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Rain Pressure Distribution of Three-Tower Connected Tall Buildings with

Wind-Rain Coupled Environment

WANG Xiaohai, KE Shitang, ZHAO Yongfa, YUN Yiwen, LIU Tiantian
(College of Civil Aviation/College of Flight, Nanjing University of Aeronautics &. Astronautics, Nanjing, 211106, China)

Abstract: An iterative simulation on wind field and rain field in one three-tower connected tall buildings in
southeast coastal region in China was carried out based on the computational fluid dynamic technology. In the
iterative simulation, the wind-rain two-way coupled algorithm was viewed as the core and the continuous
phase model and discrete phase model were used. Firstly, the nonsteady fluctuating wind fields in connected
buildings were simulated under 9 wind-rain working conditions. The average wind pressure distribution, the
surface velocity streamline, and the flow field disturbance mechanism of the three-tower connected tall
buildings were discussed. Secondly, the number of raindrops on the principal tower surface, impact force of
raindrops, and distribution law of rain pressure coefficient at different wind-rain working conditions were
compared. The structural surface velocity streamline, raindrop travelling path and action mechanism of the
final velocity in the wind-rain coupled field were disclosed. Finally, the most unfavorable wind-rain working
condition for the three-tower connected tall buildings was recognized. The recommended values of the rain

pressure coefficient were given. The results demonstrated that the rain load on the windward surface of the
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three-tower connected tall buildings in the wind-rain coupled environment was the most significant. The

maximum rain-to-wind load ratio reached 23.81% and the maximum rain pressure coefficient at local

measuring points reached 0.301. The wind velocity and strong rainstorm combination was the most

unfavorable wind-rain working condition in the 100-year recurrence interval.

Key words: three-tower connected tall buildings; wind-rain coupled effect; CFD numerical simulation;

aerodynamic distribution; rain pressure distribution
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Fig.1 Schematic diagram of model and measuring point layout of the three-tower connected tall buildings
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Table 4 List of characteristic values of wind and rain loads on the windward side of working conditions 1—3

TH1 TH2 TH3
1 /m mrak/ AR/ W/ Wi/ Radk/ Feft/ WA/ K/ Al /
kN kN % kN kN % kN kN %

23.6~63.6 39.5 929.9 4.24 51.5 929.9 5.54 110.0 929.9 11.83
63.6~103.6 40.7 1270.5 3.20 70.9 1270.5 5.58 138.3 1270.5 10.88
103.6~143.6 58.7 1417.9 4.14 85.9 1417.9 6.06 175.5 1417.9 12.38
143.6~183.6 72.5 1562.6 4.64 110.5 1562.6 7.07 214.8 1562.6 13.74
183.6~223.6 87.1 1705.0 5.11 124.2 1705.0 7.28 266.3 1705.0 15.62
223.6~261.3 128.9 16104 8.00 204.4 1610.4 12.69 383.4 1610.4 23.81

£S5 TRA~CEFYIDRERREG EEE R FRFMEET R

Table 5 List of characteristic values of wind and rain loads on the windward side of working conditions 4—6

TH4 TH5 TH6
/1 /m WfrEk/  KeEk/  efl/ W/ KRR/ WE/ TR/ K farak/ e fE /
kN kN % kN kN % kN kN %
23.6~63.6 24 .4 1369.9 1.78 42.8 1369.9 3.13 79.8 1369.9 5.83
63.6~103.6 38.2 1758.6 2.17 58.3 1758.6 3.32 114.3 1758.6 6.50
103.6~143.6 52.8 1945.6 2.71 81.0 1945.6 4.17 168.5 1945.6 8.66
143.6~183.6 73.5 2164.5 3.39 113.3 2164.5 5.23 235.4 2164.5 10.88
183.6~223.6 100.5 2351.3 4.27 159.3 2351.3 6.77 327.4 2351.3 13.92
223.6~261.3 151.3 2213.1 6.84 252.1 2213.1 11.39 478.7 2213.1 21.63

F6 TR7T~IEFYMIDRERFEG EEE R FRFMEET R

Table 6 List of characteristic values of wind and rain loads on the windward side of working conditions 7—9

TH7 T8 TH9
1 /m W/ AR/ Lefl/ O W TR/ RETER/ WM/ WRaR/ KR/ e fE/
kN kN % kN kN % kN kN %

23.6~63.6 24.5 1545.2 1.58 32.7 1545.2 2.12 66.3 1545.2 4.29
63.6~103.6 33.8 2032.0 1.66 58.5 2032.0 2.88 121.4 2032.0 5.98
103.6~143.6 56.4 22745 2.48 88.9 22745 3.91 167.1 22745 7.35
143.6~183.6 76.2 2538.1 3.00 116.3 2538.1 4.58 237.3 2538.1 9.35
183.6~223.6 112.9 2752.3 4.10 157.1 2752.3 5.71 314.7 2752.3 11.44
223.6~261.3 165.7 2 584.0 6.41 254.0 2 584.0 9.83 501.3 2 584.0 19.40
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Fig.9 Three-dimensional distribution of raindrop and rain pressure coefficient of three-tower connected tall buildings
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