = - B) ndBl1+IndLDI+IndMDI+IndHDI
Total Injury Number Personnel_Inj; y . BIIR+LDIR+MDIR+HDIR
apacityLevel Pil iiceLifeUlti Load ity (2 - UlnmateBeanngCapacl!y
New Clone Del
[SQWRL Queries [OWL2RL |
|
Select a SQWRL query from the list above and press the ‘Run’ button.
If the selected query generates a result, the result will appear in a new sub tab.
The SWRLAPI supports an OWL profile called OWL 2 RL and uses an OWL 2 RL-based r¢
See the 'OWL 2 RL' subtab for more information on this reasoner.
|
Cancel ok
|
No Reasoner set. v

B8 HETF SQWRL HREITMEREIM
Fig.8 Safety evaluation result query based on SQWRL
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Fig. 9 Knowledge graph in the field of safety

evaluation of the piled wharf
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