
 

 

Chapter 8 

Concluding remarks and future 
work 
 
 
 
 
 In this chapter, the main conclusions and results that have been derived during 
the thesis work are summarized, as well as future tasks in the seismic analysis of light-
weight steel structures are proposed.  
 
 
 

8.1 Concluding remarks 
 
 
8.1.1 Cantilever 
 
 The aim of this cantilever analysis was to fully understand the main 
characteristics of a dynamic analysis, resulting in: 
 

• Considering only the lowest eigenmodes of vibration of the structure a good 
approach of the solution is achieved. In the particular case of the cantilever, with 
the seism acting in x-direction, it was enough with one mode. But in general it 
depends on the relationship between ωi and Sa(ωξ). 

 
• Always take into account the significant eigenmodes. In this particular case, as 

the seism is in x-direction, a flexural mode around the strong, or y, axis must be 
included in the basis for the displacement. 

 
• Considering only one mode means that the maximum deformed shape of the 

beam will always be the same, multiplied by a scale factor, no matter which 
earthquake is applied. 

 
• The value of the density is one of the factors on which the eigenfrequencies 

depend. ωi increases as the density decreases. 
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• ωi is also dependant on the stiffness, increasing with the value of it. Moreover, 
the eigenvector φj  associated to ωj can change for some values of the stiffness. 
This means that, for example, the lowest eigenfrequency can correspond either 
to a flexural mode of vibration or to a torsional one for different stiffness values. 

 
• The variation of ωi due to density or stiffness modifications can originate the 

resonance of the structure with the applied acceleration. 
 
• Linear behaviour of the analysis has been checked, modifying the amplitude of 

the acceleration, but not the frequencies it contains, and obtaining the response 
proportionally modified. 

 
 
8.1.2 Frame 
 
 With the analysis of the frame some other general properties of a dynamic 
analysis have been discussed. Moreover, some decisions on the design of light-weight 
steel structures are taken: 
 

• If the damping ratio is unknown it may be assumed equal to 5% to obtain an 
average response of the structure, whereas it should be 2% to calculate the 
maximum possible displacements and tensions, i.e. to be in the safe side. 

 
• The approximations made in the combination of modal results may lead to an 

erroneous response of the structure for high damping ratios, about 20%. 
 

• It has been shown that the modification of only one of the modal damping ratios 
does not affect all the structural elements evenly . This statement is also true in 
the inverse way; thus, a modification in the damping properties of a specific 
element will just change the modal ratio of few eigenmodes. 

 
• It has been proved that the best method to horizontally stabilize a frame is using 

bracing diagonals crossing it. This diagonal elements are steel straps which are 1 
mm. thick and 65, 100 or 150 mm wide. 

 
• The weight of the roof must not be neglected in the 2D analysis of the frame, 

since it greatly influences the structural response: 
 

- The eigenfrequencies are significantly reduced 
- The dynamic behaviour of the frame is mainly controlled by the first 

eigenmode, which is a horizontal displacement of the threshold. This 
response is very similar to the vibration of a single degree of freedom 
system. 

- All the structural elements, beams and straps, are subjected to axial 
forces much larger than the shear ones and moments. Therefore, these 
two last stresses can be neglected.  

 
• The width of the strap is the most important factor on which the stiffness of the 

frame depends. When the design response spectrum from the Eurocode is 
applied, a wider strap yields to lower displacements and constant axial forces. 
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For other ground motions these variations depend on the relationship between ω1 
and Sa(ω). 

 
• The influence of the boundary conditions at the base of the column is negligible, 

with regard to displacement and axial forces. But it has to be reminded that a 
clamped base will originate significant shear forces and moments along the 
column. 

 
• The effect of adding a third column in the middle is as low as the influence of 

the boundary conditions. 
 

• If both diagonal straps of the x-braced frame are considered in the computer 
model, it would lead to non-realistic results. The compressed diagonal must be 
neglected, since its buckling resistance is just 2 N. 

 
 
8.1.3 Façade 
 

• It was checked that the behaviour of the façade is similar to the response of a 
single frame, confirming the following facts: 

 
- The best stabilization method is to have an x-braced frame. 
- Shear forces and moments are little enough to be neglected. 
 

• The influence of the boundary conditions is again very low. Fixed columns 
make shear forces appear on it, so they slightly reduce the axial force to be 
resisted by the diagonal strap. 

 
• The position of the braced frame in the façade have significant influence only on 

the maximum axial force in the threshold. Regarding the axial force in the 
diagonal, the bracing straps can be joined at any frame. 

 
• Having openings or not does not make any difference in the dynamic behaviour 

of the façade. Therefore, columns can be removed from the middle of any frame 
and with no limitation in number. The restriction will come from the static 
analysis with vertical loads. 

 
 
8.1.4 Complete building 
 

• It is not possible to avoid the inclusion of the roof in the 3D analysis. The 
simplification with an additional mass on the threshold was not satisfactory. 
Neither was the use of horizontal trusses connecting opposite façades to model 
the stiffness of the roof. 

 
• Like in all previous structural systems, the structure behaves as a single degree 

of freedom system, in which the eigenmode consisting in a horizontal 
displacement of the roof controls the vibration. 
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• The bracing diagonals for a rectangular building made of 11 frames or modules 
in the long façade and 7 in the short one are dimensioned for the design response 
spectrum from the Eurocode, in section A.2. As a result, the requirement is 4 
braced frames per façade and 2 crosses of diagonal straps in each one. In areas 
where the seismic risk is lower, the number of needed straps will be reduced. 

 
• The vibration of the structure is not restricted to the direction of the applied 

ground motions. It would just happen if this direction is coincident with the 
principal direction of the structure, shown by the first horizontal eigenmode of 
vibration. Generally it does not occur, so the structure has displacement in the 
principal direction and perpendicular to it. 

 
• It has been derived, from the previous point, that when two perpendicular 

ground motions with the same magnitude are simultaneously applied on the 
foundations, it is not possible to simplify the 3D model into a 2D analysis with 
reliable results. This loading case is the requirement from Eurocode 8.  

 
 
 

8.2 Future work 
 
 
8.2.1 Development of the actual analysis 
 
 One possible field of actuation is to continue with the analysis carried on in this 
thesis work. Different aspects that may be treated are: 
 

• Design of non-rectangular buildings, such as L-shape geometry, and compare its 
response with the rectangular ones. 

 
• Influence of the direction in which the ground motions act on the structure, so 

the worst case for every building is known. 
 

• Derive some method to simplify the rectangular 3D structure into a 2D model 
when two simultaneous seismic excitations act. This study may be focused in the 
estimation of tensions for the diagonals in a certain façade being the ground 
motions applied in the perpendicular direction.  

 
 
8.2.2 Beginning of a new type of analysis 
 
 All the calculations in this thesis have been done assuming linear and elastic 
behaviour of the steel in all structural elements. Thus, we propose now to change this 
simple constitutive law for a more complex one, considering the plastic range of the 
steel, its ultimate tension and also the buckling resistance when it is compressed. 
 
 The main consequence of changing the constitutive law is that the seismic 
response cannot be evaluated with the response spectrum analysis, since it is only valid 
for elastic materials. Moreover, none of the numerical procedures explained in this 
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thesis can be used, due to they were all derived for a linearly elastic material. Therefore, 
the calculations will have to be done by means of more costly procedures, which require 
much longer computational times. 
 
 It is known that all structural systems resist seismic actions in the non-linear 
range, but not all of them in the same magnitude. If this behaviour is well-known, it is 
possible to substitute the costly non-linear computation for the response spectrum linear 
analysis, with the seismic load reduced by a q-factor (q>1). This reduction takes into 
account the remaining resistance when the linear behaviour is surpassed. Thus, the value 
of q will be higher as more resistance has the structure in the non-linear range. This 
simplification in the seismic design of structures is considered in Eurocode 8.   
 

In conclusion, the aim of this new type of analysis is to evaluate the resistance of 
the light-weight steel structures in the non-linear range, so the q-factor can be accurately 
estimated and the design of buildings done by means of elastic analyses. 
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