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SYNOPSIS 

This study is concerned with the prediction of the maximum 

probable response of structures in the along-wind direction. 

An outline of the theoretical basis of the approach is given 

and the effect of varying wind and structural parameters for 

a range of different structures is examined. 

To put the study in context, a brief look is taken at the 

problems of formulating a more consistent approach to the 

overall problem of wind loading. 
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CHAPTER 

INTRODUCTION. 

l. L The Need for A Study. 

The need for this study arose out of the writer's involvement 

in the design of guyed masts and microwave towers. In 

particular, it was required to show that certain dished 

microwave reflectors would not exceed a specified displacement. 

The first thing that became apparent in this instance was 

that such a specification was asking the impossible. The 

best that could be achieved was to show that this displacement 

had a certain likelihood of being exceeded in the design life 

of the structure. 

Secondly, although it was clear that a non-deterministic 

approach was the right one - it seemed, at the time, that the 

subject was so clothed in unfamiliar terminology and assumed 

so many arbitrary parameters that it was difficult to have 

much confidence in the result. 

In the event, the exigencies of the design precluded further 

pursuit of the subject and the problem was solved using 

static loading. However, subsequent design work on other 

wind-sensitive structures convinced the writer of the need 

for a non-deterministic approach that could be easily 

understood and applied to design problems. 

1 • 2. Scope. 

This study is,therefore, concerned with determining the 

maximum probable response of structures in high wind 

conditions in a direction coincident with the wind. This 

along-wind response ignores effects such .as vortex shedding, 

galloping, flutter and other forms of aerodynamic instability 

which produce responses primarily out of the plane of the wind. 

2. I . .... . 
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~.3. Current Treatment of Wind Loading. 

The current treatment of wind loading on structutes based 

on British Standard Code of Practice No. 3 Chapter 5 (2) 

involves the selection of a basic wind speed from isopleth 

maps giving the maximum gust speed, at a height of ten 

metres above the ground, likely to be exceeded not more than 

once in fifty years. This is, then, modified to take into 

account local topographic influences, surface roughness of 

the environment, gust duration appropriate to building size, 

height and design life of the structure. 

With this modified velocity, the wind pressure and, hence, 

the total wind load acting on the structure can be calculated. 

This method has two main limitations. Firstly, although 

allowing a lower gust speed to be used for buildi~gs 

exceeding SO metres by increasing the averaging time 

to fifteen seconds rather than five seconds, no attempt 

is made to quantify the extent to which the size effects 

the overall wind load. Secondly, no account is taken of 

the dynamic effects of gustiness on the structure or the 

likelihood of a sequence of gusts striking the structure 

and the consequences. 

For a flexible structure, these effects may be very 

significant indeed. 

1.4. The Statistical Approach. 

The statistical approach, on the other hand, describes the 

wind speed in terms, of mean and fluctuating parts and treats 

the fluctuations as a random stochastic process. 

Then using the already well developed techniques for the 

analysis of structures subjected to random loading, the 

maximum probable response can be predicted taking into 

account both dynamic effects and the spatial properties 

of the gusts related to the size of structure. 

3. I . .... . 
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This method borrows extensively from theory of random 

signals in communications and control engineerin~ and 

uses terms and concepts. largely unfamiliar in civil 

engineering. 

The development of the method owes much to the early work of 

Davenport (3) in 1961 who showed that the fluctuating part 

of wind velocity and the resulting pressures on a structur~ 

in turbulent flow can be treated as a stationary stochastic 

process. The difficulty, however, has been the satisfactory 

derivation of the many empirical relationships required and 

developing of a consistent theory to describe the nature of 

atmospheric turbulence. 

Once the maximum probable response has been found it is 

c·onvenient to express it as a ratio of the mean response 

and such a ratio is known as a gust factor. Gust factors 

were first proposed by Sherlock.(13) and later developed 

by Davenport (6), Vellozzi and Cohen (12) and others. 

1.5. The Purpose of the Study. 

It is the intention of this study 

(a) to summarize the theoretical basis of the statistical 

ap~roach and outline some of the recent developments 

in the field. Chapter two concerns the description 

of the mean wind and chapters three to five, the effects 

of the fluctuations in the wind speed. 

(b) to compare the various published relationships for 

the essential empirical function - the coherence, and 

the effect ori the gust factor. 

(c) to examine the effect of varying the design 

parameters over a range of possible solutions to test 

the sensitivity of the gust factor to such parameters 

as the structure size, damping, wind speed profile 

and surface roughness of the environment. 

4. I . .... . 
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Finally, it is hoped to demonstrate that, despite the 

admittedly uncertain_nature of many of the assumptions, 

the statistical approach offers a more rational treatment 

of the wind loading problem:in general and the design of 

tali buildings and wind-sensitive structures in particular. 

Moreover, since it allows wind loading to be assessed on a 

probabalistic basis the method fits in with the current. 

limit-state phi~osophy. 

s. I . .... . 
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CHAPTER 2 

THE MEAN WIND. 

2. 1. THE NATURE OF WIND : 

Wind is a natural phenomenon which is caused by 

differences in atmospheric pressure resulting from 

variations in the solar heat absorption over the 

earth's surface. Additional forces are produced 

also by the effects of the curvature and rotation 

of the earth. In meteorology, lin~s of equal 

barometric pressure which cause winds in the same 

direction are known as isobars which are given on 

the .familiar weather maps indicating the location and 

distribution of complete pressure systems. 

At ground level, the atmospheric wind is retarded 

by surf ace friction, causing the formation of a 

turbulent boundary layer. The height at which 

the wind remains unaffected by this turbulence 

is known as the gradient height Zg and 

the ·corresponding wind velocity - the gradient 

velocity Vg. The gradient height normally varies 

between 300 and 600 m above the ground. 

·If a mass of air which is in thermal equilibrium with 

its surroundings rises, it will undergo an adiabatic 

expansion and a consequent fall in temperature. If 

the temperature falls at the same rate as that of 

its surroundings, it is said to be in a state of 

neutral stability with an adiabatic temperature 

lapse rate. 

This state of neutral stability is a necessary condition 

for the turbulent boundary layer to consist only of 

mechanical stirring effects and not convection currents 

due to heat exchange between the air masses. 

6. I . .... . 
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The assumption is usually made that, in high winds 

(the major concern in structural loading problems), 
• the effects of these convection currents are 

negligible and that atmospheric conditions are 

stable. 

Within the earth~s boundary layer or the planetary 

boundary layer, the surface roughness gives rise 

to turbulent fluctuations in the wind velocity. 

The scale of this turbulence varies over wide limits 

ranging from major eddies several thousand metres in 

extent and lasting several minutes to the eddy caused 

by some local obstruction which may only last a 

fraction of a second. These small eddies are usually 

surperimposed on the larger ones with the result 

that wind speeds vary greatly from place to place 

and from moment to moment. 

A physical model of a high wind is therefore one of 

a mean flow which results from atmospheric pressures, 

on which.are superimposed fluctuations generated 

in the turbulent boundary layer. Examination of these 

fluctuations shows them to be entirely random in 

natµre. 

The assumption of the randomness of the variations of 

wind speed is fundamental to the statistical approach. 

It enables the wind to be characterised by the statistical 

properties that constitute a stochastic process. 

However,two important simplifications are made : 

(a) The process is stationary, that is, the average 

properties do not vary with time. 

(b) The process may be described by a probability 

distribution making it possible to discuss the 

wind speed in terms of probability of occurrence. 

7./ •••••• 
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2.2. MEAN HOURLY WIND SPEED : 

The concept of a mean wind speed introduces the problem 
ct 

of a suitable time period for averaging the wind speed 

values. Because the fluctuations in the wind speed 

vary over such a wide scale, the result of measurements 

to determine the mean will depend on the duration over 

which the sample is taken. A large duration will 

allow the effects of the large eddy and even changes 

in the complete weather system, while a short duration 

may only include the small scale eddies. The choice 

of such an "averaging" time, therefore, depends on 

several factors : 

(a) The mean speed should be reasonably constant for 

the assumption of a stationary process to remain 

v,alid. In practice, this means that the period 

must be short enough to be unaffected by atmospheric 

pressure variations and changes in the weather 

regime and long enough not to be influenced by 

gust variations in the averages. An analysis 

undertaken by Van der Hoven (14) shows that the 

intensity of wind variations with time has two 

distinct peaks, one at about four days corresponding 

to the passage of complete isobar system and the 

other at about one minute - the variations due to 

turbulence. Further, the variations are least 

between about 15 tninutes and two hours and this. 

period is known as the spectral gap because the 

effects associated with each of the peaks are 

neatly seperated by this period of low variation 
. . \ 1ntens1ty. 

(b) The period should be short enough· to contain 

the peak effects in a storm of an isolated train 

of gusts. Davenport ( 3) states that effects 

such as thunder storms and squalls usually last 

for 5 to 10 minutes. 

a. I . .... . 
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{c) It should be long enough for the structure 

to attain a steady-state of response. 
• • 

Fundamental frequencies of most structures 

.are usually less than ten seconds and they have 

ample time to reach a steady state in 5 to 

10 minutes. (A side effect of this is that 

transient response need not be considered in 

assessing the overall structural response.) 

(d) The necessary data must be available and it 

must be such that the assumptions of 

randomness remain valid. 

Although Davenport (_3) has suggested an averaging 

time of between 10 and 15 minutes as being ideal, 

most meteorological stations have wind speed data 

averaged over one hour. It can be seen that all 

the above factors apply to an hourly averaging 

period and, particulcrt'l.y, ~hat it falls within 

Van der Hoven's spectral gap. The result is that 

choosing an averaging time of one hour leads to 

statistically stable averages. 

Assuming conditions of neutral stability, this mean 

hourly wind speed has been found to follow a simple 

power law variation with height. (In fact, meteorologists 

(7) use a more complicated logarithmic law derived from 

the equations of motion of a fluid and the effects of 

momentum in a turbulent boundary layer but, for 

structural purposes, the simplified law would seem 

to be justified (7a) ). Thus : 

where ~1 and ~2 are different 

- (2.1) 

heights above the ground and 

are the respective mean wind 

velocities • 

. 9./ .. e•eo 
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Relating this to the gradient height or a standard 

height of IO m above the ground we have 

--

,_ 

V_ti) 
V(-9.t:j) 

- (2.2) 

~(:e) 
'"f (10) 

where V(IO) in the mean hourly wind velocity at a 

reference· height of ten metres. 

Values for the power law index,cx, can be determined 

from measurements of the mean wind speed profile 

variation with height, and at the,same time, a surface 

drag co-efficient, ((, can be defi'!red as a dimensionless 

measure of the ro~ghness of the terrain r~lating the 

mean wind speed to the shear stress near the ground. 

Values for these parameters given by Davenport ( 6) are 

listed in Table I. Based of such data, Davenport 

gives the following values : 

TABLE I 

Power Law Gradient Ht Surf ace Drag 

Index, Z(g)m Co-efficient, 

Open· Grassland 0 .16 300 0.003-0.005 

Woodland, 
Suburbs 0.28 430 0.015-0.030 

Urban Centres, 
Broken Country 0.40 560 0.030-0.050 

I 0. I .. ... . 

K 
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The figures given for.the power law index in open 

grassland and woodland or suburbs are well substantiated . 
f 

· by a wide range of experimental evidence but, for urban 

centres, the power law variation is less well-defined • 

. It is not certain whether it is more sati'&factory to 

assume a higher value for the power law index as 

Davenport ( 6) reconnnends or whether ·to use a lower 

value and assume it starts from a level above the average 

obstruction height ·of the buildings. 

It is doubtful whether either the power law index 

and the mean wind is very meaningful in these 

circumstances as the wind speed is very much 

determined by such factors as the nature of the 

buildings in the surroundings, the orientation of 

the streets and other obstructions. 

The power law variation with height can, therefore, only 

be regarded as a satisfactory approximation if : 

,(a) There is reasonably level terrain with 

uniform roughness. 

(b) There.is a steady flow condition (high wind) 

at the gradient height with neutral 

stability. 

(c) The index, bC, is varied to take into account 

the surface ro~ghness. 

Thus the power law is unsuitable in the presence of 

hills and for the effects caused by funnelling down 

valleys or other topographical features. On the tops 

of hills, often the sites of tall towers, the effect 

of streamlining can cause an increase in wind.speed 

innnediately above the ground which may be followed 

by a decrease of velocity with increasing height 

and ultimately a reversion to the standard profile. 

11 • I . .... . 
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C.P. 3, Chap. V(l970) (2) gives a table of 

factors w~ich modify the wind speed to take into 

account topographical influences and a methocf · 

based on the French Code of Practice (16)to 

define the effective height of a building close 

to the tops of hills or escarpments. 

Another problem is the satisfactory description of 

the wind profile when there is a sudden change_ in 

surf ace roughness such as may occur between open 

country and urban centres. It is generally 

recognised that an interface exists between the 

two turbulent regimes. Davenport (15) suggests 

that this interface slopes at approximately 1:100 

but more recent research (7a) suggests that 1:10 

might be more appropriate. 

Under these circumstances,the designer should 

ascertain the height at which the regimes change 

in relation to the height of the structure (see 

Fig. 1). 

The Effect of a change in Terrain Roughness 

FIG. I. 

The direction of the mean hourly wind does not remain 

constant over the gradient height. The effect of the 

rotation of the earth causes a direction change which 

may vary from 30° to 45° depending on the terrain 

roughness. This change of wind direction with height 

is known as the Ekman Spiral but, except for very large 

structures, its,effect is usually ignored. 

12 ./ •••••• 
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To summarise, it is convenient to average the wind 

speed data from a continuous record over one ho~r 

and such an average is known as the mean hourly 

wind speed. This mean speed is assumed to vary 

up.to the gradient height according to a simple 

power law which depends on the roughness of the 

terrain over which the wind passes. This assumption 

is inadequate in dense urban areas, where the roughness 

changes suddenly or when topographical features alter 

the wind speed profile. In these cases, the designer 

should be aware of the problems and make suitable 

allowances. 

There is a tendency to regard the mean hourly wind 

speed as a well defined phenomenon and it is hoped 

this brief description has served to underline its 

basically unpredictable nature. 

2.3. · The Analysis of Mean Wind Speed. 

Mean hourly wind speed data have been recorded in 

this country for periods of between fourteen and 

twenty-one years and one way of finding a wind 

speed to use as a basis for design is to simply 

take the highest appropriate value recorded. 

This approach, however, gives no indication of risk 

of the actual wind speed exce'eding this value and 

in order to treat the wind speed in terms of a given 

probability of occurence the techniques .of extreme 

value statistics are used. 

If :Et(V) is the probability of the actual wind speed 

not exceeding V then a return period is defined such 

that 

- Pe('/) 

13. I . .... . 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

;;;.. 13 -

It· is ge:nerally accepted (9) that the statistical 

population of annual mean hourly maxima conforms to 
- . 

the Fisher-Tippett Type 1 Distribution. 

where a is a measure of the dispersion of the extreme 

and u is the mode of the distribution. 

For each site, the highest recorded mean hourly wind 

speed is tabulated for each year a record is available. 

This data is then ranked such that each value, m, 

is arranged in ascending order ( m = 1 for the 

smallest), up to the ~otal of N values. Plotting 

positions, pt; are then found such that 

'IV\ -N+j 

This value corresponds to the probability of obtaining 

the associated highest mean hourly wind speed in any 

one year with a return period 

A straight-line relationship is then obtained by 

plotting each value for the mean hourly wind ~peed 

against the reduced variate y such that : 

t 4. I . .... . 

••• I .. ,, .... _{: 
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From the plot, the mean hourly wind speed with 

a given probability of occurence within the required . ~ 

return period can be derived. Such a ·plot is given 

for the D.F. Malan Weather Station, Cape Town in 

Fig. (2). It is usual to draw up isotach maps 

for the mean hourly wind speeds likely to be exceeded 

once in 50 years which can be used to find the 

design values for a particular area. 

1 s. I . .... . 

... 
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CHAPTER 3 

T.HE ANALYSIS OF GUSTS. 

3.1. THE WIND VELOCITY VECTOR AND THE VARIANCE OF THE 
_FLUCTUATIONS 

'· 

As has already been stated, it is convenient in the 

statistical approach to separate the properties of . 
the wind into mean and fluctuating components. 

Thus the wind velocity, Vi, can be defined in terms 

of a scalar mean speed and a fluctuating gust vector 

V = V + vi where V is the mean hourly speed 

and vi is the gust vector as defined 

in figure 4. · 

For most applications, only the along wind component 

of Vi is used and it is, in fact, only comparatively 

recently that instruments have been developed which 

are capable of measuring the other two components • 

.x, 

FIGURE 4. 

It should be noted that the mean value of vi is, by 

definition, equal to zero. 

16. I . .... . 
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·Thus 

t f :t .dt = 0 where T = hour 

·and the variance is givOn by ci(.r~)·~ J~.~J..t -(3.1) 

0 

.,. 
.Hence er'Z('1"~) ~ ~f (vi'"-+u-~+\S:)J.t. 

:: o-~(\S',) + o-'Z(tS"l..J-+ c:Tt(ll""5) ;_ (3.2) 

·At gz:ound level : cr-( \Sj) ""-' 3 o-( tra..) ~<l er (ir~) ")-0-('1's) 

so that it is usual to approximate rr{~)by er(~)· 

Experimental results show that the standard deviation 

of the gust variations decreases slowly with height 

and, to fit into the concept of a planetary boundary 

layer, it should tend to zero at the gradient height 

Zg. However, for structural design purposes, the 

assumption is usually made (7) that the standard 

deviation is invariant with height so that : 

- (3.3) 

thus 

and the intensity of turbulence : 

expressed in a consistent convention (see fig. 4). 

If Davenport's values for the surface drag co-efficient 

and gradient height are assumed, a('1",:)and O"(\S'~)h, are 
V6o) 

given in Table 2. 

17 I 
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TABLE 2. 

0 (\j.;) f a-(lfi.) 

~oi 
0.18 

0.32 

0.58 

Open Country 

Woodland 

Urban centres 

0.106 vg 

0.110 Vg 

O. 115 Vg 

It can be seen that ~{~;)is almost invariant not only 

with height but also with the surface roughness, 

co-efficient, i, and a reasonable value is 

ts"( \l"q ~ O· '' V(c,); .;. 0· ''!> 't!o) (see Harris, Ref. 7) 

It is interesting to express the maximum short 

duration gust speed which is usual}y used in the 

calculation of wind pressures on structures in 

terms of the mean value and the variance. 

Harris (7) gives the ratio of the 2-second gust 

speed to the mean speed at ten metres height as 1.6. 

Since = 0.18 in open country, it follows 

that 

and for the variation of the 2-second gust speed with 

height : 

-
(~~)QI. ~.· \. -t-- 1,0, 

, C> ~ 

F~~~ri\; ·fH~t~dt~,,the -etm1t1lat:i-v-e normal probability 
~-is~r.ill.u..t..'1.Gn-with a mean hourly wind speed of 20 m/s 

and an intensity of turbulence corresponding to the 

open country site. 

Hence : 

18. / ..•..• 

- (~.~o.) 
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It can be seen that the probability of the 2-second 

gust speed being exceeded is O·ooos or one in .2000 • 

• 
3.2. CORRELATIONS AND GUST SPECTRA: 

It;is not, however, sufficient for structural purposes 

to describe the effects of.gusts solely in terms of the 

variances of the fluctuations. For a large structure, 

their effect may not cover the whole surface and, in 

some it:istances, may be extremely localised. Clearly, 

a gust will have definite dimensions and variations 

both in ·time and space must be described. This is 

done by using the statistical theory of correlations 

and spectral analysis. 

Consider a point in space defined by the Cartesian 

co-ordinates / X.~ •. Then, if pairs of wind velocity 

measurements Vi(t) and \1i(t + t ) are taken with 

time lag, ~ , at this point, the auto-covariance function 

is defined as 

-(3.6) 

where the bar denotes a time average over time t. 

If the time lag, "C , is reduced to zero,' then 

The normalized auto-covariance function is called 

the auto-correlation r't\")and is defined by :-

f"(-c)is dim~nsionless andtfo) = 1. As l:' tends to 

infinity, ~t) becomes. asymtotic to zero. 

t 9. I ... ... . 

- (3.7) 

- (3.8) 
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Note also that the function is symetrical about Z"= 0 

i.e. - (3.9) 

The auto-correlation function is a measure of relation 

of two gust velocities seperated by a time lag 1 "C. 
As "I: becomes longer, the relation becomes less and a ·time 

scale, T., is defined such that 

- (3.10) 

. T is sometimes called the 'memory' time since if ~ <-r , 
~he· gusts are said to be well correlated and if 't > T 1 

badly correlated. 

The power spectrum of wind velocity is used to describe 

the frequency range and energy content of the gusts 

occurring in the averaging time. The gust signal is 

not periodic; it consists of a continuous range of 

frequencies which can be described as being made up 

of simple harmonic contributions using the Fourier Series. 

If one of these contributions has the cosine form 

1$ : O.C.OS 1-n Y'i.t. and its period T1 is I;"' (See Fig. 6 ) 
then the covariance function for this contribution is 

C"(~) : 0-{t;) \j (t + ~) 

and if t' is taken as TI : 

o. . .'1 eq 2 :irr~ T1 
2. 

e"" (T,) - a.;~ ':: -

20. I .. ... . 
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Where a is the amplitude and n is the frequency.. 

Now the variance of the cosine form is also ~1J'£ and 
• ··the variance of the whole range of frequencies must 

be equal to ·the sum of the variances of the contribut~ons 

The power spectrum is, then, defined as the total 

contribution to the variance of all harmonic components 

so that 

and s"{\I\) is the spectrum of gust velocity,
1 
at 

frequency n. 

S\)(, ... \ . . --
and •'J are Fourier Transform pairs: 

~ [ c" ('I!) Ca Zii 0\ 1: .! l:: 

• 
It is necessary now to determine the spectrum in terms 

which can be used for design purposes. This has been 

done by various authors who have suggested an empirical 

relation on the basis of experimental results. 

Harris ( 7 ) suggests the following relationship·: 

(I 

where ~ : ~ and J. 
910 as 1800 m. 

4 

is a length constant taken 

21 • I . .... . 

- (3.11) 

- (3. 12) 

- (3. 13) 

- (3.14) 

- (3.15) 
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Thus it should be noted that the gust spectrum is 

- defined in terms of surface roughness and the mean 

hourly wind speed is 10 m~fj t 

Using this equation and the Fourier Transform relationship, 

it can be shown that the auto-correlation function <? ) 
can be calculated by 

is a modified Bessel function of order 1/3. 

The time scale, T, in the same way is given by : 

T: '(i r(~)/fi? r(r3)l /V10.,. O•be4;;l/~1f;) 
- (3 .17) 

where 

3.3. SPATIAL CORRELATIONS : 

The terms auto-covariance and auto-correlation ref er to the 

time averaged properties of gusts at a single point (hence 

the prefix, auto-) but, in structural problems, it is 

also necessary to describe the spatial as well as the 

time averaged properties of gusts. 

To do this rigorously requires a knowledge of the 

relationship of each three velocity components at a point 
I 

:ii:-~ , to the corresponding components at another point ~i 

It is thus necessary to use tensor notation for the 

systematic treatment of these functions. However, 

although. the derivation of some of these functions could 

be given in general terms, this study is primarily 

concerned with the along wind component. Further, 

the knowledge existing of the relationships between all 

the other components is very slight and it is usual in terms 

2?.1 ..... -. 
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. -
of the empirical relationships derived from experiments 

to deal.only with this single component. 
• 

I 
Consider two points xi and 'JC..j , then the cross-covariance 

function could be written as either : 

-(3.18) 

and C."i..~ (.o) 

The normalised cross-covariance or cross-correlation is 

-(3.19) 

lt can be s~en that f>~('t-)is dimensionless, lies 

between -1 and +l and is a measure of the relation of 

the gust velocities at the two points lagging by a 

time, t' . It is not, however, symmetrical i.e. 

DividingC~(t)into symmetrical and anti-symmetrical 

parts : 

23 .-/ •••••• 

-(3.20) 
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this leads directly to the cross spectrum 

• 
-(3.21) 

.. ~ . " 
where f~(~andQ~( ... )are defined by the symmetrical and 

anti-symmetrical parts of the cross-covariance. The 

complex quantity is introduced because the cross-covariance 

is not a symmetrical function of~. 
oO 

Thus P; ( ... ) "' 2 [ (c'lj +c~·t.)e<>s 2'1f"' 1:'A1:' -0.22) 

CIO __ : 

and <'t'i ( .... ) " 2 [ (c~ -C~i.) C4S !2.li C..: '1: J.1:' -(3.23) 

Unlike the power spectrum, the cross- spectrum has no 

easy physical interpretation and; therefore, is a 

much more difficult concept to understand. !t leads 

to a very important quantity in spectral analysis : 

the coherence,~f~which is defined as the 

normalised cross-spectrum. 

Thus -(3.24) 

Like the cross-spectrum, it is also a complex quantity 

and is used to describe the spectral loading on a 

structure subjected to a random load. It can be 

interpreted physically as the filtered (of frequency n) 

' cross-correlation between xi and ilt.J for zero lag. 

At the present time, most of the relationsh~ps for the 

cross-spectrum and coherence are derived on an empirical 

basis from wind tunnel tests and observation of the 

behaviour of full scale structures on a great variety 

of different sites. Harris (7) has given a consistent 

theoretical approach based on two assumptions about the 

nature of turbulence in the planetary boundary layer. 

These are :-

"j' I I 
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(a) Taylor's Hypothesis : 

Based on wind tunnel experiments on the turbulence 

generated by a grid of bars, Taylor suggested that the 

cross-covariance between any components of turbulence 

at two points separated by a distance SI in the 

downstream direction is equal to the cross-covariance 

measured· at one point for a lag't' given by ~::: Si/v 
where V is the mean wind speed in the wind tunnel. 

i.e. 

- (3.25)' 

The implication is that the turbulence does not 

change substantially over a short distance in the 

downstream direction. 

(b) Homogeneous Isotropic Turbulence. 

Homogeneous ·isotropic turpulence (H.I.T.) is a 

theoretical concept representing the turbulence_. 

developed in an infinite region with no boundaries 

and a uniform rate of generation of turbulent 

energy per unit mass. It follows that the 

variances in all three component directions must 

be equal. 

. . 

i.e. a-z.c~.):: o-z.£~.z.) ~ ci('-'"3) 

Clearly, at ground level this assumption is 

wrong since the turbulence is highly anisotropic 

but it becomes progressively better with 

increasing height. 

This approach leads to highly complex mathematical 

forms involving Modified Bessel functions of 

fractional order. Moreover, it is doubtful 

whether the H.I.T. assumption is not too drastic 

to be universally .applicable. For these reasons~ 

25. / ...... . 
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the theoretical derivation will not be given and 

the co-herence and cross-correlat:Jon functions used 

in this study will all be of an empirical nature. 

3.4 Coherence Functions. 

Expressions derived by various authors (4,7,17} for the 

coherence function and the phase angle (introduced because 

of t?e complex nature of the function} are given in 

Table 3. Almost all these expressions apply only to horizontal 

or-vertical lattice structures. This is because, for 

these structures, the magnitude of 'the turbulent 

fluctuations caused by the structure is small compared 

with its size and, therefore, experimental results for 

a free wind stream apply. However, both Davenport and 

Vickery have suggested that their results may be used 

for solid structures. Of Shiotani's results, the case 

of anisotropic homogeneous turbulence is the more general, 

more applicable close to the ground and will be used in 

this study. 

But it should be noted that Shiotani's results were 

measured in areas subjected to violent tropical storms 

and are applicable to typhoon conditions. In these conditions, 

it was found that there is little difference between the­

lateral and vertical scales of turbulence some distance from 

the ground and probably, the most accurate model is one of . 

anistropic turbulence at low heights with the isotropic 

condition developing with increasing height. However, it is 

possible that Davenport's results may be more applicable to 

South African conditions and it should be emphasized that 

all these empirical results apply primarily to extreme 

conditions in the Northern Hemisphere and the applicability 

to the more temperate regions of the Southern Hemisphere 

has not yet been verified. 

Thus, it is proposed to compare a modified Davenport 

coherence function for bluff structures with those given 

in Table 3. 

26. / ••••••••• 
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This modified function uses- the fact that the • 

constant C for horizontal separations is twice that Q . 
for vertical sep~ra~ions and, hence, the proposed 
f. . • { \ 
unction is : ;: , /J ~o _ :J ,~ ~·· "'r'·,;_,-; . 

., · """J· · . J~J.,;; l ,_,, ._r: · . ';:1. r--~ • .~ 
~<'\_('.( V~'f\,.-<-;!V...(' '> j ' , ... r- -- ' -- t c , 

where n is the frequency 

I /- F­
~~/2·--~·,· 

I 
xi is the horizontal separation between xi and xj 

x3 is the vertical separation between xi and ..Jj 

. and Vm is V (x3) + V / (x3) 
2 

A further problem concerns the height at which the mean . . ~ u 
velocity may be assumed to act when points are sepe\.ated 

. ' ' 
vertically. Davenport in his original formulation used 

10 metres regardless of the actual height but it has 

been found preferable to take a speed corresponding 

to the mean height between the points. 
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'· CHAPTER 4 

WIND FORCES ON STRUCTURES IN TURBULENT FLOW. 
' . 

The problem of wind generated forces is complicated, by the 

presence of a structure·which itself modifies the flow in its 

vicinity. In broad terms, the difficulty is to express the 

fluctuating forces on a body in turbulent flow in terms of the 

power spectrum of fluctuating velocities. Such an expression is 

known as a transfer function and called the aerodynamic admittance. 

Consideration will now be given to the formulation of these 

functions in general terms and their application to different 

types of structure. 

4.1. Point Correlations. 

The drag force D(t) on a body in turbulent flow can 

be represented by the equation : 

-(4.1) 

where p is the fluid density . 

1 is the representative body dimension. 

c0 is the drag co-efficient 

and Cm is the inertial or virtual mass co-efficient. 

~ l3Cl'I'\ is known as the inertial mass since the inertial force, 

Di(t), resulting from the additional accelerations in the 

flow due to the presence of the body, equals f' l~~ ~~ 
dt 

If this expression is divided into.mean and fluctuating parts 

such that : 

V(t) = v 

Then, if the fluctuating part of the drag force is p : 
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. 2 
But, for the fluctuatin~ force only, v1 , is small and 

hence : • 
-(4.3) 

The auto-covariance function for the fluctuating load, 
C Y('t') is : . 

-----
c_P(c-) = ~{+..) p(t +-"t) 

=- Pt¥z.l4 c~t U:lt.)t.f.(t+ 'b-) ""f 2 Le. c! J. V('(t.)G\Ji (t + t-) 
\ . Tt at 

+ r"v 'Ls c~'-M (<!.<t.) cl tr.('=" 1:) + l5l (t-t c-)c! \Si Ct:)l 
. crt ({°t:, 'J 

-(4.4) 

Since the process is stationary and the function symmetrical, 

the third term is equal to zero and :-

-(4.4a) 

so that 

e,,'?(1::)=- ~1.L4 (~?.C~i, 1.T.lt)'-r.ft~-r) - \.i.C""' <f:_( Ul(t.")\li(t.+~)) 
~ *t' t. . 

-(4. 5) . 

Using the Fourier Transform relationship : 
OQ 

sl'c.,..) ,. 4 [ ci"c 1:') a.o a. ri "I\~ J. 'l:" 

Then : 
00 

4 L4 f-z J (~1..c; etl"')eoi. ~" ~ · · . 

. . c - Lie~ (21t"')2 l:"(1:)C.os2:n ""1:") d't 

-(4.6) 

30. I.· . .... 
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The ref ore 

4C~ 

wheres~"'-) is the power spectrum for the fluctuating . 

drag co-efficient CD. 

Thus relationship between fluctuating drag and velocity is 

-(4.8) 

whereX~ is the aerodynamic admittance. 

The term,~\, is referred to as the reduced frequency. It 
~ 

can be seen that the drag and inertial mass co-efficients 

are functions of both the reduced frequency and their position 

on the structure. Hence the expression for the aerodynamic 

ad~ittance must be modified to take into account spatial 

correlations of the fluctuating velocity. 

Small wave length gusts have only a localised effect 

and therefore are less well correlated than larger gusts. 

At some stage the wav.e size must become so small that it 

no longer has a perceptible effect. 

4.2. Fluctuating Drag Including Spatial Correlation. 

In order to assess the effects of spatial correlation 

of velocities or pressures over a structure, it is 

necessary to break its surface up into a number of 

infinitestmal sub-areas over which the correlation is 

assumed to be total. 

Thus, from equation (4.2), the fluctuating drag over 

the whole surface becomes : 

) JA 

-(4.9) 

31 • I . .... . 

-(4.7) 
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. -
so that, following the derivation as in equation -

(4.4), the covariance of fluctuat1ng drag force may 
• be written: 

p c ("t} : ~ (-t) r ct."" "t:) 

. ., r"' /t A [Vit vl Cp" Col IS"lot(t) ...... L(t+l:') 
. 0 0 -

+ tk LL c,..,ke""'L c!. lfR(t). d \S"L(i + 4t-) at ~ -

+ ltt CIV\~-VL ct>\. \fl(~). tl uk-(l+~) 
- .. - al -

+ LL c ... l ~ R Co1e. u k (t-r "t').cLul i) J clAk dtlL 
. A A , ·- d t:- - -

"' rt. [l · [ v k Jl Cott. CpL c~L ( "") 

' - lkl"t. CMR,CML 4.: c;Lc~J 
d. 'l:2 

+ l,,_c...,R "fl Co~ { - }"<" c.iL (1::) ~ 

+ Lt c.,.t VP. Cp~ ~'I: c"m ("?:"~ d Ak dnl 

-(4.lo) v . . -
C ttl ( V\) is the velocity cross-covariance function 

between any two points k and 1 on the structure. -

The power spectrum, ~P(n) can now be written by 

using the Fourier transform relationship: 
OCI 

~P( r.) = 4 [ d' (-r:) Co3 2.rr ... 1: J. 't 

»< s~L( ... )= 4 f °C.:L C-r: )c,,~ '2.!r ... e: cl-r . 

Thus : A ll _ _ 

5 t>c ... ) = f il ( Ytt Vi. liitt CoL S~ln) + lh.lL C,..{4,bt~"(_t .. 
+ l1i_ c'""'- ~L Cnl llf" i. S~( .. )+ ~ C...,°Vit£11cllfn i.S°kt( .. ). -

c\A~JAl .. 
_(4.11) 
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This expression can be reduced by noting that the 

power spectral density. function must be real so that 
• 

-(4.12) 

v 
where Ptl ( "'-) is the co-coherence defined in equation 

I . .,, 
· (3. 22) and4 ftl( ~) is the phase angle. </>k,_(t\) -:: /:A.~ (~It\.(~)) 

. ftu_C~) 

Thus the normalized cross-spectrum~~(~), i~ given by :-

and :- '1 A . ·. 

~ r'[f c~'rl. ~. ( c.bt._ C.t,l -1- ~It ~L Cw. ... c. .. l.) 

R~LC"') 4/"5~l"') s~ c ... )
1 ~sfk.LC.;,~ c{A11. dll~ 

-(4.13) 

where '7k., \ L are the reduced frequencies 

and 2tt"' ll respectively. . 

VL 

The validity of the assumptions which lead to Equation(4. l3) 

has been examined by Vickery and Davenport (18). The velocity 

pressure relationship as given by equation (4.1) is 

adequate for open lattice structures where the flow is hot 

substantially altered by the structure itself and the 

magnitude of the velocity disturbances is small compared 

with the structure size. In the case of large bluff structures, 

however, the validity of the relationship is more dubious 

since the disturbed velocity field bears little relation to 

the undisturbed one. 

33./ ••••• 
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This is largely bec·ause the velocity field is no longer 

s~bstantially made up of the along-wind component. As 

other velocity components. become more significant the 
c • 

aerodynamic co-efficients CD and ~ no longer hold and it 

becomes. necessary to define the spectra in terms of more 

general aerodynamic admittance.functions. 

For lack of experimental data· concerning these functions, 

it is generally assumed ( 10) that the assumptions o_f 

equation (4.1) are valid even for bluff buildings. 

It should be mentioned here that most researchers also assume 

that the pressure fluctuations.on the windward face and the 

suction fluctuations on the leeward face are practically 

uncorrelated (10) and that the total load can be 

satisfactorily assumed to be-the total mean pressure (both 

pressure and suction) together with the fluctuating pressure 

on the windward face ·only. 

Recent work by Simii.u (11), however, shows that this may lead 

to significant errors in the'prediction of the maximum 

response and suggests a method to include fluctuations in the 

suction on the leeward face. 

The formulation given above for the power spectrum of 

fluctuating drag is based on the work of Solnes and 

SigbjHrnson (10) which includes the inertial mass in the 

formulation. Although Davenport (3) gives some experimental 

values for the inertial mass co-efficient, ~' applied to 

a flat plate in turbulent flow, they are not generally 

applicable and, for design purposes, inertial mass is 

ignored for lack of experimental back~up. 

Parametric studies of wind loading using random simulation 

techniques (19) have shown that neglecting higher order 

terms (as in Eqn. 4.3) and non-linear and variable damping 

terms results in both the fluctuating forces and response 

tending to be non-Gaussian in their nature. 

The error in neglecting these·-higher· order terms could .be 

much as 10% of the response. Also~ terms involving 

CM are dependent on the nature and size of the structure, and 

errors of 15% are possible if these terms are neglected. 

34. I . .... . 
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GHAPTER 5 

• THE CALCULATION OF STRUCTURAL RESPONSE. 

The fluctu~ting pressures resulting from the turbulent wind 

velocity·produce certain structural responses. The relative 

importance of these responses will depend on the design criteria· 

applied. For instance, in a tall building where occupier comfort 

is a major consideration, the accelerations at each floor level 

are likely to be a limiting factor in the design - whereas, a 

microwave tower will certainly have a maximum allowable displacement. 

In this study, since modal analysis is used, the variance of the 

displacement for each mode is calculated and from this, the 

variance of the required response can be formed. 

The structure is assumed to have reached a steady-state of vibration 

and the response is linear. Further, although it is likely that 

in these conditions a low-cycle fatigue or cumulative plastic 

damage would 1ead to failure, little is known about these effects 

in relation to non-deterministic analysis and, therefore, the 

so-calied "first passage approach" is used whereby failure is 

deemed to have taken place when a given stress or response level 

is exceeded. 

5.1. Modal Analysis. 

In the calculation of the response spectrum, modal 

analysis is a natural choice. The resolution of response 

into natural modes of free vibrat~on allows the contribution of 

each to the total response to be treated separately. 

When a structure is vibrating in a single mode, the 

displacement at any point can be written 

- (s.1) 

35 • I .. ~ ... 
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• 
whereQjCt) is called the generalised displacement for the 

• jth mode andfj(l.) is _the ordinate of the modal function. 

Qj(f) defines the amount ofJ>-j(~) present in the excitation 

and the acceleration at any point is : 

-(5. 2). 

and the inertial force p(t) required to excite this 

acceleration is : 

p (t) = m(x) J"j ~J· ~j -(5.3) 
where m(x) is the mass per unit length and wj,the circular 
frequency. 
Because of the orthogonality of r..atural modes whereby it 

is possible to write· : 

the generalised force Pj(t) can be written 
. L . 

Pj(t) = /r(:..,i>) hl><.) ch. 
0 . 

so that L . 
'f'j tt) • 1 ..... c .... ) f"/Ca.) ~j ..,,j· <lac. 

and the generalised stiffness Kj is given by 

-(5.4) 

Hence by making the necessary transformation to 

generalised co-ordinates, the modal contribution to the 

response can be calculated from the equation :. 

-(5.5) 

+ Note ]JJ(x) refers here to the normalised values obtained 
by scaling all the ordinates such that the maximum value 
is unity. 

36. I ... .. . 
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and the steady state response to a sinusoidal excitation 

of frequency n and amplitude ?J can be shown to be • 

~j '?· \ :: J -K' W• - '-/.,Ly-... (~.)~]'2 -(5.6) 
J V\.J '"''\) 

where 'is the logarithmic_decrement (assuming damping 

is small) and nj is the modal frequency. 

From this, the spectral response can be shown to be 

and the mechanical 

I -K'!-
J. 

Hence, 

so that the spectrum of structural response for 

each mode can be found by considering each frequency 

in turn over the full range. Then, by definition, the 

variance of the response is the area under the spectral 

response curve : 

37. I . .... . 

-(5. 7) . 

-(5.8) 

-(5. JO) 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

. ' 

- 37 -

Finally, assuming there is no coupling between modes 

the standard deviation·of the response can be calcul'\ted 

by suII1ID.ing the variances for each mode considered :-

-(5.11) 

The spectral response curve for each mode has a very 

pronounced resonant ·peak corresponding to the appropriate 

natural frequency. (See ~ig. 8 ) under which most of the 

area is concentrated. In practice, it is only the 

spectral peaks of the first three or so modes which 

contribute and the inaccuracy involved in ignoring all 

but the fundamental mode is small. 

Finally, given the modal displacements at any point in 

the structure, ·the stresses ind~ced can be found by using 

the appropriate modal influence functions~ For example; 

the modal influence function for shear force at a section 

x from the base of a line structure of height,::H:,is t 

and the corresponding moment influence function 

5.2. The Modal Response Spectrum. 

Equation 4. 13 can now be used to write the expression for 

the spectral respo~se for each mode. 

~~ ... ) ""\?. l[~~L IS~ 'BL fi ... )JAjCL) 12.:, C~ S11( ... ~c..stPJi}4akJ11, 
- ( 5. r2) ·-

(Considering, now, a vertical line.structure and integrating 
over the height) • ,., 

38. / •..••• 
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Bk and Bl are factors which contain the variation of breadth and 

the pressure coefficients CD ari.d CM over the structure. 

Note that the expression also contains ~ode _shape 

ordinates at ktand 1, /Aj(~)and)A~'(L). ~results from 

the orthogonalty property.which allows the·-£brce-spectrum .. 
II In ?~ . '"'-

for the jth mode to be expresse~ terms of the mode shape. , " 

Also, it is assumed that the velocity spectrum is 

invariant with height, i.e. 

Now, it is convenient to defirte new non-dimensional 

parameters ~ ~ and 01. such that : 

-~ ~ =s V'e. ts~ f--~ (ra) 

~o 'l!>o 

-(5.13) 

where ~O and Bo· are taken at any convenient reference 

point (in this study, always the 10 m reference height). 

For vertical structures, a further term must be added to 

equation 5.8 to account for the variation of the mean 

velocity with height. 

Thus :. 

-(5. 14) 

-
Now if the mean wind load t' j is defined by : 

- H 
" ~ r '60,c. V(•o) 1 ')(R ~ ~H 

· \Joo) 

-'P. 
J 

-(5 .15) 
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then 

• 
" 4 - Z. & I V SjCV\) = F'j J •j Jr;r~) 5 ("') -(5.16) 

. v~ 

tvhere 

~Hr J2 [ t~: Q,, • - -(5.17). . 
J -VP./r V<1c) 

and 

J~!~J• /J[~ .. rL 
• 0 

~ i 

R ~L(~~c.osrkLc1d-~~c:u+L 
? 2 . . 2 

:JaJ and Jpj (n) are .called the modal admittances and Ja j 
expresses primarily the variation of the mean speed with 

height and JpJ (n) expresses the correlation of the gust 

effects over the structure. Further explanation of 

the modal admittance terms is necessary for the 

complete understanding of the method. 

·s . 3. ·Mada 1 Admittances • 

Consider the vertical line structure shown in 

Figure 9. 

It can readily be seen that the mean tvind load for each 

mode on the structure can be found by summing the 

contributions at ·each level 

Where B now contains the breadth and the pressure 

co-efficients CD and CM and GH is the height interval. 

Since the variation with height is a continuous function, 

then 

40. / .••••• 
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t. -

The admittance function,Je("'") express~s the sum, over 

all the elements of the structure, of t~e · effec~ of 
.. 

the wind velocity contributions made to the spectral 

load for the frequency n :-

i.e. 

(using Dave~port's coherence function). 

Considering Figure 9 again, if, for example, we assumed a 

frequency of 1 HZ, we would have the sum of the terms 

in a matrix 0£ the form :-

. -a"I'~.. . ,.. ~K 2~~ -~,.~~* 
~.~le v + ~\ o~ e. v + '((, ~"' e " ..... 

. -~O . -~1-2~~. r2 i 2 e. " + er°" o'3e. v 

_e.)..r"" . - 't!P 
¥3 ~'2.e. ,.. 1S'3 ~ e. ..., + ... 

Computations are facilitated by noting that, in such a 

matrix, the diagonal, and lines parallel to it, have 

equal seperation distance Y', so that the matrix becomes 

I """--.....: .-..... -

C> 0 -__ ~ C> (> ......_ 'c,. ; O 
1----+·----------1---- -----~-,;.__ _____ · ··______ _?:Joo~ 

c ·~7 0·~7 t»Cle:>d" b·~b_ t>~ 
1 - ,, ·-. _'(:::Boll\;\ 

o ·~e.7 i o •o.q~ o:o\)z. ; ~·04'. .; o ·<$'2. _ 
------+--- - ---r- . I --- i . ·- - ""'.,, : bO""' 

: .. :~::: ;~:::· 1:::::1 ;:~h~i~ • ~ = 4o-. 
__ E:::>. ___ -~-~-~4··1·-0~-~;-;ia-·. ,71 l 0· 7~S j ·2.. b~ -._ y-:: 2()"'-' 

C> 

~'(' .. D 

L 'I~ !2.o --..;s 
41 • I . .... . 
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Since this function is also continuous, it clearly 

results in a volume integral of the kind shown i~ 
figure 10. 

FIGURE 10 

Some authors treat the problem simply by the discrete 

formulation indicated in Equation 5.:However, particularly 

at high frequencies, the "cusping" associated with the 
v 

central spine (1'"t andR\.j(1o.):1) becomes very acute and 

it is recommended(20) that a curve fitting approach such as 

Simpson's Rule is used for the integral. 

42. / •.•••• 
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Bluff structures ·can be. handled in a similar manner 

by dividing them up into vertical strips corresRonding 

approximately in width to the vertical divisions as in 

Figure 11 •. 

I 
I I 

I 

~ -- -- --
I 

~ 

I ! 
I I I 

I 
J_ r- I 

I 
~ 

' 
~ r rl f(} I 

I I ll 11. A. I 
I 

~ _J I 31 

I 
ll---f ~ --<ll 

l \.- I \- I l-
VJ VJ VJ 

I l l 
I t- r -

I I 

FIGURE 11 

Normally, the natural frequency analysis for such a 

building would have been done on the basis of a simple 

line-like form and no torsion modes would have been 

considered. In this case, each vertical strip has 

the same modal ordinates and can be treated in the same 

way as the line structure, only cross-correlation between 

. strips must be considered. Thus a symmetrical admittance 

matrix of the following form can be set up : 

43. I ... .. . 
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' 

' J 
12 15 

! 

ti 22 2~ 
' 

s~ 2. r . 
' 

31 ~2. I 
-33 

I 

Where 11,22, 33 are line correlations and 12, 23, 13 

etc. express the cross-correlation between strips. 

5.4. Calculation of Maximum Probable Response. 

One of the major advantages of the statistical approach 

to wind loading is that it provides the designer with 

a means of assessing the risks of failure during the 

life of the structure. 

In order to do this, it is necessary to know the 

distribution of peak values occurring within a given 

time. 

Davenport has suggested that for the stationary random 

variable x during an averaging time of T (see ref. 5) : 

x peak = --(5.19) 

where -(5.20) 

~ f ... 1 s~c ... ) a ... 
and 

£ "'s "'c .... ) J "' -(5.21) 

The averaging time T is usually taken as one hour. 

44. I . .... . 
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Thus the most likely maximum response in a given 

averaging time is,.therefore :. 

. -(5.22) 

Hence, the gust factor, GF, is : 

:-(5.23) 

Note that this formulation for the maximum expected 

response assumes that tqis response is normal or 

Gaussian~ It' has been shown (19) that this is, 

in fact, not the case because of neglecting higher 

order and non-linear terms. 

45. I . .... . 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

- 45 -

CHAPTER 6 

• • • 
THE APPLICATION OF THE STATISTICAL APPROACH. 

In order"to illustrate the use of the method and afford some 

comparison with conventional design, the effects of varying 

the required parameters will be. examined for a bluff building. 

At the same time, there are a number of parameters such as the 

surf ace roughness co-efficient and the damping for which accurate 

assessment cannot be made. A knowledge of the sensitivity of 

the response to variations of these parameters is, therefore, 

essential if the statistical approach is to be used with confidence. 

There are two solution techniques which are usually used. One is 

a static approach with the addition of dynamic effects close to 

the resonant frequency - the so-called "narrow-band" response. 

The other is the dynamic or frequency approach which uses modal 

analysis to evaluate the spectral response.for the range of 

exciting frequencies~ In this study, only the dynamic approach 

is used, 

In much of the following, the gust response factor will be used 

as an indication of the sensitivity the structure to the fluctuating 

effects. In this context, the gust factor is taken to be the ratio 

of the extreme response to the mean response for the first modal 

displacement only. It will be shown that for many common ~pplications 

this is a satisfactory assumption and one that is commonly made 

in simplified approaches. 

6.1. NOTES ON COMPUTATIONAL METHODS : 

A suite of computer programmes under the general title of 

DYNWIND has been written for the solution of a range of 

wind loading problems by the statistical approach. 

It is not the purpose of this study to emphasize the 

computational aspect. The programming is straight 

forward and there are no doubt more efficient solution 

techniques. The writer makes no claims for exclusivity 

in this respect. For this reason, only a summary of the 

general aspects and a short resume of each programme will 

be given. 
46. I . .... . 
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6.1.1. Input All the programmes require terrain and wind 

speed profile data, struc~~-rai <l.ata and the moci-e shapes. 

Detailed input requirements are: __ given in Appendix . B. 

" 6.1.2. Output: Each programme prints the velocity, force and 

response spectra, together with the admittance function, 

for each mode. The mean and standard deviation of 

the modal displacem~nt are then given, followed by 

the gust factor for that mode. . - . I 

6.1.3. Basic Programme: 

The progranune first computes the parameters that are . 

not frequency dependent and then computes the spectral 

force contribution for a frequency range of 0.00001 

to 10 HZ (i.e. a range of gusts having period of 

between 10000 and 0.1 seconds) from the relation 

( Eqn. 5.16): 

p s; (n) = 4 Pj 2 Sv(n) 

vdo> 
2 

SV (n) and v.00) are known and 4 Pj Ja2 is constant 
. 2 

for each frequency, leaving Jp (n) which is found as 

described in section 5 .3. 

Then, SQ(n) is calculated from (Eqn. 58) 

= ·x2 • 
mJ 

The necessary integrations are done using Simpsons's 

Rule with the exception of the integration of the response · 

spectrum where the trapezoidal rule is used since the 

frequency increments were sufficiently small. 

Note that in all the figures the admittance function, 

Jp(n), has been. normalized by dividing by [ .[,Y11..dA]t 
A listing of each programme is given in Appendix C. 

4 7. I .. ... . 
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6. 1.4. DYNWIND/BUILDING allows the gust factor and modal 

spectral response for a rectangular bluff stru~ture to 

be found. Any one of four different coherence functions 

may be chosen and the surface roughness co-efficient 

and the damping may be varied between prescribed limits. 

Only the overall ditnensfons and the .number of vertical and 

horizontal divisions need be input. It is assumed that 

the mode shape has a strip form that only a small 

alteration would be required to include ·torsion modes 

as well. 

6.1.5. DYNWIND/LATTICE allows the response.of wind sensitive 

vertical lattice structures to be found. No horizontal 

correlation effects are considered although the choice 

of coherence functions remains. 

6. 1.6. DYNWIND/TOWER computes the response of transmission 

line towers. Horizontal correlation effects of the wind 

on the transmission wires are considered. 

6.2. SUMMARY OF ASSUMPTIONS : 

The following is a summary of the assumptions made for 

the purposes of the progrannne 

(a) The basis of the method is that the fluctuations in 

wind speed are a stationary random process. 

(b) The wind velocity spectrum used'is after 

Harris (7) as giveµ in equation 3.15. 

(c) The response is linear and a steady state has 

been attained. 

(d) There is no coupling between modes. 

(e) Shiotani's coherence function for anisotropic 

homogeneous turbulence has been used because it 

has the most general applicability. 

48. I . .... . 
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6.3. THE EFFECT OF VARYING THE STRUCTURE SIZE : 

Varying the ,structure size for a particular turbulent 

regime while holding all the other parameters constant 

illustrates the effect.of the correlations on th~ gust 

factor. 

A bluff building is considered with a height that varies 

from 25 m to 100 m and a breadth of between 10 m and 

i 

35 m. (The fundamental mode only is considered for the 

purposes of these comparisons). It can be seen from figure 

12:~ -that the effect on the gust factor is considerable 

and that it is greater for narrow structures than for 

broad structures - for the 10 m width the reduction in 

the gust factor is 33% and for the 35 m width only 28%. 

Intuitively, it is easy to see that 19ng period gusts 

(say, 1000 seconds) ,,will envel~p the whole structure 

and that the effect of very short period ~usts will be 

negligibie because of their size in relation to the 

structure. This approach enables this effect to be 

quantified. 

From Eqn. 5_. 16 it is seen that the admittance, Jp2(n), 

amounts to a frequency dependent factor which relates the 

spectral values of velocity and force. This factor varies 

according to the size of the structure. A decrease in 

size, increases the range over which the admittance 

factor is significant, that is to say - it is totally 

·or partially correlated for a·greater range of gust 

frequencies. 

As can be seen from fig. 13 a large part of the area 

of the response spectrum (and, therefore, the variance) 

is concentrated close to the resonant peak. 

Hence, if the gusts are significantly correlated at 

resonance, the result is the variance and, consequently, 

the gust factor is increased. 

. 49. I .. ... . 
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For example, referring to fig. 16 , a 25 m high by 

10 m wide concrete tower subjected to gusts with a 

period of 100 seconds (n = 10-2) has an admitta~ce­
factor of 0.95 whereas, at the resonant frequency 

Jp(n
0

)
2 

is 0.34 which is still significant for the 

spectral peak. Thus, for this structure the gust 

factor is 3.6 compared with 2.4 for a 110 m height. 

(See figs. 14-16 for the variation of admittance with size.) 

In practice, however, a 25 m high building would have 

a considerably higher fundamental frequency which will 

reduce this effect. This can be seen from the dotted 

line on figure 12 which represents the effect of 

simultaneously varying the fundamental frequency and 

the height. 

6. 4. NATURAL FREQUENCY, MODE SHAPE AND DAMPING : 

The dynamic characteristics of the structure effect 

the response and an important feature of the statistical 

approach is that it allows these effects to be taken 

into account. 

There are many ways of finding the natural frequencies 

and mode shapes of structures (1,4, 8)~ Buildings, however, 

tend to be more rigid than calculated because of the 

bracing effect of partitions and other redundants which 

are usually ignored. A study by Ward (31) of an eleven 

storey office building in Ottawa has shown that it is 

difficult to calculate the natural frequencies exactly 

and that the fundamental mode shape is close to a 

straight line about both the long and the short axes 

regardless of the presence of bracing shear walls. This 

would tend to show that bending effects do not predominate 

to the extent usually assumed in this type of structure and 

the assumption of a linear fundamental mode is the most 

reasonable regardless of the calculated shape. The 

values used for this study are taken from those calculated 

for a twenty-three storey concrete cored tower block 

(Reference 7) and as can be seen from figure 17 the bending 

effect predominates. However, the effect of using a linear 

mode shape instead has been investigated and the results are 

given in Table 4. 
)in I 
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It can be seen that the effect on the gust factor 

is neglible. 
• 

TABLE 4 • 

EFFECT OF STRAIGHT LINE MODE APPROXIMATION (B = 35m) 

Buildin~ Hei~ht (m) Gust Factor Gust Factor 
(Bending Mode) (Straight line 

25 ' 2 .998 3.005 

50 2.506 2.504 

75 2.279 2.275 

100 2. 141 2. 136 

Figure 18 shows the variation of the gust factor with 

fundamental frequency and that the gust factor is 

constant over a substa~tial range of the fundamental 

frequencies considered. This implies that so long as 

the gusts are sufficiently uncorrelated close to the 

resonant frequency, then dynamic magnification will be 

negligible.The interesting thing is that the structure 

has to be very flexible indeed before these effects 

become significant. 

For most design applications it is necessary to consider 

the effect of higher modes. This depends on the type of 

structure but for the cantilever building considered with 

natural frequencies generally in the range 1:6:17:34 

(characteristic of uniform cantilevers) and 1:3:5:7 

(shear frames) - the effect of the second and higher 

modes can be ignored. The form of the second mode 

admittance function is given in fig. 19. 

The effect on the gust factor can be found from :-

51 • I . .... . 
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1st ·Mode QI = 0.023 m 0'"1 = 0.007 m 

• 
2nd Mode Q2 = 0.0003 m 62 = 0.0001 m 

and G.F. = QI .+ Q2 · + { "'1 2 +. 
2 I 

g x d"2 

QI + Q2 

thus G.F. = 0.0227 + 3.75 x 0.00701 

G.F. = 2.162 c.f. 2.141 (Ist Mode only) 

Thus the increase in the gust factor resulting from 

considering the second mode in this case is less than 1%. 

Damping is another important consideration which cannot 

be assessed with any degree of accuracy. The following 

figures for the mechanical damping percentage critical 

damping in different types of structure are suggested 

by Davenport (6) : 

Concrete structures 

Steel structures 

1% 2% 

0.5%- 1% 

This mechanical damping is not only a function of the 

·material used but will also depend on the type of 

construction, intensity of excitation, joint rigidity 

and the foundations. 

At the same time, there is a degree of aerodynamic damping 

which will take place as a result of dissipation of energy 

through the induced force fluctuations in the airflow. 

An estimate of this effect has been made by Davenport (4) 

but this has not been fully supstantiated experimentally (7d). 

Figure 19shows the variation of the gust factor with 

increasing critical damping ratios •. It can be seen that 

the estimation of damping ratios becomes critical 

for tall flexible structures, but for normal buildings 

the effect is slight. 

52. / •••••• 
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6.5. THE STRUCTURE OF THE WIND WITH REFERENCE TO SITES IN SOUTH AFRICA 

'The wind structure fo~ a given location depends on the mean . . . . . . 
wind speed and.the surface.roughness co-efficient. 

Both these parameters are interrelated since the degree 

of roughness effects the mean speed at g~ound.lev~l. 

Thus, it may be unrealistic to take a mean wind speed 

as applying to a particular area regardless of the 

terrain. 

Unfortunately, although it may be possible to make an 

estimate of the roughness of the terrain for a particular 

site, it is usually difficult to assess~with accuracy 

its effect on the mean wind speed. 

Since the wind speeds relating to_ a particular city in 

South Africa are normally measured at airports which 

tend to be in open flat terrain, the mean wind speeds 

recorded are usually higher than those in the built-up 

areas and the gust speeds will be lower. 

The reverse is, however, true for Cape Town where, 

in the city centre, the funnelling and streamlining 

effects associated with the Table Mountain result in 

high mean speeds and intense gusting. 

Fig. 21 shows an anomometer trace taken in Table Bay 

Harbour on the 18th November 1973. It can be seen that, 

for that record,,the mean hourly wind speed was 23 metres 

per second and the extreme gust speed was 35 metres per 
' second. This is the maximum mean hourly wind speed for . 

that year and, from similar records, the 1974 maximum was 

22 metres per second. 

Unfortunately, prior to 1973, only maximum gust speeds 

were record~d by the South African Railways and Harbours 

and the anemometer traces are now unobtainable. It is 

difficult to draw any definite conclusions from just two 

statistics but calculating the return period as outlined 

in chapter 1 for each value from : 

53. I . .... . 
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Then, using these points, an extrapolated line has 

·been added to figure ·2 showing the increased mean speeds 
. ~ 

· in the harbour". This line is assllllled to have the same 

slope as the line for the mean wind speed at D.F. Malan 

Airport which seems a reaso.nable assumption to .make 

·since the structure of the wind is not.likely to have 

changed much in the ·ten kilometres or so between each 

location, From figure 2 the mean hourly wind and 

gust speeds for Table Bay Harbour can be read off as . 

27 and 41 metres per second respectively compared with 

20,1 and 33 metres ·per second at D.F. Malan Airport. 

It is interesting to note that the direction of the 

maximum mean hourly wind at' the Harbour was consistently 

South East and, at D;F. Malan Airport, this was the 

case on only two occasions in fourteen years. 

Where data is available, it is possible to estimate 

the relation between the two parameters from the difference 

between the maximum gust speed and the mean speed but 

this again depends on assumptions concerning the nature 

of the turbulence. 

If the maximum two second gust speed and the mean hourly 

wind speed are known for a particular site, then the 

standard deviation of the wind velocity fluctuations may 

be calculated from 

v2sc10). = v(lO) 3·3 °'1 C 3 5.) + 1 Eqn. • 

Although Equation 3.5 strictly only refers to an open 

country site c~ :0.1~), it seems reasonable to assume bhat 

the overall level of probability of occurence should not 

vary from site to site' since this would lead to an 

inconsistent approach. 

54. I . .... . 
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Therefore, Equation 3.5 is assumed to relate to ·all sites 

regardless of the wind regime. This assumption gives 
• figures for the intensity-of tutbulence at various sites iri 

South Africa which correspond roughly to those given in 

Table 2 for.· Davenport's _terrain roughness ~o-efficien~s, 

(Port Elizabeth is the only centre that falls into no specific 

category see Table 5.) 

F~om equation 3.3, an estimate of the terrain roughness 

can now be made 

= 2 •. 58 Ki v (10) 

The figures in Table 5 are based on wind speed data 

from various centres given in H. I.. May's study 

"Some wind speed data for estimating wind loads on 
' 

·structures in South Africa" (9). It should be noted - -

that all but one of those on the coast have.a surface 

roughness ~o-efficient corresponding to open grassland 

·which poiiifs to influence of the sea· on the wind 
' ' 

structure in coastal areas. 

The figures. for the inland centres also show a 

remarkable degree of uniformity of terrain. 
-, 

The significant fact -about Table 5 is t'hat' in .~o way 

can the standard deviations of the turbulent fluctuations 

be taken as independent of terrain roughness at the various 

sites. This runs directly contractictory to the findi~gs . ' 

of Davenport and Harri$ (7) for sites in the Northern 

Hemisphere. 

Predictably, as can be seen from Figure 22, the 

gust factor increases with the terrain roughness and 

this increase is most marked in the category applying 

to woodland, suburbs and small towns. It is this 

category that is most widely applicable in this country 

since the city centre areas are relatively small. 

55. I . ..... -
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6.6. COMPARISON WITH C.P. 3 CHAP. V : (1970) : 

In the conventional methods-as set out in C.P.•3: 

Chap. V : 1970 (2) and the Standard Building Regualtions {21) 

the calculation of wind pressures is' based on the maximum -

two second gust speed likely to be exceeded once in a given 

return period. Whereas, in the statistical approach, the 

maximum mean wind is used with a constant gust increment. 

Apart from the essential differences between the two 

approaches referred to in the introduction, there is an 

inherent unreliability in using gust speeds. Wind 

recording instruments have become more ·sensitive 

in recent years which has resulted in records being 

broken. At the same time inertial effects 

cause the instrument ·to "overshoot" and, whereas both these 

effects tend to cancel out as'far as mean speeds are 

concerned, they lead to cumulative positive errors in 

gust me~surements. Mean wind speeds are, therefore, 

a more consistent me~sure on which to base design. 

Based on the works.of Deacon (22) in Australia, it has been . 
found that the gust speed does not vary with height to 

the same exponent as the mean wind speed. 

Deacon found that the power law exponent was 0.16 for 

the mean hourly wind speed and 0.085 for the average 

maximum gust. It is possible to compare the two approaches 

using Deacon's power law indices for the variation of the 

respective speeds with height and the use of a constant 

gust.increment for the mean speed oniy. 

Thus, the two second gust ~p_eed may be expressed as 

A 

(assuming Harris's ratio of 1.6 for 'Ji~/V(io)) 

or, using 

" 
Equation 3.5 a : 

~25 :: ~ C•o)' [ C'rb')Cb"b + o · eoJ 

56. I . .... . 
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The two approaches have been plotted in fig. 23 and the 

constant gust increment results in velocities w~ich are 

about 5% gre~ter than the power index variation of 

0.085. 

Fig. · 24 shows the variation with height of both the 

mean wind speed using .Davenport's power law indices and 

the gust wind speed variation based on the indices given 

by the code for various different terrains (see Table 1). 

The Code, C.P. 3 : Chap. V : , also allows the_ profile to 

begin at the average roof height which reduces the 

maximum gust speed slightly. 

This, however, has not been done for the mean wind 

variation with height in this study. 

At this stage, in order to 16ok at the differences 

in response _between the statistical approach and the 

conventional method, a quasi-static gust factor is 

defined equal to the ratio of the maximum response 

(based on the gust speed) to the mean response. 

Now, for a· uniform rectangular building,·the moment 

at the base can be written : 

:::'- p. (D ( ~ B C,l) "! "'Z.. 
2 (• + ()() 

where B is the breadth 

CD. is the drag co-efficient 

VH is the velocity at top of the building 

H is the height 

and Cl( is the power law index. 

5 7. I . .... . 
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Taking, as before, the 23 storey office building with 

the following parameters 

H = 110 m, B = 35 m, CD= 1.4, N
0 

= 0.42 Hz 

and values for the wind structure from table 

Then, if, for C.P. 3, Chap. V, Table 3 the terrain 

around D.F. Malan Airport is taken as category 2, at. 

Jan Smuts Airport taken as category 3 and both are 

Class C structures, the response can be compared as 

follows :-
D.F. Malan Airport Jan Smuts Airport 

Velocity Gust 
factor 

1.64 2.21 

Mean Moment, M 
A 

Max. Moment, M 

4 
8. 

I. x 10 N.M. 
8 . 

2.05 x 10 N.M. 

(2s gust value) 2.25 ·x 108 N.M. 8 3.66 x 10 N.M. 

Quasi-static A 
Gust Factor, !! -M 1.61 
Statistical Gust Response 
Factor 
(see fig. 22) 1.84 

Davenport's Gust Response 
Factor 
(see reference 6 ) 1.96 

I. 78 

2.32 

2.'44 

The following observations can be made about this 

comparison 

(i) The quasi-static gust factor is significantly 

less than the statistical. This means that for 

a "once in fifty year" probability the maximum 

wind moment would be underestimated by between 

23 and 25 percent using C.P. 3 Chap. V. 

(ii) The quasi-static gust factor is approximately the 

same for both sites despite the difference in the 

velocity gust factors. Clearly, this is unrealistic. 
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(iii) A small error in estimating the maximum gust 

speed results in a large difference in the moment • 
• For example, assuming a:gust speed of 45 m/s 

instead of 43 m/s increases the maximum moment 

by 20% and the quasi-static gust factor to 1.9. 

(iv) It can be seen from fig. 22 that taking the 

terrain roughness as 0.025 instead of 0.02 at 

Jan Smuts, results in increasing the statistical 

gust factor to 2.47. 

This would be equivalent to assuming :-

or 

(v) Davenport's simplified gust factors have been 

calculated for comparison from Tables 4-8 in 

Reference 6. The discrepancy between the two 

figures results from using different coherence 

functions as can be seen in fig~ 25. 

It is to be expected (given the results in Table 4) 

that Dav~nport:•s method, which is base.d on a straight 

line mode shape for the fundamental mode, would 

yield cioseiy similar results. However, the 

correspondence can not be extended beyond the case 

of simple cantilever type structures. Davenport's 

method can, therefore, be used for this type of 

structure only and is not applicable where : 

(a) The shape or the stiffness of the structure 

alters with height. 

(b) The mode shape differs significantly from 

a straight line. 
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(c) Several modes contribute to the re~ponse. 

Finally, comparing the intensities of turbulence 

with intensities of response for the two sites. : 

Intensity of Turbulence 

"'1 /V(lO) 

Mean Response, Ql 

(Mode 1) 

Standard deviation 

of response : 

Intensity of response 

Max. Response, Qmax 

D.F. Malan 

0 .19 

0.014 m 

0.0031 m 

0.22 

0.025 m 

Jan Smuts 

0.37 

0.023 m 

0.0081 m 

0.35 

0.054 m 

It can be seen that the maximum response figures for 

identical buildings on the two sites with similar mean 

wind speeds differ .by a factor of two purely as a result 

of the nature of the surrounding terrain. 

These figures differ by roughly the same proportion as 
. I 

the intensities of turbulence which correspond approximately 

to the response intensities. 

6. 7. THE COHERENCE FUNCTIONS : 

The effect of using the different coherence functions given in Table 3 

for a llOm office building and a 220m concrete chimney shi.eld 
• • I has been investigated. The details of each are as follows :· 

110 m Office Building 

H = 110 m, B = 35 m 

V(lO) = 20.1 m/s, K = 0.015, oc: = 0.28 

Damping : 2% critical. 
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220 m Chimney Shield~ 

H = 220 m~ . B = 10 m 

V(lO) = 20.1 m/s, K = 0.015, 

Damping : 2% critical. 

• 
<X = 0.28 

It can be seen that significant differences can result 

from the choice of the coherence function and the 

effect on the response is given in Table 6. 

Using Davenport's coherence function which does not 

include a phase relationship results in a 8.5 and 16% 

respectively overestimation of the gust factor, for 

the two structures. (Assuming Shiotani's results 

to be more applicable) There is good agreement• 

however, between Shiotani 1 s value for anisotropic 
' 

turbulence and Vickery's value. 

The normalized admittance functions have been plotted 

for comparison in Fig. 25 (Office Building only). It 

may be seen that Vickery's coherence function becomes 

asymtotic to 0.882 instead of 1.00 for decreasing 

frequency. This is strange because it implies that 

correlation is not total, no matter how long the 

period of the gusts. Experiments on flat 

plates carried out by Bearman (7) confirm that the 

function must be asymtotic to· 1.00. 
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. TABLE 6 

COMPARISON OF COHERENCE FUNCTIONS. 

110 m High Office Building 

Shiotani Davenport Vickery 

Anisotropic Isotropic 

Standard Deviation .00704 0.00752 0.00802 .00707 

Extreme Distribution 
Factor, g 3.751 3.795 3.818 3.765 

Gust Response 
Factor 2. 141 2.233 2.325 2. 150 ' 
(1st Mode only) 

. Chimney Shield 

Standard Deviation .0139 0.0150 0.0179 0.0142 

Extreme Distribution 
Factor, g 3.714 3. 722 3.737 3.719 

Gust Response 
Factor 2.205 2.299 2.556 2.226 
(1st Mode only) 
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CHAPTER. 7 

• 
. SOME EXAMPLES OF THE STATISTICAL APPROACH 

The application of the s ta tis tic al approach t_o wind loading has 

. been illustrated using large bluff buildings whose size in relation 

to the gusts is an important consideration. 

They represent one end of the scale. At the other end, there 

are structures, inherently wind sensitive, but small enough~to be 

excited by a much larger range of gusts. 

The results of the.analyses of. three such structures are given 

in this chapter. Although very different, they have remarkably 

similar mode shapes and dynamic characteristics. 

All are steel structures as opposed to the concrete of the 

previous chapter and the natural frequency analyses (details of 

which will not be given) were undertaken using the standard lumped 
., . 

mass approximations. They. come from the writer's experience, 

were designed using static loadings, have been built and, in 

the absence of any reports to the contrary, are assumed to be 

functioning satisfactorily. 

For the purposes, of comparison, the mean moments, the maximum 

gust moments (based on C.P. 3 Chap. V) and the maximum expected. 

moment based on a 50 year return period using the statistical 

approach are given as well as the· spectral analysis· in each case. 

In addition, although further modes were considered, only the 

results for the first mode are given • 

. 7 ~ 1 • GROOTE SCHUUR HOSPITAL CHIMNEY 

Because of uncertainty over the na.ture of the wind structure 

in the area of the hospital, two different sets of wind 

parameters are considered and compared. 

62. / •••••• 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

..,.. 62 -

Wind Regime 1: 

Wind parameters for the nearby D.F. Malan Airport 

are assumed to apply and no adjustment is made to these 

parameters resulting from the inc~eased terrain roughness 

because of anticipated streamlining effects on the slopes 

of the mountain• 

The parameters are : 

-V(1a) ~ 2.o. VoA/s IC = o. c::ioS 

Wind Regime 2 : 

Because of the average building height in the hospital 

confines, a rougher terrain is assumed coupled with a 

lower mean speed. To be consistent, however, the 

maximum gust speed is kept the same. 

" Thus, assuming 'L ::: 2.· 2. (see Reference 7 a) then : -
v 
-- lS >M./S 

And 0( = 0. 28, 1( = 0. 015 

Details of the structure are given in Fig. 28 and the 

results listed in Tables 7 and 8. 

The drag co-efficient for the circular cross-section of the· 

chimney is taken from fig. 26 with a Reynold's number 

calculated from :-

69000 VD 

Thus = 0.35 

6 
= 1 .04 x 10 

63. I . .... . 
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Circular section·structures are prone to vortex shedding 

excitation and. this must be taken into account 'in the calculation 

of the maximum response. 

The critical vortex shedding frequencies for the structure 
~ 

can be found from :-

Vcrit l\J 5 ND (see Reference 7 Paper 5) 

(N is the natural frequency.and D th.e diameter). 

Thus v1crit = 5.72 m/s 

= 26,95 m/s. 

Following the method for calculating the amplitude of the 

vortex shedding oscillations in reference 7 (Example 3) : 

where M is the mass/ metre 

so tl}at CS = 16. 9 and fr pm fig. 2 7 the "R:iM. S. amplitude of the 

oscillation, Y}o = 0.01 •. 

The standard deviation of the displacement due to vortex 

shedding can be calculated from : 

Since the response is likely to be sinusoidal~ the maximum 

amplitude :j.s 

QVortex = 2 ~ x .0076 = Q.02 m 

So that the maximum displacement at the tip of the chimney 

is the vector sum of the along-wind and the across-wind 

components. 

Assuming only the first three modes are significant 

From Table 7, Qmax = 0.038 

Qtotal = y o.ol.'L +~O·O~~~· 
= 0.042 m 

or 42 nun 
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To calculate an ~pproximate gust response factor using 

Davenport's Figs. 4_.,.. 8 in .Reference.6: 
• 

g'C'~~~~ 
I 

g = 1 + and R = SF 
~-

where g is the peak factor from Fig. 4 = 4.2 

"(is the roughness factor from fig. 5, 

for Regime 1 , 1' = 0. 24 

for Reg_ime 2, < = . 0.42 

B 

s 
is 

is 

the background excitation from fig. 6 = 1.6 

the·size reduction from fig. 7 = 0.05 

F'.is 

and ~ is 

the gust energy ratio from fig. 8 = 0.15 

the percentage critical damping = 0.0076 

Therefore, for regime 

and for regime 2 : 

G = 1 + 4.2 x .24 

G = + 4.2 x .42 

1.6 +0.15 x .05 = 2.61 
Cb• oo-r6 

1.6 :t-Od5 x • = 2.82 
D·co7fo 

The second figure agrees well with that calculated by the 

programme if the difference in the coherence functions is 

borne in mind. The first figure is rather less than the 

programme value. This is because the _roughness co-efficient 

used is at the extreme end of the scale applicable to open 

country and Davenport's method does not allow this sort of 

variation. 

Nevertheless·, it is to be concluded that Davenport's 

gust factor method is a satisfactory approximation for this 

type of structure. 

A comparison of the moments in Tables 7 and S shows the maximum 

expected moment to be 47% and 26% higher than the maximum 

gust moments calculated from C.P. 3 Chap. V for regimes 1 · 

and 2 respectively. 

A general comment that can be made with regard to all of the 

results is the negligible effect of the second and higher modes. 
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7.2. LANTERN LIGHT STRUCTURE FOR ST. LUCIA BAY : 

• • This lattice support structure for a lantern light 

is made of aluminium •. The exposed nature of the site 

suggests a very low roughness co-efficient and the wind 

speed data for Durban taken from Reference 9 is assumed 

to be applicable. 

The details are given in Fig~29 and the results in 

Table .9. 

There is no significant difference in the maximum gust 

moments calculated from C.P. 3 Chap. V and the maximum 

expected moment based on the statistical method. 

The gust factor from Davenport's method is considerably 
' 

more inaccurate for this structure which illustrates the 

strict Hmitations of the simplified approach. 

i.3 132 KV TRANSMISSION LINE SUSPENSION TOWER 

The design of transmissi-0n line towers is a task usually 

only undertaken by specialists in this field. 

Designs are used many times over and are, therefore, very 

economical. As a result, the ElectricitySupply Commission 
' and most municipalities usually require that full scale 

structures be tested to either two and half or one and a 

half times the specified working load depending on the loading 

conditions. 

Few structural designers have the comfort of this sort of luxury 

and such tests provide.a unique opportunity to learn.from and 

refine designs. 

The trouble is that the specified loadings are of a highly 

arbitrary and irrational nature. They have been fixed from 

experience at what is regarded as economic level and without 

any regard to the ac_tual nature df the loads that will be 

acting on the structure. 
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Thus the designer is.playing a kind of structural 

blindman's buff and there seems little point in doing 

expensive tests to specified loads if these are 

not related to reality. 

Briefly, the towers are designed for a wind pressure of 

0.717 kPa on 1.5 times the exposed area and the power lines 

for the same pressure on 0.6 times their exposed area. 

Even assuming that these wind pressures are acceptable, 

the loads take insufficient account for drag and lift 

effects which if calculated from the Standard Building 

Regulations (21) or Cohen and. Perrin (23) ,could be nearly 

twice as high. 

It must be admitted, however, that normal methods will 

lead to an over-designed solution because of the size 

effect in relation to the length of the line span and 

the dimensions of the gusts. 

Clearly, a non~deterministic approach is required which 

will allow the horizontal correlation effects on the 

transmission lines to be quantified. 

In this example, the details of which are given in fig.30 

these horizontal correlation ef £ects have been taken 

into account by assuming that the mode shape of the 

transmission lines is a sine function and the total 

correlation for each frequency is the product of the 

vertical correlations on the tower and the horizontal' 

correlations on the lines. 

The resuits given in Table 10 show that the reduction 

allowed by the correlation effects on the lines· is not 

inconsiderable. A gust factor of 1.75 allows a 25% reduction 

on the gust moments calculated by C.P. 3 Chap. V. 

The gust factor of 2.3 for the lantern light gives some 

indication of what the result would have been, had the 

horizontal correlation effects not been taken into account. 
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The maximum moment at the base calculated using the 

ESCOM specification is. still; however, somewhat• 
'. 

lower than that found by the· statistical theory. 
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TABLE 7 CONTD. 

srECTF.AL VALUES - . t!ODE llUt13ER 

-------------------------------- • 
•f"R((;l}~_t~CY A[RO.AD_tiITTA:·JcE yf-L9C!!'L .. FORCE MECH.ADHITTAtlcE RESp_OusE 

------------------------------------------~-----------------------------

_,lOOJ-03 
.2000-03 

9 3G0~-03 
• 'fOOf;-03 

.soa~-03 

.600u-C3 

.700:.J-03 
• t.(10;:-;-03 

• 900:;-Q3 
• 1 QIJ1_,-02 
,llOw-Gl 
, 2!Ov-01 
' :s ! (J !~ - 0 1 
• lj l ,j (; - 0 1 
,s1ou-01 
• 6 ~ ~} ·-· - 0 1 
,710 •. -01 
• t. ~ r) ,_. - o 1 
• <;· l u .. -c 1 
.llOu+OO 
• l & o ._, +oo 
.:q1:.i .... +oo 
.'tlfJt.+LG 
.s10 . .-•iJu 
,'->IU::+oo 
• 7 J 0 _ .... GC• 

0 ulJ 0 ·+~0 

.91'.J •. +0(; 

.l.J)fJ+Jl 
• 12:.;:·;+u1 
.22J._,+Ql 
• .) 2 :j ;; + J 1 

• '• ~ :.t J +:) 1 
.s~.J 1•:11 
• o~;;,,+81 
• 7 lf· '·+Cl 1 
• I.' _".' rl: 'T J 1 
• 't;>.1.1-t-:J 1 
• 1 ·_!~ .• +02 
.112·.+J;' 

.999a+oo;. 

.9996+00 

.9993+00 

0 9991+00 
.9989+00 
.9967+0i) 

0 99r3l.f+OO 
~9982+00 
.9?Bo+ob 
,9978+00 
0 9757+uo 
• 95 111 +oo 
.9331+00 
• 9126·+ao 

0 C92b+OQ 
.8731+00 
0 uS'tt+OO 
,&356+00 
.a111+00 
.76'+9+oo 
• 039 :i+ilo 
0 531S+JQ 
• •tS l 9+00 
.3925+00 
.3'+75+oo 
.3131+JJ 
.2n6tt+:Jc 
.26~3+0fi 

• 2't87+.-ji.J 

0 2255+JJ 
.Hi'-f7+DO 
0 It13t+iJO 
0 !8Sy+JO 
.JA7:j+OQ· 
• 1G7 i; +;,; J 
• J [l 7 t~ + i) 0 
• 1A7 ti+ J .J 
• l 1i 7 h + J d 

0 tfi'la+Jll 
• l LJ 7 i; + : j u 

.'tO'tl-01 

.8081-01 

.1212+00 
-.1615+00 
.2.119+00 
.2122+00 
.282'1+i10 
.3226+00 
.3627+00 
.'I027+UO 
.31fl8+U1 
.3613+01 
.3336+01 
.2909+01 
.26Bo+Ol 
.2'+37+01 
.2232+01 
.2063+01 
.1921+01 
• 1706+1)1 
• 1 122+,)1 
,H67B+JO 
• 7 209+,iO 
,6236+JO 
,SS35+QO 

0 SJO~+C;O 
.'1583+00 
.Li2til+JO 
0 1956+00 
.3527+JO 
• 23"55+0J 
, 183't+QO 
.1530+00 
,1.327+on 
.118(J+;.10 
.lu6ti+JO 
.lJ796-:Jl 
'9 'J7 J-J 1 
0 tH70-Lil 
• 7 -~ s. f\ - ,-J 1 

·------------------------JM: I/, iCC STD.DEV G FACTOR 

,1587+03 
.317'++03 
.tt759+03 
.631f2:t-03 
t 792Lf+Q3' 
,9503+03 
·• 1108+U'f 
.1265+0't 
.1'+22+0'i 
.1579+0't 
.1222+05 
.1355+05 
.1223+05 
,1072+05 
.9'120+1)'1 
• 0 3 5 9 + iJlf 
,7'i92+0'f 
.6775+0'1 
,td73+0lf 
.s2b2+oq 
,2619+0'+ 
.1813+0"1 
.12so+oi; 
,'-1616+03 
,7559+03 
.6156+03 
.5157+03 
,l.J'i22+03 
.3866+03 
,3126+03 
.1709+03 
,1J2ci+o3/ 
,J11B+03 
.9771+02 
0 f.17us+o2 
• 786lf+O.?.. 
.7228+02 
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• h 2 1: 9 + [) ?. 
• t;87 1 +02 

.1000+01-

.1000+01 

.1ouu+o1 
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• 1000+01 
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,1000+01 
.1000+01 
.1000+01 
.9999+00 
,999t.+OO 
,9992+00 
,9985+00 
.9977+00 
.9967+00 
,9956+00 
.99'12+00 
.9927+00 
.• 969't+OO 

.901s+oo 
,9172+00 
.8575+00 
,78lfl+OO 
,699/+00 
.l,QS 1i+DO 
.sos1+00 
0 't03fi+OO 
.3o3s+oo 
.13q1+00 
.12so+o1 
,1231+02 
."158(!+02 
.1190+03 
.2536+03 
,lf76lf+03 
,B18<t+03 
.1315+0'+ 
.200cl+()q 
.29'ii+O'i 

If r: AM I~ [Sr 11 A X • RESP 0 l·l SE 

-------------------------------------------------------
,J19J-0~ ,565~-02 ,lf220+Jl ,1292-(Jl 

~UST FACTOP. = 2.AlfS 

-------------------
DAVENPORT'S APPROXIMATE GUST FACTOR= ·2.6J .. 

0 51.f86-07 
.1097-06 
.16lf5-06 
.2192-06 
,2738-06 
.328't-06 
.3829-06 
,"1372-06 
.'+915-06 
,S'f56-06 
,lf22't-05 
.4683-05 
,'i231-05 
,3709-05 
,3263-0S 
0 2398-0S 
,2601-05 
,2355-05 
,21't9-0S 
,183&-os 

-.1013-QS 
.6829-06 
.5159-06 
.'+238-06 
.3736-06 
,351'-t-06 
.352't-06 
.3785-06 
,'i'l01-06 
.aos7-o6 
.'i61'i-07 
0 3703-oa 
.6'f33-09 
,2038-09 
,1186-09 
,5719-10 
.3052-10 
.1759-10 
,1075-10 
.6898-11 
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2 1 '0 
2 't' 0 
27. :J 

TABLE 7 CONTD. 

MCAil MOMEl!T.GllST llQMCllT ttAX • MOllE:H 

------------------------------~---~' 

;3268+05 .6321+05 :9322+05 
• 26 1 b +.os • 'f979.+05 .75B'f+o5 
.2073+05 .3910+05 • 5983+05 
• 1 s1rn+os .2957+05 • 't'tBS+OS 
• I 1 'i b +OS .21~9+05 .3171+05 

.• 775't+9't .1'+31+05 .2104+05 
• 't7 I G+b't • [\ b 'f 0 + 0 1t .12'f5+05 
• 23ttu+O't • 1•3 55+0 If .6()9}+0'+ 
.BOlll.+03 • 1 '+ 6 1+0 '• .1979+0'+ 
, OJilO ,oooo .oooo 

~XIMUM RESPONSE (FIRST THREE MODES INCLUDED) 

= 0.038 m 
' 

GUST RESPONSE FACTOR (FlRST.THREE MODES INCLUDED) 

= 2.85 

• 
"" 

• 
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TABLE 8 CONTD. 

. s p E c T p A L v A Lu f. 5 -_ i I 0 DE I IU :·rn £ R 1 

-------------------------------- f 
f RE 11 U £;-.J_ C )' AC: R 0 • A D i·I 1 T T A 11 C E V CL 0 C I TY _ r 0 RC E 11 EC H • ADM I T T A I" CE RESPONSE 

---------------------------------------------~--------------------------
• 

,1oni:..-0J • <r997+ao .9091-01 .23tf5+03 .lOOLl+Ol .s10S-07 
• 2f)J.J-03 • 999't+•JO .lll18+JO .• q688+03 • lOOu+Ol ,1620-06 
• 3U0~;-03 .9Y91+0{J .2726+00 ,7028+03 .• 1000+01 .2'+29 .. 06 
''f i)iJ.J-03 • 998~+UO · • 3633+00 .. ,936Lf+03 ,lOOu+Ol ,3236-06 
'~QJ.~-03 ,9985+iJ..; ,lfS39+Jll .1170+0'+ ,lOOu+Ol ,'+0'+2-06 
! 6001_i-0.3 • 9 9 cl 2 + J ~) ' s ., q 3 + [)11 .,llf:J2+0'f .1oou+o1 .t.t8tf5-Q6 
, 7 ULl J;.~3 ,99~d+0ll 

' 
', l> 3 'f 6 + J i) • 163 't+ 0 '• 0 lfJOG+Ol ,56'H-06 

• u:,J.j-03 • 'i977+fJJ .72'fl>+UO .1865+0'+ • 1oou+_o1 .6Lf'f6-06 
''/1J.j1_-03 .997'l+OO .Rltf3+JO .2096+0'+ .1000+01 • ·12i+2-06 
• l g:J._;-02 ,9971+30 • 9038+(j;") .2325+0tf ,lOOu+Ol ,aOJ6-o6 

~11J~1-0l , 96E;'! +:Ju ,S933+Gl .1'+83+Q5· ,9999+00 ,512'!-0S' 
,2!0-..:-01 • 't'W()+OO ,5tJ03+01 ,1Lf08+05 ,9996+00 ,'1869-oS 

,:.s10J-01 ,9137+i.JU ,Su25+Jl .__...... 11 as+as ,9992+00 ,Lf097-os 
, 'I! n _,- iJ 1 • 88-77+iJJ ,'+3l>tl+Jl .1001+05 ,9905+00 ,3'f63-05 
.sp,i-Ol • 8625+\hJ -,31H1't+Ol jBS?9+oq ,9977+00 ,"2979-05 
,c..10,J-01 ,8362+:JJ .3'f7J+nt .~513+0'f ,9967+00 ,2605-0S 
• 7 l (l ., - 0 1 • 8 ·1 't ,~ + D J • 3 1 6 q + (J 1 • lb52+Q'f. ,9956+00 .2309.;.os 
.u1u.J•ul ,7922+ou ,2'11J+ul 0 5955+0'+ ,99'+2+00 .2010-os 
,'/11):_.-01 .770S+OO .27(J5+01 .?378+Ql! ,9927+00 ,1872-05 
• 1 ! 'j;_;+~ll ,731J+Ju • 239l.f+.j1 ,'1518+0'+ ,909'++00 ,1578-0S 
'~.:i . ..i~: +(;(J .567u+JO ,1567+,)1 ~2292+0tf ,9615+00 ,6237-06 
• J l fJ::;+GO , '1 S6'i +JD .1210+01 ,l't25+0'f ,9172+00 ,5369-06 

,<t10 .. +on ,381..;+uJ • l•Jl.JS+LJl .9077+03 ,8575+00 .39P.l-06 

0 !.l!G.;+Jll ,328S+.JJ ,d689+Q:J ,7365+03 ,78'11+00 ,32Lt6-06 
• (; ! J •J 1- 0 l1 • 2 9 1 1 + J ~i ,7713+00 ,5793+03 ,6992+0l) ,2863-06 
• 7 ! :::i .I+ U () • 2638+0(i. ,6-f7l+l)C ,47l!6+03 ,605'1+00 ,2709-06 
, t: 1 ;J _:+.;:JU ,2't37+•1!J ,b38S+JO .'f016+Q3 ,S057+0U ,27't~-06 
,'llGJ+JQ ,22Hl+JJ ,so.;os+uJ • 3Lf8t>+03 .'+03t3+00 .29a'+-06 
• 1 \~d : . +cl ,217.";+J;J ,5S12+iJO ,Ju9l+03 ,3035+UO ,3519-06 
• l ?J~,+Jt • 2u2 ·~ + 8 J .'+91'++00 ,2571+03 .13'+1+00 ,bb2b-06 
,2?u .. +Ol ,ltl6j+OJ .328.u+OO 0 JS75+03 .12ao+L11 ,'f251-07 
• ~;~:.,+a 1 ,139b+OU ,2sss+oJ ,J25Q+Q3 ,1231+02 ,35(J9-Q8 
,'t?fl ;+:Jl ,191.l+uo .2132+11~. ,1052+03 ,'f530+02 ,7937-09 
.s?,·1.,+01 ,19l'i+JO ,113't9+00 ,9133+02 .119o+CJ3 ,2653-09 

!"?·J·1+;.Ji ,lCJl<t+O;J , J 6't't+QO .a121+02 ~ 2'536+03 ,1106-09 
'7(.j,,+.J1 .l'll't+llJ .J'if!o+OO ,7350+02 • 'f76<t+03 .5332-10 
• l.i /•J ... + J l ,191tt+u'J .1Jl.5+0Q 0 67'fO+G2 ,Sl8't+03 ,2lPt6-10 

·,'17.tJ ..... +Jl • 1 'i 1 '1 + J ~;. .12tLl+OO ,62'f2+02 ,131S+O'f .16'10-10 
• 1 ·_1 2 . 1- ...! 2 ,19l'i+Q.., ellHll+OO .S827+02 ,200H+O'f ,1003-10 
.11...!.:+~2 ,l'il't+UJ. .11C9+JJ ,5+175+02 ,29'fl+D'! .6'+32-11 

------M OlJJ..L r>ESt->U!lSL Pi1il:i\'.l£TC.!S ! ... -- - -----·· - . -·· ···-- --

-------------------------
.... VAi;J ;<,;CE ... sTn.oEv G FACT('lf, t~[A:J RESP. t1AX • RESPOt~SE 

-------------------------------------------------------
,JJQ~-a~ ,SS6b-J2 ,q2os+a1 ,0532-02 

GUST fhCTJR = 3,7qq 

-----------------~-

·DAVENPORT'S APPROXIMATE GUST FACTOR = 2.82 
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TABLE 8 CONTD. 

L[V£L M[Atl. :1011E1H GllST flu:tEIH MAX. l!OHEfH 

------ --------------------~----~~---~----
. 
,o .212s+as .6355+05 • 8Q6•t+ 05 

3,o .17J5+QS .so12+os· .6615+05 
{.,, o. • 13.92+JS .393U+OS .5239+05 

- 9. (J .101J+os .29tiQ+US ~3938+05 

t 2' ll • 7869+~)'f. .2l'fb+iJS .2790+0S 
ls tJ - ' . 

.S3uo+J't • 1 'flt 3 + 0 ~. .1857+0S 
1u,o • 33L)/,+i)'t .8726+0lf .1101+os 
21,0 • l 6'/l +J't • 't396+0't . ,5397+0't 
2't' 0 .57S9+03 • l'i7b+O't .1756+0't 
27 0 I! .ociou .OLJGO .• uooo 

MAXIMUM RESPONSE (FIRST THREE MODES INCLUDED) 

= 0.0325 

GUST RESPONSE FACTOR (FIRST THREE MODES INCLUDED) 

= 3.75 
\' 

• 

• 

\ 
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WIND PARAMETERS 

V(IO) = 24.8 m/s,f;I.. = 0.16, k = 0.002 
/\. 

V = 38 m/s at IO•metres 

For calculation of Drag Co-efficients 
(See reference 23) 

c = 3.65 ~ 4.65 ~ 
D 

where ~ = solidity ratio 

= Projected area 

Enclosed Area 

.. . 

- -=-!11. . ~· j_ 

I 
• 

I 

I .. 

! 

! 

/ 

LANTERN LIGHT STRUCTURE FOR ST. LUCIA BAY 

FIG. 29 
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TABLE 9·CONTD. 

-------------------------------- • 
fP.LidJt::tJCY AERO.ADNITTAllCE VELOCITY fORCE ti EC H • A 0 M I T T A I~ C E RESPOt!SE 

----~-------------------------------------------------------------------

• 1 naa·-03 
.2u:Jo-03 
, 3Ci:Ju-03 

, '' o:Ju-03 
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• <'>11riu-03 
'71;.lJ-03 
• urr·:J:;-03 
• 'I [I ~l :..; - ~ 3 
.liJOU-02 
• 11 :J J-01 
! 21 (1u-01 
.~!IJ.J-Jl 
,'t!O!i-01 
,Sli.Ju-01 
~b!Oo-01 
.7111u-:Jl 
.l>1u0-0l 
• •qu;;-01 
• l l Ll,j+Jll 
.21:i;;+~o 

.J!Uu-f"~~ 

' •j· ! :; .j + ;) '.) 
• S 1 J,, +J8 
• (J ! ;1 j + c t.l 
.l1J .... +-J;) 
t L l ~j ·J + J Q 
.YJci.1t-JO 
,1_11 .• +::::1 
f l ~ U LI+~ l 
.2;;_1.J+Ul 
,J?(!j-+-iJl 

•• , '.? lJ u + u 1 
.~:?~1.i+Ol 

.o;.-:1:,+.:.1 
• ?'?'j.,+[; 1 
• :; :> -.i .) + G 1 
,'f?·.JL+iJl 
• J i_:2:,+C.2 
• l l 2 ·_, + 2 2 

,999a+oo 
.9996+00 
• CJ99't+lJJ 
,9993+JJ· 

0 999J+OO 
0 998'/+Ju 

,99ll7+.);J 
,9985+JJ 
0 99e"t+JIJ 
.99P.2+0J 
, 9bLILJ+Ou 
• 9i>22+J·i) 
.9't't7+8J 
, 927s+,J;:i 
• 91 Ol + ihJ 
• a 9 't 2 +Ju 
,li7Bu+Jll 
.B62l+UJ 
,B'ibi>+Ou 
.dl~u+OO 

• 6855+Jl) 
• 5 8 iJ 't + tl .] 
.'t97S+.Jd 
• "1322+.Ju 
• 3 8 0 't + ;) \J 

,339t..+JO 
• 3 05 6+ :J:; 
• 27C:!::J+JG 
• 2561 +i.JO 
.223't+t)d 
.l'H~7+iJC 

.12M'i+i)Li 
0 1226+uJ 
.1217+:)0 
• 12 2 '++;Ju 
• l 2 ..; 't + 1) Li 
• 1 2 ., l+ I) J 
• l 2~7+J,.J 
• 12 s ti+ J ,·j 

• 12sl+1 ,) 

-------------------------;;Tu.nEv 

• 2.10'1-u 1 
.'tUOR-01 
.6Jl2-Dl 
.Ulll'f-01 
.1Jn2+oa 
• 12C2+-00 
• 1'I0 1 +JO 
,loOl+IJO 
,1801+.JO 
• l•JOU+uO 
.1751+01 
• 2 2 1'I+LI1 
.2171+01 
• 2 UO 7 + [J 1 
.1R36+01 
.1683+()1 
.t552+Jl 
.l't'tl+~ll 

.13'to+Jl 
,1200+1.!l 
.79't7+~l0 
.6153+01) 
,511'++00 
.'t't2S+iJiJ 
.392b+Ur"l 
,3551+00 
.3lS3+0u 
, .LI 1 l.!+iJO 
• 2B0fi+l)0 
• 2 5 (j 't + ;) J 
.1672+01) 
.1302+00 
.1ualt+i.;iJ 
,9't22-Jl 
,tt379-01 
.758't-01 
.1~9S'l-J1 

ob't'tl-ul 
.6813-ill 
,5.-,'t'l-Jl 

,5077+0't 
.101s+os 
.1s22+os 
,2029+05 
.2535+05 
,30'tl+o5 
,35't6+Q5 
.LfOSI+(JS 
• 't 5 5 't +OS 
,5057+05 
• 1t3't7+0b 
.5397+06 
.5197+06 
• 117 16+06 
.'t23S+06 
.3812+06 
0 3'tSJ+06 
,31't8+06 
.2888+06 
,2't80+0t. 
,1360+06 
,90't0+QS 
• 6'Pf6+0S 
.ttstts+os 
0 37Ab+QS 
,3050+05 
,2519+05 
.21.;?'t+OS 
.1s22+os. 
,1'l17+ns 
.629b+O'f 
• 'f23 7+Q't 
.3375+0'1 
,2905+0'1 
0 259fl+O't 
,2371+0'1 
.21a9+CJ't 
.2036+Q'i 
• 190'++0'i 
• 1 7 9 1 + 0 ~+ 

~1000+01 
,1000:+01 
• 1 OOU+O_l 
.1000+01 
.1oou+u1 
,lOOLi+Ol 
,lOOu+Ol 
.1000+01 
.1oou+u1 
,1000+01 
,9998+00 
.9993+00 
,990'i+OO 
.997,2+00 
.9957+00 
,9939+00 

' 0 9917+fJO 
,9892+00 
.9P.6'f+OO 
.9BOl+UO 
.9~B'l+oo 
.8'175+00 
.7tt15+00 
.616'f+DO 
.'+796+00 

0 3-'fOS+OO 
0 209b+OO 
.9987-01 
,2'19'1-fll 
,3657-01 
,9001+01 
,557[J+02 
'18'f't+(J3 
.'t557+03 
.9't67+03 
.1751+0'f 
.2978+0'+ 
• q 7 5 'I+ 0 't 
.7222+0'1 
.1CJ5'f+05 

:[Aii F:ESP t:A;t,.RESPONSE 

-------------------------------------------------------
• J372-Dl ,1836+00 ,'tl67+Jl ,6215+00 . .1387+01 

GUST F~CTOR = 2.231 

-------------------
DAVENPORT'S APPROXIMATE GUST FACTOR= 2.8 

.,3976-0'f 

.7950-0't 

.1192-03 
,1589-03 
.1986-03 
.2382-03 
.2777-03 
,3172-03 
,3567-03 
.3961-03 
.3'f05-02 
,'1230-02 
.'1077-02 
.370'1-02 
,3331-02 
.300lf-02 
.2727-02 
,2'i93-CJ2 
.2293-02 
.1936-02 
,ll6't-02 
.8362-03 
.6809-03 
.6156-03 
,6182-03 
.7015-03 
.9'fJ5-0J 
.1665-02 
,5722-02 
,3035-02 
,5'178-05 
.5959-06 
.l'iJ'l-Ob 
,'t993-07 
,2150-07 
.1061-07 
,5757-08 
.3353-08 
.2065-US 
.1331-08 
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_LEVEL ------
. 
,o 

2 t 0 -­
'f '0 
b' 0 ... 

_u,o 
10,u 
J l , LJ 

l 't ' (l 

J 6' c; 
18 • .J, 
20' (J 

2 2 '{I 
2 't '(J 

26,u. 
21.:S f d 
3u.u 

. . 

MEAN MOMEllT GUST l~·Ot!El!T ti AX. MOMENT-

--------------------------~--------

.3695+06 .7961+06 .0355+06 

.32uS+06 ,6B'fS+06 .7532+06 

.2134'+06 .S787+0o. .6728+06 

.2295+06 ,<t817+06 ;s95't+o6 

.1896+06 .39'18+06 .5217+06 

.1S39+(Jb .3182+06 .'tSlb+Ob 
• 122'f +Gb .2'i13+Gl> ,38't7+Qb 
• 9 ttt3 't+05 .1935+06 .3210+06 
.712(J+OS ol'f'ttf+06 • 2607+0-6 

I 

.s11s+Js .1032+06 .2u'f2+06 

.3'tS6+US ,6991+05 .1526+06 

.2205+J5 • If 39 9+U5 .1069+Q6 

.1265+Q!:> .2s1o+os ,686a+os 

.6118+0't .t209+0S .3711+05 

.2119+J't • '• l 7 Lf + !) q .i293+Q!:> 
··-

• OOLlu .000~1 .nooo 

MAXIMUM RESPONSE (FIRST THREE MODES INCLUDED) 

= t.4 m 

GUST FACTOR (FIRST THREE MODES INCLUDED) 

= 2.3p 

. ' 
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WIND PARAMETERS 

i(IO) = 21.5, ~= 0.16, K = 0.005 

f\ 
V = 34 m/s at 10 metres 

- 0,3 0,4 ' 

182 KV TRANSMISSION LINE SUSPENSION TOWER 

FIG. 30 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

.... 
TA

B
LE

 
10

 

T
 tH

:: 
S

p
 E

C
 T

 ll
 A

L 
1\

: I
I\

 L
 f 

S 
IS

 
O

r 
13

2 
K

V
 

TR
A

N
SM

IS
SI

O
N

 
LI

N
E 

TO
W

ER
 

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

 

M
E

/H
I 

',J
I 

N
D

 
R

O
U

G
H

,·
JE

S
S

 
D

A
M

pI
IJ

c:
; 

P
0

1 iJ
E

R
' 

II
J
D

E
x
 

fU
M

O
eF

R
E

Q
 

,."
 __

__
 
---

-
_.

,. _
__

__
__

 
--

--
--

-·
 

---
---

---
---

----
----

----
-

?
.1

.5
0

0
 

.O
D

5
 

.0
6

0
 

• 
1 

6 
(l

 
1

.6
9

0
 

U
.:v

 F:
L 

nA
S

S
/M

 
D

I\
 A

G
 

C
O

E
F

F
 

(iH
EA

O
TH

 
M

O
D

E
 

SH
A

PE
 

G
A

t1
M

A
 

M
E 

A
tl.

 
S

p 
EE

O
 

G
U

S
T

 
Sp

E
E

O
 

--
--

-
--

--
--

---
--

---
--

--
--

--
----

--
---

-
--

--
-

---
--

---
-

----
--

---
-

. u 
1

u
s
.n

 
2

.s
o

o
 

,5
0

0
 

.o
oo

 
• 

O
u

O
 

.o
oo

 
,0

0
0

 
,0

0
0

 
,0

0
0

 
l
.
 l

 
lu

ll
,O

 
2

,s
n

o
 

.s
u

o
 

• 
0 

l 
u 

,U
u

8
 

11
-i,

. 7
't

9
 

3
0

,0
3

9
 

• 
1 
cs

' 
,c

oo
 

1 i
.
 2

 
9

5
. 

:J 
2 

• 
S

tJ
U

 
'.s

o
u

 
.0

2
0

 
,0

1
7

 
1 

8 
• 

7 
1 

't 
3

1
,8

6
2

 
• 

2
0

8
 

,0
0

0
 

. 
6

. 
J 

9 
:J

. 
1:i

 
2

,5
l)

l1
 

.s
uu

 
,0

5
0

 
• 

O
't 

6 
1

9
,9

6
8

' 
3

2
,9

7
9

 
,3

0
9

 
,0

0
0

 
-

.i
 •

 '
t 

.t
iO

. 
O

 
2

.1
u

o
 

• s
 (J

f)
 

,0
7

0
 

,0
7

't
· 

2
0

,9
0

9
 

3
3

,7
9

5
 

• 
't 

0 
7 

.o
oo

 
1u

.:
>

 
7

5
,0

 
2

,7
(1

0
 

.s
u

u
 

, 
1 

O
U

 
• 

1 
U

9 
2

1
,6

6
8

 
3

't
. 

't
't

3
 

,S
O

D
 

,o
oo

 
l 

;~
 •

 I.>
 

7~
1.
 0

 
2

.1
u

o
 

• s
uo

 
• 

1
3

0
 

• 
1

't
6

 
2

2
,3

1
C

' 
J
't

,9
8

0
 

,5
8

8
 

,o
op

 
l 

't
 •

 7
 

t.
5

, 
0 

2
.1

u
o

 
• 

S
U

IJ
 

• 
1

6
0

 
• 

1 
8 

't 
2

2
,8

6
7

 
3

5
. 

't 
't 

2 
,6

b
9

 
,0

0
0

 
l
6

,b
 

6
0

,0
 

2
. 

7
0

0
 

.s
ou

 
,1

9
0

 
,2

2
3

 
2

3
,3

6
1

 
3

5
,8

'1
6

 
,7

'+
3

' 
,0

0
0

 
1 
ti

. 
9 

6
S

,U
 

3
,2

U
O

 
• 

3U
O

 
.2

2
0

 
• 

1
8

 7
 

2
3

,a
o

s
 

3
6

,2
0

7
 

,8
0

9
 

,o
oo

· 
; 

! 
• 
u 

1 
't

u
n

. 
a 

3
, 

2
JO

 
• 

3 
(J

(J
 

• 
2 

so
. 

• :
n

 .I.» 
2

't
,l

1
0

 
3

6
,S

3
3

 
,8

6
6

 
1

2
s
1

.s
2

2
 

2 
3

. 
1 

6
5

,0
 

3
,2

iJ
O

 
.3

U
O

 
,3

5
U

 
,J

0
7

 
2

't
,S

8
2

 
3

6
,8

3
0

 
• 

9 
1 

't
 

1
2

5
7

,5
2

2
 

I
' 

l. 
?J

· 
1 
'+

oo
. u

 
3

,2
.J

O
 

, 
3D

O
 

.s
o

u
 

• 
'1

't
5

 
2

'f
,9

2
7

 
3

7
,1

0
3

 
,9

5
1

 
3

9
2

3
,6

6
6

 
';

!7
. 

3 
b

S
,O

 
3

,2
u

u
 

, 
.3

U
O

 
.s

so
 

• 
'f

 9
 6

 
.2

5
,2

't
8

 
3

7
,3

5
7

 
,9

7
8

 
3

9
2

3
,6

6
6

 
'l.

9 
••

 , 
l'

ti
J(

J,
0

 
3

,2
1

]0
 

,3
u

u
 

• 
7 

s 
fJ 

• 
6

8
't

 
2
s
.
~
c
+
9
 

3
7

,5
9

3
 

,9
9

5
 

8
1

2
5

,1
.0

3
 

3 
1 

• 
:i

 
2

1
u

.o
 

.3
. 

2 
l)

U
 

• 
3U

O
 

1
.0

0
0

 
• 

y 
2.

3 
2

.5
, 
H

3
3

 
3 

7 
• 

8 
1 

'f
 

1
.0

0
0

 
1

1
3

9
7

,6
5

6
 

• 
PR

O
JE

CT
ED

 A
RE

A
/M

ET
RE

 O
F 

H
EI

G
H

T.
 

• 



Univ
ers

ity
 of

 C
ap

e T
ow

n 

·, . 
TABLE 10 CONTD. 

• --------------------------------
FP.EouC•CY AERO. ADi·l I TTMICE VELOC I Ty FORCE hECH. ADM I.TT ld~CE RfSpOr;sE 

---~----------------~--------------------~----~-------------------------

~lQOv-03 
' . 

.o36o+ot,j .'t3LJ'i-Ol .6026+05 .1000+01 .1181-0S 
.2nou-03. .8296+0J .u6B7-ol .1i96+Q6 .1000+01 .23'i't-os 
, :H)U:J-(J3 .8233+00 .1.103+00 .1780+06 .1ooei+o1 ,3'+BB-os 
! 't::J•)IJ-03 0 817J+nfJ .1737+!')'1 .2355+06 .1000+01 0 'i615-0S 
• su:JiJ-03 0 6109+UlJ .217o+uo .• 2920+06 .1000+01 ,5723-05 
, bf)U•J-03 ,UO'i7+00 • 260't+J3 • 3't77+06 . .1000+01 0 6Al'l-US 
• 70l11j-OJ ,79b7+qo • 3:J36+ll0 • 'i02'1+06 .1ooa+o1 .7807-05 

0 uO:Ju-03 • "7927+uu .3'+69+J:J ,i+563+06 .1000+01 .89'i2-oS 
, 'in'JLl-0~ .7868+00 e 39Q0+L1Q .5093+06 .1000+01 . ,9980-0S 
'1 :J•Jd-02. 0 7Hlu+OO .'t33l+i)l) .5613+06 .1000+01 .1100-o't 
• 110!J-01 ,'t219+JQ .3559+Jl ,2'i91+07 ,9999+00 • lf883-0't 
, 2!•Ju-01 127'i7+Ji) .'tl8b+Ql .1909+07 ,9997+00 ,371f2-0'l 
,JlCilJ-01 .2oos+..1u .3?'f2+LJ1 ,1311+07 ,9993+00 ,2572-0'I 
• 't l J r_;-J 1 ,157't+OJ .3565+01 ,9313+06 .99Ba+oo , 1A27-0't 
• 5 l.; i; - 0 1 .12911+Ju ,3221+01 • 6 9 1f 1+06 ,99R2+00 .1363-0't 
~ 6 ! U ;.; - LI 1 ,lllJ+JJ ,2931+01 0 SLf00+06 ,997'i+O(J .1061-G't 
,7!Qu-Ol ,97't'f-01 ,2691+01 .'t351+06 , • 9965+00 .Bssa-os 
.tqoo-01 .8729-Jl .2'+91+01 ,3608+1)6 .• 99Sct+oo ,7103-0S 
• "1 ! t"l ·j-J 1 ,791f6-01 ,2321+()1 ,3061+06 ,99'l2+00 .o03't-o5 
~ 1 !•.J~+UG .bR7u-Jl .2Jb't+Ul ,2353+06 ,9915+00 ,'t6So-os 
• 21 u ~;+ uO • 't q 7 3 - ,) l .1360+ul ,1009+06 .969'i+OO .20'l1-'05 
,3! )\.,+QI,] .~S:J7-;Jl .1J52+Jl .6123+05 ,9338+00 .1285-0S 
• 'i ! r1 : i + 0 fl .2906-ul .87'll+OO .'+215+05 0 8RSB+OO .9326-06 
.s1:.1t.•uu ,2'+fiS-Jl ,7561+JO • 31 H3+0S .8262+00 ,7395-06 
.01.::·.+0r; .2175-Jl .6712+JU ,2'+22+05 .7565+00 .6276-06 
• 7 1 ;Jl, + u [1 ~1939-Ul , t.L)b7+J0 .1Y52+05 .6702+00 ,56'll-Ob 

0 I.; l I,} cl + U LJ ,175'{-01 ,5558+[]0 ,I61i:i+05 ,593't+OO ,53'i't-06 
, '11 ~/1i+ O(! ,16G7-Jl ,Sllf3+DJ ,1371+05 0 50't3+00 ,5329-0i:i 
,lGl;1+01 ,l'fB6-Jl ,'t79U+JO ,11'33+05 • 't 1 3 't+fJO • so 1 o-ob· 
, I? ::-1u +a I .1311-01 • 't 27 7+00 ,9303+0'f ,2't6(J+00 ,7'111-06 
• ~ ~· ;j :i + iJ l ,91'tS-D2 .2'356+0J , 't3J't+D"I • 'tfl31 +00 ,1758-06 
.... "J,,J.J+JJ .dl91-G2 .2225+;,)U • 3 o 2 '' .+ a '+ ,6685+01 ,B86't-08 
,'t?·J,1+01 .oo25-:J2 ,l!:i56+QO ,2't7l+O'f .268(J+02 ,1808-08 
• ~? u ,_, + c r .uoe2-u2 .l6lO+:J(l ,2159+Q't ,7170+02 ,5900-09 
' (,?•Jc j + ij J .1.117J-J2 .1'+31+0::.J • 1 9 'f 1 + I) If .JS52+03 0 2't5U-09 
• 7? .J .]+ iJ l .o231;..J2 .1296+UO • 177w+o 1+ ,29't2+03 ,1179-09 
.t.~'.J,'.+Jt ,U26£-'J2 • l 1 f)f1+ Qt) ,1629+0't .SOB2+03 .6281-10 
! 'I /. .... ii + ;J l • ~; 2 7 'i - J .2 .1100+(,)J .1511+0"1 .a2oa+o3 ,3611-10 
• 1 : . 2 ,_! + :.; 2 • 1: 27 7 - 'J 2 • 1 :;27+JJ .1'+1l+u'I ,1255+0'i ,2203-10 
• l 1;,,: :1+u2 • 

1
.' 2 7 7 - lJ 2 • 9 6 s 1 - ;J 1 -' • 132 l) + 0, .1 l:i't2+0'f .11t10-10 

IUuAL i-.ES,·u~;SE p Id~ A , IE T En 5 : 

·------------------------
• Ar: 1 ,, i, c E sTD.Dlv G F ACTOf; .iEAiJ P.ESf' llAXoRE5PONSE 

·------------------------------------------------------
• 1 1! 9 '' - J .j • 1 2 2 2 - J l • 'i J '} 3 + ,) 1 .1189+00, -· 

GUST FACTOR= 1.711 

-------------------
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• {j 

- ... -· 2' .1. ·--~ 
'i 2 . , 

-· .. 6. 3 
- u t '+ 
iu,5 
.2,6 
1 ,, '7 
! 6' ;:. 

l u t 'l 

21,u 
23,1 
i!:j, 2 
?7;3 
29,tt 
31. 5 

TABLE 10 CONTD. 

!:~EAi-i IWi·IE:JT GUST MOMEliT ·MAX .r:oMF:IH .. - - . . . -----------------------------------
.7065+06 .1572+07~ .1361+07-« 

.. -· ~· • ~ 'f_2 ~-t·~-~ ---· -- .• ! ~ _2 ~-~ Q. ?. .. - . • ~251+07 
• ~79 2·+06 ·1283+07 .11'+2+07 
• s 171 +.06 • J l 't 3 +07 _:,·103'f+O? 
.i+St.5+06 .1006+07 .9269+06 
.397't+Q6. .07't3+06 .8213+06 
• 3'hJO+uo .7'f6!.i+Ot> .7171+06 
• 28 •15+Jn .h232+06 .bl'tS+Ob 
.23i.JG+On ' • SC'tS+Do .5135+06 
~17f./2+Ub .J90S+Ob .'tl'f3+06 
,129U+U6 .2799+06 .3162+06 
• 9091 +~1~ .1968+06 .22'fl+0_6 
• S 1UB+u5 .1112+16 .1339+06 
,3067+;'J5 ,66u1+0S .7371+05 
.B6Ui+U't .t8'+'f+OS .1619+05 
,(JOQQ .~ooo .oooo 

• MAXIMUM BASE MOMENT CALCULATED USING ESCOM SPECIFICATION 

· = 1.02 x 106 N.M. 

MAXIMUM RESPONSE (FIRST THREE MODES INCLUDED) 

=0.118m 

MAXIMUM GUST FACTOR (FIRST THREE MODES INCLUDED) 

= .1. 75 
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CHAPTER 8 

• THE OVERALL WIND LOADING PROBLEM. 

No study of this nature would be complete without a 

discussion of the overall problem of wind l~ading and some of 

the difficulties involved in the formulation of a consistent 

and realistic approach to the design of structures subjected 

to wind excitation. 

R.A. Waller in his paper "Design Techniques for Practical Wind 

Problems" (25) suggests the sort of errors that may arise in 

the estimation of wind-induced stresses and the confidence that 

can therefore be put into the various aspects of wind load 

calculations : 

Static 

Gusting 

Vortex·Shedding 

Errors in Stress Estimation ( %)· 

Wind 
Velocity 

50 

100 

50 

Pressure 
Co-efficients 

20 

100 

200 

Structural 
Model 

20 

20 

25 

Computational 
Model 

10 

25 

10 

Although questionable, these figures illustrate the areas where 

most uncertainty lies and that the degree computational sophistica.tion 

is of minor significance. The assumption', for example, that 

mean wind speed at D.F. Malan Airport applies to the Cape Town docks 

would result in approximately a 50% underestimate in the maximum 

mean stress. 

There is clearly a danger in extrapolating wind speed data from 

one location to another. The maximum wind velocity at ten metres 

for a given site depends on the roughness of the surrounding terrain, 

the topography and the gradfent wind velocity. The most rational 

way of finding a design wind speed would be to base it on the 

maximum gradient wind velocity (not the extrapolated gradient wind 

velocities as given in reference 9 ). Unfortunately, measurements 

of the gradient wind are seldom if ever available on a consistent 

69. I ... .. . 
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statistical basis. Another alternative, is. the development 

of short term survey techniques to ~eas~~e wind.effectA at a 

particular site and the evolution o~ the necessary statistical 

ma~hiner~.to relate these to longer return periods. 

B. I. WIND PARAMETERS AND C .P. 3 :' CHAPTER V : PART 2 : 1970 

There is a considerable body of opinion within the 

profession in Britain which-feels that the latest wind 

code is based to a considerable degree on extrapolated 

data which results in unreasonably high design values. 

The adequacy of this code has been discussed in a number of 

publications (7,26) and the arguments for and.against· 

run roughly as follows : 

The critics maintain that the revised code is 
' based on extrapolated data. 

results in excessive wind loads compared with 

the 1952 code and is thus both uneconomic and 

unrealistic particularly for low-rise structures. 

is too.:complex to apply. 

gives little guidance on complex wind-sensitive 

structures while being too stringent for. standard 

designs. 

Few, if any, cases occur where a structure fails through 

insufficient account h~ving been taken of wind. 

there is inadequate research into the effect of 

these high winds on the maximum response. 

The proponents of this code reply that it is 

based on the latest research and that wind damage 

occurs in Brit~in, particulatly to cladding costing 

£7 m per annum.· 

the wind speeds in the code can occur and structures 

based on the 1952 code do not fail because of 

redundants which were not taken into account in the 

original design. However, this may not now be the 

case as structures become more sophisticated. 

70. I .. ... . 
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Clearly, much research is required before these conflicts 

are resolved but it does seem that, with the greater 
. 41 

confidence a gust factor approach gives in the prediction 

of response, it will be possible to use a reduced safety 

mar.gin for the effects. of extreme winds. In order to do 

this, however, it will be necessary to predict the 

behaviour of structures in the non-linear range. 

8.2. NON-LINEAR NON-DETERMINISTIC RESPONSE : 

Implicit in the formulation outlined so far is the 

assumption of linearity. However, when considering the 

response to extremes with such low probabilities of 

occurrence it is unrealistic to use. a _''first-passage" 

approach. Certainly, to limit the response to the elastic 

range would be uneconomic but the problems of predicting 

the response using a frequency approach when some plastic 

deformation or cracking has occurred are formidable, 

Hudson in his paper "Dynamic Properties of Full-Scale 

Structures Determined from Natural Excitations" (21) refers 

to a building in Peru for which the natural periods of 

vibrat1on had been measured before and after an earthquake 

and it was found that the fundamental period had changed 

from 0.38 to 1.2 seconds as a result of cracking, plastic 

deformation and other non-linear effects. It was concluded 

that simple low-level wind excitation tests to measure the 

vibration characteristics (which show good correlation with 

calculated values) have limited applicability because of 

significant structural alterations take place under high . 
load conditions. 

At the same time, it.has been .shown (28) that as the 

intensity of the excitation increases the response is more 

complex. 

Sub-dominant modes are increasingly prominent and the 

non-linear damping due to hysteresis effects in the 

stress/strain relationship becomes significant. 

7 1 • I . .... . 
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With yielding, the non-linear damping tends to increase 

because of the targe increase in energy absorption and this 

gives an additional, unquantifiable safety factor. 

Modal analysis is not particularly well suited to the 

non-linear, non-deterministic solutio.ns because of the 

need to find the natural modes and frequencies initially. 

A possible solution technique might be to use the direct 

method as described by K.N. Randa (30) with an equivalent 

linearization (31) for the non-linear relationship. 

Some work (29) has been done on the accumulation of 

plastic deformation in simple _structures using step-by-s~ep 

numerical simulation techniques. 

This study concludes that a -ductile_ stru~ture has 

significantly greater margin of safety against wind action 

than a brittle structure with the same elastic strength. 

However, there is an increased risk that, for such structures, 

some permanent deformation may contribute to the damage of 

the cladding, etc. It is suggested that a nett load factor 

of 1.45 on the maximum gust effect can be used. This 

seems to mean an increase on the conventional wind load 

factor (1.4). 

In general, however, although the theoretical framework 

exists (32) for the practical solution of non-linear 

problems on the probabalistic basis, the field remains 

largely untackled. 

Finally, as has already been, mentioned, failure is likely 

to occur as a result of low cycle fatigue or cumulativ,e plastic 

damage and these phenomena in themselves are not adequately 

understood at the present. 

8.3. PRESSURE CO-EFFICIENTS : 

Another field of uncertainty in the overall· wind load 

problem is the determination of pressure co-efficients. 

72 .·/ •••••• 
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There have been many studies to determine the drag 

·co-efficients for various shapes in wind tunnels• but there 

is evidence to show (26) that drag ·co-efficients determined 

from model studies are not the same as those obtained from 

full-scale research. Also, drag co-efficients in turbulen.t 

flow are higher than those measured in steady flow and 

these effects, together with those associated with the 

inertial mass co-efficient, CM' and higher order terms 

in the formulation ·of fluctuating drag are usually ignored. 

It is well known that structures themselves alter the nature 

of the flow in their vicinity and that many of the results 

applied to bluff buildings are taken from measurements 

in a free wind stream. 

For this, reason more conf~dence can be placed in the 

pressure co-efficients determined for light lattice structures 

because the windstream disturbance is minimal. 

For bluff structures, further full-scale research is 

required. Tentative results from studies made by 

Mackey (26) in Hong Kong on an instrumented, experimental 

building have shown that it responds to face-on winds at 

its natural frequency of about I HZ and also at a frequency 

of one seventh of this value. This is thought to be due 

to the presence of a cushion of stagnant air ahead of the 

building vibrating with its own natural frequency and 

"bleeding-off" into the wake around the sides. This research 

has also investigated the use of small-bore pipes on the face : 

to bleed off high pressure areas into the suction wake. 

· 8.4. VORTEX SHEDDING AND OTHER FORMS OF AERObYNAMIC INSTABILITY 

Having studiously avoided the difficulties of vibration 

out of the plane of the wind so far, it is necessary to 

mention them in this overall view of the problem. 

In general the susceptability to vortex shedding and other 

forms of instability depends on the shape of the structure, 

its natural frequency and, more particularly, the Reynold's 

. number for the flow concerned. 
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Indications are that when the vortex shedding frequency, 

which depends on these factors, approaches the fundamental • 
frequency of the structure, there is a tendency to lock 

onto. this frequency. ·This results in the amplitude of 

the·response due to the component of the fluctuating 

force (lift component) out of the plane of the wind 

considerably exceeding the along-wind response. This 

is because the turbulent intensity of the fluctuating 

force is low at the natural frequency resulting in the 

sinusoida.l fluctuations of the lift fo.rce dominating the 

response. The total effec.t can be formulated as a random 

process in a similar manner to the along-wind component 

but the necessary aerodynamic functions are very difficult 

to determine experimentally (see references 7c and 33). 
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CHAPTER 9 

• 
CONCLUSIONS. 

In this study, a brief summary of the nature of wind and the 

theoretical background of the statistical approach to wind 

loading has been given. A wide range of examples have been 

looked at and the overall problem of wind loading discussed. 

In a study of this nature, no definitive conclusions can be 

drawn. The basis, although as wide as possible, is still too 

natrow for general co.nclusions and too>_broad for specific 

conclusions. The best that can be offered is a few pointers to 
be added along the road to a more consistent approach to wind 

loading. These fall into three categories. 
'· 

9.1. THE SPECIFIC EXAMINATION OF THE STATISTICAL APPROACH 

9.1.1.The variation of the gust response factor and the 

normalised admittance functions with size for a bluff 

building has been shown. For the range of sizes 

chosen the gust factor varied from 3.6 for a 25 m high 

by 10 m wide building to 2.2 for one which is 110 m high 

by 35 m wide. These sizes cover a comprehensive range of 

buildings, since the wind parameters taken apply generally 

to most urban centres in South Africa, fig. 12 can be used as 

a rough guide as to the size of the gust factor for most 

bluff buildings in the country. 

9.1<2.The straight line mode was shown to be an excellent 

approximation for the fundamental mode shape in the examples 

chosen. This confirms the efficacy of Davenport's gust 

factor approach as set out in reference 6. 

Dynamic effects only become significant in the calculation 

of the gust factor for cantilever-type, prismatic structures 

with fundamental frequencies below 0.5 HZ. 

75. I ... .. . 
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For this type of structure and.all the examples given 

the effect of higher modes was neligible. 

Damping was not a very significant factor for the normal 

range of relatively stiff structures considered. 

9. 1. 3. The choice of a coherence functi~n may make a significant 

difference to the gust factor but more research is required 

to establish which function if any, is actually applicable 

to the more temperate wind conditions in this country. 

9.1.4.The examples ~f steel structures show Davenport's gust 

factor method to have a strictly limited applicability. In 

cases where it was clearly applicable, good agreement 

was found with the computed values for the gust factor. 

The maximum moments given by the statistical approach did 

not differ substantially fro~ those calculated from 

maximum gust speeds based on C.P. 3 Chap. V. 

9.2. WIND PARAMETERS WITH REFERENCE TO SOUTH AFRICA 

9.2.1.There is a danger in assuming a set of wind data is 

generally applicable and extrapolating limited information. 

9.2.2.The Davenport/Harris assumption that the standard deviation of 

the wind fluctuations is invariant with terrain roughness 

does not apply to South Africa. 

9.2.3.For the statistical approach to be used with confidence 

in this country more wind speed data is needed and, in 

particular, short term measuring techniques must be 

developed which can then be related to the overall wind 

data to allow the wind parameters to be estimated for a 

particular site. 

In the meantime, however, the statistical method allows 

structural response to be predicted with more confidence, 

not only because gust correlation and dynamic effects are 

76. I . .... . 
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taken into account, but, because even with reasonably 

arbitrary wind p~rameters, this. response can be ielated 

to a specific probability of occurrence of the extreme 

wind values. 

9.3. THE OVERALL WIND PROBLEM 

Clearly, much more research is required but it seems 

probable that a gust factor approach cqupled with 

adjustable risk ·factors in assessing overall structural 

safety will ultimately lead to a more consistent approach 

to the pr9blem of wind loading. 

77. I . .... . 
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APPENDIX·B·-:-·nYNWIND ·INPUT 

~ 

·The ~nput required is common to all the DYNWIND programmes except 

DYNWIND/TOWER which requires two extra terms. 

Line 1 

Line 2 

Line 3 

KEY 

Repeat 

IH times 

Repeat 

NO times { 

VlO, GUST, RlC, DEL, ALPH, GALPH, IB, IH, RD, NO, ICOR, TRANS~ 
(Repeated IH times). 

AM, CD, B, H, ATR .. 
(Repeated NO times). 

RN, UM (1-.IH) 

VlO 

GUST 

RlC 

DEL 

ALPH 

GAL PH 

IB 

IH 

RD 

NO 

ICOR. 

AM 

CD 

B 

H 

Mean wind speed for the site at 10 metres 

Gust wind speed at 10 metres 

Roughness co-efficient 

Logarthmic decrement ~or dampi.ng 

Power law index for mean wind speed. 

Power law index for gust wind speed. 

Required number of horizontal divisions for 
coherence fuhction. 

Required number of vertical divisions (must correspon· 
to the modal ordinates). 

Density of air 

Number of natural modes to be considered. 

Correlation function required 

ICOR = 1 Shiotani (Anisotropic turbulence). 

ICOR = 2 Shiotani (Isotropic turbulence). 

ICOR = 3 Davenport (modified). 

ICOR = 4 Vickery 

Mass· per metre at level H 

Drag co-efficient at level H 

Breadth or area per metre for lattice structures 
at level H 

Level in metres .measured from the base. 

FN Natural Frequency for the mode considered. 

UM (1.,.IH)- Modal ordinates at each level. 
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J1f( 

For DYNWIND/TOWER only 

TRANS 

/ 

ATR 

Power line span in metres 

Exposed area of power line at level H. . 
(This should contain the drag co-efficient 

. for a suspended cable for the wind blowing 
transv~rsely onto the cables. · 

i.e. ATR =TRANS x cable diameter X· 
»rag co-efficient.) 
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APPENDIX c - PROGRAMME LrsrrNGS - DYNWIND/BUILDING 

DIMffJSION A'v1C25) 1CDC25> 113C25") 1HC25) ,"uMC?.5) 1GC25) 1VC25)d~R02C40~l), 
lHO(t+QQ) 1SVC40 1l) •SPC400), ....:A2(L~00) 1SOC40(l) rHSC2~) 1HR<25r25) rGAC2S>, 
2FL 1JTC25) dBUFC200U) 1VGC25>' . 
3 Vili0(25) •GMOC25> ,v;-~.":C25) 113f.TAC25) rSOEC5) rGVTC5) 

CALL PLOTSCIBU~12000r17). 
10=8. 

IOUT=S 
GSD=O. 
GME=O. 

• • 

CALL AX!S(-5.,Q.,13HLOG.FREOUENCY1.-13,6.,b.,-S.,li) 
CALL AXIS(,-5. ,o. ,lOHADMITfANCE,+1015. ,90. 10. 10.25) 
REAO(I0110~ Vl01GUST1RK1DfL1ALPH1GALPH1IB~IH1RD1N01ICOR 
0021::::1,rH 
UETA(Il=O. 

2 HEAO(I0110) AMC!) 1CD(!) 18CI) 1H<I> 
DO 160 NOl-J=l 1NO 

3 REAO(I0110) FN1CUMCI)1I=l1IH) 
DO 160 rc=i•ICOR 
\i.J R I TE ( I 0 UT ' 2 0 1 ) 

201 FORMAT C 1Hb' 
c '*' )//) 

THE SPECTRAL ANALYSIS OF 'r/6X160( 

WRITECIOUT117) V!O,RK,DEL1ALPH1FN 
17 FORMAT<' --MEAN \'IIND ROUGHNES:-, DAMPING PO:·"IER HJDEX FUND.FREQ 'I 

1 '----- ---- --------- ------- ----- ----- ---------•/ 
2 5F10.3/) 

WRITE CIOUT1l8) 
1 S FORMAT ( ' LEVEL MAS'j/M DRAG, COEFF BREADTH 

lMA MEAN SPEED GUST SPEfD•/t -----
2-- ---- ----- ----- ---- ----- ---- ---~-') 

DO 20 IL=l1IH 
VGCILl=(HCll)/10.)**GALPH*GUST 
VCILl=CHCILl/10.)**ALPH *VlO 
GCIL)= VCIL>*BCIL)* CDCIL)* UMCIL)/B(l)/CDCl)/VlO 

MODE SHAPE 

l//R I TE ( I OUT' 16) H ( IL) , AM ( IL) , CD ( IL) , BC I l) 'UM ( IL) , G C IL) , V ( IL) 
l1VGCIL) 

16 FORMATC2CF8.112X)16F10.3 
20 GACIL>=GCIL)/VlO*VCIL> 

Xl =O 
x2=0 
X-3=0. 
Yl=O. 
Y2=0 
Y3=0. 
UH=<B<l>+BCIHll/2/IB 

. DH=H<IH)/(IH-1) 
NH=If-f-2 
DO 30 IL=21NH12 
X3=X3+GACIL)*4• 
X2=X2+4*G(ll)*GCIL). 

30 Xl=Xl+ 4* GCIL> 
MOH =IH-1 
DO 40 IL =31NOH12 
Y3=Y3+GACILl*2• 
Y2=Y2+2*GCIL>*GCIL> 

40 Yl= Yl + 2 * GCIL> 
H2:(GC1)*G(l)+X2+Y2+GCIH>*GCIH) )*DH*0.33333333 
Hl = CGCl> +Xl +Yl +GCIH>>* DH*0.3333333333 

GAl\'1 
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- - . -- - - .. - w. .• - - . ·-
H 3 = (GA< U +X3+'f3+GA < IHl J *DH*O. 333333-3333.3 
HE=Hl**2/H2 

'.'t Xl::O .. 

. PJA=RD*B(l)*CDCl)*VlO· *VlO*Hl/2 
.PME=PJA/Hl*H3 

Yl=O 
00 50 lL =2rNHr2 

50 Xl=Xl + UM<IL)*UMCIL>*AM<IL) 
DO 60 IL =3rNOHr2 

• • 

60 Yl=Yl + UMCILl~UMCIL)*AMCIL) . 
GK=<UM(l)*UM(l)*AMC1J+4*X1+2*Yl+UMCtH>*UMCIH>*AMCIH))*DH*0•~3333 
GK=GK*(2.*3.142*FN)**2 
WRITECIOUTr14) NON 
RN=0.00000 
TN=·. 00001 
GO=O. 
QGS=O. · . 
CALL PLOT(O.OrO~Or-3) 
DO 100 N=lr400 
IFCN.GT.100) TN=O.pOl 
IF<N.~T.199) TN=0.01 
IF C N. GT. 299) Tl-J=O .1 
RN=RN+TN 
IX=O 
DO 97 K=lrIB 
J::O 
IHJ=IH-J 

72 bo 78 I=lrIHJ 
IJ:;:I+J 
GO T0(71r73r76r75)r!C 

76 HD=C<J*DH)**2+C2*IX*BH>**2)~*0.5 
rlRCIJ r!)=GCIJ >*GCI)*EXPC- HD*8•*RN/C0.5*(VC!J)+VC!)))) 
HRCir!J)=HRCIJr!) 
GO TO 78 

73 A=l.27 
0=1.27 
c=o 
GO TO 77 

71 A=3.82 
D=l.27 
c=o.a 

77 RMN=C<J*DH>*~2+CIX*~H>**2>**0.5 
TMN=l.57079-ATANCIX*BH/J/DH) 
CONS=CCD*COSCTMN))**2+CA*SINCTMN>>**2)**0•5 
EN=Rf\1*2•*3.142 
HRCIJ rI)=GCIJ >*GCI>*EXPC-A*D*EN*RMN/VlO/CONS>*COSCC*EN*R~-J/ViO> 
HRCirIJ >=HRCIJ rl) 
GO TO 78 

75 AL1=151.2*CVCIJ)+VCI)J/2./V10 
RAB=C<J*DH>*~2+CIX*GH)*~2)*·;·o.5 
THE:RAB/AL1*Cl+C6.2832*RN*AL1/Vl0)*·~2>**0~5 
HR(IJrl):G(!J)*GCI>*EXPC~l.1936*THE)*COSC0.7*THE) 
HR<I•IJ>=HRCIJrI) 

78 CONTINUE 
IFCJ-IH> 79r79r82 

79 J=J+l 
IHJ=IH-J 
GO TO 72 

82 HSUM=O. . 
DO 85 I=lrIH 

. , 
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HX=O 
HY=O 
DO 83 J=2rNHr2 

83 HX=HX+HRCirJ) 
DO 84 J=3rNOHr2 

84 HY=HY+HR(!rJ) 

I. 
, . . . 

85 HS<I>=CHR(!rl)+4*HX+Z*Hf+HR(!rIHll*DH*0.3333333 
HX=O 

.·HY=O 
DO 87 !=2• NHr 2 ·· 

87 HX=HX+HS(!) 
DO 88 I=3rNOHr2 

88 HY=HY+HS(I) . 
HR02CK >=CHSC1)+4*HX+2*HY+HS(!lil)*DH*0·33333333 

97 IX=IX+l 
IT=l 
IK=O 
RO(N)=O 
DO 98 KN=lrIB 
ROCNJ=RO(N)+HR02(KN)*(IT*CIB-IK)) 
IT=2. 

98 IK=IK+l 
RO(N) - --RO (N) /Hl ** 2/IB/IB 

AN = RN * 1800./ VlO 
86 SV(N) = 4.*RK*VlO* VlO * AN /(2 +AN*AN)**0.833j3 

SPCN) : 4.*PJA*PJA* RO<N>*SVCNl/VlO/VlO 
XA2 ( N): ( 1..;, RM*RN/F,N/F!..J) *~i~2 + ( DEL*RN/3 .142/FN) **2 
SGCNl= SP(N)/GK/GK/XA2CN) 
X:0.4343*ALOGCRN) 
Y=RO(N)-*4• 
IFCN.EG.1) IPEN=3 
IFCN.GT.1) IPEN=2 
CALL PLOTCXrYrIPEN> 
IFCN.EG.l> TO=SQ(l) 
IFCN.EG.1) GO TO 99 
TG=<SGCN)+SG(N~l)l/2. 

99 GOS:::QOS+TG*RN*TN 
QO:::QO+ TO/RN*HJ 
TEN=N/10*10 
IFCN-TEN>. 100, rlOO 

15 
100 

·:mITE< lOUTr19) RN•RO(N) ;SV(N) •SP(N)rXA2(1~) rSG(N) 
FORMAT< lOFl0.3/) 
CONTit~UE 

SOE ( NOi J) =Go **O. 5 
VT:::(Q0S/00)**0.5 
GME=OME+PME/GK 
VTS:::(2.*ALOG<VT*3600.) l*·''0.5 
G·vr ( NOi-1) =VTS+ ( 0. 5772/VTS) 
GSD=GSO+SDE<NONl*GVT<NON) 
GMAX:::QME+GSD 
WR I TE ( I OUT' 13 l Q~J 'SOE ( NOi· J l , GV f ( NOl,J) 'OME, GMAX 
UF=GMAX/OME 
GUF=GUF+UF 
TFL=O 
IFL=O 
DO 167 Il=lr!H 
FLUT<IU=O. 
IFL=Il+l. 
DO 166 I2=IFL rIH 

••• 

166 FLUTClll=FLUT<Ill+(6.284*FN>**Z*DH*AMCI2l*UM<I2l*CHCI2l-HCill) 
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16 7 BET AC I 1) =BETA CI 1) +FU.ff CI 1 > *SDE C l~Ot4 l *GVT C hJON) 
160 ~RITECIOUTr200) UF 

\'JR I TE'c IOUT '203) 
IFL=O 
DO 176 Il=lrIH 
VMO CI 1> =O 
GMO CI 1) =O 
IFL=Il+l 

• • 
DO 175· I2=IFLtIH 
VMOCI1>=VMOCI1>·+0.613*CDCI2l*BCI2l*DH*VCI2l**2*CHCI2l-HCI1)) 

' ' ' 

.GMOCill=GMOCil>~a.613*CDC12)*8CI2l*DH*VGCI2)**2*CHCI2l-HCI1)J 
175 VMMCI1l=VMOCI1)+BETACI1) 

WRITECIOUT•204lHCil)rVMOCil>•GMOCil)rVMMCI1) 
176 CONTINUE 
203 FORMATtlHlr' LEVEL MEAN MOMENT GUST MOMENT MAX.MOMENT 

1'/1X•6('-'>•7X13(14C'-'))/) -
. 204 FORMATCF6.1r7Xr3(~10.412X)) 

CALL PLOTC11.r0.r999) 
200 FORMAT('·· GUST FACTOR= 'F5.3/11X•l9C'-'>> 

10 FORMAT( ) 
13 FORMAT (I' MODAL RESPor·JSE PARAMETERS:' /26 ('.;..')I 

1' VARIANCE STD.DEV G FACTOR MEAN RESP MAX.RESPONSE'/56C'-') 
2/8CE10.412X>L 

19 FORMATC8CE10~412X)) 
1 '+ FORMAT ( lHl' ' SPECTRAL VALUES - MOOE NUMt3ER ',I 2/6X, 32 ( ' - ')I 

1' FHEGUf.NCY AERO.ADMITTANCE VELOCITY FORCE MECH.AOMITTAl'JCE 
2Rf.SPONSE'/73C'-'l/) 

CALL EXIT 
f ND 
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DIMENSION AM<25),CDC25)•8C25),HC25>•UM(25),GC25),V(25),HR02(400), 
1ROC400),SV(400)•SPC40Q),XA2(40Q),SGC400),HSC2S) •HRC25,25),GA(25), 
2FLUTC25) '18UPC2000) •VGC25) •GCC25l ,CROC25l •·ATRC25), 
3 VMOC25),GMOC25),VM~C25l•8ETAC25),SDEC5),GVTC5) 
·CALL PLOTSCIBUF,2000'17) . 

.. 10=8 
IOUT=5 

GSD=O. 
GME=O. 
CALL AXIS<-s •• o •• 13HLOG.FREGUENCY~-13,6.10~.-S.1l.). 
CALL AXISC-s.,o.,10HADMITTANCE,+10,~.,90.,o.,o.2s> 
REAOCI01lO> VlQ,GUST•RK,OEL,ALPH•GALPH•lB•IH,RD•NO,ICOR1TRANS 
DO 2 I=l•IH 
BETACI>=O. 

2 READ<ro.10> AM(I) •CO(l) •B(I) ,H(I) •ATR(l) 
DO 160 NOl-.!=l •NO 
ATMO=O. 
HTRANS=O. 

. . 

3 REAOCIQ,10) FN,<UMCI>•!=l•IH) 
DO 160 IC=l•ICOR 
\\!RITE< 1our,2ou 

201 FORMATClHl•' 
c '*')//) 

THE SPECTRAL ANALf$IS OF '•/6X,60( 

WRITECIOUT,17) VlOrRK,DEL1ALPH•fN 
17 FORMAT(' MEAN ~IND ROUGHNESS DAMPING POWER INDEX FUND.FRE~ 'I 

1 ' ---- ---- --------- ------~ ----- ----- ---------•/ 
2.5F10.3/) 

iNRITE CIOUT•18) 
18 FORMAT (' LEVEL MASS/M · DRAG COEFF 1:3HEAOTH 

lMA MEAN SPEED GUST SPEfD'/' -----
2-- ---- ----- ----- ---- ----- ---- -----•) 

DO 20 IL=l•IH 
VGCIL>=<HCIL)/10.l**GALPH*GUSf 
N<IL>=<H<IL)/10.)**ALPH *VlO 
GCIL>= VCILl•B<ILl* CDCIL>* UMCILl/BCll/CDCl)/VlO 
GCCIL>=SINC1.57079*CIL-l)/CIH-1>) 
ATMO=ATMO+ATRCIL>*0.613•V<IL>**2*UMCIL> 

MOlJt: SHAPE 

vJRITECIOUT,16) HC IL> ,AMC IL) ,coc IL) d3( IL) •UM( IL) ,G( IL> ,vc IL) 
l•VGCILl•GCCil>•ATMO 

16 FORMATC2CF8.1•2X),8F10.3) 
HTRANS=HTRANS+GC(!Ll 

20 GACIL>=G<IL)/VlO•V<ILl . 
HTRANS=HTRANS*TRANS/2./CIH-1) 
Xl =O 
x2=0 
X3=0• 
Yl=O. 
Y2=0 
Y3=0 •. 
BH=<BC1l+BCIH>>l2/IB 
DH=H<IHl/CIH-ll 
NH=~H-2 
DO 30 IL=2'1'1H•2 
X3=X3+GACILl*4• 
X2=X2+4*G<ILl*GCIL) 

30 Xl=Xl+ 4* GC!L) 
NOH =IH-1 

GAM 

-- ': -·-- ·- -- ---:-·--:--·-~-- -- - . - . ·-



Univ
ers

ity
 of

 C
ap

e T
ow

n 

I 
I 

DO 40 IL =31NOH•2 
Y3=Y3+GA<Ill*2• 
Y2=Y2+2*G<ILl*G(!L} 

-.. 
, ' -

40 Yl= Yl + ·2 * G(!L) 
H2=<G<ll*G<ll+X2+Y2+G<IH)*G<IH)}*OH*0•33333333 
Hl = CG<U +Xl +Yl +-G<IHll* DH*0.3.333333333 
H3=<GA<l)+X3+t3+GA<IHl1*DH*0.33333333333 
HE=H1**2/H2 

• Xl=O 
PJA=RD*BC1l*C~(1l*V10 *V10*Hl/2+ATMO 
PME=PJA/Hl*H3 
Yl=O 
DO 50 IL ::2,NH,2 

50 Xl=Xl + UMCILl*UMC!Ll*AMCIL) 
DO 60 IL =3•NOH•2 

• • 

- 60 Yl=tl + UMCIL>*UM<ILl*AM(!L) 
GK=<UM(ll*UMC1)*AM(1)+4*Xl+2*Yl+UMCIH>*UMCIHl*AMCIHll*DH*0•33333 
GK=GK*C2.*3~142*FNl**2 
WRITECIOUT,14) NON 
RN=0.00000 
TN=.00001. 
oo=o. 

--0os=o. 
CALL PLOTCo.o.o.o,-3) 
DO 100 N=l,400 

.IF(N.GT.100) TN=0.001 
IF<N.GT.199) TN=0.01 
IFCN.GT.299) TN=0.1 

-RN=HN+TN 
·Do 86 I T0\'1'=1, 2 
IFCITO~.E~.2) DH=TRANS/2./CIH-ll 
IFCITOvi.EO.ll DH=HCil-ll/(IH-ll 
IX=O 
00 97 K=l rlB 
J=O 
IHJ=IH-J 

72 DO _78 I=l•IHJ 
IJ=I+J 
GO TOC71176173•75l•1TOW 

76 HO::J*TRANS/CIH-1) 
HR(IJ •ll=GCCIJ l*GCCil*EXP(- H0*16.*RN/V(!H)) 
HRCI,IJ)::HR(IJ•Il 
GO TO 78 

73 A=l.27 
0=1.21 
c=o 
GO TO 77 

71 A::3.82 
0::1.21 
c=o.a 

,_ 

77 RMN=<<J*DHl**2+CIX*BHl**2l**0.5 
TMN=l.570796-ATANCIX*BH/J/DHl 
CONS=<<D*COSCTMNll**2+(A*SINCTMNl>**2l**0•5 
EN=Rl,H2. *3 .142 
HR C IJ , I l ::G C IJ ) *G CI) *EXP <-A*D*EN:t-RMN/VlO/CONS) *COS ( C*EN*RMhl/VlO) 
HRCI,IJ >=HRCIJ •I> 
GO TO 78 

75 AL1=151.2*CVCIJl+VJ!ll/2./V10 
RAB=<<J*DHl**2+(IX*BHl**2l**0•5 
THE=RA8/ALl*Cl+(6.2832*RN*ALl/V10l**2l**0•5 
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HH<IJrI>=G<IJ>*G<I>*EXPC-1.1936*THE>*COS<0.7*THE) 
HRCirIJ>=HR(IJ,I) 

78 CONTINUE .. 
IF<J-IH) 79,79,82 

79.J=J+l 
IHJ=IH-J • • 
GO TO 72 

82 HSUM=o·. 
DO 85 I=lrIH 
HX=O 
H'f =0 
DO 83 J=2;NH,2· 

83 HX=HX+HR(!,J) 
DO 84 J=3rNOHr2 

84 H'f=HY+HRCirJ) 
85 HS(I>=<HRCir1)+4*HX-+2*HY+HRCI,IH>l*DH*0•3333333 

HX=O 
HY=O 
DO 87 I=2rNH,2 

87 HX=HX+HS CI> 
DO 88 I=3rNOHr2 

88 HY=HY+HS(!) 
HH02(K l=(HS(1)+4*HX+2*HY+HS(IH))*DH*0•33333333 

97 IX=IX+l 
IT=l· 
IK=O 
ROCN>=O 
DO 98 KN:::l,IB 
RO(Nl=ROCN>+HR02CKNl*CIT*(IB-IKll 
IT:::2 

98 IK=IK+l 
86 CRO<ITOWl=RO(N) 

CROCl) = CRO(l) /Hl ** 2/IB/Iti 
CROC2>=CR0(2)/HTRANS/HTRANS 
ROCN>=CRO(l)*CROC2> 

AN::: RN* 1800./ VlO. 
SVCN) = 4.*RK*VlO* VlO * AN /(2 +AN*AN>**0.83333 

SP(N) ::: 4.*PJA*PJA* ROCN>*SV(N)/VlO/VlO 
XA2CN)::: (1- RN*RN/FN/FN) **2 +CDEL•RN/3.142/FNl**2 
SQ(N)::: SPCN)/GK/GK/XA2CN) 
X=0.4343*ALOG(RN) 
Y=ROCNl•4. 
IFCN.EQ.1) IPEN=3 
IFCN.GT.1) IPEN=2 
CALL PLOT(XrirIPEN) 
lF(N.EG.ll TQ:::SQ(l) 
IFCN.EQ.1) GO TO 99 
TQ:::CSQCN>+SQCN-1))/2. 

99 QGS=GnS+TG*RN*TN 
QO:::oo+TQ/RN*TN / 
TEN=fJ/ 10*10 
IFCl'J-TEN> 100• rlOO 
WRITECIOUTr19) RN,ROCN)r5V(N)rSPCN)rXA2CN),5Q(N) 
FORMAT( lOFl0.3/) 
CONTINUE 
SDECNON) :::QQ **0.5 
VT:::CQUS/00)**0•5 · 
GME=QME+PME/GK 
VTS=C2.*ALOGCVT*3600.))**0•5 
GVT<NON)~VTS+(0.5772/VTS> 
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GSD=GsD+SDE (NON) *GVT ( 1-m1H 
GMAX=GM_E+GSO 
\'JR I TE ( I OUT, 13) QQ 'SOE ( NOM) , GV T ( NOf,J) , QME, 1JMAX 
uF::GMAX/OME 
GUF=GUF+UF. 
TFL=O 
IFL=O · 
DH=H< IH)/( IH-1). 
DO 167 Il=lr!H. 
FLUTCil)::O. 
IFL=Il+l .. 
DO 166 I2=IFL•IH 

166 FLUT(Il)::fLUTCI1)+(6.284*FNl**2*DH*AM(I2l*UM(I2)*(H(I2)-H(Il)) 
16 7 BET A (I 1) ::BETA (I 1l+FLUT<I1 >*SOE (NON l *GVT ·( i\!Orn 

. 160 WRITECIOUT•200) UF 
WRITECIOUT•203) 
IFL=O 
DO 176 Il=l dH 
VMOCil)::O 
GMOCill=O 
IFL=Il+l 
DO 175 I2::IFL,IH 
VMOCI1l::VMOCI1)~0.613*CDCI~>*B(I2l*DH*V<I2l**2*(H{I2)-H(ll))+ 

CATR<I2l*0.613*CHCI2l-HCI1ll*V<I2l**2 
GMOCI1l=GMOCI1l+0.613*CD<I2l*B(I2l*DH*VGCI2l**2*{HCI2)-H{Illl+­

CATRCI2l*D·613*<HCI2)-H{Illl*VGCJ2l**2 
175 VMM(Il)::VMOCil)+BETACil) 

\•JRITECIOUT•204lHCIU ,VMOCil) •GivlOCill •VMHCIU 
176 CONTINUE 
203 FORMATClHl•' LEVEL MEAN MOMENT GUST MOMENT ·MAX.MOMENT 

. 1 '/lX16( ,_,) •7X•3{14{ '-') )/) 
204 FORMATCF6.l17X•3CE10.4•2X)) 

CALL PLOTCll.,0.,999) 
200 FORMAT<' GUST FACTOR:: 'F5.3/11XP19C 9-')) 

10 FORMAT< ) 
13 FORMAT{/' MODAL RESPONSE PARAMETERS:'/26{'-')/ 

1' VARIANCE STD.DEV G FACTOR MEAN RESP MAX.RESPONSE'/56('-'> 
2/8CE10.4•2Xll 

19 FORMATC8CE10.4•2X)) 
14 FORMAT<lHl•• SPECTRAL VALUES - MOOE NUMBER '•12/6X•32('-')/ 

1' FREQUENCY AERO.ADMITTANCE VELOCITY FORCE MECH.ADMITTANCE 
2RESPONSE 9/73('-')/l 

CALL EXIT 
END 
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