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Abstract. The wind loads could be increased by the complex hilly terrain. In order to consider this threat, 
computational simulations about wind pressures in buildings in hilly terrain and surrounding buildings were 
finished. In the CFD model, surrounding buildings within 500 meters and hilly terrain within 700 meters 
were established, and total 16 cases including different sensitive wind directions were simulated. The results 
showed that, because of the complex situation of surrounding hilly terrain and interfered buildings, wind 
loads in the building group under different direction show opposite characteristics. The speed-up effects by 
the hilly terrain increased the windward mean pressures when the flow comes from the north, while the 
interference effects by the surrounding buildings decreased them when the flow comes from the south.  

1 Introduction 
In hilly terrain, wind field near the ground can be 
changed dramatically by the hills, and be totally different 
from which in flat regions. Sometimes it can be 
dangerous to the building safety because wind loads on 
buildings could be enlarged.  

From the 1970s, some scholars began to investigate 
the speed-up effect in hilly terrain by wind tunnel tests 
and computational simulations. Jackson and Hunt[1] 
promoted an analytical algorithm to compute wind 
velocity in 2-dimensional smooth hills. Then this 
algorithm was inspected in wind tunnel test by Jackson[2] 
and modified by Hunt[3], and became more improved. 
After that Mason and Sykes[4] extended this algorithm to 
single 3-dimensional hills, and Kaimal and Finnigan[5] 
figured out that the error of this algorithm could be less 
than 15%. Taylor and Lee[6] provided a simplified 
method to calculate the changed wind velocity in 
different height from ground, which is called “the 
original guidelines”. Gong and Ibbetson[7] finished some 
wind tunnel tests on 2-dimensional and symmetric 3-
dimensional hill models. Holmes[8] and Glanville[9] 
utilized the methods of field test and wind tunnel test to 
investigate the separate effects in a steep hill. Neff[10] 
simulated different density of trees in hills by wind 
tunnel tests and discussed the influence on wind fields in 
hills. Miller and Davenport[11] finished wind tunnel tests 
on continuous 12 2-dimensional hills and discussed the 
speed-up effects. Taylor[12] and Weng[13] investigated the 
effects of geometry of hills and ground roughness on 
speed-up effects by their computational simulation 
functions of boundary layer, MFSD. In their researches, 
a new algorithm was promoted, which took the ground 

roughness into account during calculating the speed-up 
ratio. This algorithm was called “the new guidelines”.  

In this paper, the wind loads of a super tall building 
group in complex hilly terrain and surrounding interfered 
buildings were discussed by computational simulations 
in software Fluent. The wind pressures on the surfaces of 
buildings under 16 sensitive wind directions were 
discussed.  

2 Characteristics of the building group 
and hilly terrain  
This building group was located in a central business 
district, with some other super tall buildings surrounded. 
In order to consider the interference effects, the 
computational region were set including the buildings 
within 500 meters. In the south part, the hill is steep and 
there was a river 700 meters far away. Because of the 
influence on wind pressures, the terrain within 700 
meters in southern was included. The plane view of 
buildings and hilly terrain were shown in figure 1.  

 
(a) Surrounding buildings 
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(b) The features of terrain 

Figure 1. The buildings and hilly terrain 

3 CFD model  
Simulations in this paper were engaged by the software 
Fluent, which was widely used in solving fluid problems. 
Turbulence model of realizable ε−k  was adopt, which 
is a modification of standard ε−k  model, and was 
considered an effective model to cope with the problems 
of flow in boundary layer. 

The windward boundary were set to velocity-inlet, in 
which the wind profile was set in formula (1), the 
turbulence profile was set in formula (2), and some 
turbulence parameters ,kinetic energy and dissipation 
ratio, were set in formula (3) and (4).  
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In these formula, 09.0=μC . Parameter l  is 
turbulence integral scale, and Ll 07.0= , in which L are 
the typical geometry of buildings. The wind velocity 
profile, turbulence kinetic energy and dissipation rate 
were set by user-defined functions in Fluent.  

The top and lateral boundaries were set to symmetry, 
and the leeward boundary was set to pressure-outlet. The 
faces of building and ground were set to wall, which 
were modified by roughness surface.  

The grids of CFD models were shown in figure 2.  

 
Figure 2. The grids of CFD models 

In the simulations, cases of wind from 16 direction 
were simulated by rotating the building and terrain 
model. However, the 16 directions were not divided 
from 360 degree uniformly. Instead, these directions 
included 4 normal direction(0, 90, 180, 270), 4 directions 
perpendicular to surface of building R5(26, 206, 116, 
296), 4 directions perpendicular to surface of building 
R6(48, 228, 138, 318), and 4 directions parallel and 
perpendicular to the connection between R5 and R6(159, 
339, 249, 69). The 16 directions were shown in figure 3. 

 
Figure 3. Cases of wind directions in simulations 

4 Wind pressures in the surfaces of 
buildings  
The contours of wind pressures in the surfaces of 
buildings were shown in figure 4. 

     

                (a)Direction 0                             (b) Direction 26 
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(c) Direction 48                          (d) Direction 69 

 

    

(e) Direction 90                          (f) Direction 116 

    

(g) Direction 138                        (h) Direction 159 

     

(i) Direction 180                        (j) Direction 206 

     

(k) Direction 228                     (l) Direction 249 

     

(m) Direction 270                   (n) Direction 296 

     

(o) Direction 318                    (p) Direction 339 

Figure 4. The wind pressure contours. 

According to the contours of wind pressures in the 
buildings, some phenomena caused by hilly terrain 
could be observed.  

Firstly, the maximum positive pressure emerged in 
the upper part of building R6, and the pressure 
coefficients were larger than 1. This was the obvious 
effect of speed-up by hills. In the maximum part, the 
wind loads was increased by 10%.  

From different direction, wind would cause 
different effects. Coming from the south(339, 0, 26), 
the windward pressures were increased by the terrain. 
Coming from the north(159, 180, 206), the windward 
pressures were interfered by surrounding buildings, 
and the windward pressures were decreased notably. 

5 Conclusions 
In this paper, computational simulations on wind 
pressures of super tall buildings in hilly terrains were 
investigated. In order to consider the effects, surrounding 
building were included in the CFD models. According to 
the results, some conclusions could be got as following. 

(1) When the cases of wind direction are considered, 
the most sensitive directions should be taken into 
account, rather than dividing the whole 360 degrees 
uniformly.  

(2) During the simulations, the speed-up effects 
increased the windward mean pressures while the 
interference effects decreased them.  
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