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In building design, verification of structural members in accordance with the The maximum deflection value under different load cases and with
Eurocode is a comprehensive task. For that reason, in this research project different boundary conditions is derived and checked against the limits
a program has been developed enabling structural engineers to provided by the Eurocode.
automatically undertake the design and check of structural members such Cmmm———
as steel beams, steel columns, composite beams and connections with Chocsethetype of rsssecton cunserd
reasonable effort. This will mitigate the necessity to carry out the extensive :

Choose the UKB cross-section considered:

and laborious task of performing numerous hand calculations. SSexizrd -

The section selected is:

UKB 356x127x33

Profile Name Weight [kg/m] hlmml blmm]l twlmm] tflmm]l rlmml dImm]l cw/tw  cfftf Clmml MNImml nlmm]l Alm2/m] A[m2
356m127%33 3341 340.0 1254 6.0 8.5 10.2 311.6 51.9 5.82 5 70 20 117 35.

Choose the beam and the load considered:

Section Designer calculates the optimum cross-section —cross-section with
less mass per metre— able to withstand the design load previously .
iIntroduced. Diverse types of analysis can be performed depending on the .l. b,
load the cross-section is subject to: tension, compression, bending moment A
or shear force. ]

@ Programming Based Structural Steel Design, Data

Type of Beam: | Pinned-Fixed Beam - Type of Load: | Concentrated Load

Calculate Opmex [Mm] 32.909 OmafL | 1/303.86 Deflection Limits

Type Section UKB <

Type of Steel M

Type of Analysis

O Tension Ne [kN] r B ! H . . . . .
e T Bending moment resistance with both full and partial shear connection is

Omy Miea (KN | & determined according to Eurocode 4 (EN 1994-1-1., 2004)

O Mz @ Programming Based Structural Steel Design. Composite Beam Ultimate Capacity
Vaed [kN] 250

Ovz . Choose the UKB cross-section considered: ‘-— —-—|
Ow Vy,ed [kN] 250

=

UKB cross-section

Choose the UKB cross-section considered:

. i . . . - The steel section selected is:
Consider Shear Bucklng Transverse Stiffeners Distance between stiffeners [m] Rigid End Post v 1016x305x487 ~

UKB 1016x305x487 S235
Choose the type of steel used:

Calculate effective lenghts Consider Latera-Flexural Bucklng 5235 -

Length of the beam [m] Lateral-Flexural Bucking Length [m]
Profile N\ame Weight [kg/m] h[mm] blmm] tw[mm] tflmm] rlmm] dlmm] ow/tw cf/tf  Clmm] Nlmm]l nlmm] Alm2/m] Alm2/tn] ly[cm4]

Lo,: Buckling length y-y axis [m] Calculate coefficient W 1016x305x487 4867 10363 3085 300 541 300 8681 289 202 17 150 86 32 658 1022000

L. Buckling length z-z axis [m] Coefficient W (EN 1993-1-1. Table 6.6)

<

Choose the concrete slab and shear stud properties considered:
Composite Beam Concrete Slab Shear Studs
Lesen [M] Concrete used: HA-25 ~ One Line of Studs
el [ 6 | h; [mm] 140 hes[mm] | 95 | ﬁ I
hy [mm] e [mm] |
b [m]

h. [mm] 80 b, [mm] 150

bt [m] tass [mm] oo [ 76
Ultimate capacity of steel members is calculated following the procedure Composte beam dmensors| s praleltobeams.+ Senaramn[mlm
provided by the code. Tension, compression, bending moment and shear —— Dt S

Mars [kNm]  6610.01 Mgg [KNm] 5914.55

force resistance is displayed using the following window: Iformaton Mia (Smpiied Method) o] _5806.06

@ Programming Based Structural Steel Design, Ultimate Capacity

Done

The selected cross-section is UKC 203x203x113 S235

Design Value of the Resistance of the Section Eurocode 8 (EN 1998-1., 2004) defines different elastic ground

th [kN] 3407.5

_ 3 acceleration response spectra to represent the earthquake motion at a
Nogg U] 2007 given point on the surface. This program allows to assess and represent
N oKl [ 100205 | [Reninubgmomaion| | . the seismic action acting on a structure according to it.

[kN] 553.054 ” & Programming Based Structural Steel Design. Seismic Action

[kN] 1548.21 1 . - Select the Representation of the Seismic Action: Design Spectrum for Elastic Analysis -
c Rd [y

Select the Type of Spectrum: | Type 1 ~| Peak Ground Acceleration [m/s?] UK Peak Ground Accelearation Map
v [kN] 553.054 Shear Buckling Information

b,Rd Select the Ground Type: A ~ | Buiding Importance Class: I~ Behawviour Factor (q):

‘f ’d [kNITI] 312.55 Represent Seismic Action

Mo KNM] 1452 OO + BEAV

Design Spect FElastic Analysi
MDRd [kNITI] 289.9274 Calculate Lateral Buckling Lateral Buckling Information 0.45 il i f:}r il

040+
Profile name Weight [kg/m] h[mm] blmm] tw[mm] tflmm] rlmm] d[mm] cw/tw cfftf  Clmm] N[mm]

203x203x113 113.5 2350 2121 16.3 26.9 10.2 160.8 9.87 3.26 10 108 0.35|

< >
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When a force is acting along with other types of forces, the individual
resistance to that force is reduced. Thus, it is important to evaluate how
Interaction between different forces affects the cross-section resistance.
Diagram of interaction between moment and axial load is shown below:

@ Programming Based Structural Steel Design. Interaction My and N O *

Properties of the Cross-Section to be Analysed

i — The natural frequencies of a structure are calculated applying the Fourier

Section Analysed 203x203x113 . .
. r transformation to an accelerogram previously measured.

1 / dtr J
Nea [kN] . Measured Acceleration Response Natural frequencies of the structure
My,ed [kNm] 200

Draw the Design Value of the Forces
Flexural Buckling
Consider Buckling Buckling Information

Draw the Diagram of Interaction
OO+ BEV

. . Diagram ofllnteractlon .
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My,rd [kNm] 312.55 Nb,rd [kN] 1882.05 Npi [kN] 3407.5

Frequency (Hz)

Special thanks to Dr. Margaret Szabo for her constant support, passionate
feedback and optimization proposals on the development of the program EN 1993-1-1. (2005) Eurocode 3. EN 1994-1-1. (2004) Eurocode 4. EN
during the whole research project. 1998-1. (2004) Eurocode 8.




