
Magazine of Civil Engineering. 2024. 17(8). Article No. 13202 

© Rybakov, V.A., Usanova, K., Seliverstov, A.V., Kislitcyna, A. A., Tsvetkova, A.A., Akimov, S.V., 2024. Published 
by Peter the Great St. Petersburg Polytechnic University. 

ISSN 
2712-8172 

Magazine of Civil Engineering 

journal homepage: http://engstroy.spbstu.ru/

Research article 

UDC 69.04 

DOI: 10.34910/MCE.132.2 

Bearing capacity of lightweight steel concrete enclosure wall 
panels 

V.A. Rybakov1   , K. Usanova1  , A.V. Seliverstov2 , A.A. Kislitcyna1 , A.A. Tsvetkova1 ,
S.V. Akimov1

1 Peter the Great St. Petersburg Polytechnic University, St. Petersburg, Russian Federation
2 LLC “Sovbi”, St. Petersburg, Russian Federation

 fishermanoff@mail.ru

Keywords: lightweight steel concrete enclosure wall panels, fastenings, bearing capacity, self-tapping 
screw 

Abstract. The object of this study is lightweight steel concrete enclosure wall panels consisting of light 
gauge steal profiles and foam lightweight cellular concrete filling in general and, in particular, their 
fastenings. The purpose of this study is to develop a methodology for calculating enclosure wall LSCS 
panels with partial resting on floor slabs fastened with self-tapping screws of the Harpoon type. Methods. 
The experimental study of behaviour of the sample of the LSCS panel fastened via galvanized plate with 
self-tapping screws to a metal tube, the rigidity of which is many times higher than the rigidity of the LSCS 
panel, from the action of a distributed load simulating wind pressure, is carried out. The density of foam 
concrete of the panel was measured during experiment and amounted to 370 kg/m3. Results. The 
methodology of calculating the bearing capacity of LSCS panel-to-slab fastenings is proposed and 
substantiated. The analytically calculated destructive load 28.25 kN is 9.3 % less than experimentally 
obtained destructive load 30.9 kN. It is shown that the loss of load-bearing capacity of the panel happens 
due to bearing of the steel sheet of the web of the light gauge steel profile of the panel. It is shown that the 
rigidity of the LSCS panel fastenings varies from the one corresponding to the fixed-support calculation 
scheme to the one corresponding to the hinged-support calculation scheme. The behaviour of the panel 
corresponds to the fixed-support calculation scheme before the load is 30 % of the value that gives the 
maximum allowable deflection, then the fasteners work as a finite stiffness support and turn into a plastic 
hinge when the load reaches 90 % of the abovementioned load. It is proposed to use the hinged-support 
calculation scheme in design practice. 
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1. Introduction
Energy efficiency concerns are critical in modern construction, and therefore, the choice of an optimal 

wall structure plays an important role. 

The most common technologies for producing enclosing structures can be divided into prefabricated 
structures and those constructed on site. The main disadvantage of structures built directly on site is the 
low speed of erection. Prefabricated structures are free from this disadvantage: prefabricated reinforced 
concrete panels, sheathed cold-formed steel (CFS) panels, and lightweight steel-concrete structural panels 
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(LSCS panels), consisting of LSCS (lightweight steel concrete structures). Thanks to factory assembly of 
panels, the labour intensity of their installation is reduced by 60% compared to the labour intensity of 
installing, for example, ventilated facades [1]. Moreover, prefabricated structures help reduce heating and 
cooling costs of the building [2]. 

External reinforced concrete wall panels typically consist of three layers: a load-bearing reinforced 
concrete layer, a middle thermal insulation layer, and an external protective reinforced concrete layer. The 
panels are connected to each other through embedded parts by welding or using key joints on 
reinforcement bar protrusions. High speed and low cost of construction as well as low cost of interior 
decoration due to smooth-faced walls make this technology attractive [3]. However, the low thermal 
insulation capacity of reinforced concrete, its high specific weight requiring the use of a crane, are obstacles 
to the use of this type of enclosing structures in low-rise construction. 

Another type of enclosing structure is sheathed CFS panels – a multilayer structure consisting of a 
frame filled with insulation and clad with facing sheets [4]. One of the significant disadvantages of frame-
sheathed walls is the flammability of mineral wool insulation, which reduces the fire resistance of the wall 
panel and limits the scope of application for this type of enclosing structure. 

The third type of prefabricated structures is LSCS panels, consisting of light gauge steel profiles 
(LGSPs) and foam lightweight cellular concrete (LCC). The Fig. 1 shows a drawing of one type of this panel. 
These structures can serve both load-bearing and enveloping functions in buildings and are free from the 
aforementioned disadvantages. Construction of a two-story house from LSCS panels takes only 15 days. 
Photo on Fig. 2 shows a detached residential house made from LSCS panels on the 5th and 15th day of 
construction. 

Figure 1. Composition of the wall panel and the general view. 

a) b) 
Figure 2. а) Mounted panels of a LSCS house on the 5th day of construction; 

b) Finished house on the 15th day of construction.
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The LSCS were described for the first time in [5]. It is based on constructing a structure from 
lightweight thin-walled steel profiles and filling the space between them with foam LCC .Prefabricated LSCS 
panels are a specific case of a structure built using LSCS technology. 

When concrete and steel structures work together, the combined properties of the system exceed 
the sum of the individual properties of concrete and steel considered separately. This phenomenon is 
observed under various types of stress-strain conditions, such as deformations caused by temperature 
changes [6], cyclic loading [7], concentric [8, 9] and eccentric [10] compression, and bending [11]. 

Concrete, when working in combination with the steel structure, significantly increases both its local 
and overall stability [12, 13]. The fact of increased stability in composite LGS structures is also substantiated 
in the experimental study in [14], where the compressed chord of LGS truss was filled with concrete. 
Similarly, Jiqin Wang and his research team [15] conducted experimental studies on LGS and foam 
concrete panels under cyclic loading. 

It has been experimentally proven that foam concrete, despite its extremely low strength class, 
actually contributes to structural performance, preventing effects, such as local buckling, failure, and 
warping of the steel profile elements [16]. Additionally, it increases the overall load-bearing capacity of the 
flooring by 20–25 % [5]. Study [17] established that the shear strength of a lightweight concrete sample is 
approximately the same as that of a sample made from regular concrete. 

Foam concrete in the structure serves as a thermal and sound insulation material [18], and due to its 
adhesion to steel, it increases the load-bearing capacity of LGS profiles, preventing profile distortion and 
ensuring that there is no cross-sectional warping or bimoment, which are integral factors to the mechanics 
of thin-walled members and often lead to a twofold increase in stresses in the structure. In previous studies, 
the authors confirmed that the use of foam concrete allows for an increase in the structural performance 
factor [19]. Similar results were obtained for LGS profiles sheathed with oriented strand boards (OSBs) in 
[20]. 

The advantages of composite steel and concrete structures include improved fire resistance 
compared to steel structures [21–23], reduced steel intensity [24], and increased corrosion resistance [25]. 

However, in the regulatory documentation governing the use of LGS profile fasteners, there are no 
recommendations for calculating the fastening of LSCS panels to the load-bearing frame of the building, 
despite the practicality of using this type of structure, which complicates their design. Some studies, for 
example [26], reveal that failure of self-tapping screws is the most probable cause of LSCS structural failure. 
However, there are very few publications in the scientific literature specifically dedicated to the bearing 
capacity of self-tapping screws in LSCS [27, 28]. The few existing studies [29, 30], and [31] focus on the 
use of self-tapping screws for fastening LGS profiles to each other. 

In light of the above, the aim of this study was formulated: to develop a method for calculating 
enclosure wall LSCS panels with partial resting on floor slabs fastened with self-tapping screws. To achieve 
this aim, the following tasks were set: 

1. Experimental determination of behavior, load-bearing capacity and deflections of a sample of LSCS
panel with density of foam concrete 370 kg/m3.

2. Analytical calculation of the load-bearing capacity of self-tapping screws fastening LSCS panels.

3. Calculation of the deflections of LSCS panels for both hinged and rigidly fixed panel supports.

4. Assessment of the impact of the fasteners on the calculation scheme.

2. Materials and Methods
Fig. 3 shows a constructive solution of supporting the enclosing wall panels on the building's load-

bearing structures. 
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Figure 3. Fastening of the LSCS panel to a floor slab. 
Let us model this type of panel support in an experimental study with the following assumption: 

− the actual structure is analogous to the tested sample, preserving a 1:10 thickness-to-length
ratio;

− the stiffness of the floor slab significantly exceeds that of the LSCS panel. Therefore, for the
purposes of testing, the complex-to-manufacture floor slab will be replaced with a
150×150×8 mm profile steel tube;

− due to the constraints of the experimental setup, the test will be performed on a sample
measuring 1500×360×170 mm, rather than a full-size panel.

Here is the description of the most important parts of the tested sample: 

− self-tapping screws Harpoon HD-R 5.5х25 produced according to Organization Standard STO
0065-83135335-2014 Self-Tapping and Self-Drilling Screws for Wall and Roof Mounting
Structures Made of Light Gauge Steel
(https://www.snabmetiz.ru/UserFiles/Image/_Docs/STO_0065-2014_Harpoon.pdf) to fix the
panel to the 150×150×8 profile steel tube;

− 2 pieces of galvanized mounting plates 120×290×2 mm made of steel with yield stress 275 MPa
to fix the panel to the 150×150×8 mm profile steel tube;

− fiber-cement sheets 1500×360×8 mm at both sides of the panel;
− the LSCS frame of the panel made of “GPS-type” profiles 150×50×1.5 mm and filled with foam

concrete with the density of 370 kg/m3;
− steel exhaust rivets to fix the elements of the LSCS frame to each other.
The sample was suspended from mounting plates attached to the load-bearing components of the

setup and subjected to 4 forces spaced 300 mm apart, which can be considered as an approximation of a 
distributed load simulating wind pressure. 

Here is the description of the most important parts of the experimental setup: 

− channel bar 120 mm high, 650 mm long;
− channel bar 120 mm high, 400 mm long, 2 pieces;
− concrete prisms 360×100×100 mm with the density of 2500 kg/m3, 4 pieces;
− wood block filler 360×100×25 mm placed under concrete prisms to prevent local deformation of

the steel profile under compression, 4 pieces;
− flexometers, 4 pieces, were placed in the middle of the panel and near the supports;
− hydraulic jack;
− hand-force hydraulic pump;
− dynamometer.
Table 1 shows the characteristics of the equipment.

https://www.multitran.com/m.exe?s=hand-force+pump&l1=1&l2=2


Magazine of Civil Engineering, 17(8), 2024 

Table 1. Equipment used for LSCS panel testing. 

No Designation of equipment Brand Vendor 

1 Hydraulic equipment loading 
Universal single-sided jack 

50 tnf-150 mm  
Enerpred JSC Industrial group 

Hydromechanics 

Hand-force hydraulic pump 2 l Enerpred JSC Industrial group 
Hydromechanics 

2 Compression dynamometer  Stroypribor LLC Stroypribor 

3 Flexometer Stroypribor JSC Industrial group 
Hydromechanics 

Fig. 4 shows the configuration of the sample and the experimental setup. The total weight of the 
distribution system was 1.02 kN. 

The tests were conducted on five panel samples. 

Figure 4. Scheme of the experimental setup. 
The loading scheme adopted in the experimental study of the LSCS panel is shown in Fig. 5.

Figure 5. Loading scheme. 

https://www.multitran.com/m.exe?s=hydraulic&l1=1&l2=2
https://www.multitran.com/m.exe?s=hydromechanics&l1=1&l2=2
https://www.multitran.com/m.exe?s=hand-force+pump&l1=1&l2=2
https://www.multitran.com/m.exe?s=hydromechanics&l1=1&l2=2
https://www.multitran.com/m.exe?s=hydromechanics&l1=1&l2=2
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Photographs of the experiment and the fastening node before load application are presented in 
Figs. 6 and 7. 

Figure 6. Experimental setup before the start of the test. 

Figure 7. Fastening of the panel before the start of the test. 

3. Results and Discussion
Figs. 8 and 9 show the nature of the sample failure. 

Figure 8. The process of the fastening of the panel failure. Side view.  
(For watching the video open the PDF in Adobe Acrobat and allow multimedia and 3D content. 

DOI: https://doi.org/10.18720/SPBPU/2/VIDEO/z24-21). 

https://doi.org/10.18720/SPBPU/2/VIDEO/z24-21
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Figure 9. The process of the fastening of the panel failure. Front view.   
(For watching the video open the PDF in Adobe Acrobat and allow multimedia and 3D content. 

DOI: https://doi.org/10.18720/SPBPU/2/VIDEO/z24-20). 
Table 2 shows values of the destructive loads for each sample. 

Table 2. Destructive load values. 

Sample designation Destructive loads, kN 

Panel No 1 31.39 
Panel No 2 31.39 
Panel No 3 31.39 
Panel No 4 33.35 
Panel No 5 27.47 
Panel No 6 30.41 

Average destructive load 30.9 
 

Let us compare the value of the destructive load for the fasteners obtained in the experiment with 
the values of the destructive load calculated according to STO 0065-2014. 

There are three types of connection failures for self-tapping screws subjected to shear: 

− sheet bearing; 
− sheet tearing along the net section; 
− screw shear. 
Let us determine the connection strength for each of the three types of connection failures. 

The bearing strength of the base material by the screw is calculated by using formula (1): 

,c un
b

m

RF
d t

γ ⋅α ⋅
=

γ ⋅ ⋅
                                                                  (1) 

where bF  is design bearing strength of the base material; unR  is ultimate tensile strength of the base 

material in which the screw is installed; mγ  is safety factor for material strength equal to 1.25; cγ  is 
condition load effect factor equal to 0.8; t  is thickness of the thinner of the connected sheets; d  is nominal 
diameter of the screw, α  is coefficient depending on the thickness ratio of the connected sheets and equal 
to 1.76. 

Shear strength of the screw is calculated using formula (2): 

,vn
v c

m

FF = γ ⋅
γ

                                                                         (2) 

https://doi.org/10.18720/SPBPU/2/VIDEO/z24-20
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where vF  is design shear strength of the screw; vnF  is screw strength according to the manufacturer's 

standard; mγ  is safety factor for material strength equal to 1.3; cγ  is condition load effect factor equal to 
0.8. 

Tensile strength of the sheet along the net section is determined using formula (3): 

,yn
t c netto

m

R
F A= γ ⋅

γ
                                                                  (3) 

where tF  is design tensile strength of the sheet along the net section; ynR  is yield strength of the material 

in which the self-tapping screw is installed; mγ  is safety factor for material strength equal to 1.25; cγ  is 

condition load effect factor equal to 0.9; nettoA  is net section area of the connected elements. 

Table 3 shows the results of the calculation. 

Table 3. Destructive load for one self-drilling screw. 

Type of connection failure Destructive load per 
screw, kN 

Sheet bearing 28.25 
Sheet tearing along the net section 151.08 

Screw shear 40.63 
 

As we can see, the minimum destructive load for this fastener is the load that leads to the bearing 
failure of the sheet material. It amounts to 28.25 kN, which is 9.3 % less than 30.9 kN, the average 
destructive load according to the experimental results. The difference in the results is explained by the 
safety factors in the calculation formula. Thus, this method for determining the strength of the LSCS panel 
fastening to the floor slab can be considered reliable. 

3.1. Displacements in the span 
Deflections of the panel are determined as the difference between the average readings of 

deflectometers T1, T3, installed in the middle of the span, and deflectometers T2, T4, installed near the 
supports. 

Let us analytically determine displacements for the hinged (Figs. 10, 11) and fixed on both ends 
(Fig. 12) calculation models. 

 
Figure 10. Bending moments in the hinged calculating model. 

 
Figure 11. Auxiliary loading. 
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Figure 12. Bending moments in the rigidly fixed calculation model. 

Displacements in the hinged model are determined by integration (4): 

3
, 1

0
0.01575 ,p hinged

hinged

l M M Pld dx
EI EI

= =∫                                         (4) 

where ,p hingedM  is shown on Fig. 9, 1M  is shown on Fig. 10. 

The Maxwell–Mohr integral (4) is obtained by multiplying the ,p hingedM  epure (Fig. 10) and 1M  

(Fig. 11) using the Simpson formula (formula of parabolic trapezoids). 

The bending stiffness of the beam is determined as the sum of the bending stiffnesses of the thin-
walled profile and the foam concrete is determined by the formula (5): 

2691 kN m ,b b s sEI E I E I= + = ⋅ ⋅                                                      (5) 

where bE  = 843 MPa – modulus of elasticity of the panel is taken according to Organization Standard (LLC 
Sovbi, Russian Federation) STO 06041112.002-2018 “Steel-Concrete structures made of thermal 
insulation non-autoclave foam concrete profile steel cladded with fiber cement sheets” (STO 
06041112.002-2018), a density of 370 kg/m3, determined by weighing the panels after the experiment;  

bI  = 1.47·104cm4 – moment of inertia of the panel; sE  = 2.1·105 MPa – modulus of elasticity of steel;  

sI  = 282 cm4 – moment of inertia of two GPS-type profiles fabricated according to STO 06041112.002-
2018. This document was developed on the basis of the research, conducted by us in 2018-2023 years [5, 
21, 25]. 

Similarly, we obtain the formula for determining the displacements in the middle of the span in the 
fixed-supports model through integration (6): 

3
, 1

0
0.00325 ,p fixed

fixed

l M M Pld dx
EI EI

= =∫                                                (6) 

where ,p hingedM  is shown on Fig. 12, 1M  is shown on Fig. 11. 

The Maxwell–Mohr integral (6) is obtained by multiplying the ,p hingedM  epure(Fig. 12) and 1M  

(Fig. 11) using the Simpson formula (formula of parabolic trapezoids). 

For the nonrigid fastening of the walls of a multi-storey building within one floor, the maximum 
horizontal deflection of the concerned panel as of a separate structural element is calculated by formula 
(7): 

1500 5 mm,
300 300

s
u

hf = = =                                                               (7) 

where sh  – the hight of the storey (in our research it is the length of the panel l  = 1500 mm). 
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The stresses in the tested sample were found to be 200 MPa for the hinged system and 65 MPa for 
rigidly fixed system, and they do not reach the yield strength of the steel which equals 220 MPa. The 
limitation of the profile operation happens due to exceeding the maximum deflection. 

To conclude the study, let us examine the experimental deflection values and compare them with 
the calculated values. The results are presented in Fig. 13. 

 
Figure 13. Deflection-load diagram. 

We can observe a change in the behaviour of the panel. Initially, when the load is between 0 and 
4.9 kN, the behaviour of the panel corresponds to that of a beam rigidly fixed on both ends. As the load 
increases, plastic hinges begin to form at the supports, and the behaviour of the specimen shifts toward 
that of a beam with hinged supports. Since the plastic hinges do not form instantaneously but over time, 
the behaviour of the structure changes gradually and is nonlinear. For the same reason, the deflection 
values of the panel from the applied load, as determined experimentally, are lower than those determined 
analytically for the hinged support case. The values start to correspond with the experimental results at a 
load of 16 kN, when the formation of plastic hinges in the fasteners is completed. 

The maximum allowable deflection fu  = 5 mm is reached at a load ranging from 15.7 to 17.2 kN, 

which represents 50.8 to 55.7 % of the load-bearing capacity and corresponds to a deflection of 4.8 to 
5.3 mm as determined analytically for the hinged support case, and a deflection of 1.0 to 1.1 mm as 
determined analytically for the rigid fixation case. 

It is evident that the deflection values determined analytically for the rigid fixation case are 
significantly lower than the actual deflections in the structure. Therefore, it is recommended to perform an 
analytical calculation of the panel's deflections under external load for the hinged support case. 

4. Conclusions 
As a result of the study, the following outcomes were achieved: 

1. It is shown that the loss of the load-bearing capacity of the panel happens due to bearing of the 
steel sheet of the web of the panel LGSP. 

2. The method of calculating the bearing capacity of LSCS panel-to-slab fastenings is proposed and 
substantiated. The analytically calculated destructive load 28.25 kN is 9.3 % less than 
experimentally obtained destructive load 30.9 kN. 

3. It is shown that the rigidity of the LSCS panel fastenings varies from the one corresponding to the 
fixed-support calculation scheme to the one corresponding to the hinged-support calculation 
scheme. The behavior of the panel corresponds to the fixed-support calculation scheme before the 
load is 30 % of the value that gives the maximum allowable deflection, than the fasteners work as 
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an finite stiffness support and turn into a plastic hinge when the load reaches 90 % of the 
abovementioned load. 

4. It is proposed to use the hinged-support calculation scheme in design practice. 

5. The results of the research are implemented into the LLC “Sovbi” (Russian Federation, Saint 
Petersburg) activity. 
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