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ABSTRACT 

It is well known that the intrinsic fire resistance of single-storey unprotected steel-framed buildings 

is largely sufficient to guarantee the evacuation of occupants in the event of fire. In consequence, 
for this type of building, the main concern of national fire regulations in Europe is how to prevent the 
spread of fire to the whole building. To achieve this objective, two performances shall be usually 
satisfied, namely, the appropriateness of constructive systems to ensure that there is no progressive 
collapse between fire compartments, and the efficiency of fire walls to stop the fire inside the initial 
compartment regardless of the state of structures exposed to fire. In practice, many constructional 
solutions can be implemented in order to preserve the integrity of the fire walls, while accepting that 

the fire exposed part of the structure may collapse. One of the most common solutions is to place a 
non-load bearing wall between two independent steel structures and to connect it to them by means 
of "fusible" links. In fire situation, these fusible links have to allow the wall to be disconnected from 
the structure affected by fire without endangering the separating function of the wall, which shall 
remain fixed to the steel structure on the other side of the wall and therefore not exposed to fire. 
However, due to the lack of corresponding scientific evidence, questions are being very often raised 

about the real efficiency of such systems in fire situation, which, in certain cases, have also to provide 

an adequate seismic resistance, if they are used in seismic areas. 
 
Today, concrete or masonry wall solutions are frequently used for the compartmentation of buildings, 
predominately for low-rise commercial and industrial steel buildings. However, as an alternative, 
lightweight sandwich panels (comprising two thin flat metal faces and an insulated core) could 
become an appropriate steel fire wall solution, offering numerous benefits in comparison to other 

solutions, including fire resistance, durability, flexibility, easy dismounting and fast construction 
times. But, there is an evident lack of technical information about the adequate fire performance of 
such type of wall solutions when they are implemented in single-storey buildings with unprotected 
steel structure, which constitutes a major obstacle for their large use.  
 
In this context, the overall goal of the FISWHALL project is to develop a design guidance and 
recommendations for an innovative hybrid fire wall solution based on lightweight steel-faced 

sandwich panels associated with unprotected steel structure under both fire and seismic actions, but 

considered individually. This will be achieved through the following specific tasks: i) Establishing of 
a full range of experimental evidence about the fire and seismic behaviour of the investigated hybrid 
fire wall solution by carrying out a number of tests; ii) Investigating intensively the fire and seismic 
performances of the above hybrid fire wall solution in combination with unprotected single-storey 
steel structures through a variety of parametric numerical studies by means of validated FE numerical 
models; iii) Developing both cost-effective and innovative “fusible” connection systems for fire walls 

to be used in combination with unprotected steel structures of single-storey buildings; and iv) 
Developing a design guidance and practical recommendations for the studied hybrid fire wall and 
fusible links solutions, on the basis of above studies, from which engineers can carry out very efficient 
design. 
 
The present report aims at summing up the results of fire tests carried out at the Testing Laboratory 

of PAVUS according to EN 13381-4 [1] on steel members fire-protected with sandwich panels. The 
detailed fire test report is provided in Annexe of the report. 
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1 INTRODUCTION 

 
In order to prevent the spread of fire inside buildings, fire safety regulations commonly require 
buildings to be divided into several zones of limited size and separated by means of partition fire 

walls. Among the possible wall solutions, the compartmentation of single-storey steel-framed 
buildings can be achieved by implementing directly the wall into the building and to solidly fix it to 
the main steel structure, which remains continuous at the position of fire wall. In such situation, any 
structural member supporting the partition fire wall solidly attached to the building structure should 
also have the same fire resistance as that required for the wall to preserve the integrity and insulation 
performance of the separating element. Fire resistance is frequently achieved by applying fire 

protection to the structural members but common passive fire protections, such as sprayed materials 
or intumescent coatings. In addition to aesthetic and maintenance problems, such fire protection can 
add significantly to the cost of the construction, in particular for high fire resistance rating. Due to 
an easy and fast implementation, sandwich panels forming the partition fire wall could also be used 
as a low-cost encasement fire protection system (which can be prefabricated by bending the panels) 

for its supporting steel members, as alternative to common passive fire protections, avoiding the 
involvement of any other subcontractor. 

 
In this context, a set of two standard fire tests was carried out at the Testing Laboratory of PAVUS 
on steel members fire-protected by an encasement system made of a single layer of sandwich panels 
to demonstrate that structural steel members could be adequately fire protected with such type of 
panels. The tests were performed according to EN 13381-4 [1]. 
 
The present report aims at summing up the results of these fire tests. The detailed fire test report is 

provided in Annexe. The data then gained will be use in a subsequent task dedicated to the thermal 
analysis of tests results for evaluating the contribution of the investigated encasement system to the 
fire resistance of structural members. 
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2 TESTS SPECIMENS AND TESTS ARRANGEMENT 

 

Only a short description of both test specimens and test arrangements is given hereafter. More 
detailed information are given in Appendix A, which contains the fire test report provided by PAVUS. 
 
During the test design, it was planned to test different panel thicknesses for the encasement system, 
ranging from 100 to 300mm to cover most of thicknesses of the sandwich panel ranges selected for 
fire tests. Eurobond Rockspan Extra, Rainspan and Firemaster Extra panels produced by Euroclad 
were used according to available thicknesses. In total, two pairs of loaded and unloaded I-shaped 

steel beams (with 3 exposed sides) as well as thirteen unloaded short I-shaped steel columns (with 
4 exposed sides) with various section factors (from 51 to 220 m-1) and different protection thickness 
were tested (as listed in Table 1). The specimens were selected according to EN 13381-4 [1]. They 
were divided into two testing configurations; in the first test, the loaded beam and reference beam 
with maximum selected panel thickness together with 6 short columns were tested; in the second 
test, the loaded beam and reference beam with minimum thickness together with 7 short columns 
were tested. Loading was applied with jacks.  

 
It should be noted that sandwich panels were cut to the required dimensions according to the 
protected steel section. They were fixed either directly to the steel profiles (to the flanges) or either 
using secondary supporting steel systems (mounted to the web) using stainless screws. Four screws 
were used per panel. The secondary supporting steel systems were made from steel U profiles and, 
when appropriate, with additional L-shaped profiles depending on the thickness of the panel and the 

size of the steel profile tested. Some glue was locally put between the panel joints and also between 
the sandwich panels and the steel profiles. 
 
Fire tests were conducted according to EN 13381-4 [1], recording two sets of data during the tests: 
temperatures of fire and steel profiles and deflection of loaded steel beams according to the standard 
provisions. The overall behaviour of test specimens (steel members and protection system) was also 
monitored visually. 

 
Table 1: List of test specimens 

Specimen 
Cross-

section size 

Section 

factor 

Ap/V (m-1) 

Section 

Range 

factor ks 

Range of ks 

Panel 

thickness dp 

(mm) 

Thickness 

range factor Kd 
Range of kd 

LBmin IPE 400 121.0 0.414 0.2 to 0.8 100.0 - - 

RBmin IPE 400 121.0 0.414 0.2 to 0.8 100.0 - - 

LBmax IPE 400 121.0 0.414 0.2 to 1.0 300.0 - - 

RBmax IPE 400 121.0 0.414 0.2 to 1.0 300.0 - - 

SIC1 HEM 280 51.0 0.000 0.0 100.0 0 0 

SIC2 HEM 280 51.0 0.000 0.0 175.0 0.375 0.2 to 0.5 

SIC3 HEM 280 51.0 0.000 0.0 240.0 0.700 0.5 to 0.8 

SIC4 HEA 300 110.0 0.349 0.2 to 0.5 100.0 0.000 0.0 

SIC5 HEA 300 110.0 0.349 0.2 to 0.5 240.0 0.700 0.5 to 0.8 

SIC6 HEA 300 110.0 0.349 0.2 to 0.5 300.0 1.000 1.0 

SIC7 HEA 220 140.0 0.527 0.5 to 0.8 100.0 0.000 0.0 

SIC8 HEA 220 140.0 0.527 0.5 to 0.8 175.0 0.375 0.2 to 0.5 

SIC9 HEA 220 140.0 0.527 0.5 to 0.8 240.0 0.700 0.5 to 0.8 

SIC10 HEA 220 140.0 0.527 0.5 to 0.8 300.0 1.000 1.0 

SIC11 IPE 200 220.0 1.000 1.0 175(100*) 0.375 0.2 to 0.5 

SIC12 IPE 200 220.0 1.000 1.0 240.0 0.700 0.5 to 0.8 

SIC13 IPE 200 220.0 1.000 1.0 300.0 1.000 1.0 

LB : loaded beam – RB : Reference unloaded beam – SIC : Short I column 

*) Thickness change agreed by partners 

 
Some photos of the test specimen’s assembly are shown in Figure 1. Some photos of the test 
specimens before both tests are given in Erreur ! Source du renvoi introuvable. Figure 3. 
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Figure 1: Views of the test specimen’s assembly 
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a) View from furnace outside b) View from furnace inside 

Figure 2: Views of the testing setup and test specimens for the test n°1 

 

  

a) View from furnace outside b) View from furnace inside 

Figure 3: Views of the testing setup and test specimens for the test n°2 
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3 TEST RESULTS AND MAIN OBSERVATIONS 

Only brief results and observations are given here. Detailed test results are reported in Appendix A.  

 
During the test, it should be noted that no significant damage of the tested encasement system were 
noted on short specimens, only disbonding of the fire-exposed steel sheets from insulated of the 
sandwich panels during both tests (see Figure 6a). In addition, a detachment of mineral from the 
bottom flange of the loaded beam protected with the minimum panel thickness beam (LBmin 
specimen) was observed due to the large beam deflection occurring during the test (see Figure 6b). 
 

An example of temperature rises recorded during the test is given in Figure 4. All measured values 
were recorded in Excel sheets to provide the data to be used or the thermal analyse (task 2.4). 
 
Based on results of the first fire test discussed during the meeting held at Trento in February 2023, 
it should be noted that partners indicated that unanticipated or unforeseen shadow effects have 
probably affected advantageously the heating of steel profiles, by limiting it, because of the small 
space separating the steel specimens protected with the highest panel thicknesses (see Figure 2). 

Thus, partners expressed doubts about the accuracy of temperatures recorded for the specimens 
protected with 300mm thick panels. Consequently, some results of the first test having been judged 
inoperable, partners agreed that some changes were needed for the second test in order to be able 
to conduct a thermal analysis of test results according to the standard EN 13381-4, as planned in 
the subsequent task 3.5. 
 

The specimens have already been mounted and taking into account that a complete modification of 
the setup was impossible, it was decided to only change the panel thickness applied around the 
specimen SIC11, changing from 175 mm to 100 mm (see Table 1), ensuring also sufficient spacing 
between specimens. In addition, some addition plate-thermometers were installed between test 
specimen to measure hot gas temperatures and to ensure that test specimens were surrounded by 
fire conditions in accordance with the standard fire curve, as expected. 
 

  

Figure 4: Example of temperature-time curves recorded during the tests 
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a) Fire test n°1 b) Fire test n°2 

Figure 5: View of the test specimens during the tests 

 

  

a) Disbonding of the fire-exposed steel 
sheets of sandwich panels 

b) Falling down of protection from the 
bottom flange of the loaded beam 

Figure 6: Views of test specimens after the tests 
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4 CONCLUSIONS 

This report aimed at summing up results of two fire tests carried out at the Testing Laboratory of 

PAVUS on steel members fire-protected by an encasement system made of a single layer of sandwich 
panels with different thicknesses. For testing, Eurobond Rockspan Extra, Rainspan and Firemaster 
Extra panels produced by Euroclad were used. Two sets of data were recorded during tests according 
to the standard EN 13381-4: the temperatures of both fire and steel profiles and the deflection of 
loaded steel beams. All measured values were recorded in Excel sheets to provide data easily to use. 
The overall behaviour of steel members as well as the protection system was also monitored visually. 
 

It should be noted that the fire resistance tests showed that the tested encasement solution based 
on sandwich panels provided an efficient fire protection of steel members, as expected. However, 
having suspicions that unforeseen shadow effects may have happened during the first fire test, during 
experiment, some specimens of the second test had to be changed comparing to original plan. 
Because it was economically impossible to perform any additional fire test, partners decided to simply 
change the thickness of panels applied around some specimens (by adopting the minimum selected 
value). The modification will allow conducting a thermal analysis of test results for evaluating the 

contribution of the investigated encasement system to the fire resistance of structural members, as 
planned in the subsequent Task 3.5. However, the analysis will have a range of application a bit 
shorter than initially planned and limited to protection system with 100mm thick panels only. 
 
A detailed analysis and discussion of experimental data will be provided in deliverable related to the 
thermal analysis of tests results. 
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APPPENDIX A. FIRE TEST REPORT N°PR-23-2.025-EN 
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