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Abstract

Human walking is an activity which generates impulsive responses on floors systems with fundamental frequency higher than 10 Hz. In
the literature, there are procedures based on extensive polynomial functions to calculate impulsive responses on floor systems under human
walking. However, the prediction of this type of human activity in the development of analytical procedures is still complex. Because of
that, it is necessary to provide alternatives of human walking simulation and dynamic response analysis of the floor system. Considering
this, a practical procedure based on the use of a simple harmonic function is proposed to calculate the impulsive response of the floor
system, which is validated with a numerical-experimental study consisting of a concrete slab supported on beams subjected to a person’s
walking. According to the obtained results, it is demonstrated that the proposed procedure provides reasonably approximate results.

Keywords: analytical procedure; reinforced concrete; floor vibration; human walking.

Procedimiento analitico para el calculo de respuestas impulsivas en
sistemas de piso ante el caminar humano

Resumen

El caminar humano es una actividad que genera respuestas impulsivas en sistemas de piso con frecuencia fundamental mayor que 10 Hz.
En la literatura se han propuesto procedimientos analiticos basados en funciones polinomiales extensas para calcular respuestas impulsivas
en losas ante el caminar humano. Sin embargo, la prediccion de este tipo de actividad humana en el desarrollo de procedimientos analiticos
aun es compleja. Por tal razdn, es necesario proporcionar alternativas de simulacion del caminar humano y analisis de la respuesta dindmica
del sistema de piso. Considerando lo anterior, se propone un procedimiento practico basado en el uso de una funcion armoénica simple para
calcular la respuesta impulsiva del sistema de piso, el cual se valida con un estudio numérico-experimental de una losa de concreto reforzado
apoyada sobre vigas sometida al caminar de una persona. De los resultados obtenidos, se demuestra que el procedimiento propuesto
proporciona resultados razonablemente aproximados.

Palabras clave: procedimiento analitico; concreto reforzado; vibracion de losa; caminar humano

approximately 1.6 to 9.0 Hz. These functions are associated
to Dynamic Load Factors (DLFs) to define the magnitud of
the acting force.

1 Introduction

The vibration analysis of floor systems under human

walking depends on the determination of parameters such as
the fundamental frequency and the damping ratio of the floor
as well as the magnitude and characterization of the human-
induced force. The human walking is simulated as the sum of
different harmonics functions, whose frequency values are

Human walking is frequently the dominant type of
human-induced excitation activity in residential and office
buildings [1,2]. In accordance with [3], the calculation of the
vibration of a floor system under human walking mainly
depends on its classification: low- or high-frequency floor.
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Figure 1. RC two-way slab supported on beams.
Source: The authors

Low-frequency floors are characterized by having a
fundamental frequency lower than 9-10 Hz and exhibit a
resonance response due to walking activity. On the other
hand, the high-frequency floors have at least one responsive
natural frequency higher than 9-10 Hz, where the floor
system exhibits a sequence of impulses from a person
walking [4]. In the analysis of high frequency floors, human
walking generates transient responses, which are calculated
with based on the use of single footfalls, as shown in Fig. 2a.
This criterion provides satisfactory results in the analysis of
this type of floor systems as proven in the literature.
However, considering that human walking is still an activity
of complex prediction, it is necessary to provide other criteria
to simulate it adequately. Because of that, this work suggests
the hypothesis that a simple harmonic load can potentially
predict the impulse response of a high frequency floor under
human walking. Thus, an analytical procedure is proposed to
calculate the dynamic response of this type of floor system.

Considering the need to use a high frequency floor for the
purposes of this work, an existing RC two-way slab
supported on beams is analysed for its vibration analysis
under human walking. This type of floor system is
constituted by significantly rigid structural elements [5,6], as
shown in Fig. 1, so it is adequate to generate impulsive
responses and to validate, the proposed analytical solution.

1.1  Modelling of human walking on floor systems

1.1.1. Introduction

The human activity of walking is a phenomenon
commonly represented by time-domain deterministic force
models, which consist of simulating the induced load either
with individual footfalls or footfall overlapping, as shown in
Fig. 2. The first load function, shown in Fig. 2a, simulates the
force induced from the heel to toe and it is considered as a
practical function for the calculation of impulse responses on
high frequency floors [4,8-10]. The development of this
function is based on a polynomial expression, which depends
on variables such as the step frequency, person’s weight and
contact duration. The second load consists of the summation
of forces, as shown in Fig. 2b, where it is observed that both

87

feet generate slightly higher induced loads than the single
footfall. In general, these types of excitation have been
studied for many years [11] because of the uncertainties that
still exist in walking parameters such as weight, step
frequency, walking speed and so on. However, their use can
provide reasonable results when it is applied for the vibration
analysis of floor systems.

Considering that hypothetically a simple harmonic load
can generate a realistic human induced-load on the vibration
analysis of high frequency floors, a time domain force model
was studied to simulate this condition. In this work, the
expression proposed by [12] is considered for such analysis,
which simulates the vertical dynamic force induced by a
pedestrian F(t) and it is expressed as:

F(t)=P[1+ Za;cos2mifst + 0;)] (1)

where P is the weight of a person (N), i is a harmonic
multiple of the step frequency, f; is the step frequency (Hz),
¢; is the phase shift (rad) and ¢; is the Fourier coefficient for
the ith harmonic force usually known as dynamic load factor
(DLF). Given that the higher harmonics have little
contribution in the excitation of the floor system [4], only the
first harmonic was considered in the eq. (1), where the action
produced by both feet is modelled in a simplified way.
1.1.2.  Dynamic load factor

The Dynamic Load Factors (DLFs) are the key to
generate an accurate force model and are defined as the ratio
of the force amplitude of each harmonic to the weight of the
person. Based on Fourier decomposition, several studies
were carried out to quantify this parameter, which is the basis
to define the periodic human induced force. Based on the
literature review carried out by [11] and Zivanovi¢ et al. [13],
it is observed that authors such as [14-19] provide different
values of DLFs to predict adequately the process of human
walking. In this work some coefficients were evaluated to
accomplish this condition.

1.2 Calculation of the dynamic response of high
frequency floors under human walking

To determine the dynamic response of a high frequency
floor there are procedures such as Ungar and White [8],
Wyatt [9], and Willford et al. [10], which are mainly based
on the analysis of a single degree-of-freedom system (SDOF)
subjected to a footfall as source of excitation. These
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Figure 2. Forcing function resulting from footfalls during walking with a
pacing rate of 2 Hz: a) force from single footfall and b) force from footfall
overlap

Source: Baumann and Bachmann [7]
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procedures do not consider the use of harmonic functions to
simulate the dynamic force induced by a pedestrian, it is
because mainly the response is not influenced by high
harmonics. According to [4] the method proposed by [10]
provides best results in the calculation of impulsive responses
on floor systems; this method is derived from statistical
studies on a SDOF system in terms of velocity, from which
an expression to simulate the human induce-load was
proposed:

f 1.43
s

lepr = 545355
n

2

where Iy is called effective impulse, so the velocity of the
floor system is calculated with the following expression:

Lesy

Mmod

v(t) = pi; (3)

where M,,,q4 1s the modal mass of the floor system. p; and
; are the mode shape ordinates, which correspond to the
point i where the impulse is applied and the point j where the
response is measured [10]. As observed, this method does not
consider variables such as the weight of the person, damping
ratio and the modal stiffness are neglected during the analysis
process, so the author’s point of view is to consider these
variables in order to improve the prediction of the source of
excitation.

Harmonic loads are used on low frequency floors, while
impulse loads are used on high frequency floors. It is worth
mentioning that in certain circumstances, the classification of
the floor system is no reliable when selecting a force model
[11]. For instance, when the floor develops a fundamental
frequency close to 9-10 Hz, it can develop either resonant or
transient responses, so the selection of the force model is no
accurate. Because of that, it is feasible to evaluate the
applicability of a harmonic load to simulate the human
walking on high frequency floors.

In general, the prediction of human walking activity on
floor systems is still significantly imprecise and complex, so
it is necessary to provide recommendations or alternatives of
modelling and simulation to improve it. In this work, a single
harmonic function to simulate the force induced by a
pedestrian on a high frequency floor is proposed. According
to this, an analytical procedure for the calculation of the
acceleration of this type of floor system is provided. This
procedure is based on a developed closed-form solution,
which is derived from the equation of motion of a SDOF
system.

2 Proposed method for the calculation of impulsive
responses on high frequency floors
2.1  Harmonic force model

Unlike the methods [8—10], where a footfall function is
used for modelling a person walking on the high frequency
floor, a single harmonic load is proposed. In this case, the eq.
(1) is used as a basis for this purpose. Considering the
contribution of both feet as the action generating the

88

maximum dynamic response, the lowest harmonic from eq.
(1) is used, so the force model is expressed as:
F(t) = P + Pa;cos(2mif,t) 4
which hypothetically generates an impulsive response on
the floor system. As observed in Fig. 3, each maximum is
associated to the induced load by the heel and toes while the
minimum induced load is generated by the sole of the foot.
Unlike the function shown in Fig. 2a, the proposed function
starts with a maximum applied force at t=0 s, i.e., the
maximum response occurs immediately after rest. As
observed, the magnitude of eq. (4) depends not only on the
value of P but also on the value of the DLF a; corresponding
to the lowest harmonic, so in this work, some values of a;
were taken from the literature to evaluate its level of accuracy
in the human walking simulation.
2.2 Calculation of the dynamic response of the floor system
In this section, an analytical procedure for the vibration
analysis of RC two-way slabs under human walking is
proposed. Considering that a floor system has distributed
mass and stiffness and therefore can be defined by an infinite
number of degrees of freedom, a single degree of freedom
model was proposed in order to simplify the analysis. The
dynamic load given by eq. (4) was taken as source excitation,
where only the lowest harmonic generates the demands of
dynamic response on the floor system.

Due to the maximum amplitudes of motion of a floor system
are developed at the center of the slab, the analytical procedure is
developed to describe the dynamic response of the floor system at
this point. In the simplified SDOF equivalent model, the modal
mass and stiffness are equivalent to a percentage of the mass and
stiffness of the whole slab, the modal damping is a ratio of the
critical damping for the fundamental mode. The excitation load is
a cosine function to model a person when walking at the midspan
of the slab as shown in Fig. 4. From eq. (1), the equation of motion
of the system under the influence of viscous damping and the
external force is as shown in eq. (5). In this equation, the
summation of the load P and the weight of the floor are in
equilibrium with the force generated by the stiffness of the slab, so
only the harmonic contribution is considered in eq. (5).
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Figure 3. Proposed harmonic load to simulate the human walking
Source: The authors
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Mgl + Croqtt + Kioqt = Pycoswgt

)

where cnoqis the damping and P,=Po; in accordance with
eq. (5). Dividing both sides of the equation by Mmeq gives:

P

i+ 28wptt + wiu = coswst

(6)

mod

The general solution of eq. (6) consists of sum of the
complementary solution u;(?) plus the particular solution

up(t).
u(t) = up(t) +up(t) (M

the general solution of the underdamped system is given
by:

up(t) = exp(—¢éwyt) (Acoswpt + Bsinwpt) ®)
where
wp = wpy/ (1 — &2) )

w, is the fundamental natural frequency of the floor
system, wp is the damped natural frequency and 4 and B are
constants. The particular solution for u,(t) is of the form:

u, (t) = Csinwgt + Dcoswgt (10)
where ws is the excitation frequency, which is defined as
ws=27ifs in accordance with eq. (4); C and D are constants.
Considering that the general solution is the sum of both
complementary and particular solutions, the equation
predicting the displacement of the SDOF system is:

u(t) = exp(—€wyt )(Acoswpt + Bsinwpt)
+ Csinwgst + Dcoswgt

)

Deriving eq. (11) the dynamic response of the model can
be represented in terms of velocity, as follows:

du/dt = —exp(—¢w,t)(Awpsenwpt — Bwpcoswpt)
— Dwgsenwgt + Cwscoswst 1
—¢wpexp(—éwyt)(Acoswpt (12

+ Bsinwpt)
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Deriving twice eq. (11), the dynamic response of the

equivalent system can be represented in terms of
acceleration:
d?u/dt? = exp(—Ewpt)[(2Awpéw, + BE2w?
— Bw})sen(wpt) + (A&%w? (13)

— 2Bwpéw, — Awd)cos(wpt)]
— [Cw?sen(wst) + Dw2cos(wst)]

Egs. (11), (12) and (13) represent the analytical procedure
to calculate the dynamic response of the floor system. Using
the undetermined coefficient method to calculate the
constants C and D, eq. (10) is derived and substituted in eq.
(6) in such a way that:

[(1 - w¢/(w))C — (2§ws/wy)D]senwst + [(1
— wZ/(w))D
+ 2¢ws/wy)Clcoswst
= P, /kmoaCoswst

(14

Solving eq. (14) through the system of equations (15), the
values of C and D are computed, as shown in egs. (16) and
(17). As observed, C and D correspond to the particular
solution, which mainly involves the relation between the
excitation frequency and the natural frequency of the floor

system.
wg? ws\]
(o) ()] 0]

[
I C
o [ o [[Hki (15)
l(zzw_) (1_ w? >J mod
C= Po/kmod(2§ws/wn)/([1 - (ws/wn)z]z
+ [2£ws/wn]?) (16)
= - 2 —_ 212
D= Puflkmoall = (/0 )/(1 = Cwsfn)P )

+ [2§ws/wn]?)

Taking into account the initial conditions u(0) and u (0)
in egs. (11) and (12), respectively, the coefficients 4 and B
are defined as shown in eqgs. (18) and (19), which depend on
the initial conditions and the values of C and D:

u()=A+D therefore A=u(0)-D (18)
u'(0) = Bwp + Cws — Ew, A therefore
B = @'(0)+w,u(0) = §w,D = Cws)/wp (19)

As observed, constants 4, B, C and D depends on the slab
properties, the characteristics of the load excitation and the
initial conditions of the problem. It is worth mentioning that,
the analytical procedure proposed in this work is based on the
analysis of an equivalent SDOF. All the parameters involved
in the phenomenon are included, ie, there are no
simplifications in the development of the analytical
formulation. The proposed analytical procedure is calibrated
with numerical and experimental results where the
acceleration is the comparison parameter. An existing office
building two-way slab supported on edge beams subjected to
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a person walking was used as main reference for the
comparative study.

3  Experimental program

A two-way RC slab supported on edge beams, which is
part of a three-story RC moment frame structure and is used
as office building, was tested. This structure is located in the
Autonomous Metropolitan University, Mexico City. The
vibration testing was carried out at the first-story for the slab
panel shown in Fig. 5. This panel is divided into two parts by
a lightweight partition wall, the first part is an office area
while the second one is a hallway, as shown in Figs. 6 and 7.
The slab thickness was 0.13 m for the whole floor system.
The dimensions of the slab panel were 6.20 m x 5.60 m. The
width for all beams was 0.25 m. The depth for the beam T-
01 was 0.60 m while the depth for the beam T-02 was 0.45
m.

The reinforced concrete slab is constituted of reinforcing
steel bars with nominal yield strength of f,=420 MPa and
plain concrete with a compressive strength of f ¢c=45.10 MPa
and a density of W=2400 kg/m>. The modulus of elasticity
was computed from eq. (20), in accordance with the Mexico
City Building Code for the design of concrete structures
NTCC-17 [20], whose value is Ecc=29134 MPa. The floor
system supports superimposed dead loads, which are
summarized in Table 1.
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Figure 5. Two-way slab panel tested in the experimental program
Source: The authors
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Figure 6. Slab panel having mixed occupancies, office area combined with
a hallway
Source: The authors

&

Zona de pasillo

Zona de oficinas
Figure 7. Characteristics of the slab panel for human walking tests: a) office
area and b) hallway
Source: The authors

E.. = 2700Vf c + 11000 (20)
Table 1.
Superimposed dead loads on the office slabs
Magnitude
Load type (KN/m?)
Service instalations 0.2
Suspended ceilings 0.2
Ceramic tile 0.2
Furniture and drywall partitions 0.5
Total load 0.11

Source: The authors

3.1 Equipment

Three uniaxial acceleration sensors were used to measure
the vertical dynamic response of the slab panel. The
accelerations were recorded with a sample rate of 512 Hz.
The first sensor (S;) was installed at the centre of the slab for
monitoring the maximum modal amplitude while the two
sensors S, and S3 were installed at two supporting beams with
the aim of evaluating their contribution in the development
of the fundamental mode shape of the panel, as well as the
level of acceleration at these points, as shown in Fig. 8. A
signal processing equipment, which is a portable spectrum
analyzer model SIG-LAB 20-42 [21], was used for data
processing. Subsequently, an algorithm was implemented in
Matlab V2017 [22] for calculating dynamic responses from
either time domain or frequency domain approach.

n = -
[ Eey SRS e l B | n
—® S
A
L®S® S H -
[ B 4 1 e ]

Figure 8. Instrumentation plan to perform experimental measurements
Source: The authors
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3.2 Free vibration test

Free vibration tests were performed through ambient
vibration measurements (i.e, wind, traffic noise, different
levels of ground motion, etc.). The acceleration records were
carried out with a time window of 300 s, as shown in Fig. 9,
where it is observed that the maximum accelerations were
recorded by the sensor S;, while the sensors S; and S;
recorded low values of this parameter. Power Spectral
Density (PSD) analyses were performed to identify the f; of
the floor panel.

PSD graphs were calculated for each sensor, where f, was
defined by the peak values in the bandwith labelled B as
shown in Fig. 10; according to this, f, is equal to 14.06 Hz,
whose amplitude of motion is graphically described in Fig.
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50

Figure 11. Fundamental mode shape of the slab panel determined
experimentally by ambient vibration tests.
Source: The authors
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11. It is worth mentioning that the floor system has other
defined frecuencies of vibration that may be attributed to
either high frequency mode shapes developed in the floor or
an electrical feedback initiated by the electrical current
source during the test, however, in this work f, was the
variable of interest.

3.3  Forced vibration tests

A forced vibration test was carried out with a person
walking on the two-way RC slab panel. The weight of the
person was 952 N with a step frequency of 2.0 Hz
approximately, which is calculated with an average value
determined from steps measurements in walking situation.
The person walked in a predefined path as shown in Fig. 12b,
which represents a typical walking trajectory on the floor
system during its useful life.

Fifteen measurements were carried out for determining
the maximum dynamic response of the slab panel. Two
measurements were taken from all of them, which are shown
in Figs. 13 and 14. These measurements correspond to the
recorded accelerations at the midspan of the slab (see Figs.
13a and 14a), where the maximum and minimum peak
accelerations recorded were 12.16 and 10.52 cm/s?,

OFFICE AREA

Person's
movement
1 trajectory

End Start

b)

Figure 12. Walking test performed on the two-way reinforced concrete slab
panel in an office building: a) one person walking and b) walking trajectory.
Source: The authors

0.015
0.010
0.005

Z 0000 brarb i

-0.005
0010
0015

Apn=12.16 c/s?

a (cm/s?)

0 1
(s)

b)

20 25 30

10 20

15
t(s)
a)
0.015
0.010
0.005
@ 0.000
£l
-0.005
-0.010
-0.015

0 5 10

)
Figure 13. Measure 1 — Accelerations recorded on the floor system with
sensors: a) S1, b) S2 and ¢) S3
Source: The authors

15
t(s)

20 25 30



Caballero-Garatachea et al / Revista DYNA, 91(232), pp. 86-94, April - June, 2024.

0.012

Aa=10.52 c/s?

sl

0

0.008
0.004
0

cj
E

a(em/s?)

-0.004
-0.008

-0.012

5 10 15

(s)

a)

20 25 30

0.012

0.008
0.004
0

c
=

-0.004

-0.008

-0.012

0 5 10 15

t(s)
c)
Figure 14. Acceleration records of forced vibration test from sensor S;: a)
measure 1 and b) measure 2
Source: The authors

20 25 30

respectively. On the other hand, the accelerations recorded at
the beams by sensors S2 and S3 are significantly low, which
means that their contribution in the maximum acceleration of
the floor panel can be neglected. Considering the above, the
experimental results represent a reference to validate the
procedure developed in this work.

4  Numerical modelling

4.1  Mesh convergence study

A numerical simulation of the tested specimen was
carried out in the software MIDAS V18 program [23]. Due
to the influence of mesh size in the calculation of parameters
such as the fundamental frequency and acceleration, an
assessment of the meshing strategy is provided. It consists of
the analysis of square slabs whose lengths were 4 m and 8 m,
respectively; they were modelled with 3D-shell elements.
The reinforced concrete elements were modelled as isotropic
linear elastic material with a compressive strength f'c=30
MPa and elastic modulus E=24350 MPa. The boundary
conditions for each model were simply supported and
clamped. These models were subjected to a dynamic load,
which is the harmonic function derived from the eq. (4); this
force model was applied at midspan using the following
parameter values: P= 97 kg, a= 0.5, f= 2 Hz, i=1. Ratios of
natural frequency and acceleration related to the number of
elements per side were calculated respectively, where it is
seen that 8 elements per side is the minimum to have accurate
results for the frequency ratio and 4 elements per side for the
peak acceleration ratio. To assure accuracy, 20 elements per
panel side were used for meshing the floor systems.

4.2  Fundamental natural frequency

According to the meshing criteria defined above, the test
specimen shown in Fig. 5 was modelled to determine its
dynamical properties, which were compared with those
reported analytically and experimentally. The numerical
model was developed with 4-node 3D-shell elements for
slabs and 2-node 3D-beam elements for beams. The
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Figure 15. Numerical model of the floor system: a) undeformed model and
b) fundamental mode shape of the studied panel
Source: The authors

reinforced concrete elements were modelled as isotropic
linear elastic material due to the slabs were under small loads
and displacements. The characteristics of the developed
model as well as the calculation of its dynamic properties are
described below.

Fundamental natural frequency was computed with [23],
where the direct method of Lanczos eigen solver was used as
the simulation platform. Taking into account the dead loads
from the bare structure and the superimposed loads
summarized in Table 1, the calculated fundamental natural
frequency of the studied panel was 14.78 Hz, with a
fundamental mode shape as shown in Fig. 15. The
comparison between the numerical and the experimental
results gives a difference of 4.9 %.

5  Results and comparisons

A comparative study between analytical, numerical and
experimental results was carried out to evaluate the proposed
analytical procedure for the calculation of the maximum peak
acceleration of a two-way RC slab under a human-induced
load. Considering that the test specimen is used as a floor of
offices, a value of damping ratio of 0.05 was proposed from
the literature [24]. A dynamic analysis was performed to
calculate the peak acceleration at the midspan of the slab
panel, which consists of solving the equation of motion at
each instant of time; in this analysis the value of damping was
associated to the minimum and maximum values of
frequency of the floor system. Given that the walking load
used in eq. (4) depends mainly on the value of DLF, different
values of this parameter taken from [14,15,17-19] to evaluate
its level of approximation, the values of DLF were 0.257,
0.370, 0.4, 0.5 and 0.431, respectively. Thus, the numerical
results are summarized in Table 2.

To calculate the acceleration with eq. (13), the dynamic
properties of the slab panel were computed from the
numerical model shown in section 4, so f;, f, and M,,,q of the
slab panel were 2.0 Hz, 14.78 Hz and 5.57 kg-s*cm,
respectively. The modal mass was calculated with the
expression Mpod= X0k X Mk, where Jy is the vertical deflection
at node k (normalised to the maximum deflection) and My is
the mass of the floor represented at node k [24]. Thus, kuod
was calculated from the basic equation to calculate the
fundamental frequency of a SDOF system, Kioa=(27fn)’Muod
and whose value is 471 kN/cm. Therefore, the values of the
coefficients 4, B, C and D were calculated. As observed in
Table 2, the use of different DLFs generate a variation in the
calculation of the vertical acceleration, where the coefficients
given by [18] and [14] generate the highest and lowest
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dynamic responses, respectively, while [15,17,19] generate
similar values of the dynamic response.

The analytical results are similar to those reported
numerically and experimentally at t=0 s, while the numerical
results are slightly higher than those calculated analytically
and experimentally, it is attributed to that the use of
mathematical force models often generates an overestimation
of the floor vibration response [25]. As shown in Table 2, the
analytical and numerical results are higher than 10% when
using the DFL given by [18]. [14] generates the lowest
results, while [15,17] and [19] generate differences from 3 to
12% with respect to the experimental measurements.
Although, the coefficients given by [15,17,19] provide
satisfactory results in the calculation of the dynamic response
of the floor system, the coefficient given by [17] generates
the best results, as shown in Fig. 16.

According to Fig. 16, the analytical dynamic response
calculated with eq. (13) is slightly higher than the numerical
and experimental results for the zone of decay range, i.e,
between t=0 s and 0.50 s. It can be attributed to the fact that
the value of the damping ratio was taken as 0.05 in the
analyses; this value can be higher when the person is on the
floor system [26] reducing the amplitudes of oscillation. It

Table 2.
Analytical, numerical and experimental results considering the use of
different dynamic load factors given by different authors

Maximum acceleration (cm/s?)

Author(s) Eq. (13) mif:h?) 4 Ew1l Exp2
Rainer et al. [18] 13.78 17.14
Blanchard et al. [14] 7.08 8.81
Schulze [15] 10.19 12.68 12.16 10.52
Bachmann et al. [17] 11.02 13.71
Young [19] 11.86 14.75

Source: The authors
20 T -
Analytical

Numerical

=== Experimental result 1

J v

a (cm/s?)

0.00 0.25 0.50 0.75

t(s)

1.00 1.25
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Numerical

=== Experimental result 2

ﬁ{fW‘W\f’xﬁMﬂ“«'%
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Figure 16. Analytical and numerical accelerations calculated with ai=0.4
[17] and compared with the experimental measurements: a) 1 and b) 2

Source: The authors
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should be note that growth of acceleration occurs
approximately at t=0.60 and t=1.2 s during the test, it is due
to the development of high-harmonic excitations acting on
the floor system. These amplitudes are not predicted by the
analytical solution, because the first part of the closed form
solution in eq. (13) only describes decay.

6  Conclusions

An assessment of a walking force model and the
development and validation of an analytical procedure for the
vibration analysis of high frequency floors under human
walking is carried out. The study consists of evaluating and
assessing the applicability of a simple harmonic load in the
calculation of the impulsive response of a high frequency
floor. The proposed procedure consists of solving the
equation of motion of a SDOF subjected to a cosine load
representative of human walking. Subsequently, a numerical-
experimental study of a two-way RC slab subjected to human
walking was conducted to evaluate their dynamic response.
The results obtained were compared with those calculated
analytically. In the experimental-numerical study, the
accelerations in supporting beams were very low. Because of
that, their contribution was not presented in this work. The
variable of interest was the dynamic response at the midspan
of the RC slab panel.

Using a concentrated load for modelling the human
walking on the slab is enough to simulate the effect of a
pedestrian on the zone of maximum modal amplitude. The
DLFs influence considerably in the calculation of the
acceleration of the slab, in the case of this work the DLFs
given by [15,17] and [19] contribute to a reasonably
prediction of the human induced-load on the floor system.
According to this, it is concluded that the use of a cosine
function for modelling the human walking has a certain scope
of application in the calculation of impulsive responses on
the floor system, since the simple harmonic function can
predict reasonably the induced force by the heel and toe
during the walking process as the force model used by [10].

The developed expression to calculate the dynamic
response of the floor system was based on parameters of
practical calculation such as modal mass, modal stiffness and
damping ratio. The calculation of these parameters
corresponds to the fundamental mode shape, whose
maximum amplitude occurs at the midspan. M,,,; and f, were
calculated from the numerical model in order to evaluate the
accuracy of the proposed analytical expression as better as
possible. It is worth mentioning that, although the method
proposed by [10] is based on neglecting some variables in the
calculation of the dynamic response of the floor system, the
procedure proposed in this work involves more variables of
analysis, which can provide advantages in the study of the
phenomenon.
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