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This paper presents some results not previously published of the full-scale wind loading
project carried out at the Post Office Tower, London. Autocorrelations and pressure
spectra were determined for all the pressure transducers, and the variations of these
around the structure as well as vertically are discussed. The effect of vortex shedding
from the Tower on the cladding loads is also shown. At each level where transducers were
installed, the pressures were combined to give total horizontal loads and an important
result from this is that, in general, the short duration loads were greatest at the lower
heights due to high transient suctions in the lee of the structure. The significance of gust
sizes is discussed and recommendations are made for design gust durations,

The dynamic movement of the Tower was measured by strain gauges near the base of the
shaft. Large deflections transverse to the mean wind direction were recorded, the natural
frequency being 0. 157 Hz (ie 6. 37 seconds/cycle). This agrees well with the estimated value
when the structure was designed.
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WIND PRESSURE AND STRAIN MEASUREMENTS AT THE POST OFFICE TOWER

by C W Newberry, K J Eaton and J R Mayne

INTRODUCTION

As part of the research programme undertaken by the Building Research Station to investigate
wind loads and the effects of wind on tuall buildings, measurements were made of wind pressures
and the structural strain produced by them on the Post Office Tower in London. A description
of the Tower and the instrumentation has been given in earlier papersl’ 2,3 together with

some preliminary findings, but a more complete survey and analysis of the measurements has
now been possible and is presented in this account of the investigation. For completeness, a
brief summary of the description of the Tower and the instrumentation is repeated here.

The Tower (Figure 1) consists basically of a circular hollow shaft of reinforced concrete
acting as a vertical cantilever. The shaft rises to a height of 177 m above ground level, and is
generally about 7m in diameter with an increase towards the base. Surrounding the shaft are a
number of annular floors, most of which are enclosed by two cylindrical glass envelopes. The
lower one extends from 35 m above ground to 110 m and is about 15. 8 m in diameter, and the
section is actually an 18-sided polygon rather than a true circle. Above this clad portion are a
few unclad floors housing the aerials. The upper cylindrical envelope, which is 48-sided,
extends from 147m to 170m and varies in external diameter between about 15. 5m and 19. 5m.

Pressure transducers were installed at nine different levels in the cladding of the Tower at
positions indicated in Figure 2. At four of these levels - B3, B7, B15 and D3, at heights of
49m,067 m, 104m and 152m respectively - there were complete rings of twelve transducers
at 30 intervals around the Tower (with the exception of one channel on level D3) as Indicated
in Figure 3. At each of the other five levels - B5, B9, B1l, B13 and D6 at 58 m, 76m, 85m,
94m and 168m respectively, three transducers were placed at 30° intervals in the south-west
quadrant of the 'I'ower to face the prevailing wind, They corresponded to posilions 8, 9 and 10
in Figure 3. All the pressure transducers recorded the external cladding pressure on the
'l'ower relative to a common reference pressure which closely approxlmaled Lo that of the
static head of the free atmosphere. Throughout this report channels are identified by their
position around the Tower and the floor number, eg 10D3, 7B15, 1B3.

To record the dynamic response of the Tower to wind action, strain gauges were attached to
the vertical reinforcement of the Tower shaft just above an anchoring link which tied the lower
part of the Tower to an adjoining telephone exchange building, They were at level A8 as shown
in Figurc 2. At thig level tho shaft ie an 11 m diameter reinforced concrete tube with 0. 6 m
thick walls. The reinforcement was arranged in two concentric rings near the inner and outer
surfaces of the shaft, and the strain gauges were mounted on 12 bars of each ring at positions
spaced at 30° intervals round the Tower.

The correlation of wind pressure and strain measurements with wind speed was achieved by
recording the output of an anemometer mounted on a lattice mast on the top of the Tower at a
height of 195m. Additionally, for a limited period, two other anemometers mounted on a
nearby mast at heights of 61 m and 43 m enabled simultancous recording of wind speed at
three heights to be made.

All the recordings of wind speed, wind pressure, and strain, with channels selected as
required on any occasion, were made by means of multi-channel galvanometer recorders with
synchronised charts running at speeds of 1 mm/second or 10mm/second. From these charts,
digitised data were read off at 1 second or 0.1 second intervals and transcribed to paper tape
for computer analysis. The recordings analysed are listed in Table 1. It will be noticed that
rccords 1 to 9 covered the vertical distribution of pressure up the windward side of the Tower,
while records 10 to 20 were aimed at the study of the distribution of pressure around the
Tower with two of them also recording the strain, A representative sample of an analogue
record and the corresponding digital data is given in the Appendix.



The basic objectives of the analysis were to obtain data relating to cladding loads on the Tower
at various heights and averaged over a range of load-averaging durations, to obtain data on the
structural wind loads at various heights and for the Tower as a whole, also over a range of
averaging periods, and to examine the response of the Tower to wind action, With such data
available it was then expected that it would be possible to draw general conclusions relating
wind loading parameters to structural and cladding design for tall buildings in a city environ-
ment.

COMPUTATION PROCEDURES

The methods used to carry out these calculations have been previously described in some

detail 3:%4:9 but are briefly repeated here. With the large amount of data that were involved,
the time-averaged pressures and loads were calculated and stored throughout the length of each
record by processing 60 seconds of record at a time., Tables of maximum and minimum
pressures and loads were then printed at the end of the calculation; these were inspected to
locate the periods where extreme structural loads and cladding loads had occurred and then the
results were output for these periods.

To compute total horizontal loads on one floor of the Tower, components were taken of each of
the twelve pressure values at that level, and the resultant was determined. These resultant
loads were computed for averaging times varying from 1 to 60 seconds, and the variation in
loads could be observed second by second.

Methods described by Bendat and Piersol® were used to compute autocorrelations and spectra
for all the pressure transducers, and cross-correlations and coherence functions for various
pairs of pressure transducers, particularly those vertically above one another on the windward
side of the Tower. Since the data for any one record were split into parts - either a ring of
twelve channels from one floor, or a vertical scan of nine channels - it was convenient to have
this information in store in the computer in order to obtain these cross-correlations. The auto-
correlation function describes the general dependence of the pressure values at one time on
those at another time., The associated pressure spectrum represents the distribution of the
variance of the pressure fluctuations according to frequency. The cross-correlation and
coherence functions of the pressures recorded at pairs of transducers can be used to provide
estimates of the size of gusts experienced by the Tower.

While strains were being measured at the base of the Tower, similar analyses were carried
out on the strain gauge outputs. Mean and rms values were obtained and then autocorrelation
functions and spectra were determined. It was also possible to resolve the strain values from
the twelve points around the concrete shaft in order to study the movement of the Tower.

The records that were taken-with three anemometers in position have been studied in detail in
order to assess the variation in velocity with height. This work was mainly carried out by the
Meteorological Office and is reported elsewhere4,7,8,9,

RESULTS OF ANALYSIS
Cladding loads

The results of the variations of the surface pressure measurements (variations around the
Tower and vertically up the structure) for the records listed in Table 1 have been published
previouslyl, Further work is continuing on this subject by analysing some other records that
were taken at a faster recording speed; this will enable pressure fluctuations as short as

0. 01 second to be investigated, and these results will be published in the near future.

Typical plots of the autocorrelation function for two vertical scans, during record 8, are shown
in Figures 4 and 5. Vertical scan 10 (Figure 4) approximately faced the mean wind direction,
and shows a general decrease in correlation with increasing time lag indicating that, for
example, at a lag of 10 seconds the pressure on channel 10B11 was on average 0. 5 of its value
at any particular time. The best correlation is at level B11 (in the middle of the B-floors of
the Tower), the next best is B15, then come D6 and B7 which are getting more turbulent and
are therefore not correlated so well (D6 being near the top with various projections), and the
floor showing the lowest correlation is B3, confirming that at this level the turbulence has
increased considerably and therefore there is less likelihood of predicting the pressure that
will occur at a lag of t seconds. The other four floors, B5, B9, B13 and D3, although for
clarity not shown, fit in very well with the general progression in the correlations.



Figure 5 shows more results from the same record, but this time for vertical scan 8 which is
600 around the Tower and therefore very close to the separation point. Here the correlations
for floors B11 and B15 are the highest; B7 is much lower, with some indication of 'humps'

(ie some possible periodicity in the pressures or suctions); the top of the Tower (D6) and the
bottom (B3) are very poorly correlated, in just the same way as the windward side. Again, the
other four floors fit in the general progression very well,

The next three figures show some typical results (record 16) for the variation in the auto-
correlation around the Tower at three different levels. For ease of identifying the windward
position etc, both mean and rms pressure coefficients (with respect to the velocity at the top
of the Tower, V195 have also been included.

Figure 6 shows the results from B15; position 12 is the highest, being nearly opposite the
windward direction, and just shows a gradual decrease in the correlation with incrcasing time
lag. 30° round, at position 11, there is very poor correlation because this transducer was
experiencing alternating pressure and suction. Positions 8, 9 and 10 are all similar to each
other showing an initial rapid decrease in the correlation, then they have a 'hump' at about

4 to 5 seconds lag and then another at about 9 to 10 seconds lag, indicating a definite periodicity
in the pressures. This would be due to the shedding of eddies from the side of the Tower at this
level, and at this particular wind speed the eddy-shedding frequency is close to the natural
frequency of the structure (see later section). Finally, position 7 at the back of the Tower
shows a good correlation, indicating that the suctions are more predictable. The other half of
the Tower (positions 1 to 6) is not shown, the results from the symmetrical positions being
almost identical.

Figures 7 (B3 level) and 8 (D3 level) show thc samc basic characteristics as B15. In particular
there are small humps in the curves at the same time lags, and the windward transducer
(position 12) is almost identical in each case. There is, however, a slightly greater initial
drop in the correlation for the other five transducers (7 - 11) on B3 and D3 as compared with
B15.

A typical set of pressure spectra for all nine levels on the windward side of the Tower is shown
in Figure 9. The nine curves are not identified since no apparent trend or particular order
could be seen in any of the records 1 to 9. For comparison purposes, Davenport's free wind-
speed curve is reproduced. In general the spectra show a similar trend to each other, namely
that of decreasing variance with incrcasing frequency, and thig ig gimilar (o the wind-speed
curve,

Figure 10 shows the results from vertical scan 9 of the same record, ie at a position 300
around the Tower. There are now some noticeable peaks in the middle of each spectrum, and
the particular floor is identificd on cach onc. The features are explained in relation to vertical
gcan 10 (Figure 11).

Position 10 is very close to the separation point, and the peaks in the spectra represent the
strong periodicity in the variation of the pressure measurements and hence the shedding of
eddies. The relative magnitudes of the variance at the frequency of these peaks are different at
each level; B3 and B5 are low, B11, B13, B15, D3 and D6 are slightly higher and are about the
same as each other, and B9 and B7 are very high, These last two are in the middle of the
B-floors on the Tower and are therefore more free from any 'end effects' and turbulence.

The peaks occurred at different wave numbers at each level when based on Vg5, and clearly
this was not the local mean speed that occurred. The position of these peaks was then
recalculated (Figure 12) using the Meteorological Office information on the variation of wind
speed with heights. Estimates of Vj; were obtained, based on a 0. 17 power law and a zero-
plane displacement of 35m. This then brought the wave numbers at the peaks in the spectra
to between 0. 0092 and 0. 0117 m"l, with a mean value of 0. 0100m ™1, In fact the frequencies
at which these peaks cccurred are gradually increasing with increasing height and this is

consistent with the increase in mean velocity. By using the relationship S = 9_—D where n is
v

the eddy-shedding frequency, VH is the mean velocity at height H, D is the diameter of the
structure and S is the Strouhal number, values of S were calculated for each level. There are
slight variations in the individual values, the mean value being S = 0, 16, This is lower than
might normally be assumed for the structure, possibly indicating that the mean velocity at
each level is too high. As already stated, these velocities were based on variations from
V195 and could be inaccurate.

Figures 13, 14 and 15 show some typical pressure spectra indicating the variations that occur
between the different transducers around the Tower at D3, B15 and B3 levels respectively.



As with the autocorrelations, only half the transducers (positions 7 - 12) are shown, the other
six being similar. At all three levels similar characteristics can be seen, although they are
more noticeable on B15 and D3 than they are on B3. The windward transducer (12) shows a
gradual decrease in the variance going towards the higher frequencies, without any marked
peaks. The transducers on the side of the Tower (8, 9 and 10) show a peak, as in the spectra
from the vertical scans, although this is not so regular on B3. Position 11 is more like
position 10 on B3 and D3, but like position 12 on B15, This indicates that position 11 is mainly
in the pressure lobe on B15, but in the separated region on the other floors, and this is
attributed to a slightly different mean direction at D3, and to the more turbulent flow around
B3 which causes departures from the distribution of mean pressures that is found at other
levels. Channel 7, at the back of the Tower, also shows a slight difference at each level. On
B15 the variance shows no particular peaks, whereas on B3 and D3 the plot is similar to that
of position 8, with a noticeable peak, again indicating that at both these levels there is a
greater variation in the pressure values even at the back of the Tower.

Structural loads

Total horizontal loads were computed for a 1 m high slice of the Tower at each of the four
levels where there was a complete ring of pressure transducers (D3, B15, B7 and B3). A
typical set of maximum loads (record 16) that occurred at each level (not necessarily simul-
taneously) is shown in Table 2. As well as the load averaged over the various durations, the
resultant direction of each load is also shown and then the values of the ratios load; geconds:

loadg( seconds are given.

The first observation concerns the variation of load with height. For mean loads (say 60
second average) there is an increase in load with increasing height, as would be expected
from the vertical variation of mean wind speed. It has, however, been shown previouslyl’

that the gust speeds at lower levels could exceed those at higher levels, and in Table 2 it can
be seen that the loads averaged over 1, 2, 3 or even 5 seconds do show an increase at lower
levels. This means that at some time during the record the turbulence created by the
approaching flow over London caused higher intensity loading on lower levels of the Tower as
compared with higher levels. This can be seen graphically in Figure 16, where the loads from
Table 2 are plotted.

An inspection of the maximum 3-second loads that occurred for ten records (Figure 17) shows
that in general this increase in load with decreasing height was recorded. It can be seen,
however, that if measurements had been made at greater heights, then there would probably
have been an increase in load above 150 m. In fact some of the records were already showing
this trend at the 150m level.

In comparing Figure 17 with- Figures 18 and 19 (Figures 6 and 7 in reference 1) there appears
to be a discrepancy between the results, since the pressures on the windward side of the
Tower increase with increasing height, whilst the loads, integrated around the structure,
increase with decreasing height. The explanation is that although the windward pressure
increased with height, the high suction values that occurred around the leeward half of the
structure at lower levels were a major factor in determining the total loads. This can be
seen from Figure 20, which shows the 3-second pressure distribution around the Tower at
each level at the time when the maximum 3-second load occurred on each floor, In this
particular record the maximum loads occurred simultaneously on all levels; this was not
always the case, but even when the peak loads occurred at different times at each level, the
same overall pattern, of increasing windward pressure and decreasing leeward suction with
increasing height, was observed.

It was previously JL‘eporl:ed1 that a typical value of the force (drag) coefficient for the Tower
was 0,63. As further analysis has now been carried out, more detailed results can now be
given. The maximum 3-second loads for each record (Figure 17) can be converted to force
coefficients, Cf, based on the peak gust velocity at the top of the tower, ‘7195. The averages
of these 3-second Cg values from all the records were 0. 57, 0.60, 0.75 and 0. 85 at heights
of 1562m, 104 m, 67m and 49 m respectively.

The way in which the short duration gusts affected the instantaneous loads on each floor can be
seen by the second-by-second plots of the (1-second) load vectors (Figure 21). A 20-second
period of the results from all four floors is shown, the mean wind direction at 195m for this
period being 345° and the wind speed being 24 : 2m/s.



The striking observation is the difference between the vectors from D3 and B15, and those
from B7 and B3. In both direction and magnitude there is much less variation on the upper
floors, corresponding to the less turbulent wind at higher levels. However the turbulence at
lower levels causes a large scatter in both the direction and magnitude of the resultant loads.
In fact as mentioned previously, the loads on B3 and B7 are much greater than those on B15
and D3.

A significant factor in determining structural loads for design purposes is the size of gusts in
relation to the size of the structure. The gust sizes, as experienced by the structure, can be
determined by correlating the pressures measured at two separate points. The cross-correlation
function is a measure of the information which is given by the instantaneous value of the
pressure at one point about the value of the pressure at the other point, and at a time t seconds
later. For zero time lag, the cross-correlation is therefore a measure of the relationship
between simultaneous values of the pressures at different points.

For each record, cross-correlations were computed between pairs of transducers and a
typical set of squares of correlation coefficients at zero lag, r2, is given in Table 3 for a
vertical scan on the windward side of the Tower. Use of the heights in Figure 2 enables the
r2 values to be plotted against the particular separation distance, and a plot of the results
from this same record is shown in Figure 22, It can be seen that, even for transducers
separated by up to 120m, there is quite a high overall correlation of the pressure signals.

To see if this was also the case at different positions around the structure, the results for
vertical scans 9 and 10 of the same record are indicated in Figure 23. The coefficients on the
windward side of the Tower (position 8) have again been included for comparison, all three
sets being drawn as a broad band rather than individual points. Moving around the Tower 30
showed a decrease in the correlation to some extent, although for this particular record it
was still quite high at 120m. (Some records were like this, others had r2 values at 120m of
approximately 0, 1, ) Another change of 30° to position 10 reduced the correlation still further,
r2 now being approximately zero at about 60.m separation.

Values of the square root of the coherence were calculated and plotted against the reduced
frequency nX/V as, for example, in Figure 24. The best-fit exponential decay curve was
determined in each case, as Davenport suggested10 that the /coherence can be expressed in
the form Coherence = e"C'X/V 1rom all the correlations considered, the mean value of
the constant C was 6. 8 with a standard deviation of 1. 8. This is higher than was found at
Royex House'r’, and in fact approaches the generally accepted value of 7, 7 for eddies in the
free wind.

All the individual C values are plotted in Figure 25 against the vertical separation between the
relevant pair of transducers. It can be seen that the results from the transducers that were
9m and 10m apart are slightly higher than the rest. In fact for the 9m and 10m results, the
mean value of C was 8,4 with a standard deviation of 1.9, whereas for the rest of the results
the mean value is 6.1 with a standard deviation of 1. 3, Therefore the 9m and 10m results
have an influence on the overall mean, changing it from 6.1 to 6. 8. A high C value (eg 8. 4)
would imply a smaller effective gust width, but as coherence is plotted against the reduced
frequency, which takes account of the spatial separation, it might be expected that there should
be no significant variation in the results at any separation.

Harrisll has shown that, within limitations, Davenport's formula for coherence is consistent
with a more rigorously derived expression based on the case of homogeneous isotropic
turbulence. It was considered that this expression might provide a better fit to the Tower data
and hence explain the different C values at the small separation distances between transducers.
However, there is a considerable range of decay curves, based on the various values of the
constant C, each of which is the best fit for the particular set of data. In Figure 26 four such
curves (C =4, 6, 8 and 10) are shown, together with the Harris curve which is based on
Bessel tunctions.

There is no constant in Harris's expression which can alter the slope of the curve for different
sets of data. Therefore this more rigorously derived expression, whilst fitting a few of the
Tower results, is a worse fit for many of them, and does not provide the answer to the
problem. Davenport12 has recently suggested that the variation in C values might not be
excessive as a considerable range of transducer positions and local velocities are combined in
Figure 25. Further analysis of the results will be carried out shortly.



Strain measurements

The final analysis that was carried out concerned the oscillations of the Tower as detected by
the strain gauges on the reinforcing bars at the A8 level (29 m). Before the records were taken,
all channels were balanced in order to remove any mean drift due to a long-term movement of
the Tower (eg because of solar heating). Therefore all the results concern the dynamic strain
about the mean position at the beginning of the record.

A visual inspection of the records proved useful as a first stage of the analysis, (Part of a
record is shown in the Appendix, Figure A2.) All twelve strain gauges oscillated about their
deflected mean position, part of the time being relatively quiet with only small oscillations but
for most of the record showing a considerable amplitude to the oscillations. The quiet periods
did not necessarily coincide with lulls in the wind speed, neither did the maximum movement
coincide with the gusts. Both these observations would suggest that any change in amplitude,
due to a sudden change in wind speed, occurred over a period of several cycles. The time
period for the oscillations indicated that the natural frequency of the structure was 0. 157 Hz.
This visual inspection also indicated that the direction of oscillation of the Tower most of the
time was nearly perpendicular to the wind direction,

After this visual inspection the records were converted to a digital form, in the same way as
the pressure records, prior to computation. A typical instantaneous strain distribution
recorded by all twelve gauges can be seen in Figure 27, Part of the circumference is in
compression and the rest is in tension (relative to the mean position), and this situation
changed in cycles, as was indicated from the visual inspection. Peak levels of strain did not
necessarily occur at peak gust speeds; typically the peak dynamic strain was of the order of
25 x 106, Rms values for both records, averaged over the length of the record, were
typically about 6 x 1076,

Autocorrelation functions were determined for all gauges, and for record 17 these are

shown in Figure 28. It can be seen that at all positions around the Tower, the strain can be
well predicted at time lags of about 6%, 13, 193 etc seconds, as the autocorrelations show a
very strong periodicity (ie the natural period of the Tower). The mean wind direction at

195m was approximately opposite position 3, and it is noticeable that gauges 3A8 and 9A8
(windward and leeward sides of the Tower) show smaller fluctuations in the autocorrelations
of the strain than the side gauges (which were experiencing alternate tension and compression)
where the autocorrelation function varied between +1. 0 and -0. 8 in some cases.

Strain spectra for the variance of two gauges are shown in Figure 29. The results from all
twelve gauges in both records show a very narrow-band peak for the normalised strain
spectrum, centred about a frequency of 0. 157 Hz. This confirms the estimate based on the
visual inspection of the records, and corresponds to a natural period of vibration of 6. 37
seconds. It also agrees with the estimated value (0. 16 Hz) when the Tower was designed13.

Although all the spectra indicated the same frequency for all the peaks, the magnitude varied
according to the position around the Tower, as given in Table 4 (for record 17). This
confirms the observations from the autocorrelations, where the side gauges were seen to
have the greatest variance, gradually decreasing around the Tower towards the windward
and leeward gauges, where there was the least variance.

In the same way that the pressure measurements were combined to give the resultant load
vector on each floor, so all twelve strain measurements were combined to give the

resultant bending moment vector, eg as shown by the arrow in Figure 27. Some typical plots
of the second-by-second position of these vectors are shown in Figures 30-33, for periods
of between 20 and 25 seconds. The points indicate the position at each 1-second interval,
and the arrows represent the range of wind directions for the short period considered.

These diagrams are based on the vertical dynamic strain in the reinforcement at 29m above
ground level. They represent the bending moment at that height, and if it is assumed that
the Tower oscillated as a simple cantilever in a single mode, then the diagrams are
representative (to some unknown scale) of the horizontal movement of the top of the Tower.

For the majority of both records, the Tower oscillated transversely to the mean wind
direction as can be seen in Figure 30. There were, however, variations in this pattern,
For instance, occasionally there was a change in direction (Figure 31) for a short period,
possibly due to severe gusts on part of the structure. There were also times when the mean
position had apparently changed from the beginning of the record (Figure 32). This figure
also indicates a period when the oscillations were not exactly transverse to the wind
direction at 195m. Finally, Figure 33 shows an occasion when the movement had decreased
considerably, and the direction of oscillation was extremely indeterminate. This was a



period when the wind speed had decreased; this is confirmed by the mean position of the
vector, which is towards the mean wind direction as compared with the beginning of the record.
The situations in Figures 31-33 can obviously occur, but the main movement was as shown in
Figure 30.

DISCUSSION AND CONCLUSIONS

The relevance to design of the results that concern cladding loads cannot be finally assessed
until the analysis of the open-scale records has been finished. Gust factors based on these
short duration pressures will be presented and discussed at the same time.

Variations can be seen in the autocorrelations for different positions around the Tower, and
also at different levels. They do not show any unexpected results, the least correlated
pressure signals coming from transducers in positions of greatest turbulence.

It is shown that the pressure spectra on the windward side of the structure are of a similar
shape to that of the free wind. This indicates that most of the variance in these pressure
measurements comes from the turbulence in the approaching wind flow. However, this
situation gradually changes around the 'I'ower, and at 60 from the wind direction very large
peaks can be seen in the spectra indicating regular fluctuations in the pressures. At the range
of wind speeds at which the records were taken, the frequency of these fluctuations (due to
the eddy shedding from the side of the structure) was typically 0.1 Hz at the bottom levels
increasing to 0, 2Hz at the top. This is not within the range of natural frequencies of the
cladding panels and is therefore unlikely to lead to cladding resonance, but it does confirm
the importance of relatively short duration gusts for cladding loads. The further analysis of
open-scale records could indicate other peaks in the spectra at higher frequencies, as it is
thought that there are considerable pressure variations on some transducers due to turbulence
created by the mullions etc.

The vertical variation of the total horizontal loads shows greater loads at lower heights for
short duration averaging times. Similar results were obtained from the 118 m high Vickers
Tower, Millbank14, and also, to some extent, from the Tokyo Towerl®, The main reason
for this occurring at the Tower is the magnitude of the short duration suctions on the leeward
half of the structure at the low levels. The loading gust factors (eg those shown in Table 2)
that result from these high loads are very important when considering the design of such a
structure, and they are not normally taken into account.

'I'he size, and henoe duration, of gusto that chould bc uscd for design purposes, based on
the pressure correlations between pairs of transducers, has previously been discussedl. It
was indicated that, using the British wind loading Code of Practice, CP3, Chapter V, Part 2,
1972, an under-estimate ot the required gust duration could still be made. Tdeally an exact
gust duration could be calculated based on the cquation t = C.D/V seconds; C is given as
6. 8 1n this paper, or 4.4 trom Royex Houses, the latter being a broad-fronted slab office
block. The calculation of t may be an iterative process, as the selection of the design wind
speed itself depends to some extent on a knowledge of the gust duration, but this is seen as
a surmountable problem with the use of computer programs for design. However, if a
stepped progression of gust durations for various sizes of structures is required rather
than the above equation, the following are recommended:

3-second gust for buildings up to 30m

6-occond gust for buildings from 30m to 50 m
10-second gust for buildings from 50m to 100m
15-second gust for buildings over 100m
all these lengths applying to either the largest horizontal or vertical dimension of the
atructure. To implement this one would need an amendment to CP3, Chapter V, but it is
considered that these recommended gust durations would lead to more accurate design loads.

The dynamic movement of the Tower, as detected by the strain gauges, was at a frequency
of 0. 157 Hz and, at the range of wind speeds at which recordings were made, most of this
movement was transverse to the mean wind direction, Unfortunately comparisons could
not be made of the in-wind and across-wind deflections for a wider range of wind speeds.

Other full-scale tests have been carried out on tall slender structures, and the oscillation
results of these tests can be compared with the results in this paper. Ishizakil® tested an
80m high all-welded steel tower in Kyoto, with a fundamental natural period of 1. 3 seconds,
and gives a plot of the movement of the top of the structure. It is shown to move in an
elliptical fashion with thc minor axis of the ellipse (in-wind direction) approximately half
the major axis (cross-wind direction) for winds up to about 25m/s and also above 35m/s.

In between these speeds the amplitude perpendicular to the wind direction increases
considerably, giving a similar movement to that shown in Figure 30. Van Kotenl7 reports



some measurements made on a 100 m high eylindrical tower. This again agrees with the Post
Office Tower results, as he found that the transverse vibrations were much larger than the
vibrations in the wind direction, the ratio between the two amplitudes being about 4:1.

At the Post Office Tower itself, some measurements were taken directly of the displacement
of the top of the Tower by W C Ramsay of the (then) Ministry of Public Building and Works18,
This was done by installing a gyro unit, which recorded the magnitude and direction of the
deflection, at the centre of the top of the Tower, Ramsay states that there were many problems
with the equipment and that relatively few useful results were obtained; also the anemometer

at 195m was not used for the wind data as it did not cover the full period of the tests.

Instead meteorological information was used from the London Weather Centre. Plots are

given of the resultant movement of the top of the structure; some are elliptical but others

cross over themselves like a figure-of-eight and some are irregular curves with 'kinks',

said to be due to the influence of the bridge link to the adjacent telephone exchange building.

The authors would like to see further measurements made on this aspect of the work. All

the strain gauges and their connections at level A8 are still in existence, as is the anemo-
meter at 195m, and new equipment is now available to measure deflections very easily,
provided a line of sight is available. Such measurements at the Tower would enable velocities,
deflections and resulting strains to be measured simultaneously.
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Table 1 Details of records at the Post Office Tower

G = - Transducers used
Record Date Time Mean 195 195
no. GMT direction (m/s) (m/s) (seconds) B B B B B B B D D Strain
3 5 7 9 11 13 15 3 6
1 16. 10. 67 18, 07 2030 25 18 400 3 3 3 3 3 3 3 3 3 =
2 17.10.67 00. 07 2090 27 20 400 3 3 3 3 3 3 3 3 3 -
3 17.10. 67 03.07 2220 28 20 400 3 3 3 3 3 3 3 3 3 =
4 17, 10. 67 04. 07 193O 33 25 400 3 3 3 3 3 3 3 3 3 =
5 17.10. 67 05. 07 1950 30 21 400 3 3 3 3 3 3 3 3 3 =
6 17.10. 67 06. 07 2190 26 19 400 3 3 3 3 3 3 3 3 3 =
7 17.10. 67 07, 07 2130 27 19 400 3 3 3 3 3 3 3 3 3 =
8 15, 1.68 12,51 2650 22 15 1200 3 3 3 3 3 3 3 3 3 =
9 15. 1.68 13.15 2650 21 16 120 3 3 3 3 3 3 3 3 3 -
10 6. 3.68 17. 34 3250 32 22 1200 12 = 12 = = - 12 11 = =
11 20, 3.68 13.12 2250 25 15 800 12 = 12 = = = 12 11 = =
12 20. 3.68 16, 27 2100 30 20 1200 12 = = = - = 12 11 - -
13 20. 3.68 23.03 2050 20 21 1200 12 = = = = = 12 11 = =
14 15. 11. 68 18, 02 700 18 14 700 12 = 12 = = = 12 11 - =
15 22.12.68 04, 16 2480 15 13 1200 12 = 12 - = = 12 11 = =
16 7. 2.69 18,08 2440 28 20 1200 12 = 12 = = = 12 11 - -
17 19, 2.69 14. 24 680 20 14 1200 12 - - - 12 11 = 12
18 19, 2,69 15. 09 670 18 13 1200 - - - - - - = . = 12
19 12, 4.69 03, 35 2470 15 13 1200 12 = 12 - - - 12 11 = -
20 12, 4.69 10. 20 2630 19 13 1200 12 - 12 = = = 12 11 = i




Table 2 Variation of load with averaging time

A
Record 16 Vig5 =256 m/s d(3 seconds) = 481 N/m2

Averaging period (seconds)

Floor \
1 2 3 5 10 15 30 60

D3 Load (N 4735 4520 4371 4322 4159 3991 3872 3364
152m | Angle () 176 174 174 173 167 168 169 169

Load ratio 1.41 1. 34 1. 30 1. 28 1. 24 1. 19 1. 16 1. 00
B15 Load (N 4980 4792 4602 4527 4355 4146 3761 3005
104 m | Angle () 169 174 167 168 170 168 168 168

Load ratio 1, 66 1,59 1. 63 1. 51 1.45 1. 38 1. 25 1. 00
B7 Load (N 6745 5575 5374 5081 4081 3716 3042 2406
67m | Angle () 206 185 173 170 168 171 174 173

Load ratio 2. 80 2. 32 2,24 2.12 1.70 1. 54 1. 26 1. 00
B3 Load (N 7409 7124 6362 5350 4659 4196 3111 2162
49m | Angle () 161 160 155 156 167 173 172 171

Load ratio 3.42 3. 29 2. 94 2. 47 2.16 1. 94 1. 44 1. 00

Table 3 Cross-correlations at zero lag

PO Tower
Record 3

(Correlation coe[ficient)z

8B3 1. 00
8B5 0. 68 1. 00
8B7 0. 56 0.70 1. 00
~ 8BY | 0.50 0,60 0,78 1,00 R — =
8B11 0. 35 0. 38 0. 59 0.71 1. 00
8B13 0. 29 0. 30 0. 49 0. 57 0. 77 1. 00
8B15 0. 28 0. 26 0.43 0. 50 0. 68 0. 83 1. 00
8D3 0. 26 0. 28 0. 39 0. 38 0. 37 0.40 0. 40 1. 00
8D6 0. 23 0. 22 0. 32 0. 32 0. 33 0. 36 0. 34 0. 66 1. 00

8B3 8B5 8B7 8B9 8B11 8B13 8B15 8D3 8D6

11



Table 4 Variation of the peak value of the strain spectra

9 Peak value of
Position (relative to the wind) n.Sg (n)

(Tsz

1 - 63° 1. 93
2 - 33° 1. 28
3 - 3° (Windward) 0.45
4 27° 1.44
5 57° 2. 22
6 87° (Side) 2. 38
7 117° 2. 36
8 147° 1. 80
9 177° (Leeward) 0.95
10 -153° 2. 06
11 -123° 2. 64
12 - 93° (Side) 2. 65

Figure 1 General view of Post Office Tower
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Anemometer 195m

Level | Height| No of
T gauges
I D6 168m 3
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WEECLELET BT
R R AL D3 152m| N
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A
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JERIRR R R B15 | 104m | 12
58 B [ A B4
it I A B13 94m 3
b F B11 | 8m| 3
i !
] B9 76m | 3
i R R R I 4 B7 67m | 12
Anemometer -| - it
61m ii 8 1
A L B5 58m| 3
184 B R RARL
EL s i fet ] 0 F B3 49m 12
43m il ! { i‘
Strain
gauges
A8 29m| 12

Figure 2 Arrangement of anemometers, pressure transducers and strain gauges
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Figure 11 Pressure spectra, vertical scan 10
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PO Tower
Record 17
Data at1second intervals from level D3

Time
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295
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307
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309
310
31
312
313
314
315
316
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319
320
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323
324
325
326
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330
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1D3 to 12D3 (Pressure transducers): Nlm2
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156 68 =26
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167 52 =41
188 79 =36
156 73 =41
172 144 =21
198 94 =31
235 94 =67
229 79 =67
198 73 =57
198 100 =26
219 94 =47
240 105 =41
235 105 =41
240 121 =31
240 142 =21
271 152 0
250 131 =16
214 147 =16
235 168 0
276 194 16
250 183 21
224 168 31
224 178 16
219 162 =5/
214 157 5
245 162 0
240 180 16
323 220 5
370 252 0
334 220 =26
339 236 5
297 225 31
307 204 =41
302 189 =47
307 199 =21
302 204 =16
302 199 =16
328 204 =16
307 189 =S5/
334 190 =41
344 204 =57
334 204 =41
307 199 =41
323 220 =41
313 215 =26
3n2 199 =41
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302 199 =16
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Record 17

Time 1B15 2B15

275 40
276 55
27?7 60
278 ?5
279 90
280 7?5
281 65
282 50
283 25
284 30
285 40
286 55
287 65
288 45
289 20
290 25
291 20
292 30
293 25
294 30
295 20
296 0
297 5
298 25
299 40
300 40
301 15
302 25
303 45
304 40
305 S
306 15
307 25
308 60
309 55
310 25
31 =5
312 40
313 10
314 45
31s 35
316 50
317 65
318 -5
319 25
320 -5
321 0
322 =20
323 40
324 50
325 0
326 -3
327 40
328 50
329 95
30 45
Units:

1B to 12B15 (Pressure tranducers) :N [m2

Figure A4
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PO Tower
Record 17 19-2-69 14-24 GMT
Data at 1second intervals from level B7

Time 1B7 2B7 3B7 4B7 5B7

275 0 49 65 91 35
276 31 39 55 91 15
277 26 48 85 7 0
278 0 59 50 76 0
279 0 59 75 91 0
2R0 15 29 70 91 5
281 21 54 70 81 0
282 46 64 75 71 =40
283 57 59 85 76 =30
284 n 98 90 71 =25
285 15 88 99 51 =15
286 41 88 80 61 -15
287 21 78 75 56 =20
288 51 H8 70 30 0
289 15 69 100 51 =25
290 41 10R 95 66 =20
291 15 69 90 66 5
292 5 69 120 76 10
293 =21 78 135 96 5
294 S 113 155 96 =25
295 5 127 150 96 =45
296 51 113 140 66 =40
297 46 122 155 91 -25
298 31 113 180 11 =25
299 31 162 175 91 =20
300 =10 127 180 91 =15
301 =5 108 170 111 -15
302 0 103 130 96 )
303 =15 127 160 96 =30
304 =36 103 170 91 =49
305 =26 147 180 116 =40
306 b) 48 160 137 25
307 =15 88 165 131 5
308 10 93 150 142 0

309 =41 137 210 157 =35
310 =15 176 255 142 =45

311 10 191 259 1319 -35
312 =72 176 240 126 -15
313 =41 186 240 142 -5
314 =5 147 210 111 -25
315 =) 127 195 96 =45
316 =26 127 195 111 ~30
317 =15 108 180 121 =15

318 -15 127 160 126 -15
319 10 103 140 96 =40

320 0 108 155 11 =25
321 =5 103 150 96 =35
322 S 108 180 11 =5
323 =41 49 150 116 5

326 =41 103 195 142 =40
325 -154 5% 190 197 20
326  -46 113 180 121 <15
327 =10 137 195 142 -15
328 46 176 205 91 =94
329 21 157 205 111 =40
330 =10 147 185 126 =35

Units:
187 to 12B7 (Pressure transducers): N/m2

Figure A5
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PO Tower
Record 17
Deta at 1 second intervals from level A8

Time 1A8
275 -8
276 -5
277 3
278 18
279 22
280 12
284 -3
282 -3
283 0
284 12
285 17
286 3
287 -1
288 -5
289 0
290 4
291 12
292 20
293 17
294 3
295 -3
296 1
297 6
298 14
299 18
300 6
301 -1
302 -7
303 6
304 14
305 21
306 15
307 3
308 0
309 3
310 14
311 17
312 13
313 9
314 0
315 0
316 10
317 16
318 16
319 1"
320 4
321 1
322 9
323 12
324 14
325 13
326 I4
327 2
328 0
329 10
330 12
Units:

1A8 to 12A8 (Strain gauges): Dimensionless(Micro-strain)
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Contributions to the BGS symposium on field instrumentation.
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Wind pressure and strain measurements at the Post Office Tower.
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