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Abstract

The reaction to fire of electrical cables is governed by phenomena that operate across
scales: ease of ignition, thermal inertia, surface flame spread velocity, and heat
release rate. These determine the integrated metrics used in large-scale tests (EN
50399 [1]: pHRR, THR, FIGRA, damaged length (L)) and regulatory classes under
EN 13501-6 [2]. Bench-scale testing (e.g. Fire Propagation Apparatus (FPA) [3])
characterizes these phenomena through specific descriptors: Critical Heat Flux
(CHF, ignition resistance); Thermal Response Parameter (TRP, thermal inertia) and
Fire Propagation Index (FPIL, flame spread and energy release). These descriptors
correlate well with EN 50399 results, but become less discriminating when the focus
shifts to early flame-spread dynamics. This work cross-compares bench- and full-
scale results for two H07Z1-K cables (copper conductors, 16 and 50 mm?) and a
GRP-cored dummy as non-conducting reference. The results reveal a scale-
dependent behavior: the 1x16 mm? cable shows faster FPA flame spread, consistent
with longitudinal thermal bridging; the 1x50 mm? cable shows lower EN 50399
damaged length, consistent with a stronger radial heat-sink effect.

1. Introduction

Under the European Construction Products Regulation, classification is based on [2]
according to [1] tests results (pHRR, THR, FIGRA, L;) for cables mounted on a
vertical ladder and exposed to a 20.5 kW propane burner. Because full-scale testing
1s resource-intensive, bench-scale methods such as the FPA are used to characterize
material response. In this context, the FPA descriptors proposed by Tewarson and
Khan [4] — Thermal Response Parameter (TRP) and Fire Propagation Index (FPI)
— provide an effective link between material-scale flammability and the integrated
quantities measured in EN 50399. Their formulation correlates well with full-scale
behavior, but becomes less discriminating when the focus shifts from integrated
response to early flame-spread dynamics. Because the cable is treated as a
homogeneous cylinder, the metallic conductor is included only through effective
thermal properties, and the separate axial and radial heat-transfer paths introduced
by the core may therefore be obscured.

Subsequent work has reinforced the limitations of single-parameter or homogeneous
descriptions. Delichatsios [5] proposed a two-parameter framework derived from
upward-flame-spread physics, but without resolving conductor geometry. Kaczorek-
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Chrobak and Fangrat [6] showed that conductor material affects EN 50399 peak
HRR, and Girardin [7] modelled cables as single-material cylinders. Thus, the
separate axial-bridging and radial-sink contributions of the metallic core remain
difficult to identify experimentally.

This work addresses this gap by cross-comparing FPA and EN 50399 results for two
HO07Z1-K cables with identical sheath formulation and copper conductors of 16 and
50 mm?, using a GRP-cored dummy as a non-conducting contextual reference. The
aim is to assess whether the apparent role of the conductor changes with scale, from
longitudinal thermal bridging in FPA flame spread to radial heat sinking in EN 50399
damaged length.

2. Materials and methods

Three specimens were investigated: two H07Z1-K cables with identical sheath
material, and a GRP-cored dummy. Their geometry is summarised in Table 1. The
copper-cable pair provides the controlled comparison for conductor cross-section
effects, while the dummy is retained as a contextual non-metallic baseline (non-
conducting reference). Full-scale tests followed EN 50399. Bench-scale FPA tests
were performed at 50 kW/m? under 21, 35 and 40 vol.% O, following Tewarson and
Khan [4] to examine flame spread under increasing oxidizer concentration. From
these tests, CHF, TRP and FPI were derived to characterize ignition resistance,
thermal inertia, and flame spread and energy release, respectively.

Table 1. Cable geometry and estimated cross-sectional fractions.

Cable / Outer Core Sheath thickness | Total area Core area Sheath area
diameter (cm) (cm) (cm?) (%) (cm?) (%) (cm?) (%)
1x50 mm? (1.22) | Cooper | 0.16 1.17 (100%) 0.62 (52.8%) | 0.55 (47.2%)
1x16 mm? (0.69) Cooper | 0.11 0.374 (100%) | 0.17 (45.6%) | 0.20 (54.4%)
Dummy (1.00) GRP 0.23 0.78 (100%) 0.22 (29.2%) | 0.55 (70.8%)

3. Results and discussion
Figure 1 compares the HRR curves obtained in the EN 50399 tests, while Table 2
summarises the main integrated descriptors.

Table 2. EN 50399 tests results.

Cable pHRR (kW) | THR (MJ) | FIGRA (W/s) | Ly (cm)
x50 mm? | 6.2 3.1 30.3 42
Ix16mm®> | 9.3 2.9 429 54
Dummy 37.4 20.2 71.1 150

The dummy produced the most sustained burning and the highest integrated
response, with the largest pHRR, THR, FIGRA and damaged length. Both copper-
core cables showed more limited fire development. Within the copper-cable pair, the
1x50 mm? cable gave lower pHRR, FIGRA and damaged length than the 1x16 mm?
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cable, while THR remained similar for both specimens. The 1x16 mm? cable also
showed an early HRR peak followed by decay to very low HRR levels, indicating
self-extinction after the initial burning stage. Overall, the EN 50399 severity ranking
was: dummy > 1x16 mm? > 1x50 mm? For the copper-cable pair, this trend is
consistent with a stronger radial heat-sink effect as the copper conductor section

increases.
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Figure 1. HRR curves from EN 50399 tests.
The FPA results are summarised in Figure 2 and Table 3. The integrated FPA
descriptors rank the specimens as dummy > 1x16 mm? > 1x50 mm? in terms of FPI,
with the dummy showing the lowest CHF and TRP. This is the expected ranking
when the cable is treated as an equivalent homogeneous cylinder.
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Figure 2. FPA tests: a) HRR curves; b) propagation velocity (},).
Table 3. FPA tests results.
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-1/2 1/
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m) | Wm) m9) lo2 |02 |02 |02 |02 |02

1x50 mm* | 19 7.4 389 1.09 1147 1162 | 047 |0.78 |0.87
1x16 mm* | 17 8.9 352 224 1282 |298 086 |1.28 |1.34
Dummy 13 10.7 289 1.08 1139 1139 029 |0.56 |0.67

In contrast, the propagation velocity 1}, shows a different trend. At all oxygen
concentrations, the 1x16 mm? cable exhibits the highest V,, followed by the 1x50
mm’ cable and the dummy. The increase in peak V,, with oxygen concentration is
also more pronounced for the copper-core cables than for the dummy.

For the copper-cable pair, the higher 1}, of the 1x16 mm? cable is consistent with
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longitudinal thermal bridging under externally irradiated FPA conditions, where its
lower thermal mass allows faster local heating than in the 1x50 mm? cable. The
dummy, lacking a metallic core, shows the weakest }, response.

4. Conclusions

To sum up, the copper-cable pair shows opposite scale-dependent trends: in EN
50399, the L, damaged length decreases from the 1x16 mm? to the 1x50 mm? cable,
consistent with a stronger radial heat-sink effect as copper section increases; whereas
in the FPA, the 1x16 mm? cable exhibited higher ¥}, propagation velocity at all
oxygen concentrations. This behavior is consistent with a longitudinal thermal-
bridging contribution under externally irradiated small-scale conditions. The results
therefore suggest that the apparent role of the metallic core is scale-dependent.
Integrated descriptors such as pHRR, THR, FIGRA, damaged length, FPI and TRP
remain useful for ranking overall fire performance, but they may hide early flame-
spread dynamics controlled by the conductor. The dummy specimen supports the
interpretation as a non-metallic reference, although its different geometry and sheath
fraction prevent it from being considered a strictly matched control.
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