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Fig. IV.45  Different deformed shapes of the tube, according to different boundary conditions 

The rotations and displacements shown are those permitted by the different models. 
The image on the right part of the figure comes from a real experiment, where the two outer faces 

are supposed completely embedded. 
 
Needless to say that the case which more accurately fits with available experiments is case [c], since 
under compression tests, the two loading edges become almost embedded owing to friction forces. 
Boundary conditions are not only important to match with the existing tests, but they are also 
important to predict the mode of failure of the samples. Results from the four different loading 
cases shown in figure IV.46 [by using the same specimen 4LN, mentioned in the previous Section] 
are presented in diagrams of figure IV.46: 

 
Fig. IV.46  Axial load-strain curves corresponding to different cases of Fig. IV.45 for 4LN. 
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The curve which matches more accurately with the experimental test is that of case C. 
 

From the curves derived of the four different analyses, it is obvious that the fact of considering the 
specimens completely embedded in their two bases clearly enhances the ductility of the section. 
These conditions and their corresponding results are closer to the experimental tests made in 
laboratory than to the real behavior of a continuum column as a part of a whole structure. However, 
case [c] has been chosen for all the cases analyzed this investigation, since results have been 
compared to real experimental tests made with short specimens.   
 
4.5.3 Calibration of the domain of the model. 
 
The domain of the model refers to those limits adopted in the model, in order to represent the 
whole reality through a reduced part of it. The simplification must reflect the entire complexity of 
the problem and it should not have influence on results. 
 
4.5.3.1 Calibration of the size of the specimen. 
 
Assuming that the portion of reality which has to be simulated is a theoretical part of an infinite 
column, the first step in deciding the domain of the model is to choose the global size of the sample. 
Obviously, this election is conditioned by boundary conditions. For the case [c] adopted in the 
previous Section, the size of the sample must be at least two times the width of the section. 
 
 

 

 

 
Fig. IV.47  Different sizes analyzed of specimen 4LN. 

A height equal to the width [a], one time and half the width [b] and two times the width [c]. 
 
Knowing that a large deformation axial loading analysis goes beyond the collapse of the sample and 
that one of its purposes is to describe the mode of failure, the size of the tested specimen should be 
as large as possible. The simplification of the column into a short sample, with a height equivalent 
to the width, leads to an excessive gain of strength, as it can be seen in figure IV.48. The fact of 
having the two embedded faces really close to the failure plane in case [a] leads to overestimate the 
final compressive strength and the ductility of the specimen.  
 
Therefore, and derived from the curves shown in figure IV.48, the global size which has been 
adopted for specimens in this investigation corresponds to a height equivalent to two times the 
width of the cross-section. This way, a representative portion of the column is included in the 
analysis, and restrictions applied to the bases should not affect the deformed shape in the failure 
plane. 
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Fig. IV.48  Comparison between the curves obtained from different sizes of the specimen. 

Cases [a] and [c] from figure IV.47 of specimen 4LN, are compared in the previous figure. 
 
 
 
4.5.3.2 Calibration of the symmetry condition. 
 
The other geometrical parameter which determines the domain of the model is the condition of 
symmetry. Sections proposed in this work show a clear condition of theoretical symmetry in the 
two axes, “y” and “z”, strictly due to geometry. This fact allows carrying out the analysis by using 
only half part of the model, provided that symmetry conditions were defined in the common plane. 
 

 

      
 

 Fig. IV.49  Condition of symmetry of the sections proposed, case of specimen 4LN. 
All sections analyzed in this investigation do show symmetry condition in the cross-sectional plane. 
 
However, although this assumption would work perfectly well in order to determine the peak of 
load of the composite section, it does not represent the plastic hardening behavior and the collapse 
faithfully. This phenomenon is mainly due to the essence of the explicit analysis. As it can be seen in 
figure IV.50, the fact of considering a symmetric plane coinciding with one axis of the section 
reduces considerably the ductility of the whole section. Then, the fact of reducing the domain of the 
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model through the existing condition of symmetry would be useful for short deformation analyses, 
but not for large deformation axial loading. 

 
Fig. IV.51  Influence of the symmetry condition on the stress-strain curve. 

Comparison of curves obtained for specimen 4LN. 
 
 
 4.5.4 Calibration of the loading conditions. 
 
In general, this analysis is characterized for being materially and geometrically non linear; this is 
the reason why the load must be divided into different steps, according to an amplitude. This step 
fragmentation is decisive to solve the problem and to achieve the convergence of the solution, in 
models involving plasticity and buckling.  
  
As the analyses done in this investigation imply large deformation axial loading, most part of the 
obtained results belong to the plastic hardening period, where small loading increments 
correspond to large deformation increments. Besides, it is important to take into account that this 
analysis aims to achieve the final collapse of the samples, and this is the reason why the descending 
branch after the peak of load must be also considered; the presence of a softening period implies 
considering also the possibility of a decent of the load-strain curve. This requirement of sensibility 
in front of small deformations implies a slower stepping of the load, or an extraordinary control of 
the process instead.    
 
In case of loading the specimens through a distributed axial pressure applied on their upper face, 
the process tends to diverge when strains become important: for small load increments, vertical 
strains are really large [for instance, Δε in Step 7 of figure IV.51]. This is the reason why the load 
has been applied through imposed strain increments, in order to have an accurate control of the 
process and to simplify the convergence. 
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Fig. IV.51  Definition of the loading steps by using a uniform distributed pressure. 

Due to the inversion of the predominant axis of the curve beyond the peak of load, the increment of 
strain in step 6 is much larger than that of the previous steps.  

 
In case of loading through a uniform pressure at the upper face, as it is shown in figure IV.51, it is 
really difficult to achieve the convergence of the problem beyond the peak of load in Step 6. As it is 
shown in the previous figure, strain increments of steps 1 to 5 are small and almost identical; the 
strain increment of step 6 starts to be larger, although this fact does not distort the results; but 
finally, the strain increment of step 7 is much larger than the increment of step 6, and this fact leads 
necessarily to a lack of convergence of the problem. Besides, and owing to the descending branch 
after the peak of load, there is a “blind zone” of the load-strain curve very difficult to detect and 
control by using pressure increments only. 
    
Thus, instead of pressure increments, all the specimens have been loaded by using increments of 
deformation. The concept is based on changing the reference axis of the increments, from the 
ordinates to the horizontal axis. This way, those results corresponding to the yield plateau [often 
coinciding with a descending branch] can be easily controlled, since the large axial deformation test 
tends to be more a horizontal curve than to a vertical diagram. Thus, equally spaced increments 
have been defined, by defining a specific amplitude. 



Chapter IV 
Considerations about the numerical analysis 
 

 174 

 
Fig. IV.52  Definition of the loading steps by increments of imposed displacement. 

Thanks to loading the specimens by using increments of strain, the convergence of the solution is 
guaranteed.  

 
Using this methodology, as it is shown in figure IV.52, main axis of the curve is the horizontal one; 
this way, every strain increment has its corresponding value of load, even it was negative. For 
instance, in figure IV.52, the load increment of Step 8 is almost identical than that of Step 20. This 
fact simplifies the process considerably and guarantees the convergence of the solution. However, 
although most part of the diagrams works really well by using strain increments, there is a reduced 
period in the beginning where the section behaves elastically. In the first step of figure IV.53, the 
increment of load is much higher than in the rest; besides, different load transferences take place 
between the steel and the core during this elastic phase [see Chapter V]: therefore, the description 
of the compressive behavior of CFT sections is impossible, if a detailed description of this first 
phase is neglected. 
 
To maximize the precision of the obtained results in the elastic period, two different amplitudes of 
substeps have been defined, the first finer than the other. From steps one to twenty in figure IV.53, 
the increment of deformation is ten times finer than the rest, with the purpose of describing the 
volumetric expansion of concrete and the confinement of the core accurately. From step 20, the 
load is introduced much quickly, since the curve at this point becomes basically horizontal. This 
variation of the amplitude is represented in figure IV.53.  
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Fig. IV.53  First part of the loading process has been divided into finer steps. 

The elastic-plastic behavior corresponding to the first period of loading of a CFT section cannot be 
detected by using one incremental step only. 

 
Thus, two different linear functions have been defined in order to relate loading steps with 
displacements. This differentiation guarantees a correct density of results in all loading phases, 
included the first elastic-plastic period. According to Figure IV.54, up to the 20th step, a deformation 
of 0.10 mm per step is implemented, while from this point this strain increment grows up to a value 
of 1.50 mm. 
 

        
Fig. IV.54  Two linear functions have been defined for introducing the loading steps. 

The elastic-plastic period is more slowly loaded than the rest. 
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