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1 Validation Case 32 -Beam Linearized Buckling
Model description

The aim of this test is checking the first buckling mode in a column with diferent boundary
conditions.

Geometry model
o J o e
N '~<EE

In all cases the lower end is fixed.

Case A: the upper end is free.

Case B: the upper end is pinned.

Case C: the upper end is fixed, but it can move downward.
Material properties of column

Section:

* Type: Rectangular

* Width y: 0.02 m (Iy = 2.08e-7 m%)

* Width z: 0.05 m (Iz = 3.33e-8 m%)
Material: Steel S-355N

* E (Young's modulus) = 2.1el1l N/m2
* v (Poisson's ratio) = 0.3
* G (Shear modulus) = 8.1e10 N/m2
Constraints
The lower end is fixed in all cases.

The upper end has a different restriction in each case:
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° Case A: free
* Case B: pinned
° Case C: fixed

Buckling parameters:
In this example, only the first mode will be checked, so

Num. of buckling modes: 1
On the other hand, an Imperfections factor = 0.0.
Results

Analytical results

The maximum load (critical load) causes the column to be in a state of unstable equilibrium
can be calculated with the following formula:

P= T[ZEImin
(KL)?

where

° P is the critical load
° E is the Young's modulus
* Imin is the lower section moment of inertia
° L length of column
* K column effective length factor, whose value depends on the constraints applied at the
ends of the columns.
° Case A: one end fixed and the other end free to move laterally, K=2.0.
° Case B: one end fixed and the other end pinned, K=0.7.
° Case C: both ends fixed, K=0.5.

Numerical results

For the sake of validation, three simulations have been run using the properties before
described, one for each case.

Loads

In each case a vertical load has been applied in the upper end of the column equal to the
critical load. Therefore, the critical factor for all case must be 1.

The critical loads calculated for each case are:

° Case A: 17271,8 N
° Case B: 140994,3 N
° Case C: 276348,9 N
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Mesh

All models have been meshed using 20 linear elements.

Results

The critical factor calculated in all simulations are shown below:

Critical factor

Case A 1.001
Case B 1.007
Case C 1.008

Finally, the results of the first mode of the three simulations are shown:

Case A: upper end free
0.6366

y
L.
x
Deformed factor=2

Case B: upper end pinned
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. 2495

L
x
Deformed factor = 2

Case C: upper end fixed

.3183

L.

Deformed factor = 2
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Validation Summary

Tdyn solver version 15.1.0
RamSeries solver version 15.1.0
Benchmark status Successfull
Last validation date 27/11/2018
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