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Researches Related to the Wind Loads on

Row-Rise Buildings

The majority of structures built
all over the world can be categorized
as low-rise buildings used for
residential, commercial and other
purposes. And these buildings are

generally susceptible to wind damage

caused by typhoons, hurricanes, etc.

.-"'Y"

caused by natural disasters, it is evident that an improvement

Due to the large amount of losses

in wind resistance of the low-rise buildings will result in a
significant reduction in overall economic losses. Over the
last few decades, our understanding of wind loading on low-
rise buildings has significantly improved, yet a need remains
for further examination of a host of issues. It is the time
to reflect on these developments, reassess their merits and

shortcomings, and identify the need for further studies and

summarize.
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Aerodynamic database for low-rise buildings

An aerodynamic database has been constructed by the
Tokyo Polytechnic University as one part of the Wind
Effects on Buildings and Urban Environment, the 21st
Century Center of Excellence Program, 2003-2007, funded
by the Ministry of Education, Culture, Sports, Science and
Technology, Japan. As a complement, the aerodynamic
database of isolated low-rise buildings with varied eaves and
non-isolated low-rise buildings are added, which can provide
more detail information about wind loads on such kind of
buildings to engineers. Besides the data process for huge
amount of wind tunnel results, the connection of database
to engineering application, the expansion of usage and

flexibility are still under way.

The effect of different factors on wind loads of low-rise
buildings

Regarding wind loads on buildings the significance of
the geometry was recognized early. Studies carried out
have lead to important conclusions regarding the influence
of roof slope, aspect ratio, area-average on wind loading.
Understandably, several other aspects of the problem, such
as presence of canopies or parapets, different surrounding
conditions still need attention. Furthermore, there is the
realization that knowledge of mean pressures alone is
not adequate to ensure the safety of the building and it is
necessary to know the fluctuations and the peak values as
well, particularly where severe winds are concerned, where
the dynamic response becomes important.

It is well known that eaves of low buildings are
particularly vulnerable to wind action, because the pressure
on windward lower surface that generally reinforces high
suction of the upper eave surface will cause severe loading
on eaves. However, only a few of studies have addressed this
issue involving wind loading on eaves. In the assessment
of wind load on roofs and walls, the effects of caves are
often ignored. Most of Standards and Codes of Practice

provide limited guidance with regard to wind loads on roof
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overhangs. Due to lack of knowledge of wind pressure
difference with varying eaves, recent wind tunnel tests of

TPU were carried out to observe the effect of various eaves

on the wind pressures of gable-roof buildings.

In general, low-rise buildings are usually surrounded by
surrounding houses, and wind loads on low-rise buildings
are definitely affected by these neighboring houses. However,
the current wind load design codes usually just consider the
effect of roughness of the upwind terrain but neglects the
direct effect of neighboring houses. The results show that
wind loads in a realistic environment do not always follow
the basic wind load characteristics of an isolated building
because of interference by neighboring buildings. Systematic
experiments were conducted in a wind tunnel in order to
find the effect of typical building arrangements on the wind-
induced pressures. The primary study goal described here is
to better understand and quantify the effect of surrounding
buildings on wind load on low-rise buildings.

The results of analysis mentioned above will lead to some

recommendations for wind standards or building design.

Better evaluation of wind pressures on low-rise buildings

It is recognized clearly that tributary area was a key
parameter in the evaluation of wind pressures and area-
averaging was very significant but wind codes of practice
and design standards did not even consider the significance
of variation of the dynamic character of the pressures with

the particular location of interest on the building envelope.
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And the importance of the tributary area has an additional
dimension when wind pressure loads acting on systems
covering more than one surfaces of the building envelope are
considered. The lack of correlation of wind pressures acting
on different building surfaces, in addition to the effects of
tributary area, are significant factors to be considered in the
evaluation of the actual wind load seen by the structure and,
consequently, in its design. The method to develop sets of
pseudo-pressure coefficients is put forward by Davenport,
by which the maximum induced force components are
generated. It is accepted by National Building Code of
Canada and ASCE-7, but still need refinement to extend.

Better understand the flow mechanism of wind pressures
on low-rise buildings

Advanced technology makes computers faster and
more powerful, which allows computational dynamics
(CFD) procedures to be applied to many experimental flow
problems. Today, increasing applications of CFD to wind
engineering problems include wind load of building and
pollutant dispersion phenomena. Several previous studies
have compared measurements made during physical
modeling with numerical predictions. It is declaimed
that the mean values of pressure predicted were in good
agreement with wind tunnel and field test measurements
even for the three-dimensional roof corner vortex pattern
was successfully simulated. CFD method is very efficient to
make flow visualized and better understanding of the flow
mechanism around low buildings in complicated conditions,
with precondition that the results of wind pressures on
surfaces are comparative. In this case, the numerical
simulation will be carried out for the analysis of low-rise

building with different surrounding cases.
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Newly Implemented Method for the Boundary

Layer Formation in a Wind Tunnel
JSPSO O OOOO OKlara Bezpalcova

Thanks to Ludwig Prandtl, who
in 1904 figured out the similarity
between atmospheric boundary layer
and Prandtl boundary layer on a wall
(Triton, 1988), although the Reynolds
numbers have different magnitudes

for both cases, we are now able to

&

to solve many practical problems which occurs in the real

use wind tunnels as a powerful tool

atmosphere. In the beginning the problems solved in the
wind tunnels were mainly in the field of wind loadings, bluff
body aerodynamics, and aeroelasticity. However, in these
days this range extended also to environmental task, such
pollution dispersion, wind comfort, cross ventilation, etc.
The careful check of the theory requirements is necessary to
solve all these tasks properly.

The most important requirement for such use of wind
tunnels is the similarity between the flows in the atmospheric
boundary layer and the wind-tunnel boundary layer.
Actually, we are not able to model whole atmospheric
boundary layer in a wind tunnel, we are usually modelling
only the lowest part of it, so called surface layer. The surface
layer has depth approximately 100 m and it is the part, which
is most influenced by the surface friction. The properties of
the atmospheric surface layer were described in many papers
and books, for example: Counihan (1975), Oke (1987), Stull
(1997), and Snyder (1981).

The atmospheric boundary layer is naturally developed
above ‘an infinite’ development section, but in the case of
a wind tunnel only finite (usually 10 to 20 m) development
section is available. Therefore artificial facilities are used to
obtain stationary boundary layer similar to the atmospheric
boundary layer. The urban canopy is the most important
environment when modelling the pollution dispersion
processes. Consequently the boundary layer above rough/
very rough terrain, which is characteristic by higher
turbulence level, is modelled. Another factor is the scale in

which the wind-tunnel model was manufactured at. If the

scale is larger (e.g. 1:200 or more) also the vortexes have to
be bigger. At that case the standard Counihan type elliptic
vortex generators and a barrier do not have to be sufficient.
A change of the height and density of the roughness
elements within the development section can lead to the non-
equilibrium boundary layer in the test section.

The newly implemented method for boundary layer
formation is based on rather bulky vortex generators (called
spires, for their position within the wind-tunnel intersection
see Fig.1), which are only two-dimensional. The spires
were not placed equally in the wind-tunnel cross-section to
compensate lateral heterogeneity found when the spires were
placed in regular pattern. The later profiles of mean wind
speed, intensity of turbulence, and Reynolds stress measured
in the center of the wind tunnel are shown in Fig.2.
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Figure 1: Spire’s set-up at the tunnel entrance. All measures are in mm.
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Figure 2: Horizontal homogeneity in the wind tunnel test section.
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The turbulence intensity, which this type of spires
is introducing to the flow, is higher than in the case of
the Counihan type elliptic vortex generators. Thus the
roughness elements placed on the wind-tunnel floor can
be smaller than roughness elements used together with the
Counihan type elliptic vortex generators. Their dimension
in our case was 50 mm (length) x 50 mm (width) x 25 mm
(height). The roughness elements were placed in regular
pattern. The distance between two elements in row was 100
mm, the distance between two rows was also 100 mm, and
the following row (in the sense of the flow direction) was
shifted of 50 mm to the right hand side. The entire spires

and roughness elements arrangement in the wind tunnel is

shown in Fig.3.

Figure 3: The spires and roughness elements set-up in the wind
tunnel.

Mean wind profile

Although the power law exponent approximation
is convenient, it has no theoretical basis. When the
temperature profile is adiabatic, the wind speed should
vary logarithmically with height (Stull, 1997) and it can be
described by equation:

U(z)= " 1n Z_—d”
K

il

Z{J

where U(z) is wind speed measured at the height z, k=
0.4 is von Karman constant; d, is zero plane displacement
length; z, is roughness length; and . is friction velocity. The
measured average wind speed profile and its logarithmic fit

are shown in Fig.4. The following values were obtained by
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the logarithmic fit: d, = 8 mm, z, = 2.5 mm, and . = 0.44 m/s.

The power law exponent describing this profile is o= 0.25.
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Figure 4: Average mean wind speed vertical profile in semi-
logarithmic plot. The extrapolation of the logarithmic
fit shows the roughness length parameter.

Intensity of turbulence profile

The intensity of turbulence is defined as a ratio of
standard deviation and mean value of the wind speed. Snyder
(1981) proposed the universal vertical profile of u wind speed

component as

In| —

[ (z)=—=0a

u
g, z
’ In| =
where a is the power law exponent, and z is height above
ground. The theoretical and observed (which is in quite good

agreement with the theoretical one) profiles are shown in Fig.5.
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proposed by Snyder (1981).
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Reynolds stress profile

The Reynolds stress u'w’ is defined as product of
fluctuations of # and w wind speed components. It is also
related to the friction velocity as |u'w’| = u.’. It should be
constant within the surface layer. The measured profile
of u’'w’ is shown in Fig.6. Regrettably the values are neither
constant nor equal to -0.19 m?/s*, which is value equivalent to
u.=0.44 m/s.

We also evaluated the integral length scales and turbulent
energetic spectra based on the autocorrelation curves. Both
characteristics agreed very well with the values measured in

the real atmosphere.
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Figure 6: Vertical profile of Reynolds shear stress u’w’ and
its comparison with value obtained while fitting the
logarithmic profile to mean wind speed profile.
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Conclusions and future work

The newly implemented method for boundary layer
formation did not ensure ‘perfect’ boundary layer. However,
despite of very limited time in the wind tunnel, the obtained
boundary layer is closer to an equilibrium boundary layer
than the one modelled by conventional means. The boundary
layer presented here lacks a little bit of turbulence in the
lower levels. If more variability in the roughness elements
will be added (for example using to types of them and mixed
together) the intensity of turbulence as well as Reynolds

stress will increase in the lowest elevations.
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