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Abstract. The authors proposed the methodology of carrying capacity determination of steel-concrete beams with external 
steel sheet reinforcement under thermal and power impacts. It’s assumed standard temperature range of fire in the room and 
instantaneous load. The strength calculations were provided in order to determine bending stress and beams deflection due to 
support conditions of the beam. The mineral wool coat Rockwool series Conlit SL150 were used as the beam fire protection. 
Described researches were done taking into account the basic conditions of beams loading and bearing as well as non-linear 
“stress-strain” dependencies of concrete and external steel reinforcement. 
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Introduction 

 
Widespread implementation of structures with the 

external reinforcement in practice is hampered by lack of 
existing standards in design methodologies for strength 
and carrying capacity calculating under power and ther-
mal impacts. The steel-concrete beams with external steel 
sheet reinforcement were examined in the article under 
instantaneous load and standard temperature range of fire. 
Joint work of concrete layer and the steel sheet rein-
forcement was ensured by loop anchors. 
 
Strength calculation methodology 

 
The algorithm for strength calculations of steel-

concrete slabs with 1× h  section size at temperature in-
fluence (Fig. 1) is considered in (Chikhladze et al. 2000; 
Milovanov 1986).  

It’s assumed that fire is located under the slab, cause 
and fire scenario are not considered. As strength criterion 
it is considered the occurrence of ultimate bending 
strength in compressed zone of concrete or yield strength 
in steel sheet. 

The equilibrium equations for examined plates (Fig. 2) 
in conditions of uniaxial deformation could be written as: 
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Fig. 1. The deformations in cross section of steel-concrete 
element 

 
The temperature bending moment MT and rigidity 

1D  were obtained in assumption that slab width (b) is 

equal to 1 m. For slabs calculation with different size let 
us change the load intensity q on q0 = q / b. 

Deflection function for two hinged supported beam 
could be written as: 
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Fig. 2. Slab analytical model 

 
The maximum bowing (maximum value of bending 

moment) take place at the slab middle 2Lx = : 
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It is necessary to mention that rigidity coefficient 

1D  and temperature bending moment MT are not deter-

mined yet, since it is unknown position of neutral surface 
(dimension h1). 

In case of uncracked condition 0,12 =−= lhhh c , 

thus we obtain the following equation for the unknown 
dimension 1h : 
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According to (Chikhladze et al. 2000), we have the 

necessary equation for 1h : 
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where 05,0≈ε , coefficients )(Tcβ  and )(Tsβ  charac-

terize dependence of concrete and steel modulus of elas-
ticity on temperature. 

For compression concrete side strength conditions 
could be written as follows: 
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where coefficients )(Tcγ  and )(Tsγ  characterize de-

pendence of concrete working compression stress cmf  

and steel yield stress on temperature. 
Let us consider the beams with other supporting 

conditions (Fig. 3).  
If we examine the beam with restrained and hinged 

ends (Fig. 3a) the maximum bowing (maximum value of 
bending moment) takes place in cross section where 

0=x . Desired value will be equal to those, which we 
obtained during the previous calculation of hinged sup-
ported beam. Due to this the strength conditions are equal 
to (5) and (6). 

 

 

Fig. 3. The beams with different supporting conditions:  
a) – beam with restrained and hinged ends; b) – cantilever beam 

 
In arbitrary cross section the beam deflection can be 

calculated as follows: 
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We can say that maximum value of bending moment 

take place in section where Lx 578,0= . 
If we examine the cantilever beam (Fig. 3b) the 

maximum value of bending moment takes place in cross 
section where Lx =  
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The maximum bowing in section where 0=x  is 

equal to: 
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In this case the strength conditions could be written 

as follows: 
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The design model of steel-concrete beam assumed 

during the computational investigation is shown at Fig. 4. 
The beams are made from concrete with strength quality 
С25/30, the consistency which is equal to 2300 kg/m3 and 
normal humidity equal to 3%, which is correspond to 
concrete hardening during the 28 days. The bearing ele-
ment (steel sheet) is made from structural steel of St.3 
grade. Loop anchors were made from reinforcing-bar 
steel of А240 grade and bar diameter equal to 4 mm. In 
order to ensure the demanded values of fire-resistance 
rating of considered beams (DBN V.1.2-7-2008), the 
mineral wool coat Rockwool series Conlit SL150 were 
used as the beam fire protection during the calculations. 
Thickness of fire-retardant coat is 25 mm. The thermal-
physic characteristics of fire-retardant coat were taken in 
accordance with (EN 1992-1-2:2004). 

 

 

Fig. 4. The design model of examined beams with external  
steel sheet reinforcement 

 
The standard fire temperature conditions were as-

sumed during the computational investigation. The tem-
perature-height graph for described beams after two hours 
of fire impact, are shown at Fig. 5. 

 

 
Fig. 5. The temperature distribution at 120th minute  

of fire impact 

Analyzing the calculation results it is possible to say 
that carrying capacity of two hinged supported beam 
under only power load is kPaq 43max = ; 

kPa9.123.0 max =q . In accordance to equations (5) and 

(6) the residual strength equal to 7 % from cmfγ  could be 

ensured after two hours of fire impact. The stresses in 
steel sheet are less than yield stress in 2–2.5 times. The 
dependence of maximum beam deflection value from the 
fire impact period is shown at Fig. 6a. 

 

Fig. 6. The deflection-temperature diagrams: a) – two hinged 
supported beam; b) – beam with restrained and hinged ends;  

c) – cantilever beam 
 

The validity of obtained results were proved in com-
parison with the experimental results of steel-concrete 
beams destruction under only the mechanical load (Ko-
valov 2008) and the results of finite-element modeling in 
software package ANSYS (Vatulia et al. 2014).  

We can mentioned, that the maximum bending mo-
ment Mmax for beam with restrained and hinged ends take 
place in built-in support and is equal to correspondent 
moment value for two hinged supported beam. Thus, the 
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fire resistance calculation (strength calculation on first 
cluster of limiting state) is equal to previous calculation. 
The beam destruction is not occurred during two hours of 
fire impact. The dependence of maximum beam deflec-
tion value from the fire impact period is shown at Fig.6b. 

Analyzing the calculation results it is possible to say 
that carrying capacity of cantilever beam under only 
power load is kPaq 3.12max = ; kPa69.33.0 max =q . 

The residual strength equal to 2.3 % from cmfγ  could be 

ensured after two hours of fire impact. The dependence of 
maximum beam deflection value from the fire impact 
period is shown at Fig.6c. 

 
Conclusions 

 
Based on verification results we could ensure that 

proposed calculation methodology can be used during the 
strength evaluation of steel-concrete beams with external 
sheet reinforcement under thermal and power impact 
taking into account different support conditions. It’s 
shown that utilizing the mineral wool fire-retardant coat 
Rockwool series Conlit SL150 with thickness equal to 
25 mm helps to warranty demanded beams fire resistance 
during 120 minutes. 
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