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Technical Note No. 4 
ISSUES RELATING TO WIND LOADING ON TALL 
BUILDINGS 

 

This Technical Note is one of five on wind loading for the window and cladding industry.  
 The series comprises: 

TN 2 Introduction to wind loading on cladding 
TN 3 Wind loading on wall cladding and windows of low-rise buildings 
TN 4 Issues relating to wind loading on tall buildings 
TN 5 Wind tunnel testing 
TN 6 Pressure equalisation 

Introduction 

Understanding the action of wind around 
buildings is of prime importance to the 
structural engineer.  This technical note 
highlights the common phenomena of wind 
action on tall buildings, many of which can 
also arise (to a lesser extent) with low-rise 
buildings. 

The flow of wind is subject to marked 
variations in speed and direction, and is further 
modified by the roughness of the Earth’s 
surface.  It is this disordered flow which must 
be interpreted by structural engineers for the 
purpose of design.  This can be very difficult 
for large structures and, hence, wind tunnel 
tests may provide the only rational way of 
predicting unusual wind effects around 
buildings in advance of construction.  Further 
guidance on wind tunnel tests is given in 
technical note TN 5 Wind Tunnel Testing. 

Wind action on tall buildings needs to be 
considered at an early stage of the design so 
that the size and form of the structure can be 
optimised to capitalise on the possibilities of 
reducing wind loads.  If the effects of wind 
loads are considered after the size and form are 
fixed then there is less scope for reductions 
and only smaller improvements can be 
achieved by use of local features.  The optimal 
form for minimising wind loads will depend 
on the aspect ratio of the structure, that is, 
whether it is a low- or high-rise building. 

The effects of the air flow and wind pressure 
around and through the building during 

construction also need to be considered at the 
design stage.  The designer must consider: 

 The time and period of construction; 

 The construction procedure to minimise 
excessive wind loading on the structural 
elements of the building during 
construction; 

 The effect that wind loading will have on 
structural members and components during 
construction; 

 The effects that the structure will have on 
the local wind speeds around the site and 
on the surrounding environment. 

Flow of air around tall buildings 

The most common types of air flow around 
buildings that need to be accounted for during 
and after construction are categorised as: 

 Down-draughts 

 Separation 

 Vortices 

 Funnelling 

 Wakes 

Wind action 

When the wind blows onto a building a static 
pressure is developed and the air flow is 
modified, generating a flow over the surface.  
It is this turbulent flow over the building 
surface which determines the wind load and in 
particular the changes in pressure over the 
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building surface.  Figure 1 shows a typical 
example of the flow of air being modified, 
which in reality would depend on the location 
of any surrounding buildings.   

It may be that the inclusion of a building does 
not modify the general wind flow greatly 
because the surrounding buildings are of 
similar height.  This does not mean that the 
designer will know what the wind flow is in 
these circumstances or that the flow at street 
level is unaffected.  The effect of closely 
spaced buildings is to act as a general 
roughness and to raise the ‘effective ground 
plane’.  Beneath this effective plane, the wind 
flow is dominated by the street layout and the 
buildings’ size and shape, rather than the ‘free 
stream’ wind speed and direction.  These are 
exactly the circumstances when a wind tunnel 
test should be considered. 

Down-draughts 

When the wind strikes the front face of a 
building a proportion of the wind below the 
stagnation point will be deflected downwards, 
thereby increasing horizontal wind speeds near 
ground level, depending on the height of the 
building.  The creation of this air flow (down-
draught) is illustrated in Figure 2. 

The environmental, as well as the structural, 
consequences of down-draughts must be 
considered for tall buildings, in particular the 
effects on pedestrians and air pollution.  
Down-draughts can generate unpleasant and 
possibly unsafe conditions for pedestrians as 
the stronger high-level wind is deflected 
downwards, mixes with the lower air and 
forms a vortex.  In addition, the relatively 
stagnant area of air in the wake (described 
later) can also trap exhaust fumes and effluent 
odours. 

Separation 

Most buildings and structures are not 
aerodynamic and can cause the formation of 
broad wakes due to flow separating from the 
edges of the structure, which gives rise to a 
layer of intense shear or turbulence referred to 
as the shear layer.  The process of separation 

(Figure 3) gives rise to negative pressures at 
the sides of the building, rear of the building 
and along the roof.  As a guide the maximum 
velocity would be expected to occur at the 
corners of the building and decrease in 
velocity away from the separation flow lines. 

Vortices 

Vortices occur when the flow has separated 
and can be particularly strong when the wind 
blows obliquely onto a building corner or 
other sharp edge of a building.  There is 
always some degree of turbulence at the point 
of separation, which occurs at locations shown 
in Figure 2.  The turbulence occurs in addition 
to the accelerated flow around the edge and the 
two effects combine to increase the peak wind 
pressure. 

Cladding fixings at all corners and edges of 
buildings must be designed to resist the action 
of the wind at these specific locations. 

Funnelling 

Wind can increase in speed and change 
direction by a process known as funnelling.  
At the base of a tall building the wind speed 
can increase considerably and if the entry to 
the building is curved or angled the velocity of 
the air flow increases as it is tunnelled by the 
aerodynamics of the building.  For example, 
tunnels and openings through buildings 
produce a funnelling effect with a noticeable 
increase in speed within these regions, which 
can become very uncomfortable for 
pedestrians.  Figure 4 shows the typical flow 
pattern around a building with a large opening, 
such as an arcade in a shopping mall.  For this 
sort of design, discomfort to pedestrians could 
be reduced if the building is protected from 
winds striking the arcade elevation. 

Funnelling is also prevalent if two tall 
buildings are closely positioned side by side.  
Certain wind directions on the pair of 
buildings may be critical and the result of this 
juxtaposition would be to increase the negative 
pressure coefficients on the abutting corners, 
indicating a need for stronger fixings for 
windows and cladding in this region. 
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Wakes 

As air flows around the sides and over the top 
of a building its direction is modified and 
velocity increased.  However, on the leeward 
(rear) face of the building a circulating air flow 
develops, known as a wake.  This is 
categorised as a low pressure region which 
exerts a suction on the rear face of the 
building.  Figure 5 shows the basic flow 
pattern that constitutes a wake. 

Variation of pressure over the surface of 
the facade 

Pressure distribution 

The distribution of pressure over a building is 
far from uniform.  When the wind encounters 
a building the pressure tends to be greatest 
near the centre of the windward face and falls 
off towards the edges.  The flow of air is 
deflected over the roof and around the sides of 
the building, resulting in accelerated flows in 
these regions and giving rise to negative 
pressures (suctions) on the external surface.  
The air flows from regions of high pressure to 
those of low pressure, and close to the surface 
of the building the flow lines are perpendicular 
to the surface pressure contours. 

The pressure distribution around a building 
can be modified by the ‘air permeability’ of 
the building envelope, which depends on the 
number of window and doors present.  Air 
permeability also plays a significant role in the 
design of internal partitions, which may need 
to be restrained if they are continuous from 
floor to ceiling. 

The use of pressure coefficients 

The use of pressure coefficients is required 
when calculating the wind load on a building 
to BS 6399: Part 2. 

The pressure coefficients (Cp) depend on the 
building shape and, in the case of external 
wind pressures, the wind direction.  The 
coefficients are applied directly to the dynamic 
pressure (qs) to calculate the design pressure at 
various specified zones on the building (see 

later).  The surface pressure (p) can then be 
calculated from the equation below for each 
zone of the building: 

p =Cp  qs 

When calculating the total wind load on a 
facade it is necessary to take account of the 
pressure difference between the inner and 
outer faces.  The internal and external 
pressures are calculated using internal and 
external pressure coefficients, Cpi and Cpe 
respectively. 

During the construction phase in particular, 
there may be significant openings within the 
building.  The resulting internal pressure may 
be significant and should be taken into account 
in the design of the structure/cladding and/or 
the sequence of construction. 

Zoning 

Zoning of a building is necessary in both the 
horizontal and vertical direction because of the 
variation in pressure exerted over the external 
surface. 

Within each zone the value of the external 
pressure coefficient Cpe remains constant. The 
size of each zone depends on the building 
shape, orientation and the direction of the 
wind flowing onto the surface of the building. 

Horizontal zoning 

Typical horizontal zones for external pressure 
coefficients (Cpe) for a specified wind direction 
on a building are shown in Figure 6.  This type 
of representation gives an indication of the 
variation of pressure coefficients for a building 
shape given within BS 6399: Part 2 where the 
sides of the building are divided into three 
distinct zones (1, 2 and 3). 

Vertical zoning 

For tall buildings the wind load at the top will 
be greater than that near ground level due to 
the increase in wind speed with height.  BRE 
Digest 436 states that this variation in pressure 
with height only applies to the positive wind 
pressure on the windward face and is not 
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applicable to suction loads on the side and rear 
faces. 

The rules for a tall building or buildings where 
the height (H) is greater than the breadth (B).  
BS 6399 allows some reduction in the lateral 
loads to be obtained by dividing the building 
into a number of vertical zones, summarised 
below and illustrated in Figure 7: 

1 Buildings with height H less than or equal 
to the width B should be considered to be 
one part; 

2 Buildings with height H greater than width 
B but less than 2B should be considered in 
two parts. 

3 Buildings with height H greater than width 
2B should be considered in multiple parts, 
with the lower section at height B and the 
upper section a similar height B, with the 
intermediate sections subdivided 
accordingly. 

BS 6399 does not state that these rules are 
only applicable to the positive pressure on the 
windward face and not aplicable to calculation 
of suction loads but on amendment to this 
effect is expected in due course.   

Correct interpretation of this rule is 
particularly important for cladding and the 
guidance in the BRE Digest should be 
observed. 

Design applications 

The use of zoning within the design process 
may allow the use of lighter/shallower 
structural members if an economic design is 
required, e.g. a shop front.  However, it is not 
common practice to alter the size of the 
cladding structural members throughout 
different zones of the building if the same type 
of cladding profile is specified but the 
thickness of the frame members may be 
reduced while keeping the external profile and 
continuity of the design the same. 

The use of vertical zoning may be introduced 
into the cladding/frame design if the exterior 
appearance of the cladding changes between 

floor heights or over several floors, allowing 
the structural calculations to be conducted on a 
modular basis.  Regardless of whether zoning 
is applied in the design process, the structural 
frame of the building must withstand the wind 
loads during construction and meet the 
architect’s and client’s specification without 
compromising safety. 

 

Summary 

It is important that the wind action around 
buildings is investigated and taken into 
account when designing structures and 
cladding against wind loading.  When the site 
wind speed is calculated it is important that the 
pressure distribution across the face of the 
facade is calculated depending on how the 
building is zoned and how the pressure is 
modified by the permeability of the facade due 
to joints within and around windows and 
doors. 
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Figure 1  Modification of air flow around tall buildings 

 

 

 

 

 

 

 

 
Figure 2  The creation of down-draughts and vortices 
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Figure 3  Lines of separation at corners and at side walls 
causing suction at sides, rear and roof of the building 
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Figure 4  Increase in velocity at the sides and through 
openings at the base of a building 

 

Figure 5  Mixing of air flow at the rear of a building 
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Figure 6  Pressure coefficient zones on the sides of a building 
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Figure 7  Division of building by parts for lateral loads 
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