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WIND TUNNEL RESEARCH ON LOW RISE BUTLDINGS

5.7, Reardon

and
J.D. HoTmes
SUMMARY

Although wind tunnels were used to study low rise buildings at the end of
the last century, the importance of boundary Tayer tunnels was demonstrated
only about twenty years ago. Wind tunnel results of tests on 1/50 and 1/100
scale models compare well with full scale studies, and show similar fluct-
uations in pressures at various positions on the building. Flow patterns

on the models are also similar to those observed in full scale.

The effect on pressure coefficients of various parameters such as roof pitch,
size of wall openings, high set and Tow set houses, groups of houses has
been studied and the results outlined.

Some discussion of the design approach in the Australian Standard is given
and present and future developments in relation to the design of Tow build-
ings for wind loads are discussed.



PREFACE

This report is an overview of much of the work conducted at James Cook
University by Dr. Holmes and his colleagues over the past four years. It

is meant to present to engineers, architects and construction managers, in
broad outline, the type of research being conducted and the results obtained.
Emphasis has been placed on the practical aspects of the results and there-
fore the report avoids any reference to instrumentation or the intricate
mathematics and computer programmes that are necessary to properly analyze
the data obtained from each test run. Such information can be obtained

from the 1ist of references included herein.

This paper uses material from a C.S.I.R.0. Division of Building Research,
Technical Paper : "Wind Loads on Low Rise Buildings - A Review" by J.D.
Holmes to be published shortly.
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iTRODUCTION

[

In the decade 1970-1980, an amount of damage approaching $1000 wmillion was
sustained by structures as a result of windstorms in Austraiia. The maior-
ity of this damage was incurved by Tow rise buildings, and a single event,
Cyclone 'Tracy' in Darwin, accounted for over half the total damage.

These facts and figures have led the structural engineering and architectural
professions, and the construction and insurance industries, to express
concern at the Tack of knowledge of the loads imposed on low rise buildings
by wind, and of how to design structures economically to resist these loads.
Following nearly two decades in which researchers in the field of wind
lToading have devoted most of their attention to high rise buildings and
other large structures, more emphasis is now being devoted to low rise
buildings both in Australia and overseas.

Two significant factors make the assessment of wind loads for low rise
buildings at Teast as difficult as for taller buildings and other Targe

structures:

{i) Low rise buildings are usually immersed within the layer of
aerodynamic "roughness" on the earth's surface. Here the turbul-
ence intensities are high and interference and shelter effects
are important.

(i) Roof loadings, with all the variations due to changes in geometry

are of more importance for low rise buildings. The highest Toad-
ings on the surface of a low rise structure are generally the
suctions on the roof, and many structural failures are initiated

there.

On the credit side, however, dynamic effects (i.e. inertia loading) due to
wind, can normally be neglected for low rise buildings.



2. WIND TUNNELS AND GENERAL CHARACTERISTICS OF WIND PRESSURE

2.1 Development and Opevation of Wind Tunneis

Studies of the wind Tgading of Tow rise buildings by wind tunnel and full
scale testing have been carried out for at least ninety years. However, it
has been only recently that relatively reliable measurements have been made.
This 1is due to a combination of more suitable instrumentation and high
response measuring techniques, together with an appreciation of the import-

ance of simulating atmospheric turbulence in wind tunnel tests.

Some of the earliest applications of wind tunnels were in the study of

wind pressures and forces on low rise buildings. The two earliest known
studies are those by Irminger in Copenhagen {Irminger, 1894) and Kernot (1893)
at Metbourne University. However, it was not until the nineteen fifties
that Jensen {1958), at the Technical University of Denmark, satisfactorily
explained the differences between full scale and wind tunnel model measure-
ments of wind pressures. He illustrated the importance of using a turbulent
boundary layer flow to obtain pressure coefficients in agreement with full
scale values. The standard technique used is to introduce roughness on the
wind tunnel floor to generate a turbulent air flow. These obstructions must
be of the correct proportions to reproduce the mean wind velocity profile

of the atmospheric boundary layer. Thus the wind tunnel can be used to
reproduce, in small scale, the wind effects from ground level to a height of
about 500 metres.

Reproducing the natural wind profile to 500 metres in a wind tunnel one or
two metres high means that only very small scale models of buildings or
building components can be tested. However, in order to increase the scale
of the models it is not uncommon to use the tunnel to model only portion of
the natural wind profile. For low rise building tests the wind tunnel at
James Cook University simulates atmospheric flows equivalent to full scale
heights of 50-100 m. In this way models having geometric scales of 1/50 and
1/100 can be used.

The James Cook University wind tunnel shown in Figure 1, has a test section
17.5 m Tong, 2 m high and 2.5 m wide. It is open ended with the fan mounted
downwind of the test section. The turbulent boundary layer flows are gener-
ated by a combination of carpet roughness on the floor, and a low fence at
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the upstresm end of the tumnel. These are both clearly visible in Figure £,
The fiaure also shows a 1/50 scale model of a high set house and the relative
Tocation of the hot film probe, used to measure wind velocity during test.
Measurements of turbulence in the tunnel have shown good agreement both with
computed theoretical profiles and with available full scale data. (Holmes, 19771,

2.2 Fuil Scate Tests

In the early nineteen seventies, the Building Research Establishment of the
United Kingdom, following a survey of building damage due to wind in that
country, commenced a program of full scale measurements of wind pressures and
forces on two storey houses at Aylesbury, Engltand. As well as measurements
on existing terraced houses, an isolated house with a gable roof of variable
pitch angle was specially constructed, and extensive pressure measurements
were made. In this study, advantage was taken of the considerable develop-
ments in electronic instrumentation and computer-based statistical analysis
techniques, that had occurred in the previous two decades. The results
(Eaton and Mayne, 1975; Eaton, Mayne and Cook, 1975}, in particular,
emphasised the highly fluctuating nature of the wind pressures. High suction
peaks in separated flow regions that were being observed, concurrently, in
boundary layer wind tunnel and full scale studies of high-rise buildings,
were also strongly evident in the Aylesbury study. However, later appraisals
of the data, during comparisons with wind tunnel studies (Holmes and Best,
1978 (ii); Apperley, Surry, Stathopoulos and Davenport, 1979) showed up a
number of inconsistencies. Data from two measurement "runs” on the isolated
house, with same roof pitch and mean wind direction showed significant diff-
erences. A number of reasons have been advanced for these inconsistencies:
for example, measurement problems such as a fluctuating static pressure
reference and uncorrected zero drifts in the pressure transducers. The effect
of natural variability in the wind, such as sudden changes in wind direction
and changes in atmospheric stability conditions may also be important. At
present, some re-analysis of the Aylesbury data is being undertaken.

It appears, at present, that properly conducted boundary layer wind tunnel
tests are the most satisfactory means of obtaining consistent pressure and
force coefficients for use in Codes and Standards on wind loading. However,
it is essential to continue model/full scale and model/model comparisons.



Figure 2 Location of Model and Hot Film Probe During Testing
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