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Development of Seismic Diagnosis Method for Bridge Structures
Based on GIS Database and Evaluation of Damage Probability Matrix
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A lot of bridge structures have been heavily damaged during the Hyogo-Ken Nanbu Earthquake. Japan
Society of Civil Engineers Published the "Proposal on Earthquake Resistance for Civil Engineering
Structures” and exposed a basic concept of the seismic diagnosis and strengthening for existing civil
engineering structures . According to it, seismic diagnosis must be carried out by two kinds of phases,
that is, "The First Phase" which is relatively rough way , and "The Second Phase" in detail.

we have made a GIS database on damaged bridge structures and
examined damage factors through a statistical analysis. This paper aims to develop a seismic diagnosis

Under these circumstances,
method based on those research results, which corresponds to "The First Phase" of the diagnosis.
For bridge columns, seismic diagnosis flow is proposed and various kinds of bridge columms are

divided into some groups. Moreover , for RC single columns, "Damage Probability Matrix" is

proposed, which is useful to determine the priority of seismic strengthening strategy.
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[#2m7 70 —%]

{ FRAEDOELE |

X4 XEHWERZBOCBHOMERZEY 7 v —

As, AFIED
R C B#H{EmM

C-cs

R O
HEHT (44/0/0/0) =44
R-bs-M R-bs-S R-f C-f
g @ eV @ || MgV Q@ || i @@
(0/7/0/0) 0/1/3/1) ©/0/4/1) 0/0/20/8)
¥C-: AEtE, R-: BB,

CS Brdk & UIRAREE (REEE— FQ®) (cutoff-point, shear)
: FERRAMWIHEE (REEE— FQ®) (bottom range, shear)
f HTFEATRRNE (FRET— FOEAII®) (flexial)
O, EBRCHET— N Q/Q/Q/DNES B
®-6 RCEEFHO 7N —7 L EBORBEE— K

-5 RCHEAFBHO 7N —T B EE

TN—T AS A B~D &5t
C-cs (D) 18 (17%) 27 (26%) 58 (56%) | 103 (100%)
R-bs-M_(®) 4(20%) 3(15%) 13 (65%) 20 (100%)
R-bs- s_@ 0( 0%) 5 (19%) 22 (81%) 27 (100%)
C-f (Q@D) 7( 3% 25(10%) | 217(87%) | 249(100%)
R-f (@@ 1(1%) 7( 8%) 82 (92%) 90 (100%)
BF 30( 6%) 67(14% | 392(80% | 489(100%)
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)T N—THNTOMREZLH IO+ ADOH#E

a) T IL— T R-bsDiit =M

I NV—7R-bs 13, BEHERCOTAMBERFRI
NBTN—TThHB., —fRICZD X 5 2BENT, HEHT
EXXHMORORERTESTS L Vo BE EET
DEHENPREL BRIBRZICHANLGNTHABREHREL
W RENEOCERL LT, MERICIEMRT S LS
EOEMNPREL RIBLEXZDHTDIT, EHEHD
R Lo TRAOMITHRES K& LEER, 18
SN AMITR TS D RBENNEL B o Z &M
EZzbh5®. E-6i%, FV—7"Rabs ICBTHHEHO
MBS %, LEEE, SOREH, BEFm, TESE
BT ANEINCEALTUTHI 7u—lThs. *
F, EEMOBSIC OV TR, HAREE L BES IS
B LZAEETY, £, BEHTOTICAET 2EHIC
DWVWTH, RESESCAMETINE I Lo THE
L. ZA—7Rbs KRTHBHOBEKEDOTL0&
I, FhENOBHNBE N TV BEERN 2 EEOEN
I doT, BENCEANTHIORBEICENTERLT
LIEEALTWALELDZ LR TE, THEBWEITH
WhHie-THIDEI EEHEERA LT, WERtkE
EIETHZEBTRETHDHEEZS.

Caz3]

(NEZM|

5>

BEEA | M 0t

Z0f

o o (m  [Coa

X OV, (AsE 7/t ABEEEIT 7% HRIB THUA DR
X-6 7 —7 R-bs NCTOMEZH 7 u—

M

b) # J— 7 C-ocsDit B

R L7227 v—7 R-bs T, #EiEH&HOEBEVIIC
kDG AMTTREDRBEICENTE I L AgEEILZ
DEERBENTEHL R TR, FA—7 Cacs IZBW
T, AT ERE LCTHESEEAY, &
KE L ORBEIONWTEEEM2X DI LITT S, K6
i, H7NV—7ERTABEICOWT, MBLSEMNCE
MO KELEH LR THD. FIEE, BN, K
Bk, ATRHNCBOWTE, BAMCBHEOmEKE
BEL 2o THOBR, TRTNRIN—T R E % I
B &, M, BEE#H, AIXRHFINBWTEINV—T
Wk - CTHEERBKEDOEIR LRV, FHRFEE
BT, C-cs DAZBOTHEERBEETHD LN
H, Zhid, BRELEERTAIA—TC-cs i,

D 7N —F AT E O/ OBEIRZ <, 7
FLEEF D & 5 72 #RE5 ik 0 SRR E ) & R o0 B B H A
B — BT 2MAmICH Y, BEL LAE OO
BINOEREBE LRER, BT ABRBEICED LW
IRAA=ALRHERTES.

#-6 SN—T RIS L B OHE 5 E O RB%

| Hgd | C-cs R-bs C—f+R-f
R ERPM - 3/15 (20%) 6/51 (12%)
R 7/18(39%) | 6/18(33%) [ 13/125 (10%)
PIERCEE [ 26/51(50%) 0/4( 0% 3/80( 4%)
EFape - - 1/13( 8%)
Db 5/12 (42%) 2/5 (40%) 8/28(29%)
ATEFHFIN 1/6(17%) 0/2.(_ 0%) 8/25 (32%)
[ R - 172G0%) | 0/6( 0%)
37 1/7(14%) 0/1( 0% 1/12( 8%)
&t 38/81(47%) | 11/42(26%) | 40/340(12%)

3){B{EMEER (Damage Probability) @ U v O XDk
52

ARG TIX, MBS X AEEHOTIRIL, MHRED
Ebox, MIOEN, BHFBEL LEATVAME
2 EERTAEEMOMBEEOIXIL &, BHOR
Ehisi: & AN B ENRHE O BR A L OER M B EEE
LA -TeRR, SBEMmicl > TRRMAZERER -5
BERETHILEZEILTVD. DI, HEYOHEMLEEE
B, Zhb0ERICERTATRREERPBR L LT,
EEROREEL LTRTHLERS Y, FAHETIImMEYE
EEOFMZ, 8E T2 MBS IcT 5 RIEMEOR
TRETHIE L L. AT, ERED, DoREE
AWTHOEINEBHO I V-7 Z LT, [RBITREN
LIBHOmKEL s v REH L, TOBREAVT T#
ERER (Damage Probability) = bV v 7 2| ZEKT
B rlickoT, MEBHEROEBLEIENGTTZ2ITH. 2,
ARFETIX, HBEIPREORBEL LT, EHLNE/RT
EEI R T, AT, EEW, BETR L
VEZT) LRESICBWTERBLET 47— MREK
FvEHERhE 7o —bEBE) " EHVWS. ZZT
Tohr— b NREIQ IX, Trr—rIVBLNBEEH
T OBEGHK 1 AROCRTERAE AV TRET
BERBCHEETAZLICE-TELRS.

10 =2.958-(1-1456)"*" 1)

LT, #BiE#E~ ) v 7 2O L 2 OF RAHE
o TlRA, ERSET RicAREINE T2
— MERER S E - THEREHRE] ¥ T, TE—RES)
V., TEIKRBE) P ONEEZIITCar s ) — MEE
WK HTHZEZE - WEARICET 3R BThh T
By, BEMPRETNEHBERER-TIORT ZER
KAELTWS. BBEEOREICRV\ T, WEMEE
1izst4 5 RAER L~V 1 IEBEC X LTy, g
B 2 B L OTHEMR 3 1o 2 BEIL V-1 2 B
HLTIT Y L ENTRY, TA¥LHBEESRNSE
R ATREREDE X F 2T O ETESHIC bR
IRERELELS-TVA, ZHRLOHES L~V L RESE
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-1 BEMORE & HEMERE"

TR R
i BtLRE | | BB LIRS T, MR LI CEATE
THEEPERE 2 | 8% (B ) S I CEIE O, MR B L L
T BEHERE 3 | MBIC J - TSR I L0
28 HAEE) L~ L RERT S STBMRONGR
E TRFEOBE 7" | SEEE L ,
ERT S REMBE | LUV LED BERS LT
| VL2 6 SLE
WL BE | MRl BRI 5 | BARDIEDS
BEMLEL ZMETE | BRECUTIED S
GBS EBETS | HIEBLITICEDS

BORAE, [BTEREREBHOBKEDCBEKRICEX
MBI LICEoT, BET L HEREAE LA X
THEEREOBMRE L0 BEMIT2 L2525, £-8
i, FRERLRAL, LRV 2 HIEE) L RRITRENE,
THEMRE 1 ~3" LBHOERE (As ~D) © OFE
BT 52X F R L b0 TH S, HBHREIC
DWNWTH, BERSTLEBER 6 ORIz L& WMEERT,
BEMRSUTE LV 1 HiIBE, BER6 LLEELN
N2 IBENCE T huatis 3, R~ mEikE
DN, WENEL1IHER LMEELEL L2y
MEKED] iz, TR 2IIMBELEL L I3
KECLUT) I, MERMERE3IIEENEFERPRELR
W TEREBUT ] WRESTAIELE LE. KIZ, &
WHZN—7Z iz, TEE#RE< M) v 7 X BER
TAHIEILE ST, MEHAOEEREMSTEITS> L
EEZD. 2B, RETIHEHBREOHKIESE, JBIT
BEBO VUV THRIICE X BT, HEEsRED
TR S FREEEROEENHERZMOBE LD LD
@ﬁ?ho&ﬁé:k%ﬁﬁékb?&év%3~%4
1, #iE - B {ic L > TN —F L LEBHEED
L, THRERE~ NI v 7R BERLELOTHS.
TN—TC-cs BT, RBTEREROEZEICL-
TEREINIHBEEBIE O A—F LS, HBSEIC
ERT 5 MBSO FHEEPEREICHEERITTLE
Z, WS L 2 OMOMELERIC X - Thlx 0B ERE
e b w7 ABMERL, £, BEET—-FRE HiCH
FRATRREETH A I A—T Cf, RS 2OV THE, =
NoZOE iz Lz, ZFHRICHEENT 25 L7240,
ERERBICRBO THEMBORR L TEBEVL
BERLTEY, BEES T TIRELECULEEH

BUAY, BEK6 BT E B AT L o
2V, BEB6TICBWTHEBAEANULEEZHFAELRY, 0% 33% 39% 41%
W 712V CIELE As ZHELRVELTED, #-12 R-bs BIEHESR (BEMK6 L)
I, RSICR LEFEHIRIS LT, S bic B R R B
3] DEEFMMEL, L0 EFRICRLELD LR 15

STWA. Fie, MUWERTOE SRS TR SN As
IN—TFR-bs iI2BWTiL, thBEFRELY L LAL

EHREE DR LICRET % 8 AT N O RHEE DA/ C 0% | 29% | 23% | 43%
RSB RE S HBTHLEXLNEDT, SA—7 D 0% 0% 15% 29%

R-bs {Z0W TG RE, MRl g2
LiBERERREAVA LT L. T ER-12ITF
F. L, BEES " OF—FB3EELRP->77D,
RETHUNBHREIBER 6 UETEELLELL
oo 2B, MBENTIEBER 6 ST AKEBL L
L TWAR, o/ v—7 LR, BERKGe T
AR EALL L, REERS 7 TRENE As ZTHBAAERO
MBLTREBELVNVET S, KRI~K-120< Y
v 7 ZMEBICR W T — 2 HRL T L b+ o ThH LT
WX RN, RAROEMELE 7 N—7 OB
EELTLOLXAILENLETHAN, ThbrAvh

#-9 C-cs BIBREN YA (TR TE)

i ]

A
'~

£~

14%
o 21% 11%
= 33% 11% 11%

#-10 C-cs RIEREN A (URFE L)

0%

Ol >iETE

< —
’

0
o 22%
100% 14% 0%

#z-11 C-f, R-fIBEMEENI2

As
A
C
D
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#-13 THEMBOEEIELL (R Cé_@iﬁﬂ,

BERK 6 XRE)

§§@m TN—T D BT — R g pER

MESZ1 | R-bs BT %1 £ 100%
2 | R-bs AT AT R Ne) 12%
3 ] C-cs ] BT R ) 38 SO 66%
4 | R-bs BT - 222 RER K NO) 62%
E1Cf, RFf|TT BEE— FQ® 41%
6 | C-cs FCER A OME | BREE— RO 28%
6 | R-bs BT - RS | BEE— FQ —28%

i, HEZEICBWCHBEMRESREL, LERHE
TEEE TR CERVERERE I N TLicRkED, T
NI L > TTHBERBROBERIBMLZRET I Z LR TE S,
Thbh, TNTAO M) v 7 ARBVNT, BRELEL
KB CH ST B OBENTE S OEE S T T
X T MEETEDHICRITS (kR LERL, 0
fERRKENH DO LIRIE, BENEMZMT Tl
Zrichd., —HlL LT, BERGS ERELEBED
ERIBM L %

NEIO TEESHESE) OEER-1BITTT. BERG6 13,
WREBULBPHARELROLE V) BB AL THBD
T, [HKEEE) OHEIIEER6 B THKE As
~BICEARERPEH L TRDE. ZOEREFIALT,
B — AR O BAL CHBOBRIEM T 21T 5 Btk
Tk, K- L BRIBAIC > THRBEITOZ L
BTED. LIBHM, FA—TR-bs BT BB,
HELEOBEIOHDRMICER LTRETD R/
72<, RERBREMMTORSICEET HRE2>TH
BHEhb, EBRICHBMMEEZERT 3 BRIz
T, D OBBEZET 2 BA TEL OBEIZ LT
BEMTHIZLEEIIREVIE S LV AEETOR
RSB EIICEbNDS. TZTEILNDREELT,
B ZTHEBHRI N — 7 OBHBESR L THEEL TS
HETRe, BRAZBRLEFBOK IR 2EREL LT
BRENOPORXMICHEIL, TORMILICR-9~
K12 AT KEEERD, ThborEBTsZ L
Lo THIRMI & OMREBEIEMZ T2 Z L3 F°
Biczd LBbhd. 2oR, R4OTHEZE 7 n—IZR
Lk 9z, FBAOLERD D LHEINABHEIC oW
Ti, BERRPEHTI Z L, BEELTHER
BMEPITHZE WD, DFY, &KL L ToOMmBELIE
Y, TH4ZX > CHRBRBLETH D & INEBH
— [RCHEMEFBHOERIEML OBV D) DIFIZ2S.

5. £&b

ATETIE, SEEREHMEIC LYK L BRI
DF—F =2 ZAVT, ERERCHET SRR
TV, ZOBRERE X BRHEDY 7 0 & AHED
BREERLE. £, EEEORBECOVTANLE
R, HEOROBEL, MOBMOBRBIHERSNT
B o FAIREMERBVWZ ML, ZOBREREL
T LERHEE & RIS BRA L TR 7 v — 512K

L7, |, BFFEZBOTT—FX—2{LENTH3
WRhEE 3 S8R, B 5 SHER, AfEE - PEE
DEBICONT, BHOEKELESHN LERER, B
FHEBCLVEREOENPHETHY, BMS5EDER
I U b D2V T, B REEIIAE T i
W2 EBmbNn. &5IT, EENRELECRBEIOMK
ERRESHETIEREFHET I D, SEENITE
BE L CHEMERIELEA L, BUTHE, B
X, BEAE - WEBROSERSHEREICRE P8
LTWAZ LR, £IC, ThbEMESE DR
BL LTHVWEBHOMESEY 7 2w —2/E/K L, Xbig,
BHBXBIORE L LT, EFBYEOERICER LR
CEMEBHIC OV TIHEZE e A ZHE L. 20
B, RCBHOBEKES RS < EATHRMEE— Mok
HLT, RCEFEBHZW OIrDIA—FIZHEL,
I HREDITN—THNTHEE - BRFEEER L0
B{Tofe. ZHLTHEINEITN—FT LT, #HkE
CREMBERES 7 v AEH L TRD L THRERSE
(Damage Probability) = bV » 7 A &{ERKL, BE
T 5 HIBENIRE Z L T EROBENEMAHT EIT O F
EERELRL.

BEIHR)

N AELSHBEEERMEET « TAAEEDHOTHBELRE
ZBICHETHRE, RFESFE vol. 80, WRTETR

) EAFESTBREESRNSE « TAREY OB
BT s TERIRE) , LA%ESEE vol. 81, K8
£28

AP E R T ERERFR L AREE LERFE T HES
WIRER : MFRFELERRERENHEREERE
W|EE (B2H) , PP.200~206, FERKT4E3A
HEREREHS  EREGELAREE (BITIRE) |
PP. 93~120, HBRFI634E2 S

5)8 B ETRARATI, WERkTE5A208

6)EAZES : ar s ) — MEEHOMRERESH (B) ,
ay V= 7477V —, H81T, FRT4EI0A
TWEHE, #EH—, EBR, BEEE : RCO%kE
MHEEEZE LT REOEE, TARESESERERSE
iskiES, PP. V-998~999, YERL84E9H17H

8)m HERR, M, MAEAN, HB)IFE:GIST
= R— 2D IRAPEIEE R 3 S RO SRR
S, MFRFERBRFEREAREE KERHIHESY
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OAARIEAN, F)IFEM, BEHER, ENME:GISE
FAW- SRR RT3 1T A B RO KBRS & Wt
BRUWO VAT HME, B - RERBRICE T 5 %4H
HEEWMCE, PP.227~234, WRKOELA

10)ERE—, BIIES, KERME, LBRLHE : #FGO
WeE LB, LAEEEE vol 80, pp.54~62, FRLT
7R

INAEEEEZIES - i - REERBERICIIT B K - 4
HERET - HTMEREBOREL S BROBREFODYFH, K
o IR RBRICEE T 2 FINBESIRUE, PP. 279~28
6, FE8E1H

12) AW B T 7EE o & — B st s & Lk
B EBRBRSEVHBERFBOBETHEICONT,
PP. 64~65, YRZ8E&E11H

B EAERBS  ERBEICIRER BREBR ,
PP. 78~79, WEfn634E2A

M4)EPE, BARSZ : KHERANAFT 7 - 2EE
fEMT, FLITHAR, PP. 160~167, FRET4E5H

15AE, sE—, MR-, KAHEE: a2

— MBI O EDORY, TARFSEE vol 80, PP. 11~1

4, YERRT4E4H

16EFM, WER, FLEEZ, THKE, $HEERD:

R CIBEEE OFEAEYT, Rt - MBRKERIZBET3
HWFHBHEHRE, PP.265~272, WR94ELHR
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Vir— NBEST L O, TRSERITE XEERSE
WS, PP.1-2-1~1-2-2, Emk84E5A
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B OBEONHE, EERFETERHERSE 928,
BEFn534E7 H10A

19)tEAZERa 7 V- NEEL
HEGBERFR, THSETA
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