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Abstract. This paper presents a parametric study for the bending stiffness of mineral wool (MW) sandwich panels sub-
jected to a bending load. The MW panels are commonly used as wall panels for industrial buildings. They provide excel-
lent insulation in the case of fire. In this research, the performance of sandwich panels is investigated at both ambient and 
elevated temperatures. To reach that goal, a finite element (FE) model is developed to verify simulations with experimental 
results in normal conditions and fire case. The experimental investigation in the current paper is a part of STABFI project 
financed by Research Fund for Coal and Steel (RFCS). The numerical study is conducted using ABAQUS software. Em-
ploying simulations for analysis and design is an alternative to costly tests. However, in order to rely on numerical results, 
simulations must be verified with the experimental results. In this paper, after the verification of FE results, a parametric 
study is conducted to observe the effects of the panel thickness, length and width, as well as the facing thickness on the 
bending stiffness of MW sandwich panels at normal conditions. The results indicate that the panel thickness has the most 
significant effect on the bending stiffness of sandwich panels. 

Keywords: composite sandwich panels, bending stiffness, load-bearing capacity, finite element models, elevated tempera-
tures, mineral wool foams.

Introduction

Sandwich panels are typically composites of two thin steel 
sheets and a core of higher thickness and lower density. 
They are valued for their good thermal properties. Sand-
wich panels provide higher bending stiffness than steel 
sheets for smaller area densities (Naik et al., 2020; Hass-
inen et al., 2011). Since composite sandwich panels have 
shown excellent mechanical properties, their fabrication 
method and mechanical behaviours were extensively in-
vestigated by researchers (Wu et al., 2016; Liu et al., 2018; 
Moongkhamklang et al., 2010; Sun & Li, 2017; Wang et al., 
2010; Yin et al., 2011; Zhang et al., 2012). Steel sheets of 
sandwich panels are usually designed to carry normal and 
flexural loads, while the core material is aimed to resist 
shear loads (Noor et  al., 1996). They are commonly ap-
plied in industrial and commercial buildings to stabilize 
the entire structure. It is shown that by applying panels 
as stabilizing elements at normal conditions, substantial 
savings can be achieved compared to bracings (European 
Convention for Constructional Steelwork [ECCS], 2013). 
The main question that comes into the mind here is how 
they can perform at elevated temperatures. Therefore, in 
this paper, the performance of sandwich panels at room 

and elevated temperatures is investigated. There are dif-
ferent core materials for sandwich panels, such as min-
eral wool (MW) and polyisocyanurate (PIR) cores. The 
bending stiffness and resistance of PIR sandwich panels at 
room and elevated temperatures were discussed in (Mof-
rad et al., 2019). In this study, the sandwich panels consist 
of trapezoidal sheetings along with a PIR core. However, 
the experimental conditions were similar to the current 
research. It was observed that at room temperature, PIR 
cores had shown greater load-bearing capacity than MW 
cores. Stainless steel trapezoidal sheeting is used for ap-
plications with higher requirements regarding appearance 
or corrosion resistance, and they provide higher bending 
resistance than flat sheetings (Misiek et al., 2010). Vignesh 
Iyer et al. (Iyer et al., 2018) carried out a comparative study 
between the three-point and four-point bending of rigid 
glass epoxy sandwich composites. The effects of tempera-
ture on the mechanical properties and failure mechanisms 
of composite sandwich panel with Y-shaped cores under 
out-of-plane compression were studied by Junmeng Zhou 
et al. (Zhou et al., 2018). Srivaro et al. (Srivaro et al., 2015) 
studied the bending stiffness and strength of oil palm-
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wood (OPW) core sandwich panels under bending loads. 
They used linear elastic beam theory to predict the bend-
ing performance of the panels. Results showed that the 
applied linear elastic beam theory adequately predicted 
the stiffness and bending strength of the sandwich beams. 
Joseph et al. (Joseph et al., 2018) carried out experimen-
tal and analytical research to find out and compare the 
flexural behaviour of concrete sandwich panels under two 
different loading conditions, including punching and four-
point bending. The experimental study proved that type of 
loading conditions influence the flexural behaviour of the 
concrete sandwich panels.

In this study, the initial objective is to verify the nu-
merical results with experimental results at ambient and 
elevated temperatures. For that reason, the load-displace-
ment curves obtained from experiments and simulations 
are compared. Two main parameters, including bending 
stiffness and load-bearing capacity, are the criterion of 
verifications. The second aim of the research is to conduct 
a parametric study at room temperature. In this part, the 
influence of each parameter, for example, thickness, width 
and length of the panel on the bending stiffness of the 
whole specimen is studied. Consequently, it is found out 
from this study that which parameters have the most sig-
nificant effect on the bending stiffness of sandwich panels.

1. Test program

During the experiments, the MW panels with thicknesses 
of 100 mm and 230 mm are selected. In the first step, the 
displacement is monotonically increased so that the parts 
of specimens come into contact, and then the tempera-
ture is increased using ceramic heating pads to the pre-
defined temperatures, such as 200, 300, 450 and 600 °C. As 
shown in Figure 1, the vertical load is applied to the panel 
through four beams HEA120 (steel grade S355) from the 
upper side of the panel. The sandwich panel has an inner 
sheet thickness of 0.5 mm and an outer sheet thickness of 
0.6 mm, and its width is 1200 mm (Cábová et al., 2019).

The steel sheet is heated using ceramic heating pads 
uniformly distributed on the inner sheet of the panel. 
The temperature of the inner panel face was controlled by 
coated thermocouples. Besides, the heating pads are cov-
ered by insulation materials to prevent wasting the heat. 
The average temperature of thermocouples is considered 

as the pre-defined temperature. After reaching that tem-
perature, the machine maintained a constant temperature 
until the end of the test. When the temperature of the in-
ner sheet reaches the pre-defined values, the mechanical 
loading of the panel starts. The panel was fixed to both 
plates of size 150×1200 mm by the aid of threaded rods. 
A circular rod of diameter 50  mm was welded to the 
lower plate. The rod was placed on a steel plate of size 
300×1200 mm. This plate was equipped with an equal leg 
angle which did not allow any movement of the panel end 
during loading. Deflections of the panel, the applied force 
and the temperature of the inner sheet are recorded by 
transducers and thermocouples during the tests. Figure 2 
indicates one specimen before and after the test. The main 
damage during the tests is due to the shear failure and 
cracking of core material (Cábová et al., 2019).

Figure 1. Test arrangement of MW core, dimensions in mm

Figure 2. Bending tests of the sandwich panel:  
а) before the test; b) after the collapse
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2. FE modelling

To simulate tests, the ABAQUS program (Dassault Sys-
temes, 2017) is employed. For this reason, first, “heat 
transfer” analysis to obtain the temperature distribution 
and then the “static general” analysis to generate load-dis-
placement curvatures are conducted. The model consid-
ers the material nonlinearity and geometric nonlinearity. 
Furthermore, the contact behaviour is “Tie” between core 
and steel facings, as already shown in (Ozyurt, 2020). The 
core is modelled by solid elements, while shell elements 
are applied for the steel sheeting. The dimensions of the 
created models are according to the real dimensions of 
the specimens.

2.1. Material properties

Steel S280GD+Z, with a density of 7850 kg/m3, is used as 
the material properties for facings, and thermal properties 
of steel are defined according to EN 1993-1-2 (European 
Committee for Standardisation, 2005). Moreover, the me-
chanical properties of steel facing at elevated temperatures 
are decreased based on EN 1993-1-2.

The mechanical properties of the MW core are received 
from the testing. Figure 3 illustrates the strain-stress cur-
vatures for the MW core. All thermal properties for core 
materials such as thermal conductivity and specific heat 
are taken from the literature (Liu et al., 2017).

2.2. Boundary condition and loading

To simulate the boundary conditions precisely such as ex-
periments, both ends of the internal face of the sandwich 
in a surface of 150×1200 mm is fixed in X, Y and Z di-
rections. Mechanical loading is applied directly to the top 
sheet at four bands with an area of 120×1200 mm equal to 
the bottom surface of HEA 120 beams (Figure 4).

3. Verification of models

Nine models of MW sandwich panels for the finite ele-
ment models are verified by the experimental results. The 
load-displacement curvatures from the experimental re-
sults and simulations are used for comparison in Figure 5 
and Figure  6. To simplify simulations, damage criteria 
parameters and delamination effects are not applied in 
the models. Thus, the numerical simulation of this paper 
focuses mostly on the initial linear behaviour of the sand-
wich panel.

Although at 600  °C, the displacement in the tests is 
higher than the FE results, the experimental and numerical 
results show a good agreement in terms of the bending stiff-
ness and load-bearing capacity, which are the two param-
eters studied in this research (Figure 5 and Figure 6). The 
difference can be due to the movement of boundary condi-
tions caused by incomplete installation and the expansion 
at elevated temperatures. In order to control the experi-
mental conditions, the tests were stopped at some intervals.  

Figure 3. Stress-strain curvature for MW core

Figure 4. Finite element models of the sandwich panel:  
a) boundary conditions; b) failure mode

Figure 5. Load-displacement curves for MW panels 100 mm

Figure 6. Load-displacement curves for MW panels 230 mm
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These pauses during the tests are the cause of some jump-
ing (sharp movement) in the experimental curvatures. 
When the thickness of the panel changes from 100 mm 
to 230  mm, the load-bearing capacity increases up to 
78%; furthermore, the bending stiffness of the panel rises 
around 129%.

4. Parametric study

After numerical simulations are verified with the ex-
perimental results, the finite element model is applied 
for a parametric study focusing on the bending stiffness 
of sandwich panels at room temperature. The range of 
changing parameters is based on the sandwich panels di-
mensions produced in the industry.

In Table 1, the bending stiffness of MW sandwich 
panels achieved from FE models at normal condition is 
presented.

Where, D, B and L are the thickness, width and length 
of the sandwich panel, respectively. tF1 and tF2 are the 
nominal thickness of external and internal faces, and kFEM 
and Fmax show the bending stiffness and maximum load 
of sandwich panels, respectively.

In Figure  7, the load-displacement curves for MW 
sandwich panels with different length are compared. As 
expected, with the increase of the panel length, the bend-
ing stiffness is decreased. The effect of the panel width on 
the stiffness is demonstrated in Figure 8. There is a direct 
relation between stiffness and panel width, which changes 
in a range between 600 mm to 2500 mm.

One of the most crucial factors in the bending stiff-
ness of sandwich panels is the panel height. Greater panel 
heights lead to a higher moment inertia for the panel sec-
tion. According to the Eurocodes EN 14509:2013 (Euro-
pean Committee for Standardization, 2013), the moment 
inertia for the panel section has a significant influence 
on increasing the bending stiffness of sandwich panels 
(Figure 9). On the other hand, it has been observed that 
changing the face thickness in the ranges, as mentioned 
earlier, does not play a substantial role in the load-bearing 
capacity and bending stiffness of sandwich panels. Fig-
ure 10 indicates the load-displacement curves for panels 
with a different internal thickness of steel sheets.

4.1. Results and discussion

The thicker steel sheets have a higher bending stiffness 
than thinner ones; nevertheless, in comparison to other 
parameters, such growth is not significant. This fact can be 
interpreted through the dependence of the bending stiff-
ness on cross-section geometry of sandwich panels. In-
deed, the effect of facings thickness is slight compared to 
the whole sandwich panel section. Consequently, changing 
in facings thickness does not play any crucial role in the 
moment inertia of the entire panel. For instance, when the 
thickness of the internal sheet becomes 2.5 times thicker, 
the bending stiffness of the sandwich panel increases only 
10%. Such changes for the load-bearing capacity is even 
less, around 4.6%.

Table 1. Bending stiffness of MW sandwich panels at room temperature

Case
D B L tF1 tF2 kFEM Fmax

(mm) (mm) (mm) (mm) (mm) (kN/mm) (kN)

MW-tF2-0.4 100 1200 2500 0.6 0.4 0.81 8.11
MW-tF2-0.7 100 1200 2500 0.6 0.7 0.85 8.49
MW-tF2-1 100 1200 2500 0.6 1 0.87 8.49
MW-tF1-0.4 100 1200 2500 0.4 0.5 0.79 8.19
MW-tF1-0.7 100 1200 2500 0.7 0.5 0.84 8.19
MW-tF1-1 100 1200 2500 1 0.5 0.86 8.20
MW-D-90 90 1200 2500 0.6 0.5 0.74 7.73
MW-D-100 100 1200 2500 0.6 0.5 0.83 8.19
MW-D-160 160 1200 2500 0.6 0.5 1.31 13.49
MW-D-230 230 1200 2500 0.6 0.5 1.73 18.71
MW-D-300 300 1200 2500 0.6 0.5 2.06 23.51
MW-L-1875 100 1200 1875 0.6 0.5 1.3 8.49
MW-L-2500 100 1200 2500 0.6 0.5 0.83 8.19
MW-L-3125 100 1200 3125 0.6 0.5 0.64 8.48
MW-L-4500 100 1200 4500 0.6 0.5 0.34 7.34
MW-L-6000 100 1200 6000 0.6 0.5 0.2 7.12
MW-B-600 100 600 2500 0.6 0.5 0.41 4.06
MW-B-900 100 900 2500 0.6 0.5 0.62 6.13
MW-B-1200 100 1200 2500 0.6 0.5 0.83 8.19
MW-B-1500 100 1500 2500 0.6 0.5 1.04 10.54
MW-B-2500 100 2500 2500 0.6 0.5 1.5 15.2
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When it comes to the panel thickness, the direct ef-
fect of panel height on the resistance of specimens is no-
ticeable. As an example, once the height of panel changes 
from 90 mm to 300 mm, the load-bearing capacity and 
stiffness of the panel increase from 7.73 kN to 23.51 kN 
and 0.74 kN/mm to 2.06 kN/mm. 

On the contrary, the enlargement of the panel span 
reduces the load-bearing capacity and bending stiffness of 
sandwich panels. Nonetheless, the decrease in stiffness is 
higher than the load-bearing capacity. A larger panel span 
postpones the shear failure in the panels and increases the 
maximum deformation of panels.

Another investigated parameter in this research is the 
width of panels. According to the results, when the width 
rises from 600 mm to 2500 mm, both the stiffness and the 
maximum load increase approximately by 51%.

Conclusions

The focus of this paper has been first on the verification 
of simulation with experimental results for normal and 
fire cases and then the presentation of a parametric study 

at ambient temperatures. It has been observed that, at el-
evated temperatures, the performance of both bending 
stiffness and load-bearing capacity of sandwich panels 
deteriorate. The fundamental reason for such deteriora-
tion is the degradation of material properties at high tem-
peratures. Moreover, other factors such as initial deforma-
tion, cracks and delamination caused by fire can worsen 
the performance of sandwich panels at elevated tempera-
tures. The numerical results show that in the case of MW 
sandwich panel with a thickness of 100 mm, the bending 
stiffness and load-bearing capacity reduce around 69% 
and 73% respectively as soon as the temperature rises to 
600 °C. When the thickness of the panel is 230 mm, these 
decreases for 600 °C are 36% and 43% respectively. It can 
be explained by the fact that for the thicker panel, at the 
same time and temperature condition, the heat penetrates 
in a smaller volume of the core material.

The parametric study has proved that changing the 
panel width, length and height, as well as the thickness 
of steel sheets, affects the value of the bending stiffness 
and maximum load-bearing capacity. However, these ef-
fects can be different. For example, it was revealed that 

Figure 7. Load-displacement curves for MW panels  
with different lengths Figure 8. Load-displacement curves for MW panels  

with different widths

Figure 9. Load-displacement curves for MW panels  
with different heights

Figure 10. Load-displacement curves for MW panels  
with different thickness of internal faces
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changing in the thickness of the internal and external 
facings have the least effect on the panel behaviour. On 
the contrary, other parameters such as the thickness, span 
and width of the panel have a more significant impact on 
the bending stiffness. At elevated temperatures, the panels 
with a thickness of 230 mm showed higher fire resistance 
than the panels with a thickness of 100 mm. Consequently, 
in the conditions that there is a possibility for longer fire 
duration, the thicker panels are recommended. As future 
work, a parametric study at elevated temperatures will be 
conducted.
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