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ANNOTATION OF THE THESIS 

 

The work that has been carried out to realize this thesis is based, mainly, in the 

development and calculation of the main structural of an office building. 

The first part of the project documents the basis of the composite structures and the 

possible types of joints in the structure. 

In the second part the calculations are developed to concretely design the ideal 

dimensions of the main elements of the building. This includes main beams, cross 

beams, columns and stiffening system mainly. 

In addition, a plan has been made with the shape of the building and some important 

details. 

To carry out this work, basic knowledge about structures and construction has been 

applied and has been carried out in accordance with European regulations, Eurocode. 
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1. COMPOSITE STRUCTURES 
 

1.1. OBJECTIVE 

 

The most important and most frequently encountered combination of construction materials is 

that of steel and concrete, with applications in multi-storey commercial buildings and factories, 

as well as in bridges. These materials can be used in mixed structural systems, for example 

concrete cores encircled by steel tubes, as well as in composite structures where members 

consisting of steel and concrete act together compositely. 

These essentially different materials are completely compatible and complementary to each 

other; they have almost the same thermal expansion; they have an ideal combination of 

strengths with the concrete efficient in compression and the steel in tension; concrete also gives 

corrosion protection and thermal insulation to the steel at elevated temperatures and 

additionally can restrain slender steel sections from local or lateral-torsional buckling. 

The composite sections using steel encased with concrete are economic, cost and time effective 

solution in major civil structures such as bridges and high rise buildings. [1] 

The composite structures marked the initial phase between (1850–1900). This was followed by 

the constitution phase (1900–1925) with its constructional separation of the elements of the 

cross-section. During the establishment phase (1925–1950) it was gradually realized that the 

elements of the cross-section had to be connected structurally, initially as positional restraint, 

later as mechanical shear connector. The quantified connection of the elements of the cross-

section through standardized testing and the formation of theories in the classical phase (1950–

1975) enabled the realization of multiple forms of steel-concrete composite construction for 

industrial buildings and bridges. [2] 

In due consideration of the above fact, this project has been envisaged which consists of analysis 

and design of a high-rise building using Steel-Concrete composites. 

 

 

Fig. 1.1. Basic scheme of the appearance and parts of a composite structure. 
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1.2. DEFINITION 

 

What is meant by a composite element is one that consists of a rolled or a built-up structural 

steel encased by reinforced concrete or structurally connected to a reinforced concrete slab. 

Composite members are constructed such that the structural steel shape and the concrete act 

together to resist axial compression and / or bending. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In such a composite member, the comparatively high strength of the concrete in compression 

complements the high strength of the steel in tension. The fact that each material is used to the 

fullest advantage makes composite Steel-Concrete construction very efficient and economical. 

However, the real attraction of such construction is based on having an efficient connection of 

the steel to the concrete, and it is this connection that allows a transfer of forces and gives 

composite members their unique behaviour. 

 

1.3. ELEMENTS OF COMPOSITE STRUCTURE 

 

PROFILED DECK: 

Composite floors using profiled sheet decking have become very popular for high-rise buildings. 

Composite deck slabs are generally competitive where the concrete floor should be completed 

quickly and where medium level of fire protection to steel work is sufficient. 

Fig. 1.2. Appearance of a typical composite beam. 
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COMPOSITE BEAMS: 

Slab and beam type constructions are commonly used in buildings and bridges. 

Composite beams, subjected mainly to bending, consist of steel section acting compositely with 

flange of reinforced concrete. To act together, mechanical shear connectors are provided to 

transmit the horizontal shear between the steel beam and the concrete slab, ignoring the effect 

of any bond between the two materials. 

This behaves like a T-beam with the slab or part of it acting as a flange in compression. Further, 

bond between the shear connector and slab is assumed to be perfect, i.e., no slippage between 

the top flange of the steel beam and slab is permitted. 

These also resist uplift force acting at the steel concrete interface. 

For determining section properties, it is convenient to transform the concrete slab into an 

equivalent steel section by dividing concrete area by modular ratio. The rest of the analysis is 

carried out as if the section were made of a homogeneous material. 

Advantages of Construction: 

• The most effective utilization of steel and concrete is achieved. 

• Keeping the span and loading unaltered, a more economical steel section (in terms of depth 

and weight) is adequate in composite construction compared with conventional non-composite 

construction. 

• As the depth of beam reduces, the construction depth reduces, resulting in enhanced 

headroom. 

• Because of its larger stiffness, composite beams have less deflection than steel beams. 

• Composite construction is amenable to “fast-tract” construction because of using rolled steel 

and pre-fabricated components, rather than cast-in-situ concrete. 

• Encased steel beam sections have improved fire resistance and corrosion. 

Disadvantages: 

• Additional costs for shear connectors and their installation. For lightly loaded short beams, this 

extra cost may exceed the cost-reduction on all accounts. 

 

 

 

 

 

 

 Fig. 1.3. Plastic stress distribution in a composite beam 
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COMPOSITE COLUMS: 

A steel-concrete composite column is a compression member, comprising either a concrete 

encased hot-rolled steel section or a concrete filled hollow section of hot-rolled steel. 

It is generally used as a load-bearing member in a composite framed structure. 

 

Advantages: 

• Increased strength for a given cross sectional dimensions. 

• Increased stiffness, leading to reduced slenderness and increased buckling resistance. 

• Good fire resistance 

• Corrosion protection in encased columns. 

• Significant economic advantages over either structural steel or R.C.C. alternatives. 

• Identical cross sections with different load and moment resistances can be produced by varying 

steel thickness, the concrete strength or reinforcement. This allows the outer dimensions of a 

column to be held constant over several floors in a building, thus simplifying the construction 

and architectural detailing. 

• Erection of high rise building in an extremely efficient manner. 

• Formwork is not required for concrete filled tubular sections. 

COMPOSITE SLABS: 

Composite slabs comprise reinforced concrete cast on top of profiled steel decking, which acts 

as formwork during construction and external reinforcement at the final stage. The decking may 

be either re-entrant or trapezoidal, as shown below.  

Additional reinforcing bars may be placed in the decking troughs, particularly for deep decking. 

They are sometimes required in shallow decking when heavy loads are combined with high 

periods of fire resistance. [3] 

 

Fig. 1.4. A few examples of composite columns.  
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SHEAR CONNECTORS: 

Shear connections are essential for steel concrete construction as they integrate the 

compression capacity of supported concrete slab with supporting steel beams / girders to 

improve the load carrying capacity as well as overall rigidity. 

Shear connectors are generally classified as rigid or flexible. 

RIGID TYPE:  

These connectors as the name implies, are designed to be bent proof with little inherent power 

of deformation. These types of shear connectors could be of various shapes, but the most 

common types are short length of bars, angles or tees welded on to the steel girder. 

FLEXIBLE TYPE: 

Flexible type connectors such as studs, channels welded to the structural beams derive their 

resistance essentially through the bending of the connectors and normally failure occurs when 

the yield stress in the connector is exceeded resulting in slip between the structural beam and 

the concrete slab. 

There are some examples of connectors: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.5. Headed studs. Fig. 1.6. Perfobond ribs. Fig. 1.7. Channel connector. 

Fig. 1.8. Position of the connectors within the structure. 
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1.4. ADVANTAGES OF STEEL-CONCRETE COMPOSITE 

CONSTRUCTION 

 

1. Faster construction for maximum utilization of rolled and/or fabricated components 

(structural steel members) and hence quick return of the invested capital. 

2. Advantages based on life-cycle-cost analysis instead of initial cost only. 

3. Quality assurance of the steel material along with availability of proper paint system suiting 

to different corrosive environment. 

4. Ability to cover large column free area in buildings and longer span for bridges/flyovers. 

This leads to more usable space. 

5. Reinforced cement concrete (RCC) slab is in compression and steel joist is in tension.  

Hence, most effective utilization of the materials can be achieved. 

6. Better seismic resistance i.e. best suited to resist repeated earthquake loadings, which require 

a high amount of ductility and hysteretic energy of the material/structural frame. 

7. Composite sections have higher stiffness than the corresponding steel sections (in a steel 

structure) and thus bending stress as well as deflection are lesser. 

8. Keeping span and loading unaltered, a lower structural steel section (having lesser depth and 

weight) can be provided in composite construction, compared to the section required for non-

composite construction. 

9. Reduced beam depth reduces the story height and consequently the cost of cladding in a 

building and lowers the cost of embankment in a flyover (due to lower height of embankment). 

10. Reduced depth allows provision of lower cost for fire proofing of beam’s exposed faces. 

11. Cost of formwork is lower compared to RCC construction. 

12. Cost of handling and transportation is minimized for using major part of the structure 

fabricated in the workshop. 

13. Easy structural repair, modification and maintenance. 

14. Structural steel component has considerable scrap value at the end of useful life. 

15. Reductions in overall weight of structure and thereby reduction in foundation costs. 

16. More use of a material i.e. steel, which is durable, fully recyclable on replacement and 

environment friendly. 
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1.5. COMPARISON COMPOSITE AND R.C.C STRUCTURE 

 

After evaluating the advantages and disadvantages of both composite structures and R.C.C., and 

considering various experiments with real structures, we conclude that it is preferable to use 

structures composed of the reasons explained below. [4] [5] [6] 

STIFFNESS: Transverse and longitudinal storey stiffness for composite structure is large as 

compared to RCC structure. 

BASE SHEAR: Base shear due to earthquake load, for composite building lower than R.C.C. 

LATERAL FORCES:  It is clear that the lateral forces acting on a RCC structure are much more 

than steel and composite structure, hence composite structure is less susceptible against seismic 

forces action on structure. 

STOREY DRIFT: The result shows that the inter storey drift for composite structure is 

comparatively less than R.C.C. structure in both transverse and longitudinal direction. 

DISPLACEMENT: It is observed that composite structure has less displacement compared to 

R.C.C. 

MODAL FRECUENCY: The increased stiffness of composite structure results in increased 

frequency and reduction in time period than RCC and steel structure. 

 

IN COLUMNS: 

- Axial force in composite columns is reduced than RCC columns.  

- Shear force in composite column is reduced in transverse and longitudinal directions 

respectively.  

- The twisting moments are found to be negligible and for composite structure these are 

reduced in transverse and longitudinal directions respectively as compared to RCC 

structure. 

- The bending moment in composite columns is reduced in transverse direction and in 

longitudinal direction as compared to RCC columns. 

 

WEIGHT: Weight of various types of structures is very important to know because it will affect 

the cost of foundation as well as the cost of ground improvement. 

Weight results from various research papers can be summarized as below. 

- Weight of the composite structure is quite low as compared to RCC structure, which 

helps in reducing foundation cost. 

- Dead load of composite is less than RCC and more than steel. 
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COST:  Cost is a major aspect of comparison of steel, RCC and composite buildings. Because 

costly structures are generally neglected in construction if another cheaper option is available 

in front of it. 

• For multi-storey buildings: 

- Cost of composite beams is less than RCC beams because composite beams do not 

require any formwork. 

- As axial forces and reactions are less in composite columns as compared to RCC columns, 

so cost of composite columns is less.  

It concludes that composite buildings are more economical than RCC in this case. 

• For low rise buildings: 

- Cost of composite buildings is more than RCC and less than steel structures. 

CONCLUSIONS:  

• Overall response of composite structure is better than RCC structure i.e. composite structure 

produces less displacement and resists more structural forces. 

• Composite structures are best solution for high rise buildings and they are resulted in speedy 

construction. 

• Steel option is better than RCC but the composite option for high rise building is best. 

• Steel has excellent resistance to tensile loading but prone to buckling and concrete gives more 

resistance to compressive force. Steel can be used to induce ductility and concrete can be used 

for corrosion and fire protection. 

• Composite structures are resulted into lighter construction than traditional concrete 

construction as well as speedy construction. So, completion period of composite building is less 

than RCC building. 

 

 

 

 

 

 

 

 

 

Fig. 1.9. Comparison of a Composite beam with other two that are not (IPE and HEB). 
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1.6. DESIGN OF A COMPOSITE STRUCTURE 

 

A composite structure or part of it, is considered, unfit for use when it exceeds the limit state, 

beyond which it infringes one of the criteria governing its performance or use.  

The limit states can be classified into the following categories: 

• Ultimate Limite State, which corresponds to the maximum load carrying capacity. 

• Serviceability Limit State, which are related to the criteria governing normal use and durability. 

 

Ultimate Limit State to be considered in buildings and structures made of steel-concrete 

composite construction are: 

• Collapse due to flexural failure of one or more critical sections. 

• Collapse due to horizontal shear failure at the interface between the steel beam and the 

concrete slab. 

• Collapse due to vertical separation of the concrete slab from the steel beam. 

 

The serviceability limit states to be considered are as follows: 

• Limit state of deflection. 

• Limit state of stresses in concrete and steel. 

 

Design for the limit state of collapse in flexure is based on the following assumptions: 

• Plane sections normal to the axis remain plane-after bending. 

• The maximum bending strain in concrete at the outermost compression fiber is taken as 

0,0035. 

• For characteristic compressive strength of concrete fck, maximum permissible bending 

compression in the structure is assumed to be 0.67 fck. With a value of 1.5 for the partial safety 

factor for the strength of concrete material, maximum design stress is 0.446 fck. 

• The tensile strength of concrete is ignored. 

• The stress-strain curve for the steel section is assumed to be bilinear and partial safety factor 

of the material is 1.15. 
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2. CONNECTIONS 
 

According to the design of the building and the construction of it, it is necessary to study how 

the elements will be arranged. 

Specifically, in this section will choose which types of joints to be used, both between beams, as 

between a beam and a column. 

To do this, the efforts to which they will be subjected and the advantages and disadvantages of 

each one of the unions are analysed, to choose one that efficiently provides a secure connection. 

It will be used in the building simple connections, which allow the beam end to rotate without 

a significant restraint. These connections transfer shear out of the beam. [7] 

Simple connections are nominally pinned connections that are assumed to transmit end shear 

only and to have negligible resistance to rotation. Therefore, they do not transfer significant 

moments at the ultimate limit state.  

This definition underlies the design of multi-storey braced designed as 'simple construction', in 

which the beams are designed as simply-supported and the columns are designed for axial load 

and the small moments induced by the end reactions from the beams. Stability is provided to 

the frame by bracing or by the concrete core. 

There are two principle ways of simple connection, these being: 

• Flexible end-plates. 

• Fin plates. 

Commonly simple connections include: 

• Beam-to-beam and beam-to-column connections using: 

- Partial depth end plates 

- Full depth end plates 

- Fin plates 

• Column splices (bolted cover plates or end plates). 

• Column bases. 

• Bracing connections (Gusset plates). 

As for the considerations of the joints, nominally pinned joints should be able to transmit the 

internal forces, without developing significant moments which might adversely affect the 

members or the whole structure and be capable to accept the resulting rotations under the 

design loads. 

In addition, the joint must provide the directional restraint to members which has been assumed 

in the member design and have sufficient robustness to satisfy the structural integrity 

requirements (tying resistance). 

http://www.steelconstruction.info/Simple_connections#Flexible_end_plate_connections
http://www.steelconstruction.info/Simple_connections#Fin_plates
http://www.steelconstruction.info/Simple_connections#Beam-to-beam_and_beam-to-column_connections
http://www.steelconstruction.info/Simple_connections#Flexible_end_plate_connections
http://www.steelconstruction.info/Simple_connections#Flexible_end_plate_connections
http://www.steelconstruction.info/Simple_connections#Fin_plates
http://www.steelconstruction.info/Simple_connections#Column_splices
http://www.steelconstruction.info/Simple_connections#Column_bases
http://www.steelconstruction.info/Simple_connections#Bracing_connections
http://www.steelconstruction.info/Structural_robustness
http://www.steelconstruction.info/Structural_robustness#Horizontal_tying
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2.1. CONNECTION TYPES 

 

The selection of beam end connections can often be quite involved.  

Selection of beams and connections is generally the responsibility of the steelwork contractor 

who will choose the connection type to suit the fabrication workload, economy and temporary 

stability during erection. 

The relative merits of the three connection types (partial depth end plates, full depth end 

plates and fin plates) are summarised in the table below. 

   

 

 

 

 

 

 

 

  
Partial depth end plate Full depth end plate Fin plate 

Design 

Shear resistance - % of beam resistance Up to 75% 100% Up to 50% * 

Tying resistance  Fair Good Good 

Special considerations 

Skewed Joints Fair Fair Good 

Beams eccentric to columns Fair Fair Good 

Connection to column webs Good Good Fair ** 

Fabrication and treatment 

Fabrication  Good Good Good *** 

Surface treatment  Good Good Good 

Erection 

Ease of erection Fair **** Fair **** Good 

Site adjustment Fair Fair Fair 

Temporary stability Fair Good Fair 

Table 2.1. Comparison of the properties of partial & full depth end plate & fin plate connections.  

* Up to 75% with two vertical lines of bolts 

** To facilitate erection, flange stripping may be required. Stiffening may be required for long fin plates 

*** Stiffening may be required for long fin plates 

**** Care needed for two-sided connections 

 

Fig. 2.1. Flexible end plate & fin plate connection. 

http://www.steelconstruction.info/Simple_connections#Flexible_end_plate_connections
http://www.steelconstruction.info/Simple_connections#Flexible_end_plate_connections
http://www.steelconstruction.info/Simple_connections#Flexible_end_plate_connections
http://www.steelconstruction.info/Simple_connections#Fin_plates
http://www.steelconstruction.info/Structural_robustness#Horizontal_tying
http://www.steelconstruction.info/Fabrication
http://www.steelconstruction.info/Surface_preparation
http://www.steelconstruction.info/Construction#Steel_erection
http://www.steelconstruction.info/Construction#Steel_erection
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2.2. BEAM-TO-BEAM AND BEAM-TO-COLUMN CONNECTIONS 

 

The end plate beam to beam connection is similar to the beam to column end plate connection. 

however, because the top flanges of the beam support floors or roofs structures directly, the 

top flange of the end of the incoming beam should be notched. 

 

 

 

 

 

 

 

An alternative detail is to provide a projecting welded bracket or plate on the supporting beam. 

Adjustment is similar to the beam to column detail. 

 

 

 

 

 

 

 

End plate beam to column connection are common for moment transfer joins. 

An end plate is welded to the end of the beam and is bolted trough the flange of the column. 

 

 

 

 

 

 

 

 

 

Fig. 2.2. Connection with the top flange of the incoming beam notched. 

 

Fig. 2.3. Connection with a welded bracket or plate on the supporting beam. 

Fig. 2.4. Beam to column connection with the flange and web of the column. 
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2.3. FLEXIBLE END PLATES CONNECTIONS 

 

In these connections, the end plate, which may be partial depth or full depth, is welded to the 

supported beam in the workshop. The beam is then bolted to the supporting beam or column 

on site. 

 

 

 

 

 

 

 

 

This type of connection is relatively inexpensive but has the disadvantage that there is little 

opportunity for site adjustment. Overall beam lengths need to be fabricated within tight limits, 

although packs can be used to compensate for fabrication tolerances and erection tolerances. 

End plates are probably the most popular of the simple beam connections currently in use. They 

can be used with skewed beams and can tolerate moderate offsets in beam to column joints. 

Flowdrill, Hollo-Bolts, Blind bolts or other special assemblies are used for connections to hollow 

section columns. 

Standard flexible end plate details (full depth and partial depth end plates) are shown in the 

figure below. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.6. Lateral and transverse view of a flexible end plate connection. 

Fig. 2.5. Flexible end plates connections. 

http://www.steelconstruction.info/Fabrication
http://www.steelconstruction.info/Accuracy_of_steel_fabrication#Fabrication_tolerances
http://www.steelconstruction.info/Steel_construction_products#Structural_hollow_sections
http://www.steelconstruction.info/Steel_construction_products#Structural_hollow_sections
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2.4. FIN PLATES CONNECTIONS 

 

Fin plate connections are economical to fabricate and simple to erect. These connections are 

popular, as they can be the quickest connections to erect and overcome the problem of shared 

bolts in two-sided connections. 

A fin plate connection consists of a length of plate welded in the workshop to the supporting 

member, to which the supported beam web is bolted on site, as shown in the figure below. 

There is a small clearance between the end of the supported beam and the supporting column. 

 

 

 

 

 

 

 

 

In the design of a fin plate connection it is important to identify the appropriate line of action 

for the shear. There are two possibilities: either the shear acts at the face of the column or it 

acts along the centre of the bolt group connecting the fin plate to the beam web. 

For this reason, both critical sections should be checked for a minimum moment taken as the 

product of the vertical shear and the distance between the face of the column and the centre of 

the bolt group. Both critical sections are then checked for the resulting moment combined with 

the vertical shear.  

Due to the uncertainty of the moment applied to the fin plate, the fin plate welds are sized to 

be full strength. 

 

 

 

 

 

 

 

 

 

 

Fig. 2.7. Fin plates connections. 

Fig. 2.8. Lateral and transverse view of a fin plate connection. 
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Fig. 2.9. Difference between partial depth end-plate connection and fin-plate connection. 



Static design of composite steel and concrete building structure. 
 

24 
ALEJANDRO VALLE RIERA     Erasmus+ Exchange Study Program 

3. MATERIALS TO BE USED IN THE PROJECT 
 

3.1. STEEL 

 

The common characteristics to all types of steel are: 

• Modulus of elasticity (E) ……………………………………………………………………………… 210.000 𝑁/𝑚𝑚2 

• Transverse Modulus of elasticity (G) .................................................................. 81.000 𝑁/𝑚𝑚2 

• Coefficient of Poisson (ʋ) ........................................................................................................ 0,3 

• Coefficient of thermal expansion (α) .................................................................. 1,2 · 10−5 º𝐶−1 

• Density (ρ) .............................................................................................................. 7850 𝑘𝑔/𝑚3 

 

The design of structures is based basically on the following properties of steel: [8] 

• The mainly reason is the elastic limit. 

• Ductility, hardness and other properties that may vary per the application of the structure. 

• The availability and the cost: per the plant that manufactures the steel that type of steel has. 

• Weldability: The weldability decreases with the amount of carbon.  

If the value of Carbon Equivalent (CEV)> 0.5%, the weldability of the material is low. 

• Local conditions:  exposure environments and standards. 

 

 

 

 

 

 

 

 

 

 

Table 3.1. Mechanic characteristics of the different steel types. 

http://www.construmatica.com/construpedia/Coeficiente_de_Poisson
http://www.construmatica.com/construpedia/Coeficiente_de_Dilataci%C3%B3n
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3.2. CONCRETE 

 

Concrete is known by its grade which is designated as M15, M20 etc.  

Letter M refers to concrete mix.  

Number denotes the specified compressive strength (fck) of 150mm cube at 28 days, expressed 

in 𝑁/𝑚𝑚2. 

Thus, concrete is known by its compressive strength.  

M20 and M25 are the most common grades of concrete, and higher grades of concrete should 

be used for severe, very severe and extreme environments. [9] 

 

 

PROPERTIES: [10] 

 

STRENGTH AND DURABILITY:  

Characterized mainly by its strength. Gains strength over time and does not show weakness due 

to moisture, mold or pests. 

Concrete structures can withstand natural disasters such as earthquakes and hurricanes. 

VERSATILITY: 

 It is used in most of the structures we see day by day as for example, buildings, bridges, runways 

and even roads. 

FIRE-RESISTANCE. 

Table 3.2. Properties for each type of concrete. 
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LOW MAINTENANCE:  

By being inert, compact and non-porous, does not attract mould or lose its key properties over 

time. 

AFFORDABILITY:  

Compared to other comparable building materials e.g. steel, concrete is less costly to produce 

and remains extremely affordable. 

THERMAL MASS:  

Concrete walls and floors slow the passage of heat moving through, reducing temperature 

swings.  

This reduces energy needs from heating or air-conditioning, offering year-round energy savings 

over the life-time of the building. 

LOCALLY PRODUCED AND USED:  

Concrete transportation is relatively expense. That is the reason why very little cement and 

concrete is traded and transported internationally. 

This saves significantly on transport emissions of CO2 that would otherwise occur. 

ALBEDO EFFECT:   

The high "albedo" (reflective qualities) of concrete used in pavements and building walls means 

more light is reflected and less heat is absorbed, resulting in cooler temperatures. 

This reduces the "urban heat island" effect prevalent in cities today, and hence reduces energy 

use for e.g. air-conditioning. 

ENERGY EFFICIENCY IN PRODUCTION: 

Numerous studies have shown that typically more than 80% of a building's CO2 emissions do 

not come from the production of the materials nor the actual construction process; but rather 

from the use phase, which are mainly from the combustion of fuels in heating systems and the 

generation of the electricity that the building consumes for air conditioning, lighting etc. 

 

 

 

 

 

 

 

 



Static design of composite steel and concrete building structure. 
 

27 
ALEJANDRO VALLE RIERA     Erasmus+ Exchange Study Program 

4. TYPE OF PROFILES TO BE USED IN THE STRUCTURES  

                                                                                                                                                                                                                     
4.1. BEAMS 

 

It is very common to see IPE profiles used in beams. In my project beams are going to be made 

with IPE profiles too.  

Then, I am going to explain why it is better to use these profiles and not others with an example. 

In fact, I will compare IPE profile with HEB profile. 

EXAMPLE: 
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As a conclusion, it can be said that if we want to find an IPE and a HEB profile with the same 

capacity for bending, HEB will have a worse response in deflection, and HEB will be much 

heavier, what will be traduced in a much higher price. 

 

 

PROFILE 

 

CAPACITY FOR BENDING 

 

STIFFNESS 

 

WEIGHT (COST) 

 

IPE-200 

 

= 

 

↑ 

 

↓↓ 

 

HEB-140 

 

= 

 

↓ 

 

↑↑ 

Table 4.1. Comparison between HEB & IPE profiles that have the same capacity or bending. 

After this example, we can understand better why it is said that IPE profile is one of the best to 

be used in beams.  

This profile combines a good resistance to bending and weight ratio which makes it one of the 

best in relation to behaviour-price. 

 

 



Static design of composite steel and concrete building structure. 
 

29 
ALEJANDRO VALLE RIERA     Erasmus+ Exchange Study Program 

4.2. COLUMNS 

 

It is going to be explained in the same way as with the beams, the reason why HEB and not IPE 

profiles are usually used for the columns. 

The columns are structural elements that work in compression. It is a known fact that, in 

compression, the main problem that appears is the buckling effect. 

Buckling is a phenomenon of elastic instability that can occur in slender compressed elements, 

and is manifested by the appearance of important displacements transverse to the main 

direction of compression. 

The maximum load will be realized assuming that the structure is not cross-braced, and 

therefore the weak plane check will be done, because it is the most restrictive value. 

Another consideration that is taken is to suppose the bi-supported columns. 

First, it is going to be compared, the resistance of an IPE and HEB profiles for different column´s 

length. 

 

L=2,5m 
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L=3,5m 
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L=8m 

 

HEB-120: 26,7 kg/m 

IPE-240: 30,7 kg/m 

 

SIMILAR WEIGHT 

 

• It can be seen how, for low length of 2.5 meters the IPE profile has greater resistance (about 

60kN more). 

However, as the buckling length increases, that difference is reduced (only 16kN for 3.5 meters) 

until for 8 meters ends up having better resistance HEB. 

• HEB profiles have better buckling response in the strong and weak plane than the IPE profile. 

The latter does not have a good resistance to buckling in the weak plane. 

• On the other hand, it is not convenient to choose a very large IPE profile since its dimensions 

would be excessively large and that is not profitable in the actual structure. 

• To conclude, HEB profile cannot support much bigger loads. 

For example, if it is necessary to resist 2500 kN, the maximum load that an HEB profile can resist 

without being class 4 is, for the example given before, 2150 kN. 

So HEB profile is not a possible option when the column has to support large loads because the 

huge dimensions of the profile and because it will turn into class 4. 
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5. CALCULATION 
 

Once it is defined the geometry and the design of the structure, as well as the type of steel and 

concrete to use, it is time to start with the basic calculations of the building. 

First, it will be dimensioned the trapezoidal sheeting and from it, the cross beams and the main 

beams. 

 

5.1. TRAPEZOIDAL SHEETING 

 

 

 

 

 

 

 

 

 

 

Fig. 5.1. Layout of the trapezoidal sheeting in front of the cross beams. 

Fig. 5.2. scheme of arrangement between main & cross beam & trapezoidal sheet. 
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– POSITIVE POSITION (Filled with concrete narrow webs) – TR 50/250-1mm 

 

 

 

Fig. 5.3. Geometry of the chosen trapezoidal sheet. 

 

 

 

 

PROFILE 

Thicknes

s 
Weight CROSS SECTION EFFECTIVE CROSS SECTION 

t m Ag Iy,g Wy,eff
+ Wy,eff

- Iy,eff
+ Iy,eff

- 

[mm] [kg/m2] [mm2] [mm4] [mm3] [mm3] [mm4] [mm4] 

   x106 x103 x103 x106 x106 

TR 50/250 0,63 6,35 754 0,295 5,90 5,90 0,164 0,208 

 

0,75 7,55 898 0,352 8,04 8,03 0,212 0,272 

0,88 8,86 1053 0,413 10,24 10,57 0,262 0,347 

1,00 10,07 1197 0,469 12,43 12,83 0,311 0,413 

1,13 11,38 1352 0,530 14,99 15,20 0,365 0,484 

1,25 12,59 1496 0,586 17,05 17,47 0,424 0,550 

Table 5.1. Properties of TR 5O/250. 
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5.2. CROSS BEAMS 

 

5.2.1. DURING FABRICATION 
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5.2.2. NORMAL USE 

 

VARIABLE LOADS: 

Category of use Subcategory of use 𝒒𝒌[𝒌𝑵/𝒎𝟐] 𝑸𝒌[𝒌𝑵] 

A Residential Areas 
A1 

Housing and room areas in, hospitals 

and hotels 
2 2 

A2 Storerooms 3 2 

B Administrative areas 2 2 

 

 

 

 

C 

 

 

Areas of public 

access (except for 

areas belonging 

to categories A, B 

and D) 

C1 Zones with tables and chairs 3 4 

C2 Areas with fixed seats 4 4 

C3 

Zones without obstacles that prevent the 

free movement of the people like vestibules 

of public buildings, administrative, hotels; 

Exhibition halls in museums; etc. 

5 4 

C4 Areas for gymnasium or physical activities 5 7 

C5 
Agglomeration areas (concert halls, stadiums, 

etc.) 

5 4 

D Shopping area 
D1 Shops 5 4 

D2 
Supermarkets, hypermarkets or large 

surfaces 
5 7 

E Traffic and parking areas for light vehicles (total weight <30 kN) 2 20 

F Passable covers only accessible privately 1 2 

G 
Covers accessible 

only for 

conservation 

G1 
Covers with inclination less than 20º 1 2 

Lightweight covers on straps (without slabs) 0,4 1 

G2 Covers with inclination over 40º 0 2 

Table 5.2. Table from the code where the different categories for overload of use are shown. 

Provided that a floor allows a lateral distribution of loads, the SELF-WEIGHT OF MOVABLE 

PARTITIONS may be taken into account by a uniformly distributed load 𝑞𝑘 which should be 

added to the imposed loads of floors obtained from Table 5.2. 

This uniformly distributed load is dependent on the self-weight of the partitions as follows: 

• For movable partitions with a self-weight ≤ 1,0 𝑘𝑁/𝑚 wall length: 𝑞𝑘 = 0,5 𝑘𝑁/𝑚2 

• For movable partitions with a self-weight ≤ 2,0 𝑘𝑁/𝑚 wall length: 𝑞𝑘 = 0,8 𝑘𝑁/𝑚2 

• For movable partitions with a self-weight ≤ 3,0 𝑘𝑁/𝑚 wall length: 𝑞𝑘 = 1,2 𝑘𝑁/𝑚2 

Heavier partitions should be considered in the design taking account of the locations and 

directions of the partitions and the structural form of the floors. 

In the project in will be considered a load of 𝑞𝑘 = 1,2 𝑘𝑁/𝑚2 which is the biggest so we are in 

the safe side which means the heaviest walls can be built into the structure. 
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PERMANENT LOADS: 

 

 

 

 

Fig. 5.4.  Scheme of the floor layer & ceiling permanent loads acting on the cross beams. 
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Fig. 5.5. Possible cases of 𝑏𝑒𝑓𝑓  depending on the arrangement in the beam. 

Fig. 5.6. Real stress distribution because of shear leg, and approximation that is used. 
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SHEAR STUDS 

 

 

 

 

 

 

 

 

 

ISO 13918 

Steel St 37-3K 

 

 

 

 

 

 

d l2 +1 D1 D2 D3 h k 

10 50,75,100,125,150,175 10 19 13 2,5 7 

13 50,75,100,125,150,175,200 13 25 17 3 8 

16 50,75,100,125,150,175,200,225,250 16 32 21 4,5 8 

19 50,75,100,125,150,175,200,225,250,275,300,325,350 19 32 23 6 10 

22 50,75,100,125,150,175,200,225,250,275,300,325,350 22 35 29 6 10 

25 75,100,125,150,175,200,225,250,275,300,325,350 25 40 31 7 12 

Table 5.3. Specific dimensions of different types of shear studs. 

Fig. 5.7. 
Shear Studs 

Fig. 5.8. Scheme of the position of the stud compared to the trapezoidal sheet. 
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The total number of studs that can be placed in each row in one half of the beam is: 

3000 𝑚𝑚

𝑁𝑓,𝑚𝑎𝑥
= 250 𝑚𝑚                                          𝑁𝑓,𝑚𝑎𝑥 = 12 ℎ𝑒𝑎𝑑 𝑠𝑡𝑢𝑑𝑠 

  

At this point, it is necessary to solve the problem that is found. Therefore, there are two main 

options to answer it. 

The first is to replace the single row of connectors, by two rows, i.e. multiply the number of 

connectors by two and ensure that we will comply with safety checks. 

However, this option is underused because it is not economical. 

However, it is shown below the calculations and steps to be followed if this option were to be 

carried out. 

Fig. 5.9. Representation of the shear force acting on the head studs. 
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1º OPTION: INCREASE THE NUMBER OF STUDS 

 

 

 

 

 

 

 

The second option is based on changing the calculation assumption as if we had a total shear 

connection, and change it by a partial shear connection. 

It is known that with this option not all the concrete will be working, but that is not essential, 

as long as the verifications that are explained below are fulfilled. 

 

2º OPTION: PARTIAL SHEAR CONNECTION 

 

 

Fig. 5.10. Position of the two rows of studs on the beam. 
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REAL BEHAVIOR 

APROXIMATION 

IN THE SAFE SIDE 

0,4 (MIN) 

Fig. 5.11. Real behaviour compared to the approximation in a partial shear connection. 
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Fig. 5.12 Dimensions explained necessary for the calculation of the S.L.S. 
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Fig. 5.13. Disposition of deformation and stresses in the composite beam. 
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5.2.3. PROFILE SELECTED 
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5.3. MAIN BEAMS 

 

5.3.1. NORMAL USE 
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Fig. 5.14. Disposition of the forces when the neutral axis is in the IPE profile. 
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Fig. 5.15. This draw is useful to see the disposition of the shear studs in the Cross Beam and 
in Main Beam. It can be appreciated also why, while in the cross beams the separation 
between the studs had to be 250mm or some multiple number like 500, 750..., and in the 
main beam that is not necessary because the whole beam matches with the wave of the 
trapezoidal sheeting. That is the reason why the only condition that it must comply is that 
the separation is bigger than 5*d. 
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5.3.2. PROFILE SELECTED 
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5.4. COLUMNS 

 

As it is shown in the drawing which is below, it is going to be realised the dimensioning of one 

of the columns which are inside the structure of the building. This means that it is loaded 

symmetrically by two cross beams and two main beams. 

 

 

 

 

 

 

The main effect to be considered in the dimensioning of a column is the buckling is the buckling 

length of the column. In our case, this distance is 5 meters, as shown below, since in each plant, 

the columns are supported by supports. 

 

 

 

 

 

 

 

 

 

There is a coefficient that is responsible for reducing the effect of loading on the column of the 

first floor. This coefficient depends on the number of floors, being in this case 4. 

 

 

 

Now the total compressive load acting on the column can already be calculated. 

 

 

 

Fig. 5.16. Detail of the loads that the columns carry with. 

Fig. 5.17. Deformation and bucking lengths in the calculation of the column profile. 
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The critical length of buckling must now be calculated. It depends on the β coefficient, and this 

in turn depends on the way in which said column is supported. 

In this case, it is a bi-supported column, therefore β is equal to 1 and the critical length coincides 

with the distance between supports. 

 

𝐿𝑐𝑟 = 𝛽 · 𝐿 

 
a)   𝛽 = 1,0 

 

𝐿𝑐𝑟 = 𝐿 = 5000𝑚𝑚 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.18. Support situations. 



Static design of composite steel and concrete building structure. 
 

61 
ALEJANDRO VALLE RIERA     Erasmus+ Exchange Study Program 

 

1ºOPTION: With ecuations. 
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2ºOPTION: With a graph.  
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Table 5.4. Bending curve corresponding to the HEB 260 profile. 

Table 5.5. Coefficient α corresponding to curve C. 
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5.4.1. PROFILE SELECTED  [*]  
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5.5. CONNECTION CROSS BEAM & MAIN BEAM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                   Table 5.6. Tensile stress area associated with each bolt diameter. 

 

 

 

 

 

 

 

 

 

 

Table 5.7. Yield strength and ultimate tensile strength of the bolt for each grade of bolt. 

Nominal bolt diameter d (mm) 12 16 18 20 24 27 30 

Tensile stress area of the bolt As (mm2) 84,3 157 192 245 353 459 561 

BOLT GRADE 

fyb (MPa) fub (MPa) 

Yield strength of 

the bolt 

Ultimate tensile 

strength of the bolt 

4.6 240 400 

4.8 320 400 

5.6 300 500 

5.8 400 500 

6.8 640 600 

8.8 640 800 

10.9 900 1000 
HIGH-STRENGTH BOLTS 

NORMAL BOLTS 

Fig. 5.19. Main beam and cross beam connection. 
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Table 5.8. Recommended bolt distances and intervals where these distances must be in. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1,2·d0 < e1 < min (12.t, 150 mm), 

1,2·d0 < e2 < min (12.t, 150 mm), 

2,2·d0 < p1 < min (14.t, 200 mm), 

3,0·d0 < p1 < min (14.t, 200 mm), 

where d0  is the diameter of the hole in the bolt connection, 

t   is the minimal thickness of the connected plates. 

bolts 
recommended bolt distances (mm) 

p1, p2 e1, e2 emin 

M12 40 30 25 

M16 55 40 30 

M20 70 50 40 

M24 80 60 50 

M26 90 70 55 

M27 100 75 60 

M30 120 90 70 
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 bolt grades  4.6, 5.6, 8.8:    v  0,6 

 bold grades  4.8, 5.8, 6.8 a 10.9:    v  0,5 
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where  b is the smallest of the values (in the direction of load transfer): 
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5.6. CONNECTION COLUMN & FOUNDATION 

 

 

 

 

 

 

 

 

 

 

 

 

HINGED FEET 

 

The hinged feet are predominantly stressed by the centrifugally acting 𝑁𝑠𝑑 pressure force. 

It is assumed that the pressure force transferred to the base is evenly distributed over the 

effective surface of the 𝐴𝑒𝑓𝑓 base plate. The stress under the foot should not be greater than 

the design strength of the 𝑓𝑗𝑑 concrete in the joint. 

𝑓𝑗𝑑 = 𝛽𝑗 · 𝑘𝑗 · 𝑓𝑐𝑑 

 

𝑓𝑐𝑑:  Design strength of concrete in compression. 

𝛽𝑗:  The influence factor of the casting can be taken as 𝛽 = 2 3⁄  if the mortar strength 𝑓𝑚𝑑  ≥ 

0,2·𝑓𝑐𝑑 

𝑘𝑗:  The concentration factor 𝑘𝑗 ≥ 1,0 - expresses the influence of higher load bearing capacity 

in concentric pressure. 

 

Countable foot dimensions:  

𝑎1 = min (𝐴𝑓𝑒𝑒𝑡; 5 · 𝑎; 𝑎 + ℎ𝑓𝑒𝑒𝑡; 5 · 𝑏) 

𝑏1 = min (𝐵𝑓𝑒𝑒𝑡; 5 · 𝑎; 𝑏 + ℎ𝑓𝑒𝑒𝑡; 5 · 𝑏) 

 

Fig. 5.20. Column and foundation connection. 
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𝑘𝑗 = √
𝑎1·𝑏1

𝑎·𝑏
  

 

 

The reinforced foot effectively reduces the thickness of the base plate and hence the weight of 

the entire foot, but it is more labour-intensive and therefore has a more rigid foot (the foot is 

formed by a foot sheet and transverse or longitudinal reinforcements). The system of 

reinforcement must be as simple as possible. 

Designing should also be considered for reinforcement and welding.  

For technological reasons, the thickness of the sheet metal is limited to 60 mm. This connection 

is designed with a thickness of: 𝑡𝑝 = 25𝑚𝑚. 

 

 

 

 

To calculate the effective area, it is necessary to know first the value of 𝑐, dimension that is 

represented in the following images: 

 

 

𝑐 = 𝑡𝑝 · √
𝑓𝑦

3 · 𝑓𝑗𝑑 · 𝛾𝑀0
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The step sheet design process is usually iterative: 

• The floor plan is selected 𝑎 & 𝑏 (approximately 𝑎 = 𝑏 = 𝑁𝑠𝑑 𝑓𝑐𝑑⁄ ). 

 

• The design strength of the concrete is determined under the foot (𝑓𝑗𝑑). 

• The thickness of the foil plate 𝑡𝑝 is chosen, hence the effective length of the bracket 𝑐. 

• Assess the effective area of the foot (𝐴𝑒𝑓𝑓 ≥ 𝑁𝑠𝑑 𝑓𝑗𝑑⁄ ). 

• Designed floor plans are corrected and the procedure repeated. 

 

BOLT 
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Screws with anchor head: 

 

Table 5.9. Tensile stress area for each group of bolts. 

 

𝐹𝑡,𝑅𝑑 =
0,8 · 𝐴𝑠 · 𝑓𝑦

𝛾𝑀0
 

 

 

 

 

 

 

 

 

 

 

Thread M36x3 M42x3 M48x3 M56x4 M64x4 M72x4 M80x4 M90x4 M100x4 

As [mm2] 865 1206 1604 2144 2851 3658 4566 5842 7276 
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5.7. STIFFENING SYSTEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.21. Representation of the stiffening system. 

Fig. 5.22. & Fig. 5.23. Basic speed of the wind map in Czech Republic. Ostrava. 
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Table 5.10. Coefficients of external pressure for each part on the structure. 
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The two supports of the stiffening system are two fixed supports. 

Each of them will cause 2 reactions; Since the final sum of reactions is 4, it is a hyper-static 

system. 

As the resolution at hand is very laborious, I will use a software that helps to calculate the 

reactions and some other parameter. It will also be useful to check that the calculations made 

by hand are consistent. 

The software used is SCIA Engineering. 
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If we compare the efforts in the bars of the calculation by hand with the efforts obtained with 

the software they are practically the same. 

Also, thanks to the software, it can be said that the assumption that the first horizontal beam 

does not work is true. 

 

 

As it can be seen in the results, the load value of the steel bars that work in tension is very similar 

to the value of the steel bars that work in compression. 

But, it is known that the compressed elements are more restrictive and dangerous because of 

the buckling effect, so they will be the ones that will give us the dimensions of the necessary 

profiles. 

Fig. 5.24. Internal force in horizontal beam. Fig. 5.25. Internal force in column. 

Fig. 5.26. Internal force in tensioned diagonal. Fig. 5.27. Internal force in compressed diagonal. 
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COLUMS: [*] 

 

Previously, the columns had already been dimensioned with a HEB-260 profile. 

However, when considering this new load, it must be checked if that profile will remain valid or 

we must choose a greater profile. 

 

 

 

 

 

 

DIAGONALS: 

 

As these elements are just particular from the stiffening system, they have not been 

dimensioned and calculated yet. 

For diagonals, the type of angular profiles is commonly used, since the characteristics they 

present make them suitable for supporting the stresses to which they are subjected, without 

being too heavy. 
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The dimensioning of the angular profile is laborious because this section is not doubly 

symmetrical. 

This fact causes that the section can buckle in many ways and slenderness results at many levels: 

𝜆𝑦, 𝜆𝑧, 𝜆𝑤 , 𝜆𝑧𝑤 . 

There is an approximation that facilitates the calculations, but can only be used if the following 

conditions are met: 

• Equal leg angles. 

 

• Thickness of the join plate greater than the thickness of the profile. (ℎ0 > 𝑡) 

 

• Critical length of buckling of equal length in both planes. (𝑙𝐶𝑅𝑦 ≅ 𝑙𝐶𝑅𝑧) 

• Connecting members are used with a maximum separation of one third of the length critic.  

 

Once all those conditions are ensured, the slenderness is reduced to one level: 𝜆𝑦, which is the 

critical value. 

In our structure, because all the conditions are fulfilled, that is the only plane that is going to be 

checked. 
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                                                                Table 5.11. Bending curve corresponding to an angular (L) profile. 

 

 

 

 

                                                         Table 5.12. Coefficient α corresponding to curve B. 

 

 

 

 

 

 

 

 

cross-section limits 
buckling about 

axis 

buckling curve 

S 235 

S 275      

S 355 

S 420 

 

S 460 

L
-s

ec
ti

o
n

s 

 

any b b 

buckling curve a0 a b c d 

the imperfection factor    α 0,13 0,21 0,34 0,49 0,76 
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Once, we know the dimension of each part of the stiffening system, we can calculate again with 

the software, how much the reactions will change when the self-weight is considered. 

 

 

 

 

 

 

 

 

 

There is no noticeable change in the reaction, so there is no need to recalculate any section of 

the system. 

 

Using the help of SCIA Engineering, the deformation of the structure in the Service Limit State is 

calculated. 

The result is a maximum deformation of 1.6 mm. 

𝛿𝑚𝑎𝑥 = 1,6𝑚𝑚 < 𝐿 250⁄ = 20000𝑚𝑚 250⁄ = 80𝑚𝑚  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.28. Reactions in the stiffening system 
considering the self-weight of the structure. 

Fig. 5.29. Representation of the total deflection of the structure because of the wind action. 



Static design of composite steel and concrete building structure. 
 

81 
ALEJANDRO VALLE RIERA     Erasmus+ Exchange Study Program 

5.7.1. PROFILES SELECTED 

 

 

 

COLUMS: 
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DIAGONALS:  
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7. BUILDING AND DETAILS PLAN 
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