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ABSTRACT 
 

The dynamic behavior of slender structures, such as tower structures, is frequently characterized by unfavorable 

responses resulting in resonant phenomena between the dynamic actions and the structures, such as the “lock-in” 

effect. For counteracting unfavorable vibrations of slender structures, tuned mass dampers are frequently 

employed. Tuned mass dampers are attached to structures as structural subsystems “tuned” to suppress a 

response frequency, typically corresponding to a vibration mode, whose oscillation amplitude exceeds the limit 

state criteria of structural design. The energy dissipation mechanism of tuned mass dampers is the out-of-phase 

response with respect to structures at the “tuning” frequency. Tuned mass dampers are either installed at the 

construction stage, based on design predictions of structural dynamic responses, or at a later stage of the 

structure’s life cycle following large oscillation incidents, which have been unforeseen in design. However, 

given the potential changes in structural state, due to ageing or structural degradation, or the potential changes in 

the state of the tuned mass damper (TMD) itself (e.g. due to “de-tuning”), assessing the performance of tuned 

mass dampers is paramount for ensuring that the structural response remains within safety limits. This paper 

presents a data-driven approach towards assessing the performance of tuned mass dampers. Drawing from the 

theory of TMD operation, the proposed approach builds upon the expected phase difference between the TMD 

response and the structural response, which deviates from zero and, in the optimal case, lies in the vicinity of 

90°. The proposed approach is validated using acceleration response data from a long-term structural health 

monitoring system installed in a relay tower equipped with a TMD. 
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1. INTRODUCTION  
 

In structural design, operational requirements often result in adopting unconventional structural 

systems, such as irregular systems with non-uniform distribution of mass and stiffness or structural 

systems with high slenderness ratios. Slender structures, such as towers and masts, exhibit complex 

structural dynamic behavior, which is characterized by the contribution of high-order vibration modes 

and by excessive oscillation phenomena due to load-structure interaction. In addition, advances in 

material science over the last decades with the introduction of high-strength materials, have enabled 

the considerable reduction of cross section dimensions of structural elements. However, the 

subsequent reduction of structural mass, which is linearly related to the viscous damping of structural 

systems, has proven to exacerbate the unfavorable structural dynamic behavior of structures already 

prone to excessive oscillations. To ensure that structures meet the serviceability and structural integrity 

criteria throughout the life cycle, counteracting excessive oscillation phenomena is paramount. 

Standard practice in improving the dynamic behavior of structures focuses on artificially enhancing 

the damping forces in an attempt to counteract oscillations. To this end, structural subsystems, such as 
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viscous dampers, are attached to the structures. Moreover, since in most structures the structural 

dynamic response is dominated by a few frequency components, it is usually sufficient to target and 

suppress these frequency components by “tuning” the dampers, resulting in a special class of dampers, 

termed “tuned mass dampers”. The favorable effect of a tuned mass damper (TMD) is expressed by 

the splitting of an initial frequency component, which dominates the structural response of the 

structure prior to installing the TMD, into two frequency components, one with higher frequency and 

one with lower frequency than the initial frequency component. The out-of-phase oscillation of the 

TMD with respect to the structure results in keeping the oscillation amplitudes of the structure within 

acceptable limits. The definition of TMD tuning properties depends either on the anticipated structural 

dynamic behavior, if defined during the design stage, or on the structural dynamic behavior observed 

following incidents of unanticipated excessive oscillation. However, both the structural properties and 

the TMD tuning properties may vary during the structural life cycle. To ensure proper TMD operation 

for keeping the structural response within safety limits, assessing the TMD performance using 

information from observations of the structural dynamic behavior, e.g. obtained from structural health 

monitoring (SHM) data, is paramount. 

Investigating the structural behavior of monitored structures holds a central part in structural health 

monitoring. Typical structural behavior aspects studied in SHM include, e.g., basic structural dynamic 

properties or structural responses indicative of specific physical phenomena. Depending on whether 

the underlying physical principles of the structural behavior aspect under consideration are accounted 

for, the SHM analysis is distinguished into physics-based analysis and into data-driven analysis. Given 

the simplifications associated with the theoretical analysis of specific physical phenomena, adopting 

physics-based analysis in SHM may not be always the optimal solution. Rather, the application of 

data-driven analysis, i.e. not considering the physical principles a priori, often yields patterns from the 

data that, combined with adequate background in the phenomena under investigation, may result in 

informative conclusions. Data-driven analysis has been extensively applied in SHM, for example, for 

leveraging artificial intelligence (Smarsly and Hartmann, 2007), for monitoring wind turbines 

(Smarsly and Hartmann, 2010; Smarsly et al., 2012, 2013), for enabling automated control in 

intelligent SHM systems (Smarsly and Hartmann, 2009), for identifying structural properties of civil 

infrastructure (Dragos and Smarsly, 2017), and for system identification (Peeters, 2000). By defining 

suitable patterns to be found within the SHM data, monitoring the behavior of structural subsystems, 

e.g. of tuned mass dampers, is also possible. 

From the middle of the previous century, lots of research has been done on the optimal design of tuned 

mass dampers. Following the introduction of TMD design by Den Hartog (1956), approaches on 

defining optimal TMD properties have been reported by Fujino and Abé (1993) and Rana and Soong 

(1998). With respect to TMD performance assessment, research efforts have been focusing on using 

numerical simulations (Piknaew and Fujino, 2001) or on combining numerical simulations with 

laboratory tests in wind tunnels (Tuan and Shang, 2014). Employing system identification methods for 

long-term TMD performance assessment has been proposed by Weber and Feltrin (2010), and the use 

of monitoring data for identifying the activation level of a TMD via the variation of damping forces on 

a pedestrian bridge has been presented by Caetano et al. (2010). 

This paper presents a TMD performance assessment approach through data-driven analysis on long-

term SHM data. Contrary to the aforementioned approaches in assessing the performance of tuned 

mass dampers, the TMD performance assessment approach presented herein is based on extracting 

patterns indicative of TMD operation from SHM data. Specifically, drawing from the operation 

principle of out-of-phase TMD response with respect to the structure at the tuning frequency, 

estimates of the frequency band, in which the TMD is tuned are obtained. The TMD performance 

assessment approach is validated through field tests with SHM data from a relay tower. 

In the first section of the paper, the patterns to be found within the SHM data are defined. Then, the 

steps of the TMD performance assessment approach are shown. Next, the validation tests are 

presented, followed by the summary and conclusions and by an outlook on future research.  
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2. PATTERN DEFINITION FOR DATA-DRIVEN PERFORMANCE 

ASSESSMENT OF TUNED MASS DAMPERS 
 

In this section, the preliminary steps towards performing the data-driven assessment of tuned mass 

dampers are explained. Specifically, the pattern indicative of TMD operation is formulated. First, the 

basic principle for formulating the pattern is illuminated through a simple single-degree-of-freedom 

oscillator example. Then, for establishing the pattern, simulations on a cantilever structure equipped 

with a TMD are performed. 

 

2.1 Basic TMD operation principle 

 

The basic principle governing the TMD operation is illustrated through a simple single-degree-of-

freedom example, as described by Connor (2002). Assuming an oscillator composed of one mass mo, 

one spring of stiffness ko, and one dashpot simulating the viscous damping co of the oscillator, a TMD 

consists of an additional mass md, connected to the oscillator mass through a spring of stiffness kd and 

through a dashpot of damping cd, as shown in Figure 1. 

 

 
Figure 1: Single degree-of-freedom system with a tuned mass damper attached. 

 

The oscillator is subjected into harmonic excitation P(t) = po·sinΩt. Drawing from the field of 

structural dynamics, the dynamic equilibrium equations of the oscillator and the TMD are: 

 

 xxmPxkxcxm ddooo
   (1) 

0)(  dddddd xkxcxxm   (2) 

 

In Equations 1 and 2, ẍ, ẋ, and x, represent the acceleration, the velocity, and the displacement of the 

oscillator, respectively. According to Connor (2002), the near-optimal case for defining the TMD 

properties corresponds to the natural frequency ωd of the TMD coinciding with the natural frequency 

ω of the oscillator: 
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Considering the unfavorable case of resonance (ω = Ω), the structural responses of the oscillator and 

of the TMD are given in Equations 4 and 5, respectively. 

 
   tAx sin  (4) 

   tAx dd sin  (5) 

 

In Equations 4 and 5, φ represents the phase angle of the oscillator response, and θ denotes the phase 

difference between the TMD and the oscillator. The maximum displacements of the TMD and of the 

oscillator are represented by Ad and A, respectively. Since the excitation is harmonic, the phase angles 

of Equations 4 and 5 are calculated as follows: 
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In Equation 6, the critical damping ratios of the oscillator and of the TMD are denoted as ξ and ξd, 

respectively. Evidently, the effect of the TMD on the structural response is expressed through a phase 

difference between the oscillator and the TMD, which in the simplified case of the aforementioned 

example is equal to π/2 (90°). For analyzing the TMD behavior in multi-degree-of-freedom systems, 

the basic principle described above is applied to vibration mode n using the respective generalized 

mass mn, generalized stiffness kn, and generalized damping cn. It should be noted that the definition of 

optimal TMD properties is performed through further investigation for establishing the optimum 

tuning frequency ratio (fopt = ωd/ω), the optimum critical damping ratio of the TMD (ξd,opt) and the 

optimum mass ratio (μ = md/m). The aforementioned parameters are defined on a trial-and-error basis 

with the objective of minimizing the dynamic amplification factor, i.e. the factor which expresses the 

dynamic amplification of the structural response to dynamic load po·sinΩt as compared to the 

structural response to an equivalent static application of load po, of the oscillator response. For optimal 

TMD design, the phase difference between the TMD and the oscillator generally deviates from 90°; as 

it will be shown in the next subsection, however, the actual angle lies in the vicinity of 90°. 

 

2.2 Pattern definition through a simulation example 

 

Using the basic TMD operation principle, the pattern used for the data-driven analysis in this study is 

formulated through simulations of a 5-degree-of-freedom cantilever structure, which is shown in 

Figure 2. The cantilever is equipped with a TMD attached to the 5th (uppermost) degree of freedom 

(DOF) and tuned to suppress the first vibration mode, which dominates the structural dynamic 

response. Therefore, the generalized mass and stiffness of the first vibration mode, m1 and k1, 

respectively, are used for estimating the optimal TMD properties. With respect to the excitation, the 

cantilever is subjected to wind-induced vibrations, typical of slender tower structures, which is 

assumed to be random Gaussian (Wagner et al., 2017). For the load profile, the provisions of Eurocode 

1 (STN, 2010) for terrain category I, basic wind speed vb = 35 m/s, air density ρ = 1.25 kg/m3 and 

orography factor co = 1 are adopted.  

 

 
Figure 2: Cantilever structure used for simulations. 

 

Both the inertial and elastic properties of the cantilever structure are discretized to the 5 degrees of 

freedom, which are all translational only in the x direction. All rotational degrees of freedom are 

neglected. For defining the optimal TMD parameters, a known weakness of Den Hartog’s approach is 

the assumption of the structure being undamped. Although, as mentioned previously, for a damped 

structure, optimal TMD properties are estimated through trial and error, empirical approaches 

accounting also for the damping of the structure may be found in literature; for example, the formulas 
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proposed by Tsai and Lin (1993) based on curve fitting. For the purposes of this study, adopting the 

optimal parameters from Den Hartog’s approach, shown in Equation 7, is considered adequate, while 

the corresponding parameters from the formulas by Tsai and Lin, shown in Equations 8 and 9 are 

provided for comparison purposes. 
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By performing modal analysis on the cantilever structure, the first vibration mode is found at a 

frequency of f1 = 2.13 Hz having a generalized mass of m1 = 12.76 t. The mass ratio between the TMD 

and the structure is selected as μ = 4%. Damping is assumed constant for all modes at ξ = 2%. Using 

Equations 7, 8 and 9, the optimum TMD parameters are calculated and summarized in Table 1. 

 
Table 1. Optimum TMD parameters calculated from Den Hartog (1956) and Tsai and Lin (1993). 

Den Hartog Tsai and Lin 

ξd,opt fopt ξd,opt fopt 

0.120 0.9615 0.125 0.9616 

 

From Table 1, it is evident that adopting the TMD optimal parameters estimated by Den Hartog’s 

approach is sufficient for this study. A series of time-history analyses under the loading profile shown 

in Figure 2 and considering Gaussian excitation is performed on the cantilever structure. Starting from 

the optimal parameters given in Table 1, different cases of “de-tuning”, i.e. of deviations from the 

optimal parameters, are considered. The de-tuning is simulated by changing the mass and stiffness of 

the TMD, thus resulting in different values of f, while ξd is kept constant. To illustrate the effect of the 

TMD in each analysis, the displacement response data sets from the 5th DOF and from the TMD are 

collected. Both displacement response data sets are transformed into the frequency domain and the 

cross spectrum between the response data sets is obtained. Subsequently, the phase angle of the cross 

spectrum, representing the phase difference between the response of the structure and the response of 

the TMD, is retrieved. Figure 3 shows the effect of the TMD on the root mean square displacement of 

the 5th DOF for all sets of TMD parameters considered. Subsequently, the effect of the TMD on the 

phase angle of the cross spectra between the displacement response data set of the 5th DOF and the 

corresponding response data set of the TMD for all sets of TMD parameters is illustrated in Figure 4. 

 

 
Figure 3: Effect of TMD on the RMS of the displacement of the 5th DOF. 
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In Figure 3, the favorable effect of the TMD on the structural response of the cantilever for the case of 

optimal TMD design is evident. Combining this effect with observations from Figure 4, it is clear that 

for optimal TMD operation the phase angle of the cross spectrum between the displacement response 

data set of the 5th DOF and the displacement response data set of the TMD deviates from zero. There 

are also indications of the phase angle approaching 90°; however, as argued previously, a phase 

difference of 90° corresponds to the idealized near-optimal case of the simplified example described in 

the previous subsection, and is not expected to hold true in full scale structures. Nevertheless, for the 

purposes of this study, the pattern indicating TMD operation, which will be used for data-driven 

analysis, consists of the phase angle of the cross spectrum deviating from zero and lying in the vicinity 

of 90°. The steps of the TMD performance assessment approach are described in the next section. 

 

 
Figure 4: Effect of TMD on the phase angle of the cross spectra between the displacement of the 5th DOF and the 

displacement of the TMD. 

 

3. PERFORMANCE ASSESSMENT OF TUNED MASS DAMPERS 

USING SHM DATA 
 

This section presents the steps of the TMD performance assessment approach using data from 

structural health monitoring systems. Contrary to the simulation example described in the previous 

section, in the TMD performance assessment approach, no assumptions on the optimal TMD 

parameters are made. Rather, the pattern indicating TMD operation, formulated in the previous 

section, is utilized in a purely data-driven manner. The steps of the TMD performance assessment 

approach are described below. 

 

1. Acceleration response data sets from the structure and from the TMD are collected. 

2. The acceleration response data sets are integrated to obtain the corresponding displacement 

response data sets using any integration algorithm. 

3. The displacement response data sets are transformed into the frequency domain via the fast 

Fourier transform (FFT). 

4. The Fourier amplitude spectra of the displacement response data sets from the structure are 

plotted for detecting peaks corresponding to vibration modes (modal peaks). 

5. The cross spectrum between the displacement response data sets from the structure and the 

displacement response data sets from the TMD is obtained. 

6. The phase angles of the cross spectrum at the modal peaks are retrieved. 

7. Based on the deviation of the cross spectrum phase angles from zero and on the proximity of 

the phase angles to 90°, the TMD operation at the corresponding frequency band is assessed. 

 

For integrating the acceleration response data sets in this study, the Newmark-β integration algorithm 

is used (Newmark, 1959), which is shown in Equations 10 and 11. 
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In Equations 10 and 11, γ and β are the Newmark coefficients, which are set equal to γ = 0.5 and 

β = 0.25. For conducting FFT, the Cooley-Tukey algorithm is used (Cooley and Tukey, 1965), as 

shown in Equation 12.  
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In Equation 12, X is the N-sized complex Fourier series of the N-sized x time series holding the 

displacement response data. The time increment is denoted as Δt. The amplitude A and the phase angle 

θ of the FFT are calculated, as follows: 

 

     22
ImRe kkkk XXXA   (13) 

   
 
 












k

k

kk
X

X
X

Re

Im
arctanarg  (14) 

 

Finally, the cross spectrum G between the displacement response data of the structure (i) and the 

displacement response data of the TMD (j) is calculated in Equation 15. 

 

 NNkXXG jkikijk ),0[*

,,,
 (15) 

 
In Equation 15, “*” denotes complex conjugate. The steps of the TMD performance assessment 

approach are flowcharted in Figure 5. 

 

 
Figure 5: Flowchart of the TMD performance assessment approach.  
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4. VALIDATION TESTS: ASSESSING THE PERFORMANCE OF A 

TUNED MASS DAMPER INSTALLED IN A RELAY TOWER 
 

The applicability of the TMD performance assessment approach is validated through field tests on a 

relay tower, which are shown in this section. First, the relay tower and the SHM instrumentation are 

described and, then, the results from applying the TMD performance assessment approach are 

presented. 

 

4.1 Description of the relay tower and of the SHM instrumentation 

 

The relay tower is approximately 190 m high and comprises three structural segments, as shown in 

Figure 6: i) the bottom 108 m-high segment is made of reinforced concrete, ii) the middle 60 m-high 

segment is made of steel, and iii) the top 22 m-high segment is made of glass fiber. All three structural 

segments are fixed to each other through bolts at the interfaces. The reinforced concrete segment is 

tapered and has a circular hollow section with a variable thickness ranging from 45 cm at the ground 

level to 27 cm at the interface with the middle (steel) segment. The maximum outer diameter of the 

concrete segment is 8.6 m (at the ground level) and the minimum diameter is 4.8 m (at the interface 

with the middle segment). The steel segment is divided into three subsegments with constant circular 

hollow sections: one with a diameter of 3.0 m at the interface with the concrete segment, followed by 

one subsegment with a diameter of 2.0 m, and ending with a subsegment of diameter 1.8 m. The 

thickness of all subsegments is 2 cm. The transition from one subsegment to the next subsegment is 

achieved through short tapered steel sections. The glass fiber segment has a constant 2.5 cm thick 

circular hollow section with an outer diameter of 1.6 m. A TMD is installed at the top of the glass fiber 

segment, consisting of a steel-profile ring filled with concrete and suspended from the top of the 

tower. The TMD is connected to the tower shell through spring elements. 

 

 
Figure 6: Overview of the relay tower and of the SHM instrumentation. 

 

As can be seen in Figure 6, the SHM system installed in the relay tower consists of accelerometers, 

temperature sensors, and anemometers. For applying the TMD performance assessment approach, the 

accelerometers of instrumentation level 2 (top) are considered. Specifically, at the top of the glass 

fiber segment, two pairs of accelerometers are installed, one pair on the tower shell and one pair on the 

TMD. The accelerometers of each pair are perpendicular to each other, one measuring along the east-

west direction and one measuring along the north-south direction.  
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The TMD performance assessment approach is applied using the acceleration response data from 

instrumentation level 2 of the SHM system. The long-term analysis of anemometer data has shown 

that the dominant wind direction is west/south-west. Hence, the acceleration response data sets from 

the accelerometers measuring along the east-west direction are used. The application of the TMD 

performance assessment approach is performed in the following steps: 

 

1. The acceleration response data sets from the two accelerometers, one on the tower shell and 

one on the TMD, collected in hourly intervals over a period of six months, are divided into 10-

minute segments. 

2. Each segment is integrated for obtaining the corresponding displacement response data 

segment using the Newmark-β algorithm. 

3. The displacement response data segments are transformed into the frequency domain and the 

modal peaks are identified. 

4. The cross spectra between the displacements response data segments of the tower shell and the 

displacement response data segments of the TMD are calculated. 

5. The phase angles of the cross spectra at the modal peaks are retrieved. 

 

From step 3, a total of four modal peaks are identified, and, subsequently, the respective phase angles 

of the cross spectra are retrieved in step 5. The results from applying the TMD performance 

assessment approach over a period of one month are illustrated in Figure 7. 

 

 
Figure 7: Results from applying the TMD performance assessment approach over a period of one month. 

 

From Figure 7, it is evident that for the first three modal peaks the phase difference between the TMD 

and the tower is negligible, as cosθ ≈ 1, which means θ ≈ 0 or θ ≈ 2π. Some deviations from cosθ ≈ 1 

for low wind speeds observed in the first three modal peaks are attributed to the high contribution of 

noise as a result of low structural response. In the fourth modal peak, and for high wind speeds, a 

considerable deviation from cosθ ≈ 1 is observed. Based on the pattern formulated previously for the 

data-driven analysis, it can be conjectured that the tuning frequency of the TMD lies in a frequency 

band in the vicinity of f4 = 2.04 Hz. The lack of convergence of the phase angles of the cross spectra to 

a dominant value at the fourth modal peak is attributed to the highly complex nature of the structural 

dynamic response under wind-induced vibration, where the combined effect of phenomena, such as 

vortex-induced vibrations, galloping and wind turbulence, may interfere with the TMD operation. 
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5. SUMMARY AND CONCLUSIONS 
 

The adoption of unconventional structural systems in structural design, such as irregular structural 

systems or systems with high slenderness ratios, may result in unfavorable structural dynamic 

behavior, characterized by excessive oscillations. For meeting the safety and serviceability 

requirements, excessive structural oscillations need to be accommodated. To this end, structural 

subsystems are frequently installed in an attempt to artificially enhance the damping forces for 

dissipating the oscillations. A specific class of dampers, termed “tuned mass dampers”, have been 

increasingly employed, owing to the merit of tuning the dampers to target and suppress specific 

frequency components that are dominant in the structural dynamic response. The design of tuned mass 

dampers is conducted either at the design stage of the entire structure, using prediction models of the 

anticipated structural dynamic behavior, or following incidents of violation of serviceability criteria. In 

both cases, the tuned mass damper (TMD) properties are estimated for a specific structural state. 

However, due to ageing and structural degradation, assessing the performance of tuned mass dampers 

at regular intervals is paramount for verifying the proper TMD operation and, thus, for ensuring user 

safety. This paper has presented a TMD performance assessment approach by applying data-driven 

analysis on structural health monitoring (SHM) data collected from structures equipped with tuned 

mass dampers. According to the basic TMD operation principle, the phase difference between the 

TMD and the structure is expected to deviate from zero and lie in the vicinity of 90°. The pattern of 

this expected phase difference is sought in a data-driven manner in the cross spectrum between the 

displacement response data sets derived from integrating acceleration response data sets from the 

structure and from the TMD. 

The TMD performance assessment approach has been validated through field tests on a relay tower 

equipped with a TMD. Acceleration response data sets from the TMD and from the tower, recorded at 

the same level as the TMD, have been collected and integrated to obtain the corresponding 

displacement response data sets. Then, the displacement response data sets have been transformed into 

the frequency domain, and four modal peaks have been detected through the Fourier amplitude 

spectra. Next, the cross spectra between the displacement data sets of the tower and the displacement 

data sets of the TMD have been calculated, and the phase angles from the cross spectra at the modal 

peaks, representing the respective phase differences between the tower and the TMD, have been 

retrieved. From the results, no phase difference has been observed in the first three modal peaks, 

which implies that the tuning frequency does not lie in the vicinity of any of the first three vibration 

modes. In the fourth modal peak, there are noticeable deviations of the phase difference from zero at 

high wind speeds, indicating that the tuning frequency may lie in the vicinity of the fourth mode. 

However, since no convergence to a single phase difference value is observed, no clear conclusion on 

the tuning frequency can be drawn. To enhance the accuracy of the proposed TMD performance 

assessment approach, complementing the current approach with analysis on complex wind-induced 

vibration phenomena, which may interfere with the structural response, is necessary and will be part of 

future research. Furthermore, combining the data-driven TMD performance assessment methods with 

elements from the theory of tuned mass dampers to extract more informative conclusions on the 

condition of tuned mass dampers is also foreseen. 

 

 6. ACKNOWLEDGMENTS 
 

The authors would like to gratefully acknowledge the financial support offered by the German 

Research Foundation (DFG) under grant GRK 1462 (“Evaluation of Coupled Numerical and 

Experimental Partial Models in Structural Engineering”). Any opinions, findings, conclusions or 

recommendations expressed in this paper are those of the authors and do not necessarily reflect the 

views of DFG. 

  



 

11 

 

 

7. REFERENCES 
 
Caetano E, Cunha Á, Moutinho C, Magalhães F (2010). Studies for controlling human-induced vibration of the 

Pedro e Inês footbridge, Portugal. Part 2: Implementation of tuned mass dampers. Engineering Structures, 32(4): 

1082-1091. 

Connor JJ (2002). Introduction to Structural Motion Control. Prentice Hall Inc., Upper Saddle River, NJ, USA. 

Cooley JW, Tukey JW (1965). An algorithm for the machine calculation of complex Fourier series. Mathematics 

of Computation, 19(90): 297-301. 

Den Hartog JP (1985). Mechanical vibrations. Dover Publications, Mineola, NY, USA. 

Dragos K, Smarsly K (2017). Decentralized infrastructure health monitoring using embedded computing in 

wireless sensor networks. In: Sextos A & Manolis GD (eds.): Dynamic Response of Infrastructure to 

Environmentally Induced Loads, pp. 183-201, Springer International Publishing AG, Cham, Switzerland. 

Fujino Y, Abé M (1993). Design formulas for tuned mass dampers based on a perturbation technique. 

Earthquake Engineering Structural Dynamics, 22(10): 833-854. 

Newmark NM (1959). A method of computation for structural dynamics. ASCE Journal of Engineering 

Mechanics, 85(3): 67-94. 

Pinkaew T, Fujino Y (2001). Effectiveness of semi-active tuned mass dampers under harmonic excitation. 

Engineering Structures, 23(7): 850-856. 

Rana R, Soong TT (1998). Parametric study and simplified design of tuned mass dampers. Engineering 

Structures, 20(3): 193-204. 

Smarsly K, Hartmann D (2007). Artificial intelligence in structural health monitoring. In: Proceedings of the 

Third International Conference on Structural Engineering, Mechanics and Computation, Cape Town, South 

Africa, 10/09/2007. 

Smarsly K, Hartmann D (2009). AMBOS – A self-managing system for monitoring civil engineering structures. 

In: Proceedings of the 16th International Workshop on Intelligent Computing in Engineering (EG-ICE). Berlin, 

Germany, 15/07/2009. 

Smarsly K, Hartmann D (2010). Agent-oriented development of hybrid wind turbine monitoring systems. In: 

Proceedings of the International Conference on Computing in Civil and Building Engineering, Nottingham, UK, 

30/06/2010. 

Smarsly K, Hartmann D, Law KH (2012). Towards life-cycle management of wind turbines based on structural 

health monitoring. In: Proceedings of the First International Conference on Performance-Based Life-Cycle 

Structural Engineering, Hong Kong, China, 05/12/2012. 

Smarsly K, Hartmann D, Law KH (2013). A computational framework for life-cycle management of wind 

turbines incorporating structural health monitoring. Structural health monitoring, 12(4): 359-376. 

STN EN-1991-1-4 (2010). Eurocode 1: Actions on structures. Part 1-4 General Actions – Wind actions. 

European Committee for Standardization (CEN), Brussels, Belgium. 

Tuan AY, Shang GQ (2014). Vibration control of a 101-storey building using a tuned mass damper. Journal of 

Applied Science and Engineering, 17(2): 141-156. 

Wagner GB, Foiny D, Sampaio R, Lima R (2017). Operational modal analysis under wind load using stochastic 

sub-space identification. In: Proceedings of the XVII Symposium on Dynamic Problems of Mechanics, São 

Sebastilão, Brazil.  

Weber B, Feltrin G (2010). Assessment of long-term behavior of tuned mass dampers by system identification. 

Engineering Structures, 32(11): 3670-3682. 


