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INTRODUCTION 

Nowadays, the technological advance in the materials field allows the use of more resistant and low 
weight materials that result in slender and more flexible structural systems. In the particular case of 
a composite floor, this flexibility is due to the use of larger spans, thus leading the structural system 
to a lower inherent damping [1]. On the other hand, it is well known that most disturbing vibrations 
related to human perception are in the range of 4 to 8 Hz [2] [3] and at the same time most of the 
natural frequencies of composite floor systems lie also in this range. In addition, the excitation force 
frequencies due to human activities occur in this range as well. This combination makes the 
structural systems more susceptible to the resonance phenomenon, causing undesirable vibrations in 
the frequency range that is the most noticeable to humans. 
Regarding all these aspects, this paper is intended to investigate the vibration levels of a real 
building steel-concrete composite floor submitted to rhythmic activities. Hence, the floor dynamic 
response in terms of accelerations was obtained by numerical simulations and compared to the 
limiting values proposed by several authors and design codes [2] [3] [4] [5] [6]. 
The investigated structural model was based on a real building steel-concrete composite floor 
spanning 40m by 40m with a total area of 1600m² and is currently subjected to gymnastics 
(aerobics). Besides, the investigated floor structural system presents very close natural frequencies 
and a multimodal behaviour. This way, a vibration control strategy was used, based on the use of 
multiple tuned mass dampers (MTMDs) to improve the human comfort. 

1 STEEL-CONCRETE COMPOSITE FLOOR STRUCTURAL MODEL 

The investigated structural system represents a typical interior floor of a commercial building used 
for gym. The steel-concrete composite floor is supported by steel columns and is currently 
submitted to human aerobic rhythmic loads. 
The structural system is made of steel beams and a 100 mm thick concrete slab, see Fig. 1. The 
columns height is equal to 4 m. The steel sections used were welded wide flanges (WWF) made 
from a 345 MPa yield stress steel grade. A 205x103 MPa Young’s modulus was adopted for the 
steel beams. The concrete slab has a 30 MPa specified compression strength and a 26x103 MPa 
Young’s Modulus. Table 1 depicts the geometrical characteristics of all steel sections used in the 
investigated structural model. 

Table 1. Geometric characteristics of the building composite floor [mm] 

Profile Type 
Height 

(d) 

Flange 
Width 

(bf) 

Top Flange 
Thickness 

(tf) 

Bottom Flange 
Thickness 

(tf) 

Web 
Thickness 

(tw) 

Beams - W 610 x 140 617 230 22.2 22.2 13.1 

Beams - W 460 x 60 455 153 13.3 13.3 8.0 

Columns - HP 250 x 85 254 260 14.4 14.4 14.4 



 

  

 

 

Fig. 1. Investigated structural model: plan view and typical floor bay cross section (dimensions in mm) 

Fig. 2. Thirty-two individuals practising aerobics and investigated sections of the floor (dimensions in mm) 
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The human rhythmic dynamic loadings were applied on the investigated structural model 
corresponding to thirty-two individuals practising aerobics. This study has considered the dynamic 
loads obtained by Faísca [7], based on the results achieved through a long series of experimental 
tests with individuals carrying out rhythmic and non-rhythmic activities. The individuals’ positions 
are shown in Fig. 2. The live load considered in this analysis corresponds to one person for each 
4.0m² (0.25 person/m²) [2]. It is also assumed that a single person’s weight is 800N (0.8kN) [2]. In 
this study a structural damping ratio of =1% ( = 0.01) was considered [4]. 

2 FINIT ELEMENT MODELLING 

The proposed computational model, developed for the composite floor dynamic analysis, adopted 
the usual mesh refinement techniques present in finite element method simulations implemented in 
the ANSYS program [8]. In this computational model, the floor steel beams were represented by 
three-dimensional beam elements, where flexural and torsion effects are considered. The concrete 
slab was represented by shell finite elements. The present investigation considered that both 
materials (steel and concrete) have an elastic behaviour. The steel-concrete composite floor finite 
element model is illustrated in Fig. 3. 
 

 

Fig. 3. Finite element steel-concrete composite floor model and typical finite element composite floor bay 

The complete interaction between the concrete slab and steel beams was considered in the analysis 
and simulated by spring elements so that the numerical model coupled all the nodes between the 
beams and slab, to prevent the occurrence of any slip. 
Regarding the behaviour of the structural connections present in the investigated composite floor, 
the beam-to-beam connections were modelled as flexible joints using spring elements. The beam-
to-column connections were considered as rigid joints. 
In respect to the modelling of the passive tuned mass damper system (TMD), a spring-damper 
element and a mass element were used, in order to simulate a mass-spring-damper system. Thus, 
these two elements were attached to the main structure such that they represent a TMD system. 
The final computational model was made of 29874 nodes, 3920 three-dimensional beam elements 
and 25600 shell elements, resulting in a finite element model with 167069 degrees of freedom. 

3 DYNAMIC ANALYSIS AND VIBRATION CONTROL 

The modal analysis was carried out and the first sixteen natural frequencies of the analysed steel-
concrete composite floor, varying from 6.06 to 7.79 Hz, are close to the excitation frequency range 
(aerobics). In this situation, the third harmonic, varying from 5.66 to 8.57 Hz [7], of the forcing 
function may match these natural frequencies and therefore lead the composite floor to resonance. 
Consequently, such situation might result in undesirable vibrations and thus human annoyance [2]. 
With the objective of avoiding unwanted vibrations the fundamental composite floor frequency 
should be at least equal to 9.2 Hz for aerobics, considering the structural system as a light floor [3]. 



 

  

Concerning the human comfort analysis, to the authors’ knowledge, it is worth to note that there is 
no generally agreed acceptance criterion for human rhythmic activities [4]. In others words, several 
authors [2] [3] [4] [5] [6] have been established comfort limits in function of acceleration 
assessment methods. 
Therefore, considering all these aspects, the steel-concrete composite floor accelerations herein 
were evaluated based on peak unweighted accelerations (steady-state response), ap, RMS weighted 
accelerations, aw,rms, and vibration dose values, VDV. Table 2 shows the RMS weighted 
accelerations and the VDV acceptance criteria respectively. The limiting value concerning aerobics 
and related to the peak unweighted acceleration is equal to 5%g (alim = 0.49 m/s2) [3]. 

Table 2. Human comfort criteria for human rhythmic activities 

SCI [4] Ellis and Littler [5]  Setareh [6] 
Person’s Reaction 

aw,rms (m/s²) VDV (m/s1.75) VDV (m/s1.75) 

< 0.35 < 0.66 < 0.50 Reasonable limit: passive persons 

0.35 - 1.27 0.66 - 2.38 0.50 - 3.50 Disturbing 

0.35 - 24.7 2.38 - 4.64 3.50 - 6.90 Unacceptable 

> 24.7 > 4.64 > 6.90 Probably causing panic 

 
The dynamic analysis was performed through an extensive parametric study so that the third 
harmonic of the force frequencies (aerobic activity) matches each natural floor frequency as much 
as possible in order to induce resonance. Thus, it was found that the eleventh (11th) and fifteenth 
(15th) vibration modes were predominantly excited resulting in excessive vibrations from the point 
of view of the human comfort. In sequence, Tables 3 and 4 display the obtained acceleration values 
regarding the uncontrolled system. 
Then, based on a TMD system proposed and experimentally tested by Varela [9], two TMD groups 
were tuned to the eleventh (group 1: f11 = 7.35 Hz) and fifteenth (group 2: f15 = 7.72 Hz) vibration 
modes, in order to minimize unwanted floor vibrations in case of resonance state. Thus, the two 
TMD groups were divided proportionally in eight TMDs with the same tuning, totalling sixteen 
TMDs, aiming to make them lighter and easier to be attached on the floor bottom. The effective 
mass of each TMD is equal to 130 kg, which corresponds to five steel plates of 26 kg. Note that 
each TMD does not have a physical dashpot, but an inherent damping due to its mechanism and the 
friction between the steel plates (Fig. 4). The damping value obtained experimentally [9] varies in 
the range of 1 to 1.5 % and in the present investigation was considered equal to 1.5 %. Fig. 4 shows 
the properties of each individual TMD corresponding to each group. The TMDs were designed 
according to the Den Hartog’s formulation [10]. 
 

a) 
b) 

Fig. 4. Proposed tuned mass damper (TMD) system: a) TMD isometric view; b) TMD physical characteristics 

3 compressed springs. 
TMD 1: K=90.13N/mm 
TMD 2: K=96.25N/mm 

Suspension axle. D=24mm;
L=500mm 

3 guide axles. D=8mm;
L=400mm 

5 circular steel plates.
D=280mm; t=51.5mm 

Circular TMD base plate.
D=280mm; t=25.7mm 



 

  

Table 3. TMDs effectiveness comparison (f = 7.35 Hz) 

Node 

Floor Dynamic Response (f=7.35 Hz) 

Vibration Control 
Acceleration (m/s²) 

VDV (m/s1.75) 
ap aw,rms 

F and J 

uncontrolled 0.420 0.283 0.575 

controlled 0.067 0.035 0.074 

reduction (%) -84 -88 -87 

G and K 

uncontrolled 0.802 0.435 0.933 

controlled 0.348 0.177 0.394 

reduction (%) -57 -59 -58 

Table 4. TMDs effectiveness comparison (f=7.72 Hz) 

Node 

Floor Dynamic Response (f=7.72 Hz) 

Vibration Control 
Acceleration (m/s²) 

VDV (m/s1.75) 
ap aw,rms 

F and J 

uncontrolled 0.843 0.536 1.101 

controlled 0.074 0.042 0.087 

reduction (%) -91 -92 -92 

G and K 

uncontrolled 1.000 0.548 1.150 

controlled 0.316 0.178 0.370 

reduction (%) -68 -67 -68 

 
From Tables 3 and 4, a very good percentage reduction varying from 57 to 92% was obtained for 

thirty-two people practicing aerobics on the steel-concrete composite floor investigated. Notice that 
the floor dynamic response related to the nodes F, J, G and K (see Fig. 2) presented a symmetrical 
behaviour so that these nodes were grouped for simplicity. Besides, these nodes represent the points 
of greatest magnitude associated with annoying excessive vibrations considering the human 
comfort. It is important to note that the acceleration values obtained after the installation of the two 
TMD groups were sufficient to respect the human comfort criteria according to the three evaluation 
methods used in this work. Fig. 5 presents the steel-concrete composite floor dynamic response in 
time domain when the force frequency is set to be equal to 7.35 Hz and 7.72 Hz, respectively. It 
must be emphasized that the black line in Fig. 5 is related to the steel-concrete composite floor 
controlled response. 
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Fig. 5. Composite floor dynamic response: a) Nodes G and K (f = 7.35Hz); b) Nodes G and K (f = 7.72Hz) 
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4 CONCLUSIONS 

The excessive vibration problems due to human rhythm activities concerning building steel-
concrete composite floors have been related by several authors in the last few years. Having this 
problem in consideration, this paper analysed a typical building steel-concrete composite floor 
spanning 40 m by 40 m used for aerobics. 
The developed computational model adopted the usual mesh refinement techniques present in finite 
element method simulations, based on the ANSYS program. This numerical model enabled a 
complete dynamic evaluation of the investigated steel-concrete composite floor in terms of human 
comfort and its associated vibration serviceability limit states. 
The modal analysis performed indicated that the first sixteen natural frequencies of the composite 
floor lie in the frequency range of aerobics. Consequently, this condition may lead the investigated 
structure to a possible resonant condition. The dynamic analysis carried out shown that the peak 
accelerations values obtained when thirty-two persons practising aerobics were higher than the 
limits proposed by three different methods of human comfort evaluation. This situation led to 
human discomfort for the individuals practising aerobics on the studied composite floor. 
Aiming to mitigate such excessive vibrations on the investigated floor, the use of sixteen passive 
tuned mass dampers (TMDs) were simulated as they were attached to the floor system. The control 
TMD system used in this study was based on an actual TMD system [9]. The maximum reduction 
obtained for thirty-two individuals practising aerobics (worst design case) was about 68%, which 
resulted in an unweighted peak acceleration, RMS acceleration and VDV of 0.32m/s², 0.18m/s² and 
0.37m/s1.75, respectively. 
Therefore, the controlled steel-concrete composite floor dynamic response was enough to attend the 
human comfort criteria. This way, the use of tuned mass damper systems has shown to be a low-
cost alternative to respect the intended human comfort criteria for composite floors submitted to 
human rhythm activities. 
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