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ABSTRACT
All dimensions are number of holes = N

Wind loads on porous cladding are found to be lower in mm /area of hole = a
than those on a similar non-porous cladding because T’
air flows through the porous surface into the internal o] o 0/ o o) o o o
volume, tending to equalise the mean pressures and
attenuating the peak pressures across the cladding, o o o o o o o o
both of which can reduce the total wind loading on the
cladding. ‘The effects of porosity and internal volume
on the mean, standard deviation and peak pressures on a5 07070?7()‘70'?0'14%'145)' 146 1400; 175%
a porous surface in a pressure field similar to that 35
for a roof or wall of a building have been measured. 15|10 o [o] 0O (o] B
Reduction factors based on wind loads on a similar tapping no 809 - 98-8 8- —8 -8 -—8—-—8—-
non—porous cladding have been evaluated so that design *p567 8 91011 12 13 14 15 16
wind loads on porous cladding can be estimated from wind o o o jo ©o 0% 0
external pressure coefficients given in existing wind direction
loading codes. B=0 ©o © 6 0 o'"oje o

INTRODUCTION o] o e} o . @ o} o o)
This paper is a continuation of a research effort, o o o o o o o o
reported at the 2nd Workshop on Wind Engineering and
Industrial Aerodynamics in Melbourne (Cheung and L L
Melbourne, 1985), studying the effects of porosity on -
wind loading on a porous roof in an attempt to enable
codification of such wind loads on porous cladding. -
The previous report established reduction factors to -
be used in evaluating wind loads from external pres— 4 R
sure coefficients for moderately large elemental areas /7 / H
near the leading edge and near the centre of a porous
roof. The present investigation extends the previous /
measurements in determining the wind loads at incre- internal air flow
mental points across the whole stréamwise  length on
the porous roof. Since the previous results have internal volume

shown that the external pressure coefficients vary

only with the distance from the leading edge, depend- B = breadth of the model = 121U mm
ent on the external building flow field but independ- _ . _ .

ent of the porosity and internal volume, the external L = length of Ehue modal = 121 s
pressures were only measured for the fully sealed H = height of the model = 200 um

model in the present series of experiments.' Also, the . open area _ HN.a
external pressure coefficients when referenced to the poxogity total area , B.L
pressure directly underneath have previously been = internal volume ratio =
shown to be the same as the lift force coefficients
obtained from strain gauge balance measureuwents.
Consequently, the coefficients for the pressure
difference across the external top and the bottom

m
n

e

density of air

a © =
n

= standard deviation

tapping directly wunderneath will be presented as P. =P
equivalent to the 1ift force coefficient at that Cpp = L —
location in this paper. Yy 0 uH2

EXPERIMENTAL ARRANGEMENT By =Py,

3., s B

A model of a low-rise, flat-roofed building, as shown E 1/29 uHZ
in Figure 1, was tested in a modelled natural wind in
the 2 x 2 m working section of the Boundary Layer Wind Pt = pressure at top of surtace
Tunnel at Monash University. The blockage ratio is 6.
Although Hunt (1981) has concluded that the effects of pp = Pressure at bottom directly undermeath
blockage on pressure measurements on prismatic uy = wind speed at model height H
buildings are insignificant for blockage ratios less
than 10%, this effect will be checked later. No Superscripts
blockage corrections have been made to the data in
this paper. The exponent for the mean velocity - mean

profile is 0.2l and the turbulence intensity at the
model height is 15%4. The top of the model was porous
with 1156 holes of 1/8" in diameter and 64 holes of v minimum peak

1/16" in diameter uniformly distriputed over the area.

The roof porosity, being the ratio of the area of the

holes to the total area of the roof, was varied by Fig. l: Nomenclature and dimeunsions of the model with
masking off some of the holes with tape. A partition a porous roof.

maximum peak
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was installed inside the model to change the internal
volume of the model. The ratio of the depth of the
internal volume to the external height of the model is
defined as the internal volume ratio relevant to the
air flow inside the model. Pressure tappings were
placed on top and below the central area of the roof
along the entire streamwise length. The top tappings
were connected to one channel of the scanivalve while
the corresponding bottom tappings were connected to
another channel. The channel with bottom tappings was
connected to the reference of a Setra pressure
transducer monitoring the first channel of the top
tappings so that the pressure difference across the
roof could be measured for each pair of the top and
bottom tappings, scanned along the streamwise length
of the model for different porosities and internal
volumes. Pressure measurements for the top tappings
were repeated with the reference of the Setra pressure
transducer connected to the freestream static pressure
for the case of zero porosity when the porous holes on
the roof of the model were fully sealed with masking
tape. The Setra pressure transducers were used
together with connecting tube restrictors to ensure
that the response to pressure fluctuations on the
model were flat up to a trequency of 200 Hz. The
output from the pressure transducer was low pass
filtered at 280 Hz to cut off any resonance or
external noise components. rlean, standard deviation
and minimum and maximum peak pressures were weasured.

EXPERLNENTAL RESULTS

The definition of the pressure coetfficients are given

in FKFigure |l. For the non—porous roor the mean,
standard deviation and peak external pressure
coefficients referenced to the freestream static

pressure are plotted in Figure 2 as a function or the
distance from the leading edge. The results agree

quite well witn the previous measurements (Cheung and

Melbourne, 19Y85) for the regious near the leading edge
and the centre of the model and with others (Gerhardt
and Kramer, 1Y83) for building facades. 'The highest
wind loads occur in regions of separated flow near the
leading edge of the wodel and reattachment occurs at a
relative distance of about x/L = U.4.

The external pressure coefficient referenced to the
pressure directly underneath was found to be the same
as the Llift force coefficient from the previous
measurements (Cheung and Melbourne, 1985) and hence
the lift force coefficients presented in this paper
were evaluated from the measurements of the pressure
difference across the roof with respect to the dynamic
pressure of the upstreaw wind flow at model height. As
the porosity of the roof increases, the porosity
allows air to flow through the cladding to the
internal  volume tending to equalize the wean
pressures. Hence the pressure difference across tne
roof is reduced. The reduction factors, i.e. the ratio
of the lift force coefficient to the external pressure

5

L tapping 4
=2.5

Fig, 2:

Mean, standard deviation and peak external pressure coefficients reterenced to the treestream static

pressure as a function of distance from the leading edge on a non—porous Trool.
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coefficient referenced to the freestream static
pressure is plotted in Figure 3 as a function of
distance from the leading edge on the porous roof for
different porosities and internal volumes. Even with
a small amount of porosity, a negative pressure is
induced in the space underneath. Because the air can
flow in tne internal volume, the highly negative
external pressure near the leading edge can induce a
relatively high negative internal pressure on the
underside of the downstream part of the model roof. As
shown in Figure 3, the reduction in wind loads is
generally greater further downwind from the leading
edge. As the porosity increases further, it becomes
more permeable to air flow across the roof. The
induced internal pressure on the downwind side becomes
so highly negative that the direction of the wind load
is reversed. Thus, the net wind load is downward
although the external pressure coefficient is
negative. For small porosity of less than 0.01%,
increase of internal volume reduces the mean wind
load. However, as the porosity increases further, the
opposite trend occurs for the windward region while
for the downwind region the effects remain to be
reducing the wind load by increasing the internal
volume. This measurement supports an explanation of
some inconsistency on the effect of internal volume
noted in the earlier work. As for the small porosity,
air flow across the permeable roof is so small that
even a small internal volume allows the small air flow
over the entire area underneath. Therefore, increasing
the internal volume only increases the air flow across
the porous roof slightly and thus reduces the wind
load slightly over the entire region of the root. For
the larger porosity roof, the smaller internal volume
reduces the capability of the relatively larger amount

1.0—

@
O

internal volume =

internal volume =

Cheung and Melkourne

of air flowing across the porous root to tlow inter—
nally between the windward and downwind regions. 'he
induced high negative internal pressure near the wiud-
ward region becomes more localized. Hence, more
reduction in wind load for the windward region and
less reduction for the downwind region can be seen as
the internal volume reduces.

This effect of internal volume for different porosi-
ties and for difterent regious of the model can also
be seen in Figure 4, the cross plot of FKigure 3, of
the reduction factor as a function of roof porosity
for different tappings and different internal
volumes. The mean wind load on the porous roof near
the leading edge is shown to be lower by about 20% of
that on a non-porous roof when the porosity is U.UB%
or above. kxcept for regions very close to the leading
edge, %/L < 0.U2, this reduction in load can be
increased to 40% as porosity increases and internal
volume decreases.

Similar reduction factors were evaluated for the
minimum peak measurements as shown in FKigures 5. The
ettfect of internal volume on the reduction factors for
peak measurements is very small. ‘herefore, the data
for each porosity presented in Figure 5 are a best fit
curve of the averages for different intermal volumes.
The peak wind load near the leading edge can be
reduced by about 12% on the porous roof as cowpared to
the wind load on a non—-porous roof. kurther reduction,
as much as 3U%, can be achieved in the downstream
region. The reduction factor remains about the saue
for porosities apove U.U5% near the windward region
and increases slightly with increase in porosity near
the downwind regiomn.
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Fig. 3:

porosity = 0.087%

Ratio of mean lift coefficient to mean pressure coefficient as a function ot distance from the leading

edge on the porous roof for different porosities and intermal volumes.
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Fig. 4: Ratio of mean lift coefficient to mean pressure coefficient as a function of roof porusity for different
tappings and different internal volumes.
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Fig: 5 Ratio of minimum peak lift coefficient to minimum peak pressure coefficient as a function of distance

from the leading edge on the porous roof for different porosities and internal volumes.

CUNCLUSIONS

Wind loads on porous cladding are found to be lower
than those on a similar non-porous cladding because
air flow through the porous surface induces a negative
pressure in the internal wvolume. The effects of
porosity and internal volume on the wind load
reduction have been quantified for the centre region
along the entire streamwise length of the roof.
Reduction factors to facilitate the evaluation of
design wind loads on porous cladding from external
pressure coeftficient data have been developed for a
typical low-pitch roof cladding for normal wind
direction. This conclusion leads to further research
which includes the effects of various roof pitch
angles and different wind directions.
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