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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM
TThe work on this particular Data Item, which supersedes in part ESDU 76001, was monitored and guided by the

Wind Engineering Panel. This Panel, which took over the work on wind engineering previously monitored by the
Fluid Mechanics Steering Group, first met in 1979 and now has the following membership:
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CALCULATION METHODS FOR ALONG-WIND LOADING
Part 3: Response of Buildings and Plate-like Structuresto Atmospheric Turbulence

1. NOTATION AND UNITS
A shadow area of structure normal to mean wind direction
. Bg. B% load vel ocity admittance factors (see Figures 5 and 6a - 6b
= and Appendix A)
ol
3 B3 . B3,  componentsof B3
=
= Com average drag coefficient (sge Section 5.6);
§ Cpomp = total drag/(2pV 5 A)
©
17 Co, local drag coefficient (see Section 5.6);
< Cp, = (drag per unit areaat r)/(Y%2pV?#)
§ D structure dimension, equal to W or H, used in evaluation of
= load/velocity admittance factors (see Figures 5 and 6a- 6b
- and Appendix A)
o : : . .
= d di spl_acement height of wind speed profile zero-plane (see
g Section 5.7 and Table 6.4)
- . _ 2
£ E ean mean load effect; Epeqn= [z%20Vr Cp, By dA
> 2
§- E, of reference mean load effect’; E, :jA YapV{ Cp, |By|dA
, 2
é Fj mean mode-generalised force; Fj = JA YpVy Cp, K (dA
wl
g5+ 9r peak response factors for background and resonant
components of response respectively
H overall height of structure (see Sketches 1.1 and 4.1)
H; vertical distance up structure at which load effect is
required for cantilever structure or at which torsional axisis
located (see Sketch 1.1)
h. reference height (see Sketches 1.1, 4.1 and 4.2)
hy height above ground of lowest point on structure
(see Sketch 1.1)
g integral parameter; |5 = _[A m, p, dA

For footnotes see end of the Notation Table.
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M;

m,

integral parameter; IRJ- = ~l‘AmrujrBrdA

turbulenceintensity of along-wind component of turbulence
at heighth 1, = (o,/V,)

normalised background loading factor (see Appendix A)

background loading factor components corresponding to
vertical and horizontal components respectively of structure
influence function

normalised resonant |oading factor (see Appendix A)

resonant loading factor components corresponding to
vertical and horizontal components respectively of structure
mode shape

1
mean wind speed factor; sz = _[(Vz/th)z d(z/H)
0

aerodynamic damping factor (see Appendix A)

aerodynamic damping factor components corresponding to
vertical and horizontal components respectively of structure
mode shape

structure dimension; H or W as appropriate to component,
vertical or horizontal, of parameter considered

dimension H; or W as appropriate
lateral integral length scale, yLu or ZLU, used in evaluation

of load/velocity admittance factors (see Figures 5 and 6a. -
6b and Appendix A)

integral length scale of along-wind component of
turbulence, measured in along-wind, x-, direction at
height h,

lateral integral length scales of along-wind component of
turbulence, measured in y- and z-directions at height h,

distance along y- or z-axis as appropriate to component of
mass distribution, mode shape or influence function being
considered

total mass of structure

mode-generalised mass for mode j (see Section 5.2)

total mass per unit length of structure (see Section 5.2)

For footnotes see end of the Notation Table.
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m, total mass per unit face area of structure at location r
(see Section 5.2)
N;, N, parameters in mode shape functions for first and second

cantilever bending modes respectively (see Table 6.1)
frequency

natural frequency of mode j

R reference mode-generalised force ”;
Rj= IAI/Zer Sor |“jr‘dA
St iFi mode-generalised force spectral density for modej at
frequency n
Suu spectral density of along-wind turbulence component at
frequency n
\% hourly-mean wind speed
Vv, hourly-mean wind speed at height z above vel ocity profile
zero-plane
: 22,2
Vi averaged hourly-mean wind speed; V, =V, Ky,
w overall width of structure (see Sketches 1.1, 4.1 and 4.2)
W. horizontal distance across structure at which load effect is

required for cantilever structure or at which torsional axisis
located (see Sketch 1.1)

X mode-generalised deflection for modej, i.e. deflection at

location where W= 1

XY, Z system of rectangular Cartesian co-ordinates with x-axis

defined in mean wind direction and z-axis vertical, upwards

mean deflection at location r; X = Zp]-er

height above velocity profile zero-plane (see Section 5.7)

z, terrain roughness parameter (see Section 5.7 and Table 6.4)

B, overall influence function describing relationship between
applied drag force and resulting load effect (see Section 5.3)

By, B, components of 8, along y- and z-axes respectively

Car Cs aerodynamic and structural damping ratios, expressed as

fractions of critical damping (see Appendix A and
Section 5.5)

For footnotes see end of the Notation Table.
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Suffixes
B

hc

i

i1, 2
mean

max

overall mode shape function describing deflected shape of - -
structure in mode j (see Section 5.1)

components of M along y- and z-axes respectively - -

air density kg/m® tslug/ftd

standard deviation of fluctuating load effect

standard deviation of mode-generalised deflection, m ft
i.e. deflection at location where W = 1

standard deviation of mode-generalised acceleration, ie. m/s? ft/s?
acceleration at location where W= 1; oy = (271:nj) Oy

standard deviation of deflection at locationr; m ft
Oxr = ZMerXj

standard deviation of along-wind component of turbulence m/s ft/s

normalised spectral function of along-wind component of - -
turbulence at frequency n and height h; ¢, = nSuu/csﬁ

denotes quantity relating to background or non-resonant component of response
denotes value at height h

seeH;, Ljor W

denote values relating to general mode j and first and second modes

denotes quantity relating to mean component of response

denotes expected maximum value

denotes quantity relating to resonant component of response

denote values at locationsy and y' and zand Z along y- and z-directions on structure
denote values at locations (y, 2) and (Y, Z), respectively, on structure

denotes root mean square value

Units depend on load effect considered.
T Thenotation ‘Br| denotes the absolute value of Br .
* 1 dug=32.174 Ib (pounds mass).

** The notation ‘”jr| denotes the absolute value of 1, .
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Sketch 1.1 Geometrical parametersfor regular structures
(see Sketch 4.1 for application toirregular structures)
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2. INTRODUCTION
The overall response of structures in the natural wind is the result of several causes.

This Item is one of a group concerned with methods of calculating the along-wind loading and response
due to atmospheric turbulence. Part 1 (Derivation®) provides a background discussion of methods of
calculation and their implementation. Part 2 (ESDU 87035%°) provides a calculation procedure for the
aong-wind loading or response of line-like structures and Part 3 (this Item) provides corresponding
procedures for buildings or plate-like structures. These three parts together supersede ESDU 76001, the
principal changes being to incorporate the updated wind properties given in Derivations 15, 16 and 17 and
the revised load/vel ocity admittance factors discussed in Section A3 of Appendix A. A computer program
version of the calculation methods in Parts 2 and 3 will be issued as Part 4 of the series (Reference 12) to
supersede ESDU 84034.

The along-wind loading or response of astructure in the natural wind can be expressed in terms of amean
component, due to the hourly-mean wind speed, and a fluctuating component, due to the turbulent
fluctuations in wind speed about that mean. A full dynamic analysis for the fluctuating component is
time-consuming but for most practical cases it can be replaced by an approximate method that treats the
fluctuating response asthe sum of abackground (quasi-static) component and separate resonant components
for each mode. This method is outlined in Derivation 18 and is described in more detail in Reference 2. It
forms the basis of the calculation methods in this Item where it is further ssmplified by provision of
precalculated loading factors for arange of wind and structure properties.

An aternative, more approximate, approach is the gust method in which dynamic effects are ignored and
agust of an appropriate duration (dependent on the size of the structure) is assumed to act on the whole
structure at a given time. The overall loading is then calculated on a quasi-static basis. This approach is
appropriate only for structures for which the resonant component of response is negligible and is used for
certain classes of structure in some national Codes of Practice. The gust method is discussed further in
Derivation 18.

Section 4 of the present Item gives astep-by-step method for cal cul ating the al ong-wind | oading or response,
in terms of a mean component and rms fluctuating components. With the assumption that the fluctuating
wind speed and the response to it are stationary random processes, expected maximum values of the
along-wind component of loading or response can then be estimated. The normalised loading factors
required inthe method are presented graphically andin equation form. Therequired input dataare discussed
in Section 5. Section 8 gives worked examples of the application of the method.

ESDU Copyright material. For current status contact ESDU.

3. APPLICABILITY AND LIMITATIONS

The application of this Data Item isto single, isolated structures of generally prismatic or plate-like shape
in the atmospheric wind. Such structures include buildings and towers, and some bridge and gantry-type
structures.

The data apply for flow near normal to aflat face of a structure or, more generally, for flow along an axis
of symmetry so that the across-flow force coefficient (usually denoted by C, or Cy) is near zero . Only
fundamental and some second mode responses are covered by the data presented but the method could be
applied more generally by integration of the appropriate equationsin Appendix A.

" Theessential requirement is that the fluctuating drag force due to the along-wind component of wind-speed fluctuations can be assumed
uncorrelated with drag fluctuations from other sources e.g. vortex shedding or across-wind motion.
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The ranges of parameters covered by the data used to generate Figures 2a - 2g and 3a - 3h are given in
Appendix A. The curves in this Item reproduce the calculated background loading fagctor, Jg , to within
about £10 per cent over apractical range of parameters. The resonant loading factor, Jg, isreproduced to
within about £20 per cent. Thiswould allow the overall predicted response to be estimated to within about
110 per centin th2e absence of other errors. However, there are few data on which to base the admittance
factors (Bg and By ) and their uncertainty cannot be reliably assessed. The uncertainty of the calculated
response is also influenced considerably by the uncertainty in the input data, which cannot be quantified
here.

For heights below about 1.5d, thewind properties, especially wind speed and direction, are subject to strong
local effects. For structures that are wholly or largely below this height, results obtained from this Item
should be applied with caution unless derived with wind data specific to the location considered.

Interference between structuresin groups may modify the buffeting response but thiseffect isnot considered
here. Interference effects may be expected to be small if a structure is spaced more than 3 structure widths
upstream or to one side of a similar structure or more than 10 structure widths downstream of a similar
structure.

ESDU Copyright material. For current status contact ESDU.
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4, CALCULATION PROCEDURES FOR ALONG-WIND LOAD EFFECT OR RESPONSE

Graph-based calculation procedur%* are given here, together with a Calculation Sheet (Section 4.3) on
which the results may be recorded. The input data are discussed in Section 5 and approximate val ues for
some parameters are given in Section 6. Worked examples of the application of the procedure are givenin
Section 8.

The buffeting response will usually be required for several wind speeds including the design wind speed
and values corresponding to, for example, peak vortex-shedding response and serviceability criteria. The
calculationsin Steps (1) to (15) will be required for each wind-speed case although obviously some data
will be common to all cases. It is also recommended that the effects of uncertainty in the input data,
especially mass, damping and drag coefficient, be considered.

If accelerations only are required, Steps (3) to (6) may be ignored as usually only the resonant component
contributes significantly.

Graphical dataare presented for the mode shape and influence function components covered by Tables 6.1
and 6.2. If the required case is not covered exactly, the exact values may be used to evaluate Epeqp OF F,
Ererand R and M;, 1g and I g with the nearest approximationsin the Tables used asaguideto the appropriate
parts of Figures 2a- 29, 3a- 3h and 7 to be used.

4.1 Structures of Constant Width and Cross-section

4.1.1 Determinetheinput data

D The following input data are required:

ESDU Copyright material. For current status contact ESDU.

H overall height of structure (Sketches 1.1, 4.1 and 4.2)

w overall width of structure (Sketches 1.1, 4.1 and 4.2)

H; or W location at which load effect is required or at which torsion axisis located.
M, my or m mass or mass distribution (Section 5.2)

n, natural frequency (Sections 5.1 and 6.1)

Ky Mz mode shape function components (Section 5.1 and Table 6.1)

By. B, influence function components (Section 5.3 and Table 6.2)

Cs structural damping ratio (Section 5.5 and Table 6.3)

Cpmor Cp,-vsr  drag coefficient (Section 5.6)

he T reference height (Sketches 1.1, 4.1 and 4.2)

7y Tterrain roughness at site and upwind (Section 5.7 and Table 6.4)

d T displacement height of wind-speed profile zero-plane (Section 5.7 and Table 6.4)
Vhe hourly-mean wind speed at height h,

I u
"Ly, YL and 2L,
V,vs-z

for each wind-speed case

turbulence intensity at height h
(Section 5.7)

turbulence length scales at height h,
hourly-mean wind-speed profile

T These data are required in the calculation of the wind properties (Section 5.7).

* Equations for the curves are given in Appendix B and a computer program version (Part 4 of the series)’2 is available.
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2 Calcul ate the mode-generalised mass from’

or, if appropriate (see Section 5.2), from"

= P2 - y

0 Jy W'
Repeat Step (2) for a second mode (j = 2) generalised massif required.
4.1.2 Calculate the mean component of response
3 Calculate the mean load effect or the mean deflection as appropriate.

Calculate the mean load effect from
_ 2 _ Hw 2
Emean - L%pvr CDrBr dA = -[0 _[0 1/vazCDrBsz dydz

where Cp, is alocal drag coefficient at location r or, assuming a constant value of C, over the
structure, from!

Erean = /szhCCDmWHJ. VIV, )°B, d& IB

where Cp,, is an appropriate mean drag coefficient. For cantilever structures, if the load effect is
requiredfor L; # 0, theintegration limitsshould betakenfromL; toL (or Li/L to 1) intheappropriate
direction only, where L = H or W as appropriate.

Calculate the mean mode-generalised force from*
_ 2 _ H W 2
F = IA %pV, Cp, b, dA = fo IO YopV; Cp by b, dydz
or, assuming a constant value of Cp, over the structure, from’

_ 2 1 2 z (1 y
F, = 1/;zpth(:DmWHIO(vZ/th) W, 45 IO“JV dL

Values of ,[“j and _[MJZ areincluded in Table 6.1. If integration is necessary, a Simpson's rule approximation will usually be adequate,
see Section 8 for example application. -
T For B =1, thefirst integral reducesto_[ (VZ/Vh ) d(z/H) K , which can be obtained for uniform upwind terrain from Figure 1.
Values of J'B are included in Table 62 If integration is necessary, a Simpson's rule approximation will usualy be adequate, see
Section 8 for example application. '
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The mean deflection is given by
E.
N B

X. —.
(2mn) M,

jmean ~

For deflections, repeat Step (3) for a second mode response (j = 2) if required.

4.1.3 Calculatethe background or non-resonant component of response

(4)

©)

(6)

(7)

ESDU Copyright material. For current status contact ESDU.

Calculate the reference mean load effect. If B, isalways positive, asis usua except for torsional
moments, E, ¢ = Ejnean - Otherwise, calculate E; from

_ 2 _ HWw 2
Eret = J.A 1/varCDr“‘)’r|dA - Io Io l/szzCDr‘Bsz‘ dydz
or, assuming a constant value of Cp, over the structure, from’
E.. = ¥pV2.Co WH[ (V/V, )28 dZ [|B,) d¥
ref = 72PVhc“Dm IO( AVhe) B4 H _[O‘By‘ W

where || denotes the absolute value' of .

Calculate H/AL, and WYL, and determine the normalised background loading factor components,
Jgn @nd Jgyy, fromthe partsof Figures2a- 2g corresponding to thevertical and horizontal influence
function components, 3, and By. Use Figure 2afor all components having § = 1.0.

Determine the background load/velocity admittance factor, Bg, from Figure 5, taking
D/'L, = WL, if W<H and D/'L, = H/1, if H<W.
Calculate the rms non-resonant component of load effect from

Ogp = Eex2Bgl (14051 )Jg

ref
where" Jg = 1.05(Jg, % Jgy) -

If the deflection responseisrequired, calculate o g for By = 1.0 = B, and theintegral parameter
Ig from™ ’

g :fAmr by dA

*

For B, = 1, thefirst integral reducesto I(l)(vzlvhc)zd(Z/H) = K\% which can be obtained for uniform upwind terrain from Figure 1.

Values of J' |B| are included in Table 6.2. If integration is necessary, a Simpson's rule approximation will usually be adequate, see
Section 8 for example application.

Tof B has both positive and negative values, the mean load effect, Ejyeqp » Can become very small or even zero, leading to computational
difficultiesin the evaluation of Jg . Use of |B | in E ¢ avoids this problem.

¥ - See Section A2 of Appendix A for discussion of the factor 1.05 in this equation.

**:'; Values of |u. are included in Table 6.1. If integration is necessary, a Simpson's rule approximation will usualy be adequate, see

Section 8 for example application.
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or, if appropriate (see Section 5.4), from"
1 | _ 1 z 1

Hence cal cul ate the non-resonant contribution to the deflection, evaluated® asa mode-generalised
deflection in mode 1, from

oo = O B
XxB~ 22
4nn1IB

4.1.4 Calculatethe resonant component of response

(8) Calculate the reference mode-generalised force. If My is always positive, Ry = F;. Otherwise,
caculate R from’

R = [ %pVv’C a = [ pvic dyd
i IA 2PV Dr|“jr| - -[OJ.O PV, Dr|“jr“jz‘ yaz
or, assuming a constant value of Cp, over the structure, from’
R = %pV2.Co WH( (V IV, )2(u | dZ [ lw | dY
j = 72PVhctDm IO( /Vhe) My H J.o‘“jy| W

| where ‘ujr‘ denotes the absolute value™ of Wjr -

9 CaI culate n; H/VhC and nW/Vy,c and determine the normalised resonant |oading factor components,
JRH and JRW , from the parts of Figures 3a- 3h corresponding to the vertical and horizontal mode
shape components, Wiz and Hjy -

(10)  Calculate anLu/th and determine the corresponding normalised spectral function ¢,,,, from
Figure 4.

ESDU Copyright material. For current status contact ESDU.

(11)  Determine the resonant admlttancefactor components, BRl from Flgure 6aand BR2 from Figure
6b, taking D = Wand D/ L =W/ L if W<H and D =H and D/ L = H/L if H<W. Hence

2 2 2

caculate B = By + BR2

(12)  Evauatethe spectral function of the resonant loading from'

2 222
NiSrir = Rx4BRIy Jrduy

0.94
where® 32 = (35,x33,)

If p has both positive and negative values, the ode-generalised force based on ;. can become very small or even zero, leading to

computational difficultiesin the evaluation of .]2 Useof |u. | in RJ avoids this pro Iem

T Values of w: areincluded in Table 6.1. If integration is lnecewary a Simpson's rule approximation will usually be adequate, see
Section 8 for example application.

* See Section A2 of Appendix A for discussion of the exponent 0.94 in this equation.
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(13)  Determine the normalised aerodynamic damping factor components KCH and K cw from the parts
of Figure 7 corresponding to the vertical and horizontal mode shape components, Mz and Mjy -

(14)  Calculate the aerodynamic damping from

¢ = R-XK;
. ZTEI’}MJ-VhC

where KC = KCHx KQW'
(15)  Calculate the resonant component of the required response parameter.

For load effects calculate the integral parameter IRj from’

gy = [, mebyeBy dA = j:f(:vmrujyﬁyujzsz dydz
or, if appropriate (see Section 5.4), from*

g = LJ.;mIMjIBI dl[ or Mj.(l)ujz Bzdﬁ f(l)uijy d\/lv'

Hence calculate o R{j} from

op wli} = |oiHEL R
e /2 2

For deflections, calculate the mode-generalised deflection from

TSeE 1
4(Cs* ) (2nnj)2Mj

oy Rli} =

ESDU Copyright material. For current status contact ESDU.

For accelerations, calculate the mode-generalised acceleration from

o TS 1

Repeat Steps (8) to (15) for a second maode response (j = 2) if required.

" A Simpson’s rule approximation will usually be adequate for these integral's, see Section 8 for example application.
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4.15 Estimateoverall along-wind response

(16) Theoveral adong-wind rmsload effect is given by

oc = [0l g jz(oE,R{j}f

where'8 the contributions are calculated at the same wind speed.

The overall along-wind expected maximum load effect is given by

— 2 L2
Emax = Emean * \/(QBGE g) T 2(Gr0 RiI})
) J )

0.577
where gg=35 and gg = ,/2In(n;T,) + m (4.1)
i'o

and T istaken as 3600 seconds when V,, is the hourly-mean wind speed.

The overall along-wind rms deflection response at location r is given by

— 2 N
Gx,r - /\/(erGX,B) +j2(”’jrgx’ R{J})

where the contributions are calculated at the same wind speed.

The overall along-wind expected maximum deflection is given by

— 2 L2
Xr, max ?Mjrxjmean * A/(gBulfGX,B) * J2‘(9RMJFGX, R{J})

ESDU Copyright material. For current status contact ESDU.

where gg = 3.5 and gy isgiven by Equation (4.1).

The overall along-wind rms acceleration at location r is given by

Ogr ~ /\/Z(erc)z R {] })2
J ,

The overall along-wind expected maximum acceleration is given by

. _ 2
Xr, max /\/%(QRM“GXR{J})

where gy, isgiven by Equation (4.1).
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4.2 Sructures of Varying Width or Cross Section

Some structures are non-uniform in width but of nearly constant streamwise depth or cross section, such
as the examples shown in the along-wind views in Sketch 4.1. For such structures the use of Jg and JR
factors based on the overall dimensions of the structure may be expected to overestimate the fluctuating
loading or response. The mean and reference forces should, however, be calculated for the actual solid area
of the structure.

For composite structures, such as shown in Sketch 4.2 for example, it is suggested tentatively that the
responses of the components be evaluated separately and combined to give the overall response.

H,h

W mean width

H

h

H, h <+ |c
0

Sketch 4.1 Non-uniform plate-like (or approximately constant depth) structures

O

>

ESDU Copyright material. For current status contact ESDU.

W,
W,
"
H,
Wind direction h
- c2
H, lhey hgz (Ngy = 0)
Sideview Along-wind view

Sketch 4.2 Composite structure example
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4.3 Calculation Sheet for Estimation of Along-wind Buffeting Response

TABLE 4.1
(1 H m| (4 n; Hz| (6) | &
@ | w m| Ga) | wy (73 | By
@) H, or W, m| (5b) | w, (7b) | B,
(88)" | [L(V/Vio) B, 05 [1By d
@ | [30v Vo) B 0 IRy o

e | Ve 8 [y o

2| | v oF ) o,

E (10)" | M, (Section52) kg

‘g 1) | Vi m/s

3 1w |1,

% (138) | "L,

g (3b) | L,

g (130 | 1,

:_: 14 | Cpn

E (15)% | Ejpan = Y20 X (11)°x (14) X (2) x (1) X (8a)

E (16)* Fi = 15 % (11)°x (14)  (2) x (1) X (9a)

g D | Xiean = (16)/[47° % (4)7x (10)]

3

§ (18) | E, o = ¥apx(11)7x(14)x (2) x (1) x (8b)

@ (19a) | H/L, = (1)/(13c)

(19b) | WL, = (2)/(13b)

(209) | Jg (Figure2a- 2g) for (19a) and 3, function

(20b) | Jg\y (Figure 2a- 2g) for (19b) and By function

(21) Bg (Figure5)

|| (22) | og g = 2x(18)x[1.05x(20a) x (20b)] x (12) % (21) x [1+05x (12)]
(23)F | Ig (Section5.4)

(@9* | o, o= (22)/[4n"xn % (23)]

" If B isalways positive, (8b) = (8a) and if u isalways positive, (9b) = (9a).
T Repeat these steps for second mode contributions if required.
¥ Select steps appropriate to required response.
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TABLE 4.1 (continued)

(25) | R= Yap x (11)% % (14) X (2) x (1) x (9b)

(268) | nH/V. = (4)x(1)/(11)

(260) | MWIV},. = (4)x(2)/(11)

(27a) J,%H (Figure 3a- 3h) for (26a) and Wiz function
(27b) .J,%W (Figure 3a- 3h) for (26b) and My function
(28) | Ji =[(27a)x(27b)]0%*

(29) | nLy/Vhe = (4 x(138)/(11)

(30) oy, (Figure 4)

(31a) | B3, (Figure6a)

(31b) | B3, (Figure 6b)

(32) B3 = (31a) +(31b)

NSeig = 4% (25)°%(28) X (30) x (12)° x(32)

(34a) KCH (Figure 7) for Kz function

(34b) KCW (Figure 7) for My function

(35 Ca = (25) x[(34a) x (34b)]/[2mtx (4) x (10) x (11)]
(36) | mx(33)/[4[(6)+(35)]]

(37) | lg (Section5.4)

(38 | op Kli} = J(36)x(37)/(10)

(39) | oy qli} = J(36)/[47°x (4)°x (10)]

(40)" | oy i} = J(36)/(10)

ESDU Copyright material. For current status contact ESDU.

(41)" | gg = +/2In[3600x (4)] +0.577/./2In[3600x (4)]

42| op = ¥(22)°+(38)°

(43)*T Enax = (15)+«/[3.5><(22)]2+ [(41)><(38)]2

@] o= Iy x 291+ [, x(39))°

(45) | oy, = x(17)+ J[3-5><u1r X (24)]%+[(41) X iy X (39)]°

(46)"T| x X (40)

r,max ~ Hjr

@t % = 1@n <, x (400

r, m

" Select steps appropriate to required response

The mean and resonant components in these steps should be amended to include second mode responses also, if required. In that case

repeat the appropriate stepsfrom (4) to (10), (16), (17) and (25) to (41) and extend steps (42) to (47) to include the second mode responses.
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5. INPUT DATA
51 M ode Shape Function (uj) and Natural Frequency (nj)

The deflected shape of astructure oscillating in modej is defined interms of anon-dimensional mode shape
function, w;., with a maximum value of unity. For the prismatic or plate-like structures covered by this
Item the mode shape can be expressed as the product of independent horizontal and vertical components,

and Mz , each with amaximum value of unity. For most simple mode shapes one of these components
WIY| beu = 1 0. For exampleif, asshownin Sketch 5.1, the defl ected shape of avertical cantilever structure
of height H is assumed to be a linear function of the distance z up the structure, then Wiz = z/H and
My = =1.0.

i
1
!

T thaush
v x\l 'Ix”' _ _ v i —|7y o
| b, = XX =r/L My = x/Ix=1.0

—_————— - ——

i
L

O Hjz M
Side view Plan view

Sketch 5.1 Example of mode shape function

Where possible, calculated or measured natural frequencies and mode shapes should be used in evaluating
the response. If sufficient information on mass and stiffness distribution is available, References 4, 5 and
6 may be used to obtain natural frequencies, mode shapes and modal parameters for cantilever structures.
References 1 and 3 give extensive information on natural frequencies and mode shapes for various
structures. Section 6.1 gives approximate expressions for the natural frequencies of cantilever bending
modes of prismatic buildings.

Table 6.1 gives values of the component mode shape functions” covered by datain this Item. However, the
normalised responsefactorsare not sensitiveto theexact formof w assumed and may be used in conjunction
with any broadly similar mode shapes.

ESDU Copyright material. For current status contact ESDU.

5.2 Mass Distribution (m) and M ode-gener alised Mass (M;)

The mass distribution over the structure is required. This should include an allowance for masses, such as
equipment, that are not part of the main structure but are permanently installed. If there is uncertainty as
to the mass or its distribution, the effect of variations should be considered. The deflection or acceleration
response is proportional approximately to 1/M, whereas the load effects are affected only by the mass
distribution. Increasing the mass without altering the stiffness will lower n; and will also decrease the
damping parameter .

In many cases the mass distribution can be taken as uniform over a structure. If the mass distribution is
non-uniform it can for most simple mode shapes be characterised adequately by the mass per unit length,
my , aong the direction in which u varies, even when the distribution normal to that direction is aso
non-uniform. When considering the more complex mode shapes, however, e.g. twisting of cantilever
structures, it may be necessary to use the mass per unit face area, m, , to account for both longitudinal and
lateral variationsin mass distribution.

" These approximate mode shapes are not suitable for use in simple bending theory or in the determination of natural frequency becauise
the slopes and curvatures, particularly at the base, are not necessarily correct.
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The mass distribution and mode shape are used to evaluate the mode-generalised mass from

_ 2
M; = [, my g dA. (5.1)

If the mass distribution can be described adequately by the mass per unit length and Mjp = My % 10,
Equation (5.1) reducesto

_ .l 2
where L isthe structure dimension, H or W, as appropriate.
If the mass distribution is uniform over the structure, Equation (5.1) reduces to
_mrl. 2 4y
M Mj Wiy de sz H (5.3

where M is the total mass of the structure.
5.3 Influence Function (B)

Theinfluencefunction, B, , isdefined by theratio AE/6F ., where AE isthe contribution to the load effect
at some specified point on the structure resulting from the along-wind (drag) force, 6F, , on an element of
structure at location r. It may be afunction of the location of the loading point and may be discontinuous.
The unitsof B will be N/N (or Ibf/Ibf) for shear forcesand N m/N (or Ibf ft/Ibf) for moments, in the units
given in the Notation section of this Item.

For the loading cases for prismatic or plate-like structures covered by this Item, the influence function can
be expressed interms of itsvertical and horizontal components, 8, and 3, . Often, one of those components
will be B = 1.0. For example, if E isthe bending moment at alocatl on é along the cantilever structurein
Sketch 5.2then 8, = z—H, for z>H,, B, = 0 for z<H, and B = 1.0 for all valuesof y. For deflections
or accelerations, B =1.0 and B, = 10 everywhere

ESDU Copyright material. For current status contact ESDU.

For moment at Q

B=z-H,

H; }BZO

7777

Sketch 5.2 Example of influence function

Table 6.2 gives values of the influence function components covered by data in this Item. If the precise
function required isnot included, values of the normalised |oading parametersfor the nearest approximation
should be used.
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54 Integral Parameters(lg and I )

It is convenient to define two integral parameters involving mass distribution, mode shape function and
influence function. These are, firstly, for the estimation of background displacement from load effect,

H W
lg = IAm u dA= J'O J'O m uyy iy, dydz (5.9)
and, secondly, for estimation of resonant load effect from deflection,
= da= (W dyd
IRj_IAm“jrﬁ' A_Io Iomujyﬁyujzﬁz ydz. (55)

If the mass distribution can be described adequately by mass per unit length and W = ujlxl.o,
Equation (5.4) reduces to

I = Lf;muy dl. (5.6)

If, in addition, B, = B, x 1.0 and the distance | is the same for both u and 8, Equation (5.5) reducesto
g = L[Fm B dl. (5.7)
0 L
If the mass distribution is uniform over the structure, Equations (5.4) and (5.5) reduce to
Ig =My & [ g, o (5.8)
and g =M j;ujyﬁy de/iv f;ujzﬁz dﬁ. (5.9)

55 ;s: Structural Damping Ratio ({)

ESDU Copyright material. For current status contact ESDU.

Because of the considerable uncertainty concerning damping it is strongly recommended that the response
iscalculated for arange of values. Only the resonant component of responseisaffected and it isproportional
approximately to 1/ . It should be noted that damping of structures and especially of buildingsincreases
with response amplitude and may be lower at serviceability requirement conditions than at design wind
speed response. Generally, steel-framed buildings exhibit lower damping than concrete-framed buildings
and damping tends to decrease with increasing structure height. Section 9.1 of Reference 2 considers,
briefly, some methods of increasing the damping of structures.

Typical ranges of the structural damping ratio’, Cs, aregivenin Table 6.3. ESDU 83009 and References
8 and 9 give further information on damping of buildings.

5.6 Drag Coefficient (Cp)
Ideally, the variation of the local drag coefficient, Cp, , over the structure should be taken into account in

calculating the mean |oad effect, Eyeqn , reference mean load effect, E,¢ , mode-generalised force F; , and
reference mode-generalised force, R; . Such drag coefficient dataarerarely available and appropriate mean

* The aerodynamic damping ratio, Ca' is calculated as part of the calculation procedure.
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drag coefficients will have to be used in most cases.

For rectangular prismatic structures of aspect ratio greater than about 5 or 6, the total drag forcein turbulent
shear flow is given to a reasonable approximation by

dreg (zfAl/szrz CDrO'A) = ¥pVieCpy, ngVz/th)sz = Y2pVZComA. (5.10)

where Cp isauniformflow value. Whereturbulence effectson Cp,, can be accounted for, use of turbulence
properties at the u = 1 location is recommended. From Equation (5.10) the mean drag coefficient can be
defined as

Cp

= Cp (5.112)

m ur-

Comparison of the use of mean and local values of Cp, for subcritical circular cylinders suggests that for
cantilever bending moments and typical cantilever mode shapes, use of Cp, will not underestimate Eeqn, ,
Eref s F] and R] .

If amean drag coefficient, Cpg, for astructure in ashear flow is available, the drag coefficient Cp,, may
be calculated from

2 2
Com = CpsVe /(KyVpe) (5.12)

where Vg is the reference velocity used to derive Cpg.
In evaluating Cp,, it is recommended that for structures with step changes in cross section the aspect ratio
betaken as(overall length)/(local width) for each sectionand for tapered structuresas (overall length)/(mean
width).
Reference 11 includes information on drag coefficients for arange of structure shapes.

5.7 Wind Speed and Tur bulence Properties
Theresponsewill usually berequired for several conditionsincluding the design wind speed and conditions

appropriate to serviceability criteria . The wind speed profile V, vszand values, at height h. , of thewind
speed V. and turbulence properties|,,, *L, , YL, and “L,, are required as input data for each condition.

ESDU Copyright material. For current status contact ESDU.

The required wind properties can be calculated conveniently using the computer programT in
ESDU 920329 The program will output directly the properties at the required height above ground, h,. .
Alternatively the appropriate properties may beobtained from thetables’ in ESDU 84011, 84030 and 86035
in Reference 10, using the equations in Section 3.1 of ESDU 86035 to obtain the lateral length scales. In
those Items the data are tabulated for values of height, z, measured from the displaced zero-plane of the
atmospheric boundary layer (Sketch 5.3). The required value of zis given by h, —d.

Changes in terrain roughness upwind of the site can be allowed for in applying the computer program or
ESDU 84011, 84030 and 86035.

Designwind speedsareusually related to considerations of structural integrity whereas serviceability criteriarel ateto the occupant comfort
and equipment operation at lower, more frequently occurring, wind speeds.

T Both the computer program and the tabulated wind property data are based on the wind model in Derivations 15, 16 and 17, which was
used to derive the loading factors for this Item.
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