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ABSTRACT 
 
The Shanghai Centre Tower, still under construction, is located in Lujiazui CDB of Pudong, Shanghai, China. 
The main structure is 632m high, and designed in a whirling triangle shape. Because of its height, special shape, 
complicated local wind environment due to surrounding high-rise buildings, and proneness to be affected by 
strong wind, wind speed parameter and wind resistance study had been performed during preliminary design 
stage. However, there exist much difference between actual wind environment and lab wind environment due to 
the scaling effect, which need to be verified by monitoring study on wind environment of the prototype structure. 
Therefore, monitoring of wind loading and its effects seems to be much more meaningful. In this paper, CFD 
numerical simulation is performed to get the local flow and the whole flow around the structure, as well as the 
wind loading characteristics. Then sensor arrangement study is carried out, and some of them have been 
installed. Meanwhile, the wind pressure around the surface of the Tower is also studied by 2-D CFD simulation. 
The pressure distributions are obtained. Results show that the pressures at the corners of the Tower section 
change dramatically with wind direction. Finally, the anemometer and pressure sensors placement are 
determined according to the results from numerical simulation. 
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INTRODUCTION  
 
The Shanghai Centre Tower, still under construction, is located in Lujiazui CDB of Pudong, Shanghai, China. 
The main structure is 632m high, and designed in a whirling triangle shape. Because of its height, special shape, 
complicated local wind environment due to surrounding high-rise buildings, and proneness to be affected by 
strong wind, wind speed parameter and wind resistance study had been performed during preliminary design 
stage (Zhao 2001; RDWI 2009). However, there exist much difference between actual wind environment and 
lab wind environment due to the scaling effect, which need to be verified by monitoring on wind environment of 
the prototype structure. Therefore, the wind field characteristics around the Shanghai Centre Tower are studied 
by the CFD simulation methods (Chen 2010) in this paper. The flow fields and velocity distributions around the 
top of the Tower are obtained under various wind angles, and the relationship between oncoming wind flow 
velocity and that at tower top position is established. Through optimization analysis of different monitoring 
points, the optimal height and position of sensors as well as relationship between measured wind speed and the 
actual wind speed are obtained. Meanwhile, the wind pressure around the surface of the Tower is also studied by 
2-D CFD simulation. The pressure distributions are obtained. Results show that the pressures at the corners of 
the Tower section change dramatically with wind direction. Finally, the anemometer and pressure sensors 
placement are determined according to the results. Figure 1 gives the rendering picture and crown structure of 
the Shanghai Tower. 



      
Figure 1. The Shanghai Tower and its top crown structure 

 
THE WIND ENVIRONMENT AND MEASURING POINTS OF TOWER’S TOP CROWN 
 

Numerical Model 
 
Because the height of Shanghai Centre is about 140 meters higher than the surroundings at least (compared to 
World Financial Centre), the shading effects of surrounding buildings on wind speed of Shanghai Centre’s top 
haven’t been taken into consideration. Based on these conditions, only the crown portion of the tower top is 
numerically simulated in this study. The model shape is built as same as the Shanghai Centre tower which 
ranges 140m down from the top. Numerical model is shown in Figure 2, where Figure 2 (a) is the top structure 
numerical model while Figure 2 (b) is the mesh generation. 

                
 (a) Numerical Model                                    (b) Finite element mesh generation 

Figure 2. Numerical model of the crown of the Shanghai Tower and mesh generation 
 
Numerical Analysis 
 

Analysis cases and monitoring points  
 
Shanghai Centre’s top crown is a whirling triangle shape and the structure rotates with height rising in the space. 
The cross section of the Shanghai Centre is not regular, such as centrosymmetry or axis-symmetry. Therefore, 
four analysis cases are considered with the interval of yaw angle of 90°. The schematic diagram of the four 



cases can be seen in Figure 3(a). To find the difference of the wind flow at different points, 9 monitoring points 
are set at the top, as seen in Figure 3(b). The nine measuring points are evenly distributed in the tower top of the 
outer edge of the crown, but not in the same elevation. 
 

                                   
 

 (a) Analysis conditions                                                (b) Monitoring points 
Figure 3. Analysis conditions and distribution of monitoring point in CFD analysis 

 
Through numerical simulation, the flow around the structure can be obtained, as seen in Figure 4. From the 
results of four different yaw angles, it is visually that the wind field is calm when the yaw angle is around 90°, 
but the wind field has dramatically changes when the yaw angle is around 270°. It can be obviously seen that 
yaw angle effect has great effect on the flow pattern around the structure. 

 

      
(a) yaw angle =0°                                                    (b) yaw angle =90° 

       
(c) yaw angle =180°                                                    (d) yaw angle =270° 

Figure 4. Flow field around the structure 
 
Modification coefficient of wind speed at nine measure points 
 
In order to check the quality of each measuring point, a modification coefficient of wind speed is defined,  
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in which, U∞  is the oncoming wind speed, iU  is the local wind speed at measuring point. From the definition, 

in the case of a given wind speed from a distance, wind speed at monitoring point can be converted.  
During monitoring of wind environment, the installation height of anemometer is an important parameter which 
should be given. The higher the installation height is, the better effect that the monitoring of wind speed has. 
However, higher installation height will make the installing more difficult. Therefore, at each monitoring point, 
the modification coefficients at different height are investigated. Here, this coefficient can determine whether 
the measuring points can be used as a reasonable position of the anemometer. The following two indicators are 
used to check the quality of each measuring point: 
(1) With the increase in height, coefficient should remain stable within a certain height range, which means the 
relationship between wind speed from a distance and wind at the measuring points is confirmable to be 
converted; 
(2) Modification coefficient of wind speed keep as same as 1.0, with the range from 0.8 and 1.2. With the 
coefficients near 1.0, the wind speed conversion error can be greatly reduced during the calculation process. 
The modification coefficients of each point at four yaw angles are shown in Figure 5.  
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(a) yaw angle=0º 
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(b) yaw angle=90º 
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(a) yaw angle=180º 
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(a) yaw angle=270º 

Figure 5. Modification coefficient of each of the nine measuring points in different wind yaw angle 
 

As we can see from the figure above, wind speed modification coefficient does not have a stable range in some 
analysis conditions, even has sharp fluctuations. To simplify problem, we approximately assume that 
anemometer installation height is 2.5m. According to Figure 5, modification coefficient at the height of 2.5m 
can be obtained as follow: 
 

Table 1. Modification coefficient of nine measuring points at height of 2.5m 

Yaw angle 1 2 3 4 5 6 7 8 9 
0° 1.23 1.18 1.13 0.79 0.24 0.37 0.16 0.26 0.19 

90° 1.11 0.85 0.75 1.12 1.07 1.13 0.22 0.22 0.16 
180° 1.01 1.14 1.15 0.45 0.78 0.51 0.87 0.13 0.88 
270° 0.99 1.10 0.90 0.32 0.68 0.96 1.17 1.13 0.90 

 



It can be conclude that the 1st measuring point data is best, and the 2nd and the 3rd measuring point are also 
able to meet the requirements compared with the 1st measuring point. The rest of the points, according to two 
criteria described previously, are inappropriate to fix the anemometer. However, because the 1st measuring 
point is located in the highest position, struck by lightning may often take place in practical use. After 
considering thoroughly, the anemometer’s position at the 2nd or the 3rd point is the best choice.  
Considering the possible maximum wind speed, two anemometers are suggested, which are a ultrasonic 
anemometer with the wind speed ranging from 0 to 40 m/s, and mechanical wind monitor with the wind speed 
ranging from 0 to100 m/s, as seen in Figure 6(a) and Figure 6(b). Figure 6(c) shows the anemometers 
temporarily installed at the top of the structure during construction stage.  
 

  
(a) Ultrasonic anemometer   (b) Mechanical wind monitor          (c) Anemometers during construction stage 

Figure 6. Anemometers for the Shanghai Centre Tower 
 

 
WIND PRESSURE DISTRIBUTION AND PRESSURE MEASURING POINTS 
 

Numerical Model 
 
The Shanghai Centre is wrapped by glass curtain wall outside, which is the main component affected by wind 
pressure load. Monitoring of wind pressure loads on glass curtain wall is very useful to verify its safety. 
Meanwhile, once glass curtain wall falling in the air, pedestrians and vehicles will take a great risk of living and 
passing beneath. Therefore, a further analysis of wind pressure loads on an irregular cross-section with 
numerical simulation method is carried out. In the same way, a 2-D CFD numerical simulation is performed for 
the section of the Shanghai Centre Tower. Figure 7 shows the section and mesh generations.  
 

  
Figure 7. Finite element mesh for section of Shanghai Tower 

 
Numerical Analysis 
 

Analysis cases and monitoring points  
 
There are 13 analysis cases in numerical simulation. 0ºyaw angle is just flowing to the concave angular position 
of cross-section, other analysis cases rotate clockwise to 180º in every 15º, as shown in Figure 8(a). The 
Shanghai Centre cross-section is divided into monitoring sub-blocks for analysing the wind pressure loads and 
can be simplified into a triangle with rounded-corners. Each side of the triangle section is divided into eight sub-
blocks and one sub-block for each corner of section separately (a total of 28 sub-blocks), as shown in Figure 



8(b). Wind pressure changes of each sub-block in different wind yaw angle were monitored in numerical 
simulation process. After numerical analysis, the pressure pattern and wind velocity patterns can be seen in 
Figure 9 and Figure 10. It is obvious that the pressure and wind velocity around the section are highly depended 
on yaw angles. 

 
(a) Definition of yaw angle                                       (b) Pressure monitoring points 

Figure 8. Analysis cases and sub-blocks in CFD analysis 
 

  
(a) Pressure                                                                      （b）Wind velocity 

Figure 9. Flow around the Tower section (yaw angle=0º) 
 

  
(a) Pressure                                                                      （b）Wind velocity 

Figure 10. Flow around the Tower section (yaw angle=90º) 
 
Wind pressure coefficient is the most important parameter during wind-resistance study or evaluation. In this 
paper, take the direction of the pressure as the negative direction, on the contrary, outward suction as the 
positive direction. The purpose of defining the direction is to be able to see the trends and sizes of the force on 
section at the first glance. Here are two typical analyses (Figure 11). 



                
Figure 11. Pressure coefficient of two typical analysis conditions 

 
As can be seen from the Figure 11, when the wind is blowing along the symmetry axis of cross section, the wind 
pressure on the cross-section is also substantially symmetrical, while perpendicular to the symmetry axis 
direction, the section suffers the pressure which becomes disorder. In both conditions, it can be seen that the 
maximum pressure coefficient close to 1.0, but the wind suction coefficient is up to 2.0 or more. 
 
Arrangement of measuring points and sensor range 
 
In order to study how measuring points are arranged around outer surface of Shanghai Centre Tower, the figure 
with pressure coefficient of all the 13 analyses inside is plotted to identify the envelope line of the maximum 
pressure load and distribution rules, as seen in Figure 12. The following rules can be found: 
(1)Wind pressure coefficients(Cp) for each position is generally not more than 1.0 when it suffers pressure, 
however, coefficient at the position which suffers outward force of the adsorption mostly surpasses 2.0, and 
some even more than 3.0. 
(2) After simplifying the cross-section to a triangle with rounded-corner, the wind pressure coefficient of the 
three sides tends to be stable, while the pressure coefficient at the corner appears relatively large fluctuations. 

              
Figure 12. Pressure coefficients distribution                      Figure 13. Layout of pressure sensors  

 
According to the results obtained above, the pressure measuring points can be determined. Totally 54 pressure 
measuring points are designed, which are located in 6 layers along the building with each layer having 9 points. 
For each layer, one pressure sensor is designed near the midpoint of each triangle side and two pressure sensors 
near the corner, as seen in Figure 13. 
The measuring range of the pressure sensor is also considered. Taking the 632m height of Shanghai Centre into 
account, the sensors arrange around the cross-section at the height of 200m, 400m, 600m. If the basic wind 
speed of Shanghai is given as 33.8m/s. According to the Shanghai Centre’s terrain described in the wind-
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resistance code, wind speed at the height of 200m, 400m, 600m are calculated and then pressure ranges for each 
point can be obtained, which can be used for selection of pressure sensors.  
 

Table 2. Pressure of the sensor at the height of 200m, 400m, 600m 

The height of  
the sensor (m) 

Wind speed
(m/s) 

The maximum
pressure (KPa)

The minimum 
pressure (KPa) 

200 47.0 +1.38 -4.64 
400 57.8 +2.09 -7.02 
600 59.8 +2.24 -7.51 

 
CONCLUSIONS 
 
In this paper, the sensor placements for wind environment and wind pressure are studied by numerical 
simulation technique. For anemometer, 3-D CFD simulation analysis is carried out to find a suitable installation 
position. For monitoring of wind pressure, 2-D CFD simulation analysis is performed to get the suitable position 
and pressure range. The sensor placement suggestion is finally given for monitoring the wind effect on the 
Shanghai Centre Tower.  
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