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Abstract

At the Budapest University of Technology and Economics, Department of Bridges and Structures and at the Instituto
Superior Técnico, Departamento de Engenharia Civil, Arquitectura e Georrecursos during the 2nd semester of the year
2017/2018 the title of the master thesis written was: “Interaction analysis of column- and plate-like behaviour of stiffened
plate structures”. The supervisors were: Dr. Balázs Kövesdi, Associate Professor of BME and Dr. Carlos Tiago, Assistant
Professor of IST.
The subject of the thesis is the analysis of the physically and geometrically non-linear behaviour of stiffened plated
structures, determining the buckling resistance and examining the interpolation function between the column-like and
plate-like behaviour.
In the first part of the dissertation simply supported columns and plate structures were examined. The numerical
solutions were compared against the analytical ones. Finite elements with different interpolation functions were used to
model beams and plates. Convergence analysis was made and the theoretical and numerical rates of convergence of the
elements was assessed.
At the beginning of the section on design approach of plated structure an overview of the relevant parts of Eurocode
was provided, Eurocode 3: Design of steel structures, Part 1-5: Plated structural elements, focusing on the interpolation
function of plate like and column like behaviour.
A new imperfection is proposed and compared against the ones in Eurocode. A parametric study of the orthotropic
plates was conducted. The geometric configuration of the plates were the input parameters, while the material properties
were kept the same for all models. Three different types of evaluation methods were chosen: (i) Eurocode based, (ii)
Eurocode-FEM based and (iii) mainly FEM based. For each evaluation method the reduction factors obtained from the
finite element models have been considered.
Finally, from the evaluations conclusions have been drawn and future research prospective have been construe.
Finite element models through out the thesis were created in ANSYS Mechanical APDL finite element program. To
analyse the results, MATLAB R2017b was applied.

Keywords: Stability of structures, buckling analysis, column-like and plate-like behaviour, convergence analysis, para-
metric study, imperfection, arc-length method, Eurocode plated structures.

1 Approximation of column-
buckling load by finite element
solution

The buckling analysis is given by a generalised eigenvalue
problem, where critical loads are the eigenvalues, formu-
lated according to the equation:

|K− P Kσ| = 0 (1)

where:

P : eigenvalue which represents a buckling load

K: global stiffness matrix

Kσ: global geometrical stiffness matrix

1.1 Pin ended column’s, buckling load

The relevant stiffness and geometrical stiffness matrices
are presented in Pilkey (2002). The critical buckling load
of a beam example is calculated in the following by using
one and two elements. The calculations were done using
the MATLAB symbolic package.

1.1.1 Elemental discretisation of the problem

With a single element the model has two degrees of freedom
(dof ), so two eigenvalues can be calculated, which are also
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1. APPROXIMATION OF COLUMN-BUCKLING LOAD BY FINITE ELEMENT SOLUTION

the first two critical load values’. Let L be the length of
the column and ` is the length of the element used for the
descritisation, which is the same in the present case.

After imposing the kinematic boundary conditions, the
generalised eigenvalue problem 1 renders:∣∣∣∣EIL [4 2

2 4

]
− λ

[
4 −1
−1 4

]
L
30

∣∣∣∣ = 0 (2)

Hence, the approximations of the buckling loads are:

λ1 = 12
EI

L2
λ2 = 60

EI

L2

With two identical elements, the number of dof is four,
so with a four-by-four matrix, four eigenvalues can be ob-
tained, which represents the first four buckling loads’ val-
ues. The length of the column is divided into two elements,
` = L/2. Thus, the generalised eigenvalue problem delivers
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The buckling loads approximations are, in this case,
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√
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With the two elements, the first two modes can be cap-
tured more accurately than in the one element discretiza-
tion. Also, as four dofs are employed, the first four modes
can be estimated.

As the approximations are strictly compatible, the ob-
tained values of the buckling loads bound the exact ones
from above.

1.1.2 Solution with finite element software

The buckling of the same pin ended beam is also modeled
in ANSYS Mechanical APDL finite element software. The
modeling of the beam is carried out with BEAM4 element,
implemented in ANSYS. By comparing the Ansys results
and the results obtained in the previous section, it will be

Figure 1: The first three buckling modes of simply sup-
ported, pin ended beam

mesh modes

size 1/h 1st 2nd 3rd[
mm

] [
1/mm

]
6000 0.000167 2184.02 10920.09 —
3000 0.000333 1809.80 8736.08 23427.77
1500 0.000667 1797.20 7239.19 16704.96
750 0.001333 1796.34 7188.82 16206.95
375 0.002667 1796.29 7185.37 16169.21
187.5 0.005333 1796.28 7185.15 16166.73
93.75 0.010667 1796.28 7185.14 16166.57
46.875 0.021333 1796.28 7185.14 16166.56

analytical solution 1796.28 7185.11 16166.50

Table 1: Convergence analysis of simply supported beam

possible to verify the correctness of the current implemen-
tation.

The boundary conditions of the simply supported beam
has been used. The beam is loaded in one end, while on the
other end longitudinal movement is restrained.

1.1.3 Buckling modes

The first three buckling modes are presented in Fig. 1, while
convergence results are summarised in table 1. The finite
element solution is converging very quickly. The results for
the buckling loads are determined by the finite element soft-
ware are equal to the ones that were obtained by MATLAB.
It means that the beam modeled with BEAM4 elements in
ANSYS Mechanical APDL was truly behaving as an Euler–
Bernoulli beam.

1.1.4 Rate of convergence – Standard error esti-
mates

The optimal theoretical convergence rate of the Galerkin
finite element method for the standard classes of elliptic
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2. PLATE BUCKLING
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Figure 2: Rate of convergence, first three eigenvalues

eigenvalue problems is given by Hughes (2000)

λl ≤ λhl ≤ λl + c h2(k+1−m) λ
(k+1)/m
l (5)

where:

h: element size,

λl: lth eigenvalue,

c: is a constant independent of h and λl,

k: maximum order of the complete polynomial used to
construct the shape functions,

m: maximum order of the derivatives in the equilib-
rium/compatibility differential operator.

The Euler–Bernoulli beam element uses cubic shape func-
tions, hence (k = 3). As the problem demands for C1

approximations, then (m = 2). Hence, the expected rate of
convergence for the eigenvalues is

2
(
k + 1−m

)
= 2

(
3 + 1− 2

)
= 4

By plotting the log of element size, (h), against the log of
relative error (e), the numerical rate of convergence is given
by the slope of the obtained line. In this case the slope of
the error of the buckling load should be around 4. In Fig. 2
the gradients are indicated under the legend of every line.
The calculated rates of convergence are in a good agreement
with the theoretical value.

2 Plate buckling
The critical plate buckling load

(
Nxx

)
cr

presented in Tim-
oshenko and Woinowsky-Krieger (1959) was calculated ac-
cording to the following equation:

(
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)
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=
π2a2D

m2

(
m2

a2
+

1

b2

)2

=
π2D

b2

(
mb

a
+

a

mb

)2

(6)

m n Ncr
[
N/mm2

]
2 1 84.3556
3 1 99.0007
1 1 131.806
4 1 131.806
5 1 177.358
6 1 234.321
7 1 302.238

Table 2: Number of semi-waves and buckling loads
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Figure 3: Factor k according to the ratio of the sides

The buckling coefficient, kσ, can be formulated the follow-
ing:

kσ =

(
mb

a
+

a

mb

)2

(7)

and it is depicted in Fig. 3. The Table. 2 summarises the
number of semi-waves in each direction of the plate and the
buckling load associated with the first seven mode shapes

2.1 Convergence analysis

Convergence analysis considering successive mesh discreti-
sations is called h-refinement. This convergence analysis
was performed both with SELL181 and SHELL281 ele-
ments.

During the convergence analysis the buckling loads were
examined for the first seven modes. In Figure 4 the re-
sults of the convergence analysis are presented. The dashed
lines are the analytical solutions, so it means that the same
dashed line represents Ncr.an.3 and Ncr.an.4. Letters l and
q in the legends stand for, linear approximation in case of
SHELL181 element and quadratic approximation in case of
SHELL281, respectively. The buckled shape modes of the
plate are also represented.

Although the analytical bucking load associated with
modes 3 and 4 is the same, the FEM solution is obviously
not equal. However, of course, the FEM solutions tend to
the exact value.

When SHELL281 element was used to model the plate,
a numerical error occurred in case of the finest refinement
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3. NUMERICAL RESEARCH STRATEGY

(h = 46.875mm) of the convergence analysis. This numer-
ical error is also visible in Fig. 4, where the last point of
each quadratic convergence line diverges. The cause of this
divergence was not identified, but it was verified that, at
least, until h = 65.00mm the results are still converging.

On the mentioned figure it is clear that the analytical
solution is a lower bound for the numerical solutions. For
design consideration it means that numerical simulation re-
sults is always on the unsafe side.

2.2 Rate of convergence

Convergence rates can be again calculated according to
equation (5), which is presented in Hughes (2000). In
the case of SHELL181 element, shape functions with lin-
ear completeness have been used, while the elements are
formulated as thick shell elements. So the values (k = 1)
and (m = 1) apply and

2
(
k + 1−m

)
= 2
(
1 + 1− 1

)
= 2 (8)

In the case of SHELL281 element, shape functions with
quadratic completeness have been used, while the elements
are formulated as thick shell elements. So the values (k = 2)
and (m = 1) apply and

2
(
k + 1−m

)
= 2
(
2 + 1− 1

)
= 4 (9)

In Figures 5 and 6 the log of element size, (h), is plotted
against the log of relative error on the bucking load, (e).
The slope of these lines provide an estimate of the numerical
rate of convergence, which is indicated under the legend
of every line. The theoretical rate of convergence can be
calculated according to Equation (5).

In case of SHELL181 element, the rate of convergence
should be around 2, as seen in Equation (8). As it is visible
in Fig. 5, all the calculated numerical slopes are slightly
higher than the theoretical one. Nevertheless, they are in a
good agreement.

In case of SHELL281 element the rate of convergence
should be around 4, as seen in Equation (9). It can be
observed in Fig. 6 that the slopes differ in both direction
compared to the theoretical rate of convergence but, again,
they are close to the theoretical estimate.

Although when elements with quadratic approximation
were used (SHELL281), the third mode’s estimation was
slightly better then the lower modes, in general, the quality
of the buckling modes’ estimation deteriorates as higher
modes are approached. This fact is theoretically explained
by the presence of the term λ

(k+1)/m
l in Equation (5).

To conclude, the implementation of buckling analysis of
simply supported plates in the ANSYS mechanical APDL
using SHELL181 and SHELL281 elements can be consid-
ered validated. In the next chapters this implementation
is extended to the buckling and incremental physically and
geometrically nonlinear analysis of plates with stiffeners.

3 Numerical research strategy

First of all, imperfections were compared with an example
presented in “Design of Plated Structures, ECCS Eurocode
Design Manuals” (Beg et al., 2010) in section 2.11.5. The
example with different imperfections, combining geometri-
cal irregularities and residual stress, was analysed. After
the comparison a decision was taken on which imperfection
to use for all the numerical experiments, whose results are
described in sections 6, 7 and in 8. In the present chapter,
boundary conditions for the plate like behaviour and the
material model used are described. These model properties
are used throughout the thesis, so they are only presented
here. During the numerical analysis geometric and material
non-linearity with initial imperfections was used to deter-
mine the resistance of a stiffened plate in pure compression.
In this particular case, which was thoroughly examined, the
panel is stiffened with two parallel stiffeners, which are ac-
tually single plates. These stiffeners divide the plate into
three equal sub-panels. The examined plate can be a part of
a more complex cross section, a side flange of a steel girder
bridge or any other similar engineering structure.
The imperfection modelling will be based both on eigen-
mode shapes and equivalent geometric imperfection, as pro-
posed in EN 1993-1-5 (European Committee for Standard-
isation, 2006).

3.1 Model properties

The geometric properties and the boundary conditions of
the stiffened plate for comparing the imperfections is pre-
sented in Illés (2018, see pages 45-48). The material is
elastoplastic with strain-hardening.

3.2 Buckling modes of stiffened plate

A linear bifurcation analysis was performed to get the buck-
ling shapes which will be used as initial imperfections in the
nonlinear analysis. The material used in the linear bifurca-
tion analysis is linear with the same elastic modulus as in
case of the hardening model. In Fig. 7 the first two buckling
modes are plotted. The 1st buckling mode is a global one,
while the rest of them are local buckling modes.
In the remaining analysis, the 1st and the 2nd buckling
modes were used as initial imperfections to assess the elasto-
plastic resistance at ULS.

3.3 Description of Imperfections

In the present section 12 different imperfections were com-
pared on an example. The majority of them were applied
according to EN 1993− 1− 5, Annex C), (European Com-
mittee for Standardisation, 2006). In the description of the
experiment (Beg et al., 2010) the sign of the imperfection
is unclear. In the present work, both positive and nega-
tive imperfections were considered on the model. Eurocode
also proposes an imperfection, for local stiffeners or flanges,
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3. NUMERICAL RESEARCH STRATEGY
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Figure 4: Convergence analysis first seven buckling modes
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4. PARAMETRIC STUDY

Figure 8: Force displacement curves, (arc-length)

subjected to twist. This imperfection was not modeled for
two reasons: (i) alone it would not contribute to the criti-
cal force according to (ECCS Technical Committee 8, 1986)
and (ii) the twist of the stiffeners are included in the mag-
nification of the first eigenmode.

A short overview of the 12 imperfections is the following:
IMP1 (+/−) is an imperfection obtained from the ampli-
fication of the first eigenmode, IMP2 (+/−) is an imper-
fection gained from the amplification of the seconde eigen-
mode, IMP3 (+/−) is also a bow shaped imperfection alike
IMP1. IMP4 (+/−) is also a local imperfection similar to
IMP2 eigenmode imperfection. IMP6 (+/−), numbered ac-
cording to ECCS, Eurocode design manual (ECCS Techni-
cal Committee 8, 1986), is a combination of global and local
imperfections. Another type of imperfection was proposed
by the supervisors and the author of the master thesis. This
imperfection is referred as IMPpro. (+/−) or IMPown.

3.4 Results obtained by arc-length method

In case of arc-length method the ultimate forces are sum-
marised in Table 3. Similar to the displacement-governed
experiment, IMP 3− yields the lowest ultimate force among
Eurocode imperfections. When the analysis is carried out
by arc-length method the proposed imperfections seem to
have less reserve over Eurocode (EC). The force displace-
ment curves are plotted in Fig. 8. The global imperfec-
tion seem to have the largest influence on the value of ul-
timate force. In case of the sub-panel imperfections, such
as IMP 2 and 4, the arc-length method sometimes failed
to converge. One of the reasons could be that the steep-
ness of the material model’s hardening branch is not ade-
quate. However, when the method properly converged, it
produced clear snap-back curves, which means that force
and displacement are both being reduced along the equi-
librium path. As expected, displacement-governed experi-
ments where unable to capture this behaviour as in their
case displacements have to increase throughout the whole
experiment.

Imperfection Ultimate Force [kN] Deviation
[
%
]

Eurocode 2525.461 0.00

No imperfection 6549.603 159.34
IMP 1+ 5389.446 113.40
IMP 1− 3668.930 45.28
IMP 2+ 6000.662 137.61
IMP 2− 6020.821 138.40
IMP 3+ 5275.613 108.90
IMP 3− 3541.850 40,25
IMP 4+ 5706.525 125.96
IMP 4− 6113.595 142.08
IMP 6+ 5089.517 101.53
IMP 6− 4627.550 83.24

IMP pro. + 3001.763 18.86
IMP pro. − 3073.146 21.69

Table 3: Considered imperfections and corresponding ulti-
mate forces (arc-length)

Distance between stiff.
(
b1
)[
mm

]
No. stiff. 400 600 800

2 14 11 11
4 14 11 11
6 14 11 11
8 14 11 11

Geom. 144

No. of runs 864

Table 4: Total number of geometries analysed and number
of runs

4 Parametric study

As it was mentioned in the introduction, 900 runs were
completed with ANSYS mechanical APDL. To be able to
complete the sequence of multiple runs necessary for the
parametric study, an ANSYS macro was written. The re-
sults of the force-displacement curves were written to txt
files. To organise and visualise these txt files a MATLAB
script was developed, which opens the ANSYS macro, reads
the txt files and stores their values in arrays. MATLAB is
used further on to sort, evaluate and plot the results of the
completed runs. The procedure presented in Eurocode was
also implemented in the same environment.

4.1 Examination of a single geometry

To inspect the post-critical behaviour of the plates, the
arc-length method was used to solve the resulting nonlinear
system of equations. This method can trace the equilib-
rium path and provides proper treatment of the limit and
bifurcation points. Ordinary solution techniques, such as
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4. PARAMETRIC STUDY

Figure 9: FEM based evaluation, maximums of (imp −
/imp+)

Newton–Raphson and displacement governed experiments
lead to instability near the limit points and also are unable
to follow paths including a snap-back.

4.1.1 Force-displacement curves

The force-displacement curve was obtained for all of the
analysed geometries. Approximately, 600 curves were
traced out. Some of these are presented in Illés (2018, see
Appendix B).

In this section the load-displacement response is de-
scribed only for one specific geometry, which was ‘20 −
4 − 600 − 12’ (plate thickness of 20mm, with four stiff-
eners, which were 600mm apart and had a thickness of
12mm). For both column- and plate-like behaviour the re-
sponse curves were plotted in Fig. 9. This geometry has a
response which well describes the responses of the numer-
ical models in general. The descending phase of the load-
displacement response is properly traced due to the use of
arc-length method. The column behaviour with negative
imperfection has a snap-back response as both the force
and the displacement of the loaded node dropped during
the numerical experiment. The column behaviour with a
positive imperfection has no snap-back. In case of the plate
behaviour with negative imperfection, hardening is visible
in the analysed displacement. The plate with positive im-
perfection has an even higher residual strength than the
plate with negative imperfection.

In case of Eurocode-FEM based evaluation, in this partic-
ular example, the difference between the positive imperfec-
tion’s reduction factors has been used, because the smallest
ultimate force belongs to the column behaviour with posi-
tive imperfection.

FEM based results
EC based results

Figure 10: Reduction factors, relative slenderness calcu-
lated from EC results

4.1.2 Evaluation of reduction factors for a single
geometry

In case of a single geometry, which was ‘20− 4− 600− 12’
(plate thickness of 20mm, with four stiffeners, which were
600mm apart and had a thickness of 12mm), the column-
like reduction factors (χc and χFEMc ) and the plate like
reduction factors (ρp and ρFEM) are plotted, to present
how the interaction formula works.
In Figure 10 the plate (λp) and column (λc) relative slen-
derness was calculated according to the EC standard. It is
visible what is the distance between the reduction factors
assumed by the standard and what is, in reality, the one
obtained from the finite element analysis.
The formula (11) interpolates between the two behaviours.
The result of the interpolation, ρc, is also plotted. Asterisks
mark the results calculated by EC, while circles mark the
ones of finite element analysis.

4.2 Plate-like reduction factors

Similarly to the column-like reduction factors, in case of
plate-like reduction factors, they can be obtained by run-
ning the model with both positive and negative imperfec-
tions and calculating the factor according to the EC. The
factors obtained by GMNIA and by the procedure according
to the EC were then compared and presented in Fig. 11.
Most of the reduction factors obtained by the numerical
simulation are smaller then the ones calculated by Eu-
rocode (European Committee for Standardisation, 2006).
The plate buckling curve, the so called Winter-curve and
the buckling-curve acts as an envelope curve for the numer-
ical results.

7



5. EUROCODE INTERPOLATION FORMULA

Figure 11: Reduction factors, relative slenderness calcu-
lated from EC results

ρc = (ρp − χc)ξ(2 − ξ) + χc

ξ = 0 ξ = 1 ξ > 1

Plate-like buckling

Column-like buckling

ρc = ρ

ρc = χc

Interaction

Figure 12: Interpolation formula between column and plate
behaviour

5 Eurocode interpolation formula
The actual behaviour of orthotropic plates is often some-
where between column- and plate-like behaviour. Then,
the resistance in the ultimate limit state (ULS) of a longi-
tudinally stiffened plate has to reflect this intermediate be-
haviour by means of a resulting reduction factor, ρc, such
that:

χc ≤ ρc ≤ ρ (10)

The reduction factor ρc is simply determined based on a
simple interpolation formula; the latter is proposed to be:

ρc = ξ
(
2− ξ

)(
ρ− χc) + χc (11)

where the parameter ξ is a kind of measure of the “dis-
tance” between the elastic critical plate and column buck-
ling stresses according to:

ξ =
σcr.p
σcr.c

− 1 but 0 ≤ ξ ≤ 1 (12)

The interpolation formula between column behaviour and
plate behaviour is plotted in Figure 12.

6 Eurocode based evaluation
The evaluation method is based on a ratio (13), where
the numerator contains the difference of global reduction

Figure 13: EC based evaluation, no. of stiffener (Ns = 2)

Figure 14: EC based evaluation, without inappropriate es-
timations

factor obtained from the finite element analysis (ρFEM) and
column-like reduction factor according to Eurocode (χECc ).
The denominator contains the difference of Eurocode
base plate- and column-like reduction factor. Hence, the
evaluation method is

fEC1 =
ρFEM − χECc
ρECp − χECc

(13)

The denominator of the fraction is the maximal possible
“distance” between the column- and plate-like reduction fac-
tor according to the Eurocode standard. The numerator
represents the current state of interpolation. when the stiff-
ened plate had only two stiffeners, the asterisks are coloured
in light blue. It is clear that most of the cases have fallen
under the interaction line. This is due to the restriction in
the use of kσ,p’s formula.
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7. EUROCODE-FEM BASED EVALUATION

Figure 15: EC-FEM based evaluation, (imp− /imp+)

Figure 16: EC-FEM based evaluation, maximums of (imp−
/imp+)

7 Eurocode-FEM based evaluation

In the Eurocode-FEM based evaluation method, the numer-
ator is the difference between the global reduction factor
(ρFEM) and the column-like reduction factor (χFEMc ), while
the denominator is the same as in case of Eurocode based
evaluation. In this case, the stiffened plates with negative
and positive imperfections are evaluated separately. Hence,
in the Eurocode-FEM based evaluation method:

fEC/FEM =
ρFEM − χFEMc

ρECp − χECc
(14)

8 FEM based evaluation

In case of FEM based evaluation all the parts of the func-
tion, fFEM have been derived from the finite element sim-
ulations. The parts in the numerator ρFEM and χFEMc are
the plate- and column-like reduction factors introduced ear-
lier. The ρFEMp was calculated from the critical stress σFEMcr,p

Figure 17: FEM based evaluation, (imp− /imp+)

Figure 18: FEM based evaluation, maximums of (imp −
/imp+)

linked to the plate like buckling. From that value, the rela-
tive plate slenderness was calculated. Finally, the plate-like
reduction factor ρFEMp was obtained, i.e.,

fFEM =
ρFEM − χFEMc

ρFEMp − χFEMc

(15)

In case of the purely FEM based evaluation method no
stress was calculated according to Eurocode European
Committee for Standardisation (2006), so the formula of
the buckling coefficient was not used. It means that all of
the geometries can be evaluated regardless the number of
stiffeners they have. The results were plotted in Fig. 17.
As in the previous evaluation method, the same geometries
with different imperfections were distinguished. The inter-
action curve proposed by Eurocode European Committee
for Standardisation (2005) cannot be used in this case of
evaluation. The supervisors and the author of the master
thesis proposes a linear line from (1, 0) to (3, 1) as a line
to help interpolate between the plate- and the column-like
behaviour.
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9 Conclusions

• Stiffened plates load-displacement response includes
snap-back behaviour. Newton–Raphson and imposed
displacement techniques fail to provide the whole
force-displacement path, as presented in Fig. 8. Dur-
ing the test program arc-length method had to be used
to trace out the whole load-displacement response.

• The imperfection proposed by the supervisors and the
author provides a lower resistance for stiffened plates
than imperfections advised by Eurocode European
Committee for Standardisation (2006). Accord-
ing to the example in section 3.4, the imperfection
proposed, most probably, always stays on the safe side.

• During the test program plates had different number
of stiffeners, Ns = 2; 4; 6; 8. According to Eurocode,
the critical stress of plates can be calculated if they
have at least three stiffeners. As this method was
used for the first two evaluation methodologies, those
experiments with only two stiffeners were excluded
from the assessment.

• The Eurocode based evaluation method was presented
in section 6. In this case the global resistance factor,
ρFEM , was used. The evaluation method agrees with
the current Eurocode interpolation function (11).
Only a few results remain lower than the interpolation
line.

• The Eurocode-FEM based evaluation method was
discussed in section 7. In this method both the global
resistance factor, ρFEM , and the column reduction
factor, χFEMc , had been taken over from the numerical
experiments. Among the models with positive and
negative imperfection, the most probabilistic failure
mode is the one with the lowest column-like reduction
factor. In most cases this is the model with the
positive imperfection.

• The FEM based evaluation method was described
in section 8. The interpolation formula provided by
Eurocode is not sufficient in this case. The supervisors
and the author proposed a new linear interpolation
line between the column- and plate-like behaviours for
such an evaluation case.
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