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Summary 

 In this paper certain results from experiments with fine grain and brick concretes both 
reinforced and unreinforced by polypropylene fibers are presented. Comparative tests 
involving bulk densities, flexural strength, compressive strength, tensile-splitting strength, 
pseudo-working diagram force – deflection are compared. Different ratio of water is also 
considered. Experimental measurements and analysis of results show that recycling of 
structural rubble brings new interesting possibilities for sustainable construction in the 
fields of road and water structures. 
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1 Introduction 

Among promising structural concretes one also can include that ones which are created 
from recycling materials. They can substitute and spare natural resources of gravel 
aggregates. Using additional scattered synthetic fibers the structure of concrete stiffened 
and former brittle material turns to be ductile, which shows both high tensile strength and 
ductility. For concrete mixer creation clean and also unclean brick rubble were used, i.e. 
structural rubble in the second case contained imparted pieces of bricks, AAC blocks, face 
brick, floor tiles, ground concrete, backfill and so on. All these materials were shattered in 
recycling centers in Prague. 

2 Experimental part 

The experiments were focused on prescription of brick concretes, which should ensure 
their higher strengths and durability and compare their basic characteristics. Unclean 
(composed) brick rubble was shattered in laboratory breaker into fraction 0/8. As 
an agreement between grain brick rubble gradation and exploit aggregate fraction 0/4 with 
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addition of shattered fraction of aggregate 4/8 in the amount of the rest of brick rubble on 
the sieve 4, it was decided that material properties of standard fine grain concrete with 
natural aggregate will be observed, and also properties of brick concrete will be under 
consideration in case of internal component only brick rublle will remain [1]. 
 
Characteristics of particular parts: 
▪ pure crushed bricks (clay brick with vertical holes P10) 
▪ grading test – see the curve of size fraction test 
▪ loose density in compacted state ρt,k = 1275 kg/m3 
▪ bulk density ρv,k = 1770 kg/m3 

▪ sand fraction 0/4 mm (Ostrožská Nová Ves) and natural crushed gravel 4/8 (Zbraslav) 
▪ grading test  
▪ loose density in compacted state ρt,k = 1885 kg/m3 
▪ bulk density ρv,k = 2568 kg/m3 

▪ unclean (mixed) brick rubble 0/8 
▪ grading test  
▪ loose density in compacted state ρt,k = 1511 kg/m3 
▪ bulk density ρv,k = 1695 kg/m3 

▪ unclean (mixed) brick rubble 8/32 
▪ loose density in compacted state ρt,k = 1275 kg/m3 
▪ bulk density ρv,k = 2250 kg/m3 

▪ unclean (mixed) brick rubble 0/32 
▪ grading  test  of fraction 0/8 = 40 % from the whole mass 0/32  
▪ loose density in compacted state ρt,k = 1340 kg/m3 
▪ bulk density ρv,k = 2220 kg/m3 

▪ portland fly-ash cement CEM II/B – V 32,5R (min 260 kg/m3 = H, max 424 kg/m3 = T) 
▪ fibres FORTA FERRO – 1 % volume content 

In prescriptions water supply for the concrete mixture was changed and amount of cement 
was dropped to minimum value, which is given by European standards. Reasonable 
amount of polypropylene fibers FORTA FERRO appeared to be 9,1 kg/m3, which 
corresponds with 1 % of volume fraction. Series of mechanical-physical experiments were 
carried out with beams of the valid standard dimensions 100×100×400 mm. The beams 
were tested after 28 days of curing of concrete. The compressive strength and lateral 
tensile strength were tested on fragments from failure beams, which remained after four 
point flexural tests. Pseudo-working diagrams i.e. force-deflection diagram were tested 
after 28 days of curing of concrete on beams of size 150×150×700 mm.  

3 Results from experiments 

The results from the tests of mechanical-physical properties of common concrete and brick 
concrete without and with fibers are introduced in Tab. 1. 
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Tab. 1 Values of basic mechanical-physical properties of tested concretes from standard beams 
100×100×400 mm after 28 days of curing (average from three measurements) 

Characteristics  
Flexural 
strength 
[MPa] 

Specimen 
Bulk density 

[kg/m3] 

1 load 2 loads 

Compressive  
strength of 
fragments 

[MPa] 

Tensile-splitting 
strength 
[MPa] 

B OT concrete, no fibers 
(0/8) 

 
2279 

 
4,64 

 
- 

 
40,2 

 
4,60 

B 1T concrete with fibers 
(0/8) 

 
2299 

 
4,83 

 
6,36 

 
46,0 

 
4,62 

B 2H concrete with fibers 
(0/8) 

 
2269 

 
- 

 
3,70 

 
17,83 

 
2,55 

C 0T brick concrete, no 
fibers (0/8) 

 
1940 

 
3,59 

 
- 

 
27,6 

 
3,20 

C 1T brick concrete with 
fibers (0/8) 

 
2035 

 
4,13 

 
4,77 

 
29,3 

 
4,06 

C 2H brick concrete with 
fibers 

 
1979 

 
- 

 
3,38 

 
16,96 

 
2,62 

C 3T brick concrete with 
fibers (0/8 from 8/32) 

 
2062 

 
- 

 
4,53 

 
26,27 

 
3,51 

C 4H brick concrete with 
fibers (0/8 from 8/32) 

 
2028 

 
- 

 
3,11 

 
14,20 

 
2,11 

C 5H brick concrete with 
fibers (8/32) 

 
1890 

 
- 

 
2,01 

 
19,11 

 
1,82 

C 6H brick concrete with 
fibers (0/32) 

 
1804 

 
- 

 
2,44 

 
17,74 

 
2,04 

3.1 The comment on results 

The analysis proved positive effect of fibers on tensile and flexural strength of fine-grained 
concrete and brick concretes. The strength of brick concrete was lower than the strength of 
fine-grained concrete. It is due to the character of inert part e.g. crushed brick.  

The influence of quality of brick rubble with strengths is showed on Fig. 1.  
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Fig. 1 Comparison of basic characteristics of brick concretes with fibers 
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Dispersed synthetic fibers added to concrete matrix strengthen texture of concrete and 
brittle behaviour of material changes to tough one. The new composite material has 
enhanced tensile strength and ductility (see Fig. 2 and Fig. 3). 

For tests on watertight concrete following the standard “Determination of 
watertightness of concrete” samples from brick concrete with fibers C 3T a C 4H from 
unclean brick rubbish aged 3 months were selected. Three cubes with the side of 150 mm 
were loaded in watertight box 24 hourt by water pressure 0,1 MPa and another 24 hours by 
pressure 0,2 MPa. Leakage through the parallelepipeds attained nearly the upper surface of 
the cubes and the area of each shattered by lateral tension was wet from more than 90%. 
With respect to results of the tests the watertightness of the brick concrete with fibers is 
negligible. 
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Fig. 2 Pseudo-working diagram of three specimens from brickconcrete with fibers C 5H 
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Fig. 3 Pseudo-working diagram of three specimens from brickconcrete with fibers C 6H 
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4 Conclusions 

Present results of concretes with crushed brick rubble experiments testify that utilization of 
brick concretes with fibers in everyday life is possible and more than without plasticizer 
and other admixtures. The spayed, pumped or rolled concretes with fibers and crushed 
brick rubble are suitable in highway construction, namely layers of pavement, slope 
stabilization, in hydraulic and engineering strengthening of dam crests and in structural 
engineering for layers of floors in commercial halls.  

The contribution was elaborated with support of research project VZ 04 Sustainable 
building MSM 684 0770005. 
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