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INFERENCE BY ANALOGY AND NEGATIVE LEARNING
FOR SELECTING RETROFITTING METHOD OF STEEL BRIDGE FATIGUE DAMAGE
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By Ichizou MIKAMI, Shigenori TANAKA, Akira KURACHI, and Shinji YONEDA

The expert systems may be effectively used in the maintenance of existing
civil engineering structures, because many engineers having good and wide
knowledge are needed. In previous paper, the system for selecting the
retrofitting methods of fatigue cracking in steel bridges was constructed. The
knowledge was acquired from the 90 cases of fatigue cracking in existing steel
bridges and was represented as the causal relations in knowledge base. The
inference engine was developed to have a learning ability by using the network
model with C language.

This paper tries to progress the system for selecting retrofitting methods
of fatigue cracking in steel bridges from points of knowledge, inference, and
learning ability. The knowledge is acquired from the 165 cases for the wealth
knowledge base. The system can make inference by analogy in this new knowledge
base. An inference engine was developed to have new learning ability, i.e. the
positive and negative learning. The present system can give the suitable and
sufficient inference results.
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ATIES 32 &7, ARROUSEHBMICIT ) FEBES b - B AEEE /AT L BELR Y

SOERD) T, VAT LAOHERTY VI EEhicd, DEOBHPENRE, AN AN ORRRIEES
BiTbhTOEh -7t AR 2R IREEMFEODH 5 2HEANETEL THBIETTHD, BhH S 41
HFEPEETEI TV ALEBTVEL., oL REEIOBRShIRy VT2 53R TE S
WRERELE L TRV BFEVRATLY TR, 2O%y NI~ OABERAEMS 720, FEHTS
ZEitEkoT, XDBRERRy NI INEEBRT 5. TO¥FHELE, VRATLIERERZ, MR
PERIZE D & S ICBROESETET 5. L L, ZO¥FHETHEEZL NI TXTOMROESH
EdsTLEL, HRERE L TEE LLRVRE TH OO B AEEEND - 1.

AR TIR, BV RTLY 2H% - R - FEO3SOOET, LDFEELLDOICTBIHEHET 5.
39, MR- ROHEAELESBL 20, BHEOEN 16647 10 P L, ZOHEFloFREER
LCHEMBICEAMNTE L, REBEENEEL TH AL EIDFREARII OV THERETIL T 3.
wic, RRBFELY TREFHTERVL2EMISY LTI, SFRREEERTX3L5L, EI05HR
MREERT 3. AR~ ROEEICEHETHERT VU OEEE I L X |, STR12) TRET L -8R
HHER'S P BERRICT . X5, FHELTE, MRERLEET X RIERELSR, RN
ERITES KO RTRFHLTTEL, HREREEET I ERESR, HEREROBE L THRLARL
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2.1 HFBR—-RORE

B 25 L% T, BEOHEHLVE S NI REMFEE L CHBN—- i s hie, ELK
WEOFFZ, 1 THEAT IR NITHAREENS 2 & LTERBIN . HARBRRIRSEEE (R
W51 0 2B OMBETEBL, KEIIEMS(positive, negative), B, BiEMcEIlIhTH 3.
ARRTE, HFNN—-ROEE2EEXE37-DIROBEEML 72

2.1.1 HEBFROEAMT

B 272 Tld, TRRD K92 R OoFRELPTEE2ETHOLLT, LHEBOBEKROEA
(necessity, high possibility, possibility, low possibility)?kZ 33X I ->TWv. LiL, £
BICHIRRAN—~ X CEBINITNTOERIE 1 HEFEOEA (possibility) TERBxhTh iz, EXhi-IR
BEHOTF— 71 3RONS D, HEBRICES SO 2-DICHERERIZLVLOT, X THREHE
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2.1.2 HRBROIEOARROIIRL
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2.1.3 AEBRIcX3HHOER

R 27 05 OFI#EN -2z, TRAD S5 3ERE BRI LB3ERED 131 ORREFELL
THBNERB IO TV, Cok) BHARMGRE, FRLEROBOMFEEXRIT 30T, RREBIHE
EECEREE L2 EEMIc Y s MHRIEEH ez, LM LERICE, FRESIEZEMOBERLLIE
FEHREEIET 25405509 TH 5.

ZIC, RRERZERME IIERE L8 3 ERAC

BWT, HE3RHAPEEShNILTEEIHLBRH
BOET 3354, TARSIEVMRIICBTH 2] &
SBMEAAAMEE LT TBRAIKEENS) LEHET

5ZLKT 5. AW, Figl OXSFRELEZE \\\

FZPHEEEL, BRLEZBRANB, T%, 20 =

IHLOTHA, EREELTVWRELEBETENE, S8

B 5B SN B MFER VT, HIK &5 3 BHER R B
B2 BRI OF-BREERT 52 ENTE B,

Bifr v 27 LT, HEEREXE 2 ERICBY 344

RIEER LN ER & OBIRERBT 57DICPL%  Fig1 Inclusion Property of Cause and Result.
BHFHEER2XS Ui, gl cEBdsI i

ThiE, HEBERE LTI DIEEDEEM08TES L
B,

2.2 Ry bI—-IDER
B 25 L5 TR, %R A EEXINHRBFENS Table 1 KRT LI, EXoha - H
c RHBEMERERX B, FOREE, *v b2, KERBOREEFREZ IhSERIN LY - B X
BERIC L DRI 5.

Table 1 Defined Relation and Generated Relation

Defined relation | Reverse relation Inversed relation Contraposition relation
A—N—B A<—P—8B not A—P—> not B not A <—N— not B
A—H—B A<—P—3
A—P—3B A<—P—3
A—L—B A<—Lt—3B

N :necessity  H : high possibility P : possibility L : low possibility
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AVRTLTH, SN — RIS PR Factors of cause Factors of result
AT ZOT, BABRDSFIAM o
HOMBRELEAHESLS10T 5. bd - ()—(2)—
3, Fig 1 IORT & 3 A SBIHHMEHN S
—2IEARIhTEhIE, £Ih56 Fig2
DX D TR DB Z RS 5 2 &NT
&%, oL, ZouABRiciELh
MREDBIRIH LT, EEBINH ——> necessity
R & [ABkIc, Table 1 1oRdad -3 -
MEPMEEERTEE X HIT B,

Fig 2 Relation Generated by Inclusion Property.

2.3 fBgREOm L

B 2505 ¢, BREIhloxy bI— 2 BRI hEEfact) BANTEIhB &, RHcES (R
Rickd, AhEhi-FBENLSFRy VU~ 72U DRERRETS. 2L, RKEHOREE, AH—-2ic
EBEINTHIEMS, B BHEECEBEEZNZTEBRIN 3. Bl fact, necessity hypo, high pos-
sibility hypo, possibility hypo, low possibility hypo, unknown DOCEETEBET 3. Xv +I—0%
Az, WHBZEBRZITNTULNS. HROBE, [GHROREN—BHCEZ SRV EXE, D
DN BB BT, BIEROIRBICHT 2, B EESEN | DIIES N, RREIHGRER S
5.
K27 LT, SEBEFRENHEN—ZEEL, €I SHBIRTOMREERL, X5 &
EBER L ERT 5. 25 LT, RRMERET CRFER CEBRVERNOMRNIRE TR ADT, £0H
A IS SHEHRTOUT, BRI TERICE 3. Xy MU= 7 2UD BN GHRRELT > T BB
IESCBEOBE, *v 72K L TV 3 2HBNRRBERICL 2 00, EFERICLDERS
12bOhEHBL, GBI DERINBEENSKE 2y NIV DBEE, WBRXERTHIN
ESIEHIE LN SHREIT > T WHBEDRTVERITU S I8WDT, HRDETIEL B3,
Fi, BV AT MCBU2HICES S BR G, #A4oRHE & 2 HROBUMROEA N EIEVES
Iid, SR IEHEER S b o e, SR EEZ3X51KT 5. Chid, 2.1 2 TEELHEF
IR RICRIRS B 51D TH 5.

2.4 ¥EBrEomE

BHFY 27 L% TlE, BEMICESOIHERERMBE TERVLK I WEEICE, YXTALEREER
THEHIBRBLILH TS, JOHRFE R, EREIEREROBEERRYVIES L5 2HHORM
FROEANETIEEN S, 2F 0, FRIGAS XS 2THBEOMROEANR T NS, Z DB, ER&
LTHR 7GR, HBE5Z Z0RENS 23X TORBERET 2MROESIHRICLS. 0D,
EZZONBZ3TXTCOMEOEASE FIF2 2 Eickih, BHIXh - FENSEZL SN E3TXTORMELGNS
I3,

CCRERENERE, EREREEECT L ORERESZ, HERESEFEVIERIGES XHIT A0
i [EOFE) Thor. —F, HREREEETIEHRESL, HERBROBE LEShENIIK
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3. HIBORF LATHAA

3.1 HEMBROEAM
WEOODOIBBEEH 1o, FilccHEHEm
Z 11650 1D 2R E LTHL,
BEIRER IO IEREREFRICESHT
2 M ORI ESL M 3.
HAMfTOkY, IXTCOREBFKIETL
T, HBOZERI6KELIFOEEEHE], 70
MOTHEETO LD, SUELIBOHDE 3D
oA, FhEhl, 2, SHELAMEEZ
5. IRL, BEERRUCHHNARLE

Fhost L TIR19694ELIRT O & D LBz ik 5

» L HARMRICHEY T 2T XCOFHERD
JHL, BHICEL SN TWAEEET T
&9 5. COARFEEAME (effective
extent) &EET 3. kL, BEERLE
LTABMR T 4 T— VRS2 5h, i
FELELTA My TR IR I h 7546
A, A L II6HELIRTIC 54, 700579
FETIC8 M, SUELIEEIC | FRAE L 785G
COREBROAIEL (5 X1 +8X2+
1 X 3=24) LEIh3.
165DHFHIERX, LT 2T XTCOHERE
BRI OWCHMELRREL L, AELRER
E U JEH (frequency) & L CHERT % &
Table 2 DX 312553, HXFEH (relative
frequency), BHENKZVL LD LORH
HIN B (cumulated relative frequency) &
skedtz. Table 2 DF — ¥ R HRIE LM,
B S AR & DR T 5 & Fig. 3
D&Y, FHELBEHENEREOH
BRI TERTE 2 b B,
BORENTE L TEL LN, Bt
fEC LI J T, BEEE S, 10,
WETRYZ &L, 1~5EDHD% low
possibility, 6 ~10ED & D% possibility,
11~20550 6 D% high possibility, 2101
EDHD% necessity & L7
ZDXHKEHFE L IFERE Table 3
~Table 6 KKRY. XPOELES > &, &

Table 2 Frequency Distribution

Egiice‘t&ve Brequency | Relative frequency am%::due‘r;}l’atwe
(1) @) [&)] )
0 6386 6.713 1.000
1 41 0.046 0.2817
2 48 0.051 0.241
3 32 0.036 0.190
4 15 0.167 0.154
5 12 0.134 0.137
[ 14 0.018 0.124
K 12 0.0138 0.108
8 6 0.007 0.095
8 15 0.017 0.088
10 8 0.0089 0.071!
11 4 0.004 0.083
12 5 0.008 0.058
138 1 0.001 0.052
14 5 0.0086 0.051
15 3 0.003 0.046
186 2 0.002 0.042
17 1 0.001 0.040
18 2 0.001! 0.039
19 1 0.001 0.037
20 7 0.008 0.0386
22 1 0.001 0.028
23 5 0.008 0.027
24 1 0.001 0.021
28 1 0.001 0.0290
217 2 0.002 6.019
28 1 0.001 0.017
29 i 0.001 0.018
33 1 0.001 0.015
34 1 0.001 0.013
386 1 0.001 0.012
37 1 0.001! 0.011
41 1 0.001 0.010
45 1 0.001 0.0089
59 1 0.001 6.008
106 1 0.001 0.007
114 1 0.001 0.006
116 1 0.001 0.004
120 1 0.001 0.0038
131 1 0.001 0.002
157 1 0.001 0.001
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Fig 3 Relation between Effective Extent
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ZIE Table 3 T, Cause of cracking
(HBERA) — Applied force to the
joint BEFOERT) OREBETH 2
ZEHEYT. @l necessity, ©lhigh

Table 3 Causal Relation from Cause of Cracking
to Applied Force to the Joint.

Applied force to the joint

PN Sy Tee joint Butt joint [ Lap joint
possibility, Ol possibility, Al Cause of cracking /S oo o NI
low possibility OEAEEY. 1, A | vibration due to wind 0 A
Table 3 & Table b @@, @ & id#k B | live load c|e A o
%@(Emﬁmﬁﬁ%y Table 6@%{?‘% a, C | vibration due to earthquake A
D | low temperature JaN A
b ERHFOBEBRXOEREENET "5 | od distribation oo alo
hEST. D F | defect of structural detail ©|®|0|A
G | secondary deformation Al O
N H | inferior quarity of the material A A AN
3.2 RRBMFOLOHRMOBE I | welding defect ala ale|ala
10T, BRE AL EHEN J | fablication error A
TBRAShTOWEBWI L ARL, o K |shiein and hndling o
~ L | stress concentration Q@i A Ole|a |0
0)1%%' %Egﬁ%b\%b EXL2 t) D& M | secondary stress concentration [ N ] O
A7, HARMZRENED SN ORER N | secondary stress oO|e|O0|a A
‘:li, %;Eﬁ%b\“%:ﬁzg nt 2 Eﬁsﬁ@ﬂg{g{‘: O | secondary stress due to buckling| A | O
%‘ﬁ]%"\*‘XKJEjJH?_% Dk %’ ﬂ& P |residual stress A
Table 4 Causal Relation from Cause of Cracking
to Retrofitting Method.
Cause of cracking
Retrofitting methods « Ua[B]cID[E[F|G[H]I JIK|LIM|N{O|P
1 | stop hole © AlO|@|O © Oj0|e|e|Aa
2 | gouging e AlA [O3% }
3 | grinding A© O O|0|a|@®
4 | peening Ay A A
5 | longthening web gaps AlA O
8 | extending web thickness A A
7 | coring A A A
8 | rewelding A® [ 2N J A|O ©l®e|o
9 | welding(flange-stiffeners) O O
10 | remelting PN A A
11 | splice plate with stiffeners A AN
12 | H.T.bolt AlO o|oclAa|lAa|O AlQ|ICI®|O
13 | splice plate N|® A|© O OlaAI©lO
14 | insert plate A A AN
15 | tied by cable A A
16 | moment plate(main girder-floor beam) @ C o
17 | moment plate(main girder-bracing) Ol|0 e}
18 | moment plate(main girder-diaphragm) A A
19 | moment plate(arch rib-floor beam) PaN O
20 | replacement of shoe AN AN
21 | replacesent of main girder A A AN
22 | replacement of splice plate A A
23 | new stiffeners PN FaN A P A
24 | vibration proof (e.g. damper) A A
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Table 5 Causal Relation from Applied Force
to the joint to Retrofitting Method.

Table 6 Causal Relation from
Cracking Mode to Retrofitting Method.

Applied force to the joint .
/ — — — Cracking mode
Retrofitting Tee joint Butt joint | Lap joint /
methods 0|0l l0®| ®|® fees S
Retrofitting a|bjc|diftglh|i]i
1 @A | A methods
2 O|®© A 1 Cle|o|o|o JaN
3 Cioe |0 2 JAN QA A
4 A A A 3 OojaAl@|A
5 Al A 4 AlA A
6 A 5 AlA
7 A 6 A
8 © 1@ |A|A O 7 Py
9 A O 8 A®|©0|A A0
10 A 9 AlA|ON|A
11 A 10 A
12 ol A|O A 1 A
13 cltoe|a|aAa 12 Oole|0|Aa Cia
14 A 13 Q|o|Aa|A A
15 A 14 A
18 ©|0 15 A JaA
17 Al A 18 O|o|a
18 A 17 O
18 A 18 A
20 A 18 P2y
21 A 20 AN
22 A 21 A
23 Al A 22 A
24 A 23 AlA
24 A
ROEAL 1 FEOED low possibil- ‘
) ; o Cause of cracking
1ty%£}15 7 tz‘li’ Table 4 ®"A” Fv@bration due to vibration due to
® vibration due to wind (Jﬂl:J: 5&_; wind live load earthquake low temperature
)& 1" Ostop hole(R b v Fok—1) (v ] Lww [ Jole
P& 5 HRMFEABD S0V BE, datcibition.  sthuctursl detail  aoformbion  of she mierial’
A & 2873 5 IEEV ATRERET 2 | [tav | [wawor | [ mv | [T o |
v THE-ITRIEVD ) &0 BRI
I L’C%%‘é‘é welding defect  fablication error shipping and handling
LM L N

3.3 UAMMROD ZHAMORE

BRI 27 4% i3, IBEERAND Fig 4 Inclusion Property in Cause of Cracking

BHOENME LD TEZ TR
i, ANERENNERE O OMIGESREET 35l

3. LU, Figd WrRTEIBEE@ERVCERT 2 -

PUEET 20T TR -TEX DS TH
EXTEBDT, HBERE 1S &0 3

CENTES. TOMR FBRAMOKRMEREDABRE Fig5 WRTL I KEREINS.
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4. Mo vromkb

4.1 B &  OABIROMR
HFAN— g sl b DI A#E

AL THIE, AaBRick oAk Case of cracking
Bxternal cause to the joint

Internal cause

U CH7- 1 HBERAE R T & 5. K
Xhkry PI—2icbne, REME
TEBIN 2FHBOMEER, T58

Fick DEREI N 2 TE OB & Retrofitting method Recomending
L, HRDEXFChohRIEN S, | oo tong mthod

HwlREhizxy b2 icBllX N
BENATEINZ L, BEHICED BT
WEOBEEEXLENSORy b T— Fig 5 A Causal Network Model
2 >TNL . BIFE~TUSNBA for Reasoning Retrofitting Method.
B3 fact WA N ALEICK D, W
BUHBEDH B, WBBEDITOEED,
2 WL clsh 3,

e 2 Fig. 203y b7 T
2 fact AT XINBE, Fig 6 iR
TEIK TA>B1 HlLSEL. Thid,
TS h I BEE LTRELTE
D, "TA"HhORELEXTTTERT VNI
WhHBEEZ N BE B E2H##RT 2
BEEREN. S%0, TA>BI Ol T traced e > untraced
g ZAEDB DO TSI, ZO
Ik, AERTERERIOIBRITER
LLTIRTUshifERIh D, BF
PAfRIC K DERI N ABRIE, BELT
WM ZAEOIVEIRITN ST, HREREEERICTE &0 TESE. —H, " T 56, T—>Al, T
E) 0 bo0BbilinitshxNs. Zhit "I ROIEBRINITA TH A0 E"Th 3 AHTHD,
ELLOELHRT ILEND BIcDIlsh B,

o> Defined causal relation

Fig 6 Inclusion Property Interpretation.

4.2 BRFEICES CBR
FTRFBEEOFELEAOFED 20124 5. EOFEOBEIIERE L5 2E MBI positive T
b0, AOFHOBEIIERE LTEHZ 3EBE negative TH3. ELL0¥EHCBWCH, FRES5Z
LIRGROERSD, HROIE, positive THolzh, negative TH-oTehEXBIL TEX 2 NENDH 3.
PUTFTI, Flg T WWRTEBEREFAVERVTY AT LAMTHFEEHHT 3. RS hiexy b —2
I, Bl hi-FEEUCRGHIA, alic fact BADEh, HOX I SHERERNEOhI LTS K
HROLA, alld B B 2% T
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4.2.1 Fo¥EF
(1) HBHOEMBD positive DBE

GO
— —p

Eﬁ@%ﬁ-i 51&%%17‘?&%‘341 =T low possibility possibility possibility
Ef5 positive 2#ETWBLE, £ * t ‘E ?

DIGEEA root LT, S92 kS
w 29 470, leaf &72BGHAE

—fe e —H— ———— «P—
—t> i —ps N ps

e leaf 2B EZATN low possibility high possibility necessity possibility
v by VIR TS B, leal & t % t $

. —p— H e
Mg 2440, IREEOREHD fact (z¢) A a
F721% necessity hypo T 354 possibility high possibility t % \fact possibility

» Ry b= OREDHETH
3. leaf DIRAED fact F 713 ne-

cessity hypo THh HBEFHFX possibility
ﬁéﬁ%& LT’ %0&%%%&?‘ @ means positive hypothesis, and

3 means negative hypothesis.

L9 XCOMBEOESNL S 7 b

Foh3 %@f‘[ﬂ@ﬁ%bliﬁ‘ LTt , o indicates [attribute, attribute valuel.
A OBIEBITOIEL. W) OFEHEIC Fig 7 Hypotheses Determined in a Network Model.
BT 2BRRIFEIEIRBICHD

BIfREA75T. 727L, v hI—
7 &l 3, B - IEROB

POBLIELSEBEEIFL Table 7 Result of Transfer Function Interpretation.
Eﬁ‘:ﬁ % —;:111 f: o] 7‘: CI:. %, E‘:{%b\lﬂ Attribute Obtained statezs)of hypothesis Determined stat(g)of hypothesis
sl = . and 9
L tL o % hu_tﬂ o fA L. 1ts(v11)alue Status Authenticity Jumber Status Authenticity
=& %1%, Table TOM(D D[V, possibility hypo negative 2
QINERETH B & VAT LHZ (o gy | il b positive 2 | ssibitity fypo segative
5. :0)&:%, Flg'niﬁﬂ‘[@, 9] low possibility hypo negative 1
. fow possibility hypo positive 1
% root & 3‘5 leaf F TOREEEN P S .
Fig. 8 ioRd Lo 2MFE LI (E. ¢] | lowpossibility by | nesative 3| possibility hypo positive
XN3. TIT roothHERENS lovpossbilis | mitive |1
ﬁ[ﬁ]@ﬂaﬁ?b\%% (l:. g mé ROUte (Z, &) low possibility hypo negative 5 low possibility hypo negative
5 < - S @, ) passlb)lzty bypo positive ! possibility hypo positive
l ‘i?gé %6ﬁ%r b D ’ -g_J\’C ' low possibility hypo j positive 1

OMROEAN1 507 EFoh 3.
Route 28[Z, x1TikE v, [H, 7]
ZEERVOE, ITIKRUBEHNULN T S7DTHS.
) IREOEMEH negative OHE

ERESZ BIRHIHERICE > THEM negative 2B T3 & %13, HELIBEMIZE S < #R> (Transfer
Function Interpretation) 2T 2 ATORGROIREE CHFH HEMNEEL 5.

@ BEHOEBIC positive DEFEET 3854

BEAL I B < BROMTOI A HIORBICHWT, ZOHEY, B positive 2 -Tohid, 20
BaR%E root ELT, (DOBEEFRBEICL TN 7 b5 w 23479,

fe&ZiE, Table 7 OM(DODOIT, I ERTHIEVRT LCHZ L%, Table T OM(3) OEHIE
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(ANE SR T2 VYT 3R 4

P RIC L AEMETE leaf root
BELTHALABENR - Potel —P— —p—

15 Zo&x, Table 7 Route 2 ) —— —P—

DR (2) DESIEALIC &S

CERELT D HTOREES Route 1 : —H—> —p—

Bes o, 7] Route 2 : —H— —p— —p
DOEREMN positive THz O Route 3 . Ca —p
REDFFET SO, Fig. 7 Route 4 : —t— —p —p

DOIT, v]DEMED posi-
tive Th A% root & Fig 8 Routes Obtained by Backtracking State Interpretation.
LTI Ty 7%LTD.
ZOEER, Fig SMITRT X I i 4EFORBMMEL NS, Route 4 WBWTIZ, ¢1&{Z, ] 2FE
CBHZTH2 I bbb oTULNZ0E, EBNRREINLTHS.

@ REROEMIT positive DELELBVLIES

ERIEALICE S  BEMTHOI BHTOREICB N T, ZORMA, B positive & 1 DbFF->THEW
BA, Ny 2 o 2idThd, AhT -y EFhicHT 3 EREREL, BURULARLT—I08E25
NEBRCZOERMEONZLIKT .

=& Z1E, Table 7 OW (D WRT[Z, kIWERTHZEHAEE, Table 7T OWMQWCHB[Z, &)
DEBN positive THARHENFEHELILVD TNy 7 b5y 7RfTHT, BHIXNWAEEN[A, ol %
DLEDEMRMN(Z, k]I THBEWHHERERTS 5.

4.2.2 BO¥H
(1) REROEAEDS negative DEE

EOFE LFERRC, EREZEZ A050% root ELTSw 759 727D, leaf OIRRED fact ¥4
I+ necessity hypo THIERFEOFHLIEIEHE LT, ZORBEBRT 2T XTOMBROELN
1oy 7 biFeha. Zhickb, negative & L TESNBREHOEHN LD, ZOREHAXDHEL &
EEXNhBI&ITiE3.

72820, [Z, kI0ERE LT negative N526M3 L, EO¥FHFDOEEZEFKI Ay 7 Iy 7%
v, BOFEEIEIRBOESLE 157 1T 5.
Q) REHOEED positive DEE

EOFEFO Q)G LRk, BB ES  BRETITORBEDRETETFAENEL 3.

© RHEOEMBIC negative DEET 25

negative OEMA% HOREE root &LT, o2 23w 7%FTS. 72& AL, Table 7 OR(DITRT
[E, el%#IEMELT negative 5% 5. Table 7 OMQ) DI RIC X 2EBLIERE L TELLE
HEDRIZZOT, Table 7 O OESIEAIZES S BRET I HIOREEERT 2. 2T [E, €]
OHEBN negative THARBOERET H0T, TOFEHE root LTy 7 FI v 0%fTH, FEEE
5.

@ FEHOEBIC negative BFLELIEVEE

ERIEML S RN TON A FIOREBIC B VT, ZORMD, Ef negative £ 1 2bF-o T WL
B&E No 2 b Iy 23TOY, ARNT—FEFCHT 3IEREREL, BURLANT—INE25
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hizB&wld, ZhbtmEREs L TEShIRVK S iIcT 3.
7. 2%, [0, QINERTHBEHI L X, BHIShAEENA, al, ZOEZDIFEMRITZ[6, 6]
THOLEWSTHREREFT 5.

5 YRT LOESTLIHE

27 0% Table 8 ICRT 2 DOEBICH I 2ABHHICH LTEITL, ZOBRNOEKI AT L%
Bl 5. RATORRICIE, BEISHiFEEL LT, Table 8 @ Cause of cracking, Applied force to the
joint, Cracking mode % AJ1d 3.

(1) Cuyahoga River %8

[4805#R®D Cuyahoga River " X 4 KO [ Mid 575 2 8HHE TH 5. 19T ORI EEFHEIA
WL 2T~ 75 VMOBREELOBMOENY » TF v v TRCBENRRI N Jhid, B
EAOEHIcZT B OBR LoBEEL, b0 BT AREZOMOERICL Db HI NI B
ThHot. ZOBOSROERHBIEICH T2, ThULOBROEBELEHLT 27, MR REOERE
B LBBET TS L Y X DRI HETREIN. £, D TCERLBEICH L THE,
BEEEI Ry TlE S

Al itk vfifBxhi L Table 8 Fatigue Damage and Retrofitting Method .
DN T 54 > Fick b it on Existing Bridges.
toht. Ttem name Cuyahoga River Bridge Yellow Mill Pond Bridge
COREE 1 OB L, o L s
Table 8HH(2) l?jﬁ‘é"ﬁ{ﬂﬂé Type of structure composite beam composite beam
NIB/EREAALL. *&ﬁ% Load transmission cont inucus simple
Riz Fig.§ O SIEo7e. Geometrical planeform | right right
ﬁ@ﬁ&i& L‘:C’ Sto? hole, Service period 0 year 12 years
grinding (754 %), re- Damaged portion fitting of main girder fitting of main girder
welding (BEHE), H.T. bolt on skeleton | and transverse stiffener | and cover plate
GBI MR hTY Datail of damaged web plate of main girder | cover plate, tension flange
portion | transverse stiffener of main girder
5. FH O, EB - . .
L Type of joint tee joint lap joint
kﬁb?’bt?jfgﬁfffliﬁ v, Type of welding fillet weld fillet weld
rewelding . T. bo L li; Damaged element web plate of main girder | fillet weld
@D 1 A Y
PhlBVTRRZEL B Cause of cracking shipping and handling, live load,
WETHB., LL, To7 secondary stress stress concentration
{E- bR hizbiT Applied force ® ®
. to the joint
TiiEWL. Thbb, ANT .
) . Cracking mode @ @)
—¥DFE LT, IEfEDN stop
Lo Cracking direction parallel to welding parallel to welding
hole, grinding, H.T.boltT Year boil 1 - 958
) ear built in
HLEFLFNHET B, F yw— 1 - y
o - . stop hole, replacement of main girder,
te, ANIT—5D3b 128 Cotrof o prinding | peinin?‘e“ ° sirder
N etrofitti ting,
UHRIED, WEHKELT e ﬁf’%‘?mﬂ; and
- i t
rewelding DVERH X T iS5 e

WEET S, Lizd-T, #
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FOHRFOLEHEIC LT, ADT
—ZREH L TBREIBIELNT
W3 litk s,

(2) Yellow Mill Pond#&

Yellow Mill Pond#&™ ® 1319564F
MO IBTEDMICEFZ XN, 19584
1 A EHABth = h /- EAHTE T
5. ZOBTIE BRONN-T
U — bmOEEILER SRR
DR L7z, Tho0lyazlig,
b I RBENERKCH -2 &
ERBID I N — T L — MEOR T
BEOTHEAAED - 12 2 LR
3. D TETBENMEL 1K
ONEIDEZ Sh, KEVLEZMN
ELTWS IRDONIL, EHARL
FRHOTCY 278X 75 IR
BEvasLlickofiEshri.
NS BEHI L Tid peening(E
==V, HTREHOBEH
LTl Gas Tungsten Arc Remelted
(GTAR)YEIC X AHENTTHON -

ZOWEE 2 OHFIE L, Table 8
O IRT &3 Bl hi-E
EEAS LT HaRESREIE Fig. 10
DOEHE -7 FEREELT,
DRBEDRRN T OB Lh TV 3,
EEICRR XN AR Table
8 IR LHICEDHBH, THOD
i3 Zo5 5 H T.bolt &splice
plate LAEFhTLEL, O
Hahiz $ oO®BE Ak Fig 10
TREW RO EE X h i &

LTLAELATHEL. 20k
BRI 7D, FEHLLR

BOHHEIE N DTD 2.
COEIBHEIIE, VAT L
FREER5Z TFHXENIEL L. £
9, ERATbh BT 5
peening, remelting (FiIARE), re-

Status
fact

necessity hypo

high possibility hypo

possibility hypo

low possibility hypo

N

Authenticity Attribute Attribute value
positive  cause shipping and handling
positive  cause secondary stress
positive  force Jjoint3
positive  cracking d
positive  method rewelding
positive  method H.T.bolt
positive  method gouging
positive  method splice plate
positive  method moment plate(main girder-floor beam)
positive  method longthening web gaps
positive  method welding (flange-stiffeners)
positive  method moment plate(main girder-bracing)
positive  cause vibration due to wind
negative  method peening
negative  method extending web thickness
negative  method coring
negative  method remelting
negative  method splice plate with stiffeners
negative  method insert plate
negative  method tying cable
negative  method moment plate(main girder-diaphragm)
negative  method moment plate(arch rib-floor beam)
negative  method replacement of shoe
negative  method replacement of main girder
negative  method replacement of splice plate
negative  method new stiffeners
negative  method yibration proof (e.g. damper)
positive  cause residual stress

_/

Fig 9 First inference

Result for Cuyahoga River Bridge.

Status
fact

necessity hypo

high possibility hypo
possibility hypo

low possibility hypo

-

Authenticity Attribute Attribute value
positive  cause live load
positive  cause stress concentration
positive  force jointi2
positive  cracking i
positive stop hole
positive gouging
positive grinding

PO

positive moment p main girder-floor beam) —
positive  cause secondary stress concentration
positive force jointy

positive  method  longthening web gaps

positive method  welding(flange-stiffeners)

positive  method  moment plate(main girder-bracing)
positive  cause vibration due to wind

g R peding -

extending veb thickness
coring

negative
negative

Heg BE:

negative  method splice plate with stiffeners
negative  method insert plate

negative  method tying cable

negative  method moment plate(main girder~diaphragm)
negative  method moment plate(arch rib~floor beam)
negative  method replacement of shoe

negative  method replacement of splice plate
negative  method new stiffeners

negative  method vibration proof (e.g. damper)
positive vibration due to earthquske

/

Fig 10 First inference Result for Yellow Mill Pond Bridge.
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placement of main girder (F#iD e
TR EZIFRE L TH5Z, FO¥HE Status Authenticity Attribute Attribute value \
REWTs. SO TOo0RDIH, | Bliive o stress encentration
, i positive  force joint12
moment plate (main girder-floor positive  cracking i
=N, it: iti thod top hol
beam) (BEHiEEHTD D5y pigy) | messivhwo  positie setied  stopfole
BFEAEOT, AOFEEEHE e -
B3, FHOKEE Fig 11 R ; -
o AFE 4o g - £ .
FOFFICL > TRELENE LN, . n girder—floor beam) «—
55 - - B -
HOFF L > TRELSRBEEE positive  cause vibration due to wind
XhTw3, §hbb, BELLE :
= . . possibility hypo positive me%ﬂgg lorlxg{:her(x%xlm web %@1;? )
z “ — 3 i -stiffeners
K&oT, Fy FI—=IHEDR 533&32 :thod nw:meéggplazgg(eminlgirder—bracjm)
ﬁf&‘ 5@“&@%&2—‘5 ni-Z &b negative  cause inferior quarity of the material
3. low possibility hypo  negative method  extending thickness

negative  method coring
negative  method splice plate with stiffeners
negative mtﬂ"g insert pé‘;te

X negative  metho tying cable
6. dL % negative  method moment plate(main girder-diaphragm)
negative  method moment plate(arch rib—floor beam)
negative  method replacement of shoe
negative  method replacement of splice plate

*H%’C"‘li ﬁﬁﬁﬁ%’?ﬁ%@ﬁ{% negative  method new stiffeners
negative  method vibration proof (e.g. damper)
FEREICHET AW 2T LY positive  cause vibration due to earthquake
BU BHBA - ZPFEMEOTE : J

RRET D, VATLIBTS . _
HEORES . Heh - DM Fig 11 Inference Result afte;;f%?lliggz VLl Pond Bridge.
EAEH -7

¥, MBR-ROFEELE LT, FMENHRE LTI 0EDIER T 201, BENRRIOERE
RAEMH L BSOSO TREBIMRICESZMIT . RREMENEET 5085 M AHEEIRE, HEREEEE
35 2EHMOBFEE LTEREL 351, ARMELZY TRERTERVERREFHEFIL - THRIL
7o, FOKE, ThETPLEBT22ORAUTWIBEERE 1 DT 3 2N T GEHEISD
- sEAN LT, BENTHANTRA 23X 3L, RAUERIITOLROLODT, HROETIEL
otz X5, BALERMWEONZK DTS TIEOEH | 2T THL, BLLERIELNITNES
293 MBOFE] WaJRE& 155 &5 IEBREER > 2T McESE L e

BEEDHE L7z AT LAOFERICE - T, BHIXWLBEENSEZSNIWBEHENELNS X WD,
I U - iE R LS BN B o B & S il -7, X508, NEQ¥H] & TADO¥E »
TRABFEBEEAR O C U AT LARFORAL Z &Ik, DESENESH, €3 LLEVLRRIEhTL
LI INHBL BT 5 LN TE

Z % X W
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