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MANIPULATION OF EIGENVALUES OF A STIFFNESS MATRIX
FOR AN ELASTO-PLASTIC ANALYSIS INCLUDING INSTABILITY

BWoOWORM, LR Hh s
Akio HORI and Arisa E[IMA

Eigenvalue manipulation of a stiffness matrix is newly proposed. The method of the eigenvalue manipulation is defined by
Equations 2 and 5 for symmetrical and asymmetrical matrix, respectively. This manipulation magnifies the unbalance forces in
only directions of eigenvectors with negative eigenvalues, and does not affect in the other directions with positive eigenvalues.
In a simple inverted bar model, first order equilibrium leads its results to an unstable balanced path under compression.
Additionally, its stable balanced paths are based on a solution of a cubic equation. Analytical results of 3D cantilever column

model with 4 elastoplastic springs are very successful.
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Fig. 2 Results of inverted bar
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Fig. 5 Results of spring column model
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Eigenvalue manipulation of a stiffness matrix is newly proposed. The method of the eigenvalue manipulation is

defined by Equations 2 and 5 for symmetrical and asymmetrical matrix, respectively.
wK=K-Zmidiui ui’ 2
mKas =K inimi}nti’l (5)

Herein, for Eq. 2, mnK and K are stiffness matrices after and before manipulation, respectively. Ai and ui are i-th
eigenvalue of K and its eigenvector normalized to 1.0. Symbol £ with i means partial summing within concerning
negative eigenvalues. mi is manipulation constant and set as 2.0 tentatively in this paper. In Eq. 5, Uji is
eigenmatrix of K whose i-th column is ui. mi and Ai are diagonal matrices as a list of mi or Ai, respectively. The
eigenvalue manipulation magnifies the unbalance forces in only directions of eigenvectors with negative eigenvalues,
and does not affect in the other directions with positive eigenvalues.

In elastoplastic analyses including instability, stiffness matrix sometimes has difficulty to be determined because
of how to make a consistent assumption of loading or unloading for every fiber, section or member stiffness.
Moreover, these analyses sometimes fail into an unstable balanced path, which is shown even in a simple inverted
bar model in Fig. 1. In this model, first order equilibrium leads its results to an unstable balanced path in case
under compression. Additionally, its stable balanced paths are based on a solution of a cubic equation. Therefore, we
proposed the manipulation of stiffness negative eigenvalues to positive ones to avoid falling into unstable balanced
paths. Analytical results of the above simple bar model is successful as shown in Fig. 2, although the manipulation
is not proved toward a stable balanced path for all cases.

More detailed cases are studied using 3D cantilever column model as with 4 elastoplastic springs on the base. The
results using the eigenvalue manipulation are shown in Figs. 5, 7 and 8 and did not fall into a cyclic stiffness
selection process. The results show, i) buckling initially toward 45 degrees parallel to load imperfection (Figs. 5, 7
and 8), ii) shifting buckling direction toward one with no imperfection after several tens of steps (Figs. 5 and 7), iii)

buckling with delay of several steps against displacement control direction of no equilibrium solution (Fig. 8), iv)
two negative eigenvalues in the early stage turning to positive ones after above those processes.

Additionally, results with no eigenvalue manipulation (Fig. 6) fell into a cyclic stiffness selection process and
buckled to the opposite direction against its initial imperfection if selecting the unloaded stiffness assumption. The
results finally failed into a two-directional unstable balanced path with a decrease of buckled deformations.

The eigenvalue manipulation proposed here seems to have broad applicability against instability.

(2021 4 3 H 26 HEAm~23, 2021 4 8 A 12 HIRMILE)
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