BETHRNE Vol.38 A (199243 A) TRES

MR BRORE HbER Y A7 ACBY SHROBAA

KNOWLEDGE REUSING FOR SELECTING SYSTEM OF RETROFITTING METHOD
IN STEEL BRIDGE FATIGUE DAMAGE

= kit EeRREt dEREE— WP
By Ichizou MIKAMI, Shigenori TANAKA, Hidekazu KITAGISHI, and Kazuhito KANBE

We have studied a technique to obtain and adjust the professional knowledge
from the 90 cases on fatigue cracking. In the past paper, for a system to
select the reasonable retrofitting methods, we constructed a neural network
model and developed an inference engine. The inference engine has the learning
ability and thus the system can be improved. The inference engine is able to
treat the complicated network and to give the more flexible inference results
than the results from the simple matching technique. But we can not obtain
secondary results or value-added information by the inference engine.

In the present paper, we pay attention to a model-based reasoning on
qualitative reasoning. The inference engine is restructured to have a model-
based reasoning ability, and a knowledge structured model is generated by causal
relation. We are able to get inference results including secondary knowledge
and value-added knowledge. The new inference engine is developed here in the C
language on an UNIX workstation.
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Fig.1 Hierarchy Structure of Causal Network and Knowledge Structured Model
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about Inference Retrofitting Method of Optimum State Interpretation

—536—



BRIM-1M-2] 2 R (AhOOEE I EBY)d 5. FERkic LT, [M-1&M-5], M-28M-5]1% R (HH®)F
h3,

Fro, WBEREM-11E M2 T, FrckRIh2BELE M-16M-211E, Table 2I0RdHME
2HobDET .

Table 2 Status of Retrofitting Method (M-18M-2)

M—2
necessity_hypo high_possibility_hypo possibility_hypo low_possibility_hypo
necessity_hypo necessity_hypo high_possibility_hypo high_possibility_hypo possibility_hypo
M | high_possibility_hypo high_possibility_hypo high_possibility_hypo possibility_hypo possibility_hypo
possibility_hypo high_possibility_hypo possibility_hypo possibility_hypo low_possibility_hypo
low_possibility_hypo possibility_hypo possibility_hypo low_possibility hypo low_possibility_hypo

3.4.2 MAREERFORENEThIEWVES

Pig. 8iTRT &SI, 8.4 1 DBAOKRITEECPig. NEREHALTH A, ROETRERS. BEILR
R XA HRBROR @FO) 0 M-1], M2kEREEE5 ATV AREER ~2 ®+0, @)%
BRL, 4 >0BEBEROELEHEEIC, £heh 2 oL EoikiFEd 2BEER HE, @0MH TR
HBFAR, M-1], M-2028R Ui/ 18R M-18M-2) 2 5k (RO o #E# i E80) 4 5.

Knowledge Structured Model

Inference Result of Inference Result of .
i Maximm State I[nterpretation

Optimm State Interpretation

Method Method
it high_possibility hypo M-l
) ity high_possibility_hypo M-2
possibili ®| possibility hypo M-3
possibility_hypo possibility_hypo W5
possibility_hypo possibility hypo M6
i b
levely A J T~_ N TV
Tact B-1 Level 1
possibility_hypo E-2 act E-1
Level 2 possibility_hypo E-2
Tact 1-2 Level 2
® possibility hypo -3 Tact 1-2
orce possibility_hypo 1-3
fact E-1 Force
possibility_hypo P2 Tact F-1
Made possibility_hypo B2
possibility hypo C-1 Mode
fact C-2 passibility_hypo C-1
fact c-2

Fig.8 Maximum State Interpretation on not at all necessity_hypo Result
about Inference Retrofitting Method of Optimum State Interpretation

—537—



8.5 [HHEER

BAMURR, REARR, BACBRLEERBROEL, E0X5 RGEROEBRERI THRIL
rAhOEHES X AMELEX 5.

Pig. QIR T & 5 KBAMBRIC X 2HRER PO, @) 2flics b, FRERORITEREHIT
3. 7, MEFEM-1ICHT 2RBBETT v Fie. 1O0F ) ohOBRBERT -2 (RH@) %22
BL, oBBERT -2 tNFQIRTREERZEK L, {ET 2 8EER (QhOOME T i 7%
M-1)iBEg 2 FBMEAF@) & LTHFX 5.

Inference Result of .
Maximm State Interpretation

Inference Result of
Method B R Kaowledge Structured Model Information Interpretation
T Righ passibi It RYpe el
high_possibility_hyea M-2 Methed
possibility hypo W3 S
@ necessity hypo M-5
possibility_hypo M6 Level 1
high_possibility hypo ~ M-14M-2 act E-l
high_possibility hypo ~M-18M-5 possibility hypo E-2
high_possibility_hypo ~ M-28#-5 Level 2
Level 1 ® F o -
ve orce
Tact E-1 fact B-{
Lepo?s;bility_hypo £-2 possibility_hypo F-2
ve. Mode
oln act 1-2 possibility_hypo g-%
orce 7 act X
“act £l [ c-3 !
possibility_wpo -2
possibility_hypo F-3
Mode
~possibility_hypo C-1
fact c-2

Fig.9 Information Interpretation

4, YRFAOHREET

41 vRFLADOEE

BELER Y VRE, BEOHR- Y/ TEELCAMEBEERALT. MBBEET Vv E2ERL,
LOEFAMERWT, BMUER, BELER, BALERS XUHHERELET 3. coffm vy
i, CEFETHREIN, AfEEes7 VIdFig 10IKR$ 7 — 4 #5% (Knowledge Structured Model) TSR L
1z,

Knowledge Structured Model (Fig.10) &, ®HEHRICET 2B GEeT L THY, HEYELSZIT 5
BERDT — 4 2HRFLTWS, RISRTHEZIDM Method structure) iZEFEHEER L, obj termiZii,
b HFEFEORRIRM, Ha Bl BEETREIhS. £/, 508 LH0HOMNBEERTT F
L Zbackward & forward% 8% L T, HEORBEFEOHEELEF = — D L) IK2RIF 3.

BRic R8P D 4 BE O (Level 1 structure, Level 2 structure, Force structure, Mode
structure) i, MEHECEEEEERITHREERNTHS. BROANERICET 57— &, Level
1 structure OF — s BELLTELON, JOF— I BEOEFHOBBEERD 7 F L X HMethod
structuredlevel | pathitEZ S5hd. DL i, BRONWER, RFOERIB LUBRERRICHE
T557 -2, #hFh, Level 2 structure, Force structure, Mode structure O — s BiEE LTS
Zohs,

Fig. WO &S BF— s BEREHET AL ko> T, FROMEHELSE D &5 WRFEERT — 4 g
BReZITWAY, BRI ENTE S, £, TFVRRERTBREIT, F2—ViERBOR
EhA, F— 5 ORAPHBRMERIITAS LV IRNEDL 5 5.

—538—



Wethod structure
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Fig.10 Knowledge Structured Model

4.2 YRFADET

Table SIKRTRBAE'Y 2HICE-T, v
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MDExternal cause of cracking, Internal cause
of cracking, Applied force to the joint,
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Level 1 structure

Level 2 structure

Farce structure

Mode structure

Table 3 Example of Patigue Damage on Existing Bridge

Item name

Mukojima Bridge (JAPAN)

Type of structure

Damaged portion
on skeleton

Damaged element

connection hanger
with main girder

gusset plate and top
flange on main girder

gusset plate

External cause of cracking

vibration due to wind

Cracking mode (f)
Cracking direction vertical
Year built in 1968

Retrofitting method

tying by cable
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