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Abstract

The effects of varying wind direction probabilityy pedestrian
level wind assessment are discussed, using theduelb area
wind climate as an example. Contours of limitingpedy ratios,
(i.e. the ratio of acceptable gust wind gust spae@ metres
height to the hourly mean speed at 300 metres t)emte plotted
as a function of wind direction. Outer and innentours of the
velocity ratio are plotted; the difference betwdba two is the
assumption with respect to directional probabilityit is shown
that these form limits which can conveniently beedisto
determine the acceptability of a given locationhwitspect to the
defined gust criterion, and avoid the complexitycafrying out a
full integration to obtain the combined probability limiting
wind speeds being exceeded at a given godnt any direction.

Examples of use of the limits are given for somenegie
locations in a suburban situation (TC3), and also docase
typical of one near the base of a tall buildingtie Melbourne
CBD. A possible intermediate ‘central’ contour issal
discussed.

Introduction

Melbourne (1978a) described procedures developedoaiash
University to assess the ground level wind envirenin These
procedures have been almost universally adopteddimmercial
wind-tunnel assessments for planning applicatiomsalil of
Australia. In a separate paper, Melbourne (1978lsp
discussed the gust speeds for acceptable condiimngarious
activities such as fast walking, strolling, sittietc. However,
these will not be discussed in detail in the presmper; the
values of 3s gust speed currently specified for Wagious
activities, exceeded for no more than 0.1% of thet will be
taken as a ‘given’.

The method proposed by Melbourne (1978a) utiliseldmpplots

of the square of the velocity ratio (i.e. the ratio of acceptable

wind speed at two metres height to the hourly ngzeed at a
height of 300 metres), on the basis that pressaremore

important than velocity when considering the medatedreffects

of wind on humans. However, we have chosen to\@tocity

ratios since thermal effects are directly relateds¢locity, and
the current limiting criteria are expressed in temi velocity in

metres per second.

Velocity ratio contours for Melbourne

Contours of limiting velocity ratios (i.e. the rataf acceptable
wind gust speed at 2 metres height to the hourlsgmepeed at
300 metres height) are plotted as a function ofdwdiirection.
Two sets of contours are plotted:

1) Anouter limit which incorporates the directional probatyili
This effectively ignores the possibility that wiedn blow from
sectors other than the given sector, when calogldtie limiting
ratio for that sector; it is therefore anconservative limit,

2) Aninner limit which assumes 100% probability of the wind
blowing within a given direction sector. This as®s that the
wind always blows from the given sector when calting the
limiting ratio for that sector; it is thereforecanservative limit.

Figure 1 shows the acceptable velocity ratios inbiderne for
the walking criterion (i.e. the gust at a givendtien with a
probability of exceedence of 0.1% should not excéédm/s).
The limiting contours were obtained by processifigniinute
mean wind speeds recorded at 10m height at Melleo@irport
(Tullamarine), every 3 hours between 1970 and 20Ihe 10-
minute average wind speeds at the airport, asstoned Terrain
Category 2 according to AS/NZS 1170.2 (StandardstrAlies,
2011), were converted to equivalent hourly meare lagight of
300 metres in Terrain Category 3.

For each 22S&direction sector, a Weibull probability distribori
was fitted to the data and the values for eachctiine sector,
corresponding to the 0.1% exceedence probabiliterew
calculated. These values then formed the denomihdto the
values on the contour plot.  As discussed abibnveputer limit
incorporates the directional probability of eachediion sector,
thus reducing the hourly wind speed for the 0.1%eerence
probability and giving a higher value for the adedybe velocity
ratio on the contour plots.

Acceptable velocity ratios for 16 m/s gusts with 0. 1%
probability of exceedence for 22.5 degree sectors

(16/7V300,7c3,0.1%)
outerlimit

(16/7V300,7¢3,0.1%)
inner limit

Figure 1. Acceptable velocity ratios for walkirgsm/s gust)

Figure 2 shows a similar figure to Figure 1 butdmh®n the
‘short-term stationary’ gust limit of 13 m/s.

It should be clear from the preceding discussiat thall the

points plotted on the polar plots for a particitaration — that is
the velocity ratios for all directions — fatiside the inner dashed
contour, then the location is clearly acceptabléhwespect to
that criterion. On the other hand, if any velodigios plotted
fall outside the outer ‘solid’ contour, then thedtion is clearly



unacceptable with respect to the criterion, as dbetribution

from a single direction is sufficient to producestputhat exceed
the value of the criterion. If all, or some, paiffiall between the
two limits, but none fall outside the outer contotinere is some
doubt about the acceptability, or otherwise, of litation, and
strictly, a full integration to determine the adtuand gust speed
satisfying the 0.1% probability limit, should be damtaken,

taking into account all wind directions.

It should be noted that the current practice isitiise only the
outer limit as a basis for acceptability.

Acceptable velocity ratios for 13 m/s gusts with 0. 1%
probability of exceedence for 22.5 degree sectors

N (13/7V300,7¢3,0.1%)

/ outerlimit
NE

(13/7V300,7¢3,0.1%)
inner limit

Figure 2. Acceptable velocity ratios for shortrtestationary activities
(13m/s gust)

Generic examples

Fully-shielded location in a suburban area

Firstly we will consider the velocity ratio assaeid with a fully-
shielded location in a suburban area (Terrain Caje8d as
determined from AS/NZS 1170.2: 2011 and AS 117®89]
and using peak factors determined by Holeted. (2014). The
ratio of the expected 3-second average gust att@eskeight in
TC 3 to the hourly mean at 300m in the same texaimthen be
determined by:

?n.zs,znom,Tcs

Vas,2m,TC3 _ Vasomrez Vozsamres

V60 min, 300mTC3 Vo.2s2mrc3 Vo.2s300mTc3  Veomin, 300mTC3

1+3.0(0.271) 0.83

ras027D 125 1 +38(0.121)] = 0.839

Full shielding is then accounted for by multiplyibyg the lowest
shielding multiplier, M, of 0.7 in AS/NZS 1170.2, giving a final
ratio of 0.839x 0.7 = 0.587.

This ratio is plotted with the contours for the liwag’ criterion

in Figure 3. Since the points all fall inside timmer (dashed)
contour, a full integration would produce an expdciaximum
3s gust of less than 16 m/s, within an hourly meard with an

exceedence probability of 0.1%, and the hypothletlmaation

can therefore be regarded as clearly acceptablgdiing.

TC32m gusts (full shielding) compared with walking
criterion

(16/ V300,7¢3,0.1%)
outer limit

(16/V300,7¢3,0.1%)
inner limit

Figure 3. Velocity ratios for a hypothetical ‘fydshielded’ suburban
location compared with the ‘walking’ criterion

Figure 4 shows the comparison of the velocity rdto this
location with the contours calculated for the ‘sHerm
stationary’ criterion of Figure 2. In this cashe tvelocity ratio
points fall outside the inner contour for severakdions, but
except for the north direction, fall within the eutontour.

TC32mgusts (full shielding) compared with short-t erm
stationary criterion

N (13/7V300,7¢3,0.1%)

/ outerlimit
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(13/7V300,7¢3,0.1%)
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Figure 4. Velocity ratios for a hypothetical ‘fshielded’ suburban
location compared with the ‘short-term stationamjterion

The 3-s gust, from any wind direction, with an extpd
probability of exceedence of 0.1% can easily beutated from
the probability distribution of the all-directiorDdminute mean
wind speeds at 10 m height at Melbourne Airporh ahalysis of
the latter data for 1970-2010 gave a Weibull stfaptr of 1.92,
and a scale factor is 6.25 m/s. Hence, the 1@4®imean wind
speed at 10 m height in TC 2, with 0.1% probabildf/
exceedence, is:

6.25x[log,1000]*/192 = 17.1 m/s

The ratio of the expected unshielded 3-second geegast at 2
metres height in TC 3 to the 10-minute mean at 19MmMG2 is
given by:

Vasamrcs  _ Vasamres Vozsemres Vozsiomrcz

V10 min, 10m,1C2 Vo.zs2mrcs VozsiomTcz  Viomin, 10mTc2

1+3.0(0.271) 0.83 _
T+38(0271)" 10 ° [1+ 3.4(0.183)] = 1.203
Applying a shielding multiplier of 0.7, this factdrecomes of
1.203x 0.7 = 0.842.

Hence the expected maximum 3 sec gust at 2 m héight
shielded situation in TC3, with a probability of eedence of
0.1%, is: 17.1x 0.842 = 14.4 m/s

As expected from Figures 3 and 4, since 13 < 1416 /s, this
location satisfies the ‘walking’ criterion, but lgithe ‘short-term
stationary’ criterion. Several points outside theer contour,
and one outside the outer contour (for the northdvdirection),
in Figure 4 are sufficient to produce the latteute

Partially- and un-shielded locations in a suburban area

Using a similar approach to the preceding examplepértially-

shielded (M=0.85) and unshielded @1.0) locations in Terrain
Category 3, 3-sec all-direction gusts with 0.1% exemce
probabilities of 17.5 m/s and 20.6 m/s respectivaig obtained.
In both cases, the walking criterion is exceededh assult of
several points being outside the inner contour,slaswn in

Figures 5 and 6.



TC32m gusts (partial shielding) compared withwalk  ing
criterion

(16/V300,7¢3,0.1%)
inner limit

Figure 5. Velocity ratios for a hypothetical ‘patty-shielded’ suburban
location compared with the contours for the ‘wagKioriterion

TC32m gusts (no shielding) compared with walking
criterion

(16/7V300,7c3,0.1%)
inner limit

Figure 6. Velocity ratios for a hypothetical uredtied suburban location
compared with the contours for the ‘walking’ criter

An example from a typical building study

For an example more typical of one near the base ofal
building, we have chosen one with plausible veloditios for a
building exposed to northerly and westerly windstre north
side of the Melbourne CBD. We have labelled thisecas
‘Station S’.  The velocity ratios @¢, 24~ V60 min, 300m, Tc} for this
station, assumed to have been obtained from a tuvimael test,
are shown in Table 1 for sixteen direction sectors.

These velocity ratios are plotted with the contofws the
walking criterion in Figure 7. It may be seennfrahis figure
that all the velocity ratios fall within the outeontour, but
several are outside the inner contour. An assegsrhased on
the outer contour, would have therefore given aitipes
acceptance with respect to the walking gust catedf 16 m/s.

However, a full integration to obtain the 3-s gustd speed at
Station S with a total probability of exceedenceddf01 (0.1%)
gave a value of 17.6 m/s. This was determineuh fitee Weibull

distributions of wind speed for each sector, witd scale factors
adjusted for the velocity ratios. The contributions the

probability of exceedence from the sixteen direttsectors are
shown in Table 1. The contributions from NNE clate to

WSW are negligible.

Thus, the 3-s gust speed at pedestrian level #ib&t8 with a

total probability of exceedence of 0.1% is 17.6 m/ge. it is

greater than the criterion value of 16 m/s. Thisairesult of
some values being outside th@er contour in Figure 7, and
indicates that use of the outer contour alone dae icorrect

results, in cases such as this one.

Station S compared with walking criterion
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Figure 7. Velocity ratios for ‘Station S’ companeith the contours for
the ‘walking’ criterion

Table 1. Velocity ratios for ‘Station S’, and firtegration giving a
combined probability exceedence of 0.1%

Dimn. V3 2m/ Prob
“Veominzoom | >17.6 m/s

N 0.65 0.00026
NNE 0.55 0.00000
NE 0.40 0.00000
ENE 0.30 0.00000
E 0.20 0.00000
ESE 0.18 0.00000
SE 0.15 0.00000
SSE 0.10 0.00000
S 0.15 0.00000
SSW 0.20 0.00000
SW 0.30 0.00000
WSW 0.60 0.00000
W 0.80 0.00015
WNW 1.00 0.00032
NW 1.00 0.00022
NNW 0.80 0.00004
total 0.00100

An intermediate ‘central’ contour

To avoid the complexity of having two limiting canirs for each
criterion which give conservative and unconsenetiimits

respectively, it should be possible to specify atermediate or
‘central’ contour for each criterion, that wouldlfaetween the
two limits, and for practical purposes provide @ahle limit that

would, to a good approximation, reproduce the tesof a full

integration.

Several ways could be devised, but one possihgishown for
the Melbourne area, and the walking criterion, iguFe 8. This
is based on a similar procedure to that used tival¢éne outer
contours, but instead directional probability fack sector is
doubled. This is equivalent to the ‘outer’ limiith a probability
of exceedence of the wind speed of 0.05%, instédd186, for

each direction sector. This idea is not dissimitathat used by
Melbourne (1984) to derive directional wind speedsd

multipliers for AS/NZS 1170.2 — i.e. a version @t ‘sector’

method’ for directionality.



Acceptable velocity ratios for 16 m/s gusts in Melb ourne
area with 0.1% probability of exceedence

(16/~V300,7¢3,0.1%)
central contour

Figure 8. Possible intermediate ‘central’ contfmurthe Melbourne area
for the 16 m/s walking criterion

The results from ‘Station S’, previously shown iiglre 7, are
compared with the central contour in Figure 9. is®hows that
the contour is exceeded for the N, WNW and NW dioas —
i.e. the three largest contributors to the combipezbability in
Table 1. Thus, the crossings of the central contodicate that
the location does not meet the stated criterionnwdiedirections
are combined, even though there are no crossingeeobuter
contour (Figure 7). However, ideally, further itahtions’ of
such an approximate approach should be undertakerg wind-
tunnel data from real situations.

Station S compared with walking criterion

(16/~V300,7¢3,0.1%)
‘central' limit

Figure 9. Velocity ratios for ‘Station S’ compédreith the ‘central’
contour for the ‘walking’ criterion from Figure 8

Conclusions

The contour-crossing method developed by Melbofir®y8a)
for pedestrian-level wind speeds in an urban devetnt is a
well-established, and convenient, method for cagybut such
assessments, without the complexity of carrying dull
integration over all direction sectors, for muléplocations of
interest (e.g. Isyumov, 1978). The contour-crygsnethod has
the practical advantage that wind-tunnel data neetl be
obtained for all direction sectors, for every laoatof interest, as
is the case with the full-integration approach.

For the modifications to the method described is ffaper, two
contours have been defined — an ‘outer’ contouickvis similar
to that used in current wind engineering practeed a more
conservative ‘inner’ contour. All velocity ratidalling within
theinner contour guarantee that a full integration will shthe
location will satisfy the relevant criterion, wheall wind
directions are considered. However, all valuelinfalwithin the
outer contour is not a guarantee that the criterion béllsatisfied
when all directions are considered. That iss & hecessary, but
nota sufficient, condition for the criterion to be satisfied — arpio
also made by Melbourne (1978a).

These points have been illustrated with examplesn fithe
Melbourne area wind climate, including generic sbln
situations with various levels of shielding, anstation typical of
that at the base of a tall building exposed to hesty and
westerly winds in the Melbourne CBD.

A possible ‘central’ contour has been proposedgybetween
the outer and inner contours, and approximatingebethe
rigorous full integration results.

The contour-crossing method is a ‘short-hand’ whygresenting
data in a polar plot which shows clearly the caitidirections.
However, the full integration method gives the attualue of
gust wind for the stated probability of exceedenudich

correctly take accounts of all directions, and timethod should
be considered for critical locations near a buddiomplex.
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