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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.



INDEX

1.

COMPOSITE STRUCTURES ...cccuoititmuniirimmniiiieneiiiieniiiieeeiiiieneisiesssiessssiessmseessses 9
1.1, OBIECTIVE oottt e e s aee e 9
1.2, DEFINITION ittt e e e e s re s e e e e e s e senens 10
1.3.  ELEMENTS OF COMPOSITE STRUCTURE......ccccotttiiriiiieiiiiie e 10
1.4. ADVANTAGES OF STEEL-CONCRETE COMPOSITE CONSTRUCTION......c.ccvveeriunnennn. 14
1.5. COMPARISON COMPOSITE AND R.C.C STRUCTURE.......ccceevvriiiiiiiiiiiiiiiiiciien 15
1.6. DESIGN OF A COMPOSITE STRUCTURE ......ccooviiiiiiiiiiiiiiiiinincin 17

CONNECTIONS.....ccuiiiiiuiiriinuiiniineiiitiniirernisieresassietesassisienassistensssistenssssssensssssssnsses 18
2.1, CONNECTION TYPES ...oiiiiiiiiiiiieie ettt 19
2.2. BEAM-TO-BEAM AND BEAM-TO-COLUMN CONNECTIONS ......ccceevivieeiireeeenee 20
2.3.  FLEXIBLE END PLATES CONNECTIONS ......ccvviiiiiiiiiiiiiiiiin e 21
2.4.  FIN PLATES CONNECTIONS .....cociitiiiiiiiiiiiiiinininc e 22

MATERIALS TO BE USED IN THE PROJECT .....cccucciiiimuniiriimnniiriinniinennniiiensnsienensssinnenes 24
3.1 STEEL i 24
3.2, CONGCRETE «.etttiiiiteee ettt et e s s e s s eare e e s e e e e s e 25

TYPE OF PROFILES TO BE USED IN THE STRUCTURES .......ccccciriimnniriimnncriinnniininnnnen 27
4.1, BEAMS .ot 27
4.2, COLUMNS ...ttt e s e e s e e s sren e e s seneneessane 29

CALCULATION.....ccuuuiitirnniitinuiiintinniientteniiittrsssieressssiettssssistessssistesssssstesssssssessssssssnnses 32
5.1. TRAPEZOIDAL SHEETING .....oetiiiiiiiieiiiee ettt e s s 32
5.2, CROSS BEAMS......oiiiiiiiiiiiiiiiiiiic ettt 38

5.2.1. DURING FABRICATION ..iiiiiiiiiiiiiieiiitite sttt s 38

5.2.2. NORMAL USE ..ottt 41

5.2.3. o SO ] = I G 52
530 MAIN BEAMS ...ttt e s e s s e s s e e s e ne s e 53

5.3.1. NORMAL USE ..ottt 53

5.3.2. PROFILE SELECTED ..ottt s 58
5.4, COLUMNS ....oiiiiiiiiii et ba e s rae e s 59

54.1. PROFILE SELECTED [*] ..utteteeutieieeite ettt ettt ettt ettt st st s nae e e 62

5.5.

CONNECTION CROSS BEAM & MAIN BEAM .......ccocuiiiiiiiiiiiiiininiicic, 63



5.7. STIFFENING SYSTEM ....oiiiiiiiiiiiiiiiiiiiictic ettt 72
5.7.1. PROFILES SELECTED ..ceiiiiiiiiiiiiiii ettt 81
ANNEX .oiiieiiiiiiiiiiiiiiiiiiinieeiirteeeiistenesiirtesesisstesssisstesssesstesssssstesssssstesssssssennses 83

6.1. LIST OF PICTURES ...oeiiiiiiiiieteecc ettt et e s s 83

6.2. LIST OF TABLES ...ttt et e e 85

6.3.  LIST OF USED SOURCES ......cttiiiiiiiiiiiiicinittc ettt 86
6.3.1. STANDARTS L. e e a e e e arae e 86
6.3.2. LITERATURE AND PROFESSIONAL MAGAZINES.......ccccoiiiiiiiiiiiiiiiiciiiec i 86
6.3.3. INTERNET SOURCES ..ottt 87

BUILDING AND DETAILS PLAN .....cituuiiiiiiuniiiiinaniiniinasiininnssieninsssisnessssissessssisnenasssssenes 88



Static design of composite steel and concrete building structure.
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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.

CAST INSITU
CONCRETE

SLAB
REINFORCEMENT

PROF!LEO/ STEEL

HEAR
SHEETING T

CONNECTORS

STEEL JOIST

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.

- ® [ J I\ T @ |
Shear stud —/ T_ “— Reinforcing steel

Reinforced concrete slab

Steel beam

(a) Steel beam interactive with and supporting a concrete slab

Q) °)

 I—

Fig. 1.2. Appearance of a typical composite beam.

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.
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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.

e 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.

boy
| } 0.85fa
| Ny =
5 hs Plastic
| e
= + L Ny,
Ty

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.

Partially encased Fully encasedHE Concrate-filled Concrete-filled
HE section section CHS SHS
o |[[® ]
.-'/ o .,
{ |I 1 I|
| » .
\ | Il| !
\
'-.‘_*.-\_-..\___1_ -:;,:’" | L ] [ ]

Fig. 1.4. A few examples of composite columns.

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.

* I[dentical 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]

12
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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:

Concrete slab

Perfobond rib
connector

Steel beam ————

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.

14
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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: |t 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.

15
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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.

- Asaxial 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.

e 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.

2500

2!
= B 7207
= : g o &
‘p2s & ke =
IPE400 IPES50 HE360B
St 52
Composite beam Bare stoel beam / EQUAL
Load 100 % 100 % 100 % b

resistances

Steel 100 % 160 % 215 %
weight

COMPOSITE

— LIGHTER
..J.Z':. 100 % 130 % 95 % /

COMPOSITE
MORE RIGID

1,- 100 %

Stiffness 1.5 70 %

70 % 45 %

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.

e 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).

18
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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 *x**x* 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

Flexible end plate

Fin plate

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

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

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

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

(s}

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.

Fig. 2.5. Flexible end plates connections.

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.

bp
5 i
e tp L
T —
f 1= N———
[ %0 s | B g i
L]
|II . ™
\ o o
1 . |
| ) i
' Gauge,p,
Gauge p,

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

R
I -
R i
e

Fig. 2.7. Fin plates connections.

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.

¥ < , beam

: by = " “centre line
-
i ,
= b

<Py < >

Section XX Section YY
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.
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3. MATERIALS TO BE USED IN THE PROJECT

3.1. STEEL

The common characteristics to all types of steel are:

¢ MOAUIUS OF @IASEICILY (E) vvvvvuverrereesieeeiesieeseseesessesssssssssessssessessessessssssssssssssesssssessens 210.000 N/mm?
* Transverse Modulus of elastiCity (G) .....cccceeereeiieeiriieesee e 81.000 N/mm?
o Coefficient Of POISSON (10) cvveiiciieeiiiei et ettt ettt ettt e et e et e s e e e e tae s eaee e eeraeeebaeesnsneenns 0,3
* Coefficient of thermal expansion () .....cccceveeeeereriie e e 1,2-1073¢c1
© DENSIEY (D) cvrvrveeererereeeeeee et et et et et eee st st et e st e s ettt etseseeteee e et et es et eeseeseaesene e s s ensees 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.

Tabla 4.1 Caracteristicas mecanicas minimas de los aceros UNE EN 10025

Espesor nominal t (mm)

DESIGNACION Tension de limite elastico Tension de rotura 'I;enr:ap:;a g:::rg:I
fy (NImm?) f, (Nmm?) oc
t<16 16 <t<40 40<t<63 3<t<100
S236JR 20
$235J0 235 225 215 360 0
S$235J2 -20
§275JR 20
§275J0 275 265 255 410 0
§275J2 -20
S§355JR 20
S$355J0 0
23882 355 345 335 470 20
S355K2 20"
$450J0 450 430 410 550 0

Table 3.1. Mechanic characteristics of the different steel types.
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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/mm?.

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]

Strength classes for concrete

f (MPa)| 12 16 20 25 30 35 40 45 50 55 60 70 80 90
fex cube 15 20 25 30 37 45 50 55 60 67 75 85 95 105
(MPa)

fem 20 24 28 33 38 43 48 53 58 63 68 78 88 98
(MPa)

fetm 1,6 1,9 22 2,6 2,9 3,2 35| 38 4.1 4,2 4.4 4.6 4.8 5,0
(MPa)
fewoos | 11 13 |15 18 | 20| 22 | 25| 27 | 29 3,0 3.1 3.2 34 35
(MPa)
fek 0,05 2,0 2,5 29 3,3 3,8 42 46 ( 49 53 5,5 5,7 6,0 6,3 6,6
(MPa)

Eem 27 29 30 31 32 34 35 36 37 38 39 41 42 44
(Gpa)
£c1 (%0) 1,8 1,9 20| 21 22| 225 23| 24| 245 25 2,6 2,7 28 2.8

Ecut (%o) 35 3,2 3.0 2,8 2,8 2,8
Ec2 (%0) 2,0 22 |23 2,4 25 26
Ecu2 (60) 3,5 3,1 2,9 27 26 2,6

n 2,0 1.75] 16 | 145 | 14 1.4
Ec3 (%) 1,75 1.8 1.9 20 22 23
€cy3 (%60) 3.5 3,1 2,9 2,7 2,6 2,6

Table 3.2. Properties for each type of concrete.

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:

Itis used in most of the structures we see day by day as for example, buildings, bridges, runways
and even roads.

FIRE-RESISTANCE.
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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.
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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, | am going to explain why it is better to use these profiles and not others with an example.
In fact, | will compare IPE profile with HEB profile.

EXAMPLE:

(OMPARISON OF AN TPE PROFILE WITH ‘A HEB IN A BEAM SUBJECTED TO AN UNIFORm LOAD

qr=sml/- AS IT IS NOT KNOWN IF IS A VARIABLE OR A

8 % 3 3
R PERMANENT LOAD, IT Wit B€ Uused: §:=1.4

. ! ! i

' ! 4,4-5¥N/m- Em

AN 7 Veds L2220 2

[ ; : 2

\j X

. : - 4.3 :

: ',ﬁ_l { Mgd: %:H,Sm-m

] . W !

IPE  SuPosition IPE-180: Av=3,04-h-bw:14,04.180-5.3 = 992,16 mo

Fr

fa-Vz

Va - Av. = 992, (6mm" 235 Njmm'- = 29,6 kN 2 2.Ved = 42eN /

{
10-3

Wa Fy _ {66 -loanmz- 4"35'“/m-z

Ma v = = 29,00 k-m > Nsd =30, 5 en-om /
ma !
' 4 s 4
J‘: 1 ‘(_S..?.L"):—h i, 5-6000/’30,51'»1!'5 ‘7/25'0 z2ymm X
Ea-Io \38¢ 20-10%13,17-10% \ 384

[ IPE-200] Av< 4,09-200.5,6 = (164, Bmm

Va=15803kn >2ysd Y Ma:50,9%€d-m > Mcd 7

1 ( S Ul /
I —— . s . A 1 8 é [/
4 210-102-14,3-10% \ 35 ° 6000 /= 20,68 mm € “/250
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HER  HEB-140 \  Av:3,0¢tw-h= (0¢.4v0-7= 10192 mm'

A
Va = 1019,2 mm'- 235 N jmen’ - T v 13818k 5 2vd 7
295.4.0° 23S
Ma 4 IR_

- = ST 63 kni-m » Msd 7/
0

{ - /5 §60007 26,63 mm < L/
-— . — - e 7 mm <
200-10% 15,09.10° 384 250 X

l HEB-160 | Va:1806ten 7/ Maz 83.0kve Y  §=16,12mm ¥

Az 2850 mm’
IPE-200 =D TOTAL WEIGHT* 6m - 22, tglm= 134.4 Ki
WEIGHT = 22, kg /o I
1
A-5Y30 mm
HEB-160

=P TOTAL WEIGHT* Gm-42,6K9]/m = 255,6 Kg
wei6n7=92.6zglm ‘ﬁ

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 = ™ N2
HEB-140 = N2 ™~

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.
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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

BI-SUPPORTED Coypn — B24.0 =P _fgg/i-(}-‘ 25m 55 M=

6 4
T2: 3,47-10°mee’ Tz: 2, 8.0 ew
HeB-120 9 . IPE-240
A2 30,6 mm {3:26,Amm

(22.5m

ecr 2500 mm
REB-120 A= Tz C S 81,7

238 = n
LAMINATED PROFILE — A/[,u,z — C5l00mm — e f CURVE C —Plo{—o,%l

2-2 Axis e
8 A ,S gll? -
HEB-120 — ClASS 4§ —> /gﬂ=1.0 ,A_f (‘A‘")Fn :(m)-i-ﬁ;_g?

Z: os-[1+a-(X-0,2) J’} 0.5. [u 0,49- (0,6?-0.2)+ 0,8?7]= 1,092

]

= . = f = 0.6l8
= ¢+ [ﬂl_ /'\1!015 1107261‘[I,07262— 0/8?70’5 —

.\

/-1 '[}' ]Yoonml- 278 N/mnoz
L rags : 0,6018-4,0 ——"— = $70,5 KN
NbRd= ¥ {6’4 T 0,618-4,0 T 70,5 K
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[Tre-200]  A: ™= qz9

5-23§ = = l
LAMINATED fm}u‘ — Il/bzz L~ fSllonn —— 22 ﬂlisi WR-_L_G_Q DM

206240 —> CLASS 4 — fa=14,0 _A:__(Ai)f (:;.,)1 0,981

g_: 0,5 [3 +0,34- (0.58?-0/2}+ 0,9872]'1.12‘/

1
- = 0,6035
_! 1,029 ¢ [1, 124 0,984]"°

910 mm> 235 Nfnaat
Nb,R{ = 0.6035-4,0- T2 ’;‘ fuw . 526, 1 kn
hdedils 4“0 ————

L=3,5m

| Heg-120]
(Cf =4-3,5m* 3,50\

i lee  3500mm
Led5m _A_: ‘i;= 20.6m = 414,38 d=Q,4‘1

(A._)/gm (m,?s 4= 0,8

¢ B 0,5-[1 +o,l{"'(1,2'8’0:2)+ !,l(alj:!'941

riy
Nb, Rd 0,Y25-1- 3vooz :223,6 kN

L —— 3%

1
2 = 0 'IZS'
991+ (1,990 4 u8"]**

22,9,
2
20,5-(1+039 (4,285-02 +J.38§]=166 3910.23¢
pee; (14 (’ ” ) ’ Nb,Rd = 0,388-1,0- * 39,7 EN
AWRIE®

{ —_— f,0f
> = 0,388
2 4,664 [1,66% 1,285°)°

_ _3500mm )
lzpe-zvol A et B0 L2034
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L=8m

[Hes-120]  A=264  A:238 #:50 X-009 N, Rd: 83.14kN

(:8m
[zpc-240)  Az292.4 A=316 @:600 X:0,089 Nb,Rd= 28,52 ww

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

/ [rrapeaoivaL sHEETING]

y o 7 7 d
/./ Gl

= - i ’___: T ’/]I
/ . _/" 7 ‘/ j/
/ ' Pl
A 5 A AN
E—2,5m —> . 5m—>

CcRoSs DGA NS

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

co~caere COAT

TRAPEZOIDAL
HINGE T e TP

ROTATION FREE

CcRosS BcamM
MAIN BEAM

Fig. 5.2. scheme of arrangement between main & cross beam & trapezoidal sheet.
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It wiw BEVsEdD A TRAPeR0iDAC SheemNG TYPE: | TR 50/250

THEREFoRe, IT IS NECESSARY TO CHOOSE ThE NECESSARY THICKNESS OF THE SWEET TO RESIST

THE LoadS THAT AcCTVATE.

* CONCRETE LOAD \

=~ DENSITY OF WET CoNCRETE : 2600 kJ/m’
IT 35 wecessagy TO CALCULATE THE CoNCRETE THAT IS CoNTAINED WiTHiN THE woes OF THE TR.

IHe conceete (AreR OVER IT IS DESIGNED WIiTH A THICKNESS OF: SO mm.

cts? 4-A(w) [BASED ON THE )  4.48,Smm- (s +30,5)mm
= =4 Geomemy s 46,4 mm
=] 4000 mm SHOWN ABOVE ] {000 mm _——
30,5-98.,S,
A= (54-48,5)+ (( i ) (swsa,s) 48,

I1 I5 NECESSARY TO (oMMENT TWAT The Ne€Dep TRAPE20IDAL SHEET IS CALCULATED BY

METER WIDTH .

Weignr: 2600 g (m3- dm - (50416,4)10°m = 172,64 kg/m = 4,93 EN[m (Permanent Load)

Q= 3 kenfm  Yg135 (9= .35 (Lagknim) = 234 kn]o ]

* Fagricamon Load: Tre cove says THAT we HAVE TO ConSiDER:

*1,5kN/m’ IN 3x3m AROUND THe UNFAVORABLE POINT.

* 0,75 kn/m® IN THE REMAINING AREA ( Ir won'T B¢ oousioea@),

Gic= 1,5 kn/m' - Im= LS¥N m (Vnriasee low). Ya: 1.5 lg: 1,5 (3,5 enlm) = 2,25 knlm)
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2,39eN/m
{ ! ) { ! !
F—a B B & B
':' 'o‘w:iv’(! H 2 'O'l; v,l

e | = e ;
V " f-'o,omqlz : N, :u,oul,(’c L.; :

vo,018gl"

]

NOTE
=

uly

—p
5 L5

IT SHOLLD B¢ LikE ThiS
BCCAVSE OF THE CODE BUT

[
<4 d n/ B s WeE witk DO IT Like TS

; { : : T0 SIMPLIFY AND TOBE IN
2 o i ¢ ™
: : : g The SECORITY SIDE.
o8yl ; P it el

i 2 : F ;
g L o0590gl” ! . .
amnl TR +0,017090

Now, we Swoutd JOIN BorH DiASRAMS BY OVERLAPPING. BUT, AS ONLY THE mAXimum MOMENT

IS REQUIRED, AND In BOTH DiAGRAMS XT IS AT The SAME POINT (In THE FIRST SUPPORT ), IT IS
ENOUGH TO MAKE THE SUM OF THE Two.

3,23 kN-m - Msd

2
« 0,105y 9= 0,105 2,39 knjm - (2,5m) = 1,5Y1S k- f

2 <
* o198 3( 2 0,1098-2,25eN)m - (2,Sm) = 1,687 k-

34
ALEJANDRO VALLE RIERA  Erasmus+ Exchange Study Program



Static design of composite steel and concrete building structure.

— POSITIVE POSITION (Filled with concrete narrow webs) — TR 50/250-1mm

ieﬂ%

@

— o~ /[ ~ — o~

) | A I A A
J — /)N

W/ /o0

\ /S O / / —/ \;/,’

vsechna zeob\em R=11

30,5 135 30,9
)
- \_ o
250
Fig. 5.3. Geometry of the chosen trapezoidal sheet.
Thicknes 3
s Weight | CROSS SECTION EFFECTIVE CROSS SECTION
t m Ag Iv g Wy,eff Wy eff Iy,eff+ Iy,eff_
PROFILE
[mm] | [ke/m?] | [mm2] | [mm?*] | [mm3]| [mm3] | [mm4] | [mm?4]
x108 x103 x103 x10° x10°
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
'/250 ~ B ok 1,00 10,07 1197 0,469 12,43 | 12,83 0,311 | 0,413
1000 o
%
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 50/250.
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Static design of composite steel and concrete building structure.

iaa
%jGE

ONce THE MAXIMUM  NOMENT IS CALLWATED , IT IS TIME TO Sipe The SHEET To USE.

As IT IS SAID BEFORE, WE ARE 6OING TO UsE A TRS0/2§0 SO THe LAST STEP Is To

DETERMINATE ThE THICKENESS OF IT WHICH WILL RESIST THE LoADS.

ULS: FIRSTY, A PROFILE WITH A THICKNESS OF Jmm IS AsUmeD.
Wa -4 12,4310 235
Mo = 2> Msd Ma=Tz- =292 kN'm > Msd=3,23eN-m X

Yone.
THE (ONDINON IS NOT FULFILLED, THEREFORE THE THICKNESS MUST BE INCREASEP.

A THiceNESS OF 1,12 mm IS ASUMED NOW.

3
I":' .. * f
Ma - %@. =3,52kNm 2 Msd=2.22en-m ¥

LS*  ONLY PecRmANEAT L0abS AND WITHOUT BEING WEIGHED.

——
_

2 2
. Mosv-qx-( = 01054 (1.93%N)m)- (2,50) = 1,49 k- = 8,04 10°N-mm = Mb

% L (S 00ttt
< % 4 2 gl = pl 1>
[ o J‘ €a-Ia (?3" 1 i
. 2000/ -
2 b % : v

e N T i e i-(,m.:o‘-zsoo)= 5,67mm € Yoso™ " iso” B
" 20-10%3¢5-40°  \384 “

x *

g uq 4’”@‘[“'\.)%

ﬁf*fl_,—:ﬂ pay 4 s

i

CHECK IN CATALOGUE:

SeparaTion: 2,Sm
CATALOGUE TR 50/250 PosITivE => Mut&‘-;,.m beam
Triceness: 4,43 mm

4 Maximum CAPACITY: 6,06 KN /m

Msd=322en-m . Msd- o,wsq.gef.?z—bg,’: 4,9kN[m <6.06kN[m v

/TR 50/250 - 1,13 mm Posm'vg

36
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Static design of composite steel and concrete building structure.

iﬁi
gea

IF The maximUm MomenT Does NOT MAT(H Zw & SUPPORT AND WE WOULD LIKE To KNOW

Tre EXACT POINT WHERE IT I5 PRODUCED, we Wil HAVE TO WORK WiTh THE BEAM Secron
WHERE IT WAS PRODUCED AND ADD THE MOMENTS THAT CORRESPOND (N The SUPPORTS.

J AM 60INE TO €xpPtaiv IT BY MAKING AN EXAMPLE OF THE FIRST SEcrion OF THE ConcRere Load.

2,3Ykn[m

/] kn- .
1 ! [} | 1)'“"‘ - SR=0' Ra+ Rg: 234kNjm -2 5m
A‘ 2:Sm %
1aa A SMe:0)n : 2,340 - 2500 - 1,250+ 4,5Uskn-tn = Rg- 2,5 m.
2,308¢ | {
i
@ M | Ra=2308Y en Ra=3,5v1c en
{ 'cxz : ’ 1
‘ .
i ; 3,svif
: g " WE knOW BECAUSE OF The ThedRy THAT WnEn THE
! ; i
— ' SHEAR STRESS IS 26RO, THE BEnDING MOMENT IS MAXioaUM.
]

<

THen IT IS AS €asY AS FiNDING THAT POINT IN THE SHZagr DIAGRAM USing EOVivALENT

TRIANGLES.

3084 — X
& X 0,986¢% 0;‘18‘5/2,54».: 0395L 7

L ———— ——

3,546 =" 25X
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Static design of composite steel and concrete building structure.

G
@

5.2. CROSS BEAMS

5.2.1. DURING FABRICATION

DuRinG FagricaTioN

* TR 50/250-1,13mm WEIGHT :

THICKNESS : 3,43mm —> WEIGHT: 41,38 kgl = 0,414 KN /w'
0,114 Kjol x 2.5m (sePaRATion). = 0,285 kn/m  (Permanent Loao)

qK= 0,285 kn/m Yo:1.35 E 0,285 knN[m- 1,352 0,38 kn|m f

* WET CONCRETE LOAD:

WEIGHT 2600 xg/m‘(nessm) x 2,Se (sePaRATION) x (50 +16,4)-40°m (Thickuess) 24,32 kenl|m

qu= 4,32 ikn/m (Peamanent lm) Y6:335 E: 1,25 (4,32 kn/o) = 5,83 mlm,

AS IT WAS SAID BEFORE IN THE PROJECT, BEAMS ARE MADE FRoM IPE PROFILES.

We HAVE TO CONSIDERE THE LOAD OF THE BZAM ,BuT WE DON'T xwow YET WHICH IS THE
IPE PROFiILe THAT FITS BETTER WITH THe TomAl  LoAD.

AN IPE-200 IS Asumeb.

© IP€-200 LOAD *
WEIGHT 22,4 r‘;/m >0, KN[m (PCAMMGOIT LOAD).

Q02 bnim  Y:13s  [g¢ 435 (022kalw) 2030 knjm

* FABRICATION LOAD® THE (op¢ SAYS THAT WE HAVE TO (ons)DER:

* Sk /m I8 3x3m AROUND The ynFAvORABLE PoinT.

o 0,75 N Im" In THE REMAINING AREA,
< INSIDE 3x3m : 3,5KAfmix 2,Sm (SEPARATION) =235 kn|m (VaRinBle Lowv)
Ge=3,35eN[m  Ya=1.5 @ 1,5- (3,35 kN|m) * 5163!«!(4\,
- UTSIDE: 0,75 kn/ad x 2,5m = 1,875 kalm (vaciase Loav)

qe:1,69enlm  Yard.5 (= 45 (4.83 vuln) = 2,81 knim]
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Static design of composite steel and concrete building structure.

PERMANENT LOADS: 0,38 kN/m + 5,83 kNjm + 0,3 /N = 6,51 KN [m

6,51 kfm
11
{7 :61\- J| g
: ! ; . 6SIkn[m-(6m)
® ; ; Mama - 2 29,3 kN-m
6iStkd/m- 6t
7 (9,53 kN

Variagie  Loaps:

5 “Idlm

2,8lkn/m

1 i 1 e [
il e . B0 BB Sha:0)a; RazRe
G |

JoiNiNG BoTH DiAcRAMS BY OVERLAPPING *

)
3

&
%
¢

iﬁi

: Ra=Ra: 2,66 en

A 1A Vd: 32,198 | |Msd= 51,44 kn-m

ALEJANDRO VALLE RIERA  Erasmus+ Exchange Study Program

gea

Zf0=0 /  2Ra=28kn/m- (354 1,5)m+ 5,63 kni[m- 3m
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Static design of composite steel and concrete building structure.

G
©

s

Av: 1,04 h bz 2,04-200mm - 5,6mm = {16Sma’

v v 23sNiom
= % 2 4{‘5 ¢ — 7 D 7 o s
Va= Av T il 158,07k 3 2 Ved < 2-32,19+ 6439w @

Fr 20010 mad BSNfme
: W; ; ““;'o D50 kNm 2 Msd:si,99 68 ©
a g

M

THE MAKIMUM MOMENT ACCEPIABLE CoINCINE WITH THE MAXIMOM WE HAVC.

We need A Bi66ER PRoFie — IPE-220

THE PCRMANENT LORDS DO NOT (HANGE RBeCAUSE THE WEIGHT DIFFEReNCE OF PYTTIvG A
PROFILE 0K THE HiGHER ONE IS INAPPRECIABLE.

Av=1,04-h-tw= 1.04-200mm-59mm = 1350mat

Va‘ Av Fy o HSOmmz' ZZSN/M:
- g & ——— = (83,16 > ./ = 5
- o B E RN > 2Vd=2030,19 2603800 g

Wa-Fr  285-10med- 235 Njmad
ma . ) z

I Py 67 kn-m > Nsd = 51, 4% n 7
Mma ’

LS

; 1 S l,) 1 5 ‘) L 6000mm @
o |- f ~——age T e 2 (5 y o ¢ == L 24
J Lo Ia (394 't 210-10%.22.2-10° | 38¢ 402600 = t4mem € 00 = 3¢ "

* J=I‘Inm £20mm é
[ IPE-220/
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Static design of composite steel and concrete building structure.
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5.2.2. NORMAL USE

VARIABLE LOADS:
Category of use Subcategory of use qr[kN/m?] | Q,[kN]
Housing and room areas in, hospitals
A | Residential Areas Al and hotels ? ?
A2 | Storerooms 3 2
B | Administrative areas 2 2
C1 | Zones with tables and chairs 3 4
C2 | Areas with fixed seats 4 4
Areas of public Zones without obstacles that prevent the
access (except for c3 free movement of the people like vestibules 5 a
C | areas belonging of public buildings, administrative, hotels;
to categories A, B Exhibition halls in museums; etc.
and D) C4 | Areas for gymnasium or physical activities 5 7
s Agglomeration areas (concert halls, stadiums, 5 4
etc.)
D1 | Shops 5 4
D | Shopping area D2 Supermarkets, hypermarkets or large s ;
surfaces
Traffic and parking areas for light vehicles (total weight <30 kN) 2 20
Passable covers only accessible privately 1 2
Covers accessible 61 Covers with inclination less than 202 1 2
G | onlyfor Lightweight covers on straps (without slabs) 0,4 1
conservation G2 | Covers with inclination over 402 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 g, 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: q;, = 0,5 kN /m?
+ For movable partitions with a self-weight < 2,0 kN /m wall length: q;, = 0,8 kN /m?

« For movable partitions with a self-weight < 3,0 kN /m wall length: q;, = 1,2 kN /m?

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 q;, = 1,2 kN /m? which is the biggest so we are in
the safe side which means the heaviest walls can be built into the structure.

* OVERWADS 0F USE * (ATEGORY C1 —> Gie= 3/ / Biefm' x 2,Sm (o) = 1,5 knl[m

* MOVABLE PARTITIONS: Gie=1,2kN [m" i 4,2k lm x 2.5 (Sep) = 3 kn Jm

41
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Static design of composite steel and concrete building structure.
v‘ !7 YQ §7
PERMANENT LOADS:
FLOOR
TiED FLooR LAYER
CoNCRENE GUWE — g S AT T2 }
COATING oo P77 F 7 77 7P P2 22777

ceiting F— 34 L3 31 |

Fig. 5.4. Scheme of the floor layer & ceiling permanent loads acting on the cross beams.

—
—

IPE-220° ZC,ZKJ/M = 0,262&#!0»1
* TR 50/250 {4,13mm) ¢ 11,38 g/ x 25 (Sep) = 28,5 kglm * 0,285 En/m

CONCRETE SLAB ¢ (50 ¢ ac,v)-‘dgm X 2S00t$7/m3(m toucme) x,Sm = q,sgln. 4,15 m{m

* cEIUNG & FLooR LpvER:
- 2300 kj/ms x B0mm (’H\AL“MW) X Z,S'm(-[tr) = 4609“ 4,6 kN [m

| szl
- mao;?/,..gx 20 mm (Wuickness) x 2,Sen (lep) = kgl = 0,3k m

Qror = 4,35 (0,262+ 0,265 +4.15+5,3) kofmm + 4,5-(7.5+3) kn[m = 29,25 kn |

Med- q-l’ 2925 eNim - (68"

8 = 8 =43‘I6KA"M
A

¢ ¢ ¢ J

ST A G 2L 2kl

f— = 3
3 3 82,35 o
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Static design of composite steel and concrete building structure.

@ga
%Ea

ULS

a) SHEAR

—_—

2
vr;l: Av- Y[yr z l?SOmmz' —::%Nélh = 183. 16kl > 2 \sd= 2-87,75kn = (75,5 knf @
a-\3 e

() BENDING

L : :
bett - ;« g 2000 . ory o € 2500 mm (DISTANCE BeTween BEAMS) v

e

2 A
1 - | o 3 | oD ] b,
: Dot ]
| | b
W ol N | N by B
b o
N e e
T Ly | 1
L4/t AR A
2 as3>
P Lo = 0,85L1 pro ben.
Le = 0,25(L1 + L2) pro benr2
1 = 4 b |L=070L pro bery
R G e

Fig. 5.5. Possible cases of b.sy depending on the arrangement in the beam.

b o o
o
/1\
|
! !
% A
|
| I
| 1
! l
! I
| o —
I SRS
b, bo :|'

Fig. 5.6. Real stress distribution because of shear leg, and approximation that is used.
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Static design of composite steel and concrete building structure.

{:aa
%jGH

ASSuMPTION ¢ The newndval axes [ ﬂ‘m«/‘ the tonancle ok

IT wil B¢ DevorEd “X” AS THE DistANce FRom THe ToP EDGE OF THe (ONCRETE SLAR

O THE NevrRAL  AXIS.

Aafy 3300mn- 235N \
= befF-0,85 -Fek 15000 - 0, 8520 N/mewt !
1A 45
{‘[ k 5__ te = hicknest d the wancle slak = 50 men

A's "u’d 9"“« TR.=SOmm

'{l_gf (fu-‘np) + 1—‘%‘—”9=100+ %2-0'~ 2(0

S4Y€,7 kl-m

Aa-Fy X 20 mm -235“/“‘: 46,1Tmm
Med - T'({q- ;)‘ o (Zwm.- 2

Med > Msd=421,6en-m @

AS WE SEE , THERE IS A LoT OF DIFFERENCE BETweeN THE RESISTANCE OF STEEL
smocvre ( Mpl,Ad = 67 kn-m) AND The comPosite strucrvRe ( Med = 146,3 kini-m).
THAT HRAPPENS BECAVSE THE MOMENT OF INERTIA INCREASES IF THE (ONCRETE

WORKS FULLY In omPRESSION , v THE QIGHT FoSiTION.

44
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Static design of composite steel and concrete building structure.

€) SHEAR CONNECTION

10

13

16

19

22

25

@

SHEAR STUDS
@D2
Fig. 5.7.
Shear Stud ! !
corswas F | )« D
| |
5 I } S
| \ c
! \
- Y
D1 %
D3
Tensile strength: Ry, | = 450 N/mm? ISO 13918
Yield strength: Ry |z 350 N/mm?
Elongation: As |2 15% Steel St 37-3K
|z+1 D: D2 D3
50,75,100,125,150,175 10 19 13
50,75,100,125,150,175,200 13 25 17
50,75,100,125,150,175,200,225,250 16 32 21
50,75,100,125,150,175,200,225,250,275,300,325,350 19 32 23
50,75,100,125,150,175,200,225,250,275,300,325,350 22 35 29
75,100,125,150,175,200,225,250,275,300,325,350 25 40 31

%ﬁﬁ%

h  k
2,5 7
3 8
45 8
6 10
6 10
7 12

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

Fig. 5.8. Scheme of the position of the stud compared to the trapezoidal sheet.

ALEJANDRO VALLE RIERA

§ ~5-10-20imm

50 mmm

S0mm
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Static design of composite steel and concrete building structure.
v‘ !7 VQ §7

hse - 20 mm SHEAR RESISTANCE OF THE STVD

: g

z
T 'Lq'i = 0,8-360N/ma- "_(‘gi“): 81,65 kn

sz

2 2
0.29--d" {fek - Eom = 0,20-1,0- (19mm) - Jzou/m?-so-lo’vlm‘ ¢ 81.) i

““ CRACE OF THE CONCRETE
a‘z.(%{‘-ll) If 3$d—5" ,‘£ 90
ol d 19
4,0

THE moST ReSTRICIVE ofnoN 1S cHosen —> Fre= 81,4 kN

fee o111
Pﬁ: il = 6Y,88kN

RedVCTiON DUE To SHEENNG wAVES:

0.3 bo )“.‘_Af IT IS Goinvé TO BE ASUMMED : NUmBER OF STVPS 3N

(e ke k

kt=

one wave 4.

01 84S 90-50 )
b I“l’ R: =G T 0ME <L

THeRe IS A REDUCHON BuT VERY SMAL.

* PLASTYC SOLUTION ¢ Sreer v Tewsion

Aa-Fy 23Y0me- 235 Nfmp®

fefe s —— - = - 784,9-40°N
F‘f p L nl;(eol'iw
FE - Poodsfu, ﬂsr- Fo RUUUIN . gooPn Acthidns bt
LY ]

(4

-

QNRETE IN COMPRESSION

THE MoST RESTRICTIVE OfHoN IS CHOSEN — Fefa = 7845 ao’u
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Static design of composite steel and concrete building structure.
Ne - fet.a 2 sl : 4279 — 13 head shds in ench ‘\Ay 4 He beam
Fed, ¢ 60,37 ‘

26 w TOTAL.
Ped, ¢ = Pod x kt-¢y,88x 0,946 = 61,37 ke

Vea -~ 1

Fig. 5.9. Representation of the shear force acting on the head studs.

3000 mm

2230,8mm T IS NECESSARY TO PUT A STUD EWERY 230,8mm,

BuT THAT IS NOT POSSIBLE. RECAVSE OF THE GEomerRy
OF The TRAPE20I0AL SHEET, THE minimUN SEPARATION

DisTANCE 1S 250 mm.

The total number of studs that can be placed in each row in one half of the beam is:

3000 mm

= 250 mm =—————) N; 0 = 12 head studs

N fmax

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.

47
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Static design of composite steel and concrete building structure.

€
O

12 OPTION: INCREASE THE NUMBER OF STUDS

0.1 b }U - 0.7 _8("§ e s . 2
Nr=2 et = —- e \‘}'L-' T_ "“s0 0 SO 0.66 {8166&1 REPUCTION
e b ke 0

—

Pod, = Pod - Bt = 64,88 0,66 43,21 kN

NE: FEn T84 10 16— 20 head shudo o cach l«%/ %/fu beam.
p‘d‘r 42/2'
(10 yuds ¢adt'laumdky%ﬂvw.

Bd’dtm quam,\mwe(-vutﬁmkadgdo,w ﬂc;uu‘(&
,ud’a. {v{ul%ﬂ/afaddwcﬁ/\a{/.

y@
Fig. 5.10. Position of the two rows of studs on the beam.

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.

22 OPTION: PARTIAL SHEAR CONNECTION

= THIS CONDITION MUST BE FULFILED TO BE A COMPOSITE STRUCIVAE.

S ~—— 3 01‘{
(‘Z e IT MEANS THAT MOAE THAN THE Y0y 0F (ONCRETE IS WOAKING.

A 0,4-0F 20,483 5,2 — 6 sbudo ta cach Aoff ak oot
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Static design of composite steel and concrete building structure.

{:aa
%jea

FORCE THAT hAS To Be TRANSFERED:

) Msd - Mapl, Rd
MplRd - Mapl, Rd

- Fek, '(.

*Msd=131,6eN  + Mapl,Ad: 67 kN -Mfl.lu:m,ml * Feb, L= 784, 96N

(316 - 67)-784.9 _
Fe- * 636,26
T 146,7- 67

Magl, 0d - { THE FoRCE TWAT The IPe PRoFie caw REsisT 8y ITsewf ).

A o ®

REAL BEHAVIOR Fe-—-—

N M © I A Y

s
APROXIMATION |y ; ot
1 IN THE SAFE SIDE | ‘eumagumred

: )Hna
1 | M Nl
3, | 3
Mord | | @
pL 1 \ N['
|
1

e ] —-

' N =SSR ’ pl, Rd
n =<t Nol.a
0.4 (MIN) NU — Pl

Fig. 5.11. Real behaviour compared to the approximation in a partial shear connection.

N vadeic s 0L, s L 5 b0 vn <o T Ml o el holf.

* MORE THAN 6 WHicH MEANS IT IS A womPosiTe SrRvciveé. ¥

¢ TheRe Is SPace For 12 S0 ThAT IS numBER OF STWDS We wiu P v @ In

{2 dudp in each %
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Static design of composite steel and concrete building structure.
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SLS g
La. écf‘tm + ie: 50450+ z"’,z:om
30
Ecm 30 Gl —> EC-—"" —_156&. Aa: 33‘!0mm
Ea 210 te: Soma
R i
Ee
b eff = 3500 am
1 t 1
X‘ Aﬂ"la"’ i’{tééﬁ. 2-‘_ 3340-210 + ’?'501‘00‘ -5_0 qg
' g H mm
= Aa+ -'%-fc- beff 3390 + - -50- 4500 '
beff/n It Ed
H N Tec. Ec E
O e o Al
X
Ze

-—ee - -

e o & "= ot =

Fig. 5.12 Dimensions explained necessary for the calculation of the S.L.S.

LizJa+ Aa-2d + = (“ bete- ek te- befF- ?c) = 2172-10% 33%0- 14’ (,l 10050+ 50-1500 )

Zat ha-X = 216-96 7 1% mm p
Li=99.2540" ma’

So
Ze x- %: %- 57 mm
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To CALCVLATE THE CHARACTERISTIC LDAD THEy witl BE CoNSIDERED The VARIABLE LOADS AND
The cEiuint 1 FLOOR LAYERS Loads,

gK= (7.513) + (5:3) kN[t = 15,8 knl [

: 4 : 4
J-: 5-9x.L . 5 /s,sdl;m.(aooom) ; 5 T 55(1;_0__20““ /
384-E L 384-210-00°Njma - 2510 m"

BUT IT 15 NECCESARY TO ADD THE PARTIAL Conmecnon ConsiDERATON.

74,
& {_"18 _13—'3‘01"41&

foms {[1403-(1- 2 (ir‘-‘-z)J 2,8 [1+03-(1- )-(3"‘” 1)] 13,29mm < Dowm ¥/

Now WE Prové IF CEILING IS NECCETARY OR woOT.

J during (fdn‘.mkm t J nomol woe 220 mm =P CEjLING NECLESARY.

(9mm + 13,29mm = 27,29 mm >20mm —> CEILING @

071.8< Fr

Fig. 5.13. Disposition of deformation and stresses in the composite beam.
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Static design of composite steel and concrete building structure.

5.2.3. PROFILE SELECTED
x
S
oo =
y
.
e
VZ
G h b ty t; r d A A Iy w, Wy, |,
10* 10° 10°

kgm | mm mm_ mm_ _mm_mm__mm mm mm’ mm?* mm’ mm®  mm
IPE 80 6,0 80 46 38 52 5 596| 764 358 80,14 20,03 2322 324
IPE 100 81| 100 5 41 57 7 74,6] 1032 509 171,0 34,20 3941 40,7
IPE 120 10,4] 120 64 44 63 7 93.4] 1321 631 317,8 52,96 60 73 49,0
IPE 140 12,9] 140 73 47 69 7 112,2] 1643 764| 5412 77,32 8834 574
IPE 160 15.8| 160 82 50 7.4 9 127.2] 2009 966| 8693 108,7 1239 658
IPE 180 18,8| 180 91 53 80 9 1460 2395 1125] 1317 146,3 166, 4 74,2
IPE 200 22,4 200 100 56 85 12 159,0] 2848 1400| 1943 1943 2206 826
IPE 220 26,2 220 110 59 9.2 12 177,6] 3337 1588| 2772 2520 2854 91,1
IPE 240 30,7 240 120 6,2 9.8 15 190, 4| 3912 1914| 3892 324,3 3966,6 99,7
IPE 270 36,1 270 135 6,6 10,2 15 219, 6] 4595 2214| 5790 428,9 4840 112

I w; Wiz iz Ie Fi bending | compression
10* 10° 10° 10° 10° wwoWwolyw Yy 9
mm* mm? mm® mm mm?* mm® % % $ c?o % % 8 ?f)

8, 489 3,691 5,818 10,5 0.6977 118,001 1 1 111 1 1 1] IPE 80
15, 92 5 789 9,146 12,4 1,202 351,41 1 1 1)1 1 1 1] IPE 100
27, 67 8 646 13,58 14,5 1,735 889,61 1 1 1|1 1 1 1] IPE 120
44, 92 12 31 19,25 16,56 2,447 1981 11 1 111 1 1 2] IPE 140
68, 31 16, 66 26,10 18,4 3, 604 3959 11 1 111 1 1 2| IPE 160

100, 9 22 16 34,60 20,5 4,790 143 1T 1 1 1|1 1 2 3| IPE 180
142, 4 28,47 44, 61 22,4 6,980 12990 |1 1 1 1|1 1 2 3| IPE 200
204, 9 37,25 53,11 24,8 9. 066 22670 (1 1 1 1|1 1 2 4| IPE 220
283, 6 47 27 73,92 26,9 12,88 37390 (1 1 1 1|1 2 2 4| IPE 240
419, 9 62,20 96,95 30,2 15, 94 70580 11 1 112 2 3 4] IPE 270
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Static design of composite steel and concrete building structure.

iﬁi
gea

5.3. MAIN BEAMS

5.3.1. NORMAL USE

- SUMMARY OF LoADS

‘ * OUERLOADS OF USE  3knfm’- (6m-2,5m) = 45 &N
*UARINBLES

o MovABLE PARTIFIONS : 4, 26N [ (Em-1,50) = 180
~IPE-220 0.262 kN]m - (6m) = 1.58 &l
* PERMANGNTS 4 * TR 50/250-1,12mem* 1,38 kg [m®- (6m -2,5m) = 1,31kl
» CONCRETE SLAB : (56416,4)-16m - (2500 lg/m’}( §m-2Sm) = 29,9 kN
" ceitinG 4 FLoon LaYeas - 2300 ky/m’. B0 mem- (2,5-6m’) = 22,6 el
- 4400 zoq/pﬁ- 20mm. (2.5.6m): 42EN

Qror = 1,35 (45+18) n + 1,5-(1,58+.71 +24,9+ 296 +4.2)knl = 135 N

. -
' L
KN[m x6mx2.5m
T (I / - /" / #
?/ / CONCENTRATED LOAD
2] r-
| |
2,5 m
[““r j‘j THe DISTRIBUITED LOAD OF THE PRofite oF
E 3 THE MAIN BEAM IS NEGLECTIVE (OmMIARED
: ased fsed ‘. ‘
: ' WiTh THE CoNCENTRATEDR LOADS. THEAEFDRE
A i it i A 1715 NOT GemsiDERED IN THE DiAGRAMS.
i ' ] ]
] i 'r T
© t ! ' !
it Vsd = (75 .l
e
{(15kN

i
i
|
; MSd =4J7i‘5t~‘m
L

437,Sm'm
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Static design of composite steel and concrete building structure.

G
©

ULS

a) SHEAR
- ——

AN I06-200 IT IS GOING TO BE SUPPoSE IN THE MAIN BEAM.
- L 2

Avz 4,04 h-tw: 1,04.300mm - 7.0 mem = 2215.2 pam

fy 2 235N|mm
= 2US, lpatn + —————
Sf ¢ .03

a-¥3

Va: Av. = 200,5ed > 2-Vsd = 350 kd )

AN IP€ -400 IT IS GoiNG TV Be SufPosE.

Av=3,00- kb= 4,090-900mn- 8.6mm = 35T7,Cmm

1
Va: Av- TF" - 3776 mmn ”L“gﬁ“: 485,49 kN > 2-Visd = 350k Y
b

0

$) BENDING
e
A 2N
befF - % = .« 1S
Aa-Fr £450-235 ®
. la 1.0
AssumPrion: N.A IN (ONCRETE SIAB.  X= = : = 92,45 mm €

beFf-0,85 Fck  (g75.0.85-20 Vitimm £ Some

(3 1S
N.A IN THE IPE PROFILE :
(ct_ 20 _
Ne = beff e 0,85~ ~, 7 4875-50-0.85- 55 = 1062,5 kN

i Fy A5
Na : Aa. T g4s0 T 1484,8 kN

Na-Ne (1848 - (0625
e 2

Nc + 2-Nag = Na => Nay: = 461,17

Na:- XMU - 4é115- 1:0 ’ 2
Nﬂ.]:AQ(' F =P -A_a!: Fy - 235 4962, 4 mm

b4
Ino
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Static design of composite steel and concrete building structure.
v‘ !7 K‘Q 5

ASsemPrion: N.A IS IV THE weB.

—— (50 —>

‘ I I“'S Aal= 1962, 4 ma (180« (315) + (3'5'(" = ’3'5))

d o pEE x:-40.87 ®

N-A

N.A IN Thé FLANGE

1 5 - Aai= 1962 mas’ = (180-X) => X = 10,9 mam
Ee——— 1

l N.A

|
/////;////ff::'.'.ﬂ‘“L
xy_ L. x _ i — o

Fig. 5.14. Disposition of the forces when the neutral axis is in the IPE profile.

X 0.9
/‘]al: (‘lc-l Lm) t 77 {00+ 17" 106,45 mm

ha = (hethm) + A—ZIE: 100 + ‘(—3—0=?00mm

Mpld= Na-(ha-£)- 2. oy (ha - f-‘) 194,60 (w0- %) - 2-461, 1500 t0s.4-

Mpl,Rd= 471,6kN > Msd = 437.5 e Y,
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Static design of composite steel and concrete building structure.

{:aa
%jGH

c) Shear CoNNeECTION

THE Same STUDS WITH THE SAME GEometY AND QUALITY OF THE STEL ARE 60iNG TO BE USED.

THEREFORE , SOME PARAMETERS Will NOT CHANGE FROM THE CALCUATION IT WAS DONE IN The

CROSS BeEAMS.
hec=mm © Pre=81,1en ; Prd=g4,88 el

REDVCTION DUE TO SHEETING WAVES :

e o6 2o dsecke oo Bus 50 0 o fdr ke Reds s263eN
hp “'f so S0 —

Aafy _ BiS0me-235Yme  (204.8 kN

FCf.ﬁ’ T o )
% 0,85 6,74
2 s ? :

THE SEoND PART OF THE EcURTON REFERS TD THE CONCRETE REINFORCEMENT, WHICH PARAMETERS

ARE 60iNG TO BE SUPPOSED AS : FiSmm ; STuaﬂu:znmm ; k=410 Nimes

dt YT
‘/_{_s: PT b'FF = %. '—20—0—*:1655.?0-0‘2
.repald;-

NOTE: WE CAN ASSUME AS TRUE THE SUPPosirion OF THE CONCRETE REINFORLEmeNT BecAuse

IT 25 80°% oF THE VAWE 0f THe (ONCRETE SLAB.

Fef, 530
NE= 2=z oo = 2007 — 30 shidy i cach half of the beam.

Lz 3500 rcm > 5d=519:45me @ T 15 PosSiBle D b0 A TOPAC ConngCrion.
NE 30
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Static design of composite steel and concrete building structure.
TQ ’7 TQ 57

MAIN BEAM

——
e )
gy H T
z o i
z
g 250 mm
-
7 — 4 s o —) %
v
7 CROSS BEAM
7
Z

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.

STRESS

i

1
Mg 35.F-L= 3 122.7,52 3015 EN-m

h=hate + e+ hir= 400+ 50 +50 = S00mm

é
e ik8) S5 'o'(mo"z"‘)aes.swas F-smba 7

Ii SIS, 16-10°8
(3
t Me2a L 207500 021,6 0,85.Fck 08520 /
- P = —— - == ———=q1,3Mm
e L 1 si516-40¢ 5,2l ¢ fe Ve 45 fa
lTeroRuMiou

J: &i- (0.03s5-F.(3)- d (0,0355-123-10"-7500 )= 1 7men

L 210-10% 515,16 40°

L W0 v
f: {imm < 50 a0 Z30mm

57
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Static design of composite steel and concrete building structure.

5.3.2. PROFILE SELECTED
e
.
i =
y
~
Lob
VZ
G h b ty t r d A A,z ) w, Weo, 1y
10° 10° 10°
kggqm| mm mm mm mm mm mm mm®  mm? mm* mm® mm®>  mm
IPE 180 18,8 180 91 53 80 9 1460| 235 1125] 1817 146,3 166, 4 74,2
IPE200 | 22,4| 200 100 56 85 12 159, 0| 2848 1400] 1943 1943 2206 82,6
IPE220 | 26,2| 220 110 59 92 12 177,6] 3337 1588| 2772 252,0 2854 911
IPE240 | 30,7| 240 120 6,2 9.8 15 190,4] 3912 1914] 3892 324,3 3666 99,7
IPE270 | 36,1] 270 135 6,6 102 15 219.6] 4595 2214] 5790 428,9 4840 112
IPE300 | 422| 300 150 7.1 10,7 15 248 6| 5381 2568| 8356 557,1 628 4 125
IPE330 | 49,1| 330 160 7.5 11,5 18 271,0| 6261 3081 11770 713,1 804 3 137
IPE360 | 57.1| 360 170 80 127 18 2986| 7273 3514] 16270 903,6 1019 150
IPE 400 | 66,3| 400 180 86 135 21 331,0] 8446 4209| 23130 1156 1307 165
IPE450 | 77.6] 450 190 9.4 146 21 378.8] 9882 5085| 33740 1500 1702 185
I W, W2 iz l¢ L bending | compression
10°* 10° 10° 10 10° |9 © v olywy o
mm*  mm® mm® mm | m® mm” |5 D b b|d B B b
100, 9 22,16 34,60 20,95 4,790 1431 11 1 1|1 1 2 3| IPE 180
142 4 28,47 4461 224 6.980 12990 [1 1 1 1|1 1 2 3| IPE 200
204, 9 37,25 58,11 248 9, 066 22670 11 1 1|1 1 2 4| IPE 220
283, 6 47 21 73,92 26,9 12,88 37390 1T 1 1 1|11 2 2 4] IPE 240
419. 9 62,20 96.95 302 15. 94 706080 i 1 1 112 2 3 4] IPE 270
603. & 80.50 125.2 33.5 20,12 125900 11 1 1|2 2 4 4| IPE 300
788 1 98 52 153, 7 35,5 28,15 199100 i 1 1 1]2 3 4 4] IPE 330
1043 122 8 1911 37,9 37,32 313600 i 1 1 1]2 3 4 4] IPE 360
1318 1464 2290 39.5| 51,08 490000 |1 1 1 1|3 3 4 4| 1PE 400
1676 176 4 276, 4 41, 2 66, 87 791000 1 1 1 1]3 4 4 4| IPE 450
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Static design of composite steel and concrete building structure.
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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.

D— {] 00— lMB
(. cB I cB

=T 2

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

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.

Fig. 5.17. Deformation and bucking lengths in the calculation of the column profile.

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.

(]

dn:_ 2+(':2)w0 - 2"'(‘:2)'0‘?: %

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

Nsd (1 Floor) = 2 Ved(c8) + 2- Ved (ma)+ 2-87,75k + 2-175 kdl = 525, 5kA.
Nsd= n-da- Ned (2 Floor) = 4.0,85- 25,5kl * (786, 7 kN

59
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Static design of composite steel and concrete building structure.
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The critical length of buckling must now be calculated. It depends on the B 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 B is equal to 1 and the critical length coincides
with the distance between supports.

L, =p-L

a) =10

Lo =L =5000mm

TS 7
b) c)

Fig. 5.18. Support situations.

AN HEB-260 IS ASSUMED.

* CLASSIFICATION OF THE SEcnon:s {wes & fuance woreins 1 comess;o,u}

7 < 33.6:33 /
CLASS 1 =" ga-=1,0
c b/ 260/2

FLANGE* 32 = 5

=793 < 10.6=10 V
s 3< (0-€E=10

[cr, Y 5000 e
Ay z - = = 44,56
Ly A12,2mm

s pf”z . 3000t 7,98 (GREATER su»neadess) - CHECK. THIT MLANE ONLY.
A2 65: 8mm
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Static design of composite steel and concrete building structure.

buckling curve
buckling
cross-section limits about S 235
axis | 5275
S 355 S 460
S 420
b . a ao
y-y
<
— O :L f£= 40 mm L b 20
A
@ = b
= - a
g 40 mm < £ < 100 y-y
E h Z—Z C a
2 Y Y
=
= - b a
= y-y
fr= 100 mm
E 2’ LE zZ—2Z C a
1 1 Wl
o
z = - d c
= y-y
| b fr= 100 mm Y d c

Table 5.4. Bending curve corresponding to the HEB 260 profile.

120PTION: With ecuations.

buckling curve Ao a b c d

the imperfection factor « 0,13 0,21 | 0,34 | 0,49 | 0,76

Table 5.5. Coefficient o corresponding to curve C.
1 — —2 . 4 2]
¢:E[1+a(/1—0,2)+/1 | g2 L [1ram (o.007-02) + 0,008 0,006

1 1

- - but <10 g
g b+ /¢2_12 d X 0,976 + 0,576 % 0,808

2°0PTION: With a graph.

= 0,656

X o

0,

3&
. NN
« AN
N

0,5

04

0a NN

0,2

0,1

0,0

0,0 0,2 0,4 0,6 0,8 1,0 1.2 14 1,6 1.8 2,0 22 24 26 2,8 3,0

)
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Static design of composite steel and concrete building structure.
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- 50-23§
Nb,Rd= fBa-X- £ =I.o-0,6s’6'ﬂg_(,'o——’leu,?:d>NSJ:H86.?rd v
My

5.4.1. PROFILE SELECTED [*]

= T
L
G h b t,,. ty r d A Av: "y Wy Wpf,f ’Iy
10 10° 10°
kgm| mm mm mm mm mm mm mm? mm? mm* mm® mm®  mm

HE 100 B 20,4 100 100 6,0 10,0 12 56 2604 904 449, 5 89,91 1042 41,6
HE 120 B 26,71 120 120 6,5 11,0 12 74 3401 1096 864, 4 1441 165,2 50,4
HE 140 B 33,7 140 140 7,0 12,0 12 92 4296 1308 1509 215, 6 245,4 99,3
HE 160 B 42.6) 160 160 80 130 15 104 5425 1759 2492 311,5 3540 67.8

HE 180 B 51,2 180 180 8,5 140 15 122 6525 2024 3831 425, 7 481,4 76,6

HE 200 B 61.3] 200 200 9.0 150 18 134 7808 2483 5696 569, 6 6425 85 .4

HE 220 B 71,5] 220 220 9,5 16,0 18 152 9104 2792 8091 735,5 8270 943

HE 240 B 83,2 240 240 10,0 17,0 21 164| 10600 3323 11260 938,3 1053 103
HE 260 B 93,00 260 260 10,0 17,5 24 177 11840 3759 14920 1148 1283 112

HE 280 B 103,1] 280 280 10,5 18,0 24 196 13140 4109] 19270 1376 1534 121

I w, Wa. i /e ly bending | compression

10! 107 10° 10! 10° 9wy aly v o

mm  mm® omm® mm | mm? mm® |3 & B HB BB D

167, 3 33,45 51,42 25,3 9,248 3375 1 1 1 1|1 1 1 1| HE100B
317.5 52,92 80,97 30,6 13,84 9410 i1 1 1)1 1 1 1|HE120 B
549, 7 78, 52 119,8 35,8 20, 06 22480 11 1 111 1 1 1|HE 140 B
889 2 111, 2 170, 0 40,5 31,24 47940 i 1 1 111 1 1 1| HE 160 B
1363 151, 4 231,0 45,7 4216 93750 1 1 1 11 1 1 1| HE 180 B
2003 200, 3 305, 8 50,7 59,28 171100 i1 1 1)1 1 1 1| HE 200B
2843 298, 5 393, 9 25,9 76, 57 295400 i1 1 1)1 1 1 1]|HE2208B
3923 326, 9 498, 4 60,8 1027 486900 1 1 1t 111 1 1 1| HE 240 B
5135 395,0 602, 2 65,8 1238 753700 1 1 1 211 1 1 2| HE260B
6595 471,0 717, 6 70,9 143.7 1130000 i 1 1 211 1 1 2| HE 280 B
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Static design of composite steel and concrete building structure.

5.5. CONNECTION CROSS BEAM & MAIN BEAM

MAIN BEAM
i r& L
1
- 7 %
20
X CROSS BEAM
400 3 e () —4 |
e
8¢
——
""" J
' [ Jlos

180

Fig. 5.19. Main beam and cross beam connection.

400-321
B2 081 £ 1Y moh. Yyl =gl

3‘h$mm

x=220-Y -9,2- {27 220-34,S-9,2-11* (6Y,3mm (SPACE FOR THE BOLTS).
— ——--.——

goLts: [ M18 (Z19)  auaLity 8.8

@»

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

30

Tensile stress area of the bolt As (mm?) | 84,3 | 157 | 192 | 245 | 353 | 459

561

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.

ALEJANDRO VALLE RIERA  Erasmus+ Exchange Study Program

fyb (MPa) fun (MPa)
BOLT GRADE ] ] ]
Yield strength of Ultimate tensile

the bolt strength of the bolt
4.6 240 400
4.8 320 400
5.6 300 500 - | NORMAL BOLTS
5.8 400 500
6.8 640 600 |
8.8 640 800

B HIGH-STRENGTH BOLTS

10.9 900 1000
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Static design of composite steel and concrete building structure.

1,2-dp < e; < min (12.t, 150 mm),
1,2-dp < e; < min (12.t, 150 mm),
2,2:dp < p1 < min (14.t, 200 mm),
3,0-do < p1 < min (14.t, 200 mm),

where do is the diameter of the hole in the bolt connection,
t is the minimal thickness of the connected plates.

recommended bolt distances (mm)

bolts

p1, P2 €1 €2 €min
M12 40 30 25
M16 55 40 30
M20 70 - -"50 N """4-0 -----
M24 80 60 50
M26 90 70 55
M27 100 75 60
M30 120 90 70

Table 5.8. Recommended bolt distances and intervals where these distances must be in.

efez: 4,2.do =1,2-19: 22,8 12-t=12-59-70.8
pr: 22-do< 2,214= 41,8 (462 14-5,9=82,6
Cmin

€,6; ¢ [3ofro ; 70,8] / ¢ [90-5'0;92.6]

P> €;:=€2:36mm // E:=46mm J=

r/*.
e.b”‘

4c 200+ 2-pu=2.36 + 246746y 4643 /

:{L

P
36

164,3 ‘
46
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Static design of composite steel and concrete building structure.

{:el
%jGE

U, S

|

|

| =
43 |
S o

| 34

©

=63410+2 ;2275 Fmm

CROSS BEAmMS — { Ved = 87:75 kd f

8282 +10mm = 36 + 40 46 mm

Fh=Ved- — = 87,75 —°~ = 43,9;
e bl (2-46)

VEd_ 87475_
_Fi,: —n—- _3 =29.25eN

Fu.€d- / Fo's Fh*= ﬂmﬁ 29.25'= 5235 kN

SHEAR RESISTANCE :

a,-f.-A
Fv,Rd \ ub
VM2
e bolt grades 4.6,5.6, 8.8: a, =
e bold grades 4.8,5.8,6.8a10.9: a, =0,

B0LT GRADE: 8.8 — olv=0,6 ; Jfub= 800 M&a
NZ:LZS
M18 — A= As: 192 mat

,6. 800 192 p
Fv, Rd= —'L‘T 73,7eN > Fv.€4:52,75kN /

’
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Static design of composite steel and concrete building structure.

{:el
%jGE

BEARING RESISTANCE:

K -a - f,-d-t

u

Vw2

Fb,Rd =

where oy is the smallest of the values (in the direction of load transfer):

1
@; 1,0; S (for end bolds); &_Z (for inner bolds),

fa 3d, 3d,

k125 ; fw:360 MPa ; f?ﬁu(rpe-zm)-'ﬂﬂmm ; d=18mm

b
4 i
fub 80 ., .0, 8.3 cp62, P pas: == 057 0,55
fu = 360 3do 3-19 3-do 3149 —

Fb, Rd- 2’5.0'55;3:;49.” = 42,05 kN > Fv,Ed=52,75k X

SOLUTION: Weld @ aheel n{f Smon thidk in the web oj the con beam
to achieve better tram missieu ¢f sbeem.

£:5945:10,9mem

FbRd: 2E03SH01B 3. o0t > FCd-52.35eN V

4,25
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Static design of composite steel and concrete building structure.
v‘ !7 VQ 5

WELD (ONNECTION RESISTANCE:

lVed
A - A 2@
—_— /v Ved :
fE n_lA @[3

Ved ~ i

PURE SHeaR STRESS: Zu

3

Ved }_ 87.35-10N
= Smen ; Uz 164mm [ =~ = 53,5Mf
o Z- aw.[w {d.w - éw o 2-Sooen-{6Ym "
BENDING STRESSEs : Lo, Ou
@)‘dﬁz-lez (‘T'@ 3
f‘ =7 V2 G:=0 - z Ved.ez z HIS 045 = 62,3 Mfa
‘6““'[“ 0 ?-s-m‘
Med Med
fw: W = . :
w (z.aw.tw}.z
: \/(fﬂ 3-(z4 )= /62,3'+ 3-(62,3%53,5) = 155.26 MPa
i /
155,26 Mfa £ 3 : 360 Ml
e Pu-Yur 08125 :
Fu %0 ., F g
. ——— =288 M.
¢ (; = 621?"?“ 4 {Ml Ilzf .
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Static design of composite steel and concrete building structure.

@
@

5.6. CONNECTION COLUMN & FOUNDATION

goLr

1

£p:25mm
oy

A

l

Fig. 5.20. Column and foundation connection.

HINGED FEET

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

It is assumed that the pressure force transferred to the base is evenly distributed over the
effective surface of the A,¢; base plate. The stress under the foot should not be greater than
the design strength of the f;; concrete in the joint.

fjd=.8j'kj'fcd

fca: Design strength of concrete in compression.

B;: The influence factor of the casting can be taken as § = 2/3 if the mortar strength fi,q 2
O'Z'fcd

k]-: The concentration factor kj 2 1,0 - expresses the influence of higher load bearing capacity
in concentric pressure.

Countable foot dimensions:

a, = min(Afeet; 5-a;a+ hfeet; 5-b)

by = min(Breet; 5 - @ b + Apeer; 5 - b)
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Static design of composite steel and concrete building structure.

&

_ lagby ) ar:5a e ) 5“,50_-
k= o ﬂm‘ﬂ{b;:f-b}““d dovigrarg &:b * - [T =Vs-5

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: t,, = 25mm.

2y & feds 2 Njmn'c 3,300
@.— 2/3.5-13,3 2 44.9 Mba

To calculate the effective area, it is necessary to know first the value of ¢, dimension that is
represented in the following images:

w—n

fy 23S N/mm
c=t, |[————— = . T T,
P3 fia - Ymo é 25mm 3.4y, Y N/mal- 1.0 _i__=m__

naf \\ \Q

| Hes-300 Acse = 63400 mms

N N

69
ALEJANDRO VALLE RIERA  Erasmus+ Exchange Study Program



)
)

4
%
¢

Static design of composite steel and concrete building structure.
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The step sheet design process is usually iterative:

* The floor plan is selected a & b (approximately a = b = Ngq/fcq)-

WE ReLY on THE PREVIOVS APROXIMATON AND DECIDE THE VAWES OF a AND b.

Nsd Nsd 2673107
o s : | ——- 2 447,75 mm =b a-‘b-'45'00w
A fed * AV Fed | 2005 —

* The design strength of the concrete is determined under the foot (fjq).
* The thickness of the foil plate ¢, is chosen, hence the effective length of the bracket c.
* Assess the effective area of the foot (A¢frf = Nyq/fja)-

* Designed floor plans are corrected and the procedure repeated.

BOLT
~14Y6 kN + MIN.COMPRESSION FORCE AT THE ColvmN
-4146 kN + 390 EN = - 806
{146 kN + MAX.COMPRESSION FORCE AT THE COLUMN
1146 kal + 4786 kN = 2932kN
me ru«cnl

MINIMUN COMPRESSION FORCE ¢

-IPE220: 0,262WIM

CROSS BEAM 4 - TR S0-2S0: 0,28€ kn[m x 3m x 2 beawn < 28,2kN (1 ;‘m)'

- (ONCRETE SLAB : 4, ISk Jm

28,2 28,2
MAIN BEAM © l I 28,2kN x 2 beawy = 56,4 kN (1 ;’tm).
A T A
g _1 .
-

Nenin = (28,260 + 56,4 kn)x 4 Jloors = 340 e
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TMOM az{' H\l ?LMA : - 806kN.

Shean ot the qround 405+ 294 + 311 = 1007 kN

Screws with anchor head:

4

)

=

@

3 M36 BOLTS ARE ASSUMED.

¢ (M“\ML\M Quaut s.6.

. fun.ud-w . QuAliTy 6.8.

R.ed -

0.8-865 300

FéRd: —————

'

/
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0.8-865 - 480
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T 232,16%N > 248,6ed @

06
= 2086 vN > NES4,May = %‘-’268,6:4«( X

Thread M36x3 | M42x3 | M48x3 | M56x4 | M64x4 | M72x4 | M80x4 | M90x4 | M100x4
As [mm?] 865 1206 1604 2144 2851 3658 4566 5842 7276
Table 5.9. Tensile stress area for each group of bolts.
0,8-A;- fy
Fpa = ———
Ymo
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5.7. STIFFENING SYSTEM

= .,
Jf“
-
e g tEm
3
—_—
“ Fz +10m
: _ytiom
ks .. Syt
——

—Em —a

Fig. 5.21. Representation of the stiffening system.

WIND ACTION:

BASIC SPEED OF THE WIND: (# = Cdic - Cseason* 4,0

For tommon «-ficdlm Cdir=14,0 ; Cseasow = 1,0

@

(rb=1,0-1,0-26:=25m/s
= —_—

06,0= 25m/s (maP)

Vychozi zakiadal
rychiost vétru v, [mis)

225 25 |275] 30 | 3%

S ) e z
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Fig. 5.22. & Fig. 5.23. Basic speed of the wind map in Czech Republic. Ostrava.
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zh=z20m
h=20m5£¢ ; f Z:2e=2i=h=20m = Zmin: 5m

Z2i=h:20m

ROUGKNESS FacoR : Cr(2) = ke !}nf;

Satellite area — 6ROUND CATEGORY Nl —» Z5= 0,3

07 0,07

Coe/;.'mé of the Ground cabegay — kr=o,m.(%)o= o,m-(:—%) = 0,215

Ce(z)=0.25- bn oig— 0,903

Co%awé g{ the oz.ﬂwg,mr(y—' Co (2)=4,0

CHARACTERISTIC MEAN SPEED OF THE WIND !

Um(2)= (e (2) (o(2)- Ub = 0,903-1,0-25 = 22,57m s

MAXIMAL CHARACTERISTIC PRESSURE qﬁ(gp[“;.l‘,(t)].%. P Une

Tnfewn e tcbulonce — To(2)- _ S 0 __ .08
iy ‘6/ o C@)- b2 400 f%

9e2)- [1+ 7-01238]- -f—-:,zs-zz,s;'= 0,849 kN [’

}Ww 9p () ((ee-Cpﬂ

Zone A B c D E

hid Cpe.1D Cpe.1 Cpe.10 Cpe.1 Cpe.10 Cpe.1 Cpe.10 Cpe.t Cpe.10 Cpe.1
5 -1,2 -1,4 -0.8 -1,1 -0,5 +0.8 +1,0 0,7

1 -1,2 -1.4 -0,8 -1,1 -0,5 +0,8 +1,0 -0,5
=025 1.2 -1,4 -0.8 -1,1 -0,5 +0,7 +1,0 0,3

Table 5.10. Coefficients of external pressure for each part on the structure.
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COEFFIUENTS OF WIND PRESSVRE :

20 . &
Mﬁ;ru—}_ —* Cpeto(v):-+o08 ] Ge.so0(€): -0.5

Plan

/ +0,2 (PReSSURE) 1
Cpi
i - 0.3 (svemion).
wind\ b e b
W= 0,842 (0,8-(-0,3)) < 0,939 kn/o’ /
Wi €= 0.84a- (-0,5- (0,2)= 0.5% wn[m’
t ——————— Elevat-ian————? a
3 (WP+we)- b-hi
= n
s s (0.934+0594)-60-2.5 o oy
4 Fki.
o Fax By fys UML) s cun
e Fy=1,5573kN= 8C kN

.
15

:F2=Fiz 4,5 146k = (72N

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, | 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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i@i
%jGE

Y

. T, X |,
b ™

1146,67

001“ ﬁ\z ftcad’\m an h‘l w”ﬂfo ane u\lm(ul’cd, it » necemrory to
kaow which & Hu dood acf»rz in He mot loaded colummy and
aha?lmal, which ame the one y e }vuf}lon

{ Ra=-1146 kN ; Ha=-290,79kN ; Rp= +1146 kN ; He = 310,86 m}

v T2
" k. x=V6+s “T8lm
1 2 e i i
A3 J a: g ()= 380

6m

NAe AS ™€ AD To B¢ ResisTeD By THE BEam AB IS ASSUMED
To Be VERy SMALL, AN APPROXIMATION IS mape SuPPOSING

Naz
Lt » THAT Nag=0
1 =0.
' —_——
A )h;
SFh=0: Naz-c» 24,8 = 290,39 ,; Na= 218,49 kN

146
SFz0: Nacs Naz 2398 = 4146 ; Nai: 903,72 kN
Ng. Ng:
I Y IR AL 20,86 + NG, :239,820; NBi=-404,62kn
M e . )
wo B t ZF=0° 146 + NBz+ Npr-3w34,620; Nge=-882.0kd
146 mmm——
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™ /]
; : ; \\ // :
N f§ - — N W =
X2 >X -
Fig. 5.24. Internal force in horizontal beam. Fig. 5.25. Internal force in column.

2 % A | N D,

Fig. 5.26. Internal force in tensioned diagonal. Fig. 5.27. Internal force in compressed diagonal.

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.
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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.

» BeFoRe : Nsd= 1786, 7kl < Nb,Rd: 418213k /

« Now: Nsd: (786 7k + 987N = 2673,7ed > Nb,Rd =1827.3en X

AN HEB-300 IS ASSUMED.

==

*CLASS OF THE SECTON :

Wea * d/éw: 208/“ = (8.1 < 33":0 / CLASS | =P a:40

flance: /tF: 5%1q:2.89< g0-10 7

by  S000ma {2 S000mm

Ay: ——: ——= = 35,y9 : ———z — 65,96
Ay 129, Tmm oY /\? Az 75,8mm

3 5,96

A: ,\e/Al 26 /‘l?,‘i= 0,102 (urve C — d=z0,91

@< 0.5 [1+0v9-(0702-0,2)4 o,aoz']%“q

X: - 1 = 0:?97
0,864 + 4,860 0,002
Ay 19910-235
Nb.Rd= gn. X- —p—< ,0-038F - ——7—=2750.5kW > Nsd = 26337 &N v

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:
Ay Az Ay Az

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

* Equal leg angles.

* Critical length of buckling of equal length in both planes. (lcgy = lcg2)

» 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: ly, 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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AN L [S0xI9 IS5 AssuMed. {Z'L 150xl‘lf

* (LASS 0fF THE SECTION 5

h 50 /
-_—c —=z {0, .5 ST CLASS 3 =P RAa<io
T Jo# < 1.5-€ AT L€ it
A= 2-A (t150x14)
. Iy 21y .
2-1150x14 &y=\/—'=‘/—=4v L-1S0xY).
Iv=2-Iy (Lisoxty)] = VA Z-A %)
&f:'f 7810 - it H i 4,816
Mye—Ra——gnlies A gnt g
buckling curve
cross-section limits buckling about
axis S 235
S 275
S 355 S 460
S 420
8 ‘1
.2
5 - any b b
P N ——
-
Table 5.11. Bending curve corresponding to an angular (L) profile.
buckling curve ao a b C d
the imperfection factor o 0,13 0,21 |0,34 | 0,49 | 0,76

Table 5.12. Coefficient a corresponding to curve B.

2
(urve B — ol=0,34 g:o,s-[l+o,3v-(¢,946-o,2)+1.3:6]= 292

- ! = 025

2N + Jz,qzz- 1,86°

- ; Z-A-fv: 00,25
NL,RJ-F..)( = {.0-0

= 470,16N > Nsd= 404,6xd &)

2-Y030-235
4
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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.

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

1 d
Y OT

E X - - 319,64

1216,36

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.

Omax = 1,6mm < L/250 = 20000mm/250 = 80mm

1L7AC2 -1,6/LC2

1,7/1.C2 -1,6/L.C2

1,512 1,402

N 7 ﬁ
Lx i

Fig. 5.29. Representation of the total deflection of the structure because of the wind action.
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5.7.1. PROFILES SELECTED
[
N
COLUMS: o o
RS
[
#
G h b t, t r d A A, Iy w,  Wa, I,
10* 10° 10°
kgm| mm mm mm mm mm mm | mm® mm mm* mm®  mm’  mm
HE 200 B 61,3 200 200 9.0 150 18 134 7808 2483 9696 569, 6 6425 85,4
HE 220 B 1.5 220 220 95 16,0 18 152 9104 2792 8091 735 5 827.0 94,3
HE 240 B | 83.2| 240 240 10,0 17,0 21 164| 10600 3323| 11260 9383 1052 103
HE 260 B 93,0 260 260 10,0 17,5 24 177 11840 3759 14920 1148 1283 112
HE 280 B 103, 1 280 280 10,5 18,0 24 196 13140 4109 19270 1376 1534 121
HE 300 B 117, 0 300 300 11,0 190 27 208 14910 4743 25170 1678 1869 130
HE 320 B 126, 7 320 300 11,5 20,5 27 225 16130 5177 30820 1926 2149 138
HE 340 B 134, 2 340 300 12,0 21,5 27 243 17090 5609 36660 2156 2408 146
HE 360 B 141, 8 360 300 12,5 22,5 27 261 18060 6060 43190 2400 2683 195
HE 400 B 155, 3 400 300 13,5 240 27 298 19780 6998 57680 2884 3232 171
I W, Wa: i Il I bending | compression
10* 10° 10° 10* 100 |gwwglygwewg
mm?* mm? mm®  mm mm* mm® |D DB DD B D
2003 200, 3 305, 8 50,7 59,28 171100 1 1 1 111 1 1 1| HE2008B
2843 258, 5 393, 9 55,9 76, 57 295400 i1 1 1 1|1 1 1 1]|HE 220B
3923 326, 9 498, 4 60, 8 102, 7 486900 11 1 1]1 1 1 1| HE 240 B
5135 395,0 602, 2 65, 8 123, 8 753700 11 1 211 1 1 2| HE 260 B
6595 471,0 717, 6 70,9 143, 7 1130000 1 1 1 211 1 1 2| HE 2808B
8563 570, 9 870, 1 75,8 185, 0 1688000 1 1 1 3|1 1 1 3| HE 300 B |I
9239 615, 9 939, 1 75,7 2251 2069000 11 1 211 1 1 2| HE3208B
9690 646, 0 985, 7 75,3 2572 2454000 1 1 1 1|1 1 1 1]|HE 340 B
10140 676, 1 1032 74,9 292 5 2883000 1 1 1 111 1 1 1| HE360B
10820 721,3 1104 74,0 355,17 3817000 i1 1 1 1|1 1 1 1| HE 400 B
81
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DIAGONALS:
G a t ry r Ve P Uz v A Iy W, iy
10° 10
Kg.’m mm mm mm mm mm mm mm mm f'ﬂl"l"l2 mm4 ITII'T'I3 mm
L130x12| 23 6| 130 12 14,0 7,0| 36,4 51,5 46,0 91,9| 3000| 472 50,4 39,7
x14] 27.2| 130 14 140 70| 37,2 52,6 463 o10| 3470| 540 58,2 39,5
L140x10| 21,4| 140 10 150 7,5| 37,9 53,7 49,3 99,0| 2720 504 49.4 43,0
x12| 254| 140 12 150 7,5| 38,8 54,9 49,5 99, 0| 3240| 595 58,8 42,8
%x13| 27.4| 140 13 150 7,5| 39,2 555 49,6 09,0/ as00| 639 63,4 42,7
x14] 29.4| 140 14 150 75| 396 561 497 w990/ a7so| eed 67,9 42,6
L150%10| 23.0| 150 10 16,0 80| 40,3 57,1 52,8 106,1| 2930 624 56,9 46,2
x12| 27,3| 150 12 16,0 80| 41,2 58,3 52,9 106, 1| 3480 737 67,8 46,0
x14] a1.6| 150 14 16,0 8,0| 42,1 59,5 53,2 106,1| 4030| 845 78,3 45,8
x15 a38| 150 15 160 80| 425 60,1 53,3 106, 1| 4300| s98 83,5 457
%x18] 40.1| 150 18 16,0 80| 43,7 61,7 537 1061| 5100 1050 98,7 45,4
Iy W, iy I, W4 Wz Iy Iz classification
10* 10’ 10° 10 10° 10° 0 0 0 o
mm mm®> mm| mm*  mm® mm® omm| o mm® |[B & B D
751 81,7 50,0 | 194 37,6 42,1 254 | -279 3 3 3 4 L 130 x 12
857 93,2 49,7 | 295 42,8 436 255| -ais 3 3 3 3 x14
802 81,0 54,3 | 207 38,5 41,9 27,6 | -298 3 4 4 4 L 140 x 10
945 95,5 54,0 | 247 450 49,9 27,6 | -a49 3 3 3 4 x 12
1020 103 53,9 | 262 47,2 52,8 =27,4| -317 3 3 3 4 x13
1080 109 53,7 | 283 50,5 56,0 27.5| -399 3 3 3 3 x 14
992 93,5 58,2 | 256 448 48,5 29.6 | -368 3 4 4 4 L 150 = 10
1170 110 58,0 | 302 51,8 57.1 20,4 | -435 3 3 4 4 x 12
1340 127 57,7 | 247 58,3 652 29,3 | -499 3 3 3 3 x 14
1430 134 57,6 | 289 61,4 69.2 20,3 -529 3 3 3 3 x 15
1670 157 57,1 | 434 70,3 80.8 29.2| -616 3 3 3 3 x18
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