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ABSTRACT 
 
Due to factors of growing spans, less partition walls, reduced floor thicknesses and lower structural damping, 
long-span prestressed concrete floors are subject to vertical vibration induced by human activities. Vibration 
serviceability problems, which damping has a significant influence on, occur if the vibration amplitude is 
beyond certain limitations thus disturbing the building’s occupants and equipment sensitive to vibrations. 
However, the damping is nonlinearity and uncertainty, the design provisions and simplified calculation 
procedures available in these guidelines are generally based on ideal simplified models while are not always true 
for the actual project. Therefore, it is always desirable to have field measurements carried out on an as-built long 
span floor for providing reliable damping ratio used in the design in order to get a good vibration serviceability. 
Such in-situ measurements for long-span concrete floors, especially those conducted over a long period covering 
several different construction stages, are still rare. Starting from 2008, we have carried out field tests on a 
concrete floor whose 42 m beam span remains the longest of its type in mainland China. The floor system is part 
of a multi-purpose training hall. The field testing covers all the important construction stages including the 
completion of the structural floor, the installation of the false floor, the completion of the whole building, and 
the opening of the hall to the public. Along with the installation of the false floor, a permanent floor-vibration 
monitoring system consisting of 12 accelerometers was installed on the floor and has successfully worked for 
five years. The damping ratios are identified using ambient vibration measurements. The variation of the 
damping ratios with the vibration amplitude are explored in this paper and it is reasonably conservative to use a 
0.015 damping ratio for vibration serviceability design for a long-span concrete floor with little partition wall. 
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INTRODUCTION  
 
With the rapid development of construction techniques and the broad application of high-strength, light-weight 
construction materials, the span of floors in buildings like offices, shopping centers and stadiums has increased 
dramatically to cater to the owner’s demands of an open-plan environment and more flexible arrangement. For 
example, the size of the prestressed concrete floor of Qingdao Sports Center comprehensive training hall is 72m 
× 41.55m, Shenyang Olympic Sports Center is 80m × 40m and Beijing Olympic Convention adopt Center steel 
-concrete composite floor ,whose size is reach 81m × 60m in mainland China. Due to factors of growing spans, 
fewer partition walls, reduced floor thicknesses, the structural stiffness and damping become smaller , these may 
cause vibration serviceability problems ,which may be subject to vertical vibration induced by human activities 
such as walking, jumping, dancing and aerobics and disturb the building’s occupants and equipment sensitive to 
vibrations. As one of the importance influences on vibration serviceability, damping has been described in many 
papers: damping of the floor system (increase the rate of removal of vibrational energy ) reduces resonance 
vibration and thus annoyance (Allen and Pernica 1998); damping has a great influence on the vibration 
behaviour floor (Research fund for coal and steel 2007); The magnitude of resonant response is strongly 
dependent on both the damping of the structure and harmonic number. (Willford and Young 2006). Some 
domestic and international codes or specifications also gives some values of the damping ratio which based on 
issues of vibration serviceability, such as 0.02 for floors with few non-structural components (ceilings, 
ducts ,partitions, etc.) as can occur in open work areas and churches (AISC Design Guide 11 2003); 1-2% for 
floors with few non-structural components (Wilson); 0.7% to 1.2% for reinforced concrete bridges (CCIP-016 
2006). However, the values of damping ratio given by these specifications are not always the same, and also 
these specifications do not mention the influence of the span on the damping ratio and neither talk about the 



changes of damping with time. In fact, the damping is affected by many factors and it is impossible to get a 
accurate value in theory nowadays. For a new floor being designed, the modal damping ratio may need to be 
estimated using measured data from similar structures. So an on-site measurement values for the damping ratio 
is necessary.  
 
For this reason，starting from 2008, we have carried out field tests on a concrete floor whose 42 m beam span 
remains the longest of its type in mainland China. The floor system is part of a multi-purpose training hall. The 
field testing covers all the important construction stages including the completion of the structural floor, the 
installation of the false (wooden) floor, the completion of the whole building, and the opening of the hall to the 
public. Along with the installation of the false floor, a permanent floor-vibration monitoring system consisting 
of 12 accelerometers was installed on the concrete floor and has successfully worked for five years. With the 
help of this monitoring system, ambient vibration and vertical acceleration responses of the floor under 
controlled and operational excitation have been recorded. Two methods were used to identify the damping ratio 
using the measurements. 
 
DESCRIPTION OF THE TEST PROCEDURE 
 

Description of the Building 
 
The tested post-tensioned (PT) concrete floor belongs to a stadium designed for training exercises for various 
kinds of sports. The dimension of the main area of the floor is 41.55×72m as shown in Figure 1. The PT girders, 
whose 41.55m span is currently the longest in mainland China, are arranged in the y-direction. Each PT girder’s 
width is 450 mm and the depth is 3000 mm. Normal reinforced concrete beams of 250×800 mm are arranged in 
the x-direction. The girders and beams were casted together with a 120mm thick concrete slab, forming a 
monolithic floor system. Beams and slabs are casted by C50 concrete. 
 

Tested Floor 

 
Figure 1. Plan of the test floor 

 
During the construction period (Jan. 2008- Mar. 2009), field measurements were conducted at four different 
stages (denoted as Stage I to IV hereafter). Stage I refers to the period right after the structural floor was 
completed and without any presence of nonstructural components such as floor covering, ceilings, mechanical 
equipment and partitions. Stage II refers to the period when the keel for the wooden floor was completely 
installed while Stage III refers to the period when the wooden floor was completely installed. Stage IV refers to 
the time when the whole building was completed but before it is open to the public. After the stadium was 
officially open to the public on May 2009, field measurements were conducted at regular intervals using an on-
site permanent monitoring system. Measurements on May 2009, Jun. 2010, July 2011 and July 2012 also have 
been used in this study, which are referred to as Stage V to VIII respectively. Photos of the floor at different 
stages are given in Figure 2 



   
(a) Stage I                                                 (b) Stage II 

 

   
(c) Stage IV                                         (d) Stage V 

Figure 2. Photos of the floor in different stages 
 

Description of Measuring Point and Measuring Equipment 
 
During Stage I and II, ambient vibration measurements were conducted using the test grids as shown in Figure  
3a where accelerometers at locations 11#, 12# and 13# were reference transducers (in x, y and z direction 
respectively) and accelerometers at locations 2# -10# were moved between each of the seven test cases (Case 1 
to Case 7 in Figure  3a). For each test case, the vertical vibrations of the floor were measured for at least 30 min 
with a sampling frequency of 100Hz.  
 

 
  (a)  Test grids in Stage I and II                    (b) Locations of sensors since Stage III 

Figure 3. Transducer set-up in different stages 
 
In Stage III, an on-site long-term floor vibration monitoring system was designed and installed on the concrete 
floor and beneath the wooden floor. The monitoring system consists of twelve accelerometers whose locations 
(Figure 3b) are close to the maximum amplitude points of the first three vibration modes. In specific, Sensor 1# 
and 2# are measuring vertical and lateral vibration response at the floor center respectively. Figure  4 shows the 
installation of the accelerometer beneath the wooden floor. Since Stage III, the vertical vibration responses of 
the floor have been measured under ambient excitation, controlled and operational excitation. All the ambient 



vibration tests were carried out in the evening after the stadium is closed in order to eliminate the adverse effect 
of nearby construction activities.  

 

 
Figure 4. Installation of transducer beneath the wooden floor 

 
Parameter Identification Methodology 
 
Long-span concrete floors usually have closely spaced modes of vibration due to their repetitive geometrical and 
orthotropic feature. Therefore, the empirical mode decomposition (EMD) plus Hilbert-transform method (HT), 
which is proved to be suitable for the situation of closely-space vibration mode (Chen and Xu 2002; Chen et al. 
2004), has been adopted to identify the natural frequencies and modal damping ratios from the ambient 
vibrations. Details of the HT method can be found in the above two references. Figure 5 shows an example. 
Figure 5a is the modal response of the first vibration mode which is obtained by applying EMD to the original 
records. Figure  5b is the random decrement curve of 5a that is obtained by the random decrement technique 
(RDT). For this case the RDT threshold level is 1.2 times of the response’s standard deviation and the number of 
averaged segments is 212. After applying Hilbert-transform to Figure 5b we have the phase angle (Figure 5c) 
and amplitude (Figure 5d), to which a linear-fit will then lead to the natural frequency and damping ratio. For 
comparison purpose, the traditional curve fit technique also has been applied to the random decrement curve 
(Figure  5b) to estimate the natural frequency and damping ratio. 
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Figure 5. Example of modal parameters identification by HT and curve fit method 

 
RESULTS AND DISCUSSIONS 
 
Damping ratio is the key factor for assessing the resonance vibration amplitude of the long-span floors under 
human-induced load. Affected by many factors, the value of damping is not uncertainty. To get the statistical 
laws, we need enough acceleration time histories to identify damping ratios using, for one acceleration time 
history can only be use to identify one damping ratio. Since removing the bad data, there are at least 144 
ambient vibration records form each stage, which have been used to estimated the modal damping ratios. After 
averaging every identified damping ratio, we get the mean value.  

 
Variation of Damping Ratios at Different Stages 
 
The results of the first three modes are illustrated Figure  6., and the mean values of damping ratios for each 
stage are given in Table 1. It is not surprising that the identified damping ratios are relatively discrete at each 
stage because the identified damping result is very sensitive to measurement noise. The identified damping ratio 
varies in a range of 0-5% for all the three modes. Nevertheless, the mean damping ratios are all lower than 2% at 
all stages. Taking the first mode of vibration as an example, its mean damping ratio varies in a range of 1.36-
1.63% at Stage I to IV and 1.43-1.84% at Stage V-VIII but without any clear variation patterns in both periods. 
Since there has no partition wall on and beneath the floor, contribution of non-structural components to the total 
damping is negligible. Moreover, the vibration amplitude of the floor is small under normal excitation which 
means complex damping mechanism like internal solid friction will not be activated. Thus the structural 
damping in this case comes mainly from the material. The damping identification results suggest a small 
damping ratio, say 1.5%, 1.0% and 1.0% for the first three modes, for vibration serviceability design for PT 
concrete floor with little partition wall.  

(a) (b)

(c) 
(d)



 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

(a) Damping ratio of 1st mode         (b) Damping ratio of 2nd mode         
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

     (c) Damping ratio of 3rd mode 
Figure 6. Variation of modal parameters at different stages 

 
Table 1. Identified damping ratios of the first three mode of vibration at different stage (mean value) 

  Damping ratios obtained by HT method/Curve fit method (%) 

Mode Stage I Stage II Stage III Stage IV Stage V Stage VI Stage VII Stage VIII 

1 1.36/1.04 1.63/1.22 1.41/1.03 1.38/1.01 1.84/1.30 1.43/1.13 1.76/1.38 1.67/1.33 

2 1.34/1.05 1.78/1.20 1.06/0.77 1.29/0.91 1.46/1.00 0.78/0.81 0.92/0.92 092/0.89 

3 0.71/0.57 1.24/0.89 0.81/0.81 0.92/0.68 1.19/0.85 0.61/0.59 0.80/0.71 0.87/0.76 

 
Variation of Damping Ratios at Different Measuring Points 
 
Similarly, we find that the mean value of the damping ratio of different measuring points is different ,even  from 
the same stage. Table 2 shows the identified damping ratios of the first three mode from 1# to 12# of stage VII. 
From table 2, taking the damping ratio of the first mode of vibration as an example, we can see the values of the 
measuring points close to the center or edge of slab are lager then other points. It can be explained as follows: 
the measuring points that close to the center of slab have a lager vibration amplitude then others (from the next 
section one can see that the lager of the vibration amplitude, the lager of the damping ratio) and the measuring 
points that close to the edge of slab is close subsidiary structure, such as walls, pipelines which will make a 
significant contribution to damping. 
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Table 2. Identified damping ratios of the first three mode of vibration at different location (mean value) 

                    Damping ratios obtained by HT method/Curve fit method (%) 

Mode 1# 2# 3# 4# 5# 6# 

1 1.77/1.34 - 1.68/1.29 - 1.85/1.40 1.39/1.09 

2 0.81/1.02 - 0.74/0.79 - 0.81/0.94 0.66/0.69 

3 0.58/0.46 - 0.66/0.60 - 0.65/0.59 0.65/0.60 

 

                 Damping ratios obtained by HT method/Curve fit method (%) 

Mode 7# 8# 9# 10# 11# 12# 

1 1.41/1.10  1.42/1.11 1.81/1.46 1.97/1.55 1.83/1.42  2.46/2.04 

2 0.72/0.74  0.65/0.71 0.78/0.73 0.91/0.87 0.75/0.78  1.94/1.62 

3 0.68/0.62  0.61/0.56 0.69/0.63 0.74/0.75 0.77/0.74  1.60/1.29 

 
Variations of Damping Ratio with Vibration Amplitude 
 
Figure 7a to 7c shows, for transducer #1, #5 and #11 respectively, the variation of the identified damping ratio 
of the first mode of vibration with the vibration amplitude, which is taken as the root-mean-square (RMS) of the 
vertical acceleration response. Figure 8 further shows the variation of damping of the second mode and third 
mode of vibration with the vibration amplitude for #5 and #11. The results obtained by HT method and curve-fit 
method are all presented. Note the damping ratios obtained by the two methods are close. The scatter of the 
identified modal damping ratios is obvious especially for low vibration amplitude situation. From the linear fits 
of the results as shown in the figures, it is seen that the damping ratio has a weak increasing trend with 
increasing vibration amplitude.  
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(b) Transducer #5                                (c) Transducer #11 

Figure 7. Variation of modal parameters with amplitude (1st vibration mode) 



  
(a) Transducer 5#                       (b) Transducer 11# 

  
(c) Transducer 5#                       (d) Transducer 11# 

Figure 8. Variation of modal parameters with amplitude (2nd and 3rd vibration modes) 
 

Since resonance vibration is usually assumed in the vibration serviceability problem, the variation of damping 
ratios with vibration amplitude might be beneficial to the situation that a large group of people walk or do 
excises on the floor. However, further field measurements and analyses are desirable towards reaching a 
quantitative relation between the damping ratios and vibration amplitudes because the range of vibration 
amplitudes embraced in this study is confined.   

 
CONCLUSIONS 
 
This paper presented five years of field measurements of a unique concrete floor. A permanent vibration 
monitoring system, which might be the first of its kind in the world, has been installed on the floor. With the 
help of the system, a long-term field testing covering all important stages was conducted and is still conducted 
currently.  
 
The natural frequencies and damping ratios of the floor at eight selected stages were identified and the results 
were compared. The effect of walls and other ancillary structures on the increase of the damping was observed. 
It was also found that the damping ratios increase with the increasing vibration amplitude. It was concluded that 
in this case the false floor has no contribution to the stiffness and damping of the structural floor. A small 
damping ratio as low as 1.5% was suggested for vibration serviceability assessment of long-span post-tensioned 
concrete floors  with no partition wall. Besides, further studies shows crowd has a significant increase in 
damping, thus, one can choose a larger damping ratio when there are some crowds present on the slab. 
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