DESIGNING FOR DIRECTIONALITY

W.H, Melbourne1

1. INTRODUCTION

Designers who have looked at the possibility of taking wind directionality
into account have often seen the very great potential for design optimisation in
using different values of design wind speed for different directions. The gains
may come about because of

(a) the varying wind speed with direction for a given probability level (risk),
(b) the effect of terrain roughness (and shielding) with direction, and
(c) the variation of the structure's wind sensitivity with direction (effect of

dominant openings for example).

All of these factors can be taken into account if a full probability inte-
gration is undertaken. For all but major structures this is not a very practic-
able approach (although it may well become so when the full advantages are per-
ceived). The entire process can be greatly simplified if basic design wind
speeds could be given with respect to a range of wind directions and for which
terrain effects can be taken into account for each directional sector, rather
than having one design wind speed for all directions. The problem 1is that such
an approach can only be made for a situation where the maximum wind loads and/or
maximum design wind speeds are confined to relatively narrow bands of wind direc-
tion. In which case the major contributors to a given probability of occurrence
are confined to a narrow directional band. The opposite extreme of this can be
illustrated by an axi-symmetric structure, such as a chimney stack, in a terrain
and wind climate where the probability of a given wind speed occurring is the
same in all directions; in which case the contribution to a maximum stress level
is the same for all directions and each direction shares equally to the total
probability of that stress occurring (albeit at different places around the
circumference),

A tentative proposal for design wind speeds with direction for the main
pustralian population centres will be made in this paper, along with two examples
of typical applications and one example of an extreme application.

2. A PROPOSAL FOR DIRECTIONAL DESIGN WIND SPEEDS

A proposal for directional design wind speeds has been under test by the
author for about three years, with a view to providing such data for use in the
Australian Wind Loading Code, AS1170.

This proposal is based simply on the hypothesis that the major contributions
to the probability of a given load occurring will mostly be confined to two 45°
directional sectors. On this basis Regional Basic Design Wind Speeas can be
determined for 45° sectors which have half the probability of occurring as the
desired total probability of occurrence.

For example, take the probability distribution of wind speeds for the Perth
region, obtained from data evaluated by Melbourne and Dorman, given in Table 1.
This probability distribution of 3 second mean maximum gust wind speeds with
direction has been obtained from daily maximum gust wind speed records corrected
for approach terrain, anemometer position and height, to refer to the 10 m height
in open country terrain (i.e., Terrain Category 2, for which, in the log law parl-
ance, the roughness length z_ is 0.020 m) .
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For a 50 year return period for all directions the probability level is
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giving the Basic Regional Design wind Speed for Perth for all directions of

40 ms~', as shown on the right hand side of Table 1.
The proposal is now to select Basic Regional Design Wind Speeds with direc-
tion for the 45° sectors which have half the above probability level,
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i,e. P(>V450J

A line for this probability level has been drawn through Table 1.
TABLE 1

WIND SPEED PROBABILITY DISTRIBUTION WITH DIRECTION FOR THE PERTH REGION
FROM DAILY 3 SECOND MEAN MAXIMUM GUST WIND SPEED RECORDS, CORRECTED TO
REFER TO A HEIGHT OF 10 m IN OPEN COUNTRY TERRAIN
(Terrain Category 2, z, 0.020 m)

| 000000 PERTH CONPOSITE RECURDS = 26375, YEARS = 72.3
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TABLE FOR FIITED MONE AND SLOPE:
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The same procedure has been carried out for the major centres of population
in Australia, using composite data from a number of anemometers in each region,
and the results given in Table 2, with the one modification that no directional

wind speed should be greater than the all directions wind speed.
TABLE 2
REGIONAL BASIC DESIGN WIND SPEEDS FOR 45° DIRECTIONAL SECTORS FOR

MAJOR CENTRES IN AUSTRALIA (3 second mean maximum gust wind speed in
metres/second relating to a 50 year return period)

] o o g

Wind 4 g >y 4 g P
Direction ﬁ - a g % | E
(459 sectors) H g i B ‘0 (o]
o & o n 8] = 0

All
Directions 40 42 40 41 40 40 40
NE 29 33 28 32 23 29 21
E 32 33 30 31 26 27 17
SE 27 32 33 38 29 29 27
S 25 32 34 39 28 34 36
SW 36 42 40 37 30 38 36
W 40 41 39 40 37 40 39
NW 37 39 30 37 40 36 40
N 32 36 23 30 32 38 36

(NOTE The values for Brisbane should be treated with caution as
these data do not include tropical cyclones. It is assumed that the
limit state format of AS1170 will use a risk eqguivalent to a 20 to
30 year return period for serviceability, which would exclude
tropical cyclone data, and the equivalent of a 1000 to 2000 return
period for collapse conditions which would include tropical cyclone
data.)

3. EXAMPLES OF TYPICAL APPLICATIONS

Consider the peak pressure coefficient, given in Figure 1, measured recently
at a tapping point on the roof of a model of a complex low rise structure to be

built in the Perth region,

Case A

From Figure 1 the maximum design pressure occurs for C¥ = -5,9 in the west
sector for which the Basic Regional Design Wind Speed proposed in Table 2

is 40 ms~1, The building is in Terrain Category 2 conditions and the
height is 20 m, and the pressure coefficient is based on mean wind speed.

Using the Deaves' and Harris wind model

A~

v = 0.66 V
20, W 10, W
Ca£2
-1
= 0.66 . 40 = 26.4 ms

This then giveé a design pressure based on directional design wind speed
data of ’

i P = -5.9 . 0.6 . 26:4%2 = -2470 Pa
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Case B

If the building had been rotated through about 110° such that the maximum
peak pressure coefficient occurred in the south sector, we would have two
possibilities for the maximum design pressure

Cy = =5,9
Psouth

Pwest

From Table 2 and the Deaves and Harris wind model.,
= -1
v = 0.66 . 32 = 21.1 ms
20,8
cat2

-1
200W = 0.66 . 40 = 26.4 ms
Cat2
and the resulting design pressures are

-5.9 . 0.6 . 21.12 -1580 Pa

Il
Il

Ps

i -3.4 , 0.6 . 26.4% = -1420 Pa .

1l

In which event the design pressure becomes -1580 Pa, compared with -2470 Pa
for the most unfavourable orientation.

Wind direction
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50 yr return
Figure 1 Basic regional design wind speed with directicn for Perth from Table 1,

and peak pressure coefficients with direction for the three case studies.
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The full integration of the peak pressure coefficients in Figure 1, with the
wind speed probability distribution in Table 1, has been been tabulated in the
Appendices. The steps in the integration are as follows:

(i) The maximum negative pressure coefficients and hence maximum nega-
tive pressures per sector are listed as a function of the reference
wind speed, i.e. mean wind speed at 20 m in Terrain Category 2 in
Cases A and B.

(ii) This relationship is inverted to give the reference windspeed as a
function of pressure.

(i1ii) The reference wind speed is converted to the wind speed used in the
probability distribution of wind speeds, in this case 3 second mean
maximum gust wind speed at 10 m in Terrain Category 2. The rela-
tionship used here is from the Deaves and Harris wind model

\' = 0.66 V
20m 10m
Cat2 Cat2
(iv) A table of pressures versus wind direction sectors is drawn up and
A is calculated for a given pressure.
10m
Cat2 . X :
(v) The probability of exceedance P(>y) 1s then obtained from the wind
speed probability distribution, Table 1 in this example.
(wvi) Finally, the total probability of exceedance for each pressure is
added up.

The probability of exceedance has been found to follow a Weibull distribu-
tion, i.e. in this case of the form

&n (-%n p = f (&n p)

(>§)}

The probability of exceedance of a given pressure level has been plotted in
Figure 2, along with the return periods (refer Equ. 1)
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Figure 1 The probability of exceeding a given design pressure for Cases A,B and C
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Comparing design pressures for the 50 year return period obtained from the
full integration (Figure 2) and the simple design wind speed with direction gives

Full integration Using directional design wind speed
Case A -2370 Pa -2470 Pa
Case B -1410 Ppa -1580 Pa

It can be seen in Case A that the use of the directional design wind speed, as
proposed, has resulted in only slightly conservative design pressures because the
maximum pressure coefficient and strongest wind directions were coincident. For
Case B, use of the directional design wind speed, as proposed, has resulted in a
more conservative design pressure; in particular, note that whilst the south
direction gave the design pressure because of the conservatively selected cri-
terion for design wind speed, in fact, in the full integration the west sector is
seen to dominate and the estimate given by the design wind speed for the west
secteor was the better estimate.

It should also be noted that had the integration been carried out for small-
er directional sectors, the design pressure would have reduced for a given proba-
bility level. This is easy to see in Case A, because when C_ = -5.9 occurred on
the boundary between two 45° sectors it was used (conservatively) as the maximum
occurring in both west and north west sectors, and if narrower directional sect-
ors, such as 16 by 22143°, had been used, the CP = -5,9° would have occurred for
45° instead of 90°.

4, EXAMPLE OF AN EXTREME APPLICATION

The extreme application is obviously a case where the design load calculated
using the directional design wind speeds is the same for all directions. On the
basis on which the proposed directional design speeds were determined (i.e. at
half the probability for each 45° sector) the total probability of this design
load occurring would, for a full integration, show up to be four times the proba-
bility of the original total probability used to determine the directional design
wind speeds. In this case the probability level used was for a 50 year return
period, 1i.e. P(5v) = 55 x 10°® and the true probability level for the case
hypothesised would be 220 x 10”° which would be equivalent to a gquarter the re-
turn period, i.e. 121A2years.

Whilst this is helpful to see how non-conservative such an extreme case
might be, it is also helpful to see what it would mean in terms of design pres-
sure. The peak pressure coefficient distribution for this case for the Perth
directional design wind speeds, which will be designated Case C, _is also given in
Figure 1. Here a peak pressure coefficient of -1.0, based on v for simpli-

. : . ; s . at2
city, has been used for the west wind direction giving a design pressure of 960
Pa for all wind directions. The full integration with the Perth probability
distribution is given in Appendix C.

Again, comparing design pressures for the 50 year return period obtained
from the full integration (Figure 2) and the simple design wind speed with direc-
tion gives

Full integration Using directional design wind speed

Case C 1190 Pa 960 Pa

In this extreme case the use of the simple directional design wind speed ap-
proach, as proposed, would have underestimated the true design pressure by 20%.
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5. CONCLUSIONS

A proposal for the determination of Basic Regional Design Wind Speeds with
Wind Direction has been made, and, for example, values evaluated for a 50 year
return period for seven major population centres in Australia. Three cases have
been evaluated to facilitate comparison between the design loads (pressures)
determined from the full integration and from use of the simple directional
design wind speed.

It is concluded from these (and other) studies that use of the simple direc-
tional design wind speeds, as proposed, will lead to design estimates being up to
about 10% conservative for most cases, but that in the most extreme case could
lead to about a 20% underestimate.

Even with the conservative approach proposed here there are considerable
gains to be had in terms of design optimisation from using different wvalues of
design wind speed for different directions. However, it is the author's belief
that there is a strong case for using directional design wind speeds for 16
directions and altering the hypothesis on which this current proposal is made, to
the hypothesis that major contributions to the probability of a given load
occurring will mostly be confined to two 22 1/2 ° directional sectors. If such a
move were made designers would need to understand what they are using, so that
they could recognise cases where significant load contributions could come from
more than two 22 1/2° sectors and modify the method accordingly.



12

APPENDIX A

Calculation for Design Case A

C -ve ? v
P B ) 20m Om
Cat2 at2
N -3.40 2.04 v2 0.70 Vp 1.06 Vp
NE -1.0 0.6 1.29 1.96
E -1.3 0.78 113 1.72
SE -1.3 0.8 1.13 1.72
S =-1.1 0.66 1.23 1.87
SW -3.1 1.86 0.73 T1.11
W -5.9 3.54 0.53 0.81
NW -5.9 3,54 0.53 0.81
: pressure | 500 1000 1500 | 2000 2500 3000 3500 4000
Wind
: ; (Pa)
Direction
v 0 7449 33.5 a1.1 47.4
N &5%2
P(>v) | 250 15 0 0
v o 43.8 62.0
NE &a?z
Pl3>V) 0 0
v 5 38.5 54.4
&8%,
E ~
P>V) | 0 0
v ” 38.5 54.4
SE éa?z
P(>V) 0 0
; 41.8 59.1
&8,
s
P(>V) o 0
v 24.8 35.1 43.0 |49.6
898,
sw ki
B(>V) | 2000 30 1 0
v 18.1 25.6 31.4 | 36.2 40.5 44.4 47.9 51.2
; %P
Pl<V) | 26000 | 3500 580 125 31 7.2 2.6 0.85
v 18,1 25.6 31.4 | 36.2 40.5 44.4 47.9 51.2
422,
Nw ~
pt>v) | 800D 1000 170 35 7 2.5 0.6 0.19
TOtaln
P(>p) 0.036 | 0.0045 | 0.00075| 0.00016 0.000038 | 0.0000097 | 0.0000032 | 0.0000010
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APPENDIX B

Calculations for Design Case B

Cv -ve v v
P P ) 20m Om
Cat2 at2
N <13 0.78 v 1.13 ¥p 1.87 Vp
NE -1.1 0.66 1.23 1.87
E -2.0 1.20 0.91 1.38
SE -4.8 2.88 0.59 0.89
S -5.9 3.54 0.53 0.81
SW -3.9 2.34 0.65 0.99
W -3.4 2.04 0.70 1.06
NW -1.3 0.78 1.13 1.87
pressure | 50Q 1000 1500 2000 2500 3600 3500 4000
Wind (Pa)
Direction
v 42 59
A9,
N -~
P{>V) 1 0
\‘\J 42 59
482,
NE -
P(>V) 0 0
v i 31 43.6 53
. at2
P(>V) 40 0.05 (o}
v 19.9 28.1 34.5 39.8 44.5 49
4%,
SE ’
P{>V) 600 14 0.6 0.04 0.004 T
v 0 18.1 26 31.4 36.2 40.5 44 48
s &a%z
P(>V) 950 28 0.9 0.08 0.009 TTo0T o
v 22.1 31.1 38.3 44 50 54 58
&9%;
sW =
P(>V) | 5600 70 9 0.8 0.065 G.012 0
v 23.7 33.5 41 47.4 53 sg
, 8%,
B(<V) | 6100 310 19 3.1 0.47 0.06
v 42 59
- &2?2
BP(>V) 5 o}
Total
B(>p) 0.0133 | 0.00052 | 0.000030 | 0.0000040 | 0.00000054 | 0.0000097 ©.0000032| 0.0000010




Calculations for Design Case C
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APPENDIX C

~ ] ~
C~ H i
e b Design v 0
cat2 pressure 298,
NE 29 1.902 960 0.936 Vp
E 32 1.563 960 1.033
SE 27 2:195 960 0.871
S 25 2.560 960 0.807
SW 36 1.235 960 1.162
W 40 1.000 960 1.291
NW 37 1.169 960 1.194
N 32 1.563 960 1.033
pressure 500 960 1500
Wind (Pa)
Direction
v 20.9 29 36.3
L9m,
NE z
p(>v) |1000 x 10~ 27.5 x 10°° 1.0 x 10 °
v 23.1 32 40
o,
E ~
P(>V) 2300 27.5 0.3
v 19.5 27 33.7
&892,
SE -
P(>V) 700 27.5 0.9
v 18.0 25 31.3
&8,
S A~
P(>V) 1000 27.5 0.9
v 26 36 45
&8,
SW s
P(>V) 1300 27.5 0.6
\Y h 28.9 40 50
a%Z
w ~
P(>V) 1300 27.5 1.3
Wi 26.7 37 46.2
198,
NW A
P(<V) 900 27.5 Tai
v 0 23,1 32 40
atz
N ~
P(>V) 300 27.5 1.8
tal
TOP?>§; 0.0088 0.000220 0.0000079




