
 

 

Chapter 6 

Extension of the frame to a façade 
 
 
 
 
 The next logic step in the study of a light-weight steel structure is the extension 
from a single frame to the whole façade. The objectives of the following chapter are: 
 

• Check that also, when loading the whole façade instead of a single frame, the 
best stabilization method is a crossing diagonal and the boundary conditions 
have very little influence. 

• Decide which is the best position for the braced frame. 
• Possibility and influence of having openings on the façade, i.e. removal of 

columns 
 
 
 

6.1 Dynamic response of the façade 
 
 The models of the façades that will be loaded have been done by joining five of 
the frames or building modules, each of them with three columns. Therefore, the 
material and cross-sectional properties do not differ from the models in chapter 5 and 
they can be looked up at tables 5.1 and 5.2. In addition, the five thresholds are fixed 
together, so they behave as a continuous beam simply supported by the columns. It may 
also be reminded that the roof weight is taken into account, as explained in 5.3, and all 
the modal damping ratios are set to 5 %. 
 
 Once this basic model is done, five different configurations of the façade are 
created by modifying the boundary conditions at the columns and the position of the 
diagonal. These five structural systems are shown in figure 6.1. 
 
 The dynamic response of the structure is again evaluated by means of the 
horizontal displacements and axial forces on the diagonal member and threshold. Also 
the same seismic loads from the previous chapters are used: the design response 
spectrum from the Eurocode, the real earthquake at Ardal and the triangular 
accelerogram (figures A.2, A.4 and A.6). 
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Figure 6. 1 Five configurations of the façade to be analysed. 1.- Clamped columns, no diagonal. 2.- 
Clamped columns, diagonal at the extreme frame. 3.- Hinged columns, diagonal at the extreme frame. 4.- 

Hinged columns, diagonal at the centre frame. 5.- Clamped columns, diagonal at the centre frame. 

 
 First, it is interesting to check if the behaviour of the façade is the same, or close 
to, the response of just the braced frame. With this aim, the lowest eigenmode for each 
structure is calculated, because it is expected that the dynamic response will be 
controlled by the first mode of vibration as for the single frame. Plotting the deformed 
shape associated to ω1 we realize that for every structure it corresponds to a horizontal 
displacement of the threshold; an example, for configuration 4, is shown in figure 6.2. 
But the values of the frequencies are much lower than for the frame, due to the presence 
of five times more mass from the roof and only one frame that is braced and providing 
the stiffness to the whole façade. 
 

 
Figure 6. 2 First eigenmode of vibration for the façade with hinged joints and columns, configuration 4,   

f = 3.0249 Hz 
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It is very different for the case with no diagonal, since the frame and the façade 
have almost the same behaviour. This is because the construction of the façade just 
consists in the repetition of exactly the same frame. Actually, there is a small increment 
of the stiffness, due to the modules in the façade have three columns, every 0.6 m., 
whereas the frame was studied with no third column in the middle. The comparison of 
eigenfrequencies for equivalent façades and frames is done in table 6.1. 
 

Façade Lowest Eigenfrequency (Hz) Frame Lowest Eigenfrequency (Hz) 
Config 1 1.2741 (5.2) Config 1 1.2150 
Config 2 3.1701 (5.5) Config 2 6.6521 
Config 3 2.9008 (5.5) Config 1 6.5359 
Config 4 3.0249 (5.5) Config 1 6.5359 
Config 5 3.2848 (5.5) Config 2 6.6521 

Table 6. 1 Comparison of results between a whole façade and an equivalent single frame 

 
 In conclusion we may expect that, when the façade is stabilised by a diagonal 
strap, it will deform like the frame, but the magnitude of the displacement, and also the 
internal forces, will be very different depending on the value of the response spectrum, 
Sa(ω). On the other hand, façades stabilised by fixed joints can be reduced to the study of 
a single frame, with no big errors in the results, but this is not the case we are interested 
in.  
 
 The knowledge of the first eigenfrequency is not enough to evaluate the 
structure, thus, the displacements and axial forces when applying the different ground 
motions need to be calculated. Like in the analysis of the frame, the displacements are 
obtained at different points of the threshold, the two edges and the joint with the 
diagonal (figure 6.1), and the axial forces correspond to the diagonal member and the 
maximum at the threshold. All these results are collected in tables 6.2 and 6.3. From 
these calculations the deformed shape of the façade can be obtained, which will show 
that again, for every configuration, it is very similar to the first eigenmode of vibration. 
The reader can check it in figure 6.3, for configuration 4 when the Eurocode seismic 
action is acting. 
 
  Config 1 Config 2 Config 3 Config 4 Config 5 

Lowest 
Eigenfrequency (Hz)  1.2741 3.1701 2.9008 3.0249 3.2848 

δ1 1.31 0.62 0.66 0.63 0.60 
δ2 1.31 0.61 0.65 0.62 0.60 Triangular 

Accelerogram 
δ3 1.31 0.59 0.62 0.62 0.60 
δ1 91.7 37.3 41.9 38.2 34.6 
δ2 91.7 36.8 41.3 37.6 34.1 Ardal Earthquake 

(ag = 8.9 m/s2) 
δ3 91.7 35.2 39.5 37.7 34.2 
δ1 95.7 30.9 36.9 33.7 28.5 
δ2 95.7 30.5 36.4 33.1 28.1 Eurocode 

ag = 4.8 m/s2) 
δ3 95.7 29.1 34.8 33.2 28.2 

Table 6. 2 First eigenfrequency and horizontal displacements for different configurations of the façades 
and ground motions 
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 Diagonal Axial Force (kN) Threshold Maximum Axial Force 
(kN) 

 Triangular 
Accel. 

Ardal 
Earthquake 

Eurocode 
8 

Triangular 
Accel. 

Ardal 
Earthquake 

Eurocode 
8 

Config 1 ---- ---- ---- 0.01 0.7 0.7 
Config 2 0.77 46.1 38.2 0.31 18.5 15.3 
Config 3 0.81 51.8 45.6 0.32 20.5 18.1 
Config 4 0.85 51.7 45.6 0.20 12.0 10.6 
Config 5 0.82 46.9 38.6 0.19 11.0 9.1 

Table 6. 3 Axial forces in the diagonal and threshold for different configurations of the façades and 
ground motions 

 

 
Figure 6. 3 Deformed shape of the frame corresponding to configuration 4 when applying the Eurocode 

response spectrum. The scale factor for the displacements is 10. 

 
 The main difference in the structural response is between configuration 1 and all 
the others. This is because it is the only façade with no diagonal strap. It must be 
remarked that, even though the value of Sa is lower, it has a displacement three times 
greater than the other façades. This fact is enough to assure again that the best 
stabilization system is an x-braced frame. Moreover, the inertia forces from the roof 
mass have to be taken by the columns through high shear forces and moments, which 
may cause their failure.  
 
 Another fact to notice is the small difference between the façades with fixed 
columns and the simply supported ones, as we wanted to prove. It is easily seen 
comparing the results for configuration 2-3 and 4-5. The displacements, calculated by 
means of equation (3.21), are a bit lower in the stiffer structure, for the same reason as 
in the frame: there is a reduction of 2

1

1
ω  and Sa(ω) is constant for the Eurocode 

excitation (figure A.4) or this reduction is greater than the increment of Sa(ω) for the 
other two actions (figures A.2 and A.6). 
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Concerning the internal forces obtained from equation (3.22), they should be the 
same, since Sa(ω) is constant, or approximately constant, and the mass is not different. 
But the forces on the fixed façade are lower. So the changes are originated in the 
eigenmode of vibration, and the reason is that the columns take some of the horizontal 
inertia forces as a shear stress. Figures 6.4 and 6.5 show the distribution of the axial 
force in the threshold for the clamped columns and for the simply supported. Figure 6.6 
is a simplified diagram of the axial forces, which illustrates the mentioned behaviour, 
and it becomes obvious that for the same inertia forces the threshold and diagonal 
member of the fixed façade have to resist smaller stresses.  
 

 
Figure 6. 4 Evolution of the axial force along the threshold for a façade with hinged columns, 

configuration 3 
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Figure 6. 5 Evolution of the axial force along the threshold for a façade with fixed columns, 

configuration 2 
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Figure 6. 6 Schematic comparison of the axial force along the threshold 

 
 Another thing to be mentioned, and that the reader might already have noticed, is 
that the results for the Ardal earthquake and the Eurocode response spectrum, figures 
A.6 and A.4, do not differ in such a great amount as they did for a single frame. The 
reason is that the structural systems that are being analysed have little stiffness, so the 
value of Sa(ω) does not reach the peak for the real earthquake, about the 10 Hz, while it is 
in the maximum range for the Eurocode load. Therefore, the structural response will be 
very similar in both cases, although the peak ground acceleration is very different, 8.9 
m/s2 for the real seism and 4.8 for the design action. 
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6.2 Position of the diagonal and openings in the 
façade 

 
 It has been shown that at least one of the frames of the façade must be x-braced 
with diagonals. Now we want to answer if it has to be some special frame or any of 
them, as it would be desired. In addition, the façade might have some openings for 
doors and wide windows, which implies to take out some columns. So, it is also 
required to know if there is some limitation in their number and position. 
 
 Looking up at table 6.2, the results for configurations 2-5 and 3-4 should be 
compared to see the influence of the position of the braced frame. And it results to be 
insignificant, but some aspects should be remarked. 
 

Having the diagonal at the middle of the façade leads to a stiffer structure, and 
for the actual ground motions acting on it, it means a reduction of the horizontal 
displacement. But not only the displacements are lower, they are also more uniform 
along the continuous beam, which means less axial deformation and as a result lower 
internal forces. 

Diagonal Member Axial Force
Horizontal Component of the 

Inertia Forces

Inertia Forces

Horizontal Component of the 
Diagonal Member Axial Force

 
Figure 6. 7 Variation of the axial force along the threshold due to the position of the diagonal strap, it 

corresponds to configurations 3 and 4  

 
From the results in table 6.3 it is noticed that the axial force in the diagonal strap 

does not depend on its position, since the inertia forces to be stabilized are the same in 
both cases. But there is a big variation on the maximum force in the threshold, 
approximately a reduction by the factor 3/5. This is because, when the diagonal is 
placed at the extreme, the reaction to the horizontal forces is also at the end of the beam 
at a distance of 5x1.2 m. Thus, the internal force increases all along the beam until the 
end, where the reaction is. On the other hand, when bracing the centre frame, the 
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reaction is at 3x1.2 m. and the evolution of the axial force has a lower peak value. This 
influence of the position of the bracing diagonal is easier to understand looking at figure 
6.7, where the axial force along the simplified continuous beam is represented for both 
cases. 

 
 In order to analyse the influence of openings on the façade, four new structural 
systems are considered by removing columns from the studied façades 3 and 4. Their 
configuration is shown in figure 6.8.  
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Figure 6. 8 Configuration of the façades with openings  

 
In this case only the Eurocode ground motion is applied, figure A.4, and the 

results shown in table 6.4 are obtained. From the list of lowest eigenfrequencies a 
remarkable fact can be observed: its value increases when a column is removed. In other 
words, it is more important the loss in mass than the loss in stiffness, even though it is 
light-gauge steel. This is the best evidence to show that the horizontal stiffness of the 
façade is mainly provided by the braced frame and the stiffness from the columns is 
insignificant. Moreover, it also proves that the façade behaves like a single degree of 
freedom system, in which removing the mass of a column makes the eigenfrequency 
increase. 
 
 Lowest 

Eigenfrequency (Hz) 
Diagonal Axial Force 

(kN) 
Horizontal Displacement of 
the Diagonal Extreme (mm.) 

Config 3 2.9008 45.6 34.8 
Config 6 2.9017 45.6 34.8 
Config 7 2.9026 45.5 34.8 
Config 4 3.0249 45.6 33.1 
Config 8 3.0259 45.6 33.1 
Config 9 3.0267 45.5 33.1 
Table 6. 4 Structural response of the façades with openings when applying the Eurocode seismic action 
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Referring to the displacements and axial forces, there is no difference in having 
openings or not, as well as we already knew that the position of the braced frame has 
not a significant influence in the structural response. It must not be forgotten that all this 
conclusions correspond to a horizontal dynamic load on the façade, since the number of 
columns surely have a big influence when loading the façade with vertical actions.  
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