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ABSTRACT: In recent years, significant research has been conducted, by both industry and academia, into the optimum 
development and use of Fibre Reinforced Polymer composite materials in infrastructure. In particular, it is widely recognised 
that FRPs have the potential to replace conventional internal steel rebars in concrete reinforcement and offer performance 
benefits related to their advanced properties, such as corrosion resistance, high tensile strength etc. 
A review of the available literature indicates that brittle behaviour of FRP can significantly decrease the expected ultimate load 
capacity and, thus have a negative effect on structure’s long term durability. However, selecting braiding as manufacture 
technique and enhancing flexural capacity and shear strength through additional helical reinforcement, could provide structure 
with the additional ductility needed to prevent a brittle failure. Furthermore, the impact of deterioration mechanisms, focusing 
on the interaction between FRP and concrete in a structure, is an aspect for further investigation via laboratory testing and 
advanced analysis. 
This study summarizes the results of research on structural design and manufacture methods of FRP composite materials by 
presenting new configuration and types of FRP reinforcement in order to encourage the use of these promising materials in 
construction industry. 
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1! INTRODUCTION*
The long-term durability of steel reinforced concrete (RC) 
structures subjected to repeated loading and aggressive 
environmental factors has become a major concern in the civil 
engineering construction industry. Degradation of both 
mechanical properties and durability performance due to 
corrosion, severely affect service life and safety of steel RC 
elements and raises the need for their effective rehabilitation. 
[1, 2, 3, 4] 
It is noteworthy that maintenance costs related to steel 
reinforcement corrosion are significant worldwide, with an 
estimated repair cost of over $12.8 billion per annum for 
bridges in the United States alone. Not only do the corroded 
steel rebars lose tensile capacity, potentially requiring 
strengthening or replacement, but the surrounding concrete is 
damaged as well, as it cracks and spalls due to expansion of 
the steel. [5] 
The use of fibre reinforced polymer (FRP) composite 
materials as a potential replacement for traditional steel in 
internal concrete reinforcement, has recently received a great 
deal of attention by civil engineering scientists, as well as 
industry. [1, 2] The advantages of FRP composite materials 
over steel include the excellent corrosion resistance, good 
fatigue properties, damage tolerance, low specific gravity, 
non-magnetic properties, light weight, low energy 
consumption during fabrication, and the potential real-time 
monitoring of their behavior. [6, 7] In addition, these 
innovative materials are considered to offer an overall more 
economical option for construction facilities. [3, 5] 
Summarising, the optimum development of a reinforced 
concrete type in which the usual internal steel rebars are 

replaced by FRP composite materials is consider to be an 
ongoing research topic worldwide, but the structural safety 
associated with this composite material is still not fully 
understood. [2, 4, 8] 

The main objective of the experimental work presented in 
this paper, is the design and manufacture of BFRP rebars, 
using basalt fibres and a thermosetting polymer matrix - 
epoxy resin – manufactured by braiding technique and the 
evaluation of braiding parameters to rebar’s properties as 
internal concrete reinforcement. It should be noted that these 
innovative braided BFRP rebars give a unique surface texture 
for better interfacial interactions with concrete, which are 
going to be investigated and analysed in detail during 
research’s next phase.  

Areas of future work within this project include the detailed 
investigation of FRP influence on structural reliability and an 
in-depth research on their strength, response & durability via 
laboratory testing, statistical analysis & reliability assessment 
of their long tern performance as reinforcement in concrete 
structures.  

2! LITERATURE*REVIEW*

! Basalt&fibre&

Basalt fibre is an inorganic, natural fibre made from molten 
basalt rock. The production process, which is considered as 
energy efficient and environmentally friendly, includes the 
melting of quarried, crushed rocks at 1400 – 1500 °C and 
then, using the technology of continuous spinning, the 
extrusion of fibres at diameters ranging from 9 to 20 µm. [9, 
10, 11, 12] 
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Basalt is primarily composed of plagioclase, pyroxene and 
olivine minerals, and the SiO2 content is generally about 42 – 
55 %, as shown in Table 1. [3, 4, 9] 

Table 1. Typical chemical composition of basalt fibres. 

Component Content (wt %) 
SiO2 42 – 55 
Al2O3 13 – 17 
Fe2O3 
CaO 
MgO 
Na2O 
TiO2 
K2O 

7 – 13 
9 – 12 
6 – 9 
2 – 4  
1 – 2 
1 – 2   

 
Due to their excellent properties, such as high tensile 

strength and modulus, wide range of thermal performance, 
good acid, salt and alkali resistance, high chemical stability, 
which are closely related to the origin and composition of raw 
material, basalt fibres have the potential to become an 
alternative, promising reinforcing material for FRP 
composites used in infrastructure applications. [3, 4, 10] 

! Braiding&technique&

Braiding technique has traditionally been used for the 
production of textile structures. The basic principle of 
braiding is the interlacing of yarns in a way that they cross 
each other in a diagonal direction. [7, 12] Braiding angle – the 
angle between braid yarns and axis of braid structure- is an 
important parameter that affects mechanical properties of 
braids and is usually adjusted by changing the take-up speed 
(cogs configuration) in braiding machine (Figure 1), obtaining 
a range between 20 and 85°. [12, 13] 

 
Figure 1. Braiding machine. 

Recently, it is observed a increasing interest among 
researchers towards using braiding technique for FRP 
composite structures fabrication, aiming in enhanced final 
product properties. [13, 14] 

To date most of the FRP reinforcement used in concrete has 
been manufactured by pultrusion, a low cost method 
providing composites with a constant cross section and a 
smooth surface. This well-known process for manufacturing 
composites consists of continuously pulling impregnated, 
formable fibre-reinforcing material through a shaping die 
where the material is heated and subsequently cured, giving a 

final uniform cross-sectional shape. When FRP rebars are 
used as an internal reinforcement for concrete, the bond at the 
interface between FRP and concrete becomes critical, as it has 
a direct effect on structure’s reliability. In case of pultrusion, a 
surface treatment is required to improve this bond and thus, 
ensure durability of the structure. [3, 12, 14] 

On the other hand, braiding technique offers multiaxial 
orientation, conformability, excellent damage tolerance, 
impoved mechanical properties, as well as allows the 
production of deformed rebars to enhance the bond on FRP – 
concrete interface. Moreover, braided FRP rebars could obtain 
higher flexural & shear strength, increased durability and 
improved crack resistance, compared to pultruded ones that 
exhibit low bending strength, mostly due to uni-directional 
structure. Although braiding method is less common as it is 
more expensive, it does present significant advantages in 
special civil engineering applications, mostly relating to the 
additional ductility provided and the increased bond between 
FRP and concrete, which has a direct influence on both the 
serviceability and the ultimate load-carrying capacity of the 
structure. [14, 15]  

! Fibre&Reinforced&Polymer&for&concrete&reinforcement&
According to the literature, FRP rebars have been 

introduced as a reinforcement for a variety of concrete 
structures subjected to aggressive environments. Using these 
non-corrosive rebars, can extend structure’s service life and 
offer significant performance benefits, while reducing 
maintenance costs. In general, FRPs consist of high tensile 
fibres, such as carbon, glass, basalt, embedded in polymer 
matrices, thermosetting or thermoplastic ones, improving the 
mechanical properties of the system. [3, 5, 15]  

Table 2. Properties of reinforcing fibres. 

Fibre 
Type 

Density 
(g/cm3) 

Failure 
stress 
(GPa) 

Extension 
at failure 

(%) 

Elasticity 
modulus 

(GPa) 
Glass 2.4 – 2.5 2.8 – 3.0 4.7 – 5.6 74 - 95 

Carbon 1.9 – 2.1 2.2 – 7.2 0.5 – 2.4 200 -700 
Basalt 2.6 - 2.8  1.9 - 2.6 3.5 – 4.5 70 - 90 

 
It is broadly accepted that FRP composites can be a viable 

alternative for replacing steel as internal concrete 
reinforcement in a cost effective manner, as these materials 
may be competitive in terms of life-cycle costs. [16] In 
addition, they have several performance advantages namely 
the corrosion resistance, high tensile strength, low specific 
gravity, fatigue resistance, small creep deformations and many 
more. Other important advantages of these materials are the 
light weight that is one-third of the weight of steel, the 
thermal expansion coefficient that is very close to that of 
concrete, the high mechanical performance/price ratio. 
However, a direct substitution between FRP and steel 
reinforcing bars is not possible due to various differences in 
their physical and mechanical properties. The linear stress-
strain behavior up to failure, the lack of ductility and energy 
absorbing capabilities are the main limitations that prevent the 
use of FRP rebars on a large scale. [6, 7, 16, 17] 

If FRP reinforcement is to be used successfully and widely 
in concrete structures, it must be used to its full potential. This 



means that it must be strained near to its breaking capacity 
under ultimate limit state conditions. [15, 16] When FRP bars 
are simply placed in concrete as a direct substitute for steel 
bars, it is impossible to achieve this aim, as the concrete 
tensile strain capacity is low (around 0.015%), while the 
unidirectional FRP tensile strain capacity is high (at least 
1.5%). [6] 

Therefore, developing FRP-reinforced structures that can 
meet strength, ductility, stiffness, as well as reliability 
demands, while minimizing cost, should be extensively 
investigated by researchers in the near future. [5] The 
apparent difficulty in design process, as the interaction of 
these various design requirements with FRP rebar 
manufacture parameters is complex, is considered as a 
challenge for the scientific community and should be 
addressed by careful selection of materials combined with 
integrated performance analysis. It is clearly understood that, 
only through the rational and efficient use of FRP composite 
materials, both construction industry and engineers, as well as 
manufacturers of these products, will gain the greatest benefit. 
[8, 17] 

! Design&standards&for&FRP&in&construction&&
Due to the growing interest on the use of FRP composites in 
construction, a small number of design guidelines, codes and 
specifications for their efficient use in civil engineering 
applications were developed during the last decade.  

Special publications by ACI - the ACI Guide for the Design 
and Construction of Structural Concrete Reinforced with FRP 
Bars, ACI-440.1R – and various other international standards, 
including the Japan Society of Civil Engineers, the British 
Standards Institution, the Canadian Standards Association 
International - CSA-S806-02 - that directly address the use of 
FRP, are available so far.  

However, the use of FRP for reinforcement instead of steel 
is far from widely accepted in the conservative construction 
industry, mostly because of the lack of familiarity with this 
material, the high initial costs and the lack of structural 
ductility. Moreover, design codes are slowly developing for 
FRP rebars compared to the well-established ones for the use 
of steel bars in concrete members. [2, 3, 4, 5] 

3! EXPERIMENTAL*WORK*

! Materials&&&
Different types of FRP bars are currently being used as 
internal reinforcement for concrete structures. In this study, 
basalt fibres will be the reinforcing material for the FRP 
composites manufactured by the process of braiding. Table 3 
exhibits in detail the technical properties of the yarns used on 
the trials. 

Table 3. Technical Datasheet for basalt yarns. (Basaltex) 

Basalt 
roving 
type 

Filament 
diameter 

(µm) 

Linear 
density 
(TEX) 

Tensile 
strength 
(MPa) 

Elastic 
modulus 

(GPa) 
300tex 13 300 2900 - 

3600 
87 

600tex 17 600 2800 - 
3200 

88 - 90 

 

Before braiding, basalt fibres are spooled in bobbins in order 
to be loaded in the braiding machine, as shown in Figure 2. 

 

 
Figure 2. Spooled basalt yarn in bobbin. 

! Manufacturing&process&and&design&&&
The goal of this research activity is to develop an 

understanding of the mechanical behavior of braided 
composite bars and correlate it with textile processing 
conditions. 

An important challenge, that needs special attention when 
designing textile composite materials, is the complex nature of 
the processing parameters, such as yarn size, number of 
carriers in the braiding machine, braid angle, in order to 
ensure optimum behavior of the final product and obtain the 
desired physical and mechanical properties for its end-use. 

The development of a braided BFRP preform for use as 
rebar in concrete reinforcement after proper impregnation in 
epoxy resin and the influence of the braiding angle and the 
number of braiding layers are the main fields investigated 
within this study.   

The objective of these trials is the production of a solid 
braid preform, consisted of a braided core (~ 3mm) and 
surrounded by two layers of PET material (Figures 3, 4), 
intended to aid resin flow, and an outer finishing braiding 
layer to complete the required dimensions. The target outer 
diameter of the braid sample is 5.0 mm. (Figure 5) 

 

 
Figure 3. Two layers of PET flow mesh for resin 

impregnation. 

 

 
Figure 4. Basalt core – PET mesh. 

 



 
Figure 5. Cross-section of braided basalt preform. 

! Results&&&
Braided BFRP rebar preforms were produced varying the 
number of layers and the parameters of braiding process, in 
order to achieve the desired structural geometry and meet the 
performance characteristics of existing rebar reinforcement. 

The experimental work was divided into tree district steps. 
Firstly, eleven samples of different core configurations were 
produced varying braiding parameters. The target was a solid 
braid of circular cross section, approximately 3 mm outer 
diameter (OD) and consisting of 1 - 2 layers. (Figure 6) 

 

 
Figure 6. Braided core production trials. 

 

 Sample 1 was thicker than expected, with an OD of 3.7 
mm, along with samples 2 (4.3 mm), 3 (3.6 mm) and 4 (3.5 
mm), in which yarns were also popping out. In samples 5, 6 
and 7, misshapen cores were noticed, while, in samples 9, 10 
and 11, braiding angles were higher than expected, giving 
tight structures that would maybe present difficulty to infuse 
the epoxy resin at a later time. Sample 8, with an OD of 2.6 
mm and a braiding angle of 15°, was chosen as the more 
suitable one. (Figure 7) Then, two layers of PET 
Monofilament braid were completed, followed by one 
finishing basalt layer to meet the size requirement.  

A complete braided sample, made in Burgmann Packings, 
using basalt materials, is shown in Figure 8.  

 

 
Figure 7. Relation between braid angle and outer diameter for 

core braids. 

 

 
Figure 8. Braided BFRP rebar preform sample. 

 
To sum up, the production of the core focused on two 

configurations, a single layer of 600 tex Basalt and a 2-layer 
version using 300 tex Basalt. Two approaches were also used 
for the PET flow mesh. The first approach was the production 
of a sleeve using 32 threads. The second approach was over 
braiding of the core using 16 or 24 threads. Both approach 
worked and had different merits. The outer layers were 
produced using 600 tex basalt fibres with the target braid 
angle of ±45°. Diameter, braid angle and weight were 



measured for every layer of each sample, as shown in Tables 
4, 5, 6. 

Table 4. Technical details of sample braid 1. 

Layer Material 
(Yarns)  

Machine 
(Thread) 

OD 
(mm) 

Angle 
(°) 

Weight 
(g/m) 

1 300 tex  8 1.6 11 2.4 
2 300 tex  16 2.7 16 7.3 
3 PET  32 3.5 9 10.6 
4 PET  32 4.4 12 14.0 
5 600 tex  16 5.1 45 28.0 

 

Table 5. Technical details of sample braid 2. 

Layer Material 
(Yarns)  

Machine 
(Thread) 

OD 
(mm) 

Angle 
(°) 

Weight 
(g/m) 

1 600 tex  8 2.5 13 5.0 
2 PET  24 3.8 15 7.5 
3 PET  24 4.0 15 10.0 
4 600 tex 16 5.0 45 23.9 

 

Table 6. Technical details of sample braid 3. 

Layer Material 
(Yarns)  

Machine 
(Thread) 

OD 
(mm) 

Angle 
(°) 

Weight 
(g/m) 

1 600 tex  8 2.5 13 5.0 
2 PET  32 3.8 11 8.2 
3 PET  32 4.3 11 11.5 
4 600 tex  16 5.0 45 25.2 

 
Note: All values are an average of readings taken at several locations of 

manufactured sample braids; OD: Outer diameter; Braid yarns: Basalt (tex), 
PET Monofilament. 

 
The braided preforms were produced in 16, 24 and 128 

carriers braiding machines in Burgmann Packings Ltd 
laboratory in Dublin, Ireland, varying cogs configuration 
(35/35, 42/28, 40/30, 46/24, 100LL). The three selected 
braided samples that successfully meet the desired geometry 
requirements and are able to allow resin impregnation, as well 
as provide BFRP rebars with enhanced mechanical properties, 
are in the process of testing resin infusion in SuperTEX 
Austria. In a later stage, tests regarding their physical and 
mechanical properties, as well as ageing tests to evaluate their 
durability along with microstructural analysis, will take place 
at University College Dublin. 

 

4! CONCLUSION*
This paper describes the research that is currently in 

progress at University College Dublin concerning the 
development of braided BFRP bars for concrete 
reinforcement. The described preliminary work has been 
conducted to understand the behaviour of braided fabrics and 
the influence of geometrical factors and processing conditions 
on physical & mechanical properties of braided rebars. The 
results of this study can be considered as a fundamental step 
toward using braided BFRP rebars as internal reinforcement 
in concrete structures, replacing corrodible steel ones. 

 As this work is part of an ongoing project, a number of 
tasks towards an optimised design of flexible braided FRP 
reinforcement along with the development of uncertainty 
models of loads and resistance are included in the short term 
research plan, in order to determine how this promising 
material can contribute to the overall structural behaviour & 
provide durable infrastructure. 
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