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ABSTRACT 

The goal of this research is to study the international experience in managing the construction and 
demolition waste, to study the methods of testing recycled aggregates for concrete and reinforced concrete in 
comparison with the Russian practice, and to identify the most effective equipment for concrete waste recycling.  
Recycling of concrete waste could be the optimum solution for such problems as the lack of space for 
construction, the exhaustion of natural resources etc. The comparative analysis of the results of different 
researches showed, that up to 50% of recycled concrete aggregates of total amount of aggregate in concrete 
mixture has a little effect on the properties of concrete. The recycled aggregates are in demand, because they 
cost much lower than that the natural aggregates. The analysis of technical and economical qualities of different 
types of crushers showed, that swing-jaw crushers with their crossfunctionality and power are best for reutilization 
of concrete and reinforced concrete. Requirements for the type of the crusher depend on the utilization project of 
the particular building or construction, because each case is unique. 
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Introduction 
Waste management and recycling of urban waste are important parts of the field of energy efficiency and 

environmental safety. Many results of researches in the field of construction energy efficiency and environmental 
safety demonstrate huge actuality of this area [1...7]. 

The main goal of this research is to study the international experience in managing the construction and 
demolition waste (the C&D waste) in comparison and to study the methods of testing recycled aggregates for 
concrete and reinforced concrete with the Russian practice, and to identify the most effective equipment for 
concrete waste recycling. To solve this problem by the method of theoretical analysis using technical and 
economic estimation, we have analyzed the entire process of producing recycled crushed aggregate and found 
out which crushers are the most suitable for recycling of concrete. 

Recycling 

In the XXI century there is a lack of natural recourses on our planet. There is even a concept of the "golden 
billion", according to which the needs of merely 1 billion people will be satisfied with the natural resources. It is 
possible that everything created by nature in 2 billion years, will be practically exhausted during the next 50 years 
if the use of natural resources remains at the current levels. [7] 

Construction is an industry that needs a lot of building materials for the erection of buildings and structures. 
Also, construction is one of the most powerful human factors affecting the environment, because huge amounts of 
waste appear on the construction and demolition sites. [3, 17, 27] In the context of economy and environment 
protection, recycling of C&D waste has acquired utmost importance nowadays. [8] Currently, the Association for 
the demolition of buildings in Europe includes about 50 companies from 17 countries. According to the 
Association, there is being produced about 2.5 billion tons of C&D waste in the world annually, and 180 million 
tons of this amount appears in Europe alone. [9] This number will increase by approximately 25% each year, 
because the population of our planet is growing all the time, and the volumes of construction will also increase. 
According to experts of "Drobmash" company, in Russia there is being produced about 9 million tons of raw 
materials annually. Before now, only a little part of crushed concrete has been recycled, while the rest has been 
buried in waste deposits. [16] 

Such problem as generating large amounts of waste to be dealt with, exists in other countries too. For 
example, one-third of the construction waste generated in the city of Saint Paul, Brazil, is sent to waste deposits, 
and the rest is land filled. The United States recycles up to 70% of the waste at the time, while the Netherlands 
and Germany reuse up to 90% of the construction waste. In Taiwan, 30% of recycled construction waste is used 
for road and road base construction, and the rest is sent to landfills. In most developing countries, such as 
Tanzania, management of construction waste creates problems, because they are classified as solid waste and, 
instead of being reused, they are sent to landfills. Burying of the construction waste requires money spending on 
land acquisition and its maintenance in the future. In general, not only can recycling of construction waste using 
construction waste be a good solution for the problem of waste utilization, but also an alternative source of 
building materials [17]. 

Recycling of construction waste could help to:  
 reduce the environment pollution [20]; 
 reduce the cost of the construction of new buildings by using recycled materials; 
 reduce the amount of building waste in landfills; 
 prevent the natural resources from exhaustion; 
 save land areas for new building rather than deploying landfills; 

There is such a term like as 'structure's service life', which means how long the structure can be usable. It 
can be different depending on a structure or a building. But we have marked three groups of buildings and 
structures, which are united by certain construction regulations (data is averaged): 

 Stone buildings with reinforced concrete or steel frame and brick walls; the wall thickness is 2.5-3 bricks; 
the service life ~ 150 years.  

 Stone buildings with a concrete frame and reinforced concrete or hardwood floors and walls; the wall 
thickness is 1.5-2 bricks; the service life ~ 125 years.  

 The buildings of lightweight masonry with concrete or reinforced concrete floors; the service life ~ 100 
years. 

Of course, these figures are actual if buildings and the structures are maintained correctly, and repaired if 
it's necessary. Even given such long service life there will be a time, when they will have to be reconstructed or 
demolished, and these processes will be accompanied with the formation of C&D waste. Knowing the service life 
of a building can help us to predict the amount of the C&D waste accumulation. [13] 

http://www.multitran.ru/c/m.exe?t=4126261_1_2&s1=%EF%F0%E8%F0%EE%E4%ED%FB%E5%20%F0%E5%F1%F3%F0%F1%FB
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In modern cities construction waste is generated as a result of the: 
 demolition of dilapidated accommodation, as well as demolition of buildings in the course of 

reconstruction of entire quarters; 
 repair of roads; 
 reconstruction of railway stations, platforms or tracks; 
 production of new building materials, components and structures; reorganization of the industrial 

complexes; 
 new construction; 
 natural and man-made disasters. [10, 18, 30] 

 Below, there is a diagram of the amount of the C&D waste reuse in different countries (Fig.1): 
 

As is seen from the graph, our country lags behind a lot in this industry. This problem can be solved at any 
stage, but the solution requires great investments. Recycling of the construction waste is a potentially attractive 
market, because the supply and the demand for recycled concrete aggregates could be very high. 

The specialists from different countries are already actively addressing the issue of recycling of the 
concrete waste. [21…24] For example, a group of scientists from the Institute of Technology, Eindhoven, The 
Netherlands, has conducted a study of the physical, chemical and mechanical characteristics of concrete blocks 
made with aggregate produced from recycled concrete waste. Eight samples of construction waste have been 
collected from various construction sites, brought to the recycling site, crushed and sieved to get the different 
fractions of the aggregate. Also, natural aggregates were used for the comparison. Tests on the recycled 
aggregates were conducted in the laboratory of the University of Dar-es-Salaam, Tanzania. The results showed, 
that the recycled aggregates were weaker, than natural aggregates by their physical and mechanical 
characteristics. But as long as 85% of the samples made with the recycled aggregate in the experiment reached a 
minimum required compressive strength and the chemical composition of the recycled materials was close to the 
natural ones, it was decided, that it's possible to use the recycled aggregates in the production of the new 
concrete blocks. In the production process, in each experiment, 100% of the recycled aggregate was used to 
replace both of coarse and fine fractions of natural aggregate. The results of the experiments showed that the 
blocks, in which the natural aggregate was entirely replaced with the recycled one were weaker than the natural 
aggregate blocks. Therefore, construction waste could be a potential source of raw material for the production of 
building materials. 

The quantities of the local materials used for the production of building materials in countries such as 
Tanzania is 47%; the rest is imported. Almost worldwide the demand for the construction materials is growing 
constantly. Currently, the demand for aggregate in Tanzania is about 2 tons per capita per year, in New Zealand - 

 

Figure 1: A diagram of the amount of the C&D waste reuse in different countries 
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11 tones per capita per year; in EU - 1 ton per capita per year; in the UK - 5 tones per capita per year and 8 tones 
per capita a year in the United States. [12, 35] Average global aggregate demand is 3.8 tons of aggregate per 
capita per year. Relatively low demand for concrete aggregate, compared with other countries, in Tanzania is 
possibly due to the fact that more than 80% of the population lives in rural areas, taking into account the fact that 
studies show that the aggregate is consumed more in urban, than rural areas. [12] 

Studies 
A lot of studies have been conducted in order to understand how to use the recycled aggregate in the 

production of the building materials. [19, 29, 32, 33, 36, 37] Below is a table that shows the results of some 
experiments carried out by different experts. 

 
Table 1. Comparative analysis of the results of different researches 

Characteristic of 
the recycled 
aggregates, the 
test samples of 
concrete were 
produced with  

Natural concrete 
aggregates by 
recycled concrete 
aggregates 
replacement ratio 
in concrete 
mixture 

The size of gravel 
chippings 

Properties of 
aggregates, that 
were tested 

The results of the 
experiments 

8 samples of 
concrete with 
aggregates, 
produced of 
recycled concrete 
waste from 
different building 
sites  

60% of demolition 
waste aggregates, 
20% of 
construction waste 
aggregates and 
20% of natural 
aggregates 

fine aggregates: 5 
mm and less; 
coarse 
aggregates: 5÷12 
mm 

density; 
water absorption; 
compressive 
strength; 
chemical–
mineralogical 
qualities 

The recycled 
aggregates were 
found to be weaker 
in terms of strength 
than those 
produced with 
natural ones. 
However, there is 
a possibility of 
recycling C&D 
waste, because 
85% of tested 
block concrete 
specimens of 
recycled 
aggregates 
achieved the 
required properties 

Concrete samples, 
produced with 
concrete, ceramics 
and asphalt 
aggregates 

series of concretes 
containing 25% or 
50%  of the 
recycled 
aggregate, and the 
rest were the 
natural ones 

fine aggregates: 4 
mm and less; 
coarse 
aggregates: up to 
20 mm 

density; 
compressive 
strength; 
tensile strength; 
water absorption; 
sopritivity 

The use of 25% of 
mixed recycled 
aggregate in 
concretes has no 
effect on the 
sorptivity of the 
concrete. 
At replacement 
ratios of up to 
50%, the recycled 
aggregate studied 
is apt for making 
concrete with 
sufficient strength 
at durability for 
housing 
construction 

4 samples of 
concrete, 
produced with 0%, 
20%, 50% and 

20%, 50% and 
100% of recycled 
coarse aggregates 

natural coarse 
aggregates: 4-22,4 
mm; 
recycled coarse 

Anchorage 
strength of ribbed 
steel rebars to 
concrete 

Up to 50% of 
recycled concrete 
coarse aggregates 
doesn’t lead to 
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100% natural 
concrete 
aggregates by 
recycled concrete 
aggregates 
replacement ratios 

aggregates: 4-22,4 
mm; 

significant losses 
of anchorage force 
of steel rebars to 
concrete 

3 samples of 
concrete, 
produced with 
repeated recycled 
concrete  
aggregates of 
different 
generations (1st, 
2nd and 3rd) 

100% of recycled 
coarse aggregate 

 different compressive 
strength 

All samples 
achieved their 
target compressive 
strength. The 
compressive 
strengths of the 1st 
and the 2nd 
generation 
concrete samples 
were quite 
comparable to the 
control mix  

From all of this data we can conclude that the recycled concrete and reinforced concrete aggregates are 
usable and cost-effective. Up to 50% of recycled concrete aggregates of total amount of aggregate in concrete 
mixture has a little effect on the properties of concrete [2, 12, 28, 31, 34]. However, the question that has to be 
answered is how to bring into action the recycling of the concrete waste, and what equipment is the most effective 
for this purpose. 

Crushing equipment 
The analysis of the situation on the national and foreign markets for recycling has shown that there are 

many firms, both local and foreign, which are manufacturing equipment designed for recycling of concrete and 
reinforced concrete waste to obtain various fractions of gravel chippings, such as 10-20; 20-40; 40-80 with the 
same density as those, that the natural aggregates have (2-3 grams per cubic meter)[26]. 

After analyzing the specifications of this equipment, we could divide this equipment into 2 types: 
1. mobile; 
2. stationary 

Today the mobile equipment is successfully replacing stationary crushing complexes. In relation to the 
production of gravel chippings it is mainly the case of producers with the capacity of 0.5 ... 0.8 million tons per 
year [15]. 

Analyzing mobile crushers, we found that their advantages and differences from the stationary ones are: 
 сompact sizes (about m); 
 In contrast to the stationary, which is necessary to be installed and set up every time all over 

again, mobile units can to be installed once and, in the future, they are transported from place 
to place assembled; 

 A special foundation for them is not required; 
All these qualities minimize the time of the transportation. We made a sheme illustrating the whole complex 

for primary processing of concrete and reinforced concrete (Fig. 2): 
1. Destruction of concrete and reinforced concrete buildings, whose service life has expired. There are 

two ways of destruction:  
1. Traditional - Demolition of buildings (5-6 floors) with a powerful road-building machinery; 
2. Subversive demolition of high-rise skyscrapers by directional blasting;  

2. Cutting of large concrete and concrete debris with hydraulic shears (a) or diamond cutters (b); 
3. Transporting debris to a feeder, with the help of a belt conveyor (a) or truck (b); 
4. Feeding of the debris into the crusher and crushing the debris; 
5. Extraction of metal parts with magnetic separator;  
6. Separation of different rubble fractions certain fraction by mechanical screening; 
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This order of actions allows us to get the aggregate of various fractions. 
Our evaluation of economic characteristics showed that the most expensive and energy-consuming 

equipment are crushers. Below we present a classification of the different crushers and describe their operation 
principles: 

 Rotary crusher: crushing is carried out by rotor beaters rigidly fixed to the rotating around a horizontal 
pivot rotor; 

 Jaw crusher: crushing is carried out by compression of the material between the jaws; there are also 
swing-jaw crushers, which differ from the jaw crushers in that they have two cinematically independent 
crushing jaws with their individual rebalance transmissions;  

 Cone crusher: crushing is carried out by the compression of the material between the cones located one 
inside the other;  

 Roll crushers - crushing is carried out by the compression of the material between the roller and the fixed 
plate [14, 25]; 

Each type of crusher is designed for a specific type of the construction waste. For example, using roller 
crusher for the recycling of the concrete is unacceptable, because the rolls are not able to crush the elements of 
the reinforcement. Another important factor is a principal possibility of making a crusher mobile. For example, 
cone crushers, may be only stationary because of their height.  

Rotary crushers are rather unreliable and have a low reduction range (5-6) and low flakiness index. Also, 
they are not easy in use. [11] 

Jaw crusher is suitable for reutilization of the concrete, whose mark not higher than B20. However, the 
swing-jaw crusher is much more cross-functional (Fig. 3), because it can crush the concrete harder, than B40 and 
the elements of the reinforcement with a diameter of up to 16 mm. The swing-jaw crusher is the most suitable for 
crushing of the concrete and the reinforced concrete.  

We have analyzed technical and economical qualities of crushers, produced by different manufacturers. In 
the issue we decided to compare the main technical qualities of the jaw crusher and the rotary one. The results of 
our analysis are shown in the table 2. 

 
Table 2. Analysis of technical and economical qualities of different types of crushers 
  Technical Specification Type of crusher  
    Jaw Rotary 
1 The average cost of the 

crusher (millions of 
rubles) 

15..20 20…25 

2 The maximum capacity 
of the crusher 
(Tonnes per hour) 

300 400 

3 Specific energy 
consumption 

Low High 

4 The maximum engine 
(kw) 

370 340 

5 The maximum feed 
opening(mm)  

1300×1100 1600×1400 

6 The maximum weight 
(Tonnes) 

70 68 

7 Flakiness High Low 
8 Reduction range 10…20 5…6 

Figure 2: The whole complex for primary processing of concrete and reinforced concrete 
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9 The most wearing part Toggle Saw of crusher 
 
We have analyzed several factors influencing the cost of mobile crushers. In the table we showed the 

range of prices by the years 2014-2015. From this table it is clear, that rotary crushers have higher price and unit 
costs, than jaw ones. However, they are also more productive. Performance of the crusher depends on such 
factors as size and strength of the concrete debris and the lifetime of the equipment. As can be seen from the 
table rotary crusher requires a lot of energy, but it also produces a high flakiness rubble. This means that in this 
rubble contains no more than 10% of plate-like and needle-shaped particles. 

The analysis of the foreign market showed, that the equipment, produced by the "Caterpillar" corporation is 
the most popular among  

The swing-jaw crushers, produced within our country by the company "Mekhanobr" are also in great 
demand. This type of equipment is also used for the demolition of buildings with the degree of responsibility II or 
less. Below there is the list of the main advantages of the swing-jaw crusher over the jaw crusher:  

 The productivity of the swing-jaw crusher is 1.5-2 times higher than the productivity of the jaw crusher; 
however, the varies inversely to the service life;  

 High flakiness index: crushed stone, produced by the swing-jaw crusher, has a cubic shape, which 
reduces the number of pinhole between the particles; jaw crusher produces particles of an acicular 
shape; 

 Low energy consumption;  
 The increased reduction range, compared to the other types of crushers. 

Requirements for the type of the crusher depend on the utilization project of the particular building or 
construction, because each case is unique. 

Conclusion 
Thus, nowadays different concrete and reinforced concrete buildings are demolished, reconstructed and 

built constantly. In the course of this there is produced about 16 million tons of the construction and demolition 
waste in St. Petersburg annually. 60% of this amount is concrete and reinforced concrete waste, which make 
recycling a very promising industry. The recycled aggregates are in demand, because their cost much lower than 
that the natural aggregates. Swing-jaw crushers with their cross-functionality and power are best for reutilization 
of concrete and reinforced concrete.  
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АННОТАЦИЯ 

Целью данного исследования является изучение международного опыта в обращении со 
строительными отходами, методов исследования вторичного строительного материала и выбора 
подходящего наиболее эффективного оборудования для переработки строительных отходов бетона и 
железобетона. Переработка отходов бетона является актуальным решением для таких задач, как 
отсутствие пространства для строительства, истощения природных ресурсов и т.д. Анализ результатов 
различных исследований показали, что присутствие в бетонной смеси до 50% вторичного бетона на 
свойства бетона мало влияет. Вторичный щебень пользуется спросом, потому что его цена значительно 
ниже, чем у натурального заполнителя. Виброщековые дробильные установки являются наиболее 
подходящими для дробления бетона повышенной прочности благодаря их мощности и 
многофункциональности. Но требования к типу дробилки зависит от конкретного проекта, так как каждый 
случай уникален. 
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