Resolving errors related to eigenvalue
analysis for building structures

For a building with regularity, seismic analysis will be often performed by static analysis using
equivalent seismic loads. However, irregular structures with significant changes in story stiffness and
mass, or a tall building influenced by higher modes should be analyzed to correctly evaluate the effect of
the irregularities under a given earthquake. For this purpose, response spectrum analysis will often be
used through eigenvalue analysis.

Eigenvalue analysis will be performed to analyze the dynamic properties of the structure such as mode
shapes, fundamental periods of vibration, modal participation factors, etc. This analysis cannot be
performed together with a buckling analysis. The eigenvalue analysis must precede time history analysis
or response spectrum analysis.

In this note, the causes of and solutions to errors frequently encountered in eigenvalue analysis will be
summarized. Understanding such errors will be helpful when performing time history analysis or
response spectrum analysis.

M Errors encountered in eigenvalue analysis

Most errors encountered during eigenvalue analysis are Jacobi Error due to singularity. A singularity
error will occur when a node has a degree of freedom without appropriate stiffness. Such errors
frequently occur in elements without stiffness in a particular direction, like truss element, plate element,
etc. Even when a singularity error has been detected, static analysis will be continued and a warning
massage is displayed for the corresponding degree of freedom at the node.

If a nodal load is applied to the corresponding degree of freedom where a singularity error occurs, a very
large displacement will be calculated. (see Figure 1)
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Figure 1. Nodal Displacement with Singularity Error

In this case the eigenvalue analysis will produce the Jacobi Error at the corresponding node or result in a
very large period. The node having the singularity error may have a nodal mass due to self-weight or
conversion by the Load to Mass functionality. During the response spectrum analysis, large calculated
periods may result. The fact that Spectral Data is typically prepared up to less than about 10 seconds, the
program may not find the corresponding spectral data. At this point, the response spectrum analysis will
terminate with a massage indicating that the calculated period lies beyond the range of the spectral data.

(see Figure 2)
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Figure 2. Error Message resulting from Incorrect Period Calculation

Moreover, vibration modes pertaining to some incorrectly modeled elements contained in the total
model render the analysis useless to evaluate the dynamic properties of the structure. This phenomenon
often becomes apparent in a structure, which cannot define Floor Diaphragm such as roof trusses

resisting lightweight.

Even if the calculated modes avoided singularity errors, and the corresponding periods remained within
the range of periods of the spectral data, the modal participation masses may become very small. In such
a case, the sum of effective modal masses may not reach 90% of the total mass that many building codes
require. Simply increasing the Number of Frequencies in Eigenvalue Analysis Control or number of
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eigenvalue modes does not address the problem. The sum of modal participation masses can be verified
by "Results > Result Tables > Vibration Mode Shape".

H Resolving the error

Jacobi error and errors caused by large periods exceeding the range of spectral data can be
detected by performing a static analysis under lateral loads. In such a case, the lateral loads
should be applied to all the nodes in the model. This is most easily achieved by applying self-
weight.
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Figure 3. Specifying Self-weight to detect errors

As shown in Figure 3, the user is able to detect those nodes exhibiting large displacements from a static
analysis after the self-weight is imposed in the lateral directions. Regardless of the loading directions,
the user should check the elements connected to the nodes having large displacements to correct the
causes for singularity errors. Prime targets for checking such errors are where there are truss or plate
elements in the model, release in floor diaphragms, beam end releases, plate end releases, etc.

A similar method applies to errors caused by local vibration modes. If selection of appropriate elements
is difficult, or singularity errors are inevitable for model idealization, you can change the structural
model, or add point spring supports to the nodes in question to resolve the problems. In this case, it is
imperative that the point spring supports do not affect the behaviors of the adjacent nodes or elements.
The spring support stiffness should be sufficiently small enough so that it does not affect the structural
behavior.
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If the sum of the effective masses falls short of 90% of the total mass calculated, you are advised to
check whether or not the mass of substructure has been included in the total mass. (see "Getting
Started>Model>Building>Control Data" in the Online Manual)

l Analysis results without errors or problems

When the eigenvalue analysis is completed, without encountering such errors, you can see the distinct
vibration mode shapes for each direction as shown in Figure 4. Also, you will notice that the sum of
effective masses calculated up to 12 modes exceeds 90% of the total mass. Such a result is considered to
include the correct dynamic properties of the structure and thus can be used for response spectrum

analysis and structural design.
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Figure 4. Vibration Mode Shapes
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Figure 5. Table of Vibration Mode Shapes



