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Abstract:   Concrete is the most frequently used construction materials nowadays. Constant development of new 
technology, combined with ever-growing needs of contractors and investors has uncovered new economical, 
aesthetical and structural demands that concrete needs to satisfy. Scientists began to experiment with recycled 
materials that could enrich concrete properties, such as: rubber, styrophoam and hemp. The goal of this paper is 
to establish the influence of rubber aggregate on properties of concrete in fresh and hardened condition. Three 
concrete mixes were used for properties of fresh and hardened concrete analysis.  Examples of successful use of 
rubber concrete in the past have been reviewed, such as its implementation in concrete noise barriers. Level of 
noise canceling efficiency has been measured on the South Osijek freeway, before and after noise barriers were 
placed there. In addition, another goal of this paper is establishing whether placing those barriers in South Osijek 
freeway would help decrease noise pollution that affects those citizens that inhabit apartments near the 
aforementioned freeway. At the conclusion, we have shown the difference that noise barriers make in areas where 
the level of noise pollution was higher than city code allows. 
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1. INTRODUCTION  
 
Concrete is the most used building material in modern construction. This composite consists of 
cement, water, aggregates, and additives. The rubber reduces the density and compressive 
strength of the concrete but improves freezing and defrosting resistance and allows larger 
concrete deformations. Such concrete has good insulation properties and can be used for noise 
protection [1]. The use of recycled rubber in concrete in the future could allow deformations in 
buildings and other structures in the amount of 10.0 % of their total length, 50 times more than 
in the case of constructions made of ordinary concrete [2]. Preliminary experimental research 
of concrete with rubber aggregate has examined its properties: abrasion, porosity, compressive 
strength, and bending strength. The sagging and porosity increase with the proportion of rubber 
aggregate in the mixture. The replacement of the rubber aggregate affects the compressive 
strength and rigidity of the composite, which is expected because of the physical and 
mechanical characteristics of the rubber [3, 4]. Bending strength is also reduced by adding a 
rubber aggregate. 
An example of successful use of rubber concrete is noise barrier made of this material, built to 
prevent sound pollution near the South Osijek freeway where cargo vehicles are a problem 
during the night. Measurements have been made before setting the noise protection and after 
installing the noise barriers. This paper gives the main observations and conclusions for the 
observed area. 
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2. NOISE POLLUTION -  NOISE MAP 

Noise pollution, complex issue of modern times, in urban areas is mainly caused by traffic. The 
noise of road traffic is a major environmental problem, caused by the influence of the engine 
operation and the interaction of the vehicle tires and the pavement surface. There are numerous 
health issues related to noise pollution, such as mental stress, sleep interference, permanent 
hearing loss, etc. [5, 6], even the spreading of epidemics [7]. The main EU instrument which 
identifies levels of noise pollution and determines proper actions to reduce it is Directive 
2002/49/EC (the Environmental Noise Directive – END) [8]. Suggested ways to reduce impacts 
of traffic noise are: proper planning of the settlement, proper planning of road construction, 
selection of the high-quality materials for road construction, vehicle noise reduction, and 
construction of protective structures. Approximately 80.0 % of all communal noise sources in 
larger urban areas are caused by traffic noise. Traffic noise is a result of road traffic (about 50.0 
%), rail traffic (18.0 %), air traffic (13.0 %), and other. Noise in road traffic is the most 
widespread type of noise [9].  
There are noise maps which show existing and predicted noise levels within the observed area. 
These maps provide more effective spatial planning, planning the protection of existing areas 
from noise sources, and the implementation of "acoustic zoning of space" that is in accordance 
with legally permitted noise levels [10].  
Computer applications and programs that analyse and predict the spread of sound in the default 
model are used to create the noise map [11]. Making a noise map which faithfully describes the 
existing state requires data from different stakeholders (e. g. the contracting party) and data 
collected by measurements. In order to achieve the best possible quality of the noise map, the 
model should be constantly controlled and compared with actual conditions (figure 8.) [12]. 
 

  
Figure 8: Overview of general model design and noise map content [13] 

Figure 9. shows strategic noise map1 of Osijek. The map includes noise from road traffic (the 
largest polluter), from tram, railway traffic and industrial traffic. For each of these, regardless 
of the time of day, the map shows which amount of noise generates a certain traffic. The colors 
on the strategic noise map represent how much pollution occurs in certain parts of the city in 

                                                 
1 There are a few types of noise maps: strategic noise map, conflict noise map, action plan and acoustic plan.  
Strategic noise map is defined as noise map on which is shown just one specific source of noise, for example: road 
traffic, railway traffic, air traffic, and industry. Maritime and river traffic are also included with its infrastructure 
and sport and recreational facilities. Review of strategic noise map is mandatory every five years because one has 
to consider changes in area [14]. 
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decibels. Obviously, noise around South Osijek freeway is significantly higher than 60.0 dB 
(the highest permissible noise level for daytime is 65.0 dB and 50.0 dB for nighttime; 
everything higher than these standards is incompatible with residential communities [15]). 
Freight vehicles (represented by approximately 10.0 %) which drive during the night, contribute 
to the problem above. Therefore, a noise protection measures of the surrounding populated area 
is needed. Based on all problems that occurred on South Osijek freeway, the best solution was 
the transparent and RUCONBAR panels.  
 

 

Figure 9: Strategic noise map of Osijek [16] 
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3. IMPLEMENTATION OF CONCRETE NOISE BARRIERS IN SOUTH PART OF 
THE BYPASS 
 
The RUCONBAR panels (with the transparent panels provided in the project) are placed on 
certain sections on South part of the detour in Osijek which are shown in Figure 10. This is an 
ecological, high absorbing noise barrier which absorbing layer is made up of recycled rubber 
and concrete.  
The product is made of an absorbing and supportive layer, using 40.0% rubber granules 
obtained by recycling old car rubber in the absorbing layer (an innovative solution in part of 
protection of noise, recently awarded with Crystal Globe at a Las Vegas conference) [17, 18]. 
 

 
Figure 10: Displays the panel layout in the field [19] 

Effects on the environment: reduction of greenhouse gas emissions by 31.0%, reduction of 
exploitation of non-renewable sources (gravel or crushed stone, natural clay and forest logging), 
protection of the natural landscape from clay excavation and exploitation of forest and recycling 
of waste car tires [19]. Comparison of sound absorption coefficient is shown in figure 11. 
   

 
Figure 11: The advantage of RUCONBAR barrier in accordance to clay concrete and wood 

concrete barriers [17] 
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After setting the noise barriers, noise values in 17 critical points imissions obtained with this 
budget does not longer exceed the permissible noise level values [20]. The actual noise hazard 
situation will be determined by measuring the noise level. Noise monitoring at day and night is 
recommended to be carried out no later than two years after the release of the relevant stock in 
circulation, respectively when the following numbering indicates that the volume of traffic is 
higher by 25.0% that counted at previous counting [15]. In table 5. is shown the noise level 
which is happening in traffic at day and night and how much is necessary to reduce it because 
in some parts the noise level exceeds the permitted limit. 

Table 5:  The noise lever in critical points of imissions [20] 
Point of 
imission 

Object 
mark 

Floor 
Noise level (dB(A)) Necessary reduction 

day night day night 

L01 2385 

1. 57.60 40.80 0.0 0.0 

2. 58.20 50.30 0.0 0.3 

3. 58.70 50.90 0.0 0.9 

4. 59.30 51.40 0.0 1.4 

L02 584 

1. 57.60 49.80 0.0 0.0 

2. 58.10 50.30 0.0 0.3 

3. 58.60 50.80 0.0 0.8 

4. 58.20 51.30 0.0 1.3 

5. 59.60 51.80 0.0 1.8 

6. 60.00 52.20 0.0 2.2 

L03 676 1. 58.40 50.51 0.0 0.5 

D01 618 

1. 60.80 53.00 0.0 3.0 

2. 61.60 53.80 0.0 3.8 

3. 62.80 54.90 0.0 4.9 

4. 63.70 55.90 0.0 5.9 

5. 64.10 56.30 0.0 6.3 

6. 64.30 56.50 0.0 6.5 

D02 672 

1. 60.40 52.50 0.0 2.5 

2. 61.40 53.60 0.0 3.6 

3. 62.10 54.30 0.0 4.3 

4. 62.60 54.80 0.0 4.8 

5. 62.80 55.00 0.0 5.0 

6. 63.00 55.20 0.0 5.2 

D03 673 1. 72.50 64.60 7.5 14.6 

 

After establishing the critical points of imission using a computer program Sound Plan v.6.5. 
(modul Wall Design), the noise barrier budget was calculated, and geometric barrier 
characteristics were determined. The implementation of additional barriers is planned at the 
same time as the basic barriers arise from the need to protect the existing housing facilities.  
Noise barriers are located along the road, 240 cm from the outer edge of the pavement.  
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In accordance with the accepted rules of the profession, when designing the height of the 
barrier, it is determined that the barrier height can’t be more than 5.0 m on the ground and 3.0 
m on the objects (viaducts) [21]. From the results of the calculation it’s easy to see that the night 
time is critical. On figure 12 is shown measuring site L01. Based on this, it is apparent that the 
biggest noise is read through the traffic between 6pm and 7pm, as can be seen in the diagram 
shown in Figure 13. According to the results obtained for this place, for light and heavy cargo 
vehicles, the daily noise level after setting the noise barrier is 55.2 dB, while for the night is 
50.0 dB, which is permissible and satisfying [15]. 
 
 

Figure 12: Measuring site L01 [20] 
 

Figure 13: Diagram of vehicle crossing 
frequency [20] 

 
 
To protect existing facilities that would be exposed to excessive noise levels, noise barriers 
would be provided to ensure noise level lower than the law allowed and certain geometric 
parameters of sound protection barriers are determinated. With these necessary barriers, this 
project also envisages additional barriers (RUCONBAR) designed to protect future residential-
business areas planned near the Southern Bypass.  After setting the predicted noise barrier, the 
beam values in the 17 critical imitation points obtained with this calculation do not exceed the 
permissible levels of the sound signal. Table 6 shows the table of expected noise levels after 
setting the predicted barriers (for comparison of daily and noise levels before setting the barrier) 
where it is seen that the noise level has been successfully reduced to the permissible amount 
[20]. 

 

 

 

 

 

Table 6:  Expected noise levels before and after setting the predicted barriers [20] 

Southern Freeway, W-E 
direction (southern part of 
pavement) 

E-W direction (northern part 
of pavement) 
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Point of 
imission 

Object 
mark 

Floor 

Noise level without 
noise barrier (dB(A)) 

Necessary reduction 
(with barrier) 

day night day night 

L01 2385 

1. 57.60 40.80 52.80 44.90 

2. 58.20 50.30 53.60 45.70 

3. 58.70 50.90 54.50 46.70 

4. 59.30 51.40 55.20 47.30 

L02 584 

1. 57.60 49.80 54.70 46.90 

2. 58.10 50.30 55.30 47.50 

3. 58.60 50.80 56.10 48.20 

4. 58.20 51.30 56.60 48.80 

5. 59.60 51.80 57.70 49.20 

6. 60.00 52.20 58.10 49.90 

L03 676 1. 58.40 50.51 57.30 49.50 

D01 618 

1. 60.80 53.00 49.90 42.10 

2. 61.60 53.80 50.80 43.00 

3. 62.80 54.90 52.20 44.30 

4. 63.70 55.90 53.70 45.90 

5. 64.10 56.30 55.60 47.80 

6. 64.30 56.50 58.20 49.80 

D02 672 

1. 60.40 52.50 52.10 44.30 

2. 61.40 53.60 52.80 44.90 

3. 62.10 54.30 53.50 45.60 

4. 62.60 54.80 54.30 46.40 

5. 62.80 55.00 55.50 47.60 

6. 63.00 55.20 56.90 49.10 

D03 673 1. 72.50 64.60 55.50 47.40 

4. CONCLUSION 

Nowadays, noise is a major problem both for the population and the environment. The noise 
should be monitored on a continuous basis, not only when it is at a level that is not allowed by 
regulations. The best and the safest solution to achieve noise reduction are noise barriers. –
Noise barrier panels are buildings that improve their resistance to noise daily, but they have to 
meet different requirements related to mechanical resistance and stability and the ability to 
absorb sound. There are a number of types of panels that are built on the roadways, since 
RUCONBAR is the subject of this research, the advantage of developing them is that they work 
ecologically, economically and reduce the exploitation of non-renewable resources. 
Nevertheless, the conclusion is that it is necessary to look at the characteristics of the finishing 
layer which plays an important role in the selection of the panel itself, and to carry out the test 
of the surface to make the best solution, primarily because this study researched the South 
Osijek freeway, where cargo vehicles create a major problem during the night because of the 
increased traffic. 
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