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Fig.1  Boundary layer of side wall surface of crossing high—

speed trains used in the reference 12
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Fig.4 Field partition of crossing high-speed trains
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3 4 3’ Ap/Pa
/%
4 ’
5 160 mm . 1’ 837 772 7.76
27 817 768 5.99
3 1012 946 6.52
4 1167 1086 6.94
57 1548 1455 6.00
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Table 2 Relationship between pressure wave amplitude and velocity in different monitoring points

/Pa /Pa
/(km k™)
250 3012.09 2498.34 513.75 2980. 00 2650. 00 330.00
P, 300 4350.00 3603. 10 746.90 4250.00 3810.00 440.00
350 5920.00 5260. 00 660. 00 5810.00 5300.00 510.00
250 255.00 ~600.00 855.00 ~339.00 ~652.00 313.00
P, 300 450.00 ~860.00 1310. 00 ~461.00 ~992.00 531.00
350 628.00 ~987.00 1615.00 ~766.00 ~1435.97 669.97
250 -8.40 ~724.00 715.60 ~328.00 ~881.00 553.00
P, 300 37.55 ~1164.79 1202.34 —477.00 ~1630.00 1153.00
350 85.71 - 1560.00 1645.71 ~737.00 ~1570.00 833.00
250 321.39 -456.61 778.00 112.00 -305.00 417.00
P, 300 366. 00 ~750.00 1116.00 170. 48 -488.00 658.48

350 494.00 -1075.02 1569.02 228.00 -712.00 940. 00
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/Pa /Pa
/(km+h™")
250 328.00 -467.82 795.82 118.00 -319.00 437.00
P; 300 407.00 -777.49 1184.49 241.00 —-456.00 697.00
350 510.49 —-1090. 83 1601.32 329.32 -681.00 1010.32
250 373.54 -362.06 735.60 128.00 -293.00 421.00
Pg 300 476.00 -567.33 1043.33 248.00 -341.00 589.00
350 646.00 -755.20 1401.20 383.00 -564.36 947.36
250 383.44 -392.56 776.00 152.00 -279.00 431.00
P, 300 471.00 -638.24 1109.24 275.00 -363.00 638.00
350 638.00 -822.00 1460. 00 410.00 -573.36 983.36
250 340.00 -466.33 806. 33 132.00 -292.00 424.00
Py 300 424.00 -761.24 1185.24 239.00 -428.00 667.00
350 579.00 -976.00 1555.00 370.12 -616.36 986.48
250 282.32 -516.79 799.11 126.00 —-280.00 406. 00
Py 300 636.00 -513.34 1149.34 199.00 -437.00 636.00
350 504.00 —1008.00 1512.00 335.00 -603.36 938.36
250 172.10 -525.90 698. 00 90.30 -236.00 326.30
Py 300 301.00 -699.10 1000. 10 155.00 -327.00 482.00
350 430.00 -925.00 1355.00 302.00 -512.36 814.36
250 81.29 -136.33 217.62 58.60 -155.40 214.00
Py 300 224.00 -242.24 466.24 89.90 -135.00 224.90
350 335.00 -215.32 550.32 240.00 -340.36 580. 36
250 11.13 -74.43 85.56 5.17 -117.00 122.17
P, 300 121.10 -158.94 280. 04 3.53 -64.60 68.13
350 198.10 -115.62 313.72 134. 66 —-295.46 430.12
250 171.51 -282.33 453.84 71.50 220.00 -148.50
P 300 315.00 —-460.24 775.24 120. 00 —-222.00 342.00
350 445.00 -518.32 963.32 259.00 -458.36 717.36
250 363.00 —-445.79 808.79 169.00 -302.00 471.00
Py 300 473.00 -672.00 1145.00 251.00 —-400.00 651.00
350 605. 00 -950.00 1555.00 356.00 -550.00 906. 00
250 389.00 —-423.32 812.32 144.59 —-346.00 490.59
Ps 300 463.00 -676.04 1139.04 279.11 —-406.00 685.11
350 664.35 -913.65 1578.00 360.00 -545.00 905. 00
250 -86.00 -951.00 865.00 -67.70 -530.00 462.30
P 300 -68.10 —-1160.00 1091.90 -123.00 —-780.62 657.62
350 82.00 -1591.28 1673.28 -427.00 -1070.00 643.00
250 49.90 —-750.00 799.90 -19.50 -305.00 285.50
Py, 300 53.00 —-985.00 1038.00 4.88 —-453.00 457.88
350 89.70 -1470.00 1559.70 58.66 -625.00 683. 66
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Table 3 Relationship between pressure wave amplitude and velocity of several methods

/ /Pa 1%
(km + b-1) Steinheur Steinheur Steinhenr Steinheur
250 715.60 684.54 760. 63 776.09 -4.34 6.29 8.45
Py 300 1202.34 985.50 1094.90 1116.52 -18.04 -8.94 -7.14
350 1645.71 1341.10 1489. 84 1518.54 -18.51 -9.47 -7.73
250 778.00 687.90 766. 35 781.64 -11.58 -1.50 0.47
P, 300 1116.00 990. 17 1102.85 1124.24 -11.27 -1.18 0.74
350 1569.02 1347.29 1500. 34 1528.74 -14.13 -4.38 -2.57
250 795.82 695.02 779.26 794.04 -12.67 -2.08 -0.22
P 300 1184.49 1000. 13 1120.80 1141.52 -15.56 -5.38 -3.63
350 1601.32 1360.50 1524.05 1551.62 -15.04 -4.83 -3.10
250 735.60 635.93 689.32 700.52 -13.55 -6.29 -4.77
Pg 300 1043.33 914.85 991.42 1007.06 -12.31 -4.98 -3.48
350 1401.20 1244.21 1348.10 1368. 84 -11.20 -3.79 -2.31
250 776.00 670. 82 738.79 751. 46 -13.55 -4.79 -3.16
P, 300 1109.24 965.09 1062. 49 1080.21 -13.00 -4.21 -2.62
350 1460.00 1312.59 1444.65 1468.17 -10.10 -1.05 0.56
250 816.33 697.92 784.92 799.43 -14.51 -3.85 -2.07
Py 300 1185.24 1004.20 1128.69 1149.05 -15.27 -4.71 -3.05
350 1555.00 1365.92 1534.49 1561.60 -12.16 -1.32 0.42
250 799.11 685. 66 762.51 780.20 -14.20 -4.58 -2.37
Py 300 1149.34 986.20 1096.09 1120. 87 -14.19 -4.63 -2.48
350 1512.00 1341.05 1489.74 1522.70 -11.31 -1.47 0.71
250 698. 00 629.85 681.22 701.59 -9.76 -2.40 0.51
Py 300 1000. 10 905.33 978.78 1007.22 -9.48 -2.13 0.71
350 1355.00 1230.42 1329.81 1367.50 -9.19 -1.86 0.92
250 808.79 700. 18 789.60 803. 84 -13.43 -2.37 -0.61
Py 300 1145.00 1007.40 1135.21 1155.23 -12.02 -0.86 0.89
350 1555.00 1370.21 1543.12 1569.80 -11.88 -0.76 0.95
250 812.32 704.70 799. 88 813.42 -13.25 -1.53 0.14
Pys 300 1139.04 1013. 84 1149.56 1168. 67 -10.99 0.92 2.60
350 1578.00 1378.88 1562.14 1587.69 -12.62 -1.01 0.61
250 865.00 706. 06 803.33 816. 60 -18.37 -7.13 -5.60
P 300 1091.90 1015.80 1154.39 1173.14 -6.97 5.72 7.44
350 1673.28 1381.54 1568.55 1593. 66 -17.44 -6.26 -4.76
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Table 4 Comparison of pressure wave amplitude of several methods

2012 9(2) : 48-54

/Pa 1% /%
Steinheur Steinheur Steinheur Steinheur Steinheur Steinheur
1” 837 772 628.79 759. 66 761.70 -24.88 -9.24 -9.00 -18.55 -1.60 -1.33

27 817 768 626.53 758.40 773.99 -23.31 -7.17 -5.26 -18.42 -1.25 0.78

3’ 1012 946 840.52 915.00 930.11 -16.94 -9.58 -8.09 -11.15 -3.28 -1.68

4 1167 1086 954.05 1062.00 1069.17 -18.25 -9.00 -8.38 -12.15 -2.21 -1.55

57 1548 1455 1257.85 1423.00 1424.00 -18.74 -8.07 -8.01 -13.55 -2.20 -2.13
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A Probe into Air Pressure Pulse Amplitude of High-Speed
Trains Crossing in Open Air

XI Yan-hong '> MAO Jun '® LIU Run-dong ' YANG Guo-wei’
(1. School of Civil Engineering Beijing Jiaotong University Beijing 100044 China;
2. Beijing Key Laboratory of Track Engineering Beijing Jiaotong University Beijing 100044 China;
3. Institute of Mechanics Chinese Academy of Sciences Beijing 100190 China)

Abstract: The aerodynamic characteristics of high-speed trains passing by in open air are numerically analyzed on
the basis of moving mesh. Then the Steinheur empirical formula for calculating air pressure pulse amplitude is mo—
dified and a new formula is presented. The results show that (1) the pressure pulse amplitude of low-speed trains
passing by in open air is less than that of high-speed trains; (2) the amplitude is related to crossing speed track—
ing distance as well as monitoring point height and is basically proportional to the traveling speed square of trains;

(3) smaller tracking distance results in higher amplitude; and (4) tracking distance has a greater effect on the am—
plitude in comparison with monitoring point height when other conditions keep constant.

Key words: high-speed train; crossing pressure wave; air pressure pulse amplitude; numerical simulation;

boundary layer
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Risk-Based Probe into Appropriate Scour Depth of Bridge
Under Multiple Hazards

YANG Yan-kai MA Ru-in CHEN Ai-rong
( Department of Bridge Engineering Tongji University Shanghai 200092 China)

Abstract: In order to guide the future design of new bridges or the assessment of existing ones a multi-hazard de—
sign framework is proposed on the basis of risk-consistent design for bridges under earthquake and scour hazards
and the appropriate scour depth considering the earthquake is investigated. Firstly a fragility analysis considering
scour is carried out for the bridge under earthquake to obtain the fragility surface and fragility curve of the bridge.
Secondly two probabilistic risk models respectively corresponding to earthquake and scour hazards are proposed
and are used to reveal the relationship between the failure probability under seismic hazard and the scour depth and
to obtain the joint failure probability of the bridge. Then the scour depth corresponding to joint failure probability is
taken as the appropriate scour depth to make a comparison with the designed value from which load combination
factors for bridge design are determined. Finally a case study on a suspend bridge is carried out. The results show
that the proposed method effectively considers both bridge risk and economy so that it lays a foundation for explo—
ring the combined action of earthquake and scour hazards for bridges with different types and scales.

Key words: bridge; risks; earthquakes; scour; multiple hazard



