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Abstract In the recent years, the basalt fibre (BF)

reinforced polymer composites were introduced to

retrofit the structural elements. However, on the

contrary, the studies on the use of BF in concrete are

very limited. This study addresses experimentally to

find out the performance of BF as an alternative to

glass fibres for the usability in fibre reinforced cement

composites (e.g. façade panels). BF have some

advantages such as fire resistance and alkaline resis-

tance higher than those of glass fibres. The research

was especially carried out to achieve the variation of

the flexural strength in the extreme conditions that

only cement was used as binder material. The heat-

rain test was conducted to observe durability of BF as

well. The experimental results indicated that the

flexural strain capacity of BF is sensitive to stress

accumulation due to the cement hydration products in

the matrix-fibre interface. This sensitivity especially

increased during heat-rain durability test, however any

sign of chemical attack in the alkaline environment

was not observed in SEM images.

Keywords Basalt � Glass � Fibre � Cement

composite � Bending test � Durability

1 Introduction

Glass fibres (GF) are currently one of the most

common used industrial materials. Façade panels,

thermal insulation, boat or automobile bodies, piping,

and decorative formworks are some typical utilization

areas. In the construction sector, GF mostly serve to

the production of nonstructural façade panels with

moderate ductility.

GF reinforced cement composite (GRC) was orig-

inally developed in the 1940s in Russia, however GRC

came into widespread use since 1990s by introducing

alkali-resistant (AR) GF having the zirconium com-

pound for alkaline resistance. Nowadays, GRC panels

are at the forefront with façade applications in some

contemporary constructions (e.g. FNB Stadium, Hey-

dar Aliyev Center etc.). GRC is composed of basically

of a cementitious matrix composed of cement, sand,

water, polymer, and often mineral additives, in which

GF are dispersed. The flexural stress–strain curve

displays a bilinear behaviour owing to strain hardening.

Several studies in the current literature are available to

improve the durability performance of AR GRC [1, 2].

Basalt is an igneous rock solidified from volcanic

lava. BF was developed in Russia 1954 and the

industrial process was completed in 1985 at Ukraine

fibre laboratory [3]. It is produced by moltening the

crushed basalt at about 1500 �C and extruding. When

compared with other fibres, BF has many outstanding

mechanical characteristics such as perfect alkaline
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resistance in the saturated CH solution [4], very low to

high temperature resistance (-200 to 900 �C) [5],

high strength-to-weight ratio, abrasion resistance, and

good process performance. When basalt, carbon and

GF are exposed to 600 �C, only BF maintain its

volumetric integrity and 90 % of the strength [6]. They

are typically used in thermal insulation, textile prod-

ucts, fireproof composites, chemical and wear resistant

covers owing to their thermal stability.

Basalt and glass are both silicates, manufacturing

processes are similar. Unlike glass, BF do not include

secondary materials, and the technology is simple.

Less energy is necessary during the production, and its

unit cost may be lower than GF. BF has better features

such as 20–30 % higher tensile strength and modulus

of elasticity, impact and abrasion resistance, fire

resistance and durability in alkaline conditions com-

pared with GF. Since 1990s, BF is a good alternative to

GF in different civilian applications such as marine [7,

8], automotive [9, 10] sportive equipment [11], and

more recently civil engineering.

In recent years, basalt fibres reinforced polymer

composites (BFRP) are drawing great interest in

structural applications such as wrapping structural

elements [12]. Lopresto et al. [13] indicated that BF

laminates present 35–42 % higher Young’s modulus

as well as higher flexural strength and compressive

strength than those of GF. Tensile strength close to

that of carbon fibre presents a cost effective alternative

for retrofitting applications. Recently, Fiore et al. [5]

has expressed that the BF with silane treatment display

higher tensile strengths and tensile moduli in high fibre

contents (C 15 %) compared with not-treated ones.

Lapko and Urbanski [14] have focused on the utility of

BF as rebar to prevent corrosion problem by replacing

steel.

Although numerous studies on the usage of several

fiber types in concrete are reported in the current

literature, only a few articles on basalt fiber reinforced

concrete are available [15–19]. Dias and Thaumaturgo

[16] investigated the effect of volumetric BF ratio

(Vf = 0.5–1 %) on compressive strength and splitting

strength of geopolymer concrete.

They expressed that 1.0 % BF gives rise to

26.4 % in the splitting tensile strength and 12 %

reductions in the compressive strength of the

concrete. They indicated the negligible effect of

lower fiber content (0.5 %) compared with control

concrete. Kabay [18] addressed the effect of BF

fibers in low ratios (0.07–0.14 %) on the physical

and especially mechanical properties in normal and

high strength concrete. The author found increases

up to 13 and 140 % in the flexural strength and

fracture energy even at low contents in comparison

with control specimen. Lapko and Krassowska [19]

indicated that the 20 kg/m3 BF improved the

flexural strength as 60 % compared with plain

concrete in the reinforced concrete beam.

This study seeks the possibility to replace GF with

basalt ones as an alternative in façade panels produc-

tion. The usability of BF in comparison with GF is

investigated by combining premix and spray-up

methods used in GRC production. Only cement as

cementitious material was used to observe the flexural

performance in the most extreme conditions. The

change in flexural performance of plate specimens

during curing periods was tabulated and displayed

graphically. In addition the durability of GF-speci-

mens in comparison with GF-ones is addressed

through the heat-rain aging test on the premix

specimens after 28 days. The performance of aged

and unaged specimens will be verified with SEM

micrographs as well. According to the authors’

knowledge, this kind of research on BF has not been

previously investigated elsewhere.

2 Experimental study

2.1 Tests and methods

Two groups of mix were prepared with premix and

spray-up techniques by using 24 mm chopped basalt

and ARGF. The fresh mixes were poured into 50 mm-

cubic moulds and 12 9 600 9 600 mm-square sheet

moulds. For the each one of GF and BF, 15 cubic

specimens, 5 sheets for premix and 2 sheets for spray-

up method were carefully cast. In addition, 12 cubic

and 1 sheet control specimens (Vf = 0 %) were taken

from the premix batch without fibre. Following the

demoulding 24 h later, each sheet was cut to total 20

plate specimens of 11 9 50 9 270 mm from top

(trowel) and bottom (mould) surfaces. The cube and

plate specimens were placed in an environmental

chamber at 35 % relative humidity (RH) at 20 ± 2 �C
until the day of testing. Compressive strength and

four-point bending tests were carried out with respect

to EN 1170-4/5:1997 at 1, 7 and 28 days, respectively.

3310 Materials and Structures (2016) 49:3309–3319



Compressive strength tests were carried out on

50 mm cubes in the computer controlled universal

testing machine (TCS group) with 200 kN load cell at

the load rate of 2400 N/s. In the four-point bending

tests, the span is 250 mm between roller supports and

the distance between two load points is 83 mm. 5 N

preloading was applied and the rate of loading was set

as 0.03 ± 0.003 mm/s on a displacement controlled

servo-hydraulic testing system with 500 Kgf load cell

(Testometric Micro 350). During the flexural loading,

load and midspan deflection levels were recorded on a

computerized data system and converted to stress–

strain. Testing continued until plate failure occurred

and loads dropped to less than approximately 80 % of

the peak value.

After 28-day curing period, the Heat-Rain aging

test was executed as per EN 12467. This test method is

a practical durability test method not only to determine

the variation in flexural characteristics but also to

observe any visible cracks, delamination, warping and

bowing or other defects in the sheets. Total aging

period is 50 cycles, and continues 13 days. Each 6-h

cycle is composed of about 1 l/m2/min water spray for

completely wetting face (2 h 50 ± 5 min) ? radiant

heating in 60 ± 5 �C (2 h 50 ± 5 min) steps with

10 min intervals. In this study, total six (3 ? 3) BF

and GF-sheets cast with premix method were fixed at

the vertical position into the computer controlled test

cabin and subjected to aging process. Each sheet was

taken outside in the predetermined periods of 6th, 23th

and the last 50th cycles.

2.2 Materials and mix proportions

Basalt and AR GF were provided by Technobasalt�

and Vetrotex CEM-FIL�. In addition to natural alkali

resistance, the silane-treatment exists on the basalt

surface according to the information from manufac-

turer. Physical and mechanical properties of the fibres

are summarized in Table 1. The chopped BFs and GFs

were incorporated at 2 % by concrete volume for the

workability in premix design and for the future

research regarding different fibre types.

CEM II/B-L 42.5R cement (SiO2: 17.5 %, CaO:

63.5 %, Al2O3: 3.3 %, Blaine fineness 5840 cm2/g),

fine silica sand 1300–150 lm in diameter, 4 % acrylic

copolymer and 1.3 % polycarboxylate-based HRWR

were used in the mixture. Particle size distributions of

cement and silica sand are presented in Fig. 1.

The details of the mix proportions are shown in

Table 2. The water to cement ratio (w/c) is 0.33. Only

cement as binder material was used to observe the

possible negative effect of Ca(OH)2 (CH) on the fibre

pull-out.

In spray-up method, the fibre roving is fed in

a continuous thread into the gun. Workability is not a

problem, higher fibre contents can be easily applied.

As for the premix production, the fibres generally

cause a reduction in the slump/flow levels of fresh

concrete, and a greater HRWR dosage and special

attention are required for the workability and homoge-

nous mix. 24-mm fibres are necessary for moderate

ductility.

The premix process started with homogenous

distribution of water, polymer, HRWR and 1/3 of

cement, and then the silica sand and rest of cement are

charged. In the experiments, the flow of mortar was

210 mm. In order to enhance the workability after

adding the fibres, the mortar was mixed for 2.5 min

with 300 rpm in a vertical-axis mixer and, then, put

into the horizontal-axis mixer. This prevention was

taken especially for BF against to clumping. The fibres

were added by hand and stirred uniformly at 50 rpm

for another 60 s. The flow diameter of mortar was 140

and 150 mm after mixing BF and GF, respectively

(Fig. 2). It was observed that the addition of BF

decreased the spread maybe due to surface texture.

Fresh densities were between 2298 and 2345 kg/m3

and 2204–2215 kg/m3 in premix BF and GF-sheets.

4 % polymer content decreased the evaporation of

water in voids. 28-day densities were between 2262

and 2304 kg/m3 and 2153–2186 kg/m3 for BF and

GF-premix plate specimens, respectively.

2.3 Test results and discussions

In the tests of cubic specimens, 2 % fibre content

didn’t lead to any reduction or significant difference at

1, 7 and 28-day compressive strengths compared with

control specimens (Vf = 0 %). 28-day compressive

strengths of five cubic specimens are average

35.2 MPa (Vf = 0 %), 38.5 MPa (Vf = 2 %, BF),

and 36.9 MPa (Vf = 2 %, GF). Meanwhile, the

strength development of rapid setting cement CEM

II/B-L is higher than that of ordinary cement, i.e.

1–7 days and 7–28 days compressive strength ratios

are in the range 0.66–0.69 and 0.86–0.88, respectively.

Materials and Structures (2016) 49:3309–3319 3311



Four-point bending tests (Fig. 3) were executed on

at least ten BF and GF-plate specimens to reveal the

real performance on the spray-up specimens as well as

premix ones. It was observed that BF-specimens

display a bilinear stress–strain variation to collapse

similar to GF-ones. The ultimate strengths and strains

(rMOR, eMOR) concerning eight plate specimens are

presented in Table 3 with statistical characteristics

after discarding a few scattered data in early curing

periods especially. Maximum values, average ± stan-

dard deviation ranges of BF and GF-plate specimens

under consideration are displayed in Fig. 4. Herein,

the maximum values of four premix control specimens

(Vf = 0 %) are given for comparison as well. In

passing, the stress and strain results with respect to the

limit of proportionality (rLOP, eLOP) were not given

herein for the sake of brevity.

The ultimate strength, or the modulus of rupture

(rMOR), was determined about two times higher than

the limit of proportionality (rLOP) for all the curing

periods. The findings indicate that an enhancement

over two times for rMOR, and over ten times for eMOR

Fig. 1 Particle size distribution of a cement b silica sand

Fig. 2 Typical flow before and after mixing basalt fibre

Table 1 Properties of glass and basalt fibres

Fibre

type

Length

(mm)

Dia. (lm) Density

(g/cm3)

Elastic modulus

(GPa)

Tensile strength

(MPa)

Elong.

(%)

Source View

Glass 24 13–20 2.68 72 3500 4.5 CEMFIL�

Basalt 24 14–20 2.80 89 4840 3.15 Techno basalt�

Table 2 Mixture properties

Fibre type Cement (kg/m3) Silica sand (kg/m3) Polymer (kg/m3) HRWR (kg/m3) Water (kg/m3) Fibre (kg/m3)

Basalt 862 978 34.5 11.2 284.5 56

Glass 53.6

3312 Materials and Structures (2016) 49:3309–3319



(Fig. 4) is under consideration at 1, 7, and 28 days

compared with control specimens. rMOR or eMOR

values of BF and GF-specimens give close values to

each other at 1 and 7 days. However, some strength

and strain loss at 28 days are under consideration, this

subject will be given in detail below.

The specimens producedwith spray-upmethodmay

have over 10 % higher flexural strength and strain

capacity than premix ones at 7 and 28 days. These

observations are maybe attributed to more uniform

dispersion of fibres during the spray-up production and

possible breakage of 24-mm in small ratio during the

premix production. By using only cement in this mix

design, it is observed that 15–16 MPa ultimate strength

and 1 % strain capacity are available for 7-day

specimens with basalt and glass fiber (Vf = 2 %). This

strain capacity corresponds about 10 mm deflection in

terms of force–deflection variation.

The difference of ultimate strength and strain

between BF and GF-specimens is insignificant based

on maximum and mean values at 1 or 7 days. For GF-

specimens, the averaged 28-day ultimate strain is

8–9 % lower than those 7-day ones possibly due to

rapid setting cement use and slightly decreasing pull-

out behaviour. In BF-specimens, the higher drops in

averaged ultimate strengths (15 %) and strains (27 %)

are noted at 28 days. The spray-up results of 28-day

BF-specimens affirm the reductions in flexural capac-

ity as well.

The reason of loss at the strain capacity at 28-day

BF-specimens was investigated through the scanning

electronmicroscopy (SEM). Figure 5 presents the SEM

images concerning fracture surface of the BFs after 7

and 28 days. The fibre surfaces are smooth, and any

sign of delamination or degradation was not observed

on those surfaces. To increase the reliability, fibre

diameters were measured at least three points at the

same distance.MeasuredBF diameters are 13.10–15.92

lm and they are within the data range of manufacturer

in Table 1. SEMobservations remind that the fibre pull-

out is sensitive to CH deposition and the stress

localization mentioned by Bentur et al. [20]. In passing,

Fig. 5 also points out that the matrix-fibre interface of

GFs is affected less than BFs from CH accumulation.

2.4 Durability test

The heat-rain test (Fig. 6) is a kind of aging test to

observe the accelerated performance variation of fibre

reinforced cement composites in the alkaline environ-

ment. In this test, the durability of BF-plate specimens

was investigated by comparing GF ones. Each one of

total six BF- and GF-sheets were taken outside from

the test cabin at the end of 6th, 23th, and finally 50th

cycle and cut into plate specimens.

According to the findings from flexural test results

(Table 4; Fig. 7), after exposing 6 cycles an instanta-

neous drop of 70 % was observed in the 28-day

averaged ultimate strains of BF-specimens. It is noted

that the strain capacity of BF-specimens reduced

rapidly and the remaining averaged capacity at the

final stage is only about 20 % of 7-days one. The

failure mode of BF-specimens during the aging test

changes from fiber pull-out to fiber fracture by leading

to brittle behaviour. The reduction of 28-day average

strain capacity in 50 cycles is less significant (about

εMOR

σLOP

σ

ε

σMOR

εLOP

Fig. 3 Bending test apparatus and typical stress–strain of preloaded BF-specimen
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30 %) for GF-specimens. The total reduction in

averaged strain capacity is only 35 % compared with

7-day one.

SEM images of aged BF-specimens in Fig. 8

display that the pullout surfaces are smooth like those

ones at 7 and 28 days. Even after 50 cycles of aging,

there is no evidence of surface damage or delamina-

tion in fibres due to alkali attack. Herein, this

observation is consistent with Lee et al. [4] ’s

indication on alkali resistance of BFs in CH solution.

Measured BF diameters in scanning area are

12.25–15.65 lm within the data range in Table 1.

Poor pull-out of BFs indicates that the heating and

moisture promote stress accumulation and brittle

behaviour at the fibre-matrix interface to be consistent

with Bentur et al. [20] ’s findings on CH.

Table 3 The experimental results of four-point bending tests

Days Premix specimens Spray-up specimens

Basalt Glass Basalt Glass

Ultimate

strength

Ultimate

strain

Ultimate

strength

Ultimate

strain

Ultimate

strength

Ultimate

strain

Ultimate

strength

Ultimate

strain

MPa % MPa % MPa % MPa %

1 8.563 0.691 9.866 0.689 7.918 0.655 8.015 0.631

7.758 0.514 9.546 0.638 8.935 0.723 9.925 0.725

6.782 0.529 9.049 0.611 9.831 0.525 6.534 0.481

9.385 0.683 7.341 0.621 9.528 0.716 7.945 0.736

9.791 0.701 6.431 0.546 8.841 0.732 8.481 0.601

6.562 0.401 9.126 0.695 6.561 0.631 8.344 0.635

9.678 0.712 7.561 0.423 7.921 0.475 9.727 0.742

9.015 0.568 7.785 0.545 9.625 0.603 9.015 0.682

Mean 8.44 0.60 8.34 0.60 8.64 0.63 8.50 0.65

SD 1.27 0.11 1.22 0.090 1.11 0.095 1.08 0.088

7 11.631 0.581 12.682 0.818 13.711 0.971 13.567 0.745

13.562 0.826 11.157 0.762 13.122 0.871 12.276 0.782

13.469 0.816 11.582 0.625 15.012 0.967 13.056 0.879

12.791 0.782 13.718 0.831 13.021 0.895 14.725 0.924

11.913 0.631 13.427 0.787 14.020 0.721 14.345 0.907

12.658 0.731 12.104 0.815 12.921 0.892 14.902 0.889

13.251 0.801 12.308 0.743 14.715 0.824 13.118 0.915

10.562 0.723 13.117 0.842 14.012 0.876 13.317 0.814

Mean 12.480 0.74 12.51 0.78 13.82 0.88 13.66 0.86

SD 1.04 0.090 0.89 0.071 0.78 0.080 0.91 0.067

28 11.261 0.578 13.652 0.742 11.363 0.578 13.924 0.673

9.721 0.401 11.956 0.659 11.276 0.594 14.58 0.785

10.851 0.541 13.722 0.701 12.287 0.698 14.465 0.820

9.115 0.421 13.891 0.751 12.076 0.605 13.987 0.793

10.836 0.592 12.435 0.783 12.792 0.689 13.932 0.812

10.892 0.601 14.271 0.729 11.769 0.705 12.79 0.804

11.205 0.562 13.378 0.601 12.025 0.713 13.652 0.787

11.375 0.585 13.621 0.755 10.934 0.534 14.487 0.734

Mean 10.66 0.54 13.37 0.72 11.82 0.64 13.98 0.78

SD 0.81 0.079 0.78 0.059 0.60 0.069 0.58 0.049
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Fig. 4 Ultimate strengths and strains of a premix b sprayed specimens in four-point bending test

Fig. 5 Basalt fiber orientation and fracture surfaces in SEM micrographs: 7 days (upper photos) (970, 91000, 91000) and 28-days

(lower photos) (970, 91000, 92000)
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No sign of alkali attack was observed in GF

surfaces as well. GF diameters in scanning views are

12.51–21.14 lm and the max diameter is slightly

outside the data range. GF is less affected than.

The close view to pull-out BFs as well as the

ruptured ones after 50 cycles are seen in Fig. 9. Both

aged and unaged BF-specimens are displayed together

in Fig. 10. It is observed that the pull-out lengths in the

fracture surface gradually reduced following 7 days

and rapidly during the Heat-Rain test.

3 Conclusions

This study focuses on BF as an alternative material to

GF in fibre reinforced cement composites. The

variations of the flexural efficiency in the plate

specimens with BF are investigated at 1, 7, 28-day

curing periods and afterwards in harsh environmental

conditions. The following leading results are attained

from this experimental research:

• Findings from the four-point bending tests at 1 and

7 days confirm the effectiveness of BF as an

alternative to GF.

• In the curing period following 7 days and espe-

cially during the aging test, the strain capacity of

BF was negatively affected more than those of GF.

Fig. 6 The computer controlled cabin for durability test

Table 4 The four-point bending test results after aging test

Days/cycles Basalt Glass Basalt Glass

Ultimate

strength

Ultimate

strain

Ultimate

strength

Ultimate

strain

Ultimate

strength

Ultimate

strain

Ultimate

strength

Ultimate

strain

MPa % MPa % MPa % MPa %

Control (28 days) 11.261 0.578 13.652 0.742 6th cycle 9.683 0.232 12.089 0.581

9.721 0.401 11.956 0.659 9.482 0.135 9.834 0.527

10.851 0.541 13.722 0.701 8.918 0.162 10.115 0.671

9.115 0.421 13.891 0.751 8.614 0.143 12.901 0.719

10.836 0.592 12.435 0.783 7.958 0.175 10.653 0.581

10.892 0.601 14.271 0.729 7.816 0.182 12.521 0.684

11.205 0.562 13.378 0.601 7.892 0.15 10.607 0.613

11.375 0.585 13.621 0.755 8.745 0.148 10.841 0.575

Mean 10.66 0.54 13.37 0.72 Mean 8.64 0.17 11.19 0.62

SD 0.81 0.079 0.78 0.059 SD 0.72 0.031 1.15 0.066

23th cycle 7.774 0.131 12.145 0.676 50th cycle 8.913 0.0912 11.466 0.602

9.131 0.126 9.951 0.489 7.997 0.0973 9.619 0.478

7.868 0.123 10.364 0.647 8.720 0.0955 9.938 0.465

9.391 0.119 9.853 0.487 8.481 0.115 11.825 0.548

8.219 0.183 10.607 0.559 7.618 0.102 10.66 0.491

7.984 0.119 10.295 0.495 8.591 0.0925 12.023 0.583

8.533 0.211 12.522 0.572 9.121 0.174 9.224 0.485

9.131 0.128 11.634 0.516 7.852 0.083 10.325 0.457

Mean 8.50 0.14 10.92 0.55 Mean 8.41 0.11 10.63 0.51

SD 0.64 0.035 1.03 0.073 SD 0.53 0.029 1.04 0.056
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Fig. 7 Typical ultimate strengths and strains after heat-rain test in premix specimens

Fig. 8 Scanning electron microscopy images after 50th cycles for basalt-fibre (upper) (950, 9200, 92000) and glass-fibre (lower)

specimens (9100, 91000, 92000)

Fig. 9 Close view to ruptured and pull-out basalt fibers (91000, 92000)
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• Heat-rain test substantially leads to give rise a

brittle behaviour in the specimens with BF owing

to high and local bond stresses due to CH

accumulation in pure cement matrix. Strain capac-

ity deteriorated rapidly during the test and the

remaining capacity in the final stage (50th cycles)

is only about 20 % of 7-day one. Meanwhile, the

total reduction in average strain capacity of

specimens with GF is only 35 % compared with

7-day one.

• SEM views after 50-cycles didn’t indicate any sign

of delamination or degradation depending on

alkaline attack, the surfaces of basalt and GF were

smooth.

• According to authors’ knowledge, any study in the

literature has not been experienced about the

reduction trend in the strain capacity of basalt

reinforced cement composite/concrete during

aging test. There is a further research need to

improve the fibre-matrix interface to prevent the

strain reduction in the aging period. The bond in

the fibre-matrix interface could be amended

through mineral additives leading puzzolanic

reaction. Thus, the brittle behaviour due to CH

deposition could be mitigated to a large degree.
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