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Abstract: Prestressed precast hollow core is known as a long 

span slab with a void along its length. The void has a big influence 
on the weight of the slab. In vibration theory, a lightweight slab 
with a long span is very sensitive to vibration. In this study, the 
ambient vibration response of precast hollow core is investigated 
using the finite element method and modal analysis. Numerical 
analysis is used to predict the floor vibration and modal testing is 
used to test the vibration performance of floors on the actual site. 
The prediction data is obtained by using SAP2000 to determine the 
vibration behaviour and compared with the modal testing result of 
the floor located in Kuala Lumpur. The 1st mode shape appeared 
for 12 natural frequencies between 8.36 Hz to 9.29Hz in the 
prediction analysis. For modal testing, the vibration behaviour of 
the actual hollow core floor is determined using an ambient test. 
The data was obtained using an accelerometer and analysed using 
Artermis software to determine natural frequencies, damping 
ratio and mode shape. The 1st mode of natural frequencies for 
floor area A and area B were 8.45Hz and 9.34Hz. The results from 
the analysis show that the range of natural frequency between the 
predicted analysis and that of the modal testing is acceptable. The 
limitation stated that 10Hz is the cut-off frequency to determine 
the class of the floor. From the analysis, it is shown that the 
prediction and the modal testing results are accepted where both 
floors are classified as low-frequency floors. 
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I. INTRODUCTION 

The source of vibration can be defined from human 

activity and external force where loads or forces are applied 
directly to the floor (Svinkin, 2004; Pretti et al., 2014). 
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Human activities such as walking, jumping and dancing 
cause vibration. Other common sources of vibration come 
from the environment and mechanical equipment which 
cause excessive floor vibration. Conducting ambient tests on 
hollow core floors can help determine its vibration behaviour 
during low amplitude vibration. Low amplitude vibration is 
caused by natural sources of vibration surrounding the 
structure (Ivanovic et al. 2000: Wenzel and Pichler,2005: 
Kim et al., 2019). Natural sources include seismic 
phenomena, wind and waves. Highly sensitive acceleration is 
used to measure the linear vibration of floors as the amplitude 
is too small. In this study, the hollow core floor design with a 
longitudinal void along its length is classified as lightweight 
concrete. The properties and advantages of hollow core slabs 
lie in its weight (Monisha and Srinivasan, 2017). 
Economically, the hollow makes the floor much lighter than 
existing reinforced solid floors with equal thickness or 
strength. Furthermore, hollow core slabs are much more 
flexible compared to other types of concrete slabs. However, 
its long span and low weight can cause excessive floor 
vibration. Excessive vibrations are linked to floor properties, 
where lightweight concrete material is more likely to receive 
excitation compared to heavyweight concrete. 

The response of the vibration based on acceleration 
reading of floors from the Frequency Response Function 
(FRF) measurement is given by amplitude versus time. The 
excitation FRF is transformed by Fourier Transform (FT) 
from the time domain function to the frequency domain 
function (Asher, 2013). The accelerations are converted to 
determine the natural frequency of the floor. Natural 
frequency is the number of cycles of motion when structure is 
set in motion or when a structure is disturbed from its static 
equilibrium position and oscillated (Ellis and Ji, 1994; 
Johansson, 2009). The peak excitation response is the reading 
that states the natural frequency of the floor that shows the 
behaviour or condition of the structure that has an impact on 
human comfort. There is a limit, also known as a cut-off 
frequency, depending on the material in construction. The 
cut-off frequency has been set by different authors and design 
guidelines. It is based on different materials, floor type and 
usage of the floors. General floors as open office space areas 
with concrete material floor are limited to a cut-off frequency 
of 10Hz based on SCI P345 (Smith et al ,2009). The cut-off 
frequency of SCI P354 agrees with that set by the concrete 
society and the concrete centre (Pavic and Willford ,2005: 
Willford and Young,2006).  Each of the limits has a different 
frequency in order to set a limit between low-frequency 
floors and high-frequency floors.  
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Low-frequency is a response dominated by a resonant 
build-up while high-frequency is a response due to 
successive footfall (Mohammed, 2018). Human comfort is 
affected by low-frequency floors where vibrations can be felt 
through the floor. High-frequency floors are better for human 
comfort and serviceability.  The aims of this study are to 
predict the vibration behaviour of pre-stressed precast hollow 
core floors using finite element modeling and to determine 
the vibration behaviour of pre-stressed precast hollow core 
floors through modal testing.  

II. STRUCTURAL DETAILING 

Four-storey office buildings were constructed using steel 
I-beam and concrete beams for some parts of the structure. 
Grade C30/37 concrete was used for in-situ floors and zero 
slump C50 concrete was used for hollow core precast floor 
with a 350 mm thick shear wall. The building consists of 
open space areas and a concrete wall partition in the middle 
area of the floor. The building includes a workstation area, a 
meeting room, a filing room and welfare facilities. 

The floors of the building were constructed using two 
types of floors: in-situ concrete slabs for the middle part of 
the office area and precast hollow core slabs for the rest of the 
floors as shown in Fig. 1. However, only precast hollow core 
slabs were examined and analysed in this study. The precast 
hollow core width was 1200 mm with a span of 8 m and 
installed with a 75 mm concrete topping. The depth of the 
precast hollow core slab is 265 mm and the cross section of 
the hollow core is illustrated in Fig. 2. 

 

 
Fig. 1 Office building floor layout 

 

 
Fig. 2 Hollow core slab cross section 

III. PREDICTION ANALYSIS 

The floor was modelled using SAP 2000 finite element 
software package to predict the vibration behaviours before 
conducting the experimental work. The floor was assigned 
shell elements and analysed using the modal analysis method. 
The shell elements consisted of 6 degrees (U1, U2, U3, R1, 
R2 and R3) of freedom at each node. The modelling consisted 

of shell and frame elements for beams, columns and slabs. 
The shell element was used for slabs and frame elements 
were used for beams and columns as shown in Fig. 3. As for 
prediction analysis, pinned restraints were applied at every 
point of the column. The first twelve natural frequencies were 
determined between 8.36 Hz to 9.29 Hz as illustrated in Fig. 
4. The natural frequencies were below 10 Hz as 
recommended by Zivanovic and Pavic (2009) for precast 
flooring systems. This level of frequency is exposed to an 
excitation resonance that causes annoyance to humans.  Fig. 4 
shows the first mode shape from the FEM results. It shows 
only some parts of the floor on mode 1, 4 and 5 which are 
critical and on both cantilever floor areas on mode shape 2, 3, 
6 and 7. The first mode shape appeared at a large area of the 
floor at mode 8 to 12. Fig. 1 shows the critical area gridlines 
from the prediction analysis for testing. Based on the FEM 
prediction analysis, Floor A (H-J/10-12) consisting of 2 bays 
and Floor B (C-G/1-12) consisting of 8 bays were selected to 
conduct modal testing. Only two floors were chosen due to 
time constraints and the available area of the floor. The floor 
and the building were still under construction, thus some of 
the areas cannot be accessed. 

 
Fig. 3 Model elements in SAP2000 

IV. AMBIENT VIBRATION RESPONSE 

The ambient test was conducted at the test location to 
determine the natural frequency, damping ratio and mode 
shape without any force on the hollow core slab. The data 
was collected by accelerometers at each point. 
Accelerometers were attached to the floor to record floor 
response as shown in Fig. 5. The duration of testing for each 
set was 10 minutes. 7 sets of tests were performed for floor 
area A and 11 set of tests were performed for floor area B. 
The total number of roving accelerometers used in the test 
was 16. 3 points were stated as reference points and the 
accelerometers were set up as shown in Fig. 5. The data was 
analysed using the Artemis software to determine the natural 
frequency, damping ratio and mode shape. The raw data was 
transformed to FT and the modal estimation was based on 
Frequency Domain Decomposition (FDD) to determine the 
natural frequency damping ratio and mode shape. The 
vibration behaviour was determined using the peak pick-ing 
method as shown in Fig. 6.  Floor A consisted of 7 sets of 
data for 2 bays. As shown in Fig. 7(a), the mode shape 
globally deformed at the 1st and 2nd mode on both bays. At 
3rd mode, it begins to deform locally at some parts and the 
maximum deformation appeared mostly at bay 2. For the 4th 
to 6th mode, the critical areas were deformed locally at both 
bays. 
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Fig. 4 Prediction Response 

 
Fig. 5 Accelerometer setups at floor area A. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Fig. 6 Peak picking method in Artemis software. 

The local deformed shape showed that the deformation 
occurred on the precast it-self. Floor B consisted of 11 sets of 
data for 8 bays. As shown in Fig. 7(b), the behaviour of mode 
shape is different in large 
areas.  
 
 

fn: 14.80Hz 
ζ: 0.68% 
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For the 1st and 2nd mode, the deformation appeared on all 
bays where the maximum deformation occurred at bay 6 to 8. 
At the 3rd to 6th mode, deformation appeared locally at some 
parts of the bay. This mode is considered a rare shape as it 
was probably influenced by noise. The maximum 
deformation within the mode mostly occurred at bay 7 and 8. 

The influence of noise and outsource vibration may lead to 
rare mode shapes and affect the damping ratio. Based on the 
results, the damping percentages decreased from 4.04% to 
0.4% and 4.21% to 0.24% for floor area A and floor area B, 
respectively. This result shows that the higher the frequency, 
the lower the percentage of the damping ratio. A low 
damping ratio leads to frequent floor vibration. 
 

 
(a). Mode 1 

 
(b). Mode 2 

 
(c). Mode 3 

 
(d). Mode 4 

 
 

 
(e). Mode 5 

 
(f). Mode 6 

Fig. 7(a) Vibration behaviour of floor area A (H-J/10-12) 
 
 

 
(a). Mode 1 

 
(b). Mode 2 

 
(c). Mode 3 

 
(d). Mode 4 

 
(e). Mode 5 

 
(f). Mode 6 

Fig. 7(b) Vibration behaviour of floor area B 
(C-G/1-12) 

V. DISCUSSION 

According to the FEM results for the prediction analysis 
and the ambient test, the analysis was considered reasonable 
due to the same range of frequency in the 1st mode. In 
prediction, the result came out with a reading of 
8.36Hz-9.29Hz and for the modal testing, the results obtained 
the same frequency range where the frequency of floor area A 
was 8.45Hz while the frequency of floor area B was 9.34Hz. 
According to the concrete society (Willford et al.,2006), 
10Hz is the cut-off between low-frequency floors and 
high-frequency floors. Results from both analyses show that 
the frequency obtained was below 10Hz, so the floor can be 
classified as a low-frequency floor. Several assumptions can 
be used to explain the low-frequency floor in this study. The 
precast hollow core slab can be considered a lightweight 
concrete due to its long span and lightweight properties. In 
addition, the hollow core slab has more flexibility compared 
to other types of concrete slabs. For this research, the length 
for each span is 8m long and the hollow contributes to the low 
mass. Due to its long span and light weight, precast hollow 
core slab is more flexible and sensitive to vibration compared 
to heavy slabs. In addition, the boundary of the hollow core 
slabs in the study freely rested on the beam. The hollow core 
itself was not attached to the beam.  

The measured FRF and mode shape behaviour are affected 
by a certain level of noise due as the modal testing was 
conducted during construction day. The floor area resided in 
open spaces and the floor was not completely empty as 
people were moving around.  

 
 
 

fn: 8.45Hz 
ζ: 4.04% 

fn: 10.30Hz 
ζ: 2.28% 

fn: 11.31Hz 
ζ: 1.07% 

fn: 13.43Hz 
ζ: 0.75% 

fn: 16.04Hz 
ζ: 0.4% 

fn: 9.34Hz 
ζ: 4.21% 

fn: 13.04Hz 
ζ: 0.99% 

fn: 38.3Hz 
ζ: 0.33% 

fn: 58.16Hz 
ζ: 0.8% 

fn: 66.28Hz 
ζ: 0.26% 

fn: 78.66Hz 
ζ: 0.24% 
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These factors along with its properties and boundary 
condition have possibly contributed to the vibration 
behaviour of hollow core slabs in this study. 

VI. CONCLUSION 

The aim of the study was to predict the critical area of 
vibration behaviour in a building by using FEM and to 
determine vibration behaviour through modal testing on 
critical areas. This research presents the FEM, modal testing 
and modal analysis approach to determine the vibration 
behaviour of a precast hollow core flooring system. In order 
to determine the prediction results, an FEM software named 
SAP2000 was used in the numerical analysis using frame, 
beam and shell elements. The predicted results were used as a 
guide to conduct a test to measure floor vibration. The test 
conducted on site was an ambient test which measured floor 
vibration using roving accelerometers. The results for both 
analyses were acceptable as the predict-ed result had the 
same range of frequency as that of the modal testing. As the 
floor is classified as a low-frequency floor area, the 
serviceability of the floor is weak. Through all the analyses, it 
can be concluded that the objective to determine vibration 
behaviour through prediction analysis and modal testing of 
the hollow core flooring system has been achieved. 
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