HBRE K RFTER $305 B-1 ME62.4 233
Annuals, Disas. Prev. Res. Inst., Kyoto Univ., No. 30B-1, 1987

BROBMBTICE T 5 243 5 piye

HA WRA-f2% B-at =8
R H FeR THESFEL BZ

RELIABILITY ANALYSIS OF BRIDGES UNDER STRONG WIND

By Naruhito Suiraisui, Masaru Marsumorto, Hiromichi SHIRATO,
Makoto Osapa, Ghitoshi 1zumi, Yuji TSUKIYAMA

Synopsis

In this study, in order to evaluate the expected extreme wind speed in Japan in con-
sideration of Typhoon effect, the “Typhoon factor” was induced into the extreme wind speed
expected from parent distribution characteristic obtained from usual wind-speed measurement
at local meteorological observatories in Japan.

Furthermore, the evaluation method of failure probability of a long span bridge due to
strong wind was discussed in taking the assumed joint probability density of expected extreme
wind, wind direction and its incident angle, both aerostatic and aerodynamic response char-
acteristics of the bridge into account.
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Fig. 1. Wind rose and mean wind speed
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Fig. 2. Hazen plot of directional annual maximum wind speed
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Table 1. Cyclone factor due to direction

No. 770 KOBE No. 772  OSAKA
direction 204 1004E direction 204F 1004
NNE 1.57 1.76 NNE 1.57 1.80
NE 1.41 1.60 NE 1.17 1.23
ENE 1.17 1.29 ENE 1.14 1.24
E 0.98 1.02 E 0.97 1.03
ESE 1.05 1.13 ESE 0.92 0.98
SE 1.21 1.34 SE 1.25 1.34
SSE 1.36 1.57 SSE 1.43 1.65
S 1.00 1.08 S 1.75 2.05
SSW 1.53 1.81 SSW 0.95 1.01
SW 0.88 0.89 SwW 1.15 1.23
WSW 1.18 1.24 WSWwW 1.17 1.24
w 1.08 1.10 w 1.15 1.24
WNW 1.19 1.22 WNW 1.01 1.08
Nw 1.22 1.30 NW 1.01 [ 1.06
NNwW 1.26 1.34 NNW 1.24 1.39
N 1.50 1.63 N 1.10 1.15
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Table 2. Cyclone factor and expectedwind speed

direction 204 1004E 204 (m/s) | 1002 (m/s)
NNE 1.06 1.11 18.81 20.53
NE 1.11 1.18 34.71 39.43
ENE 1.28 1.38 28.71 31.66
E 1.15 1.22 23.46 25.87
ESE 1.10 1.18 20.90 23.42
SE 1.01 1.07 25.47 29.38
SSE 1.01 1.07 35.28 40.70
S 1.25 1.35 42.67 48.03
SSwW 1.39 1.51 30.97 34.07
SwW 1.03 1.08 27.44 31.25
WSsw 1.11 1.18 34.52 38.86
w 1.24 1.34 32.04 35.42
WNW 1.27 1.87 27.28 29.97
NW 1.12 1.17 18.20 19.79
NNW 1.08 1.13 17.84 19. 46
N 1.09 1.15 20.13 21.97
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Fig. 6. Relation of wind speed and stress
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Table 3. Failure probability of long span suspension bridge
FLUTTER
MENBER  UPPER CHORD MEN. MODE: SYMMETRICAL FIRST Vgg{D ngékgﬁ‘};ry
MODE )
LOCATION | CENTER OF SPAN | ,Mp GROWTH R AT]}: )
INCIDENT 0.15 (deg/(m/s)] | SE 0.2905 E-05
WIND ANGLE NORMAL DIS. [0, 1]} pAMPING: 5=0.01
RETURN . .
PERIOD 100 YEARS U.C. Ratio| w»=675(time/year) SSE | 0.1822 E-03
CYCLONE —
FACTOR WIND DIR. | SE | SSE| NW | NNW NW | 0.1891 E-09
C20 1.01 1.01 1.12 1.08
NNW  0.7119 E-10
c100 1.07 1.07 1.17 1.13
TOTAL| 0.1851 E-03
Table 4. Comparison of failure probability
RETURN PERIOD INCIDENT WIND ANGLE LOCATION
_ _ UNIFORM TRIANGLE
WIND DIR. R =50 R =150 DIST. [—3,3] | DIST. (-3, 3) SPAN 1/4
SE 0.1732 E-05 0.3902 E-05 0.2827 E-05 0.2905 E-05 0.4754 E-05
SSE 0.1154 E-03 0.2363 E-03 0.1775 E-03 0.1823 E-03 0.2352 E~-03
NwW 0.1076 E-09 0.2616 E-09 0.1839 E-09 0.1891 E-09 0.5171 E-09
NNW 0.3998 E-10 0.9920 E-10 0.6922 E-10 0.7119 E-10 0.1964 E-10
TOTAL 0.1171 E-03 0.2402 E-03 0.2402 E-03 0.1803 E-03 0.1852 E-03
AMP. GROWTH RATE
IN FLUTTER STRUCTURAL DANPING
WIND DIR. |0.25[deg/(m/s)]0.35(deg/(m/s)] 5=0.006 5=0.03
SE 0.2905 E-06 0.2905 E-05 0.3073 E-05 0.2905 E-05
SSE i 0.1822 E-03 0.1822 E-03 0.1917 E-03 0.1822 E-03
NwW | 0.1891 E-09 0.1891 E-09 0.1956 E.09 0.1891 E-09
NNW 0.7119 E-10 0.7119 E-10 0.7355 E410 0.7119 E-10
TOTAL 0.1851 E-03 0.1851 E-03 0.1948 E-03 0.1851 E-03
ha,
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Fig. 8. Joint probability density as function of wind speed and
incident angle (normal dis. R=100years)
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