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LIMIT STATE ANALYSIS OF BRIDGES
UNDER STRONG WIND

By Masaru MaTtsumoto, Naruhito SHIrRAisHI, Hiromichi SHIRATO,
Chitoshi Tzumi, Yuji TSUKIYAMA, Akira Misawa

Synopsis

In this study, human-response against bridge vibration was investigated in the frequency
range 0.2 Hz-1.0 Hz and in the amplitude range 1.0 cm-10.0 cm in order to evaluate serviceability
level for pedestrian to the bridge vibration. Approximately 100 persons were tested on Ohshima
Bridge and vertically oscillating stage.

Furthermore, the evaluation procedure of the extreme distribution of wind speed in considera-
tion of Typhoon effect in various wind directions was developed and failure probability of several
long span suspension bridges due to strong wind were calculated. Finally the conceptional prob-
abilistic approach of bridge design method against strong wind was shown in standing on a fai-
lure probability.
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General view of Ohshima Bridge
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Oscillator

Table. 1. Test conditions for various vibrational modes of Ohshima Bridge
(Test. 1)
Vibratinal Mode Frequency(Hz) | acceleration(C) | amplitude(n) | Wind Speed(m/s) Wind direction
Ist Asymmetric (Bending,Test 1-84 )
0.186 0.0061 0.04: 2~3 NE
—5 !
2nd Symmetric (Bending,Test 1-R )
9 0.323 0.1328 0.316 2~3 L]
3rd Asymmetric (Bending,Test 1-C )
é% 0.703 0.1493 6.075 2~ $
4th Asymmetric (Torsional,Test 1-0}
0.736 0.0910 0.042 i~6 s
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0.8Hz, 1.0Hz & B{L&E7, &8, 10 cm OBETR % 1.25Hz $ TEMLSE/, ThbHD
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Fig. 2. Opinionaire sheet of Test 1

Photo. 2.  Scene of Test 1

Photo. 4. Vertically oscillating stage Photo. 5. Vertically oscillating stage
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Table. 2. Test conditions of Test2
displacement acceleration (G)
frequency(Hz)
0.2 0. 4 0.6 0.8 1.0 1. 25
amplitude(m)
0. 01 0. 002 0. 006 0.015 0. 026 0. 040
0. 05 0.008 0. 032 0.073 0. 129 0. 201
0. 10 0. 016 0. 065 0. 145 0.258 0. 403 0. 629
displacement velocity (a/s)
frequency(Hz)
0.2 0.4 0.6 0.8 1.0 1. 25
amplitude(m)
0.01 0.013 0. 025 0.038 0. 050 0. 063
0. 05 0. 063 0. 126 0.188 0.251 0.314
0.10 0. 126 0. 251 0.377 0.503 0. 628 0. 785
B2 -a ey
(H2)
Fawes () M Yy Bl ) L.e

(1) 1 EEoHHoRY
12) 2EFHoEpoRY
(3) 3HHoRHORY
4) 4 GHoEBO RS
(5) S FHOKBOMY

L RULG

VLU S

SO XURLUD

SR FURUTHAS
S RoOFURUTEHAS R
@b (

AR H T o

)

20sac LSsac
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Table. 3. Comparison of Human Response caused by vibration (Test 1-a)

on walking on standing sum
male 15 12 27
female 15 27 42
sum 30 39 69

Table. 4. The number of persons who feel motion sickness

age 5~151] 16~25 | 26~35{ 36~50 | 51~ total cun
sex n| £f| n| f| | f| o] f{ m} £} 0] §

weak 1] 57 1] 6| 4y 5} 2] 5] 1| 3§ 924 33
strong 11} 3| 41 4} 7| 5 7| 2} 8] 4|37|18 55
nomal 0| 3] 1} 0ol of of 1} 3} of 3 2] 9 11
total 12bit| sfptojrrlioflofto] 9j10}48]51

sum 23 16 21 20 18 99
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Fig. 6. Comparison between Test 1 and Test 2 with taking exposure time and
acceleration into account
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Fig. 7. Three-dimensional diagram of dis-
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Fig. 8. Modification of extreme value dis-
tribution by use of cyclone factor

N BB OBBOBEAM b DR
HEEEE T Gomes & Vickery 0 53:42 & ) AR B 0% B A 5 H#EE L7 BUEE

AR TIE, Fig. 8IURT LI, BEEEZEZ 2BEOR/NEMTHS 1 EFFHHAMICHIES T L ER
BHF1.00L LT, FREI0EFBRMEISHIET S doo & FAVTHIE L7, oo RTEAAR2BRIZE W
T, 1964 R H19BEDIER D IBEY » FEERIOSEFEHREFX 77 & LTHWT, £h%

_8__.



BA -84 - At - R - Il =8 DRETOBROMFIRECH T 05 295

Gringorten 12 & A RAE | BI5AI2H TidHTH 5N A I100EBHIFFE L Gomes & Vickery DHEIZ &
LBESHICE VESNDI00EFRBFHEOLTHEE L.

PE k7= BRI O B OABME A DIEEH BT, KROSIEROREBEF— 7125 TIddTE+D
BAMXHANTH, (Fig. 9) MbOBEHIZ, KEOISER (1964~19784F) O 3 B4 O EREEIHIF
%% &2, Gomes & Vickery D FEB L UBBRRE TR LABESHTH D, TARFDLARE,
KEROSIER (1930-19804E) DA KJAE % EIAIFIC Gringorten Hx BT 70y P LD THB, T
D5 — RN OERKEETIZE L, ERKBEDT — 7 ICAMMIMT ERTVWL LD THEh0H, BN
WMOTE .y PR N AR oTWDE, F2C, H4DERKBED P THEDOE W 4 AR (S,
SW, WSW, W) 22\, EAUERANTHL, KROBRER 7 — 122V Tid Gringorten % AT

9 | ;: 9n
~ S o Sw
5 9!} Z‘ 97
56 |- 96|
- 95} -t 9%
= ]
L F-
8 o} 2 9
© fo) a
]
& %
:___0 o} -6‘ Aot
ot [
2 n} 8 mw} )
8 o 3
2 60 Y gof y
L g So}
g 10} = 10}
Z 3 Jof
20} »nf
1o} o}
st - st
) ¢ 100=2. 05 ' ¢ 1e0=1.23
0.’k 3 A 1 N 0.7 € 3. A 1
0 io 20 30 0 0 o 20 36 0
Yind speed(n/s) Vind speed(a/s)
9n } ol LE
R WSWwW
2o} S Bl w
o R
296 9} o
- 95 [ = %}
vt L
o [
o £
s [=]
o 90| ‘a 90 |.
Y ) O
= f
o0 .
E‘ nn b -S 8o | o
3 8
o} 9 M
o 2 b 0
3 sof o 6o (e}
sof 8 so) o
o = &)
,2 10 10
o}
0 O 30 0o
70t $ 2|
0 O
1o to} o)
s{ o s|
- 7 (o] -
A ¢ 100=1.24 , ¢ 100=1. 24
020 2 | L L 0.7 M 2 L Y
0 10 20 30 A0 0 10 20 Rl 0
¥ind speed(n/s) Yind speed(m/s)
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Table. 5. Long-span suspension bridges investigated

Bridge A B C D E F G
Span length (m) 1990 1100 990 940 864 770 712
Suspension bridge for

roag and railwag O O O

%A :ldea of truss girder

PRIMARY DESIGN OF STRUCTURE SITE MEASURENENT OF WIND OF j-TH WIND DIRECTION
(i~1~186)

CALCULATION OF WEIBULL PARAMETER C AND k OF
WIND TUNNEL TEST PARENT DISTRIBUTION FOR j-Til DIR. WIND SPEED
PREDICTION OF AERODYNAKIC MIND EXTREME VALUE DISTRIBUTION FOR j-TH
BEHAVIOR OF PROTO-TYPE WIND DIR.EVALUATED FROX G.V.METHOD
STRUCTURE
K—| CYCLONE FACTOR FOR j-TH WIND DIR.

WIND EXTREME VALUE DISTRIBUTION FOR j-TH
WIND DIR. MODIFIED BY GVCLON FAGTOR

OCCURRENCE FREQUENCY OF PROBABILITY OF INCIDENT
EACH WIND DIRECTIONALITY ANGLE

b 4

CALCULATION OF STRESS JOINT PROBABILITY DENSITY AS FUNCTION OF
DUE 7O EACH WIND SPEED WIND SPEED, INCIDENT ANGLE AND WINU DIRECTION

[ PROBABILISTIC DISTRIBUTION AS FUNCTION OF STRENGTH
OF NATERIAL

FAILURE PROBABILITY

Fig. 10. Flow chart of bridge failure probability evaluation due to strong wind
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Table. 6. Cyclone factor and 100 year expected wind speed for various
wind directions (TARUMI: HEIGHT 80 m)

¥Wind direction £p c k $100 Uigo (m/s)
NNE 0. 0621 5.12 1. 89 1. 11 20. 53
NE 0.0333 4.72 1. 19 1. 18 39. 43
ENE 0. 0803 6. 61 1. 66 1.38 31. 66
E 0. 0842 5. 40 1. 66 1. 22 25. 87
ESE 0. 0423 3.66 1. 38 1.18 23. 42
SE 0. 0284 2. 57 1. 02 1.07 29. 38
SSE 0. 0306 3.56 1. 02 1. 07 40. 70
S 0.0612 6. 86 1. 31 1.35 48. 03
SS¥ 0. 0670 7.42 1. 71 1. 51 34. 07
S¥ 0. 0207 3.56 1. 16 1.08 31. 25
WSH 0. 0380 5. 55 1. 31 1.18 38. 86
¥ 0.1103 7.07 1. 61 1. 34 35. 42
WNW 0. 1016 6. 69 1. 74 1.37 29. 97
N¥W 0. 0859 5. 30 2. 00 1.17 18. 79
NNW 0.0728 4.92 1. 91 1.13 19. 46
N 0. 0812 5.48 1. 89 1. 15 21. 97

2) BEEHHARESLVRLNT T » ¥ ICXDREEHOMEXELF— 7 L LT, AN I AHFE
WL TIECERGICR E N TV A EAREGE - RAEERE N ER, RAEE-RER UM, EEIEE—R
ERE Bz, TTEARE-FAECHERL ), BHEREICL 2REEHE RO D, 77, ERRE-
AHRLRARLY, RUAA T T BREGHE RO, ZHICEERE— BN L ) EsAl
NAZELT, ALAT7T 9 X VBHMICRET RN YEE L1z, TMOANBIIoWTIE, BRER
BILLAREENERROLFERE LT, BNERZILREEORA LB LIThEEE L-HHN LI
TED 2B, 70, 7T 0 SBBIIOWTIRRD & ) ICE LTEE 29T - 70

O 779 5DEBHRILDBAIZL > TRILAEBETHEL A, RFETIREDEMHIZE VT BT

Kx—E (0.35deg/(m/s)) &L, F2ZORKEBEHRTEL,
@ 7795 RUFBELHAIL > THATH B, A
ETIREDEETL O LB LEHBHETT I »
YHRETEHDE LTRE L

PDEDEIIILT, BROERIZE) BNH L 388 %
BEWOERIOHE T ABRIENREEL, BEE IRl
BERTLEHEDEREBLIIITE, 12771, 0%l
DIV O R AR ERREAEE, 77 » ZICERT
BIEHNDEED A% EET 5720, RFETIHREERE
IEH DEREHERRIICI ) o720 22T, FO5F
A BIEH S (KERE15%) EIRE L. ZOEHR

DA % Fig. 11 1274,
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Fig.11. Stress function considering inci-
dent angle and direction
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Table. 7. Failure probability of long-span suspension bridge caused by strong wind

CONDITION
MEMBER UPPER CHORD ME. FLUTTER MODE  : SYMMETRICAL FIRST MODE
LOCATION CENTER OF SPAN AMP. GROWTH RATE : 0.35[des/(n/s)]
INCIDENT VIND ANGLE NORMAL D1S.[0,1] : 0
RETURN PERIOD 100 VEARS U.C.Rakio T v 675(tine/year)
mode (m/s) A B C D E F G
NNE ST.50 | 0.41006-13 | 05060627 | 0050508 | O.19656.91 | O.1804E-11 | 0.2041E-09 | 0.8087-10
NE 1271 | 01437603 | 0.25086-09 | 0.44306-08 | 0.39136-07 | 0.6696E-03 | 0.4628E-02 | 0.30566-02
ENE 36.95 | 0.2055E-04 | 0.21366-10 | 0.39796-09 | 0.3920E-08 | 0.1296E-03 | 0.1091E-02 | 0.68116-03
E 2837 | 0.1103E-07 | 0.i5516-16 | 0.7699E-15 | 0.23366-13 | 0.1378E-06 | 0.3330E-05 | 0.16206-05
ESE %533 | 0.8321E-08 | 0.3218F18 | 0.2028E-16 | 0.7975E-15 | 0.12126-07 | 0.3549E-06 | 0.16526-06
SE 30.37 | 0.6390E-07 | 0.81666-15 | 0.2200E-13 | 0.4626E-12 | 0.6283E-06 | 0.11326-04 | 0.58936-05
5SE .06 | 0.5773E-00 | 0.41806-10 | 0.79056-09 | 0.8027E-08 | 0.3102E-03 | 0.25506-02 | 0.1614E-02
s 55.70 | 0.52586-02 | 0.27676-06 | 0.33706-05 | 0.19096-04 | 0.1230E-01 | 0.3083E-01 | 0.27226-01
SSW 4167 | 0.5622E-04 | 0.51776-09 | 0.75056-08 | 0.53766-07 | 0.34496-03 | 0.13126-02 | 0.92026-03
SW 3307 | 0.1705E-06 | 0.17576-14 | 0.62036-13 | 0.19896-11 | 0.1663E-05 | 0.2956E-04 | 0.155E-04
WSW 12.07 | 0.1169E-03 | 0.1056-09 | 0.19526-08 | 0.1914E-07 | 0.5OT6E-03 | 0.48036-02 | 0.3088E-02
W 1070 | 0.1130E-03 | 0.19976-09 | 0.3414E-08 | 0.3024E-07 | 0.531SE-03 | 0.3808E-02 | 0.24B4€-02
WNW 30.81 | 0.7351E-05 | D.2284E-11 | 0.4860E-10 | 0.56266-09 | 0.45216-04 | 0.45986-03 | 0.2740E-03
NW .90 | 0.29486-12 | 0.1908E25 | 0.0953€-23 | 0.22256-20 | 0.1129E-04 | 0.1144-08 | 0.4004€-09
NNW .55 0072613 | 0.37736-27 | 0.38446-24 | 0.1073€-21 | 0.19426-11 | 0.2611E-08 | 0.85656-10
N 3539 | 0.5868E-11 | 0.33066-23 | 0.82136-21 | 0.1366E-18 | 0.16426-09 | 0.12106-07 | 0.35596-08

ZERIE (ABEEL) HNECEHOAE, BIUERORRELELRL-TEY, $-HEONSR
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MR #E 2 DA, OB TEEMIE SN TV I Ehh 5,
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FUBIMZENEH L SO L 2BIEHEL AW

FITARETI, BIERXEES &mﬁﬁktfmw#ﬁﬁ S e BRSNS D W T EB R IA 7,
{Fig. 12)
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economical span length
restraint condition

Target failure probability Pf' with taking position.
wind properties of neighberhood and social importance
into_account

SRR

Amendment of shape Selection of cross section Site measurement of wind
of cross section and form of bridge of j-th wind direction
1 N l
[
Data bank Cyclone factor for
wind tunnel test j~th wind direction

! !

Stress by static| Stress by aerodynamic Strength of member Wind .extrel.\e vn?ue dfstribution
wind load behaviour for j-th wind direction

I 1

No Arobabimy

Pf = Pf'

Final design of bridge structure

Fig.12. Flow chart of probabilistic approach for bridge design method against strong
wind
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