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Abstract 
Traffic-induced vibrations have recently been of major concern to engineers as one of the aspects of so called physical environmental 
pollution. The interest is related to the observations of serious negative effects of such kind of vibrations on buildings and their 
inhabitants. Traffic-induced vibrations may cause plaster cracks, structural damage and even failure and collapse of the structure. They 
may also be the reason of serious complaints from people living inside buildings which experience vibrations. The aim of the present 
paper is to analyze the example of the family house located near a major road with heavy traffic. First, the details concerning the 
measuring procedure according to Polish standards have been described. Then, the results of the measurements conducted on site have 
been shown and the impact of traffic-induced vibrations on the structure has been analyses and discussed. 
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Nomenclature 
a   acceleration (m/s2) 
u   displacement (m) 
v   velocity (m/s) 
t   time (s) 
( )a t   acceleration time history (m/s2) 
aT   averaging time (s) 
T   total measurement period (s) 

1. Introduction 

Traffic-inducted vibrations are a common problem of modern-day architectural engineering and pose a great challenge for 
designers and contactors, as well as for residents of edifices subjected to dynamic interplay. Fortunately, modern technology 
and constant development of science contribute to solving many engineering problems, including those connected with 
vibrations. In the present article, authors attempt to describe the problem, picture the reasons and results of vibrating of 
single-family houses, but above all they try to depict the methodology of performing calculations basing on Polish 
regulations. 

Occurrences of vibrations are related to physical pollution of the environment. Traffic-induced vibrations have a great 
impact on residents located in their reach. Moreover, traffic induces noise, which may also be a nuisance for the inhabitants. 

2. Structural dynamics and vibrations 

The effect of building vibrations is strictly related to the dynamics of structures. Vibrations can be described as declensions 
in balance of particles of the building caused by the energy supplied to them. The reach of the dynamic influence, as 
suggested in [1], is 25 m from the axis of a tram track and from the outermost car lane, 40 m from the wall of a subway 
tunnel and train tracks. 
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2.1. Causes of vibrations 

There are many reasons for building vibrations [2], some of them are constant dynamic encumbrances, others are temporary. 
Some of them are easily assessed but others are purely random. The most common causes include: earthquakes [3–5], 
mining tremors (paraseismic vibrations), large mechanical vibrating entities, air pressure, movement of large masses of 
people or vibrations resulting from vehicles using the nearby road. The last reason is the one being described in detail in the 
present article. 

Traffic-induced vibrations [1], [6] are caused by the movement of vehicles, utilization, infrastructural structures on road 
and train tracks. Vibrations induced by movement of large mechanical vehicles or long-lasting usage of heavy appliances 
are transferred through the ground on the foundations of nearby structures. 

2.2. Effects of vibrations 

When it comes to the effects of traffic-induced vibrations, they may be small and imperceptible; however, they may as well 
become the reason of a major malfunction or even lead to the collapse of a structure. As it is mentioned in [1], [6], [7], the 
most common visible effects of traffic are chaps and scratches on the plaster covering the building, falling off the paint and 
plaster, cracks on the elements of the structure or even building malfunctions and collapses. 

Apart from the influence on a building, traffic-induced vibrations also affect people living in places where the vibrations 
occur. The problem is extremely significant in cases of long-lasting influence of noise and vibrations on people – the 
problem is approached in a detailed way in chapter 4.  

2.3. Factors influencing vibrations 

It is obvious that vibrations influence building structure, the exact strengths of the aforementioned influence is dependent on 
some certain factors. These factors are mainly related to the displacement of a building and characteristics of nearby roads:  
− Quality and type of pavement: whether it is asphalt, gravel, cobblestone or concrete; is it damaged? (the more the 

damages of the surface, the bigger the influence of vibrations), 
− Type of ground through which the waves travel, 
− Type of road: it is of critical importance is the road small and unattended regularly or is it a big communication lane 

heavily attended by vehicles, 
− Maximum allowed speed: the faster the vehicles can move, the bigger vibrations, 
− Maximum vehicle weight: the heavier the vehicles are, the stronger vibrations, 
− Longevity of vibrations: damage caused by vibrations is the highest when the encumbrances that cause it are constant 

(over 30 minutes per day); are the vibrations long-lasting – occurring from 3 to 30 minutes per pay or are they short-
lasting – occurring below 3 minutes per day, 

− Shape and dimensions of the building: it is important whether it is a small, 1 or 2-storey family house which vertical 
projection does not exceed 15 m and its height does not exceed the measurement of projection; or it is a multi-storey 
building below 5 floors and its height is smaller than doubled lowest width, 

− Average distance from the axis of the road: the lower the distance, the damage hazard increases. 
The mentioned factors decide on the intensity of vibrations transferred on a building. The heavier the utilization of a road 

gets, the more intensive the damage to a building is done. Local defects may also occur, but more importantly, vibrations 
can influence the load bearing capacity of the structure. 

3. Defining the influence of vibrations on buildings 

In order to counteract vibrations, first it is essential to establish which buildings are actually endangered. It can be done by 
using a Polish standard [6]. It needs to be pointed out that a standard may only be used to determine the danger to densely-
shaped brick buildings, vertical projection of which should not exceed 15 meters. The building should not exceed two floors 
and its height must not exceed the measurement of the projection. The danger is assessed through the Dynamic Influence 
Scale I (DIS I), as described in [6]. 

There is also the DIS II scale which is used to indicate dynamic influences on buildings of maximum 5 floors, their 
height being lower than doubled width [6]. 

The norm [6] suggests that measurements of accelerations or velocity emerging from vehicle movement should be made 
using specialized measuring equipment. Each of the measurements may be depicted though a graph of filtered accelerations 
in the form of acceleration time history.  

3.1.  Measurement methodology 

The measurement technique differs depending on the analyzed case. There are four possible cases [1]: 
− The building is being designed, the vibration source is virtual, 
− The building is being designed, the vibration source is being utilized, 
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− The building exists, the vibration source is virtual, 
− The building exists, the vibration source is being utilized. 

In the first case, a calculation model of the building is being created which allows the use of the Finite Element Method 
[1].The model uses kinematic input. The second instance requires measuring the ground vibrations at the location where the 
structure will be erected. In the third case, acceleration time histories from similar locations are used. When it comes to the 
last situation, one needs to measure the vibrations, filter the results and compare them with values defined in standard [6]. 

Vibration measurements determining the reach of dynamic influences are carried out encumbrances that are short-term 
(not exceeding 3 minutes per day), long-term (between 3 and 30 minutes per day) and constant (exceeding 30 minutes per 
day). The sensors should be placed [6, 7] in at least 3 places. Measuring points ought to be placed on the foundation or on a 
wall near the ground level. The sensors must not be placed in places that are separated by movement joints, in places with 
great vibrations amplitude, e.g. on a ledge under the stair stoop. Sensors placed on the basement ceiling will show inflated 
values [8]. The measuring should be done for horizontal components of the foundation vibrations or for the bearing walls on 
the level of ground, separately for horizontal and vertical directions. The results should be converted and prepared properly 
for further analysis. Time span should only be recognized if the amplitude values are higher than 0.2 of the maximum value 
[1, 6]. This process is called frequency data filtering. The case of study is the analysis of bands of 1/3 octaves between  
1–100 Hz frequencies. A third is a frequency band between frequencies with relation equal the cube root of two. 

The next three thirds set an octave. The median frequencies of metrological thirds are [6]: 1; 1.25; 1.6; 2; 2.5; 3.15; 4; 5; 
6.3; 8; 10; 12.5; 16; 20; 25; 31.5; 40; 50; 63; 80; 100Hz. It can be further deduced, that extreme values should be determined 
for the 21 different median frequencies. Next, they should be marked on the dynamic influence scale graph; the structure 
may be placed in five different danger zones: 
− Zone I: no vibration influence on the building; 
− Zone II: vibrations are noticeable but do not pose a threat to the building; 
− Zone III: the overall load bearing capacity of the building may be weakened; 
− Zone IV: vibrations have major influence on the building; the amplitudes are high enough to cause various objects in the 

apartments to tremble. The building is in hazard for health and life of its inhabitants; 
− Zone V: The load bearing capacity the building is dysfunctional as a result of a massive vibrations amplitude; this may 

result in a major malfunction or even lead to collapse of the structure. 

3.2. Analysis example of vibration impact on single-family house 

This chapter presents an example concerning the procedure of measurements of vibrations. The measurements were 
performed in a small town in northern Poland. The structure is one-storey single-family house which was built in the year 
1922 (Fig. 1a). The examined house has a plan dimensions of 12.0×9.45 m and the height of 6.6 m. The foundations are 
made of stone; ceilings are wooden, wall made out of brick covered by polystyrene plates.  

 
 

  
Fig. 1. The examined single-family house: (a) general view of the structure; (b) sensors used in the measurements 

The measurements were conducted because the occupants of the house felt the negative vibrations. Furthermore, they 
noticed cracking of plaster, which may have been caused by traffic-induced vibrations. 

Four sensors were installed on the parallel wall towards the street (the distance between the wall and the street edge is 
7.35 m), see Figure 1b. The tests were performed in two horizontal directions: X and Y. In total, 17 measurements were 
conducted at the exact moments when driving a lorry, buses, dustcart and tractor. The measurements were analyzed 
according to the rules, which were described in the previous chapter (chapter 3.1) and the results were placed on the DIS 
graph, see Figure 2. 
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After the measurements, the following conclusion was obtained: the analyzed building is located in the first phase of 
dynamic intensity, in that case vibrations caused by driving vehicles in the street near building don’t have influence on the 
structure of building. It could therefore be deduced that damages observed in the building might be caused by wear and 
fatigue, age of building or faulty workmanship of building’s elements.  

  
Fig. 2. Peak acceleration with respect to the frequency of oscillations for the measurements in the single-family house 

4. Vibrations. The impact on people 

4.1. Description of method 

Vibrations which are caused by traffic may also cause discomfort for people, which are in the sphere of influence. After 
conducting many studies, both in laboratories as well as in real buildings, it has been observed that a threshold noticeability 
of vibrations by human being is situated lower than the limit for building itself [1]. The estimate of vibrations impact on 
people assumes that vibrations are received in a passive way [6]. There are generally two situations [1]: 
− Sitting or standing position: vibrations are received by foot and seat – the Z axis is going through spine, the XY axis have 

horizontal direction. 
− Lying position: person receives the vibrations with the aid of the whole body – the Z axis is going through back to chest, 

the Y axis from side to side. 
The oscillating quantity is the acceleration (or velocity) Root Mean Square (RMS) value, which is specified according to 

the formula [1]: 

 [ ]
0.5

21 ( )
a

RMS
a T

a a t dt
T

  =   
∫  (1) 

It is necessary to remember that vibrations, which have been generated as a result of traffic, have irregular character; first 
they have increasing and next decreasing trend. For this reason, averaging time is taken into account, which has the value of 
amplitude bigger than 0.2 peak value [1]. 

4.2. Rating parameters and perceptibility vibrations threshold 

Polish standard [9] defines two kinds of rating parameters and one parameter is introduced in European standards [9, 10]. 
The standard [9] describes the following two methods (chapters 4.2.1 and 4.2.2). 

4.2.1. The adjusted value of acceleration value in frequency band (1-80Hz) 

The rectification takes place by introducing to measuring trajectory (between the sensor and recorder) the correcting filter – 
the results of rating are adjusted by efficient value of acceleration or velocity. The perceptibility threshold by human being 
for this parameter has been determined in [6] and this value is equal to 0.005 m/s2 (0.0001 m/s) for the Z axis and 
0.0036 m/s2 (0.00029 m/s) for the X and Y axes. 
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4.2.2.  The Spectrum Value (frequency structure) of acceleration or velocity in 1/3 octane band 

Similarly as in the case of measurements of influence of vibrations on building, it is necessary to record acceleration time 
history a(t) and then exposed it to filtration and show the results (Fig. 3). 

   
Fig. 3. Perceptibility vibrations threshold for Z direction (left side) and X and Y directions (right side) [1, 6] 

4.2.3. VDV vibrations dose 

The method, which is described in details in [1], [2], [10], enables us to specify the evaluation of vibrations influence by a 
reference of full vibration time. VDV vibrations dose has been introduced to European standard [12], [13] after conducting 
of many tests. It is defined as: 

 [ ]
0.25

4
1.75

0
( )

T mVDV a t dt
s

    =      ∫  (2) 

Clear attribute of perceptibility threshold is not present for this parameter. Some interpretations indicate [1], that the 
residents observations are equivalent to perceptibility threshold and the following maximum values can been accepted: for a 
day VDV = 0.2–0.4 m/s1.75 and for a night VDV = 0.13 m/s1.75. 

In the European directive [12], a condition of the impact of vibrations people is stated as equal to one value, e.g. 
acceleration of mechanical vibrations during a day, which is appointed for three directions X, Y and Z. This value should 
not exceed 0.8 m/s2. 

4.3. Acceptable noise values in residential structures (housing) 

Occurrence of traffic-induced vibrations have a connection with discomfort and with dangerous noise to human ear. In 
accordance to the European directive [12] and to the standard [13], acceptable level of  noise penetrating housing rooms 
should not exceed value of 40dB during a day (from 6:00 to 22:00) and 30dB during a night (22:00–6:00). 

Acceptable noise values of technical furnishings of buildings and another devices in the building and outside the 
structure should not exceed value of 40dB during a day and 30dB during a night. 

5. Methods of reduction of vibrations 

There are a number of methods of reduction of traffic-induced vibrations on buildings [14]. The most commonly used are: 
− elastic mats between a ground and a building (base-isolation) [15], [16]; 
− elastic division of the whole building above the underground storey; 
− asphalting the road; 
− elimination of the water inspection chambers from the path of the road; 
− reduction the speed of vehicles. 

6. Summary and conclusions 

The problem of vibrations has recently become very important because more and more areas are being urbanized and new 
roads are being built, both in towns and in the countryside. Good-connected areas are welcomed and their prices are still 
increasing, thus more and more buildings are being constructed near the roads. Therefore nowadays, the issue of traffic-
induced vibrations in buildings concerns structures (both the existing and the planned ones) on larger scale then in the past. 
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For this reason, it is really important to consider a number of activities so as to efficiently decrease the impact of such 
vibrations on buildings and people.  
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