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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand
Committee, BD-006, General Design Requirements and Loading on Structures, to supersede
AS/NZS 1170.2:2002.

experiences from recent severe wind events in Australia and Ne

This Standard is Part2 of the AS/NZS 1170 series Str
comprises the following parts:

AS/NZS 1170, Structural design actions

Part 0: General principles

Part 1: Permanent, imposed and other actions
Part 2: Wind actions

Part 3: Snow and ice actions

Part 4: Earthquake actions in Australia
Part 5: Earthquake actions — New Zeal

design actions, which

general format a
actions.

V2500, V5000 and V10000 have been added for
, for design of public storm shelters and for

Addition of‘a new clause requiring consideration of wind loads on internal walls and
partitions” (Clause 5.3.4).

(f) Adjustment of internal pressure coefficients for dominant openings on leeward walls,
side walls and roof, to more correctly reflect the relationship between internal and
external pressures when multiple opening occur (Table 5.1(B).

(g) Clause 5.4.3 on the combination factor (K.) has been changed to remove some
ambiguities and confusion in the previous version. An expanded Table 5.5 gives more
examples of the use of this factor.
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(h)

(1)

0)

(k)

(M
(m)

Several changes to Table 5.6 on local pressure factors have been made, including the
following:

(i) A factor of 1.5 for small areas on windward walls.
(ii) A factor of 3.0 for small areas near the corners of roofs.

(iii)) Case SA5 (K,=3.0) will, in future, not be required to be applied ose

buildings greater than 25 m in height with low aspect ratios.

The load distribution specified in Paragraph D5,
has been revised to reflect recent research.

antenna have been removed from
Australia or New Zealand for ma
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STANDARDS AUSTRALIA/STANDARDS NEW ZEALAND

Australian/New Zealand Standard
Structural design actions

Part 2: Wind actions

SECTION 1 GENERAL

1.1 SCOPE

caused by tornadoes.
The Standard covers structures within the following criteri
(a)  Buildings less than or equal to 200 m high.
(b)  Structures with roof spans less than

(c¢)  Structures other than offshore structures, bridg Ssi rs.
NOTES:

1 This Standard is a stand-alone docu
on may be necessary. Guidance on wind
ata is giveirin AS/NZS 1170.2 Supp 1.

¢ AS/NZS 1170.2, which is regarded as
gface).

ods of testing sheet roof and wall cladding
4040.3 Part 3: Resistance to wind pressures for cyclone regions

AS/NZS
1170 Structural design actions
1170.0 Part 0: General principles

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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AS/NZS
4505 Domestic garage doors

Building Code of Australia

1.4 DETERMINATION OF WIND ACTIONS

life and exposure to wind action.

The following wind actions, determined in accordance with this
procedures detailed in Section 2 and the values given in the remaind
deemed to comply with the requirements of this Clause:

(a) W, determined using a regional wind speed appropriate

Building Code of Australia.

(b) W, determined using a regional wind speed ap
exceedence for the serviceability limit states (see

NOTES:
1 S AS/NZS 1170.0 (see

s the SI units of kilograms, metres,
a, N, Hz).

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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2.1 GENERAL

The procedure for determining wind actions (#) on structures and elements of s
buildings shall be as follows:

(a)
(b)
()
(d)

2.2 SITE WIND SPEED

The site wind speeds (Vi 3) defined for the 8 cardinakdirections (/) at the reference height
(z) above ground (see Figure 2.1) shall be as follows:

where

For ultimate“state design, Vgeso shall be not less than 30 m/s for permanent structures

SECTION 2 CALCULATION OF WIND
ACTIONS

S or

Determine site wind speeds (see Clause 2.2).
Determine design wind speed from the site wind speeds (see Cla
Determine design wind pressures and distributed forces (see

Calculate wind actions (see Clause 2.5).

Vsit,B = VR Md (Mz,cat M M)

Vr

(design life greater than 5 years), or less than 25 m/s for temporary structures (design life
less than or equal to 5 years).

NOTE: A conservative approach is to design the structure using the wind speed and multipliers
for the worst direction. For example, for a building on an escarpment it may be easily checked
whether the Vg My (M, cae Ms M) on the exposed face (towards the escarpment) is the worst case.
To simplify design, this value could then be used as the design wind speed for all directions on
the building.

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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FIGURE HIP OF WIND DIRECTJONS AND BUILDING ORTHOGONAL

I I
45° 90° 180° 270°
NE E S W N

CARDINAL DIRECTION, g

The value of Vg, is the maximum of Vg in the range @ +45°, which, in the case shown here, is the wind speed X.

FIGURE 2.3 EXAMPLE OF Vs CONVERSION TO Vies o
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2.4 DESIGN WIND PRESSURE AND DISTRIBUTED FORCES
2.4.1 Design wind pressures

The design wind pressures (p), in pascals, shall be determined for structures and parts of
structures as follows:

p= (05 pair) [Vdes,6]2 Cfig CdY"

where

p = design wind pressure in pascals

shall be taken for

L 2.4(2)

jons, the forces (F) in newtons, on surfaces or structural elements,
, shall be the vector sum of the forces calculated from the pressures

.2.5(1)

= design wind pressure in pascals (normal to the surface) at height z, calculated in
Clause 2.4.1

NOTE: The sign convention for pressures leads to forces towards the surface for
positive pressures and forces away from the surface for negative pressures.

Pz =

A, = a reference area, in square metres, at height z, upon which the pressure at that
height (p,) acts.

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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For enclosed buildings, internal pressures shall be taken to act simultaneously with external
pressures including the effects of local pressure factors (K,).
NOTE: Generally, the most severe combinations of internal and external pressures shall be

selected for design, but some reduction in the combined load may be applicable according to
Clause 5.4.3.

Where it is required to divide the height of a tall structure into sectors to calcula

speed with height, as given in Clause 4.2.
2.5.3.2 Force derived from frictional drag

stresses applicable to the assumed areas, as follows:
F= Z(fz AZ)

where
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A, = a reference area, in square
stresses (f) act

For rectangular’enclosed buildings where the ratio d/h or d/b (see Clause 5.4) is greater than
4, the total” resultant force on a complete structure shall include the frictional drag
calculated in accordance with Clause 5.5.

For dynamic effects, the combination of along-wind and crosswind responses shall be
calculated in accordance with Section 6.

2.5.5 Performance of fatigue-sensitive elements

In regions C and D, cladding, its connections and immediate supporting members shall
demonstrate performance under the pressure sequences defined in AS 4040.3 and the

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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Building Code of Australia, based on the ultimate limit state wind pressure on external and
internal surfaces, as determined in accordance with this Standard.

2.5.6 Deflections of dynamically wind-sensitive structures

Wind actions for dynamically wind-sensitive structures (as defined in Clause 6.1) which
may include chimneys, masts and poles of circular cross-section, shall be calculated in
accordance with Section 6.

NOTE: Information on peak acceleration of other wind-sensitive structures

Appendix G.

2.5.7 Impact loading from windborne debris

(a) a piece of timber with a cross section of 100 mm x 5

(b) five spherical steel balls 8§ mm diameter (2 grams mass
horizontal trajectories and 0.3 V' for vertical trajectories.

These impact loadings shall be applied independently in time.and location.

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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SECTION 3 REGIONAL WIND SPEEDS

3.1 GENERAL

This Section shall be used to calculate gust wind speeds appropriate to the region i ich a

structure is to be constructed, including wind direction effects.

3.2 REGIONAL WIND SPEEDS (VR)

Regional wind speeds (V) for all directions based on 3 second gust wind data shall be as
given in Table 3.1 for the regions shown in Figure 3.1(A) and
(average recurrence interval) is the inverse of the annual probabili

appropriate for the design of structures).

The calculated value of Vg shall be rounded to the neafest 1

TABLE 3.1
REGIONAL WIND SPEEDS

\szgion

R:ss:;r(;a(lmw;;l)ld Non—cyclor}(c \chloni}>
A(lto7) w B D
7 30 34 2% 23 23
2 32 39 28 s 35
Vi 34 Y 33 39 43
Vao 37 43) 38 45 51
Vas 37 V43| 39 47 53
Vso 39 45 44 52 x Fe 60 x Fp
Vioo 4l e 56 x F 66 x Fy
Vaoo 13 49 52 61 x Fe 72 x Fy
Vaso 5\3\ 49 53 62 x F¢ 74 x Fp
Voo 45 N\l 57 66 x F¢ 80 x Fp
V1000 }Q 53 60 70 x F¢ 85 x Fp
Vasoo 48 55 64 74 x Fe 91 x Fp
V5000 \ 50 \ 56 67 78 x F¢ 95 x Fp
moo / 51 / 58 69 81 x F¢ 99 x Fp
e (R 25 years) [ 67-4)R T [ 104-70R " | 106-92R°" | F (122-104R ") | Fp (156-142R")

NOT
1 Values for V;

2 For ulti e or serviceability limit states, refer to the Building Code of Australia or AS/NZS 1170.0 for
information on values of annual probability of exceedence appropriate for the design of structures.

ave not been calculated by the formula for V.

3.3 WIND DIRECTION MULTIPLIER (M,)
3.3.1 Regions A and W
The wind direction multiplier (My) for regions A and W shall be as given in Table 3.2.

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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3.3.2 Regions B, C and D

The wind direction multiplier (M) for all directions in regions B, C and D shall be as
follows:

NOTE: Values for V; have not been calculated by the formula for V;.

(a) 095 for determining the resultant forces and overturning moments on
buildings and wind actions on major structural elements.

(b) 1.0 for all other cases (including cladding and immediate supporting

3.4 FACTORS FOR REGIONS C AND D (Fc, Fp)

The wind speeds given in Table 3.1 for regions C and D include ad
Fp) which shall be as follows:

(a)  For ultimate limit states wind speeds, Fp = 1.1.
(b) For ultimate limit states wind speeds, Fc = 1.05.

(c) For serviceability limit states wind speeds, F¢ and Fp =

NOTE: The factors in this Clause have been introduced to allow for uficertainfies in the prediction
of ultimate design wind speeds in Regions C and D (tropical cyclones regions). The values of
these factors may be revised in the future following simulations based on recorded cyclone tracks.
Such an analysis would naturally inclu ne activity throughout the northern coast of
Australia (i.e., in regions C and D).

WIND DIRECTION LTIPLIER (M,)

Cardinal Region Region egion Region Region Region Region
directions A2 3 5 A6 A7 W

N . 0 0.8 1.00 0.85 0.90 1.00

NE .80 0.8 85 0.95 0.90 0.95

E 0.80 0.80 80 1.00 0.80 0.80

SE 0.95 0.80 0.80 0.95 0.90 0.90

S : /m 0.85 0.85 0.90 1.00

SW 0.95 0.85 0.90 0.95 0.90 1.00

1.00 0.90 1.00 1.00 1.00 0.90

NW . 0.95 1.00 . 0.95 0.95 1.00 0.95

W 1.00 1.0 }@ 1.00 1.00 1.00 1.00 1.00

fection
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REGION A6

37—

Gisborne

R}GQN A7

PREGION W

REGION A7

LEE MULTIPLIER, Mqq

North-west wind
I]]]]]]]]] Shadow zone : 0-12 km

Quter zone : 12-30 km

South-east wind
% Shadow zone : 0-12 km
‘:’ Quter zone : 12-30 km

Distances measured in the
down wind direction of the
wind from the initiating ridge.

(b) New Zealand

FIGURE 3.1(B) WIND REGIONS

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59



Licensed to Mr timothy Messer on 3 November 2009. Personal use licence only. Storage, distribution or use on network prohibited.

DRAFT ONLY 17 DRAFT ONLY

SECTION 4 SITE EXPOSURE MULTIPLIERS

4.1 GENERAL

This Section shall be used to calculate the exposure multipliers relating to site co
related to terrain/height (M, ..), shielding (M;) and topography (M).

4.2 TERRAIN/HEIGHT MULTIPLIER (M, .

4.2.1 Terrain category definitions

basis of the following category descriptions:

(a) Category I—Exposed open terrain with few or.
serviceability wind speeds.

(b) Category 2—Water surfaces, open terrain, grassland with “few, well-scattered
obstructions having heights generally from 1.5 m to 10 m,

(©)

(d)

linear interpolation.

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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TABLE 4.1(A)

TERRAIN/HEIGHT MULTIPLIERS FOR GUST WIND SPEEDS IN FULLY
DEVELOPED TERRAINS—SERVICEABILITY LIMIT STATE DESIGN—

ALL REGIONS AND ULTIMATE LIMIT STATE—
REGIONS A1 TO A7, W AND B

Terrain/height multiplier (M, ,)
Height (2)
m Terrain Terrain Terrain errain
category 1 category 2 category 3 category 4
<3 0.99 0.91 0.83
5 1.05 0.91 0.83
10 1.12 1.00
15 1.16 1.05
20 1.19 1.08
30 1.22 1.12
40 1.24 1.16
50 1.25 1.18
75 1.27 1.22
100 1.29 1.24
150 1.31 7
200 1.32 1.29

NOTE: For intermediate values of height

Licensed to Mr timothy Messer on 3 November 2009. Personal use licence only. Storage, distribution or use on network prohibited.

Height (z) ﬁultiplier (M ca0)

Tﬁr\n\arcategok'\es l/zy%d 2 Terrain categories 3 and 4

<3 90 0.80

5 0.9 0.80

0 100 0.89

5 1.07 0.95

0 1.13 1.05

1.20 1.15

1.25 1.25

1.29 1.29

1.35 1.35

>100 1.40 1.40

NOTYE: For intermediate values of height z and terrain category, use linear interpolation.
.3_ Changes in t€rrain category

ry that lie within the averaging distances given in Table 4.2(A) for structure
height, the terrain and structure height multiplier (M, .. shall be taken as the weighted
average value over the averaging distance upwind of the structure at height z above ground
level [see Figure 4.1(a)].

The weighted average of M, ., shall be weighted by the length of each terrain upwind of the
structure allowing for the lag distance at each terrain category change. An example is given
in Figure 4.1(b).

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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For evaluation at height (z), a change in terrain incorporates a lag distance (x;) given as

follows:
125
X =2, z ... 42
71 0.3z,
where
x; = distance downwind from the start of a new terrain roughness te
where the developed height of the inner layer equals z (lag di
zo, = larger of the two roughness lengths at a boundary bet
given in Table 4.2(B)
z = reference height on the structure above the average focal ground level

TABLE 4.2(A)
AVERAGING DISTANCE FOR ST

Structure height Averaging distance UPW f structure
(m)

h <50 10\@\

50 < h <100 2000

100 < & <200 3000

TABLE
ROUGHNESS LENGTHS FOR TERRAI TEGORIES

Terrain catego oughlz(r::)s length
1 0.002
2 0.02
3 0.2
4 7 2.0

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59
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R4
Developed height
Wind direction of inner layer

>

Upstream terrain category rrain cate

Start of new X
terrain roughness

X — Xj

(a) Notation for changes in terrain €atego

Wind

direction ::> Averaging distance
Xt3 Xt4 \<t2

Lagged

| | Structure
7l | |
response J/\?< ]\/

I ,
at height s I
r V >< Z
[ 1
Terrain category 3 Terrg‘\n/c/ategm /erram category 2

Xi

Lag distance
[tcd to tc2)

Actual
surface

e case illustrated

Attention shall be given to possible combinations of tall buildings placed together, which
lead to local and overall increases in wind actions (see AS/NZS 1170.2 Supp 1).
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TABLE 4.3
SHIELDING MULTIPLIER (M)
Shielding parameter Shielding multiplier
(s) M)
<1.5 0.7
3.0 0.8
6.0 0.9
>12.0 1.0

NOTE: For intermediate values of s, use linear
interpolation.

4.3.2 Buildings providing shielding

Only buildings within a 45° sector of radius 204 (symmetrically positioned abou
directions being considered) and whose height is greater thdn or equal to z shall be deemed
to provide shielding.

4.3.3 Shielding parameter (s)
The shielding parameter (s) in Table 4.3 shall be determine

... 4.3(D)
. 4.30)
o 440D
hill shape multiplier
e = lee (effect) multiplier (taken as 1.0, except in New Zealand lee zones,

see Clause 4.4.3)
E = site elevation above mean sea level, in metres
(b) Elsewhere, the larger value of the following:
(1) M= M
(i) M= M.
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4.4.2 Hill-shape multiplier (M,)

The hill shape multiplier (M,) shall be assessed for each cardinal direction considered,
taking into account the most adverse topographic cross-section that occurs within the range
of directions within 22.5° on either side of the cardinal direction being considered. The
value shall be as follows:

(a) For H/(2L,) <0.05, My =1.0
(b) For 0.05 < H/(2L,) < 0.45 (see Figures 4.2 and 4.3):

_ H b
My _1+(3.5(Z+L1)J[1 sz @

(¢c) For H/(2L,) > 0.45 (see Figure 4.4):

(i)  Within the separation zone (see Figure 4.4)

M =1+o71{1—ﬂ}
h .
L

2

.. 4.403)

(ii)) Elsewhere within the local topographic zone
be as given in Equation 4.4(2)

and 4.3), M, shall

where

H = height of the hill, ridge ox escarpment

L, = horizontal distance upwind\from crest of the
level half the height below the cre

escarpment to a

horizontal distance upwind on dow cture to the crest of the

Irrespective of the provisions of this Clause, the influence of any peak may be ignored,
provided it is distant from the site of the structure by more than 10 times its elevation above
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Local topographic zone

Wind //
direction :>

Crest

f >

H //\\<\\//\\///

¢ H/2— L
KKK

Lo=1.44L,0r 1.6H Lo=1.44L, or 1.6H

(whichever is greater) {whichever is greater)

FIGURE 4.2 HILLS AND RIDGES

Local topograph

R 7

R

L
¢ H/2-

7
/K\/////\//\///\\/\\

X

NOTE: For escarpments, the avefage downwind slope, measured from the crest to a distance of the greater of 3.6 L, or
4 H shall not exceed0.05.

Local topographic zone

//// Separation zone
/// 44 /starting at crest

H/10

Wind
direction

<

NN Slope >0.45

FIGURE 4.4 SEPARATION ZONE FOR HILLS AND ESCARPMENTS HAVING UPWIND
SLOPES GREATER THAN 0.45
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TABLE 4.4

HILL-SHAPE MULTIPLIER AT CREST
(x|=0),z=0 (FOR GUST WIND SPEEDS)

Upwind slope

(H2L,) M,

<0.05 1.0
0.05 1.08
0.10 1.16
0.20 1.32
0.30 1.48

>0.45 1.71

4.4.3 Lee multiplier (M)

zones, the lee multiplier shall apply only to wind fro
Figure 3.1(b).
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SECTION 5 AERODYNAMIC SHAPE FACTOR

5.1 GENERAL

determined for different pressure effects such as the combinatio
pressure on enclosed buildings.

Appendices, C to F.
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+Vve
He/@

External pressures

NOTE: Cyjg is used to give a pressure on one face of the surface under

value of Cﬁg indicates pressure acting towards the surface, negative Acting away from the surface.

(a) Pressures normal to the surfaces of e plildings

NOTE: Cijp is used to/give a friction
unit area acts pargllel to the surface.

FIGUl E 5.1 (i

1 drag on

éxternal surfaces of the structure only. Load per

drag on enclosed’ buildings

part)._ SIGN CONVENTIONS FOR Cy,
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NOTE: Ctjp is used to give a net pressure normal NOTE: C}j, is used to give frigtional drag on
to the wall derived from face pressures on both sides of the wall. Load per
upwind and downwind faces. The net pressure to both the surfaces of the/wall.
always acts normal to the longitudinal axis of the
wall.

(c) Pressure normal to the surfaces (d) Frictional drag
of walls and hoardings

alls and hoardings

+ve +ve

N

NOTE: Ciiq used to give the total frictional
drag forces derived from face frictional forces on
er and lower surfaces. Load per unit area
agts parallel to both the surfaces of the roof.

(f) Frigtional drag on freestanding roofs

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59



Licensed to Mr timothy Messer on 3 November 2009. Personal use licence only. Storage, distribution or use on network prohibited.

DRAFT ONLY 28 DRAFT ONLY

5.2 EVALUATION OF AERODYNAMIC SHAPE FACTOR

The aerodynamic shape factor (Cy,) shall be determined for specific surfaces or parts of
surfaces as follows:

(a)  Enclosed buildings (see this Section 5 and Appendix C):
Crgi = Cpi K., for internal pressures
Crge = Cpe Ky Kc e K K, for external pressures
Ch, = CtK, K, for frictional drag forces

(b)  Circular bins, silos and tanks—see Appendix C.

(c)  Freestanding walls, hoardings, canopies and roofs (see Appendix
Ciiy = Con K, K K, for pressure normal to surface
Crig = Cy, for frictional drag forces

(d)  Exposed structural members, frames and latticeltowers

C,. = external pressure coefficien
C,; = internal pressure coefficient
Cy = frictional drag force coefficient

Cpn = net pressure coefficient acting
roofs, walls, and the like

o-the surface for canopies, freestanding

Internal pressure is a function of the relative permeability of the external surfaces of the
building. The permeability of a surface shall be calculated by adding areas of opening to
leakage on that surface of the building (e.g., vents, gaps in windows).
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5.3.2 Openings

Combinations of openings shall be assumed to give internal pressures, which together with
external pressures give the most adverse wind actions. Potential openings include doors,
windows and vents. Closed doors (including roller doors) and windows shall be considered
to be openings unless they are capable of resisting the applied wind pressures in all regions
(and impact loading from wind-borne debris in Regions C and D). This stfuctural

Garage doors shall be designed and constructed in accordance with
minimum requirement.

accordance with Clause 2.5.7.

5.3.3 Dominant openings

itions that provide a
the wall. This includes

éither or both sides to be exposed to

on, or permeability of, the exterior
building envelopé.
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TABLE 5.1(A)

INTERNAL PRESSURE COEFFICIENTS (C,;) FOR BUILDINGS WITH OPEN
INTERIOR PLAN—CASES FOR PERMEABLE WALLS WITHOUT DOMINANT

OPENINGS
Examples showingopenings,
Condition Cp.i permeabilityand wi
direction
One wall permeable, other walls
impermeable:
(a) Windward wall permeable 0.6
(b) Windward wall impermeable -0.3
Two or three walls equally permeable,
other walls impermeable:
| iy | — | r—=
(a) Windward wall permeable -0.1,0.2 : : : : :
=
(b) Windward wall impermeable -0.3 1 [ ] [ 1
-— —_—
All walls equally permeable .
whichever is the ¢ severe
for §sm\bined force
A building effectively sealed and having -0.2 or6:
non-opening windows whichever i5 the mofe severe |:>
for combined forces

TABLE\ 5.1(B

EFFICIENTS\(C,,;) FOR BUILDINGS WITH OPEN
OMI T OPENINGS ON ONE SURFACE

INTERNAL PRESSURE
INTERIOR PLAN

Ratio of dominant openi&tNo
total open area (including | Domipant opening

minant . . Dominant
ening on Dominant opening opening on
permeability) of other wall | on p on side wall
leeward wall roof

and roo rfaces

0.5 or less -0.3, 0.0 -0.3,0.0 -0.3,0.0 -0.3,0.0

\1\ —0.l>9.2 -0.3,0.0 -0.3,0.0 -0.3,0.0

2 N0AC,. 1.3C, . Cpe Cpe

3 \ \ 0.85C, . 11C,. Coe Coe
6 or more / / Cpe Che Cpe Ch.e
IEYEIESS
—> —> —>

NOTE: Cp\ is the r€levant external pressure coefficient at the location of the dominant opening.
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5.4 EXTERNAL PRESSURES FOR ENCLOSED RECTANGULAR BUILDINGS
5.4.1 External pressure coefficients (C,.)

The external pressure coefficients (C,.) for surfaces of rectangular enclosed buildings shall
be as given in Tables 5.2(A), 5.2(B) and 5.2(C) for walls and 5.3(A), 5.3(B) and 5.3(C) for
roofs and for some special roofs Appendix C. The parameters (e.g. dimensions) referred to
in these Tables are set out in Figure 5.2.

N
\/ -

For windward wall, W, use
V varying with height for
buildings >25 m high

LEGEND:

W = Windward U = Upwind roof slope

S = Side R = Crosswind roof slope

L = Leeward D = Down wind roof slope
h = Average roof height

FIGURE 5.2 PARAMETERS FOR RECTANGULAR ENCLOSED BUILDINGS
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For leeward walls, side walls and roofs, wind speed shall be taken as the value at z = A. The
reference height (%) shall be taken as the average height of the roof.

Where two values of C, are listed, roofs shall be designed for both values. In these cases,
roof surfaces may be subjected to either value due to turbulence. Alternative combinations
of external and internal pressures (see also Clause 5.3) shall be considered, to obtain the
most severe conditions for design.

For roofs, the following alternative load cases shall be considered:

(a)  When using Table 5.3(A), for the appropriate roof type, slope and edge distance—

(b)

()

in€ar interpolation
alled height underneath

h External pressure coefficients (C, )

>25.0.m 0.8 (wind speed varies with height)

ybuildings on ground—
0.8, when wind speed varies with height; or
<250 m 0.7, when wind speed is taken for z = h
For elevated buildings—
0.8 (wind speed taken at /)
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TABLE 5.2(B)

WALLS—EXTERNAL PRESSURE COEFFICIENTS (C,.) FOR
RECTANGULAR ENCLOSED BUILDINGS—LEEWARD WALL (L)

Wind direction Roof pitch
d/b External pressure
0 degrees Roof shape (@), degrees (see Note 1) coefficienits (C
(see Figure 2.2) (see Note 1) P
<1 -0.5
0 Hip or gable <10 2 -0.3
<4 —0.2
0 Hip or gable 10 0>
0 Hip or gable 15 All valu -0.3
0 Hip or gable 20 -0.4
. <0.1 -0.75
0 Hip or gable >25 50,3 0.5
-0.5
90 ( G;blte 2) All values -0.3
see Note <4 _02
NOTES:
1  For intermediate values of d/b and «, linear in lation shall be used.
2 For hip roofs use the same values as for 60°.
TABLE
WALLS—EXTERNAL PRESSUR ne) FOR
RECTANGULAR ENCLOSED BU [ E WALLS (S)

Horizontal distance frodeward edg\g Exter}m pressure coefficients (C,..)

-0.65
-0.5
-0.3
-0.2

XTERNAL PRESSURE COEFFICIENTS (C,..) FOR
CLOSED BUILDINGS—FOR UPWIND SLOPE (U), AND
SLOPE (D)*AND (R) FOR GABLE ROOFS, FOR a<10°

RECTANGULAR

Roof ty[}e\and sl&pe External pressure coefficient (C, )
Horizontal distance
Cforsswll)rll;irsggzes p:::l; islllt;psf;:)(li), from windward edge hd<05 hid> 1.0
’ pe, of roof (see Note 1) (see Note 1)
) (D)
0to 0.5k -0.9, -0.4 -1.3,-0.6
0.5to 1A -0.9,-0.4 -0.7, -0.3
AN o a<10° 1h to 2h -0.5,0 (=0.7), (-0.3)
2hto 3h -0.3, 0.1 see Note 2
>3h -0.2,0.2

NOTES:

1  For intermediate values of roof slopes and //d ratios, linear interpolation shall be used. Interpolation
shall only be carried out on values of the same sign.

2 The values given in parentheses are provided for interpolation purposes.
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TABLE 5.3(B)

ROOFS—EXTERNAL PRESSURE COEFFICIENTS (C, ) FOR
RECTANGULAR ENCLOSED BUILDINGS—UPWIND SLOPE (U) o> 10°

External pressure coefficients (C, )

Upwind Ratio h/d

slope, (U) | (see Note) Roof pitch (@) degrees (see Note)

10 15 20 25 30 35 > 55)
<0.25 -0.7,-0.3 |-0.5,0.0 |-0.3,0.2 | -0.2,0.3 [-0.2, 0.4 0.0,0.5
a>10° 0.5 -09,-0.4|-0.7,-0.3 |-0.4,0.0 | -0.3,0.2 {-0.2,0.3 //62, 0.410, 08 sin
> 1.0 -13,-0.6 |-1.0,-0.5|-0.7, -0.3 | —=0.5, 0.0 |-0.3, 0/ —0.2/6.\3\

shall only be carried out on values of the same sign.

TABLE 5.3(C)

ROOFS—EXTERNAL PRESSURE COEFFICIE
ENCLOSED BUILDINGS—DOWNWIND S
ROOFS, FOR a 210

Roof type and slope External p>e§sure coéﬁ(icients (Cp.e)
Crosswind slope | Downwind (]:::l;:t/%/ Roof pitch (a)\,Qegrees}s{e Note)
for hip roofs (R) slope (D) 10 15 20 E}S
<0.25 —0.\_% <0.5 | -0.6 F d<3;-0.6
a2 10° a=10° 0.5 -0.5\ -0.5 1 -0.6 | For3=5b/d<8;-0.06 (7 + b/d)
For b/d > 8;-0.9

being considered:

TABLE 5.4
REAREDUCTION FACTOR (KX,)

. 2
%\lbutary\qg/(A), m Area reduction factor (K,)

(see Note)
<10 1.0
25 0.9
> 100 0.8

OTE: For intermediate values of A, linear interpolation shall
be used.

5.4.3 Actiorcombination factor (K,)

Where wind pressures acting on a combination of surfaces of an enclosed building (e.g.,
windward wall, roof, side wall, leeward wall, internal surface) contribute simultaneously to
a structural action effect (e.g., member axial force or bending moment) on a structural
element, combination factors (K,. and K,;), less than 1.0, may be applied to the critical
external and internal surfaces when calculating the combined forces.
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A surface shall be either a windward wall, a side wall, a leeward wall, a roof (upwind and
downwind roof shall be treated together as a single surface), or the internal surfaces of the
building treated as a single surface. An internal surface shall not be treated as an effective

surface if C},; <0.2.

Where pressures on two contributing surfaces act together in combination to produce a

structural action effect, K.. and K.; may be taken as 0.9. Where three (or
contributing surfaces act in combination, K, . and K, ; may be taken as 0.8.

K.. and K_; shall be taken as 1.0 for cladding or minor structural ele
Appendix A) supporting structure such as purlins, girts and studs.

NOTE: Action combination factors less than 1.0 account for the

pressures on effective surfaces.

TABLE 5.5

EFFECTIVE SURFACES

Design case Example diagram xternal | Internal
c.e Kc,i
(a) 3 effective surfaces \\ f /&8 1.0
Pressures from windward (ff]fOtt'fln
and leeward walls in I: I,> ° eff: ve
combination with roof e surface)
pressures
2ero or sn\ill inteéal pressure
(b) 4 effective surfacés \ 0.8 0.8
(¢ * f 0.8 1.0
(not an
effective
with roof pressu N surface)
zero or small internal pressure
(d) 0.8 0.8

with roof pressures and
internal pressures
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Design case Example diagram External| Internal
Kc,e Kc,i
(e) 1 effective surface l\ f 1.0 1.0
Roof pressures acting \ / (‘n\ot an
effective
alone -—HINGE
rface)

zero or small internal pressure

(f) 2 effective surfaces \ f 0.9 0.9
Roof pressures in \ /
combination with —~—HING
internal pressures + +

(g) 2 effective surfaces 0.9 1.0
Lateral pressure on (f?fott'fm
windward and leeward ctiective
walls —— surface)

(h) 2 effective surfaces 0.9 0.9

Lateral pressure on
external and internal
surfaces

| cases except when determining the
embers that directly support the
cladding, a i rs. In these cases K| shall be taken
either as 1.0
most adverse e ' i ith_the external and internal pressures. Where more
than one cas 1 om Table 5.6 shall be used.

For rectangular buildings, the negative limit on the product K, C, . shall be —2.0 in all cases.
The RC1 case only applies to flat or near-flat roofs, (slope less than 10 degrees).

For flat or near flat roofs (slope than 10°) with parapets, values of K| for areas RA1 and
RAZ2 in the lee of the parapet may be modified by multiplying the values from Table 5.6 by
the parapet reduction factor (K;), given in Table 5.7.
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TABLE 5.6
LOCAL PRESSURE FACTOR (X))
. Figure 5.3 Aspect Area (A) -
Design case reference . 2 Proximity to edge |
ratio (r) m
number
Positive pressures
Windward wall WAL All A4<0.254° Anywher 1.5
All other areas — All —
Negative pressures
. 2
C‘orners of roofs with RC1 All A <0.25a 4 fromMwo edges
pitch <10°
Roof ed RAI All A<d <a
oot edges RA2 All A4<0.254 <0.5a°\
Hips and ridges of RA3 All A< a
roofs with pitch >10° RA4 All A4<0.254° <0.5a
SAl <1 A<d <a 1.5
SA2 - A4<0.254% 0.5a 2.0
Side walls near ;
windward wall edges SA3 4<0.25a > L5
SA4 1 <d <a 2.0
SAS 0 3.0
All other areas — 1.0
NOTES:
1
2 of Kl
3

\h{

h (see Note) K
<0.07 h 1.0

<25 0.1 4 0.8
>0.2 h 0.5

<0.02 w 1.0

25 m 0.03 w 0.8
>0.05 w 0.5

LEGEND:
='height of parapet above average roof level.
= shortest horizontal dimension of the building.

NOTE: For intermediate values, linear interpolation shall be used.
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(K.)

: The value of dimension a is the minimum of 0.2, 0.2d and A.
GURE 5.3 LOCAL PRESSURE FACTORS
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5.4.5 Permeable cladding reduction factor (K,) for roofs and side walls

The permeable cladding reduction factor (K,) shall be taken as 1.0 except that where an
external surface consists of permeable cladding and the solidity ratio is less than 0.999 and
exceeds 0.99, the values given in Table 5.8 may be used for negative pressure. The solidity
ratio of the surface is the ratio of solid area to total area of the surface. Figure 5.4 shows
dimension d,.

TABLE 5.8
PERMEABLE CLADDING REDUCTION FACTOR (K4

Horizontal distance from windward edge
K
(see Note) P

0to0 0.2d, 0.9
0.2d, to 0.4d, 0.8
0.4d, to 0.8d, 0
0.8d, to 1.0d,

NOTE: d, is the along-wind depth of the surface, ifi metres.

Permeable
surface

P&rmeable

N
Permeable
surface

5.4 NOTATION FOR PERMEABLE SURFACES

NAL DRAG FORCES FOR ENCLOSED BUILDINGS

The frictional drag/{(f) shall be calculated for roofs and side walls of enclosed buildings, in
addition\to pressures normal to the surface, only where the ratio d/h or d/b is greater than 4.
The aerodynamic shape factor (Cy,) equals the frictional drag coefficient (Cy) in the
direction of the wind as given in Table 5.9.

The effect shall be calculated on the basis of areas as follows:
(a) For h<b, area = (b+2h)(d—4h).
(b) For h>b, area = (b+2h)(d—4b).
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TABLE 5.9
FRICTIONAL DRAG COEFFICIENT (C;) FOR d/h>4 or d/b>4
Distance ‘x’ from s
windward edge Surface description C;
Surfaces with ribs across the wind direction 0.04
> the lesser of 4/ and 4b Surfaces with corrugations across the wind direction MZ
Smooth surfaces without corrugations or ribs or with 0.0
corrugations or ribs parallel to the wind direction ’
x < the lesser of 4k and 4b | All surfaces 0
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SECTION 6 DYNAMIC RESPONSE FACTOR

6.1 EVALUATION OF DYNAMIC RESPONSE FACTOR

The dynamic response factor (Cgy,) shall be determined for structures or elem of

structures with natural first mode fundamental frequencies as follows:
(a)  Greater than 1 Hz, Cyy, = 1.0.
(b) Lessthan 1 Hz—

(i)  for tall buildings and towers—

(A) less than 0.2 Hz is not covered by this Standard
(B)

(C) where the frequencies of vibration for th¢ two fundamen
sway are within 10% of each other a i
not covered by this Standard;

(ii)  for cantilever roofs—

(A) less than 0.5 Hz is not ¢overed-by this Standard

(B) between 1 Hz and 0.5 Hz, Cg4y, sha
Appendix D.

be as defined in Paragraph D5,

NOTES:

1 Appendix G provides information on calgulating
sensitive structures.

eceleratio ¢rviceability in tall wind-

2 For natural frequéncies less than 0.2 Hz, heights greater than 200 m, or whenever significant
coupling is evident inthe first \three modes of vibration, wind tunnel testing should be

or the calculation of base bending moments, deflections and
of the structure, a single value of Cgy, shall be used with s taken as

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59



Licensed to Mr timothy Messer on 3 November 2009. Personal use licence only. Storage, distribution or use on network prohibited.

DRAFT ONLY 42 DRAFT ONLY
T /7—\ Level at which

action effects

are being

calculated
z T s

s<z<h

IO,

FIGURE 6.1 NOTATION FOR HEIGHTS

The dynamic response factor (Cyqys) shall be calculated as follows;

1421, \/gszs +H5g‘é2SEt
o T )
where
s = height of the level at which action effects are calculated
h = cty aight to the top of a

... 62(2)

freqdency of vibration of a structure in the along-wind direction in Hertz and
beh 1s the average breadth of the structure between heights 0 and 4:

1

. 3.5n,h(1+ g 1}) . 4nybon (1+ gy 11) ... 6.2(5)
Vdes,ee Vdes,G
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E. = (a/4) times the spectrum of turbulence in the approaching wind stream, given
as follows:
TN
= 5 . 6.2(6)
(1+70.8n2)7%
where
N = reduced frequency (non dimensional)
= naLh[l + (gvlh)] /Vdes,e
n, = first mode natural frequency
structure in the along-wind di
Vieso = building design wind $peed
building height, # (see¢’Clau
¢ = ratio of structural damping to critical damping of

TABLE 6.1
TURBULENCE ENSITY (1)

Lim\ig state,ir\gion anMn categ()%\

Servnc abl limit states
Terrain category 1, | Terrain ¢ tegor 2, /'I%rrain category 3, | Terrain category 4,
all regions all regions Ms all regions
Height (z) m U timate llm}t/states

Q‘ﬁerrain category 3,

Regions A, W and B

s Terrain category 4,
}érain categories 1, all regions
2, and 3:

Regions C and D

0.271 0.342
0.271 0.342
0.239 0.342
0.225 0.342
0.215 0.342
0.203 0.305
0.195 0.285
0.188 0.270
0.176 0.248
0.166 0.233
0.150 0.210
0.139 0.196

NOTE: FWsdiate values of height (z) and terrain category, linear interpolation shall be used.
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6.3 CROSSWIND RESPONSE
6.3.1 General

Clause 6.3.2 gives methods for determining equivalent static forces and base overturning
moments and Cy, Cyyy for tall enclosed buildings and towers of rectangular cross-se
and Clause 6.3.3 gives deflections and equivalent static forces for chimneys,
poles of circular cross-section. Calculation of crosswind response is not required
lattice towers.

NOTES:

1 Where calculations of crosswind response yield high values, furthg
AS/NZS 1170.2 Supp 1.

3 UHF antennas of the cross-sections shown in Figure E3,
potential for crosswind response.

6.3.2 Crosswind response of tall enclosed build
cross-section

6.3.2.1 Equivalent static crosswind force

>
Weq (Z): O‘Spair [Vdesﬂ] dcﬁgcdyn RPN 63(1)
where Ve o is evaluated at z = A, and d is\the ho structure parallel to the
wind stream and
(CrCon ) =152 ...63(2)

0.5 for a slender framed structure (moment resisting)
1.0 for a building with central core and moment-resisting facade

= 2.3 for a tower decreasing in stiffness with height, or with a large
mass at the top

value obtained from fitting ¢(z) = (z/h)* to the computed modal
shape of the structure

¢1(z) = first mode shape as a function of height z, normalized
to unity atz=h

Cs = crosswind force spectrum coefficient generalized for a linear mode shape
given in Clause 6.3.2.3
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6.3.2.2 Crosswind base overturning moment

The crosswind base overturning moment (M), (which can be derived by the integration
from 0 to s of wey(2) z dz) shall be as follows:

0-5pair [Vdesﬂ ]2 ]h2( 3 \JK ﬁ

6.3(3)

M_ =05g.b
° g“{(ngvzhf k+2) "¢

where the value ( ij is the mode shape correction factor for e

k+2
overturning moment.

6.3.2.3 Crosswind force spectrum coefficient (Cy)

The reduced velocity (V,,) shall be calculated as follows using
follows:

des.0 calculated at z =

(a) Fora3:1:1 square section (4:b:d),

(i)  For turbulence intensity of 0.2 at 24/3

. 6.3(6)

.6.3(7)

.6.3(8)

.6.3(9)

~3+0.0637V,> —0.00037V,*
= 3 7 ... 6.3(10)
1-0.02V,° +0.000124V,
(d) Fora 6:1:2 rectangular section (/:b:d), where V,, is in the range 2 to 16:
(i)  For turbulence intensity of 0.12 at 2//3:
log,, C :0.000457Vn3 - 0.0226Vn2 +0.396V, —4.093 ... 6.3(11)

DR_AS_NZS_1170.2-S1.doc - 12/10/2009 16:29:59



Licensed to Mr timothy Messer on 3 November 2009. Personal use licence only. Storage, distribution or use on network prohibited.

DRAFT ONLY 46 DRAFT ONLY

(i)  For turbulence intensity of 0.2 at 2/4/3:
log,, Cy, =0.00038V,> —0.0197V,> +0.363V, —3.82 ... 6.3(12)

NOTE: For intermediate values of 4:b, b:d, or turbulence intensity, linear interpolation of log;q
Cy, shall be used.

-1.0

Wnoe
i nsity at 2h

0.12

- Turbulence

intepsi at 2h/3
0f70.20

Log10(Cxg)
| |
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o o
N
~N
\\ SO
~N
A N
\
|
/
/

-4.0
0 2 4 6 8 10 12 14 16

REDUCED VELOCITY

FIGURE 6.2 CROSSWIND FORCE\SPE E ENT FOR A 3:1:1
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1.5 / B -
-l <7
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/ —— Turbulence
/ intensity at 2h/3
— 5 of 0.12
9 y -—-Turbulence
2 / intensity at 2h/3
> \ of 0.20
g 6:1:1

2 4 6 8 10 12 14 16
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FIGURE 6.3 CROSSWIND FORCE SPECTRUM COEFFICIENT FOR A 6:1:1
SQUARE SECTION
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-1.0
s /
- \
[\ —
20 \ — Turbulence
' intensity at 2h/
- C of 0.12
g [N o
> =25 Turbulenc
Q // N intensit
§’ /] ] of 0
-3.0 =
% | 7
6:2:1
-3.5
-4.0
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FIGURE 6.4 CROSSWIND FORCE SPECTRUM CQO
RECTANGULAR SECTION

FOR A 6:2:1

-1.0
-15 -
- /
/
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' // intensity at 2h/3
- / of 0.12
5 o/ )
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-3.0-{7
6:1:2

8 10\12 14 16
VELOCITY

GURE 6/5 CROSSWIND FORCE SPECTRUM COEFFICIENT FOR A 6:1:2
RECTANGULAR SECTION

response of chimneys, masts and poles of circular cross-section
6.3.3.1 swind tip deflection

The maximum amplitude of tip deflection (Jyax) in crosswind vibration at the critical wind
speed due to vortex shedding for chimneys, masts or poles of circular cross-section (without
ladders, strakes or other appendages near the top) shall be calculated as follows:

Ymax = Kbi/Sc ... 6.3(13)
where

K = factor for maximum tip deflection, taken as 0.50 for circular cross-sections
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b, =  average breadth of the top third of the structure
Sc

Scruton number given by:
= dzm CNpar )

average mass per unit height over the top third of the structure

my

g

6.3.3.2 Equivalent static crosswind force

ratio of structural damping to critical damping of a structure,

function of height z, we,(z), shall be calculated as follows:
Weq(2) = m(2) 27 M)’ Ymax $1(2)
where
m(z) = mass per unit height as a function of height (z)
n = first mode natural frequency of vibration of a structuré, in he

¢1(z) = first mode shape as a function of height
which shall be taken as (z//)*

NOTE: Equation 6.3(14) may be written as:
Weq(z) =0.5 pair [Vcrit]2-bt~

ized to unity at z = A,

where

critical wind ‘speed rtex shedding,
5n; x b, for circular segtions.

vhich is approximately

the product of effective aefodynamic shape factor and dynamic

action efféct derived from the peak along-wind response

=Vactioneffect derived from the peak crosswind response

efactor [Cayn (1 +2g, )] is a gust factor (G).

2 Maximum action effects derived from the crosswind response of chimneys, masts and
poles of circular cross section (Clause 6.3.3), which occur at the critical wind speed for
vortex shedding, should not be combined with action effects for along—wind response
calculated at a different wind speed.
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APPENDIX A
DEFINITIONS

(Normative)

For the purposes of this Standard, the definitions given herein apply.
Aerodynamic shape factor

Factor to account for the effects of the geometry of the structure on surfa due to

wind.

€C pressure

Annual probability of exceedence of the action

The probability that a value will be exceeded in any one year.

NOTE: This is the inverse of the so-called ‘return period’ better described as the average

recurrence interval.
Aspect ratio

Ratio of the average roof height of a building to the s
ratio of the largest dimension of a structural member to its
Awning
Roof-like structure, usually of limited extent, projecting from a walkof a building.
Canopy
Roof adjacent to or attached to a building, ls.

Cladding

enclosed by wa

Material that forms th

Force acting in the direction of the wind stream; see also lift.

Dynamic response factor

Factor to account for the effects of fluctuating forces and resonant response on wind-
sensitive structures.

Eccentricity

The distance of the centroid of a surface, to the point of application of the resultant force
derived from the net wind pressure.
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Effective surface

A wall, roof or internal surface of a building that contributes significantly to load effects on
major structural elements.

Elevated building

Building with a clear, unwalled space underneath the first floor level with a height from
ground to underside of the first floor of one-third or more of the total height of the buildi

Enclosed building
Building that has a roof and full perimeter walls (nominally sealed) from
Escarpment

Long, steeply sloping, face between nominally level lower and
plains have average slopes of not greater than 5%.

First mode shape
Shape of a structure at its maximum amplitude under fi
First mode natural frequency

Frequency of free oscillation corresponding to the lo i of vibration of a
structure.

Force coefficient

Coefficient that, when multiplied by the incident wind pressure and

the force in a specific direction.

a referepice area, gives

Free roof
Roof (of any type) with no i g tanding carport).

Freestanding walls

Immediate sypports (cladding)

Those supporting members to which cladding is directly fixed (e.g., battens, purlins, girts,
studs).

Lag distance

Horizontal distance downwind, required for the effects of a change in terrain roughness on
wind speed to reach the height being investigated.
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Lattice towers

Three-dimensional frameworks comprising three or more linear boundary members
interconnected by linear bracing members joined at common points (nodes), enclosing an
open area through which the wind may pass.

Lift

Force acting at 90° to the wind stream; see also drag.
Mansard roof

A roof with two slopes on all four sides, the lower slope steeper than the upper slope.

NOTE: A mansard roof with the upper slopes less than 10° may be assumed to be flattopped.
Monoslope roof
Planar roof with a constant slope and without a ridge.

Obstructions

Pitched roof
Bi-fold, bi-planar roof (two sloping surfa

Pressure

Theoretical quantification of the turbulence-inducing nature of a particular type of terrain
on airflow (wind).

Scruton number

A mass-damping parameter.
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Solidity (of cladding)
Ratio of the solid area to the total area of the surface.
Structural elements, major

Structural elements whose tributary areas are greater than 10 m”.

Structural elements, minor

Structural elements whose tributary areas are less than or equal to 10 m’.
Terrain

to

Surface roughness condition when considering the size and arrangement of obstructions

the wind.
Topography

Major land surface features, comprising hills, valleys angd
wind flow patterns.

that strongly influence

Tornado

Violently rotating column of air, that is suspended, observable as*a funnel cloud attached to

the cloud base of a convective cloud.
Tributary area

Area of building surface contributing to
Tropical cyclone

An intense low-pressure centre accompan
It forms over warm tropical oceans and d
large area and, in the so i

Troughed roof
Bi-fold, bi-plana

Turbulence intensit

The ratio of the.standard
(time averaged) wind speed.

d bing component of wind speed to the mean
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APPENDIX B
NOTATION

(Normative)

NOTE: See Clause 1.5 for units.

A = surface area of the element or the tributary area which tran
the element, being—

C7 of Appendix C, D1 of Appendix D, El1, E2, E4 and
ES of Appendix E)

average breadth of the structure between heights 0 and 4

by age breadth of shielding buildings, normal to the wind stream

b = average breadth of the structure between heights s and 4

by = average breadth of the top third of the structure

b, = average breadth of the structure at the section at height (z)

b/w = ratio of the average diameter of an ancillary to the average width of a structure
Cy = drag force coefficient for a structure or member in the direction of the wind

stream
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Cya = value of drag force coefficient (C4) on an isolated ancillary on a tower
Ce = effective drag force coefficient for a tower section with ancillaries

Clyn = dynamic response factor

Crx = force coefficient for a structure or member, in the direction of the x-axis
Cry = force coefficient for a structure or member, in the direction of the y-axis
C = frictional drag force coefficient

Crig = aerodynamic shape factor

Cfig.1 = aerodynamic shape factor for the first frame in the upwind ¢
Crs = crosswind force spectrum coefficient generalized for a line
Cpp = external pressure coefficient for sides of bins, silos

Cpe = external pressure coefficient

Chpi = internal pressure coefficient

Cp. =

Cpn =

Cp.w =

Cpl(gb) =

< the base of Napierian logarithms (~ 2.71828)

e = horizontal eccentricity of net pressure

F = force on a building element, in Newtons

Fc = factor for region C to account for lack of recent analysis of cyclone activity
Fp = factor for region D to account for lack of recent analysis of cyclone activity

f = frictional force per unit area parallel to a surface, in Newtons per square metre
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1. = the design frictional distributed force parallel to the surface, calculated in
Clause 2.4.2 at height z, in newtons per square metre

ar = peak factor for resonant response (10 min period)

gy = peak factor for the upwind velocity fluctuations

H = height of the hill, ridge or escarpment

H; = height factor for the resonant response

h = average roof height of structure above ground

he = height from ground to the attached canopy, freestanding roo 0 e
hy, = height of parapet above average roof level

h, = average height of surface roughness

h = average roof height of shielding buildings

Iy = turbulence intensity, obtained from Table 6.

I, = turbulence intensity at height z given for various ter ategories in Table 6.1
K = factor for maximum tip deflection

K, = area reduction factor

Ky = aspect ratio correction factorfor individual member forees

K, = combination factor

K. = combination factor for external pres

K. = combination factor for internal pressure

K; = factor to account for the angle of inclination of the axis of members to the wind

direction

orizontal distance upwind from the crest of the hill, ridge or escarpment to a
level half the height below the crest

L, = length scale, in metres, to determine the vertical variation of M, to be taken as
the greater of 0.36 L, or 0.4 H

L, = length scale, in metres, to determine the horizontal variation of M,, to be taken
as 4 Ly upwind for all types, and downwind for hills and ridges, or 10 L,
downwind for escarpments
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= leeward wall

= length of member

flag length

= average spacing of shielding buildings

= crosswind base overturning moment
= wind direction multiplier (see Clause 3.3)

= shielding multiplier

topographic multiplier
= hill shape multiplier

= lee (effect) multiplier (taken as 1.0, except in X ealand lee zones,

Clause 4.4.3)
= terrain/height multiplier
= average mass per unit height

= mass per unit area of flag

in Clause 2.4.1

NOTE: The sign convention for pressures leads to forces towards the surface for
positive pressures and forces away from the surface for negative pressures.

= inverse of the annual probability of exceedence of the wind speed

= crosswind roof slope

= Reynolds number

= Rise of a curved roof;
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Sc

Vdes,e

Vdes,@(z)

Vsit,B
Vi

max
Ymax

Ymax

= building orthogonal design wind speeds (usually, =
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Corner radius of a structural shape; or
Aspect ratio of a building (Clause 5.4.4)
size reduction factor

side wall

Scruton number

shielding parameter; or
height of the level at which action effects are calculated for a str
top roof section

upwind roof slope

as given in Clause 2.3

NOTE: V4es.0 may be expressed as a function o
windward walls of tall buildings (>25m).

building orthogonal design wind speeds as a

reduced velocity (non dimensional)

regional 3 second gust wind
of exceedence of 1/R

where the developed height of the inner layer equals z (lag distance)

peak acceleration, at the top of a structure in the along-wind direction
peak acceleration, at the top of a structure in the crosswind direction

maximum amplitude of tip deflection in crosswind vibration at the critical wind
speed

reference height on the structure above the average local ground level
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ACy

Az
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larger of the two roughness lengths at a boundary between roughnesses
= angle of slope of a roof

= angle of compass wind direction, measured clockwise from North (0°), for
determining site wind velocities

= additional drag coefficient due to an ancillary attached to one face ordocated
inside the tower section

= height of the section of the structure upon which the wind pressure

= solidity ratio of the structure (surface or open frame) which is"the ratio of solid

area to total area of the structure

= effective solidity ratio for an open frame

NOTEXThis value is based on 20°C and typical ground level atmospheric pressure
| i be necessary for very high altitudes or cold environments.

ction of height z, normalized to unity at z = A
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APPENDIX C
ADDITIONAL PRESSURE COEFFICIENTS FOR ENCLOSED BUILDINGS

(Normative)

C1 ADDITIONAL PRESSURE COEFFICIENTS

The external pressure coefficients (C,.) given in this Appendix shall be used to ealculate

accordance with Clauses 5.2 and 5.4.

C2 MULTI-SPAN BUILDINGS (a <60°)

Table C2.

Where two values are listed for pressure coefficients in
designed for both values.

height (A).

External pressure coefficients for wind directions o Il be obtained
from Clause 5.4 but [-0.05(nz — 1)] shall be coefficients in the
region 0 to 14 from the leading edge, i ber of spans. For this

calculation, take n = 4, if n is greater than

EXTERNAL PRESSURE COQEFFICIENTS (C, ) FOR

/éurface refektkce (see Fi/gée Cl)

A B hC M Y

0.7 se Table 5.3(4), 5.3(b) orw —0.3 and 0.2 for a <10° -0.2
same (h/d;) and «, as appropriate —0.5 and 0.3 for « 210°

Wind _
direction

> A

FIGURE C1 EXTERNAL PRESSURE COEFFICIENTS (C,.) FOR MULTI-SPAN
BUILDINGS—PITCHED ROOFS
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TABLE C2

EXTERNAL PRESSURE COEFFICIENTS (C,.) FOR
MULTI-SPAN BUILDINGS—SAW-TOOTH ROOFS

Wind Surface reference (see Figure C2)
direction
(6) degrees A B C D M N W X /Y\
0 0.7 -0.9 -09 |-0.5,0.2-0.5,0.5]-0.5,0.3|-0.3,0.5| -0.4 -0.2
180 -0.2 |-0.2,0.2| -0.3 |-0.2,0.2|-0.4 -0.4 -0.7 /&3 /({.7
Wind Wind
direction direction
6 =0° ? =180°

— 4

approximating a circular arc, for wind
obtained from Table C3.

f length to span ratio shall be taken into account by
multiplying all the coefficients in Table C3 by a factor of (b/d)"*, where b= breadth
: d = span (see Figure C3). If (b/d)’? is less than 1.0, it shall be

the total height'of the roof is present, the external pressure coefficient on the central half of
the roof (T) shall be modified by adding +0.3; that is, the value of a negative coefficient
(suction) is reduced by 0.3. Such reductions shall not be made for the wind direction along
the axis of the roof, for which the ridge ventilator has little effect on the airflow and
resulting external pressures.

All combinations of external pressure coefficients on U, T and D shall be checked.
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TABLE C3
EXTERNAL PRESSURE COEFFICIENTS (C, . )—CURVED ROOFS
R:ZZZO(_:}Z;;“ Windward quarter (U) Centre half (T) Leeward quarter (D)
0.18 (0.3 -0.4 A/r)or 0.0 —(0.55 + 0.2 h/r) —(0.25 + 0.2 h/r) or 0,0,
0.5 (0.5-0.4 h/r)or 0.0 —(0.1 +0.2 h/r) (%O

NOTES:

1 A is the average roof height and r is the rise of the arch (see Figure C3).

2 For intermediate values of rise to span ratio, linear interpolation shall be used.
3 For h/r >2, Table C3 shall be applied with A/r = 2.

4  Forr/d<0.18, Table 5.3(A) shall be applied.

d
Wind a/4 Z/
direction ‘ T
E> v N Rise (r) T
| h
1
TR AR LKA A AL LKA A A A

FIGURE C3 EXTERNAL PRESSURE Cp.e)—CURVED ROOFS

C4 MANSARD ROOFS

R R R R

FIGURE C4 EXTERNAL PRESSURE COEFFICIENTS (C,.) FOR MANSARD ROOFS
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C5 CIRCULAR BINS, SILOS AND TANKS
C5.1 General

Grouped circular bins, silos and tanks with spacing between walls greater than two
diameters shall be treated as isolated silos. Closely spaced groups with spacing less than 0.1
diameters shall be treated as a single structure for wind actions and pressure determined

using Tables 5.2 and 5.3. For intermediate spacings, linear interpolation shall be used.

C5.2 Isolated circular bins, silos and tanks

C5.2.1 Walls

indicated:

Coo (&) = keCp1(6)

where

.C5(2)
.C5(3)

the incident wind direction as calculated from

Fquation CS(]
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Wind /
direction

c
hoo h
<c
!
FIGURE C5 EXTERNAL PRESSURE COEFFICIENTSACy ) F CIRCULAR

1.0

0.8
0.6
0.4+
0.2
60° 90° 120° 0° 180°
O | | | | |

ANGULAR PQSITION ON CIRCUMFERENCE
FROM WINDWARD GENERATOR

EXTERNAL /PRESSURE COEFFICIENT (Cp1)

FIGURE _C6/PLOT OF EXTERNAL PRESSURE COEFFICIENTS (Cp1) ON WALLS OF
CIRCULAR BINS, SILOS AND TANKS (c/b =1)

C5.2.2 Roofsand lids

The aerodynamic shape factor (Cy,) for calculating external pressures on the roofs or lids of
bins, silos or tanks of circular cross-section, as shown in Figure C7, shall be as follows:

Cfig = Cp,e Ka Kl e C5(4)

where C, . is given in Table C7 for zones A and B as shown in Figure C7, K, is given in
Clause 5.4.2 and K is given in Clause 5.4.4.
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The local pressure factor (X)) is applicable to the windward edges of roofs with slope less
than or equal to 30°, and to the region near the cone apex for roofs with slope greater than
15°. The applicable areas are shown in Figure C7.

TABLE C7

EXTERNAL PRESSURE COEFFICIENTS
(C,..) FOR ROOFS OF CIRCULAR BINS,
SILOS AND TANKS

Zone A Zone B

-0.8 -0.5

Zone for local
pressure factor K

LEGEND:
a = 0.1b
/ = 0.25¢c

Wind ‘\
directio

Wind
direction

>

>

b b

Coygical: o 10° 10°< o £30°
Domed: Average o < 10°

AL PRESSURE COEFFICIENTS (C, ) FOR ROOFS OF CIRCULAR
BINS, SILOS AND TANKS (0.25 < ¢/b < 4.0)

al pressures in bins, silos and tanks

Internal pressures within bins, silos and tanks with vented roofs shall be determined as an
area-weighted average of the external pressures at the position of the vents and openings,
determined according to Paragraph C5.2.2.

For open-top bins, silos or tanks, the internal pressure shall be determined as follows:
Cig = GCpi ... C5(5)
= —0.9-0.35 logo(c/b)
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APPENDIX D
FREESTANDING WALLS, HOARDINGS AND CANOPIES

(Normative)

D1 GENERAL
D1.1 Application

This Appendix shall be used to calculate aerodynamic shape factors (Cgy) for the following
structures and structural elements:

(a)  Free roofs, including hyperbolic paraboloid roofs.

(b) Canopies, awnings and carports (adjacent to enclosed b
(c) Cantilevered roofs.

(d) Hoardings and freestanding walls.

To calculate forces on the structure, use the area of the structure (ong”side only) as the
reference area for normal pressures, and use the area o fected sides as the
reference area for frictional pressure.

D1.2 Area reduction factor (K,)

D1.3 Local net pressure factor (X))
For the design of claddi

in this Appendi

LOCALNET PRESSURE FACTORS(K;) FOR OPEN STRUCTURES

s, Local net pressure
Case Description factor (K,)
Pressures on an area between 0 and 1.04” within a distance 1.0a from a 1.5
roof edge, or a ridge with\a pitch’of 10° or more
2 Pressureson an area of 0.254° or less, within a distance 0.5a from a roof 2.0
edge, or a ridge with a pitch of 10° or more
3 Upward nef pressyres on an area of 0.254% or less, within a distance 0.5a 3.0
\f\rom a wiidward/corner of a free roof with a pitch of less than 10°

ere a is 20% of the shortest horizontal plan dimension of the free roof or canopy. For intermediate
values of rise to span ratio, linear interpolation shall be used.

2 If an area of cladding is covered by more than one case in the above Table, the largest value of K, shall
be used.
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D1.4 Net porosity factor (K})

For freestanding hoardings and walls, the net porosity factor (K,,) shall be as calculated in
equation D1. For all other cases in this Appendix, K, = 1.0.

K,=1-(1-95) ...DI

where

tio of solid

0 = solidity ratio of the structure (surface or open frame), which is the ra
area to total area of the structure

D2 FREESTANDING HOARDINGS AND WALLS

D2.1 Aerodynamic shape factor for normal net pressure on free
and walls

Cﬁg = Cp’n Kp

where

n always acts normal
o the rface regardless
of the/wind direction

IR,

FIGURE D1 FREESTANDING HOARDINGS AND WALLS
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TABLE D2(A)

NET PRESSURE COEFFICIENTS (C,,,)—HOARDINGS AND FREESTANDING
WALLS—WIND NORMAL TO HOARDING OR WALL, 8= 0°

b/c clh Con e
05t05 1.3+ 0.5(0.3 + 1o b/¢))(0.8 — c/h
e (0.3 + logo(b/e))( ) o
>5 1.7-0.5c/h 0
all <0.2 1.4+ 0.3l0g,(blc) 0

TABLE D2(B)

NET PRESSURE COEFFICIENTS (C,,,)—HOARDINGS D
WALLS—WIND AT 45° TO HOARDING OR WALL4 8 = 45°

ble clh Gy, ¢
05t05 0.2to1 1.3 +0.5(0.3 + g,oélo(b/c)@ﬂ - C/h/)/ 0.2b
inclusive <02 1.4 + 0.}1%;10(1?/0) 0.25

TABLE D2(C)

NET PRESSURE COEFFICIENTS (C,, ,)—HOARDINGS AND FR
WALLS—WIND AT 454 TO HOARD OR WALL, @ =

blc c/h Distance from windward free en Coa
(see Note)
\l;eéc

STANDING

3.0

<0.7 2c to 4c 1.5

o5 \ >§c 0.75
L\ 0to 2% 2.4
>0.7 2>Kt /A’h/ 1.2

0
>4h 0.6

Distance from windward free end (seeC]'i}r(l)te)
0 to 2¢ £1.2
2c to 4c 0.6
S4e 0.3
0 to 2h £1.0
0.7 2h to 4h 025
>4k +0.25

NOTE: Take values of Cj, , of the same sign.
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D2.2 Aerodynamic shape factor for frictional drag

The aerodynamic shape factor (Cy,) for calculating frictional drag effects on freestanding
hoardings and walls, where the wind is parallel to the hoarding or wall, shall be equal to Ct,
which shall be determined as given in Table D3. The frictional drag on both surfaces shall
be calculated and summed and added to the force on any exposed members calculated in
accordance with Appendix E.

TABLE D3
FRICTIONAL DRAG COEFFICIENT (Cy)
Surface description C/
Surfaces with ribs across the wind direction /(i@{
Surfaces with corrugations across the wind direction 0.0

Smooth surfaces without corrugations or ribs or with
corrugations or ribs parallel to the wind direction

D3 FREE ROOFS AND CANOPIES

Cfig = Cp,n Ka Kl

where

windward half of a free roof (C, ) o1 net p ;
C,.1) as given in Tables D4 to D7 for roofs within the

for the appropriate roof slope, blockage and wind direction, all combinations of values C,,,
and C,, shall be considered.

For 6=90°, with 0.25<A/d <1 the roof pitch is effectively zero, and Table D4(A)
with a = 0° shall be used to determine C,,,,.

DR_AS_NZS_1170.2-S2.doc - 12/10/2009 16:44:13



Licensed to Mr timothy Messer on 3 November 2009. Personal use licence only. Storage, distribution or use on network prohibited.

DRAFT ONLY 69 DRAFT ONLY
TABLE D4(A)
NET PRESSURE COEFFICIENTS (C,,) FOR
MONOSLOPE FREE ROOFS—0.25 < h/d £ 1 (see Figure D2)
6=0 degrees 6= 180 degrees
Roof
pitch () Cow Co. Com Co.
degrees Empty Blocked Empty Blocked Empty Blocked Empty | Blocked
under under under under under under und under
0 -03,04 |-1.0,0.4 |-0.4,0.0 -08,04 |-03,04 (-1.0,04 |-04,0.0 (-0.8,04
15 -1.0 -1.5 -0.6, 0.0 -1.0,0.2 0.8 0.8 0.4 —N
30 -2.2 -2.7 -1.1,-0.2 | -1.3,0.0 1.6 1.6 0/8/ 0.0
TABLE D4(B)
NET PRESSURE COEFFICIENT
MONOSLOPE FREE ROOFS—0.05 < h/d'< 0.25(see Figure D2)
Horizontal distance
Conditions hid (x) from windward et pressure coefficients (C, )
edge
x <1h Values given for C,, inN)le D4(A), for «=0°

For ¢ £5°, or
For all a with

1h <//S2h Wes given for %n Table\Q4(A), for a = 0°

0.05 < h/d <0.25

0 =90° Sop -0.2,0.2 Wnder
* 2024, 0.2 for blocked under
‘ d
Wind ‘ Cpy Wind
direction direction
9 =Oo é Cp,w 9 =180°

L -—

KRR SRR R, RELRR:

FIGURE“'D2 MONOSLOPE FREE ROOFS
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TABLE DS
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NET PRESSURE COEFFICIENTS (C,,) FOR
PITCHED FREE ROOFS—0.25 < h/d < 1 (see Figure D3)

o
Roof pitch =0
(a) Cp,w Cp,l
degrees
Empty under Blocked under Empty under Blockemder
<15 -0.3,0.4 -1.2 -0.4,0.0 ~0.9
22.5 -0.3,0.6 -0.9 -0.6, 0.0 -1.1
30 -0.3,0.8 -0.5 -0.7, 0.0 1.3
Wind

direction
0=0°

Roof pite
()

CP,Z

degrees
Empty under Blocked up(ﬁr Empty under Blocked under
7.5 0.6, 0.4 -0.7 0.3 -0.3
15 —&6&0.4 -0.8 0.5 -0.2
0.7, 0\k -1.0 0.7 -0.2
d
C C o
Wind p.w T
direction _ }
6 =0°
h
R RS

FIGURE D4 TROUGHED FREE ROOFS
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TABLE D7

NET PRESSURE COEFFICIENTS (C,,) FOR
HYPAR FREE ROOFS—EMPTY UNDER (see Figure D5)

DRAFT ONLY

Conditions 0, degrees Cow Cp,
Empty under, +0.45 +0.25
0.25 < hld<0.5, ’ -0.45
0.1 <c¢/d<0.3, and +0.45
0.75 < bld <1.25 . -0.45

NOTE: C;, ,, is defined as positive downwards,

the same sign need to be considered.

(Low) (High)
A B
AN
AN
AN
AN Cp,w
AN
AN
AN
b N
AN
AN
AN
AN
Cp,[ \\
AN
AN
AN
C D
(High) ow)

and only combinations

2
R
L5
nose.
LR
LR
AL

D

i
|

KLLRKKL

LA

URE |D5 HYPERBOLIC PARABOLOID (HYPAR) ROOFS
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D3.2 Aerodynamic shape factor for frictional drag and drag on exposed members for
free roofs

The aerodynamic shape factor (Cy,) for calculating frictional drag on free roofs of
monoslope, pitched or troughed configuration shall be equal to Cy calculated as given in
Table D3. For free roofs, the frictional drag on both upper and lower surfaces shall be
calculated and added to the drag on any exposed members calculated in accordange with
Appendix E (see Clause 2.5).

Calculation of frictional drag pressure is not required for wind directions of 80°, as
shown in Figures D2, D3 and D4, for free roofs with pitches of 10° or more

D4 ATTACHED CANOPIES, AWNINGS AND CARPORTS (ROQC
D4.1 Aerodynamic shape factor for net pressure on attached canepie

The aerodynamic shape factor (Cy,) for calculating net pressures
canopies, awnings or carports adjacent to enclosed buildings and with a roof slope of 10° 0
less shall be calculated as follows:

Cfig = Cp,n Ka K€

where
Cp,n = net pressure coefficient acting normal to the surface, as given in Tables D8
and D9
K,
K,
NOTES:

1

partially enclosed) from\Table D9.
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TABLE DS

NET PRESSURE COEFFICIENTS (C,,) FOR CANOPIES AND AWNINGS
ATTACHED TO BUILDINGS (see Figure D6(a)) FOR 6= 0°

. h./h -
Design case (see Note 1) Net pressure coefficients (C, ;)

0.1 1.2,-0.2

hh <0.5 0.2 0.7,-0.2
0.5 0.4,-0.2
0.5 0.5,-0.3

he/h > 0.5 0.75 0.4, [-0.3 = 0.2(h/w.)] or — )5 (see Note 2)
1.0 0.2, [-0.3 = 0.6(h/w.)] or~1.5 (s;c/ﬁ‘@{c 2)

NOTES:
1  For intermediate values of /./h, linear interpolation shall be used.

2 Whichever is the lower magnitude.

Cp,n

C ho ‘WC/Z W, /2

: h

(e}

Wind direction 8 =0°

(a) Open ca

Wind Wind
direction direction
0 =90° A L 0 =270°
® ®
wind \_ <"\ N Wind
irection Wall direction A
O=<o° L e ‘ 0 =0° ‘ A ‘ Wall
&gp,n Cpnn
e T e
| ¢
1 | 1
SN SOOI SOV
w, | ", |
2 2
e side, from building [c) Wall on two sides

T PRESSURE COEFFICIENTS (C;, ) FOR CANOPIES, AWNINGS AND
CARPORTS ATTACHED TO BUILDINGS
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TABLE D9

NET PRESSURE COEFFICIENTS (C,,) FOR
PARTIALLY ENCLOSED CARPORTS (see Figures D6(b) and D6(c))

Conditions Partially enclosed Wind direction (6), Ne.t Pressure
degrees coefficients (C, )
Wall on one side attached to building, 0 -0.7
how, < 0.5 and see Figure D6(b) 90 -1.0
he/h<0.8 0
Wall on two sides, see Figure D6(c) 270

accordance with Appendix E (see Clause 2.5).

DS CANTILEVERED ROOFS

Isolated cantilever roof with reof pitch with —7° <a <>\°

o = 0°

Height/span h/d < 1.4 h/d > 1.4

Load direction Bay p@étion fig, 1 Cﬁg\’% Crig 1 Crig

Upward internal —15/\ <1.1 -1.4 -1.4

loading (=) end_ 13 1.0 -19 11
interrﬁk 0.25 0.15 0.20 -0.15
e%\ O\SQ 0.65 0.20 0.0

= 90°

@se Table D4(B) fsr\ﬁ = 90\for bloMﬂder and o = 0°

0 = 180°

Use Table D4(A) for pjlockec}/under and o = 0°

TES \/
1 r cladding loads on roofing elements, Paragraph D3 should be used, assuming blocked under.

2 Wind tunnel testing or similar studies should be carried out if there is a similar height grandstand roof
within 5ix rodf heights of the cantilevered roof in question.

Dynamic response shall be taken into account by determining the dynamic response factor
(Cayn) as follows:

|4
(a) For cases where beams are greater than 15m long, |-—%=¢_ 1 >0.4
1+g. 0, \nd

and n, <1 Hz;
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C, =|1.0+0.5 VN I 0.4
dyn_ . . - .
1+g,1, \nd

n; = first mode frequency of vibration of the cantilevered roof in the wvertical
bending mode

(b)  For all other cases, Cgy, = 1.0.

where

Wind
direction
O = 0°

—

cfig,1

direstion

DRAFT ONLY

. D5

nd
as3
Wind
direction
@ = 180°
internal ]
end a’3

FIGURE D7 CANTILEVERED ROOF
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APPENDIX E

AERODYNAMIC SHAPE FACTORS FOR EXPOSED STRUCTURAL
MEMBERS, FRAMES AND LATTICE TOWERS

(Normative)

E1 GENERAL

of the component being considered.

E2 AERODYNAMIC SHAPE FACTORS FOR 1
FRAMES

E2.1 Simple shapes and individual members

The aerodynamic shape factor (Cy,) for individual exposed structural members, whose
aspect ratio (//b) is greater than 8, shall be calculated as follows:

(a) For wind axes:

Crig = Kar Ki Cy ... E2(1)
(b) For body axes:

Ciip, = Ku Ki Crx along member’s ... E2(2)

Crig _ ... E2(3)

where

factor to account for the angle of inclination of the axis of
members to the wind direction, determined as follows:

0, whén the wind is normal to the member
= sin” @, for rounded cylindrical shapes

= sin#, for sharp-edged prisms, (sharp-edged prisms are those
with b/r greater than 16)

= angle between the wind direction and the longitudinal axis of
the member, in degrees

= corner radius of a structural shape

= drag force coefficient for a structure or member in the direction
of the wind stream, as given in Paragraph E3

Cryand Cyy = drag force coefficients for a structure or member, in the
direction of the x-and y-axes respectively, as given in
Paragraph E3
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E2.2 Single open frame

(a)

(b)

TABLE El1
ASPECT RATIO CORRECTION FACTORS (KX,,)
AS[;::Z ll:l(fi:; I7b Correction factor K,,
<8 0.7
14 0.8
30 0.9
40 or more 1.0

NOTE: For intermediate values of //b, use linear interpolation.

frame).

Cig=12+026(1 - &) ... E2(4)

and Paragraph E2.1.
where

Je

o0 =  solidity rati the structure (surface or open frame), which
is the ratio of solid area to total area of the structure

NNAA

FIGURE E1 NOTATION FOR FRAME DIMENSIONS
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For structures comprising a series of similar open frames in parallel, the aerodynamic shape
factors for the second and subsequent frames shall be taken as the aerodynamic shape
factors on the windward frame calculated as in Paragraph E2.2, multiplied by the shielding
factor (K,) obtained from Table E2. The aerodynamic shape factor (Cy,) for the structure

shall be as follows:

Ctig = Crig,1 + 2K Crig 1 5)
where
Crig1 = aerodynamic shape factor for the first frame in the upwind directien, as
given in Paragraph E2.2
K, = shielding factor for shielded frames in multiple open<f
given in Table E2
A = spacing ratio for parallel open frames, equal‘to the frame spacing (centre-to

centre) divided by the smaller of / or 5.

SHIELDING FACTORS (X,,) FOR MULTIPLE FR

TABLE E2

Angle of wind to .
Frame spacing

Shielding ers (Ksn)

frames (6), ratio (4) \Qfective solidi%l\(é'e)
degrees 0 W01 02 \N\ 0.4 N 1.0
<0.2 02 02
0.5 02 02
0 1.0 02 02

(wind normal to

frames) 2.0 02 02
4.0 04 02
1.0 1.0
03 03
0.6 0.6
08 0.6
02 02
1.0 1.0

1 Drag force coefficients of sharp-edged section are independent of the Reynolds number.

2 Note that in Table E5, the dimension b, used in the definition of the force coefficients, is not
always normal to the flow direction and d is not always parallel.

In the absence of experimental information for particular cables, C4 for helically wound,

unwrapped cables shall be as follows:

(@) 1.2 for bVyesp < 0.5m?/s.
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For values of bV between 0.5 and 5.0, use interpolation.

DRAFT ONLY

Where icing of cables is considered, the increased cross-sectional area and changed shape

shall be taken into account.

TABLE E3

DRAG FORCE COEFFICIENTS (Cy) FOR ROUNDED CYLINDRICAL SHAPES

Drag force coefficient (Cy) (se@ote 1)

Cross-sectional shape Description
bVgesp < 4 m*/s bV ess0 > 10\n</s
|:> b Cylindrical 1 (see Note2)
d
Ellipse Ellipse - § 0.7 0.3
|:> b1 narrow side to win
| a-2
-7
road side to win 1.7 1.3
Square W 1.2 0.6
rounded corners
with more than 16 sides, where

Glass, plastic:/0.0015

Metal, painted;0.03

Some typical valyes for k, in millimetres are as follows:

eel: galvanized 0.15; light rust 2.5; heavy rust 15
oth 0.06; new rough: 1.0

3 Significant attachments to circular cross-sections (e.g. ladders, pipes etc.,) will induce aerodynamic

separation-and in these cases Cyq = 1.2.

4 Due consideration shall be taken of the projected area and drag of the attachments themselves.
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TABLE E4

DRAG FORCE COEFFICIENT (Cq) FOR SHARP-EDGED PRISMS

Cross-sectional shape

Drag force
coefficient (Cy)

:> Jb Square with face to wind 2.2
|:> <>l:3 Square with corner to wind 1
|:> Qb Equilateral triangle —apex to win 1.2
|:> [> b Equilateral triangle—face\to W 2.0
|:> ﬁj Right gngled triangle 185
]
|:> @b 12-sided polygon 1.3
> b cta 1.4
Q& _b face to wind 1.1
_ Pepfagon with corner to wind 1.7
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TABLE ES
FORCE COEFFICIENTS (Cyx) AND (Cy,y) FOR STRUCTURAL SECTIONS

Wind direction measured clockwise (6)
0 45 90 135 180
Crx 2.0 1.8 -2.0 -1.8 /—\k‘)

— 1"} d=05b Cey [-01 |01 |-17 ?/??5
ol
OO

Section shape

Crx 1.8 1.8 1.0 0.3 Sk\4

b A
el Cry | 18 217 |-1.9 |20 |-14

0 Crx 1.’& 0.75 |[~0.1 -0.85 |-1.75
X .
d=b Cry 0.1 0.75 |-\75 |-0.85 |-0.1

-0.95 |-0.5 -1.5

-0.7 -1.05 0
Crx 2.0 1.2 -1.6 -1.1 -1.7
Cry 0 -0.9 -2.15 |24 +2.1
Crx 2.05 1.85 0 -1.6 -1.8
Cry 0 -0.6 -0.6 -0.4 0

(continued)
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TABLE ES5 (continued)

Wind direction measured clockwise (6)

Section shape

0 45 | 90 | 135 | 180
Cex | 205 | 195 |05 — —
T’:y d=0.48b Cry | 0 06 |09
0° b=
]
Ceo | 16 | 05 Do — =
T’:y a=»b Cry | 0 “15 /-1.9 —
0° -

Cry | 14 12 [N — —

ctangular prismatic cross-sections are
does not cover the case where the wind
intermediate values of d/b, use linear
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5/\ — c

, b — F,x
Wind Q
direction

a
Aspect ratio Force coefficient | Multiplying factor
dib (Crx) for <1
0.1 2.2
0.65 3.0 ®
1 22
2 1.6
4 1.3 [1+4d/b)tand ]
>10 1.1

R RMU R PRISMS

FIGURE E2(A) ALONG-WIND COEFFICIENTS

Force coefficient

Aspect ratio
dib

(Cry)
0.5 +1.2
1.5 +0.8
25 +0.6

+0.8
>20 +1.0

ROSSWIND COEFFICIENTS FOR RECTANGULAR PRISMS

s shall be divided vertically into a series of sections (levels) and the
aerodynamic shape factors (Cy,) shall be calculated for each section.

NOTE: A minimum of 10 sections should be used where possible.

They shall be designed for winds in 8 directions with Vg being the value of Vs in a
sector £22.5° from the 45° direction being considered.
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The aerodynamic shape factor (Cy,) shall be equal to the values calculated, as follows:
(a) C4 for a tower section without ancillaries, as given in Paragraph E4.2.1.
(b) Cy for atower section with ancillaries, as given in Paragraph E4.2.2.

(¢) 1.2sin’6,, for guy cables, using the wind speed calculated for 2/3 of the height of
the cable

where

Cq4. = effective drag force coefficient for a tower section with apci

6. = angle between the wind direction and the longitudinal axis ‘ef the
member, in degrees

E4.2 Drag force coefficient
E4.2.1 Tower sections without ancillaries

The drag force coefficients (Cy) for complete lattice to all be taken fro

Tables E6(A) to E6(C).

For equilateral-triangle lattice towers with flat-sided . the”drag force coefficient
(Cy) shall be assumed to be constant for any inclination ofthe wind to a face.

in Tables E3 and E4,

For complete clad tower sections, C4 shall be taken as the value give

S\qi@re owers i -tri
Solidi cont face Equilateral-triangle
Onto face Onto corner towers

3.9 3.1

3.2 2.7

2.9 2.3

2.6 2.1

2.3 1.9
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TABLE E6(B)

DRAG FORCE COEFFICENTS (C4) FOR LATTICE TOWERS—
SQUARE PLAN WITH CIRCULAR MEMBERS

Parts of tower in sub-critical flow Parts of tower in super-critical flow
SOlldlty of front bines,e <3 m2/s bines,e >6 m2/s /K
face ()
Onto face Onto corner Onto face Oyo/corny/
<0.05 2.2 2.5 1.4 1.
0.1 2.0 2.3 1.4
0.2 1.8 2.1 1.4

0.3 1.6 1.9 1.4
0.4 1.5 1.9 1.4
>0.5 1.4 1.9 1
TABLE E6(C)

DRAG FORCE COEFFICENTS (Cy) F LATTICE TOWERS—
EQUILATERAL TRIANGLE PLAN WITH.CIRC MEMBERS

. Parts of tower in sub-critical flow Parts of tower in super-critical flow
Solidity of front face bV <3 m bV > 6 m?/
) iV des,0 mJ/s iVdesg =0 M/S
(all wind dir}ém\ all wind\directions)
<0.05 1.1
0.1 1.1
0.2
0.3
0.4
>0.5

NOTES TO TABLES E6¢A) to E6(C):

1 A,=area of members in one face projected horizontally normal to the face (this area does not change

In Tables E6(B)and E6(C), lineaininterpolation shall be used for values of b,V4¢, ¢ between 3 and 6.

TABLE E7

DRAG FORCE COEFFICIENT (Cy) FOR UHF-ANTENNA SECTIONS
(see Figure E3)

Antenng'type Wind direction (6) degrees Drag force coefficient (Cy)
\L/Qét/sided) 0, 45 1.4

2 (5 sided) 0 1.5

2 (8 sided) 36 1.3

DR_AS_NZS_1170.2-S2.doc - 12/10/2009 16:44:13



Licensed to Mr timothy Messer on 3 November 2009. Personal use licence only. Storage, distribution or use on network prohibited.

DRAFT ONLY 86

Antenna panels

External ladders
faor narrow girth
columns

Support column

0=45°

e

bp

>

Support column

Antenna panels

-
jwﬂ
A

External addersX

for narrow girth
columns

(a) Antenna Type 1
Square support column

NOTES:
1

are not symmetrically placed, the total effective drag force
r a tower section shall be taken as follows:

DRAFT ONLY

Antenna panels

. E4(D)

= additional drag coefficient due to an ancillary attached to one face or
located inside the tower section:

= Cga Kar Kin (44/4,) ... E4(2)
where
Cqa = value of drag force coefficient (Cy) on an isolated ancillary on

a tower, as given in Tables E3 and E4 and Figure E2
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K, = aspect ratio correction factor for individual member forces

= as given in Table E1, for linear ancillaries with aspect ratios
less than 40

= 1.0, for all other cases

K, = correction factor for interference, as  giye in
Paragraph E4.2.3
A, = reference area of ancillaries on a tower
= b
where

[ =the length of the linear ancillary “and 5 is de
Figure E4 and Tables E3 and E4

A,s = total projected area of the tower section at height z

Ed4.2.3 Correction factor for interference

The correction factor for interference (Kj,) shall be calcu
(a) For ancillaries attached to the face of the tower:

(i)  To the face of a square tower

... E403)

... E4(4)

(b) ei’either as 1.0 or shall be

... E4(5)

... E4(6)

... E4(7)
... E4(8)
; ... E409)
¢ =6.8—5 exp [-40(b/w)’] ... E4(10)
where
6, = angle of deviation of the wind stream from the line joining the centre of the
tower cross-section to the centre of the ancillary, in degrees
o0 = solidity ratio of the structure, as given in Paragraph E4.2.1

a, ¢ = constants for ease of calculation

b/w = ratio of the average diameter of an ancillary to the average width of a structure
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/\:Wind direction e/ﬁwmd direction
0 p— /\ Ba= 0 — 04

/O—Obi_ i
[N

H 6= 180°- 6

(a) Ancillary attached to (b) Ancillary attached to
face of square tower face of triangdlar tower

S )
| b
|

Lt

(c) Lattice-like ancillary
inside square tower

ane

(f) Cylindrical ancillary
inside triangular tower

(e) Cylindpical ancillar
inside Square tower

H ANCILLARIES
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APPENDIX F
FLAGS AND CIRCULAR SHAPES

(Normative)

F1 GENERAL

This Appendix shall be used to calculate aerodynamic shape factors (Cy,) for'drag
flags, discs and spherical shapes.

All pressure coefficients shall be used with the value of wind s
midheight of the component being considered.

F2 FLAGS
The aerodynamic shape factor (Cy,) for flags is as follows®

(a)  Fixed flag, shall be treated as elevated hoarding
(b) Free flag (including dynamic effects from flutter);

-1.25

.F1

A
Cp, =0.05+0.7 [—;
pairc ¢

c Acet = 0.50L;

c Aref = Cl

FIGURE F1 REFERENCE AREA FOR FLAGS
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F3 CIRCULAR SHAPES

DRAFT ONLY

The aerodynamic shape factor (Cy,) for calculating drag forces on circular shapes shall be

as given in Table F1.

TABLE F1

AERODYNAMIC SHAPE FACTOR FOR CIRCULAR SHAPES

Cross-sectional shape

Description of shape

Aerodynamic shap
factor (Cyy)

. Circular disc 1.3
Hemispherical bow
- . 4
(cup 10 wind)
- - (l Hemispherical bowl 0.4
He m\ 12

(flat'te wind)

Spherical solid

0.5 for dees,e <7
0.2 for dees,e >7

direction.

NOTE: Th referenWr shapes in Table F1 sMbe the projected area normal to the wind
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APPENDIX G
ACCELERATIONS FOR WIND-SENSITIVE STRUCTURES

(Informative)

G1 ACCELERATION FOR SERVICEABILITY

To provide some indication of motion serviceability it is noted that for wind-génsitive
buildings, mostly exposed to free stream flow, acceptable crosswind aCceleratio
may be exceeded if—

W' Jmg > 0.0016
where

h:

per second squared, is as follows:

. 2
X = myh” x resonant

Dair i i ich, shall be taken as 1.2 kg/m3
Vieso(z) =\ building orthogonal design wind speeds as a function of height z

Vieso(h) = building orthogonal design wind speeds evaluated at height /

height of the section of the structure upon which the wind pressure acts

ND ACCELERATION FOR SERVICEABILITY OF TALL
BUILDIN GS AND TOWERS OF RECTANGULAR CROSS-SECTION

G3.1 General

This Paragraph gives methods for determining peak accelerations at the top of tall enclosed
buildings and towers of rectangular cross-section. Calculation of crosswind response is not
required for porous lattice towers.

NOTE: AS/NZS 1170.2 Supp 1, gives further guidance where calculations of crosswind response
yield high values.
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G3.2 Peak crosswind acceleration for serviceability

The peak acceleration in the crosswind direction (j}max) in metres/second squared, at the top
of a structure with constant mass per unit height (my) should be determined as follows:

_1.5bgg | 0.5, [Vdes,6]2 aCy
a m, (1+g,1,) "V ¢

... G3(1)

where
b = breadth of a structure, normal to the wind stream
gr = peak factor for resonant response (10 min period) given b
=\ [2 log, (600n, )]
n. = first mode natural frequency of vibration
direction, in hertz
my = average mass per unit height
g =
I, =
K, =

= 0.76 + 0.24k
where

k:

ratio of strypctural damping to critical damping of a structure (see Table 6.2)

**% END OF DRAFT ***
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