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ABSTRACT 

The aim of the study is to increase the resistance of polystyrene concrete obtained from secondary 

polystyrene to shock dynamic loads. The issues of polystyrene concrete resistance to compression forces 

with increasing load are considered. It is proposed that in terms of impact resistance, polystyrene concrete 

can be attributed to viscous materials capable of extinguishing large energy shock loads. When used as a 

Na2SO4 hardening accelerator, polystyrene concrete samples can absorb impact energy of more than 178.5 J. 
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INTRODUCTION 

Polystyrene concrete is a fundamentally new class of thermal insulation and structural concrete that meets 

the increased requirements of energy and resource conservation in the field of construction [1-5]. Unlike the 

nearest analogue - cellular concrete - polystyrene concrete is a heat-insulating and structural concrete with 

unique properties: increased on average by 2.5 times the tensile strength during bending and by 10-15% 

compressive strength; reduced by 1.5 times water absorption, by 10-30% thermal conductivity and 2.7 times 

vapor permeability. In addition, the thermal engineering potential of polystyrene concrete manufactured 

using traditional technology currently has significant reserves associated with the possibility of 

technological control of material properties based on a computational model of the dependences of strength, 

density and thermal conductivity of polystyrene concrete on the composition and quality of its components 

[6-12]. 

 

RESEARCH METHODS 

Samples-plates of polystyrene concrete from secondary polystyrene with a size of 100 x 100 x 20 mm by 

cutting them out of solid blocks of polystyrene concrete have been prepared for testing for shock loads. The 

dimensions of solid polystyrene concrete blocks are 600 x 300 x 200 mm. Samples of blocks are made on 

the technological equipment of foam and aerated concrete production of LLC “Blizar”. The tests were 

carried out on a dynamic pipe with a length of 400 mm and a diameter of 50 mm. Cyclic shock loads were 

created during the free fall of a steel ball with a diameter of 48 mm and a mass of 455 g. 

The resistance to shock loads was assessed by the formation of depressions from the fall of a steel ball and 

the formation of cracks after every 10 drops of the ball on the surface of the sample. The work of gravity 

during the fall of the body was calculated according to the generally accepted formulas of the physics course 

[16].  
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RESULTS AND DISCUSSION 

The study of the strength of polystyrene concrete on secondary polystyrene [13,14] showed the distinctive 

aspects of the resistance of this material to compression forces in contrast to traditional concrete, foam 

concrete, etc., i.e., with increasing load, the samples were destroyed without the formation of cracks 

characteristic of other types of concrete (Fig. 1). Such destruction of samples prompted the idea that how 

this material will behave under dynamic shock loads. 

Samples-plates of polystyrene concrete made of secondary polystyrene are made of a cement composition, 

which includes Portland cement additive-free CEM 0 according to GOST 31108-2020, a porous filler - 

secondary crushed polystyrene and a hardening accelerator - sodium sulfate (table 1). As a sample for 

comparison, the composition of polystyrene concrete on secondary polystyrene H-4, mass-produced using 

SDO as a hardening accelerator, was adopted. 

 

 
Figure 1. Testing of samples for compressive strength 

 

Table 1 Compositions of polystyrene concrete on secondary polystyrene 

№  The composition of polystyrene concrete 

Cement, kg Sand, kg hardening accelerator, kg water, 

liter 

secondary polystyrene, 

m3 
name quantity 

Н-1 295 35 Na2SO4 3,5-4,5 175 1,5 

Н-2 305 35 Na2SO4 3,5-4,5 186 1,5 

Н-3 315 35 Na2SO4 3,5-4,5 192 1,5 

Н-4 350 - СDO 0,35-0,4 200 5,5 kg 

 

The samples were tested for impact strength after reaching the design strength, in a dry natural state. The 

resistance to shock loads was assessed by the formation of depressions from the fall of a steel ball and the 

formation of cracks after every 10 drops of the ball on the surface of the sample. The test results are shown 

in table 2. 

Table 2 Testing of samples for dynamic shock loads 

№ series Formation of depressions, mm 

Number of ball strikes, pc. 

10 20 30 50 100 

Н-1 

Н-2 

Н-3 

Н-4 

11,0 

14,5 

8,1 

7,9 (8) 

13,6 (17) 

        18,7 

11,2 

Cracking 

 

Cracking 

19,1 

12,7 (27) 

- 

- 

20,8 

Cracking 

- 

- 

25,5 

- 

- 
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Note: The number of ball impacts after which cracking is detected is given in parentheses. 

As can be seen from the data in table 2, cracks in the formation of depressions equal to 7.9 mm were found 

on the samples of polystyrene concrete from secondary polystyrene and CDO after 8 impacts of the fall of 

the steel ball. The nature of the destruction of the sample is shown in fig. 2. 

 

 
Fig 2. The nature of the destruction of the control (H-4) sample 

 

Samples of polystyrene concrete on secondary polystyrene, where Na2SO4 was used as a hardening 

accelerator, withstand shock loads much more compared to the control one. So, on the samples of the H-1 

series, the formation of similar cracks is observed after 17 impacts and the depth is 13.6 mm (Fig. 3, a). And 

on the samples of the H-3 series, the formation of cracks is observed after 27 impacts of the ball, and the 

size of the recesses is 12.7 mm (Fig. 3, b), whereas cracking on the samples of the H-2 series is not observed 

even after 100 impacts and the formation of recesses is equal to 25.5 mm (Fig. 4). 

 

 
а                                                                 б 

Fig 3. The nature of the destruction of samples H-1 (a) and H-3 (b) 

 

According to the course of physics, it is known that if a body of mass m is uniformly lifted up to a height of 

H using the force F = mg, then the force does the work AF = mgH, equal to the potential energy N = mgH, 

and gravity does the negative work AP = –mgH [15]. It is also known that the potential energy corresponds 

only to the work performed by gravity during the free fall of the body [16]: 

 

A = mgH 
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Fig 4. The appearance of the sample H-2 after the impact strength test 

 

In our case, when a steel ball makes cyclical falls from a certain height, the total work performed by gravity 

during the free fall of a steel ball mass m can be calculated by the formula: 

Aш = (mgH)∙n 

where:   m – the mass of the falling ball, kg; 

g – acceleration of gravity equal to 9.81 m/s2; 

Н – ball drop height, m; 

n – number of ball drops. 

 

Calculations have shown that for the destruction of a sample with a size of 100 x 100 x 20 mm from 

commercially produced polystyrene concrete on secondary polystyrene using СDO as a hardening 

accelerator (composition H-4), it is sufficient to perform work with a free fall of a steel ball weighing 0.445 

kg equal to 14.28 J, whereas for the destruction of a sample of similar sizes from polystyrene concrete on 

secondary polystyrene using Na2SO4 as a hardening accelerator, work costs from 30 to 48 J (compositions 

H-1 and H-3 ).  

It should be noted that the magnitude of the destruction work depends not only on the composition of 

polystyrene concrete, but also on the polystyrene concrete hardening accelerator used. If we take a concrete 

example of comparing Na2SO4 and СDO, then we can see the superiority of the first hardening accelerator. 

Samples from the composition of H-2 have no signs of destruction even after the work of the impact is equal 

to 178.5 J. 

 

CONCLUSION 

The conducted research suggests that, in terms of impact resistance, polystyrene concrete can be attributed 

to viscous materials capable of extinguishing large shock loads. Samples made of polystyrene concrete on 

secondary polystyrene using Na2SO4 as a hardening accelerator can absorb impact energy of more than 

178.5 J. 
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