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Abstract 

This study deals with the Fire Growth Rate Index (FIGRA) as a key fire characteristic of 

electrical cables (determined by a cone calorimeter) that allows to estimate their reaction to 

fire class. Three power (supply) electrical cables (reaction to fire class B2ca) were tested by a 

cone calorimeter using different heat fluxes of 20, 30, 40 a 50 kW·m-2. The cables were three-

wire (cross-section of each wire was 1.5 mm2) with a nominal voltage of 0.6 kV (alternating 

current), resp. 1 kV (direct current). The cable sheaths were made of an ethylene copolymer 

filled with aluminum hydroxide. The beddings were made of an ethylene copolymer filled with 

a mixture of aluminum hydroxide and calcium carbonate. The conductor insulations of one 

electrical cable were made of crosslinked polyethylene and the conductor insulations of the 

other two electrical cables were made of an ethylene copolymer filled with aluminum hydroxide. 

FIGRA was determined per unit length and unit area of electrical cables. FIGRA increased 

with increasing heat flux. At a heat flux of 50 kW·m-2, all the electric cables examined showed 

a very similar FIGRA (from 0.19 to 0.21 kW·m-1·s-1 and 18.4 to 21.2 kW·m-1·s-1, respectively). 

Conversely, at a heat flux of 20 kW·m-2, the investigated cables showed greater FIGRA variance 

(in the range of 0.11 to 0.16 kW·m-1·s-1 or 10.8 to 16.2 kW·m-1·s-1).   

Keywords 

Cone calorimeter, heat release rate, electrical cable, fire growth rate index, reaction to fire 

class  
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INTRODUCTION 

Reaction to fire class is the most important fire characteristic of electrical cables. Electrical 

cables are classified into seven reactions to fire class (Aca, B1ca, B2ca, Cca, Dca, Eca and Fca) 

according to EN 13501-6:2018 [1]. Electrical cables classified to reaction to fire class of B1ca 

to Dca obtain an additional classifications regarding smoke production (s1, s2 or s3 – higher 

number denotes much smoke production), flaming droplets production (d0, d1 and d2 – higher 

number means much flaming droplets production) and acidity of combustion products (a1, a2 

and a3 – higher number indicates higher acidity). 

A disadvantage of the reaction to fire class is that several tests are required to determine it, 

which are defined in EN 13501-6:2018 [1] (EN ISO 1716:2018 [2], EN 50399:2016 [3] and 

IEC 60332 -1-2:2015 [4]) and the resulting time requirements and costs. 

The minimum class of reaction to fire of uncovered electric cables in specific fire 

compartments in the Slovak Republic is determined by STN 92 0203:2013 [5]. The quoted STN 

implies that uncovered electrical cables in areas with the highest risk to human life and health 

(especially crèches, hospital wards, rooms in residential and accommodation buildings and 

protected escape routes) must have a reaction to fire class at least B2ca, s1, d1, a1. From this 

point of view, the prediction of the reaction to fire class of B2ca electric cables is of the greatest 

importance.  

The results of scientific work [6] suggest that the reaction to fire class of electrical cables 

B1ca and B2ca (theoretically up to Dca) can be estimated from the Fire Growth Rate Index 

(hereinafter only FIGRA), which is calculated from the heat release rate measured by a cone 

calorimeter according to ISO 5660-1:2015 [7]. 

FIGRA from the data measured by the test according to EN 50399:2016 [3] is calculated 

according to equation (1) given by the quoted EN. 

FIGRA = 1000 ∙ max [
HRRav

𝑡−𝑡i
],                                              (1) 

 

where FIGRA is Fire Growth Rate Index (W·s-1), HRRav is 30 second average value of Heat 

Release Rate - hereinafter only HRR (kW), t is time after ignition (s) and ti is ignition time (s).  

FIGRA is calculated from the heat release rate measured by a cone calorimeter equally 

according to equation (1) with two alternatives. In the alternative 1, FIGRA is calculated 

according to equation (1), without change. In alternative 2 (published in [6]), the FIGRA is 

calculated from the 15-second average value of the heat release rate. Both alternatives have two 

options. The option 1 is to calculate FIGRA per unit area (per 1 m2) or per unit length of 

electrical cables (per 1 m). According to [6], FIGRA has a higher information value for the 

electric cable, calculated from the 15-second average value of the heat release rate per unit 

length (than per unit area). 

For classification into reaction to fire class B2ca, EN 13501-6:2018 [1] is required when 

tested according to EN 50399:2016 [3] FIGRA ≤ 150 W·s-1. The FIGRA values determined by 

the method according to EN 50399:2016 [3] and by the cone calorimeter according to ISO 

5660-1:2015 [7] are not directly comparable (due to different way of cable ignition and 

configuration during the test). The following procedure has a significantly higher informative 

value. In step 1, the FIGRA interval of electrical cables of reaction to fire class B2ca is 

determined by the cone calorimeter. Subsequently, in step 2, the FIGRA of the electrical cable 

is determined (which is preliminarily verified whether or not it meets the requirements for 

classification into reaction to fire class B2ca). If the FIGRA of the verified cable is within the 

FIGRA interval specified for electrical cables with a reaction to fire class of B2ca, there is a 

high probability that the verified cable meets the requirements for classification into a reaction 
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to fire class B2ca (when tested according to EN 50399:2016 [3]). This preliminary test can 

significantly reduce the cost of testing electrical cables with the method according to EN 

50399:2019 [3]. At present, however, very few scientific papers have been published (e.g. [6]) 

in which the FIGRA of electrical cables of reaction to fire class B2ca by the cone calorimeter 

has been determined. 

The aim of the presented research is to determine the FIGRA interval of three different 

power electric cables of reaction to fire class B2ca tested by the cone calorimeter according to 

ISO 5660-1:2015 [7] with heat fluxes in the interval 20 to 50 kW·m-2. The second aim is to 

assess the statistical significance of FIGRA differences between the investigated electrical 

cables. 

MATERIALS AND METHODOLOGY 

Three power electric cables were investigated. All examined cables were classified in the 

reaction to fire class B2ca and consisted of three insulated copper conductors (wires) with a 

cross-section of 1.5 mm2, bedding and a sheath. The insulation, bedding and sheath were made 

of halogen-free polymers. The nominal voltage of the examined cables was 600 V (alternating 

current), resp. 1000 V (direct current). The first electric cable marked N2XH J3x1.5 RE was 

manufactured by ELKOND HHK, a.s. (Trstená, Slovakia). The polymer components of the 

N2XH cable (insulation, bedding and sheath) are based on polyethylene (insulation) and its 

copolymers (sheath and bedding). The polymer component of the sheath was filled with 

aluminum hydroxide and the polymer component of the bedding was filled with aluminum 

hydroxide and calcium carbonate (filler content was over 80 % by weight). The second and 

third electric cables were manufactured and supplied by VUKI, a.s. (Bratislava, Slovakia). 

These cables were designated CHKE-R J3x1.5 and CHKE-V J3x1.5 E30 (the CHKE-V cable 

shows circuit integrity under fire conditions for 30 minutes). The polymer components 

(insulation, bedding and sheath) of these cables were based on polyethylene copolymers. The 

polymer component of both the insulation and the sheath was filled with aluminum hydroxide 

and the polymer component of the bedding was filled with a mixture of aluminum hydroxide 

with calcium carbonate (filler content was over 80 % by weight). 

The heat release rate from the investigated cables was determined by the cone calorimeter 

according to ISO 5660-1: 2015 [7] at heat fluxes of 20, 30, 40 and 50 kW·m-2. The orientation 

of the samples and the cone heater during the test was horizontal. The arrangement of the 

samples on the sample holder during the test is illustrated in Fig. 1. FIGRA was calculated per 

unit area and unit length of the examined electric cables. FIGRA was calculated according to 

the equation (1) from fifteen second average heat release rates (HRR). All HRR values 

measured in the time interval from 5 s after initiation to the end of the test were included in the 

calculation. 

The diameters of the examined cables were as follows: N2XH (10 mm: during the test, 10 

samples were placed next to each other on a holder measuring 100 x 100 mm), CHKE-R                         

(8 mm: during the test 12 samples were placed next to each other on a 100 x 100 mm holder) 

and CHKE-V (9 mm: during the test, 11 samples were placed next to each other on a                                

100 x 100 mm holder). 

The statistical significance of the difference in FIGRA between the investigated electrical 

cables was evaluated by the method of mathematical statistics Analysis of Variance (ANOVA) 

at a significance level α = 0.05. 
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Figure 1 Configuration of investigated cables during the cone calorimeter test  

a) view from the above; b) cross-section 

 

RESULTS AND DISCUSSION 

 

Fire growth rate index of the investigated electrical cables is shown in Table 1 (per unit of 

area) and in Table 2 (per unit of length).  
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Table 1 Fire growth rate index (per unit of area)                

of investigated cables 

Sample                

(-) 

Heat flux 

(kW·m-2) 

FIGRA                                              

(kW·m-2·s-1) 

CHKE-V 

20 16.2 ± 0.1 

30 18.4 ± 2.2 

40 19.7 ± 1.8 

50 21.2 ± 0.2 

CHKE-R 

20 15 ± 0.9 

30 15.9 ± 1.0 

40 17.6 ± 0.3 

50 19.9 ± 0.8 

N2XH 

20 10.8 ± 1.2 

30 13.2 ± 0.8 

40 18.5 ± 1.2 

50 18.4 ± 1.4 

 

 

Table 2 Fire growth rate index (per unit of length) 

of investigated cables 

Sample                

(-) 

Heat flux 

(kW·m-2) 

FIGRA                                              

(kW·m-2·s-1) 

CHKE-V 

20 0.16 ± 0.01 

30 0.18 ± 0.02 

40 0.20 ± 0.02 

50 0.21 ± 0.01 

CHKE-R 

20 0.14 ± 0.01 

30 0.15 ± 0.01 

40 0.17 ± 0.01 

50 0.19 ± 0.01 

N2XH 

20 0.11 ± 0.01 

30 0.13 ± 0.01 

40 0.18 ± 0.01 

50 0.19 ± 0.01 
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The data in Tables 1 and 2 show that at a heat flux of 50 kW·m-2, the investigated electrical 

cables show only slight differences in FIGRA (interval from 18.4 to 21.2 kW·m-2·s-1 per unit 

area, respectively 0.19 to 0.21 kW·m-1·s-1 per unit length). Similarly, at a heat flux of 40 kW·m-

2, the differences in FIGRA are negligible. With decreasing heat flux, the differences between 

FIGRA of the investigated electric cables increased (at a heat flux of 20 kW·m-2, FIGRA was 

in the range of 10.8 to 16.2 kW·m-2·s-1 per unit area, or 0.11 to 0.16 kW·m-1·s-1 per unit length). 

It follows that for the prediction of the reaction to fire class from FIGRA determined by the 

cone calorimeter, the data measured at heat fluxes of 40 and 50 kW·m-2 (as at heat fluxes of 20 

and 30 kW·m-2) have a higher predictive value. Comparable FIGRA values (from 0.12 to 0.15 

kW·m-1·s-1, at a heat flux of 50 kW·m-2) of electrical cables classified in reaction to fire class 

B2ca have been published in scientific paper [6]. Comparison of FIGRA values with the results 

of other scientific papers is problematic (as a very few papers have determined FIGRA of 

electrical cables from values measured on the cone calorimeter). The second reason for the 

problematic comparison of FIGRA values with the results of other works is the fact that these 

scientific papers report different methods for FIGRA determination (e.g. in study [8], FIGRA 

is calculated as the ratio of the maximum heat release rate to the time when this value was 

reached). The third reason is the already mentioned difference between the FIGRA values 

determined from the results of the heat release rate measured by different test methods. The last 

reason is the fact that in the case of electric cables, FIGRA has the highest informative value 

per unit of length (per 1 m), while for solid materials, FIGRA is almost exclusively determined 

per unit area (per 1 m2). These facts are the cause of the relatively large dispersion of FIGRA, 

e.g. from scientific papers [8-10] it follows that FIGRA of synthetic polymers (depending on 

their chemical composition, content and type of flame retardants and method of determination) 

can differ by up to several orders of magnitude: from tenths to tens of kW·m-2·s-1). The FIGRA 

values can therefore only be compared if the heat release rate was determined on the same type 

of test equipment under identical conditions (in particular heat flux) and the same calculation 

method was used. From this point of view, it is correct to compare the results presented in Table 

1 with the results of study [6]. However, a high degree of caution should be maintained when 

comparing the data obtained with the results of other scientific works (in which FIGRA has 

been determined by other test methods or other calculation procedures). 

The statistical significance of FIGRA differences, between the examined cables was 

assessed by Analysis of Variance (ANOVA) at a significance level of α = 0.05. The obtained 

parameters p = 0.9845, F = 0.016 and Fcrit = 3.467 prove that the differences in FIGRA of the 

examined electrical cables are not statistically significant. 

FIGRA of the examined electric cables, powered to -1/2, shows almost linear dependence 

on the heat flux in the interval 20 to 50 kW·m-2 (Fig. 2 and Fig. 3). Fig. 2 shows the dependence 

of FIGRA-1/2 (per unit of length of investigated cables) on heat flux, and Figure 3 shows the 

dependence of FIGRA-1/2 (per unit of area of investigated cables) on heat flux. 
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Figure 2 Dependence of fire growth rate index (per unit of area) powered to -1/2 on the heat flux                        

of investigated cables: a) CHKE-V; b) CHKE-R; c) N2XH 
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Figure 3 Dependence of fire growth rate index (per unit of length) powered to -1/2 on the heat flux                   

of investigated cables: a) CHKE-V; b) CHKE-R; c) N2XH 
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Figs 2 and 3 together with Tabs 1 and 2 show a lower FIGRA value of the N2XH cable at 

lower heat fluxes (20 and 30 kW·m-2) than those of the CHKE-R and CHKE-V electric cables. 

The reason is the lower maximum heat release rate from the N2HX cable just after initiation 

(lower local maximum heat release rate after initiation) than from the other investigated cables 

(CHKE-R and CHKE-V). In addition to the prediction of the reaction to fire class, the FIGRA 

parameter is an important characteristic for predicting the fire dynamics in areas where cables 

or synthesis polymers form a significant part of the fire load (e.g. cars, tunnels, and server 

rooms), further details are described in [11-14]. 

From the above-mentioned it follows that if FIGRA of a three-wire electric cable (with a 

conductor cross-section of 1.5 mm2) equals to or is less than 0.21 kW·m-2·s-1 (determined as 

described in the materials ad methodology chapter), it is highly likely that it meets the 

requirements for classification in reaction to fire class B2ca. 

 

CONCLUSION 

 

In the present contribution, FIGRA of three different power electrical cables (reaction to 

fire class B2ca) was determined. The obtained data prove that at heat flux of 40 and 50 kW·m-2 

all investigated cables show almost identical FIGRA value. At heat fluxes of 20 and                     

30 kW·m-2, the differences between FIGRA of the investigated cables were more significant. 

Nevertheless, the results of ANOVA (at the significance level α = 0.05) prove that the obtained 

FIGRA values of the examined cables do not show statistically significant differences in the 

whole range of heat fluxes (20 to 50 kW·m-2). 

However, the conclusions above are valid under the conditions used during the experiment 

(the cone calorimeter at a heat flux of 20 to 50 kW·m-2), the method of calculating FIGRA 

(maximum value of the ratio of 15-seconds average HRR values (at intervals of 5 s after 

initiation until the end of the test) to the time after ignition) and the types of investigated 

electrical cables (three-wire power supply cable with a cross-section of 1.5 mm2, reaction to 

fire class B2ca, with polymer components based on ethylene or its copolymers). For this type of 

electrical cable, the FIGRA value determined in this way allows a preliminary (indicative) 

prediction of the reaction to fire class. 
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