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ABSTRACT 

The use of Macro Basalt Fibre Concrete (MBFC) for structural 

purposes is increasing in the Norwegian market. However, findings 

on properties related to fire spalling are scarce in the literature. 

Motivated by this, the authors present the results of a pilot 

experimental study on fire spalling properties of two types of basalt 

fibre concrete. The study results show that basalt fibres cannot 

prevent high-performance concrete (HPC) from fire spalling. 

Nonetheless, the comparison of the average spalling values indicates 

that use of basalt fibres probably does not increase the spalling 

propensity of the tested materials.  

 

Keywords: Macro basalt fibres, chopped basalt fibres, high-

performance concrete (HPC), fire spalling. 
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1. INTRODUCTION 

 

Basalt fibre concrete has been considered as an interesting alternative for marine concrete 

structures. The reason is its unique combination of good mechanical and durability properties [1-

4]. Mechanically, macro basalt fibre concrete works as steel fibre concrete by providing load-

carrying capacity after cracking, ductility and crack control. One shortcoming regarding steel 

fibres are that they corrode in harsh marine environments. Basalt fibres have, however, proved to 

be resistant to degradation in marine environments [1, 4].  

When micro-cracks appear on the concrete surface due to fire exposure, followed by explosive 

flaking of materials from the concrete surface, the concrete loses its strength and integrity [5-7]. 

This phenomenon that occurs due to continuous heating is called fire spalling [6, 7]. Dependent 

on the intensity of the fire and the exposure time, the spalling can reduce the cross section of a 

concrete element and may lead to a structural collapse [8, 9].  

Dense concrete may spall in moist conditions if subjected to fire [10-13]. Furthermore, external 

forces can also increase the fire spalling tendency of concrete [5, 9, 14]. Fibres have shown to be 

effective in reducing or even preventing spalling, but the effect is dependent on the fibre material 

[15]. Whereas steel fibres have demonstrated only a minor influence on spalling, polypropylene 

fibres have shown a significant effect [16-18]. The difference is due to the fibre behaviour at 

different fire temperatures. There are different arguments pertaining to the effect of steel fibres on 

fire spalling of high-performance concrete [17]. However, in the majority of studies, the addition 

of steel fibres shows only a minor beneficial effect on fire spalling of concrete [19, 20]. 

Polypropylene fibres melt in the interval from 160°C to 170°C, which has very beneficial effects 

on the spalling behaviour when the temperature continues to rise [17, 21]. In the literature, it seems 

that the mechanism of fire spalling is not entirely understood [22, 23]. Several theories are 

discussed by the research community, but the simplest explanation is that the melting 

polypropylene fibres are absorbed by the cement matrix provide channels in which the 

overpressure of the heated vapour can escape [24-26]. The overpressure is regarded as the main 

course of spalling [14].  

Swedish Concrete Association developed a design guideline to prevent civil engineering concrete 

structures from fire spalling. This guideline has been developed based on the studies performed 

during 2004-2008 [12]. The guideline recommends the use of polypropylene fibres as an 

economical solution to prevent the concrete structures from fire spalling. The amount of 

recommended polypropylene fibres depends on the risk of fire, the economic and social effect of 

the fire, water-binder ratio, and the powder content of concrete mixes [12]. Thereby, the 

recommended content of polypropylene fibres varies between 1 and 1.4 kg/m3 [12]. Other 

European countries also developed their national guidelines to ensure the structural performance 

of concrete in fire [27]. For the structural protection of road tunnel lining during a fire, German 

guideline recommends using a volume content of 2 kg/m3, 16-20 μm polypropylene fibres [27]. 

There are only limited studies that have been performed on the behaviour of basalt fibre composites 

exposed to fire. Bhat et al. [28] performed a comparative investigation on the effect of direct fire 

exposure on basalt and E-glass fibre vinyl ester composites. They found that the degradation starts 

with softening of vinyl ester at its glass transition temperature of 120°C. Then the process 

continues with the decomposition of the matrix at a temperature of 350°C-450°C. Finally, fibre 

softening leads to tensile failure of composites.    
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The macro basalt fibre is a two-component product where the basalt material is encapsulated by a 

vinyl ester resin [29]. Based on the study performed by Bhat et al. [28], the basalt vinyl ester 

composites show degradation through a softening and decomposition process when it is exposed 

to direct fire. However, the behaviour of basalt fibre composite in a concrete matrix when it is 

indirectly subject to fire is not known. The softening and decomposition of the composite may 

enable the fibres to improve the fire resistance of concrete analogous behaviour to that the melting 

of polypropylene fibres does. Another beneficial effect might be that the fibres keep cracked parts 

stay in place acting as a thermal shield.  

As indicated above, the current application of basalt fibre concrete is marine structures. They are 

subjected to a very harsh environment. In order to resist the harsh environment, the concrete should 

be dense which in turn implies a low water-binder ratio. In this pilot study, fire tests were carried 

out on basalt fibre concrete designed for marine environments. Previous fire tests have shown that 

the spalling increases with decreasing water-binder ratios and that the demands on measures to 

prevent spalling will be more challenging [6, 9]. Consequently, any beneficial effect of basalt 

fibres may be more difficult to identify in low water-binder ratio concrete than in normal grade 

concrete mixes. This is, however, outside the scope of this paper. 

 

2. RESEARCH SIGNIFICANCE, AIMS AND SCOPE 

 

The benefit of using polypropylene fibres to reduce fire spalling is a well-established approach [5, 

30]. The research and development of new construction materials is an ongoing process. The use 

of recently developed macro basalt fibres for structural applications is growing. However, based 

on our knowledge, the behaviour of basalt fibre concrete during fire exposure has not been subject 

to intensive study. Motivated by this insight, the aim of this work is to investigate the fire spalling 

behaviour of high-performance basalt fibre concrete. The study, presented in this paper, includes 

an experimental approach to assess the fire-spalling behaviour. Considering the limited budget of 

our study, it can be labelled a pilot study.  

 

 

3. EXPERIMENTAL WORK  

 

3.1 Materials, mix proportioning and mixing process 

FA-cement (CEM II/B-M 42.5 R) produced by Norcem Company, and un-densified micro silica 

(Elkem micro silica Grade 940) were used as the main binder. The Mapei Dynamon SX-23 

superplasticizer was used as the only additive in the mix (air entraining agent was not used). 12.7 

mm chopped basalt fibres and 43 mm macro basalt fibres produced by ReforceTech Company 

were used. Three sizes of aggregates from a granite source were used in the concrete mixture; 

Figure 1 shows the proportion of used aggregates. Table 1 shows the composition of the concrete 

mixtures. As can be seen, the water-binder ratio was 0.34. The reference sample (MIX-0-R) is 

without fibres and the samples MIX-0.5-C and MIX-0.5-M contain a 0.5-volume percentage of 

chopped fibres and macro fibres, respectively. A laboratory pan mixer with a maximum capacity 

of 50 litres was used for the mixing procedure.   
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Figure 1 - Proportions of used aggregates. 

Table 1 - Concrete mix proportions. 

Specimen 

Code 

Cement 

(kg/m3) 

 

Silica 

(kg/m3) 

Filler 

(kg/m3) 

Sand 

(kg/m3) 

Gravel 

(kg/m3) 

Water 

(litres) 

Super 

plasticizer 

(kg/m3) 

Fibre 

(kg/m3) 

[%] 

W/B1 

MIX-0-R 495.63 63.19 161.1 1066.61 419.32 190 7.91  [0] 0.34 

MIX-0.5-C  495.63 63.19 159.73 1057.73 415.83 190 7.91  10.5 [0.5] 0.34 

MIX-0.5-M 495.63 63.19 159.73 1057.73 415.83 190 7.91  10.5 [0.5] 0.34 
1 B is the abbreviation for the binder content of the mix including FA-cement and silica. 

 

 

3.2 Testing procedure    

The experimental programme consisted of three concrete slabs including one reference sample 

without fibres and two specimens with 0.5 percent of macro and chopped basalt fibres, 

respectively.  

Based on the size of the furnace, three samples with the dimension of 500×600×200 mm including 

a ring of reinforcement located in the cold rim of the specimen to reduce the cracking were cast. 

Figure 2 shows the reinforcement mesh and the rebars sizes; it ought to be mentioned that the 

rebars of the steel reinforcement ring were welded. Furthermore, to measure the compressive 

strength of concrete, five standard cube samples with side length 100×100×100 mm for each 

concrete recipe were cast. According to earlier studies [6], it is worth mentioning that the results 

of this small-scale testing only give an indication of the fire spalling of other types of concrete 

cross-sections. The results could, therefore, be different from more realistic sample sizes and 

loading conditions [6].  

Before conducting the fire test, all the samples were stored for 28 days in water and 37 days outside 

of water at room temperature (approx. 18°C), see Figure 3. The temperature of the water was also 

approximately 18°C. To evaluate the compressive strength, three cube specimens for each concrete 

type were tested at the age of 28 and 65 days.     

10%

65%

25%

0-4 mm 0-8 mm 0-16 mm
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Figure 2 - Geometry of concrete specimens. 
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Figure 3 - Samples stored in water.  

The furnace has an internal space of 500×400×525 mm and an opening area of 500×400 mm, see 

Figure 4 [31, 32]. The furnace temperature rise measured with a one millimeter shielded type K 

thermocouple was regulated using a gas flow control based on the standard time-temperature curve 

as described in the Eurocode [31], see Figure 6. Table 2 shows the different time-temperature fire 

curve equations defined in the Eurocode 1 [33]. After conducting the tests, the spalling was 

measured in ten points of the exposed concrete surface. The sampling area was selected in the 

middle part of the exposed area where the spalling was the highest. Figure 5 shows the sampling 

area.  

 

Figure 4 - Testing furnace (SP-setup). 
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Figure 5 – Sampling area. 

 

Figure 6 - Furnace temperature rises during the fire-spalling test. 

Table 2 - Time-temperature fire curves, from [7, 33]. 

Type Mathematical equation1 

Standard Fire  𝛩 = 𝛩0 + 345 log(8𝑡 + 1) 

Hydrocarbon Fire 𝛩 = 𝛩0 + 1080(1 − 0.325𝑒−0.167𝑡 − 0.675𝑒−2.5𝑡) 

External Fire 𝛩 = 𝛩0 + 660(1 − 0.687𝑒−0.32𝑡 − 0.313𝑒−3.8𝑡) 
1 where t is time (minute), Θ0 (°C) ambient temperature and Θ (°C) is gas temperature in furnace or close to 

member.  
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4. RESULTS AND DISCUSSION 

 

The mechanical properties, including the average compressive strength and bulk resistivity of 

concrete cube samples at the age of 28 and 65 days, are presented in Table 3. The results indicate 

that there are only minor differences between the bulk densities of the concrete samples. The 

results also show that the specimens reached a compressive strength higher than 100 MPa after 65 

days. The bulk resistivity of macro fibre concrete specimen (MIX-0.5-M) shows a slightly lower 

value. The bulk resistivity presented is an indication of concrete specimens’ durability [34, 35].  

Table 3 – Mechanical and physical properties of concrete mixtures.  

Specimen 

Code 

Bulk wet density 

(kg/m3) 

Bulk resistivity 

(Ω.m) 

fcm
1 (MPa) fcm

2 (MPa) 

MIX-0-R 2416 434.3 94.9 [1.7]3 114.5 [2.2] 

MIX-0.5-C  2411 446 88.5 [4.3] 117.5 [1.7] 

MIX-0.5-M 2428 380 93.2 [1.4] 121 [1.1] 
1 Average compressive strength of concrete at the age of 28 days. 
2 Average compressive strength of concrete at the age of 65 days. 
3 The values in [] show the standard deviation.    

 

The spalling of concrete specimens started when the furnace temperature reached 500°C to 600°C. 

The progressive flaking of concrete continued during the experiment. The spalling depths were 

measured after the experiments were completed. The measured values were used as the main 

parameter for the comparison. The test results do not show any large effect of the basalt fibres on 

the degree of fire spalling. The average spalling depth was approximately equal for both basalt 

fibre concrete and the reference concrete mix.  

However, the study on the contours of the spalled surfaces is interesting. Figure 7 shows the 

counter plots of concrete spalling and Figure 8 shows the boxplot diagram of the samples fire 

spalling depths.   

We observe that the spalling seems to be less in some regions of the macro basalt fibre concrete 

specimen than in corresponding areas in the reference concrete slab. A comparison between the 

average values of spalling depth shows that the sample containing chopped basalt fibre has the 

highest spalling value. Figure 9 shows the specimens after fire exposure. As can be noticed, in the 

first two samples the steel rebars are exposed while the rebars in the third specimen are still covered 

by concrete. However, since only one sample of each concrete recipe was tested, it cannot be taken 

as a rule for the distribution of spalling areas. Figure 10 shows the concrete pieces which are 

connected to the concrete specimen after fire by means of macro fibres.  

The visual inspection of the tested specimen shows that the effect of using macro basalt fibres on 

fire spalling behaviour of the specimens is not significant. The macro basalt fibres in the concrete 

matrix, when exposed to fire, may behave similarly to the basalt composite in the study performed 

by Bhat et al. [28]. However, if this assumption is correct, it means that the cement matrix cannot 

absorb the outcome of the decomposition process or the effect was too small to be comparable to 

that of the polypropylene fibres.  
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Figure 7 - Contour plot of spalling in concrete samples (in cm). 
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Figure 8 - Box-plot diagram of the fire spalling depth in cm.  

The results were also compared via a statistical ANOVA analysis. This analysis has limitations as 

the natural variation from multiple tests was not investigated are not included, and the use of only 

10 measurement points on the surface includes one more random factor. Despite these limitations, 

it is interesting to determine the differences between the test specimens. The analysis was 

conducted at the level of significance α = 0.05. The result indicates that at this significance level, 

the difference between the spalling depth of reference specimen and basalt fibre concrete samples 

is negligible. As can be seen in Figure 7, only the middle section of the exposed area was used for 

the data sampling. This leads to a conservative statistical analysis result.   

 

 

Figure 9 - The concrete samples after exposure to fire. (A) represents MIX-0-R, (B) MIX-0.5-C 

and (C) MIX-0.5-M.  
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Figure 10 - The concrete pieces are still connected to the main specimen via macro fibres after 

fire exposure. 

High-performance concrete (HPC) is very dense and more prone to fire spalling than conventional 

concrete. The focus of this study was to characterize the fire spalling properties of high-

performance basalt fibre concrete, aimed for marine structures. As stated in the introduction 

section, spalling increases with decreasing water-binder ratios. The test results from this concrete 

mix with a water-binder ratio of 0.35 might, therefore, not be representative for concrete with 

higher water-binder ratios. The conventional concrete is still widely used for other applications. 

Tests with other water-binder ratios would, therefore, be desirable.  

It would also be interesting to conduct a comparative study where the fire spalling of concrete 

mixes with basalt fibres, steel fibres, and polypropylene fibres could be investigated.  

 

Last but not least, it ought to be mentioned that although a clear beneficial effect of the basalt 

fibres was not identified, the outcome still has a positive part. Since we still do not know, exactly 

how concrete behaves under fire conditions, we cannot take for granted that we can mix new 

materials into the concrete without any detrimental effects. Despite the limited number of 

specimens, the authors conclude that macro basalt fibres in percentages used in this study do not 

have any detrimental effect on the resistance against fire spalling compared with an equivalent 

concrete mix without fibre addition.  

 

 

5. CONCLUSIONS AND FUTURE STUDIES 

 

In this paper, the fire spalling properties of basalt fibre concrete were investigated via a pilot 

experimental program. The effect of two types of basalt fibres on the fire spalling of high-

performance concrete was investigated. The experimental investigation was conducted on three 

concrete slabs and 15 corresponding standard cube samples. The following conclusions can be 

drawn from the results:  

 

▪ Based on one single test and 10 measured spalling depths on each slab, a statistical analysis 

was performed at the level of significance α = 0.05. The difference of spalling depth values 

of macro basalt fibre concrete and the reference concrete was negligible.  
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▪ The addition of a 0.5-volume percentage of chopped fibres or macro fibres, both made of 

basalt, are not likely to prevent the high-performance concrete from fire spalling. However, 

the addition of basalt fibres did not give any detrimental effect on fire spalling either. 

 

▪ The good structural properties of macro basalt fibres and the effect of polypropylene fibres 

in reducing the fire spalling is well-known. It may be possible to enhance both structural 

properties and fire spalling by using a hybrid fibre reinforced concrete. Thereby, the 

authors suggest further investigation on fire spalling properties of hybrid fibre concrete 

made of macro basalt fibres and polypropylene fibres.   
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