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Abstract 

The behaviour of a 50 year old tall building (once the tallest building in London) has been revisited 

using knowledge-based prediction methods to establish the existing performance in lieu of wind tunnel 

predictions. The date of construction of the building pre-dates modern wind engineering studies. The 

owners have taken the decision to evaluate the tower with a view towards a probable change in 

occupancy/usage. The knowledge-based methods were complimented by full-scale measurements of 

building motions over the span of several months, which permitted comparison with the predictive 

methods. The full-scale comparisons are in good agreement with the predictions which suggests the 

knowledge-based method is a capable new tool. The full-scale measurements also provide some 

important insight into the robustness of tall building stock from the 1960’s, and some valuable 

measurements of critical structural damping. 

1 Introduction 

RWDI were commissioned to evaluate the behaviour of a 34 storey tall building in London, built 

during the early 1960’s. The building façade is constructed of prefabricated precast-concrete units 

bolted to each other and the concrete floor diaphragms to become load-bearing. Vertical loads are also 

carried by two pairs of precast-concrete columns within the centre of the building, while horizontal 

loads are resisted by concrete lift cores at either end of the floor plan. The construction of the tower 

pre-dates the development of many of the wind codes and engineering tools we take for granted today. 

The purpose of the assessment of building performance is to support current investigations regarding a 

probable change of occupancy of the building. 

2 Baseline Structural Properties from Full-scale Measurements 

The tower was instrumented with accelerometers at 2 positions on the 34th floor, nominally the North-

West and South-East corners. At each of these positions, two PCB accelerometers were placed which 

simultaneously measured lateral motion in orthogonal directions - a total of 4 accelerometers were 

used in the study. The accelerometers were arranged so that the motions measured in the orthogonal 

directions were aligned with the short and long axes of the tower.  

The signal conditioning and filtering was done utilizing a local Ethernet-based portable data 

acquisition unit, located in the lift motor room of the tower. Wind vibration data were collected at a 10 

Hz sampling frequency throughout, with data sets varying from 3 to 7 days in length over a three 

month period. The vibration measurements were taken under ambient wind conditions, i.e. the 
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excitation of the building was due to the prevailing winds at the time of sampling. Data collected was 

post-processed to derive time histories of the building vibrations in the X, Y and Z (torsional) 

directions. The measured data, which included up to 864,000 data points per 24-hour period were low-

pass filtered at a frequency of 2 Hz to deal with aliasing of the signal, and to remove high frequency 

vibrations un-related to the anticipated building dynamics under wind.  

The time histories of the building vibrations were transformed to the frequency domain using Fourier 

analysis techniques, and block-averaged power spectral densities (PSD) of the X, Y and torsional 

vibrations were generated to identify the natural frequencies. Examples of the PSD for the 

fundamental sway modes of vibration are presented in Figures 1 and 2 for the X and Y axes 

respectively, measured during a wind event recorded 8 June, 2012. 

 

Figure 1 – Normalized Power Spectral Density of Building Accelerations – X axis 

 

Figure 2 – Normalized Power Spectral Density of Building Accelerations – Y axis 

Vibration in the study building’s Y axis is the fundamental mode and vibration occurs at a natural 

frequency of f0=0.37 Hz, though it is evident from Figure 2 that a higher order vibration mode exists at 

a frequency of about 1.35 Hz.  Vibration in the X axis of the tower occurs at a natural frequency of 

f1=0.40 Hz. Measured frequencies of vibration in all building axes are provided in Table 1 below. 

The inherent structural damping levels of the building were determined using the Random Decrement 

Technique or RDT (Vandiver et al, 1982). Damping levels estimated using RDT during the strongest 

wind events during the 3 month period of record varied from about ζ0=1.8% (Figure 3) to ζ1=1.5%. 

This level of damping is not unusual of a 34 storey concrete tower based on commentary in the ASCE 

7 Standard (ASCE, 2010), particularly given its design life. The measured frequencies and damping 

and the provided mass properties and modal shapes of the study building were used to predict the most 

probable peak accelerations of the study building, using RWDI’s knowledge-based method.  
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Table 1: Measured Frequencies of Vibration (Hz) 

X Y Z 

0.40 0.37 0.60 

 

 

Figure 3 – Random Decrement Damping Estimate – Y-axis (ζstr=1.8%) 

3 Knowledge-based Predictions of Building Accelerations 

RWDI’s knowledge-based method is a based on a substantial data base of raw wind tunnel test data 

obtained from tested scale-model buildings. The method uses raw data from seed buildings having 

similar height, floor plan geometry and surroundings to the study building, with each seed building’s 

data being adjusted to account for minor differences in height, width, and site exposure. To process the 

modified seed building data, the data are combined with structural properties provided by the 

structural engineers and a wind climate model for London. The structural properties were based on the 

mass properties for the building and measured natural frequencies of vibration acquired from the full-

scale test program. Measurements indicated the modal shapes were uncoupled. The total structural 

damping ratio was taken to be 1.5% of critical, representative of the lower bound of the measured 

values from Centre Point tower. 

The predicted 1- and 10-year accelerations of the population of seed buildings selected from RWDI’s 

archives are shown in Figures 4 and 5. Note that the names of the buildings have been excluded to 

ensure anonymity of the seed buildings and their owners.  

The predicted peak resultant acceleration levels of the seed buildings, using the properties of the 34 

storey tower in London are quite low – approximately 2 milli-g at the 1 year return period, and about 

3.5 milli-g at the 10 year return period. There is some scatter about the mean value of the predictions 

from the seed buildings, though in this particular case the band is fairly narrow.  This is not unusual 

for predictions where the seed building floor plan geometries closely resembles the study building 

geometry.  

While low these peak acceleration levels are not surprising for a stiff and heavy concrete building 

located in London, and are well within the motion perception criteria used in the modern era (ISO 

10137, 2007). Note that no motion perception or human comfort guidelines were available to 

structural engineers of tall buildings at the time this tower was designed and constructed. 
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Figure 4 – Knowledge-based prediction of 1 year return period accelerations 

 

Figure 5 – Knowledge-based prediction of 10 year return period accelerations 

4 Comparisons with Full-scale Measurements 

The peak component building accelerations for a strong wind event beginning Thursday, June 7
th
 and 

ending Friday June 8
th
 are provided in Figure 6. The mean wind speed at surface level reached 54 

km/h and gusts reached 87 km/h during the event. This wind event had the largest recorded gust wind 

speed in the 12-month period beginning July 2011 and ending June 2012. Figure 6 illustrates a 1 hour 

sample in the x-axis of the building when the surface wind speeds peaked. The peak acceleration of 

the tower in the x-axis reached a magnitude of around ±3.0 milli-g during this time. 

 

Figure 6 – Measured Peak Accelerations in X-axis – annual event  

5 Conclusions 

Given the magnitude of the maximum gust wind speed measured during the 8
th
 June 2012 event, the 

return period of the event was estimated working back from the probability factors in the BS EN 1991-

1-4 Eurocode and the anticipated 50-year return period site wind speed at the Heathrow weather 

station location (20.8 m/s). The authors estimate that the event had a return period of between 1 and 2 
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years, i.e. a similar event is expected to occur once every 1 to 2 years on average. Based on this 

assessment, the measured peak accelerations are in reasonably good agreement with the predicted 

accelerations from the knowledge-based method. The knowledge-based method is a capable new tool 

for use in wind engineering predictions of tall building performance, in both forecast and hindcast 

modes. 
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