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Summary 

A covariance integration method for the determination of fluctuating overall structural 
loads due to wind and their effects on 19;w-rise buildings is described. The required aero
dynamic information can be obtained fibm boundary-layer wind tunnel tests; static 
structural-influence coefficients are also required. The method is an alternative to the 
dir~t on-line weighting technique, but is less demanding on wind tunnel instrumentation 
and data acquisition facilities. To obtain peak values, Gaussian probability distributions 
have been assumed for the loads or their effects. 

Use of the method is demonstrated by calculations of gust factors and peak values for 
various structural loads on the central bay of a single-storey house; using aerodynamic 
data obtained from a.l/5a-scale wind tunnel model. 

Notation 

A area 
Cp pressure coefficient 
D drag 
F u factor in empirical expression for turbulence intensity (see Fig. 3) 
g peak factor 
G gust factor 
h eaves height of building 
£., j panel numbers 
L lift 
.. tv! moment 
n frequency 
N number of panels 
p pressure 
r correlation coefficient 
S spectral density (see Fig. 4) 
t time 
T time period 
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U 

Vh Vz 
Z 

Zo 

Zr 

AA 
13 
'Y 
17 
A 

p 

longitudinal velocity 
hold-down forces for roof truss 
height 
roughness length 
reference height (see Fig. 3) 
panel area 
influence coefficient 
Euler's constant (0.5772) 
arbitrary structural effect 
peak wavelength of spectrum (see Fig. 4) 
cycling rate (see eqn. (6)) 
air density 

Superscripts: 

v 

mean value 
fluctuating value 
maximum value 
minimum value 
time derivative 

lrfatrices: 

[AA] 
[C '] .p 
[Cp '] 

{13 } 
{13 } T 

[r] 
[r] 

diagonal matrix of panel areas 
diagonal matrix of r.m.s. pressure coefficients 
diagonal matrix of r.m.s. pressure-derivative coefficients 
column vector of influence coefficients 
row vector bf influence coeffic~nts 
square· matrix of pressure correlation coefficients 
square matrix of pressure-derivative correlation coefficients 

The superscript T indicates transpose matrices. 

1. Introduction 

Low-rise buildings, which represent a high percentage of engineer-designed 
structures, have traditionally been designed for wind loads by using simplified 
Code procedures. These amount, in the case of many Codes and Standards 
(e.g., refs. 1 and 2), to the use of a peak-gust design wind-speed, together 
with single-valued pressure coefficients. There are strong arguments for con~ 
tinuing this method in Code fOrIn? on the basis of its ease of application. 
However, the approach generally leads to conservative designs for global 
loads and their effects on larger low-rise structures. This is because of the 
difficulty in taking account of the effects of fluctuating pressures at different 



275 

parts of the exposed building surface., which are only partially correlated with 
each other. The fluctuating pressures arise from upwind turbulent velocity 
fluctuations (which are intense at the heights associated with low buildings), 
from unsteady pressures generated in the separated flow regions by the 
structure itself, or by interaction between these two processes. 

In a recent comprehensive wind tunnel study of low-rise buildings carried 
out at the University of Western Ontario [3,4], an attempt was made to 
define more closely the fluctuating 'Wind-induced responses or effects, as well 
as the point pressures or loads over small areas, by means of a complex 
measurement system. This procedure involved two separate stages: 

(i) "pneumatic averaging" (see Sections 3.1 and 3.2) of point pressures 
over panels tributary to wall girts and roof purlins; 

(ii) numerical on-line weighting using appropriate influence lines, to deter~ 
mine instantaneous values of such responses as total uplift and frame-bending 
moments, applicable to a single bay. Estimates of the required statistical 
properties of these parameters were then obtained from sample records. 

In the study, the fluctuating values of structural effects of interest to 
.-//.. 

designers were obtained directly, and,l:tn.plicitly, full account was taken of 
the effects of partial correlation of the fluctuating loads across a building. 

However, there are a number of disadvantages in the procedure, as follows: 
(i) a large number of pressure transducers are required to be operating 

simultaneously; 
(ii) simultaneous sampling of ten or more input channels and multiplication 

by the appropriate influence factors at a suitable rate may be beyond the 
capabilities of many computer systems associated with wind tunnels; 

(iii) if it is necessary to monitor further structural effects, further wind 
tunnel tests are required, unless the unweighted panel load records are stored. 

It is the purpose of the present paper to describe an alternative procedure, 
based on covariance integration, for obtaining fluctuating and peak values of 
structural effects. The wind tunnel test data required can be obtained relative
ly easily with only two pressure transducers and two data channels. Discussion 
of the basis for the procedure is followed by the calculation of loads on the 
central bay of a domestic house in rural terrain, using aerodynamic data from 
a 1/50-scale model tested in a boundary-layer wind tunnel. 

2. Basis of the covariance integration method 

2.1 Mean square of fluctuating responses 
The pressures acting on the surface of a building are assumed to be 

stationary and ergodic random processes. This will be close to the real situa~ 
tion when the mean velocity, U, can be assumed to be constant over a period 
such asten minutes during the passage of a wind storm. 

It is shown in the Appendix, using standard averaging procedures, that the 
root-mean-square of the fluctuating value of any structural effect, 17, is related 
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in tho following way to the loads on N individual panels exposed to wind 
pressures: 

(1) 

Here, ~f and ~i are the structural influence coefficients associated with the 
panels i and j of areas aA j and aAj, respectively. The ~'s may be obtained 
by standard static structural-analysis procedures. P;P; is the covariance 
between the fluctuating wind pressures Pi (t) and Pi (t) acting on the panels 
i and j, respectively. For all the N i's and N j's, there are a total of J.V 2 values 
of this quantity, giving a symmetric square matrix - the covariance matri.:x.. 
This matrix, which may be obtained from wind tunnel tests, is the key to the 
method, as it conta.iIJ.s all the required information on the statistical correla
tion between the fluctuating panel loads over the building for a particular 
wind direction. 

It should be noted that the derivr~tion of eqn. (1) neglects any resonant 
dynamic effects, an assumption which is normally valid for low-rise structures. 
This assumption means that information on the auto- and cross-spectral 
densities for point pressures and panel loads, which is required for calculation 
of the response of tall buildings and other flexible structures to wind, is not 
required in this case. 

If the number of panels, N, influencing a particular structural parameter 
can be limited to a manageable number, and the required covariance matrix 
obtained from wind tunnel tests, then the double summation in eqn. (1) can 
be carried out using simple computer or pocket calculator programs. 

The covariance term in eqn. (1) is often more conveniently written in the 
form of a product of the r.m.s. fluctuating-pressure coefficients c~ i and C~i' 
the non-dimensional cross-correlation coefficient r ii , and the dynamic pressure: 

-,-, - (1 -2)2 C t C' PiPj - '2 pu pi pj rij (2) 

Then eqn. (1) becomes 
112 

(
.v N ) 

( '1'112)112 = -2
1 P u-2 "" "'" r C t C t a R AA AA' ' 

'I , L.J L1 ij pi pj I-' i I-' i.... i U j 
i=l j=l 

(3) 

For computer programming, it may be more convenient to re-state eqn. (3) 
in matrix form: 

(4) 

The matrix terms h"1 eqn. (4) are defined at the beginning of this paper (see 
Notation)q 
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2.2 Peak responses 
More relevant for design purposes is the peak value ~ of the structural 

parameter over a specified time period T. This peak value is itself a random 
value, but its probability distribution is relatively narrow, and it has become 
common to consider only the average peak value over the specified time 
period T. 

It has been shown by Cartwright and Longuet-Higgins [5] and Davenport 
[6] that the average largest value of a Gaussian or normally distributed 
random process in a time period T is given by . 

fi = 11+ (~)l/'2 h/2loge vT + 'Y/.J210gevT) (5) 

where'Y is Euler's constant (0.5772) and v is the cycling rate for the response 
17 (t), given by 

(6) 

where (ri'2)112 is the root-mean-squar~ value of the derivative of 17(t). By a pro-
.,:1:-

cess analogous to that used in the Appendix to derive eqn. (1), it can readily 
be shown that: 

112 

(77'2)1/2 = (~ t p; jJ; {3i (3j klAi klA j ) 

i=l j;"l 

N N In 

= 4pu2 (~ ~ rij C;i C;j {3i (3j ~Ai AAj) 
i=l j=l 

(7) 

where C;i and C~j are the r.m.s. values of dCpddt and dCpj/dt respectively, 
and rij has been used to denote the cross-correlation matrix for the derivative 
of the pressure fluctuations. 

Again, re-stating eqn. (7) in matrix form, 

(r7T)1I2/~pf12 = ({.B}T [~A] [C;] [r] [6;] [klA] {(3})1I2 (8) 

Thus from eqns. (3) or (4), (5), (6), and (7) or (8), the average maximum value 
of the parameter 17(t) in the time period T, say ten minutes, can be calculated. 
Again, the vector {C;} and the matrix [r] must be obtained from wind tunnel 
tests. 

The assumption that 17 has a Gaussian distribution needs further investiga
tion, as it is well known that point-pressure fluctuations, especially in separated 
flow regions, depart from the Gaussian form at the tails of the distribution. 
However, for structural effects influenced by pressures over larger areas and 
with influence coefficients of varying sign, the central-limit theorem will tend 
to make the probability distributions close to Gaussian. Also, further investi
gation may enable eqn. (5) to be modified to account for non-Gaussian tails~ 



278 

3~ Aerodynamic measurements on a house 

To illustrate the method, some of the necessary aerodynamic data (as indi
cated in Section 2) were obtained for a house, from a model tested in a 
boundary-layer wind tunnel. A description of the experimental methods used 
and of the results follows. 

3.1 Experimental 
The boundary-layer wind tunnel used for the experiments was of the open

circuit type, having a 2.5 m wide by 2.0 m high cross-section and a 13.5 m 
long working-section. The tunnel is powered by a 45-kW AC electric motor 
driving a five-bladed, fixed-pitch, axial-flow fan 2.4 m in diameter, through a 
five-speed gearbox. The fan is mounted downwind of the test section. A de
scription of the design and performance of the wind tunnel has been given by 
Holmes [7] ';$" 

A 1/50-scale model of a tropical-style low-set house, with a 10° pitch gable 
roof and eaves and verges overhangs, was made from Perspex sheeting. The 
model dimensions are shown in Fig. 1. Pressures were measured over a central 

Olm.nlSlon. in mm 

Fig. 1. Dimensions of 1/50-scale house model. 

Panels and pressure-tap grids. 
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band across the model (Fig. 2). This band was divided iD.to ten "panels" each 
containing twelve pressure taps. The taps consisted of stainless-steel hypo
dermic tubing fixed into holes drilled into the Perspex roof and walls. Taps 
from within a single "panel" were connected to a common manifold, which 
was, in tum, connected to a "Scanivalve" con.taining aSetra.23'Z capacitance
type pressure transducer. This technique has been called "pneumatic averaging" 
(see Section 3.2). Due to a limitation on the manifold connectors available 
for the present work, not all the twelve pressure taps in each panel were used. 
For the windward half, panels 1-5 (Fig. 2),11 pressure taps were used; for the 
remaining panels, 6-10, 9 pressure taps from the twelve were connected to 
the manifolds. "" 

Two "Scanivalves" and two transducers were available, thus allowing 
simultaneous measurement from any two "panels". 50 mm of 1.5 mm internal 
diameter plastic tubing was used for each of the connections between the 
pressure taps and the manifolds, and 450 mm of the same tubing for the mani~ 
fold-"Scanivalve" connection. Two fine-diameter restrictors were inserted 
partway along the latter tubing, to1'emove the resonant peak in the frequency 
response. 

Velocity measurements were made with a T.S.I. Type 1054B linearised 
constant-temperature anemometer, with a hot-film probe. The voltages from 
both the pressure transducers and the hot-film anemometer were digitised 
and processed by a PDP8/E minicomputer, which was also used to control 
which panel was connected to each "Scanivalve". 

3.2 Pneumatic averaging 
Stathopoulos and Surry [8,9] have investigated in some depth the use of 

pneumatic averagers. By spectral measurements using both sinusoidal excita
tion and wide-band random inputs, they found satisfactory linear response 
characteristics. The amplitude~frequency response functions obtained were 
found to differ little from those of each of the component tubes. As the 
manifold and tube geometries used in the present tests were different from those 
used by Stathopoulos and Surry, similar frequency response" measurements 
were carried out. Again the measured amplitude-frequency response func-
tions were found to be closely similar to that of a single-tube system with 
restrictors, i.e., a smooth "roll-off'\ with a half-power point at about 100 Hz. 

A further check on the method was carried out in the present tests, as fol~ 
lows. The mean and fluctuating pressures at each pressure tap within panels 3 
and 4 were measured separately, together with all the cross-correlations be
tween the individual taps. Using the same techniques as those described in 
Section 2, the mean, r.m.s. and correlation coefficients for the loads and their 
derivatives on the two panels were computed and compared with values ob
tained from the pneumatic averaging procedure. The basic pressure coefficients 
obtained from the pneumatic averaging were about 10% lower than those 
computed from the individual taps -this bias probably could be attributed,. 
at least in part7 to errors in the reference velocity used to compute the coefR 
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ficients. However, encouraging agreement was found between the non
dimensional correlation coefficients: r34 was measured as 0.69 for the 
pneumatically averaged panel pressures, compared with a computed value of 
0.67 from the individual tap results. 

Although further checking of the pneumatic averaging method is desirable, 
the technique, at present, appears to be sound enough to justify its use for 
carrying out primary averaging of point pressures. 

3.3 Boundary layer simulation 
The lower part of a 1/50-scale rural atmospheric boundary layer was 

simulated in the wind tunnel by using a 300 mm high plain barrier or fence 
at the start of the test section, together with carpet covering the floor up
wind of the model. The resulting mean velocity and turbulen~e intensity 
profiles compare well with standard data based on full-scale measurements, 
with a roughness length of 35 mm (Fig. 3). 
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Fig. 3. Mean velocity and turbulence intensity profiles. 

The longitudinal-turbulence spectrum is shown in Fig. 4, compared with 
the von Karman-Harris spectrum, with a length scale derived from that 
suggested by the Engineering Sciences Data Unit [10], for the roughness 
length of 35 mm. The wind tunnel spectrum is shifted to the high-frequency 
side by a factor of about two. However, the turbulence scales are' much 
larger than the dimensions of the model, and this shift is not believed to have 
a significant effect on the measured pressure. 
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3.4 Results 

281 

, 

I 

I 
i I 

I 

I I 

I I I 

_U 
100 

For each panel on the model, the mean, r.m.s. and peak pressure coeffi
cients were measured. These are defined conventionally as follows: 

Cp = (Ji )/ - 2 - Pre! iPUh (9) 

C' = (p '2 ) 1/2 /1 - 2 (10) p 7. PUh 

Cp = (jj . )/1 - 2 - Pref '2 PUh (11) 

Cp = (j; - PrefJ/~ P ilh 1. (12) 

The reference static pressure Pre! and the velocity ilk were both measured at., 
or corrected to, the eaves height of the house. The peak pressures fj and p are 
for a full-scale time period of about 10 minutes. In addition, the r.m.s. value 
of the coefficient of rate of change of pressure, C;, w~ also computed. This 
can be expressed in non-dimensional form as fonows: 

hC~/fih = (jJ/2)1I2h/ipilh 3 (13) 

The measured values for these coefficients are given in Table 1. The cross
correlation matrices (r] and [r], as defined in Sections 2.1 and 2.2, were also 
measured and these are shown in Table 2 .. As both matrices are symmetric 
with all the diagonal. elements equal to unity, they are shown as a single 
matrix with the upper triangle' containing the rfj terms? and the lower triangl~ 
the ;/j values. 
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TABLE 1 

Basic panel pressure coefficients for a single-storey house 
A v 

Panel no. Cp C' p Cp Cp (h/Uh)Cp' 

1 0.55 0.22 1.55 -0.05 0.11 
2 0.66 0.28 2.08 -0.08 0.16 
3 -1.07 0.33 0.03 -2.74 0.23 
4 -0.47 0.16 0.01 -1.36 0.12 
5 -0.54 0.15 -0.17 -1.28 0.10 
6 -0.60 0.17 -0.18 -1.33 0.08 
7 -0.32 0.10 -0.02 -0.87 0.07 
8 -0.20 0.07 0.09 -0.62 0.07 
9 -0.12 0.07 0.13 -0.49 0.06 

10 -0.11 0.05 0.11 -0.39 0.04 

TABLE 2 
·iii 

[r] and [r] matrices for a single-storey house: (rl. top right; (fl. bottom left (both 
matrices symmetrical about diagonal with elements equal to unity) 

1 2 3 4 5 6 7 8 9 10 

1 1.0 0.95 -0.61 -0.18 -0.47 -0.54 -0.32 -0.12 0.02 0.00 
2 0.76 1.0 -0.63 -0.14 -0.48 -0.55 -0.38 -0.18 -0.07 -0.03 
3 -0.43 -0.48 1.0 0.69 0.78 0.73 0.70 0.57 0.47 0.45 
4 0.01 0.00 0.12 1.0 0.66 0.51 0.63 0.62 0.53 0.55 
5 0.03 0.01 0.25 -0.09 1.0 0.95 0.90 0.74 0.57 0.55 
6 0.01 0.01 0.16 0.10 0.13 1.0 0.92 0.73 0.55 0.56 
7 0.06 0.03 0.14 0.15 0.16 0.31 1.0 0.90 0.76 0.74 
8 0.07 0.06 0.10 0.15 0.19 0.28 0.37 1.0 0.89 0.88 
9 0.11 0.06 0.12 0.18 0.22 0.37 0.39 0.42 1.0 0.98 

10 0.08 0.05 0.11 0.16 0.19 0.35 0.36 0.39 0.72 1.0 

Note that the correlation coefficients for the derivatives, ri;, are consider
ably lower in fI?agnitude than,those for the pressure fluctuations themselves, 
rij; this reflects the higher frequency-content of derivatives. Negative correla
tions occur between the pressures at the windward wall and the roof; this 
is to be expected, as the roof pressure will tend to fall (suction increases) as 
the windward-wall pressure increases. Another interesting feature is that the 
observed correlation coefficients between the roof panel 3 and panels 5, 6 
and 7, are higher than that between panels 3 and 4. This has been observed 
previously by Stathopoulos et ale [11] for a flat roof, and is related to the 
reattachment of flow onto the roof. 

4~ Calculation of structural effects 

Using the procedure described in Section 2, and the aerodynamic data for 
the ·centre bay of the house from Section 3, fluctuating and peak values have 
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been calculated for a number of overall loads and load effects. These param
eters consist of the total lift, drag and overturning moment acting on the 
section, together with the hold-down forces for the roof trusses supporting 
the roof bay. Table 3 gives the influence-coefficient vectors for these param
eters? and Fig. 5 shows graphically the infl"!-lence coefficients for the windward 
hold-down force V l - The effect of wind pressure under the eaves has been 
included by introducing dummy panels 2a and 9a, which are assumed to be 
acted on by pressures fully correlated with those on the adjacent wall-panels 
2 and 9, respectively. 

TABLE 3 

Influence coefficients 

Panel no. Lift Drag Overturning Windward Leeward 
t3L t3D moment truss force truss force 

13M t3v 1 t3v 1 
.• ~.~~ , 

1 0 1.000 0.750 0 0 
2 0 1.000 2.250 0 0 
2a 0.985 -0.174 6.775 1.081 -0.096 
3 -0.985 0.174 -6.775 -1.081 0.096 
4 -0.985 0.174 -5.271 -0.858 -0.127 
5 -0.985 0.174 -3.556 -0.604 -0.381 
6 -0.986 -0.174 -3.091 -0.381 -0.604 
7 -0.985 -0.174 -1.378 -0.127 -0.858 
8 -0.985 -0.174 0.127 0.096 -1.081 
9a 0.985 0.174 -0.127 -0.096 1.081 
9 0 -1.000 -2.250 0 0 

10 0 -1.000 -0.750 0 0 

.,·alil 

Wind 

\I I 2 
I 

I 
I 
I 

10 I I 1 

I 

Fig. 5. Influence line for windward truss hold-down force. 

The results of the calculations are summarised in Table 4. The numerical 
values are applicable to the full-scale house, for which the bay width is 2.5 IDj 

and the mean velocity at eaves height was taken to be 30 m S-1. . 

The gust factor, representing the ratio of the average peak value in a 
10 minute period to the mean~ is about 2.0 for all the parameters, except for 
the drag1 for which it has a somewhat higher value. 
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TABLE 4 

Calculation of loads (Uh == 30 m g-l) 

Lift Drag Overturning 
moment 

Mean value 7.42 2.40 39.7 (kN or kN m) 

R.m.s. fluctuating 
1.97 0.91 11.0 value (kN or kN m) 

Cycling rate, II 0.60 0.74 0.69 (Hz) 

Peak factor, g 
3.60 3.66 3.64 (T == 10 min) 

Peak value 
14.5 5.74 79.8 (kN or kN m) 

Gust factor, G 1.96 2i~9 2.00 

TABLE 5 

Gust factors derived by various methods (see text) 

Load Covariance Covariance Integration of 
integration integration non-simultaneous 

with" full" peaksa 

correlation 
0) (ii) (iii) 

L 1.96 2.17 2.72 
D 2.39 2.43 4.25 
M 2.00 2.25 2.74 
VI 2.00 2.23 2.71 
V1 2.03 2.00 3.28 

a Peak giving largest contribution to effect. 
bpeak having same sign as mean. 

Windward 
truss force 

5.43 

1.50 

0.70 

3.64 

10.9 

2.00 

Integration of 
non-simultaneous 
peaksb 

(iv) 

2.60 
3.17 
2.73 
2.68 
2.36 

Leeward 
truss force 

1.99 

0.56 

0.72 

3.64 

4.0 

2.03 

G 1 
U 

(v) 

2.75 
2.75 
2.75 
2.75 
2.75 

It is interesting to compare these estimates of gust factors with a number 
of other possible estimates, as given in Table 5. Column (i) in Table 5 is tCLken 
from Table 4 and represents the covariance integration estimates. Column (ii) 
is also derived from covariance integration, but "full" correlation of the panel 
pressure fluctuations was assumed, as follows. When the mean values of the 
panel pressures were of the same sign, the corresponding correlation coeffi~ 
dents for both the pressures and their derivatives were assumed to.. be + l. 
When the mean pressures were of opposite sign, values of -1 were taken for 
rij and "ii- Thus~ column (ii) gives essentially the upper limits of the gust 
factor to be obtained from covariance integration., although, due to variations 
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in the sign of the influence coefficients, the estimate of the gust factor for the 
leeward hold-down force, V:2, obtained from the assumption of "full" correla~ 
tion, is actually lower than that given in column (i). 

A conservative value for the gust factor can also be estimated by integrating 
the instantaneous peak panel pressures, as listed in Table 1, assuming that 
they acted simultaneously over the structure. This has been done in columns 
(ill) and (iv) of Table 5. Allowing for the variation in sign of the influence 
coefficients for the various loads, either the maximum or minimum peak 
panel pressure will give the largest contribution. This procedure will give the 
largest possible peak structural-effects and gust-factors that could be estimated 
from the aerodynamic data obtained: the results are shown in column (iii). 
For column (iv), the peak pressure having the same sign as the mean pressure 
for each panel was assumed, giving somewhat lower, but perhaps physically 
more "realistic", estimates. It can be shown that the estimates in column (li) 
are also 0 btained by integration of the peaks if each panel pressure variation 
is assumed to be Gaussian; thus column (li) can be compared to column (iv). 
Higher values appear in column (iv;..) because of the non-Gaussian behaviour of 
the individual panel pressures. . 

In Codes and Standards based on peak-gust design wind-speeds, design 
loads are generally obtained by using the design peak-gust wind-speed with 
mean pressure coefficients. It can be readily shown (e.g., ref. 12) that this 
inherently assumes a gust factor equal to the square of the gust factor for 
velocity, Gu.. In the case of rural terrain, for the eaves height of the house 
considered here, the resulting gust factor for loads and their effects is close 
to 2.75. Thus a constant value of 2.75 appears for all loads in column (v) of 
Table 5. This approach implies that all pressure fluctuations on the building 
surface faithfully follow.the variations in upwind velocity, in proportion to 
the square of the velocity. This is some way from the truth for the separated 
flow regions, however. In fact, the estimates in column (v) are of the same 
order as those in column (iv), for which non-simultaneous peaks were 
integrated - an obviously conservative assumption. 

Table 5 indicates the reduction in gust factors that can be obtained by 
using the rational covariance integration approach, compared with simpler, 
but more conservative and unrealistic, methods. Presumably, even larger 
reductions can be obtained for effects influenced by larger surface areas of 
the building, or for larger buildings. 

5. Conclusions 

This paper has discussed a covariance integration method for the determina~ 
tion of fluctuating and peak structural loads and load effects due to wind on 
low-rise buildings, or on any other structure for which quasi-static structural 
behaviour can be assumed. The method is based on the statistical properties 
of the fluctuating wind pressures on panels, which can be obtained fairly 
easily from boundary~layer wind tunnel tests. Separate aerodynamic data are 
required for each wind direction considered, however. 
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Numerical calculations have been carried out for the .central area of a single
storey house, for a mean wind direction normal to one wall of the building. 
These illustrate the relative ease with which the r.m.s. and peak values of any 
structural load or effect, for which the influence line is known, can be calcu
lated. Comparison of the calculated peak loads and gust factors with those 
obtained by integration of non-simultaneous peaks, and with those inherent 
in Codes and Standards based on peak-gust design wind-speeds, indicates 
reductions of 20-50%. Presumably even larger reductions will occur for larger 
areas and for larger buildings. 

The method, in its present form, assumes a Gaussian probability distribu
tion for the structural effect under consideration, and thus may tend to give 
unconservative peak values for effects influenced by small areas of building 
surface. Further investigation is required to determine the convergence of 
the probability distributions for structural effects as the area of influence 
increases. However, the advantages of the method, as described in this paper, 
justify further development to circumvent the above problem. 
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Appendix 

Consider first the pressure distribution on the various exposed surfaces of 
a building as represented by a set of discrete pressures, each associated with 
a tributary area. Each pressure can be represented as the sum of a mean and 
a fluctuating part: 

Assume also that there is an inflw-ence coefficient f3 i for a particular structural 
parameter 7(, associated with the point i: i.e., f3i is the value of structural 
parameter 7( when a unit load is applied at the point i. Then the total 
instantaneous value of 7( at any point in time is 

7( = WI + P~)f31 A-Al + (Ji2 + P;)f32 LlA2 + ... 

= 1: (J5i + P;)f3i LlA j 
i 

= if +7(' 

where 17, 7(' are respectively the mean and fluctuating components of the struc
tural parameter 1]. 

Then 

17'2 = (P'1f3! 6.Al + P~f31. AA z + ... rz 
= P'12f3~ tlA~ + p~2f3; 6.A; + '" + P'lP;f31f32 6.Al 6.A 2 + 

+ P'lP~f31f33 LlAl 6.A 3 + 

= ~ ~ P:P;f3if3j 6.A{ 6.Aj 
I J 

The mean-square fluctuating value is 

1]'1. = ~ ~ M f3d3{AAi 6.Aj 
I J 

and the root-mean-square fluctuating value is thus 

(~)112 = (1: ~ p;p; (3i(3j 4lAi AAj)1/2 
l J 




