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Abstract 

 

Sprayed concrete offers a number of advantages over cast-in situ concrete; reduction or 

elimination of formwork, rapid placement of large volumes, good bond to substrate and 

between layers etc. Due to the large exposed surface, sprayed concrete often has 

pronounced shrinkage. To eliminate negative effects from shrinkage, different types of 

polypropylene fibres (PP) are used. With the development of environmental awareness, 

there is a growing interest in finding alternatives to disposal of waste tires and their 

incineration for energy purpose. 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, wet-mixed sprayed concrete with RTPF and PP fibres 

(dosages 0.9 and 1.8 kg/m3) together with the control mix without fibres were manufactured 

and tested. Following properties of wet-mixed sprayed concrete were tested: density, fresh 

concrete consistency, compressive strength, flexural strength and capillary absorption. 

Analysis of the results indicates that RTPF can be used as substitution of PP fibres 

(length/diameter = 6 mm / 32 μm), since they do not impair sprayability or pumpability of 

sprayed concrete at the same time assuring beneficial properties of concrete. 
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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. Five mixes were prepared and tested, one 

without fibres, two with 0.9 and 1.8 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 ratio 1:1. 

 

Materials and methods 
 

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 plasticizer. Two types of fibres were used as 

reinforcement: 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. 

 

Table 1. Properties of polypropylene fibres 

Length, 

mm 

Diameter, 

μm 

Density, 

g/cm
3 

Tensile strength, 

N/mm
2 

Melting point, 

°C 

6 mm approx. 32 μm 0.91 > 270 N/mm
2 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 and small contribution 

of steel fibres and rubber  

210 °C to 260 type 2 20.67 ± 1.75 

type 3 13.15 ± 1.82 

 

 

Mix design, curing and test methods 

Experimental programme consisted from five 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) 

Plasti- 

cizer (kg) 
w/c 

Fibres (kg) Aggregate (kg) 

PP RTPF 0-0.125 0-4 4-8 

PC 470 215 2.82 0.46 - - 137 1283 219 

0.9 PP 470 215 2.82 0.46 0.90 - 137 1280 219 

1.8 PP 470 215 2.82 0.46 1.80 - 137 1279 219 

0.9 RTPF 470 215 2.82 0.46 - 0.90 137 1281 219 

1.8 RTPF 470 215 2.82 0.46 - 1.80 137 1279 219 

 

 

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 water, and mixing started again with continuous addition of the residual water 

and plasticiser. 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) moulds, 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 (Figure 3a). At the age of 28 days, specimens for tests were cut 

by sawing or cored from a test panels (Figure 3b & 3c). 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. 

 

a)  b)  c)   

Figure 3. a) Curing specimens with splashing water under plastic foil b) Extraction of cores 

from test specimens, c) Extraction of specimens by saw cutting 

 

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] - [14]  

Property Standard 

Density HRN EN 12350-6:2009 

Slump-test HRN EN 12350-2:2009 

Compressive strength HRN EN 12390-3:2009 

Flexural strength HRN EN 14488-3:2007 

Capillary absorption HRN EN 13057:2003 

 



Results 

 

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). Only two of five tested mixes have 

achieved requested consistency (Table 5, Figure 4), indicating that presence of fibres both, 

PP and RTPF, led to decreased workability. Presented results are in line with preliminary 

results obtained within [5, 8]. 

 

Table 5. Fresh concrete properties 

Concrete mix Slump (mm) Density (kg/dm
3
) 

PC 150 2.28 

0.9 PP 80 2.27 

1.8 PP 80 2.26 

0.9 RTPF 145 2.24 

1.8 RTPF 90 2.25 

 

a)  b)  c)   

Figure 4. Slump test for concrete: a) without fibres, b) with 0.9 kg/m3 of RTPF c) with 1.8 

kg/m3 of RTPF 

 

Fresh state density of studied mixes was between 2.24 kg/dm3 and 2.28 kg/dm3 (Table 5, 

Figure 4). 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]. 

 

Compressive strength 

Results of compressive strength testing at the age of 28 days are presented in Figure 5. 

Obtained compressive strength was very similar for all tested mixes ranging from: 37.82 MPa 

(PC mix) to 42.27 MPa (0.9 PP mix).  

It is interesting to note that strength increases with presence of the fibres in the mix, 

averagely 11%. 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.  



 

Figure 5. Compressive strength of tested concrete mixes 

 

 

Flexural strength 

Results of the flexural strength at the age of 28 days are presented in Figure 6. The obtained 

values of flexural strength ranged from: 4.29 MPa (0.9 RTPF) to 5.59 MPa (1.8 RTPF mix). 

Low fibre volume (0.9 kg per m3) had no influence on flexural strength for mix with PP fibres, 

while decrease of strength was present for the mix reinforced with RTPF. Further increase of 

the fibre volume, assured an increase of flexural strength compared to the plain concrete mix 

(10 – 16 %). It seems that, although fibres are very short, in higher volume they are able to 

assure a delay of ultimate failure.  

 
Figure 6. Comparison of flexural strengths 

 

Capillary absorption 

Results of capillary absorption at the age of 28 days are presented in Figure 7. The capillary 

absorption was calculated as a ratio between absorbed water and exposed concrete surface. 

Results show positive influence of micro polymer fibres on capillary absorption of concrete, 

where mixes with polypropylene fibres and RTPF have lower absorption than ordinary 

concrete. The obtained results are in a good correlation with available literature data [15, 16]. 

Furthermore, results imply that 0.9 kg/m3 of fibres is an optimal dosage for reduced capillary 

absorption of concrete. Increasing the fibre content above 0.9 kg/m3 caused an increase of 

capillary absorption. However, positive influence of addition of fibres is still present and same 

trend is noticed in [16]. Reduction in capillary absorption can be due to the effect of fibres 

filling porosity, leading to reduced connectivity of capillary pores [16].  
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Figure 7. Comparison of capillary absorption of concrete 

 

Conclusions 

In the framework of this initial study, recycled tyre polymer fibres are used for the first time for 

production of sprayed concrete mixes for slope protection. The analysis of RTPF showed 

that their size (length and diameter) is very small (average length 8.4 mm), accordingly 

polypropylene fibres with maximum length of 6 mm were chosen as reference fibres to 

enable the replacement with ratio 1:1.  

From the presented results of fresh state properties, it can be concluded that the addition of 

RTPF decreases workability of concrete. However; this decrease does not impair sprayability 

or pumpability of concrete. 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. Increase of the fibre volume, 

influenced on flexural strength increasing in comparison to the plain concrete mix (from 10 to 

16 %). It seems that, although fibres are very short, in higher volumes (> 0.9 kg/m3) they are 

able to assure a delay of ultimate failure. Furthermore, results show positive influence of 

micro polymer fibres on capillary absorption of concrete, where mixes with polypropylene 

fibres and RTPF have had lower absorption than ordinary concrete. All stated, presents a 

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

 

Acknowledgments 
The research presented is part of the project "Anagennisi - Innovative Reuse of all Tyre 

Components in Concrete" funded by the European Commission under the 7th Framework 

Programme Environment topic. Authors would like to thank the participants in the above 

mentioned project: Arkada Ltd, Werkos Ltd and Gumiimpex – GRP Ltd for their support and 

contribution during experimental work. Authors would also like to thank student Nina Rudic 

for her contribution during experimental work. 

 

 

 

 

0,00 1,00 2,00 3,00 4,00 5,00 6,00 

0,00 

1,00 

2,00 

3,00 

4,00 

5,00 

6,00 

Time, √h 

C
a

p
ill

a
ry

 a
b

s
o

rp
ti
o

n
, 
k
g

/m
2

 

OB 

0,9PP 

1,8PP 

0,9RTPF 

1,8RTPF 

PC 
 

0.9PP 
 

1.8PP 
 

0.9RTPF 
 

1.8RTPF 



References 
[1] Sika, 2011, Sika Sprayed Concrete Handbook. 

[2] Baricevic, A., Pezer, M., Stirmer, N., 2015, "Utilization of polypropylene fibre 

reinforced cement composites as a repair material: a review,” Concrete Repair, 

Rehabilitation and Retrofitting IV - Proceedings of the 4th International 

Conference on Concrete Repair, Rehabilitation and Retrofitting (ICCRRR-4), 

Leipzig, Germany, October 5-7, 2015, F. Dehn, H. - D. Beushausen, M. G. 

Alexander, P. Moyo, eds., Taylor & Francis Group, pp. 465-472. 

[3] American Concrete Institute - ACI 544.5R-10, 2010, Report on the Physical 

Properties and Durability of Fiber Reinforced Concrete. 

[4] Swamy, R.N., Stavrides, H., 1979, “Influence of Fiber Reinforcement on 

Restrained Shrinkage and Cracking,” ACI Journal Proceedings, vol.76, no. 3, pp. 

443-460. 

[5] Serdar, M., Baricevic, A., Jelcic Rukavina, M., Bjegovic, D., Pezer, M., 2014, 

"D4.1: RTPF reinforced concrete," FP7 Project: Innovative Reuse of all Tyre 

Components in Concrete. 

[6] Baricevic, A., Bjegovic, D., Stirmer, N., Pezer, M., 2014, "D4.2: RTPF Sprayed 

concrete," FP7 Project: Innovative Reuse of all Tyre Components in Concrete. 

[7] Serdar, M., Baricevic, A., Lakusic, S., Bjegovic, D., 2013, “Special purpose 

concrete products from waste tyre recyclates,“ Gradjevinar – Journal of the 

Croatian Association of Civil Engineers, vol. 65, pp. 793–801. 

[8] Serdar, M., Baricevic, A., Jelcic Rukavina, M., Pezer, M., Bjegović, D., Stirmer, 

N., 2015, “Shrinkage Behaviour of Fibre Reinforced Concrete with Recycled Tyre 

Polymer Fibres,” International Journal of Polymer Science, Article in Press. 

[9] Leung, C. K. Y., Lai, R., Lee, A. Y. F., 2005, “Properties of wet-mixed fibre 

reinforced shotcrete and fibre reinforced concrete with similar composition,” 

Cement and Concrete Research, vol. 35, no. 4, pp. 788–795.  

[10] HRN EN 12350-6:2009 Testing fresh concrete -- Part 6: Density.  

[11] HRN EN 12350-2:2009 Testing fresh concrete -- Part 2: Slump-test. 

[12] HRN EN 12504-1:2009 Testing concrete in structures -- Part 1: Cored specimens 

-- Taking, examining and testing in compression. 

[13] HRN EN 14488-3:2007 Testing sprayed concrete -- Part 3: Flexural strengths 

(first peak, ultimate and residual) of fibre reinforced beam specimens. 

[14] HRN EN 13057:2003 Products and systems for the protection and repair of 

concrete structures - Determination of resistance of capillary absorption. 

[15] Afroughsabet, V., Ozakkaloglu, T., 2015, “Mechanical and durability properties of 

high-strength concrete containing steel and polypropylene fibers,” Construction 

and Building Materials, vol. 94, pp. 73-82. 

[16] Ramezanianpour, A. A., Esmaeili, M., Ghahari, S. A., Najafi, M. H., 2013, 

“Laboratory study on the effect of polypropylene fiber on durability, and physical 

and mechanical characteristic of concrete for application in sleepers,” 

Construction and Building Materials, vol. 44, pp. 411-418. 

 


