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Abstract - Excessive floor vibration due to walking load is an important serviceability condition to be 
considered in building design. It has become a greater problem as new rhythmic activities, thinner floor decks, 
less structural damping and long span floor structure have become more common. The problems associated with 
floor vibration are not new. In 1828 tredgold wrote “girders should always be made as deep as they can to avoid 
the inconvenience of not being able to move on the floor without shaking everything in the room”. A simple 
floor deflection criterion (deflection of less than span/360 under distributed live load) has been used to control 
“excessive shaking” for more than 100 years. But now a days as the vibration problems become more critical 
this approach does not work. However, new guidelines that address and deal with these problems have been 
introduced recently. One of the guidelines is “Design guide on the vibration of floors”, made by The Steel 
Construction Institute, UK .The objective of my work is to study the guideline and to develop a different 
approach to check the acceptability of floor subjected to walking load. The new approach is based on the 
dynamic analysis of a beam subjected to a moving load. 
 
 
I. INTRODUCTION 
 
Vibration of floors induced by human walking load 
was not a significant problem in the past. However, 
there have been a number of cases where 
serviceability problems have occurred and This is 
because the spans of floors are longer today than in 
the past and floors are lighter today than in the past. 
Thus many long span floors have lower bending 
rigidity, low mass, low natural frequency and 
damping, and are sensitive to dynamic loads induced 
by pedestrians. Such floor can be seen in airport 
terminals, shopping malls and modern offices. 
 
Hence it is very essential to develop a method to 
check the acceptability of floor subjected to walking 
load. 
 
Our proposed method is based on the fundamental 
concepts of “Design guide on the vibration of 
floors” i.e. SCI 076, made by The Steel 
Construction Institute, UK. The proposed method is 
simple and less time consuming. 
 
II. PROBLEMS DUE TO FLOOR VIBRATIONS 
 
Floor vibration generally makes people uneasy and 
creates fear of structural collapse, although such fear 
is usually unwarranted because of the small 
displacements and stresses that are actually produced 
by floor vibration. If the amplitudes of oscillation at 
frequencies in the range 2 Hz to 20 Hz, there may be 
significant strains within the human body possibly 
including resonance of specific organs giving rise to 
acute discomfort or serious impairment of ability to 
perform mechanical tasks or even injury. 
 

 
III. VIBRATION LIMITS 
 
Vibration limits, or acceptable thresholds, are best 
expressed in terms of acceleration, as a percentage of 
acceleration due to gravity (g). The limit depends 
primarily on the context, that is, on what people are 
doing when they experience the vibration. For 
example, people sitting or lying down in offices or 
residences find distinctly perceptible vibration( 
accelerations of about 0.5% g) unacceptable, whereas 
those taking part in an activity such as aerobics will 
accept much greater vibration( about 10%g). People 
dining beside a dance floor or standing in shopping 
mall will find vibrations that fall between these two 
extremes acceptable.  
If the vibration is very large (more than 20% g), and 
occurs frequently (e.g. in a health club), then fatigue 
failure of the floor can occur. 
 
IV. PRINCIPLE CAUSE 
 
The main factor underlying most vibration problems 
is resonance, which occurs when a load is exerted on 
a floor at a particular frequency. For example, a 
group of people dancing applies a cyclic force (their 
footsteps) to the floor at the frequency corresponding 
to the beat of the music. The cyclic force produces a 
maximum floor acceleration, which depends on the 
ratio of the natural frequency of the floor structure to 
the cyclic frequency of the applied force.  
When the natural frequency of the floor coincides 
with, or is close to, the forcing frequency, resonance 
occurs and the consequences are most severe. During 
each cycle of loading, more energy is fed into the 
system and the magnitude of vibration grows, until a 
maximum is reached. This maximum is dependent on 
the amount of damping in the floor. 
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V. DEFINITION OF WALKING LOAD  
 
Walking is a periodical movement on a flat surface in 
which two feet move alternately from one position to 
another and do not leave the surface simultaneously. 
Similar to jumping loads, walking loads can be 
completely defined by seven parameters such as load 
intensity, location, load amplitude, frequency range, 
phase lag, crowd effect and moving velocity. Here the 
load amplitude, phase lag, frequency and crowd 
effect are the keys for defining the loads. The 
geometry of the human body walking is a straight-leg 
motion that necessarily causes the main body mass to 
rise and fall with every pace (see Fig 1.1). This rise 
and fall is typically about 50 mm peak to peak but is 
sensitive to the angle of the leg at full stretch, and 
thus to the extent to which the walker is forcing the 
pace. It is to note that these accelerations are around 3 
m/ 푠 (m stands for meter and s stands for second), 
which is 100 times the value that would commonly be 
set as a limit a sustained vibrations. 
 

 
Simplified geometry of walking 

Fig 1.1 
 
The vertical accelerations of the body mass are 
necessarily associated with the reactions on the floor, 
and they will be closely periodic, giving a force 
amplitude between 100 N to 300 N (N stands for 
Newton). Walking pace frequency can vary between 
1.4 Hz and 2.5 Hz. 
 
VI. PERIODIC NATURE OF WALKING LOAD 

 
Footfall force and reaction on floor 

Fig 1.2 

The contact force from a single footfall is shown as 
the bottom solid curve in Fig 1.2. Unless the floor 
structure is exceptionally sensitive to the precise 
location of the load, the dynamic excitation is given 
by the sum of the concurrent walker’s foot forces, 
which takes form shown as the top solid curve in Fig. 
1.2. 
 
VII. LOW FREQUENCY FLOOR 
 
If natural frequency of floor is less than 7 Hz, then 
the floor is called low frequency floor. This type of 
floor is generally subjected to dynamic effect due to 
walking. The likelihood that the floor is strongly 
orthotropic, and has a basic family of modes sharing 
the property of similar mode shape along the 
direction parallel to the floor beams, identifies a 
potentially critical event when the person walks at 
steady pace parallel to a floor beam. The 
corresponding Fourier component of the pace force 
will then give rise to a resonant, or nearly resonant, 
response. The effective modal inputs varies with the 
location of the walker in proportion to the mode 
shape function at that location, and thus typically 
increase as the walker moves into the span, reach 
maximum when he is near mid-span and will then fall 
off. 
 
VIII. ACCEPTANCE CRITERIA 
 
In office accommodation the response factor R 
should not exceed the values given in table-1.General 
office provides a suitable environment for normal 
office activities, including the use of computers. 
Special offices suitable for technical tasks requiring 
prolonged special concentration. The “busy” office is 
one accessible to a large no of persons, with visual 
and audible distractions concurrent with any 
vibration. 
The dynamic response factor for residential 
accommodation should not exceed the value indicated 
for the special office. If walking excitation can occur 
at night on a section of floor supporting bed room, 
then R must be ≤ 2. 
                                   Table-1 
                      Acceptable R values for offices 

 
                     
XI. OBSERVATION FROM SCI 076  
 Floors are classified as low frequency floors 

and high frequency floors according to the 
fundamental natural frequency. In case of low 
frequency floor, the floor subjected to walking 
load identifies critical event when a person 
walks at a steady pace parallel to a floor beam. 
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 Contribution of slab and main beam to the 
fundamental natural frequency is negligible 
compared to the contribution of floor beam. 

 Permitted acceleration is 0.005R where R is 
response factor for low frequency floor. 

 
X. NEW PROCEDURE  
 
A simple procedure is developed based on the 
fundamental concepts of “Design guide on the 
vibration of floors” i.e. SCI 076, made by The Steel 
Construction Institute, UK to check the 
acceptability of floor subjected to walking load, a 
simple procedure is developed. 
The steps are given below:- 

1. Consider a walking load 푃(푡) = 푄푠푖푛푤푡 
moving on the floor beam. 
Where Q=Amplitude of harmonic walking 
load and w=walking frequency  

2. Find the maximum acceleration produced by 
the walking load at mid-point of beam. 

3. Permitted acceleration is 0.005R where R is 
response factor 

4. Calculate R. 
 

XI. ASSUMPTIONS  
 

 The floor is a low frequency floor. 
 The floor slab is a one way slab. 

 
XII. EQUATIONS TO BE USED 
 
The deflection equation given in the book “Vibration 
of solids and structures under moving loads” by 
LADISLAV FRYBA for a beam, subjected to a 
moving harmonic load is: 
 

 
Where L=length of beam 
V(x,t) =Beam deflection at point x and time t. 
푉  = Deflection of beam at mid point 
W= Circular frequency of walking.  
푊  =Natural frequency of beam (radian/s) 
푊 =Damped natural frequency (radian/s) 
 

 

XIII. PROBLEM STATEMENT  
 
The response factor of the given floor system is to be 
calculated with the help of proposed procedure. 
The response factor for the same floor is also 
calculated in the guide line “Design guide on the 
vibration of floors” i.e. SCI 076, published by The 
Steel Construction Institute, UK (Page no-33 at 
appendix B) and the calculated R is 4.5. 
The plan view of the floor is given below: 
 

 
Fig 1.3 

 
Following information to be used:- 

 Self weight of slab is 430 Kg/푚  
 The floor beam inertia = 

4.4	× 10 	푚  
 It is a low frequency floor. 

 
 Calculation of natural frequency of floor 

beam 
The natural frequency of an uniform beam (푊 ) for 
first mode = 휋 √  
E = 205 KN/푚푚   ; I =4.4	× 10 푚  
L =Length of the floor beam = 15 m. 
m = mass per unit length of the floor beam 
= (430x3) =1290 Kg/m. 
Hence 푊 =36.642 radian/s 
 
 

 Calculation of circular frequency of 
walking load. 

The circular frequency of walking load = 휋  
Where C = constant speed of walking load = 1.33 
m/s. 
Hence 푊 = 0.278 radian/s. 
 

 Calculation of damped natural 
frequency(푾풃) 
 
푊  =푊 √(1−∈ ) 

Here critical damping ratio ∈ =0.03 (Assuming an 
open-plan, well-furnished floor) 
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Hence 푊 =36.642 radian/s. 
 The amplitude of harmonic walking 

load(Q)  
The range of Q lies in between 100 N to 300 N. 
Taking Q = 300 N. 

 Calculation of 푽ퟎ
ퟐ푷

 

Using the equation =  
Where µ = mass per unit length of floor beam  
Hence   =8.4x10  mm/KN. 
 
Above calculated values are put into the equation-1 
and 2, and the values of displacement (V) and 
acceleration (a) at mid- point of the beam are found 
for different time t (different values of x). 
Now the calculated values of displacement (V) and 
acceleration (a) are represented through graphs, 
which are shown as Fig. 1.4 & Fig. 1.5 
 

 
Variation of deflection at mid-point of floor beam 

with time t. 
            Fig 1.4 

 

 
Variation of acceleration at mid-point of the floor beam with 

time t. 
Fig 1.5 

XVI. OBSERVATIONS 
 
Following findings are observed from the graph: 

 The maximum acceleration is 26.1 mm/푠  
 The maximum acceleration took place at t=6 

s (approximately) and the time is required to 
cross the floor beam is 11.3 s. So this result 
justifies that the model input reaches a 
maximum when a walker is near mid-span. 

 
XV. CALCULATION OF RESPONSE FACTOR 
 
The maximum acceleration = 26.1 mm/푠  
=0.0261 m/푠  (Taken from the Fig-1.5) 
Hence 0.005R=0.0261 
So R =5.22. 
 
XVI. COMPARISON STUDY OF THE 
RESULTS 
 
The given slab system is solved by two different 
methods. 
One method is based on guide line made by “The 
steel construction institute, UK” (SCI 076) and the 
calculated value of R is 4.5. 
And the other method is our proposed method and the 
calculated value of R is 5.22. 
However the dissimilarity of the results may be 
because  

 The effect of slab and main beam is not 
considered. 

 According to the guide line, the Fourier 
component factor has been taken that 
reduces the amplitude of harmonic walking 
load. 
 

CONCLUSION 
 
The difference between the value of R calculated by 
the guideline and the value of R calculated by the 
proposed method is negligible. The proposed method 
is simple and less time consuming. Hence the 
proposed method shall be adopted to check the 
acceptability of floor subjected to walking load.  
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