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ABSTRACT 

In this work a toolkit is developed in Microsoft Excel to verify the safety of steel-concrete 
continuous beams in buildings regarding the Ultimate Limit State, in accordance with the structural 
eurocodes, namely EN 1994-1-1. In a first stage, a theoretical approach is taken on this standard 
and a methodology for its application is proposed. Additionally, a pratical example of the safety 
check of a composite beam section is shown and the functionalities of the toolkit are presented. 

In a second stage, a parametric study is elaborated from the conceived program, where it is 
analyzed the influence of the parameters considered the most relevant in the behaviour of a 
composite beam, namely some rheological and geometrical properties of concrete and structural 
steel, and also loading and support conditions. In this study it was possible to conclude that the 
profile steel grade has a great impact on the strength of the composite section and that the 
concrete class is almost always irrelevant since the conditioning section is usually a hogging 
bending moment section, where the contribution of the concrete to the resistence of the section 
is neglected. Lastly, useful tables for the design of this type of beams were elaborated. 

Key-words: Composite beam, safety check, EN 1994-1-1, design table 

 

1. INITIAL CONSIDERATIONS  

The object of this dissertation are the steel-concrete composite beams. Nowadays, these beams 
represent an alternative to the reinforced concrete beams and steel beams and are inserted in 
the building construction market, with more prominence in office buildings, hotels and car parks. 
Although the adhesion to the use of this structural element is not yet very high when compared 
to steel structures or concrete structures, over the years there has been a positive evolution in 
the understanding of the structural behaviour of these beams and in the quality of the materials 
that consitute them. However, the european standard provides an extensive set of rules and the 
design of the beams is still an hard-working process. It is essential to continue to progress in the 
study and research of composite beams through experimental and numerical analysis, to 
implement new construction techniques and to create tools that simplify their design. This is the 
only way to achieve improvements in the efficiency and economy of this element and, in the way, 
to boost its use in the construction market. 

The main goal of this thesis topic is the development of a toolkit in Excel to check the safety of 
continuous steel-concrete composite beams regarding the Ultimate Limit State. Additionally, 
through the developed toolkit, a parametric study is intended to be done in order to analyze the 
impact of some parameters of the composite beam. Finally, it is aimed the elaboration of tables 
that are useful to the design of continuous composite beams regarding the Ultimate Limit State. 

 

2. LITERATURE REVIEW 

The present work is based mainly on EN 1994-1-1. This standard integrates Eurocode 4: Design 
of composite steel-concrete structures and represents Part 1-1, referring to general rules for 
buildings. Part 1-2 regarding the verification of fire resistance is not addressed in this dissertation.  

“Composite structure is one where there are structural elements with a composite section, this is, 
resistant sections, in which two or more materials are connected between themselves and work 
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together, thus obtaining structural elements with different behavior from that of the individual 
materials.”, [Calado e Santos, 2010]. Composite steel-concrete structures have been increasingly 
used in the construction of bridges and buildings due to the evident economic and constructive 
advantages they offer. Concrete restricts displacements of steel elements, thus avoiding 
instability phenomena. In addition, it is more resistant than steel to fire and corrosion, as well as 
greater resistance to compression. Steel is a material with high tensile strength, offers ductility to 
the structures, allows a structure with low self-weight and is an easy-to-assemble element. 

The present work is focused on composite beams. The cross-sections of these beams may have 
several shapes although they are usually composed by a solid or ribbed concrete slab that rests 
directly on a I or H steel profile. The profile can be welded or rolled, and may or may not have the 
web involved in concrete. Both materials are connected mechanically by shear connectors. 

 

3. SAFETY CHECK OF COMPOSITE BEAMS ACCORDING TO EN 1994-1-1 

3.1. Effective width of the concrete flange 

In order to allow a uniform distribution of stresses and thus simplify the analysis of the cross-
section of the composite beam, the concept of effective width is applied. In EN 1994-1-1, clause 
5.4.1.2 (5) sets that the effective widths of the concrete should be defined by the expression: 

 𝑏𝑒𝑓𝑓 = 𝑏0 + ∑ 𝑏𝑒𝑖 (3.1) 

in which: 
𝑏0 is the distance between centers of extreme connectors; 

𝑏𝑒𝑖 is the effective width of the concrete flange on each side of the web and equals to 
𝐿𝑒/8 but not greater than 𝑏𝑖. The value of 𝑏𝑖 is considered equal to the distance of the extreme 
shear connector to a point midway between adjacent webs measured at half height of the 
concrete flange. The length 𝐿𝑒 is considered equal to the approximate distance between points 
of null bending moment. For continuous composite beams, whose design is done through the 
current envelope, and for cantilevers, this value is determined in Figure 5.1 of EN 1994-1-1. 

 

3.2. Classification of cross-sections 

The classification system defined in EN 1993-1-1 for steel structures is also applicable to cross-
sections of composite beams, EN 1994-1-1, 5.5. For these beams there is also the particularity 
that a compressed steel element restricted by connection to the concrete element can be 
considered to be of a more favorable class, provided that the improvement resulting from the 
performance of the composite element is ensured, 5.5.1 (3). Specifically, a compression steel 
flange whose buckling is prevented by an effective connection to the concrete flange by means 
of connectors may be considered of Class 1 if the rules of clause 6.6.5.5 regarding the spacing 
of connectors are satisfied, 5.5.2 (1). Also, the concrete in tension should be neglected, 5.5.1 (4). 

In composite sections without concrete encasement there is a possibility for a cross-section with 
a web of Class 3 and flanges of Classes 1 or 2 to be treated as an effective Class 2 section with 
an effective web, by using the method described in EN 1993-1-1, 6.2.2.4. The part of the web in 
compression must be replaced by a part of 20 Ꜫ 𝑡𝑤 adjacent to the compressed flange and by 
another part of 20 Ꜫ 𝑡𝑤 adjacent to the neutral plastic axis of the effective cross-section. 

For beams with concrete encasement, the concrete that encases the web must be reinforced, 
mechanically connected to the steel profile and capable of preventing buckling of the web, in 
accordance with the conditions defined in EN 1994-1-1, 5.5.3 (2). The outstand steel flanges of a 
composite section that satisfy these requirements may be classified in accordance with 5.5.3 (1). 
Also, a web of Class 3 that satisfies these requirements may be represented by an effective web 
with the same cross-section of Class 2, 5.5.3 (3). 
 

3.3. Ultimate Limit State on composite beams 

For the design of composite beams regarding the Ultimate Limite State the following resistances 
must be evaluated and verified, EN 1994-1-1, 6.1.1 resistance of critical cross-sections, 6.2 and 
6.3; resistance to shear buckling, 6.2.2.3; resistance to lateral-torsional buckling, 6.4; resistance 
to transverse forces on webs, 6.5; resistance to longitudinal shear, 6.6. 
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Critical cross-sections of the composite beam include maximum bending moment sections, 
sections of supports, sections subject to concentrated loads or reactions and also areas where 
there is a sudden change of cross-section that is not due to cracking of the concrete. The 
verification of the resistance to transverse forces in webs is only necessary in the presence of 
concentrated loads. In the present work, this verification was not analyzed, since only the 
application of uniform loads along the composited beam was considered. 

 

3.3.1. Cross-section resistance  

The resistance of critical cross-sections includes a) bending resistance, which can consider total 
or partial connection; b) vertical shear resistance and shear buckling resistance; c) the interation 
of both bending and vertical shear. All these topics are addressed in EN 1994-1-1, which provides 
a set of rules to check the safety of each. In Figure 1, a flow chart is presented with a proposition 
of a methodology to connect the referred topics and specifying the clauses for each safety check. 

 

Figure 1 - Methodology to analyze the resistance of a composite cross-section 
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The resistance of beams with concrete encasement is addressed in EN 1994-1-1, 6.3. This clause 
is only applicable to Class 1 or 2 sections with 𝑑/𝑡𝑤 ≤ 124 Ꜫ. When using partial connection, the 
concrete involved in the web of the steel profile is analyzed with full connection and the plastic 
resistance moment of the beam must be calculated in the same way as a profile without concrete 
encasement, with the particularity that the reduction on the compression force is only applicable 
to the concrete flange, 6.3.2 (4). Also, in a conservative way, it can be assumed that the design 
value of the shear resistance of a partially encased beam is equal to the value of the plastic shear 
resistance at the shear stress 𝑉𝑝𝑙,𝑎,𝑅𝑑, thus neglecting the contribution of the encased concrete. 

As for the shear buckling resistance of the web of the steel profile, there is no need for any checks, 
since clause 6.3.3 (1) states that the value of 𝑉𝑝𝑙,𝑎,𝑅𝑑 is obtained only from clause 6.2.2.2 (2). 

 

3.3.2. Global Analysis 

In the global analysis it is common to carry out a linear elastic analysis, which is generally of first 
order. The analysis can be cracked or uncracked depending on the need to consider the cracking 
effect. In clause 5.4.2.3 it is stated that it will be necessary to consider this effect in regions where 

the tensile stress in the extreme fibre of the concrete, 𝜎𝑐,𝑚𝑎𝑥, exceeds twice the mean value of the 

axial tensile strength of concrete, 𝑓𝑐𝑡𝑚. In these situations a cracked analysis or, alternatively, a 
simplified method consisting of an uncracked analysis with posterior redistribution of moments 
may be adopted. When using the simplified method, the maximum redistribution value that can 
be applied due to the cracking effect is the value obtained by subtracting the values from Table 
5.1 of EN 1994-1-1, 5.4.4, of an uncracked analysis for the values of a cracked analysis. 

Regardless of the type of analysis used, it is possible to apply a redistribution of moments in order 
to optimize the design. However, according to clause 5.4.4 (4), this redistribution cannot be 
applied in some situations, such as when fatigue occurs, for beams partially encased, when the 
resistance of the beam is reduced due to lateral buckling. The maximum redistribution value due 
to the optimization of the design that can be applied is also given in Table 5.1 of EN 1994-1-1. 

 

3.3.3. Lateral-torsional buckling resistance 

The design value of the buckling resistance moment of a continuous beam that is laterally 
unrestrained and has cross-sections of Classes 1, 2 or 3 and a uniform steel section shall be: 

 𝑀𝑏,𝑅𝑑 = 𝜒𝐿𝑇  𝑀𝑅𝑑 (3.2) 

where: 
𝑀𝑅𝑑 is the design resistance moment on the respective internal support; 

𝜒𝐿𝑇 is the reduction factor for lateral buckling. This coefficient is determined in function of 

the slenderness 𝜆̅
𝐿𝑇 = √𝑀𝑅𝑘/𝑀𝑐𝑟 and can be obtained from one of two methods recommended 

by EN 1993-1-1, with 𝑀𝑅𝑘 being the resistance moment of the composite section calculated from 
the characteristic values of the properties of the materials and 𝑀𝑐𝑟 the elastic critical moment of 
lateral buckling in the internal support of the section with the greatest hogging bending moment. 
The calculation of 𝑀𝑐𝑟 can be based on the "inverted-U frame", Figure 2, according to clause 6.4.2 
(5). An expression for the calculation of this moment is given in ENV 1994-1-1, Annex B.1.2. 

 

Figure 2 – Inverted-U frame, [EN 1994-1-1] 

 

3.3.4. Longitudinal shear resistance 

In buildings, if all sections are of Class 1 or 2, then it is possible to use partial connection in the 
beams, 6.6.1.1 (14). However, it is only possible in the regions of sagging bending moment and 
if the limitations imposed by clause 6.6.1.2 are satisfied. These limitations allow to consider that 
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the connectors used are ductile, that is, that the connectors have a sufficient deformation capacity 
that justifies the ideal plastic behavior hypothesis of the shear connection, 6.6.1.1 (4). 

The ductile connectors may be uniformly spaced along the length between adjacent critical 
sections if (a) all critical sections in the span are of Class 1 or 2; (b) 𝜂 satisfies the limits given in 
6.6.1.2 and (c) the plastic resistance bending moment of the composite section does not exceed 
2,5 times the plastic resistance bending moment of the steel section alone. If the plastic resistance 
bending moment of the composite section exceeds 2,5 times the plastic resistance bending 
moment of the steel section alone, additional safety checks shall be carried out concerning the 
adequacy of the shear connection at intermediate points approximately at half the length between 
adjacent critical sections, 6.6.1.3 (4). The required number of shear connectors shall be 
distributed between a point of maximum sagging moment and an adjacent support or point of 
maximum hogging moment, according to the calculated longitudinal shear force, 6.6.1.3 (5). 

The desing longitudinal shear force, 𝑉𝐿, shall be determined in a way consistent to the design 
bending resistance, considering the difference between the normal force in concrete and steel 
profile, along a critical length, 6.6.2.2 as shown in Figure 3 a). The number of connectors to be 
placed along the critical lenght 𝑖 is given by 𝑁𝑖 = 𝑉𝐿𝑖/𝑃𝑅𝑑, where 𝑉𝐿𝑖 is the longitudinal shear force 
on that lenght and 𝑃𝑅𝑑  is the design shear resistance of a head stud given in EN 14555. 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the transverse reinforcement, at each surface of shear failure, Figure 3 b), the longitudinal 
shear stress shall be determined from the longitudinal shear force per unit length of the beam, 
taking into account the number of shear planes and the length of the shear surface, 6.6.6.1 (5), 
as shown by the following expression: 

 𝜐𝐿,𝐸𝑑,𝑎−𝑎 =
𝑉𝐿,𝐸𝑑/2

ℎ𝑓

                𝜐𝐿,𝐸𝑑,𝑏−𝑏 =
𝑉𝐿,𝐸𝑑

ℎ𝑓

 (3.3) 

where: 
𝜐𝐿,𝐸𝑑,𝑎−𝑎 and 𝜐𝐿,𝐸𝑑,𝑏−𝑏 are the longitudinal shear stresses in surfaces 𝑎-𝑎 and 𝑏-𝑏; 

𝑉𝐿,𝐸𝑑 is the longitudinal shear force per unit length; 

ℎ𝑓 is the lenght of the shear surface 𝑖; 

Thus, the longitudinal shear resistance is evaluated from the following expressions of EN 1992-
1-1, which allow, respectively, to analyze the need for transverse reinforcement per unit length 
and to prevent crushing of the compressed struts in the concrete flange: 

 
𝐴𝑠𝑓 

𝑠𝑓

≥
𝜐𝐿,𝐸𝑑,𝑖  ℎ𝑓

𝑓𝑠𝑑  cot 𝜃
                     𝜐𝐿,𝐸𝑑,𝑖 ≤ 𝜈 𝑓𝑐𝑑  sin 𝜃 cos 𝜃   𝑤𝑖𝑡ℎ 𝜈 = 0,6 (1 − 𝑓𝑐𝑘/250) (3.4) 

where: 

𝜐𝐿,𝐸𝑑,𝑖 is the longitudinal shear stress at shear surface 𝑖; 
𝑠𝑓 is the spacing of the transverse reinforcment; 

 

Figure 3 a) Determination of 𝑉𝐿, [Calado e Santos, 2010]; b) Shear surfaces and the effecive 
transverse reinforcement each intersects per unit lenght, [EN 1994-1-1] 
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3.6.5. Detailing of the beam 

Once all safety checks have been carried out, it is still necessary to comply with some detailing 
rules set in EN 1994-1-1, 6.6.5, which are intended to preserve the functionality of the structure. 

 

4. SAFETY CHECK OF A COMPOSITE BEAM SPAN 

The cross-section and loading conditions of an end span shown in Figure 4. The safety checks 
for this example are presented in Figure 5. 

 
 

Figure 4 – Cross-section and material properties used on the example 

 

Figure 5 – Safety checks 
 

5. TOOLKIT 

The toolkit consists on the analysis of a continuous composite beam span with 3 critical sections: 
two sections A and C for the supports and one section B where the maximum sagging bending 
moment occurs in the span. The user introduces inputs for the parameters related with the actions 
applied on the beam and with geometrical and rheological propreties of the elements that 
constitute the beam. After introducing these inputs, the program carries out the safety checks 
referred in the previous chapter and presents results that allow the user to understand in detail 
which subjects verify the safety. The program is divided into 7 worksheets, Figure 6: a first 
worksheet named “Dados”. This one works as the program menu, where the user can enter the 
parameters as shown in Figure 7 and “work” them until he obtains the desired solution; four 
worksheets pertaining to safety checks with the names “Momentos”, “Esf. Transverso”, 
“Encurvadura Lateral” e “Corte Longitudinal”, whose names represent the subjects analized in 
the respective worksheet; one worksheet called “Redistribuição”, where the user can set the 
redistribution of bending moments; one last worksheet “Folha de Cálculo” that serves as draft to 
some operations and graphs presented. In addition, it collects data necessary to the elaboration 
of the parametric study that will be presented. 

 
 

Figure 6 – Tabs of the worksheets of the toolkit 
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The tabs corresponding to the safety check worksheets have a conditional formatting that 
presents green color if all the safety checks on the worksheet are checked. One verification that 
does not check the safety is enough for the tab to take the red color. Thus, the user can change 
the parameters one by one until an acceptable solution is obtained or, in other words, until all the 
tabs corresponding to the safety check worksheets become green. 

 

6. PARAMETRIC STUDY 

6.1. Introduction 

The parametric study is divided in two parts: a) parameter analysis and b) elaboration of design 
tables. Some aspects must be taken into account when analyzing the parametric study: 

 In the program, the web and flanges of the structural steel profile take a rectangular 
shape, something that does not happen in reality. In order to simulate the comercial 
profiles, the thickness of the web and flanges were equaly increased until the calculated 
area was the same as the area indicated in the tables of european profiles; 

 This study considers different types of bending moment diagrams. These diagrams are 
the final diagrams after applying the possible redistributions due to the cracking effect 
and optimization of the design; In addition, it will be possible to observe that for the 
different diagrams considered the cross-section of maximum sagging bending in the span 
is never the conditioning. Thus, the values of moment redistribution applied are always 
the maximum according to EN 1994-1-1, Table 5.1, in order to reduce the hogging 
moments; 

 In some situations the safety is not checked only due to transverse reinforcement needs 
and crushing of compressed struts. The issues regarding that subject are despised, since 
that matter can be easly solved after. 

The following cross-section model is considered in this study, Figure 8: 

 

Figure 8 – Cross-section used on the parametric study 

Figure 7 – Inputs for the parameters of the toolkit 
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6.2. Parameter analysis 

In order to evaluate the effect that each parameter has in the composite beam, it is considered a 
situation with the loading and support conditions represented in Figure 9. From there, parameters 
were varied one by one, according to the values indicated in the table. When a parameter is 
analyzed the others maintain their base value, defined as the values in bold and underlined. For 
each case, a graph was made showing qualitative lines of the safety check of the beam.  
 

    C ℎ𝑐 [mm] [𝜂 %] S 

    25/30 120 100 235 
    30/37 150 75 275 
    35/45 180 50 355 

 

Figure 9 – Parameter values and bending diagram considered in the graphs 

In Figure 10 are shown some of the graphs made, two for each parameter analyzed. By 
comparing these graphs it is possible to draw some conclusions. 

Analyzing the graphs that allow to study the variation of the concrete class, it is possible to verify 
that they are exactly alike. This is an expected outcome since the internal support cross-section 
is the conditioning section in all situations analyzed in these graphs. Since this section has 
hogging bending moment, the contribution of the concrete to the resistent moment is neglected 
and therefore the variation of the class is irrelevant. The reason why this section is the 
conditioning in all situations is the fact that it has lesser resistent moment and greater applied 
moment comparing with the maximum sagging bending moment. However, the applied moment 
is only greater due to the moment diagram considered on this graphs. If another diagram is 
applied, there is a chance for the maximum sagging bending moment to be the conditioning one. 
Nevertheless, in those cases the force caused by the concrete element is generally much higher 
than the force caused by the structural steel profile which means that once again the variation of 
the concrete class is irrelevant. 

The graphs in which the variation of the degree of shear connection is analyzed, it can be 
observed that they are also exactly equal to each other and equal to the graphs regarding the 
variation of concrete class. The reason why this happens is once again the fact that the internal 
support is the conditioning section. In this case, the underlying question is that the degree of 
connection, in terms of the section resistence, only matters in the sagging bending moment 
sections. However, in this case, if a different moment diagram was applied in a way that the 
sagging moment was the conditioning, then the variation of the degree of connection would 
influence the safety of the beam. In addition, the degree of connection affects the longitudinal 
shear force and hence the distribuition of connectors along the composite beam which in turn 
influences the issues regarding transverse reinforcement and the detailing of the beam. However, 
as already mentioned, in this study the transverse reinforcement issues are neglected and 
besides the safety checks of the analyzed situations in these graphs are conditioned by the 
resistence of the section, so the variation of the degree of connection is not felt. 

The thickness of the slab of concrete is related to the force that the concrete causes, but as it 
seen before this force has no impact on the safety on the cases represented in the graphs. 
However, the variation of the thickness of the slab causes a variation of the plastic neutral axes 
and therefore of the resistance moments. In addition, it also influences the elastic critical moment 
and therefore the verification of lateral buckling. In the analysis of this parameter it is already 
possible to notice some variations, however they are very small since the variation of the slab 
thickness does not cause a great change in the neutral axes or in the refered moment. At last, it 
is essential to note that when a parameter affects the calculations associated with lateral buckling, 
there are many factors at stake and the parameter variation is not always linear. It is possible to 
conclude that the thickness of the slab influences the safety of the beam but a more in-depth 
study would be required to draw more objective conclusions. 

It is possible to observe the influence of the steel profile grade. The increase of the steel grade 
allows the use of profiles with smaller dimensions. However, it is important to take into 
consideration that this allowance is more or less significant depending on the type of profile used. 
For the situations with HEB profiles analyzed in this study, generally, applying a S275 steel 
instead of S235 allows the use of the profile with smaller dimensions that in the profile tables 
appears right before the one that it would be used if a S235 steel was applied. 
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6.3. Design Tables 

The tables were made in order to consider HEA and HEB steel profiles, with and without concrete 
encasement and for different support conditions, namely continuous and end spans. By 
combining all these cases, 8 combinations are obtained and for each one of them are presented 
three tables, one for each grade of the structural steel profile considered in the graphs, obtaining 
a total of 24 tables. Each table is still divided into four distinct parts corresponding to four bending 
moment diagrams. In the end span situations, these diagrams take the values 𝜓 =
0,50;  0,80;  1,00;  1,20 and in the continuous spans the diagrams take the values 𝜓 =
0,50;  0,60;  0,70;  0,80 and present a ratio of 0,5 between the values of the moments in the internal 
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supports. The values of the concrete class, degree of connection and slab thickness do not vary. 
They are defined as the base values considered in the graphs. 

These tables also show the cases where is not verified the rule that allows an uniform distribution 
of ductile connectors, making it necessary to do additional checks at halfway between the critical 
sections. These cases are marked with an asterisk. In addition, it is possible to know the class of 
the conditioning cross-section. If it is Class 2, which only happens a few times with HEA profiles, 
the values appear in bold, italic and underlined. If it is Class 3, no value is shown and the space 
is fulfilled with red color. In Figure 11 is shown an exemple of one of the 24 tables elaborated. 

 

 

 

 

 

 

 

 

 

 

 

 
 

7. CONCLUSIONS 

Regarding the parametric study it was possible to draw some conclusions, both in the analysis of 
the parameters and in the comparison of the different design tables. It is important to point out 
once again that these conclusions are made taking into account only the safety of continuous 
composite beams in relation to the Ultimate Limit State: 

 The influence of the concrete class is almost non-existent in beams without concrete 
encasement and the steel grade of the profile has great importance on the strength of a 
continuous composite beam; 

 In order to optimize the design of a composite beam with a span smaller than 4 to 5 
meters and with a HEA or HEB profile, only one row of connectors should be applied, 
since only then will it be possible to use smaller profiles that verify the minimum distance 
between the edges of the connector and the upper flange of the steel profile. With two 
rows of connectors, the smallest profile that verifies security will be oversized; 

 For composite beams the use of HEA profiles represents a more economical solution 
than the use of HEB profiles when only the Ultimate Limit State is taken into account for 
the safety of the beam. This happens due to the reduced area that the HEA profiles 
present, however, it is important to note that for solutions with these profiles, depending 
on the cross-section and loading, the section may be Class 3 and in such cases it is 
necessary to use elastic analysis; 

 Using concrete encasement represents a 10 to 20 % increase in the plastic resistance 
of hogging moments; 

 

8. REFERENCES 

Calado, L. & Santos, J., 2010, Estruturas Mistas de Aço e Betão, 1ª Edição: IST Press. 

CEN, 2004, EN 1992-1-1: Eurocode 2: Design of concrete structures – Part 1-1: General rules 
and rules for buildings, European Committee for Standardization. 

CEN, 2005, EN 1993-1-1: Eurocode 3: Design of steel structures – Part 1-1: General rules and 
rules for buildings, European Committee for Standardization. 

CEN, 2004, EN 1994-1-1: Eurocode 4: Design of composite steel and concrete structures – Part 
1-1: General rules and rules for buildings, European Committee for Standardization. 

Figure 11 - Example of a desgin table, HEB profile, S235, 
end span, no concrete encasement 


