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Abstract 

This paper analyses 72-hour-long field measurement data 

collected by a long-term structural health monitoring (SHM) 

system at a 420-meter-high building in Hong Kong during the 

passages of three severe typhoons. In this study, wind 

characteristics of these typhoons over the monitored high-rise 

building are presented; structural dynamic properties of the 

building are discussed using random decrement technique and 

Bayesian spectral density approach (a probabilistic approach in the 

Bayesian framework); and the building’s serviceability under 

typhoon conditions is evaluated against three comfort criteria. This 

study aims to further the understanding of wind effects on high-

rise buildings so as to provide useful information for the wind-

resistant structural designs. 

Introduction  

Since field measurements monitor structural responses from a 

prototype structure directly, it has been widely accepted as the 

most reliable and convincing approach to investigate wind effects 

on structures. Over the past few decades, numerous field 

measurements of dynamics responses of high-rise structures under 

wind actions have been conducted [3, 8, 12-13, 21, 23]. In 

particular, a full-scale monitoring program on three tall buildings 

in Chicago has been conducted [10]; a monitoring system in Burj 

Khalifa which is currently the tallest building in the world has been 

established [11]; structural performances of various super-tall 

buildings under typhoon conditions were evaluated [15-19]. 

However, the opportunities to conduct field measurements of wind 

effects on high-rise buildings during severe wind events such as 

tropical cyclones are still considerably rare, and more field studies 

are thus needed. 

Based on 72-hour-long field measurement data collected by a 

structural health monitoring (SHM) system during three severe 

typhoons, this study investigates the structural performance of a 

420-meter-high office building in Hong Kong under strong 

windstorms. The organization of this paper is as follows: Section 

2 introduces the SHM system; Section 3 presents the wind 

characteristics of three monitored typhoons; Section 4 estimates 

structural dynamic properties of the monitored building with usage 

of random decrement technique (RDT) and Bayesian spectral 

density approach (BSDA), and evaluates the building’s 

serviceability during these wind events. 

Monitored High-rise Building 

Building site 

As shown in Figure 1, which is an aerial photo of Hong Kong city 

center, the monitored super-tall building is located on the northern 

coast of Hong Kong Island (geographic coordinates: 22°17'7"N, 

114°09'33"E). A large number of tall buildings over 150 m in 

height are located closely to the monitored building to its east, 

south, and west. Victoria Harbor is located in the north of the 

monitored building, where is an open water terrain with a minimal 

width approximately 1 km. The southern part of Kowloon 

Peninsula in the north of Victoria Harbor is a densely built-up 

terrain with a great number of tall buildings over 100 m in height. 

 

Figure 1. Aerial photo of Hong Kong city center and building site. 

SHM system 

The long-term structural health monitoring (SHM) system is 

installed in the high-rise building shown in Figure 2(a). The 

monitored structure is currently the second tallest building in Hong 

Kong with a height of 420 m. Its cross section is convex-square 

shaped, while its width tapers gradually from 57 to 39 m with its 

height. The right side of Figure 2(b) shows a data acquisition unit 

that recorded the field measurement data at a sampling frequency 

of 20 Hz, while in the meantime these measurements are visualized 

and displayed by a control panel software shown on the left side. 

The approaching wind speed and direction atop the building during 

the 3 typhoons were measured by a Young 05103 propeller 

anemometer (R. M. Young Company, Traverse City, Michigan), 

with an accuracy of wind speed within ±0.3 m/s and that of wind 

direction within ±3°. As shown in Figure 2(c), the anemometer 

was fixed on a mast at a height of approximately 14 m above the 

building roof, or equivalently, 419.32 m above mean sea level 

(AMSL). Meanwhile, structural responses of the high-rise building 

during these typhoons were measured by a pair of orthogonally 

placed accelerometers shown in Figure 2(d). These two 

accelerometers were located at the building center on the top floor 

(398.87 m AMSL) to measure accelerations in two orthogonal 

directions, namely X- and Y-directions as indicated in Figure 2(e), 

respectively. 

 

Figure 2. The monitored high-rise building and SHM system: (a) building 
exterior; (b) control panel of SHM; (c) propeller anemometer; (d) High-

resolution accelerometers; (e) locations of the accelerometers and 

directions X and Y. 



Monitored Typhoon Events 

Typhoon No. Typhoon name Duration (hr) 

1 0812 Nuri 36 

2 1208 Vicente 18 

3 1319 Usagi 18 
Table 1. Monitored typhoon events. 

This paper selects totally 72-hour-long field measurement data 

collected by the aforementioned SHM system, including wind 

speed, wind direction, and structural accelerations, during the 

passages of the three typhoons listed in Table 1. It is noted that 

structural performance of the monitored building during Typhoons 

① (Nuri) and ② (Vicente) have been discussed in our previous 

studies [16 - 17]. As illustrated in Figure 3, all of these typhoons 

took a northwesterly path over the South China Sea towards inland 

and made landfall near Hong Kong. Especially, Typhoon ① 

passed over Hong Kong city center, and the closest distance 

between the typhoon eye and the monitored building was less than 

2 km. Time histories of 10-min mean wind speed and direction 

atop the building are presented in Figure 4. 

 

Figure 3. Tracks of monitored typhoons. 

 

Figure 4. Time histories of 10-min mean wind speed and direction. 

Structural Performance 

Structural dynamic properties 

Using the field measurement of accelerations, whose time histories 

are shown in Figure 5, the dynamic properties of the monitored 

high-rise building are estimated. This study employs the random 

decrement technique (RDT) [4] to describe the amplitude 

dependencies of building’s natural frequencies as well as damping 

ratios, and the results are plotted in Figure 6 and Figure 7. In order 

to improve the reliability and accuracy of the RDT results, each 

random decrement signature (RDS) involved at least 500 segments 

as indicated in these two figures. It is shown that the fundamental 

frequency in X-direction gradually decreased from 0.141 Hz to 

0.139 Hz as amplitude increased from 0 to 1.9 cm/s2, while that in 

Y-direction dropped from 0.145 Hz to 0.143 Hz as amplitude 

raised from 0 to 1.7 cm/s2. On the other hand, damping ratio in X-

direction generally stabilized at 1.5% while that in Y-direction 

slightly increased from 1.2% to 2.0%. In previous studies, a 

number of damping predictors were proposed in terms of building 

height, natural frequency, and horizontal displacement. Figure 8 

compares the damping ratios based on the measurements evaluated 

by the RDT with those predicted by six damping predictors [2, 5, 

6, 8, 14, 22]. It is noted that in order to calculate the tip drift ratio 

corresponding to each RDS, the tip horizontal displacement was 

regarded as the double integral of the accelerations under the 

assumption that it is a sinusoidal vibration with equivalent viscous 

damping [3]. The results show that the models proposed by [2, 6], 

comparing with other models, showed the closest agreement with 

the field measurements. The model by [5], although it provided 

slightly conservative results, generally presented a similar 

tendency of the variation of damping with vibration amplitude. It 

is worth noting that building damping varies greatly among 

different buildings, and most of the existing damping predictors 

were derived using data collected from buildings with height less 

than 200 m. 

 

Figure 5. Time histories of building accelerations. 

 

Figure 6. Amplitude-dependence of building natural frequencies estimated 
by the RDT. 

 

Figure 7. Amplitude-dependence of building damping ratios estimated by 

the RDT. 



 

Figure 8. Comparisons between measured and predicted building 

damping ratios. 

Traditionally, deterministic methods such as the RDT presented 

above are used to estimate modal parameters of a building, but 

these methods also lead to the neglect of the uncertainties of 

parameters. To take into account the uncertainties, this study 

employs Bayesian spectral density approach (BSDA) proposed by 

[9], which is a probabilistic approach in the Bayesian framework. 

Since the BSDA is applicable on the premise that external 

excitations are zero-mean Gaussian white noise, the data segments 

analyzed by the BSDA were first examined for their stationarities. 

Figure 9 and Figure 10 present the building’s natural frequencies 

and damping ratios estimated by the BSDA, respectively. The 

white circles represent the optimal estimations by the BSDA while 

the error bars indicate their associated confidence interval of 70%. 

The results show that the natural frequencies identified by the 

BSDA ranged from 0.138 Hz to 0.142 Hz in X-direction and from 

0.142 Hz to 0.145 Hz in Y-direction, while the damping ratios in 

both directions varied between about 1% and 1.7%. As for the 

uncertainties, it is shown that the confidence intervals of 70 % for 

natural frequencies in both directions were less than 0.001 Hz, 

while those for damping ratios ranged approximately from 0.5% 

to 1%. In general, the estimations by the BSDA were in a good 

agreement with those by the RDT. Moreover, the BSDA is capable 

of estimating the modal forces applied on the building, and the 

results are shown in Figure 11. As expected, the variation of modal 

forces followed a similar tendency of the wind speed presented in 

Figure 4. 

 

Figure 9. Natural frequencies estimated by the BSDA. 

 

Figure 10. Damping ratios estimated by the BSDA. 

 

 

Figure 11. Building modal forces estimated by the BSDA. 

Serviceability evaluations 

Serviceability, or habitability, is of great concern in the design of 

wind-sensitive structures. This study employs three commonly 

adopted comfort criteria, namely AIJ Habitability Guidelines [1], 

ISO 10137 [7], and Melbourne and Palmer [20], to assess the 

serviceability of the monitored building. As presented in Figure 

12, the building’s peak responses were much lower than the 

criteria by [7, 20], and less than 70% of the habitant were able to 

sense the building vibrations during the most severe typhoon 

(Typhoon ②) according to [1]. Therefore, the serviceability of the 

monitored high-rise building during these three typhoons was 

satisfactory. 

 

Figure 12. Comfort criteria and field-measured building’s peak 

instantaneous accelerations. 



 

Discussions 

In this study, 72-hour-long field measurements of the wind effects 

on a 420-meter-high building in Hong Kong during the passages 

of three severe typhoons were analyzed and discussed; the random 

decrement technique (RDT) was employed to reveal the amplitude 

dependencies of natural frequencies and damping ratios; a recently 

proposed probabilistic method in Bayesian framework, namely the 

Bayesian spectral density approach (BSDA), was adopted to 

identify the modal parameters of the monitored high-rise building 

as well as their associated uncertainties; and the serviceability of 

the high-rise building during these typhoons was evaluated by 

three comfort criteria. As a time-domain method, the results by the 

RDT were significantly improved with the usage of a large amount 

of data, producing reliable and convincing estimations of 

amplitude dependencies of the modal parameters of this building. 

Meanwhile, as a probabilistic approach, the BSDA is able to 

identify the modal parameters with information of their associated 

uncertainties, and the results were in a good agreement with those 

obtained by the RDT. The serviceability of the high-rise building 

satisfied all the three comfort criteria during the monitored severe 

wind events. 
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