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Synopsis
The wind characteristics which should be required for the estimation of wind-induced
failure of bridge structures were discussed from the statistic and probabilistic point of view.
Furthermore, the method for the evaluation of bridge reliability was developed here in use of
data of wind characteristics and aerodynamical behavior predicted from wind tunnel test.
Finally, some numerical examples on reliability evaluation were shown for a certain box-
girder bridge.
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Fig. 2. Typhoon factor ¢(R=100) in local metrological observators in
Japan.
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Fig. 5. Flow chart of the evaluation of bridge failure probability.
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Fig. 6. Concept of failure probability.
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@ TORHV_NVTERBEE »2EETLILI0ED, FREVBESE » 3EEIL S,
SRS (T
=3 (20)

3.4 BEETHEA
—BE LT, 3ERMEGENTBOALT IHE (UKEEE, $Es, EREW) Kol LEoHKE LV E
RET OBROBEREE, RREFBEEORER{To, k¥, ZO/MROENRECERER, 3RT
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Table 1. The case of wind tunnel test

infensity of| scale of
case | condition of| furbulence | turbulence
. ;

No.|  fow  114(%) [lw (%) [Lu (m) |Lw (m)
S-N Curve 1| smooth flow 0.06
ns / 2 | smooth flow 0.10

J
£(d) ( 3 {turb. A’ | 10 | 7 | 160 | 20 {0.06
— 1 F T 4 |turb. A’ | 10 | 7 (160 ] 20 {0.10
turb. AM1

Fig. 8. Concept of fatigue damage in 5 | 615 |130) 23 10.06
buffeting. 6 |tub.AM2l 8 | 6 [190| 33 |0.06

BHER R A AR ICEREAEERC IV BoNER AV, ERICBD 25EES X UG
BRI T 558%M4% Table 1 127/R %, &7, FBHE, BEFE, BEHR ~N7xv7 1 v JiREICE>TH
T BENOEELHBERIN TS, SEOHETR, WIHE N7y 71 v 7EHL b, 1KE
—Fh 5 3RE-FETEERLT,

(1) BEREEOEE

BEBREROEENS L L ARAER 7 — 213, case No. 1, 2, 3D 37 —ATh 3,

7, BEBHEROHENMNEIZ, SRELLA 1 KRERNCL > THRETIERIBRRERBHMEATH S, YT,
QHITCARIEZATy TR LET— % 2587 5,
@O BELEELSm TCEHAIALERAF—s2HVE, #hbrsBohn-AREEEER (WIND
ROSE), BB ATIER (NNE, NE, SSW, SW) OBEgRIzE 2 A0 7V (BE 25m) * Fig.
IWFRT, ZhER2 L, b2EESE CRELERLOT, 22 oBBICEERRINIL BRI HER
272,

ZZT, ZOEHERDM L, Gomes & Vickery D HFEETHEE S N A2BEMEOBERICOVTRE L TA
Tzo FOEMFE%E, Fig. 0 TR T, BEEE TEANATU~U,HdU oBE#ES DR L3 1 EMEERET 21
Qi

>
10 NNE SW NE SSH LA N
NP
= KL
: S
5 [T
©0.5
& Wind rose
SS -
Q
8

0 g 16 28 32 40 v(m/s)

Fig. 9. Wind model for failure probability and wind rose.
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t £ ] f
j-th wind (d) j-th wind
j=th wind (b)(c)  direction 1.0 direction
(a} direction &
Q2
03
0 U 0 u 0 [{]
(a) Parent distribution (@
. . (b) Extreme value distribution d) Probability function of U
{a) Parent distribution (Gomes & Vickery Method) which will occur once
{¢) Extreme value distribution at least R years
in typhoon prone area
Fig. 10. Comparison of this model with extreme value distribution.
Q=1-Q1-Ty)" (21)

7’:: 7‘3]./’

_k ﬂk_l _ﬁk
T‘_—c—(c) exp{ <c>}du
n=365X24X6XT
Lietto T, Up~U+dU oS TEATRARE L 2 2BEQ 13

Q=Q:x[I1-Q) (22)

—%, T HEEESE, TEREID S 5 ThH 25 BAREOELBEERE2RL TWwEDT, U~U,+dU

DORFEHSRRZK L 2 5HER, I3,
Ri=a exp[ — a(u —ur) —exp{— a(u,—un)}ldu (23)
BL o, ur: BESFTA-F

ZOWEDE (Q £ R,) 2HERET 2201, BN, LHE, HHE, KK, BRAOSHSECBT22
EAN S0 WEIBULL 4345 % Fvs, 100EBES A4 O € — FESERBME (1004F) NORKHEL & 2HEXR
b, FICRUZ2O0HETRKD THT, TORE, Table2 IRT, AEDNEIZIETOERASNS Y
DD, bHhic—HLEL k3 ERBAEONT,
@® SHENRELIBROFIIIFEEKIE, Ca=0.T5EREL

% 1z, AW TR, BEROEEEERL L U7 2 v 7 ¢ ¥ IRBIREOFERZE % Fig. 11 KR T HET
5z,
HBNEE, BIEBLUNT v 7 4 Y IRENC X B REICHIE, UTERRSHFETEEL 2.
R EICER T 260

Table 2. Comparison of this model with Amplitude of vortex-induced oscillation
extreme value distribution
Peak value
R1 Q1
Wakkanai 0.289 0.483
Nagoya 0.331 0.564 T H.S. value
Tokyo 0.370 0.564 A -
R.M.S. value of buffeting v
k .
Osaka 0.333 0.564 Fig. 11. Change from V-A diagram to
Kagoshima 0.431 0.591 data for analysis.
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BTeRTATHMREIY ) ERT A EREERZEEL, IR TEONELAWT, BERS
BHEHEL T »
P=(1/2)0CsV?AG - (24)
BL  Ca: HiIfRE (=0.75) G : & A MEIERE
o BREE (=012 (kgsec’/m*)) A 2R
(AR L D G=1.242=154 £ L7z,)
BB, REGHDOIES D EE2ERT 5 II, KWE TR, LTRDE%2FHE L % LOG-NORMAL
SHRIREL 7. (EEREIS (%))
N LA s Y YA
EHERCE L hEHE, BE—-ICEREME» BN BMRRELXREL T, BENHBEESHL
%,
N7z 9T 4 v TIRENCERT 560
N7 x9F 47 EEHE, 1RE—F05IRE—FZCERKICERT2HEELTRO L S ©HkEH
Wiz, BE— FIZBIT HIREOEAERE mevsts Trmszs Mrwss %y o S] DIFMENRE Orusi> Ormszs Oruss '3
#s 3, 22T, REEMOREEEBESERSMTHE L, HFE—FRMIBERTHLI LD,
1RE—FDS IRE—FR2ABCER L LEHEMOBREERRLERSME LD, TORERE

Orus 1

Ors =+ Ors1® + Oruse® + Oruss’ (25)
BT, EHIRE o OFERBEREMIL, EHRE ows £ T 5% Rayleigh A TRE NS,

BEEDIES D2 %ETLOG-NORMALAH/EN 72y T 4 7R EBIEHOESDERET
Rayleigh 61k, ZRZNBRRIMEITH 5720, £h 5 OMOBEREEREL, AHD SIEH~ORHD
BoEsoX»RIEREFRBEL2,
® MEBEOHHERIE, LOG-NORMAL i LKE L, FHEIERBRAEY b2 AHE (SS41
2400(kg/cm?)), FEMREIFI0 (%) L7,

UEost&EIc L 34K %, Table 3 1R T,

(2) BEES LUNT 2y T4 »7IC L 2RBEHEEENRE

BESREI L, SBRIBVT, tbAa1XRE—F, 2KE—F, 3KE—- VR L ZRECHHER
RERBETHSB, 7z, HENRr—RA i, BBRICBVT, Table 1II/RLZ6 7 —ATH 5,

D E F I IIEEE AT E R (NNE, NE, SSW, SW) o »594H L 7 WEIBULL 4346 % H
Wiz, FEEHEC X 2 BREESREE L, BEHERRBE1000EIL CTEE LI, N7 =y T 4 Y 7iREN, E
RERBThIL I RAERTHEEL 12,

Uj=l70< 2 >1<\11306 )a (26)
72121 2005 EHEFBRIGST oo 1050 (kg/cm?)
S-N HIfR AR « D1/4 (REEHEOIEFE M)
BAREERIT ST oo BB OLKREY RV,

EDF—F XD EE L REREORBEFEBE vy Db, BEO—FRE» > LEREW OHE
bA—RE— R EHICEH-T Table 4 \ZiRT, %72, N7 29T 4 > 7IREBORREFEEBE S Table 5 i
g I

5. BINT 3RBRORLMITE

EHIEE, $0UM, EREBW OS5, EREW OBBRERSRE LK E» o, BE-NERERZR
, —Biz EHRAIOERBEORIELSK X <, 1AM SSW ORISR U TXRRICE > TWwB e d,
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Table 3. Failure probability of assumed three bridges

CONDITION Co 0.75
durability 100 year Case 1
Location | sec. 15 flange4 |material SS-41

Conclusion
ROAD BRIDGE E
case No.| NNE NE SSW SW &5t
1 0.4761E-6 | 0.6146E-4 | 0.9021E-5 | 0.1466E-6 | 0.7110E-4
2 0.1532E-22 | 0.1917E-20 | 0.8620E-12 | 0.7658E-26 | 0.8620E-12
3 0.7653E-26 | 0.6421E-23 | 0.2068E-7 [0.4110E-21| 0.2068E-7
ROAD BRIDGE W
case No.| NNE NE SSW SW &&t
1 0.2769E-8 | 0.5967E-6 | 0.5057E-3 | 0.1674E-4 | 0.5231E-3
2 0.2204E-28 | 0.4301E-25| 0.1424E-9 |0.5287E-21] 0.1424E-9
3 0.3991E-23 | 0.1896E-20| 0.4439E-7 [0.1118E-23| 0.4439E-7
RAILWAY BRIDGE
case No.| NNE NE SSW SW &5t
1 0.3687E-26 | 0.8981E-24|0.1311E-2210.2154E-24 } 0.1423E-22
2 0.7066E-51 | 0.3365E-48 | 0.1821E-46 | 0.7294E-49 [ 0.1863E-46
3 0.2646E-54 | 0.1245E-51 | 0.2293E-38 | 0.2701E-52 | 0.2293E-38

Table 4. Investigation of fatigue in vortex-induced oscillation

Condition
ROAD BRIDGE W MODE first mode
durability 100 year frequency 0.760 (Hz)
Location sec. 15 flange4 material 5S-41
Conclusion
case NNE NE SSW SW &EF
1 y |0.4879E-3|0.1533E-1| 0.6966 |0.5825E-2| 0.7182
2 y |0.1378E-5 | 0.7132E-4 | 0.7866E-2 | 0.3601E-4 | 0.7975E-3
3 y |0.1272E-5{0.4172E-4 | 0.8213E-3 | 0.4634E-5 | 0.8689E-3
4 ¥ vortex induced oscillation don’t occur.
5 y | 0.8169E-40.2349E-2| 0.1935 |0.1039E-2{ 0.1969
6 v |0.2185E-4 | 0.6630E-3 | 0.2610E-1 | 0.2577E-3 | 0.2705E-1

— 14 —
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Table 5. Investigation of fatigue in beffeting

Condition
ROAD BRIDGE W MODE first mode
durability 100 year frequency 0.760 (Hz)
Location sec. 15 flange4 material 5S-41
Conclusion
case NNE NE SSW SW &t
1 y | 0.1280E-7 | 0.1699E-6 | 0.9714E-6 | 0.2262E-7 | 0.1024E-5
2 v |0.1262E-9 | 0.3757E-8 | 0.1736E-6 | 0.1857E-8 | 0.1793E-6
3 v [0.3592E-7 | 0.9743E-6 | 0.1136E-4 | 0.1237E-6 | 0.1249E-4
4 y | 0.3258E-8 | 0.2171E-6 | 0.1340E-5 | 0.6093E-8 | 0.1566E-5
5 y | 0.5681E-6 | 0.7558E-5 | 0.3270E-4 | 0.7027E-6 | 0.4153E-4
6 v |0.1158E-6 | 0.3213E-5 | 0.5502E-4 | 0.6666E-6 | 0.5902E-4

SSW 225 QRET EFHNCAIE L TV 2 8B W OBBRERENKE { Rolkt Bbh 3, $EBOREEREE
BIEFWEL, BEA LRI 2B ERBICHATHER W TSRS,

WIBRERDS A L 5 1D, EHEW O—#kE (6=0.06) ERTHLNLEAREE2R—X AR
SSW ORI LT, 0.5057TE-3 TH o7 FDMEIZDWVT, BEAEB LI U7 2y 74 v/ (REBE—F
I1R~3K) D3b, PENBRIRKELEELTVELERANTAT, FORKBR, 1KRE— NOBEHED,
WHERIRNLTRELFEL TR ZdbhoT, Zhid, 1RE—FOBREHED, BERE—F DG
RICHANERFERTREL, SEHOHETEZ RROHERNGE TV ORBRER (FHE 17~28(m/s) #itk)
TOHEREED, MOE— FItHRTERICKEWI L L2 EBbhb, ¥, SHOHETE, FihE
Bx0.75LRE L 7oA, FEMRE + AR EOBERERIZ 0.2107E-61 TH o1, L7223 T, ERE IIBHEKER
WIEEALEERSZ TR EEZ oN, REEBOTARED0.7T5UETH-7-L LTH, BREIC
AR ERRELRwEBEbh 3,

SR 0=0.06%, —HRIT0.10% TR 2 &, BSRERILGERE W OBA T, 0.5231E-3 5 0.1242E
9 FTTHol, %7, RUHERE (6=0.06) Tb, ALWFWCkR s L, BERERIZ04439E-7 2 T8
Too T, BRI AEZSFS LT 2EMR DA 1IRE— FORIED, 6=0.10°ERPIc 25 L/
Xl kBhdrEIS>NS,

HEEE D53k %2 LOG-NORMAL M L IRE L, 2 OFHEL L UEBHREEEL s €T, BEE
RORBREST 2 BB W 28R ITo 7z, 27, VFIMEI DV T, XER15) 25E1C, MEEEOATME(SS
-41 2400(kg/cm?)) D1.15f% (2760(kg/cm?)) ¥ % &, WHHERIZ 0.5231E-3 25 0.1173E-5 A L
720 EEMRBUZDOWTIZ, 0.10 (BUBRER 0.5231E-3) =X LT, £0.05 & ¥ TH T, 0.15& LA,
WEERESR I 0.2818E-1 12 38h0L, 0.05:2 3 % & 0.1005E-9 £ THA L 7z, ¥ 72, RICERAERFR OBRIR
EERT— Y 2BAWCHET 2 &, BERERIZ0.184E-13 2 TEA L, B bz s, BERERIIHE
BECHERCBETHY, WEEROBE L OER I, HHRES A BT 2 OB ERSLETH
3LBbhd,

RREZTHEEBER, EREOSBS, MMETRAME y=0.7182 EEEW —KK6=0.06 1KE—
R)y, "7 2v7 47 TRAME y=08059E-4 GEFS#BE FELH AM20=0.06 1RE—F) Tholz %
7z, SEEOBE, WEINETERAME y=05313E-1, N7z v 7 4 > 7 THRAME y=0.1429E-4 TH o7z, L
Teido T, ML BEFBEBEIOWTE, BIMRENRE, FICEBRBC OWTRNL TV LENHS &
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Bbh3,

EEEE W BRI, WEMRCNT 5 RRESBEEL2A5 L, tbd 1 KEEE—F (—&HK 6=0.06
Ty=0.7182) B2WE—F (—KHK 6=0.06T y=0.4804E-2), 3RE—F (—H ¢=0.06T y=0.
2221E-5) X hHEHBL Tz, ZhiX, BOoEFVvB WEIBULL S/ TH 570, HHERFIRTERET S
1RE— FIRE) (EHREE : EREH 17~18(m/s) Bitk) OBV ELEIES, fOE— FickkRTHFNI L
wEBabDrBbhd, BERFEFIIOWT, 6=0.06& 6=0.10%2 8T 3 &, —BF TRIAHREE®A £
K Ebbi), RBEFHEEZIRE-FT, 6=0.0608& y=0.7182, ¢=0.100H & y=0.7975E-3
&, 24— -BEOENHIT,

SEMNRE LBROP TR LA S OHERERI, ERBEW (—8HK 6=0.0600 T, KEBOMEEEIH
(F1E 2760 (kg/cm?) ZRENMREK0. 101GV T — 5 252 72388, 107° 04— — L R oz, BRBEEOEK
HECODLTEHRELELERALH Y, REZEMEFELEBMCHETESZ b0 L LT, BEERDOH
R 5 CHR16) TOD105~10"° L §2 &, SEOFREE LBREBEA X 2o U T fERR 0w e
Bbhs,,

¥ fe, WHBEHICOWTIE, BERESXENTHD, —Ki 0=0.0605F5, BB W T y=0.7182t K
EWEERUT, EFEHICRE, BUACKBERESASREELPSE 22 L2E 25, HEVRTPE
T2eBbhd, L, BENCRERARATCRARIENTEY, BRFEHADOEOEABKELE &
Wi, BEHREORIEN/NS B3 Z e BHEERIVBOWTWEZ L, SO RXEYLES AR ETHE
BEERELTD L,y PRBIANZBRZZEBHELI VBN TS, B2, 6=0.10TiE y=0.7975E
-3, 10%DEFT y=0.8989E-3) ZDZ s, MERAL EXBOES BEEC bW EEDbR S,

(72, SEBCOVTR, BRESLEFRBECOWT, FeilEdrweEbh s,

4., HERRUSHEOTE

AT, SO BRESNKS L Y, RElomEREAESEAI G (WEIBULL 45/6) ZH#E
L, Gomes & Vickery O FERUE RBFRECE AT, AMBIEEORED %2 TFRIT 2 FRCOVWTHRITL
720 BONTEREUTRIET 2,

1) 2£EKKREFINBHAICE T 2 I5EHOERRAESE AYy, BEEER % Ml L /2 Weibull 7576 %2R

wirBl, BRARKEEEEL L, ZORRE, 100E5ARKTERL.0-1.SEENB T,

2) KRRFBIBHADI0FERRGE: b Lic, BRLEROEREREL2SE LT, GAMREHRK
SEEERL 2. BEEEMETHIBERECEHADO—ETIXL.8, SRDOEELIZLALZT 2 WItE
W, #Hib, WEHTIR1.0L%), 2EREERARER U2y -4 835 pnt, Z ORI,
Wi D EBRRIZZ D SHE I N L EEEE 25 L 7 WEIBULL 24 & D, BESHEHET 2B
BWEMTH S,

3) BERF - %, MREOBEEOHRE L EHE L - F22E (Friction-Free Wind) ~&&#1l, —&1/7%
BITEEIOMmICTAd 2Lk vEons WEIBULL 4ffld, BERD s TLRWL, 581X, &%
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BEULER, UTOZ LB 2T,
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2) MEEESMMOTEREEE A THEREOREMN 21To 12 BEHEW (—8H 6=0.06) @
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