X R B T FEHTR P&

NATIONAL CENTER FOR RESEARCH ON
EARTHQUAKE ENGINEERING

ERAL RARA i aeE
Flek MR PP R FRE

3F 24 %% - NCREE-13-047

o3 R R 102 &# 12 ¢



NCREE-13-047

ff% IR ok kL2 E B 2 Y

Developing an Expert System for Bridge Management System

FR WAL FFRABAL TR eEE
***?f'] ;]é_%, ***Jxﬁ @ It ****ﬁx—ﬁ pg @ ****—;Fj}- Nﬁ:
Kuo-Chun Chang

Yu-Chi Sung  Hsiao-Hui Hung

Kuang-Yen Liu Chun-Chung Chen Mine-Chun Lai Chia-Chuan Hsu

AR RIEFAIYCAE SR LT A Y L RE
M ORRERIEFAYY e mE o R S A PR L AL R
*Khk WW}’%lﬁp?“‘“?ﬂlpfﬁ

AR R R ARFT Y ¢ m Ty R

PEAR- Fo& Lo
Decenmber 2013




A1 5 BZEHEIE T o 53
4.2 B FITEPEBAAE N B K25 s 55
4.3 F R B B 3 56
4.4 SR G P B T A FTPIS T 60
45 B FORER T E T B LT 63
4.6 HFERPITHEZ R TAE R IZLRK i, 64
BT E B E BT s 67
5.1 B FITEHIBARA A B oo 68
5.2 2 RIAE I 5 B B B o s 70
5.3 #f4 GH B L R LA TS i, 70



5.5 A2 4RI TALE 2 B TR L 74
B AT R ZEEIIE IR ettt 75
B.1 e e e s 75
IR SO 76



B 2.1-1 — S BoA Bh20 B3 e 10
B 2.0-2 & B 46 i ® F (54 0 EFAS 0 2009) i 15
Bl 2.1-3 B Fod B IR AR e 17
B 2.2-1 ZFAY 25 S BT oo 19
Bl 2.2-2 34 b~ BRGEFT R EREETR(SY  Eie 3 2009).... 22
Bl 2.2-3 rdFAd SR G AH DR RREH(ST

Bl 22-4 2 2% BER 24 e 26
Bl 2.2-5 r2afal AR A B A R B, 27
B B-1 % BLBE B I AR oo 29
N T B e L o s 42
B 3.1-2 DER&U 8 B S0IE ..o 43

ﬁ’?
‘?“
)
o
S
L
N
w

B131-3 5 EHPIFEP EIFRIEP 2 24 H H o, 43
Bl 3.1-4 5 BTRIE P 28 A B 1% e 44

Bl 315 3 3 * AR BIZE e 45
B 3.1-6 HRITE B NFRT AT £ BT e 46

B 4.1-1 NCREE-BMS % & S 2 1 oo 55
B 4.3-1 4% % Rl B RO S & CLIPS(IE & 7ok SR 5) e, 58
Bl 4.3-2 £ & CLIPS srH2 738 1T 3% L 58

Bl 4.4-1 #5540 i 0t B Rk A P (WHEA SRR e, 61
Bl 4.4-2 12 2 4B N ATEE e 62

Bl 4.5-1 CLIPS R 3 AR & oot 64



) 51 A2 RS FOh S E B 67
B 5.1-1 & FATEEE DI TL e 69

B 5.1-2 & RETEEHEIBALAL /1 G oo er e 69
Bl 5.3-1 FHRAFT A R #HL o, 71
B 5.3-2 LA 3T/ 5 H2 o 72
B 5.4-1 & o seig * —g,z;r;& T AT B ettt 73



% P&

0 21-1 B ROR AR - BT G HALZ M B, 10
F 2.2-1 FpA GRS L RO ARV R(SY L B 0 2009)....... 24
20310 B ATHEATE D oo 31
F BL2 AFHIT B sttt 32
20313 M S ITT B & 34
F 314 R IRIE P F oo s 36
# 3.1-5 J}ﬁ%\i%ﬁiﬁﬂi ............................................................................... 39
e 3156 FEAFIE P e i e 41
% 4.2-1 CLIPS ;2 B ?;%g?ﬁ B ettt 56
F 4.3-1 FAAH CLIPS 2572 i 59

# 4.3-2 % 7 NET Wrapper for CLIPS 4225 ....ccooveiiveecceeesee e 59



2

ORI G ER R R IR RS o m B EAARLLI IR L H
«_&5;}%;&1@;? T R R - BBk REEH AR F B Rk Su(Expert
Systems) » * 12 T%Eh}ﬁi,’é:ﬁgﬁﬁ [ T HpFrErEe & &d & porE
Sfism i B o Td AR F RN A R AT~ DRI TR LG J8 ST AT R & 0%
@ (Fact) » P BB & enfizh B %

X

W

A7 3 -5 NCREE-BMS © » 4f i % #RI5= 6 & ol Sfitle » 5

L
=2

()

* % NCREE-BMS # g% IE#%”%: AL PARRBIER FRERE 225
ot iBH T2 Sk AmEBE Y e o BRVRFICEITAR 0 Ao

b

I AR EF P B RN o uggi?}ﬁi}? BIL TR 2 EwmER 0 ¥ - 2

=K

”Tﬁffb ;fé *«@LMA}*%#‘M y ¥ rdd e oz I_,p\}ﬁ-% L;:f fr' siE o ,&‘
P 26 TRERECZETAG R RE R f el
OB FE IR - B d kB TRAR IAE F AR & P

i e

CESTRE R RURE Rk R N



ABSTRACT

Since rising number of natural disasters has been the major threat to worldwide
infrastructures. Civil engineers nowadays have to enhance the mitigation of hazards with
the increase of structure service period. The thoughts of life cycle as new ideas come up
and can help engineers to plan, design, build and maintain comprehensively for the
longer service life of structures.

This study applies expert system algorithms to evaluate and rate the condition of
structures. This part of bridge management system (BMS) will accomplish the design and
implementation of the visual interface interacting with expert knowledge, integration
engine of expert algorithms, the analysis core of Neural-aided expert system, the graphic
user interface of expert system operation, and the management of database for bridge
inspection data and principles. Owing to structural evaluation of bridge deteriorations
needs the knowledge of experts; however, the experts are not easily trained and educated.
As for large amount of data from bridge inspection work, it is needed to develop an
expert system which can simulate the thinking algorithms like experts to help engineers
or owners to evaluate the condition of bridge in time before the disaster happened. In
general, the algorithms embedded in the BMS have to be reviewed and modified
according to the back-feed information from field observation of bridges. NCREE-BMS
will integrate extendable and modifiable modules to put the system developed into
practical use.

Keywords: bridge inspection, bridge management system, expert system
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(defrule <rule-name> [<optional comment>]
<patterns>* :LHS
=>
<actions>* ;RHS

)

(defrule fire-emergency "An example rule” ;Rule header
(emergency (type fire)) ;Patterns
=>
(assert (response ;Actions

(action activate-sprinkler-system)))

)
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Z\ 4 3 1 Zt‘kﬁCLIPS e /z

deftemplate :F /% (2 & % 7 k%)

(deftemplate <deftemplate-name> [<comment>] <slot-definition>*)

<slot-definition> ::= <single-slot-definition> | <multislot-definition>

<single-slot-definition>::= (slot <slot-name> <template-attribute>*)

<multislot-definition> ::= (multislot <slot-name> <template-attribute>%*)

<template-attribute> ::= <default-attribute> | <constraint-attribute>

<default-attribute> ::= (default ?DERIVE | ?NONE | <expression>*) |
(default-dynamic <expression>*)

defrule 3% % (L& 412 1)

(defrule <rule-name> [<comment>]

[<declaration>] ; Rule Properties
<conditional-element>* ; Left-Hand Side (LHS)
=>
<action>*) ; Right-Hand Side (RHS)
deffacts ZF 2 (2. & EFF M %)
(defacts (<facts>)*)
<facts> ::= (<template-name> <single-slot> | <multislot>)
<single-slot> ::= (<slot-name> <attribute>)
<multislot> ::= (slot-name <attribute>*)

<attribute> ::= Number | String | Symbol

% 4.3-2 34 {7 .NET Wrapper for CLIPS #i 3

using System;
using CLIPS;

namespace CLIPSConsole {
class Program {
static void Main(string[] args) {
// ZIICLIPSH#EmSIZE
IntPtr m_env = Lib.__CreateEnvironment();
// SIAMERMIARE Evaluation0001.clp
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Lib.__EnvLoad(m_env, "Evaluation0001.clp");
// EECLIPSH#E:RmSIZE

Lib.__EnvReset(m_env);
/] AT

Lib.__EnvRun(m_env, -1);
// B CLIPS #:ms|ZE

Lib.__DestroyEnvironment(m_env);
// BEHERAR

Console.ReadLine();
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‘%, CLIPS 6.10 M=l 3 l F-—n:ts (MAIN)

Eie Edit Egscubion Browse Window JEE {(initial-Fact)

CLIPS> (assert (this is JES  Ahet - f 1 (this is not JESS)

<Far.t—1§ ( D.IPSE}‘;S J F-2 (this is CLIPS)

CLIPS> (reset) i

CLIPS» {assert (this is not EEETEESETRGEE

<Fact-1>

CLIPS> (assert (this is CLIPS))

<Fact-2>

CLIPS> (defrule whatisthis

{this is CLIPS)

=3 1_| | J_E
-3 t L] '3 -[ S!ll —— s ——— -

.;pr:lntuu t "welcome in CLIPS?™) Instances [MAIN) H[=] B3

CLIPSS> [initial-object] of IMITIAL-DBJE

o | of el | i |
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a whatisthis: f-2 HAIH

a what: £-2
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