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OTPORNOST NA SMRZAVANJE - ODMRZAVANJE 

MLAZNOG BETONA S RECIKLIRANIM POLIMERNIM 

VLAKNIMA IZ OTPADNIH GUMA 

Rezime:  

Glavni cilj ovog istraživanja je procijeniti učinkovitost recikliranih polimernih 

vlakana iz otpadnih guma (RTPF) kao ojačanja u betonu. U okviru ovog 

istraživanja, mlazni beton s RTPF i PP vlakna zajedno s kontrolnom mješavinom 

bez vlakana su pripremljeni i testirani. Sljedeća svojstava mlaznog betona su 

testirana: gustoća, konzistencija svježeg betona, tlačna čvrstoća i otpornost na 

smrzavanje - odmrzavanje. Analiza rezultata pokazuje da se RTPF vlakna mogu 

koristiti kao zamjena PP vlakana, budući da ne otežavaju prskanje ili pumpabilnost 

mlaznog betona a istovremeno osiguravaju poboljšanje svojstva betona. 

Ključne reči: mlazni beton, polipropilenska vlakna, reciklirana polimerna vlakna  

FREEZE - THAW RESISTANCE OF SPRAYED CONCRETE 

WITH RECYCLED TYRE POLYMER FIBRES  

Summary: 

The main aim of this study is to assess effectiveness of recycled tyre polymer fibres 

(RTPF) as reinforcement in concrete. In the framework of this study, sprayed 

concrete with RTPF and PP fibres together with the control mix without fibres were 

manufactured and tested. Following properties of sprayed concrete were tested: 

density, fresh concrete consistency, compressive strength and freeze - thaw 

resistance. Analysis of the results indicates that RTPF can be used as substitution of 

PP fibres, since they do not impair sprayability or pumpability of sprayed concrete at 

the same time assuring beneficial properties of concrete. 
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1 INTRODUCTION 

Sprayed concrete can be applied for many different applications, from tunnelling and mining, 

slope stabilizations and concrete repairs. Good characteristics and various advantages, like a good 

adhesion to the substrate, concreting without formwork, high strengths with rapid strength gain, 

high speed output, ease application to restricted areas etc., assure its application. When higher 

compressive strength, flexural strength or durability is required, admixtures like water reducers, 

curing agents as well as fibres of different origin are more than welcome. In structures susceptible to 

shrinkage and/or exposed to specific load conditions, used concrete is improved with polypropylene 

fibres. Polypropylene fibres dispensed in small doses from 0.6 to 1.0 kg/m3, can have positive effect 

on cohesion of the mix, reduced both plastic settlement and shrinkage cracking, improved impact 

and abrasion resistance, reduced permeability and increased spalling resistance [1] - [4]. 

For the design of more eco-friendly sprayed concrete, it is of interest to see if recycled polymer 

fibres obtained from end-of-life tyres can replace polypropylene fibres in concrete. Main challenge 

regarding recycled tyre polymer fibres (RTPF) is storage; due to their low weight they are easily 

carried by the wind and are extremely flammable. Currently, RTPF are mainly landfilled or 

valorised as an alternative fuel during cement production. Research presented hereafter is part of a 

FP7 project - Anagennisi [5, 6], where the aim of the project is to identify suitable applications for 

RTPF in concrete and to put an end to the current practice of landfilling this material. Based on the 

limited literature data [5] - [8], RTPF do not induce negative effects on concrete mechanical 

properties and may have beneficial effect on early age deformation of concrete [5, 6, 8]. Due to the 

difference in compaction processes, fibre reinforced concrete and fibre reinforced sprayed concrete 

are expected to have different properties [9].  

In the framework of this initial study, RTPF are used for the first time for production of sprayed 

concrete mixes for slope protection. Four mixes were prepared and tested, one without fibres, mix 

with 0.9 kg of polypropylene fibres per m3 and two with 0.9 and 1.8 kg of RTPF per m3. Since the 

analysis of RTPF showed that their size (length and diameter) is very small, polypropylene fibres 

with the maximum length of 6 mm were chosen for this investigation and were replaced by RTPF 

with ratios 1:1 and 1:2. 

2 MATERIALS AND METHODS 

 

2.1 CONSTITUTING MATERIALS 
 

Concrete mixes were prepared with CEM II/B-M (S, V) 42.5 N, crushed limestone as aggregate 

(0/4 mm and 4/8 mm) and air entrainment. Two types of fibres were used as reinforcement (Figure 

1.): multifilament polypropylene (PP) fibres with properties presented in Table 1 and recycled tyre 

polymer fibres (RTPF) as shown in Table 2. Length distribution is from 2 to 20 mm, but more than 

80% of fibres have length shorter than 12 mm. Reused tyre polymer fibres were used as received 

without further cleaning/sorting. Taking into account the high contamination of RTPF with rubber 

particles, an investigation was followed to determine the mass of each constituent in RTPF. 

Statistical analysis showed that fine rubber with very short RTPF occupied more than 65 % of the 

mass in each RTPF sample, with particles of a diameter less than 0.5 mm. Hereafter presented 

results are obtained on as received RTPF, but information gather during cleaning of RTPF is taken 

into consideration during analysis of the results. 
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Table 1. Properties of polypropylene fibres 

Length, 

mm 

Diameter, 

μm 

Density, 

g/cm3 

Tensile strength, 

N/mm2 

Melting point, 

°C 

6 mm approx. 32 μm 0.91 > 270 N/mm2 approx. 160° C 

 

a)  b)  

Figure 1. a) Polypropylene fibres b) Recycled tyre polymer fibres 

Table 2. Properties of RTPF [8] 

Average of 

length, mm 

Diameter,  

μm 
Composition 

Melting point, 

°C 

8.4 ± 3.8 

type 1 30.93 ± 2.46 Approx. 60% PET, 25% PA 66 

and 15% of PBT, small 

contribution of steel fibres and 

high contribution of rubber  

210 to 260 type 2 20.67 ± 1.75 

type 3 13.15 ± 1.82 

 

2.2 MIX DESIGN, CURING AND TEST METHODS 
 

Experimental programme consisted from four mixes with mix design as shown in Table 3. All 

mixes are designed to satisfy consistency class S3 (100 - 150 mm) in fresh state.  

Table 3. Concrete mix designs 

ID 
Cement 

(kg) 

Water 

(l) 

Air 

entrain

ment 

(kg) 

w/c 

Fibres (kg) Aggregate (kg) 

PP RTPF 
0-

0.125 
0-4 4-8 

SC-A 470 215 6.91 0.46 - - 126 1178 201 

0.9 PP-A 470 215 6.91 0.46 0.90 - 126 1176 201 

0.9 RTPF-A 470 215 6.91 0.46  0.90 126 1181 202 

1.8 RTPF-A 470 215 6.91 0.46 - 1.80 126 1179 201 

 

The mixing procedure was as follows: the aggregates and the recycled tyre polymer fibres were 

mixed together to ensure a good dispersion of fibres. The cement was then added together with 
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water, and mixing started again with continuous addition of the residual water and air entrainment. 

After the insertion of all materials, the mixing continued for another two minutes. Mixes were 

transported with mixers and then placed in concrete pump and further sprayed in test panels. For 

each hardened property test, concrete is sprayed into a test panels made from plywood with 

dimension 600x600x100 mm (Figure 2). 

a)   b)   

Figure 2. Preparation of in-situ specimens: a) modulus, b) specimens after spraying 

After the preparation, specimens were kept in controlled conditions before testing. Due to the 

large size, specimens were kept outside the humid chamber and after demoulding were continuously 

cured for 24 days. Test panels were splashed with water every day of curing and covered by plastic 

foil. At the age of 28 days, specimens for tests were cut by sawing or cored from a test panels. 

Material close to the side of the formwork could not be well compacted in the spraying process, 

therefore materials within 50 mm from each side were cut off and discarded before specimens were 

obtained from the panels. Fresh concrete properties were obtained immediately after mixing and 

before spraying. Testing of concrete properties in fresh and hardened state was performed according 

to the standards listed in Table 4. All properties were obtained on 3 specimens from the same mix 

and the results presented below show the statistical average of these specimens as well as the 

standard deviation. 

Table 4. Test methods for fresh and hardened concrete [10] - [13]  

Property Standard 

Density HRN EN 12350-6:2009 

Slump-test HRN EN 12350-2:2009 

Compressive strength HRN EN 12390-3:2009 

Freeze-thaw resistance - scaling CEN/TS 12390-9 :2006 

3 RESULTS 

3.1 FRESH STATE PROPERTIES 
Table 5 shows the results of fresh concrete testing. All mixes were designed to achieve S3 

consistency class (slump values 100 – 150 mm). All fibre reinforced mixes were within the required 

consistency class, but the reference mix showed a significantly higher consistency implying that 

fibres had a negative effect on workability (Table 5, Figure 3). Presented results are in line with 
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preliminary results obtained within [5, 8]. Fresh state density of studied mixes was between 2.24 

kg/dm3 and 2.27 kg/dm3 (Table 5). The differences are below 2%, indicating that RTPF do not have 

great influence on concrete density in fresh state. Results are in line with preliminary results 

obtained within [5, 8]. 

Table 5. Fresh concrete properties 

Concrete mix Slump (mm) Density (kg/dm3) 

SC-A 190 2.24 

0.9 PP-A 150 2.24 

0.9 RTPF-A 140 2.27 

1.8 RTPF-A 110 2.24 

a)  b)  c)  

Figure 3. Slump test for concrete with air entrainment: a) without fibres, b) with 0.9 kg/m3 of 

RTPF c) with 1.8 kg/m3 of RTPF 

3.2 COMPRESSIVE STRENGTH 
 

Results of compressive strength testing at the age of 28 days are presented in Figure 4. Obtained 

compressive strength for all tested mixes ranging from: 26.9 MPa (PC mix) to 38.9 MPa (0.9 RTPF-

A).  

 

Figure 4. Compressive strength of tested concrete mixes 
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The difference ranging from 20 % to 40 % implies that the presence of both fibre types had a 

certain influence on the compressive strength. Compressive strength increased with increase of 

fibres in the mixes. Regarding fresh state results, fibres had a positive influence on the cohesiveness 

of the concrete mixes, which was followed by better compaction and consequently higher 

compressive strengths. These results were in accordance with previous research work [9] which 

showed that micro-synthetic fibres at low dosages (< 0.9 kg/m3) can have a positive effect on 

cohesion of a mix. Consistency of the fresh concrete mixes should also be considered where, as 

shown in figure 4, increase of compressive strength is followed by decrease in consistency, i.e. 

reduced amount of the water inside the mix. When two fibre contents are compared, a small 

decrease of compressive strength values was obtained at higher fibre content (> 0.9 kg/m3). In the 

case of these mixes, the same trend in compressive strength was observed, with mixes reinforced 

with fibres (both PP and RPTF) exhibited higher compressive strength compared to PC. 

 

3.3 FREEZE-THAW RESISTANCE - SCALING 

Cumulative mass loss obtained for sprayed concrete with air entraining admixture after exposure 

to 56 cycles of freeze-thaw cycles is presented in figure 5. Results clearly indicated a positive 

influence of RTPF fibres on reduced amount of scaled material. After 56 cycles, the total amount of 

cumulative mass loss was 4 times lower for mixes with RTPF. From the literature, it is known that 

improvement of concrete resistance to freezing and thawing can be achieved by using air entraining 

admixtures: Air voids act as empty chambers relieving hydraulic pressure and preventing 

degradation of concrete microstructure [14]. The positive effect of rubber can be attributed to rubber 

capability to entrap air on their jagged surfaces [15]–[17], and its role as absorber of stresses during 

freezing of water in the cement matrix. Nevertheless, all tested mixes fulfilled the criteria as 

described in the standards (the amount of scaled materials < 0.5 kg/m2 after 28 and 56 cycles) for 

the use in both XF2 and XF4 environments.  
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Figure 5. Cumulative mass loss of sprayed concrete mixes with air entrainment due to scaling 
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3 CONCLUSIONS 

The main aim of this experimental study was to investigate whether PP can be substituted with 

RTPF in sprayed concrete and whether this substitution can have the same influence on concrete 

freeze-thaw resistance. For this reason, freeze-thaw resistance of mix with lower amount of PP 

fibres were compared to freeze-thaw resistance of two mixes with the same amount of RTPF and 

plain sprayed concrete. All mixes were prepared and samples were taken according to standards and 

procedures concerning sprayed concrete technology.  

The first observation concerning application of RTPF in sprayed concrete was that the addition 

of fibres influenced cohesion and workability of the concrete mixes. With the addition of fibres, 

mixes tended to have lower consistency, but they were still suitable for pumping and spraying. It 

was also observed that the procedure of mixing, pumping and spraying of concrete favours shorter 

fibres such as RTPF, since they potentially get better distributed within the mix. It is interesting to 

note that compressive strength increases by increasing fibre content. Considering the fresh state 

properties, it can be assumed that fibres have had a positive influence on cohesiveness of the mix, 

which was followed by better compaction and consequently higher compressive strengths. The 

addition of RTPF affected positively the resistance of concrete to scaling during freeze-thaw cycles. 

This significant positive influence on resistance to freezing and thawing surely has to be attributed 

also to the rubber found in RTPF, which acts as absorber of stresses during freezing of water inside 

of pores. This indicates that fine rubber particles could be used instead of the air entraining 

admixture and may come as an additional benefit when unsorted RTPF are used. All stated, presents 

a platform for further investigation of RTPF as reinforcement in sprayed concrete. 
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