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INTRODUCTION

This paper presents the use of personal computers in
performing a dynamic frequency analysis of a large (2,801 degrees
of freedom) finite-element model. Large model linear time history
dynamic evaluations of safety related structures were previously
restricted to mainframe computers using direct integration
analysis methods. This restriction was a result of the limited
memory and speed of personal computers. With the advances in
memory capacity and speed of the personal computers, large finite-
element problems now can be solved in the office in a timely and
cost effective manner.

Presented in three sections, this paper describes the
procedure used to perform the dynamic frequency analysis of the
large (2,801 degrees of freedom) finite-element model on a
personal computer. Section 2.0 describes the structure and the
finite-element model that was developed to represent the structure
for use in the dynamic evaluation. Section 3.0 addresses the
hardware and software used to perform the evaluation and the
optimization of the hardware and software operating configuration
to minimize the time required to perform the analysis. Section 4.0
explains the analysis techniques used to reduce the problem to a
size compatible with the hardware and software memory capacity and
configuration.

MODEL OBJECTIVE

A detailed linear dynamic
analysis was performed to determine if
the 325 Building at the U.S. Department
of Energy Hanford Site was structurally
adequate for the specified design-basis
earthquake. To achieve this objective,
a three-dimensional finite-element
model of the building was developed.
The model included detailed properties
of the different structural components
(e.g., walls, floor diaphragms, beams,
columns, bracing). The comprehensive
finite-element model was used to
analyze for static gravity loads and

for simultaneously applied dynamic
ground motions in the form of response
spectra in the three orthogonal
directions.

The finite-element model was
developed on a 386/20e IBM1 compatible
personal computer. The analysis was
performed on both a 386/20e IBM
compatible personal computer and a
486/25 IBM compatible personal computer
using an MS-DOS based system.
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DESCRIPTION OF BUILDING

The 325 Building is a two-story
steel-frame building with a full
basement. The main building is
rectangular in plan measuring 83 meters
(272 feet) by 60 meters (200 feet). In
elevation, the full basement is
approximately 3 meters (9 feet) below
grade and the full first floor is
approximately 1 meter (3 feet) above
grade. The building has a partial
second floor approximately 8 meters (24
feet) above grade.

The floors and roof are supported
vertically by structural steel columns.
The floor and roof framing systems
consist of wide-flange beams in the
east-west and north-south directions
and wide-flange joists in the north-
south direction. The first floor slab
and half of the second floor slab
consist of corrugated metal decking
with approximately 7 centimeters (3
inches) of mastic floor topping. The
east half of the second floor slab is
12.7 centimeters (5 inches) of
reinforced concrete. The roof deck
consists of 18-gage corrugated steel
decking spot welded every 30
centimeters (12 inches) to the roof
joists. The exterior basement walls
comprise of cast-in-place reinforced
concrete walls.

ELEMENT REPRESENTATION

Plate, beam, and truss elements
were used to represent the structural
members of the model. Three-
dimensional beam elements were used to
represent the columns, floor beams,
roof beams, and K-braces. Six degrees
of freedom are considered for each of
the two ends of the beam. End release
codes (specified in the geometric
property definition) were used to
release the ends of the pin connected
beams. Beam ends are assumed to
transmit moment (e.g., fixed end)
unless released.

Three-dimensional truss elements,
having axial load capabilities only,
were used for the building cross
braces. Three translational degrees of
freedom for each end are considered.

Three-dimensional thin plate
elements were used for the floor slab,
roof, siding, and foundation walls.
The structural floor slabs and the
basement walls were given membrane plus
bending capabilities. The
nonstructural floor slabs and the roof
were given shear capability only, no
bending. The siding was modeled for
mass distribution only and has no
strength.

Plate properties were adjusted to
represent the specific conditions of
mass and stiffness in accordance with
the physical properties of the
corresponding elements. As an example
of this property adjustment, it was
necessary to alter the mass density of
the elements which represent the sheet
roof so that the strength and stiffness
characteristics would be properly
modeled while maintaining the mass of
the roof equal to the sum of the roof
purlins, the sheet metal roofing, roof
insulation, and the built-up roofing
material. The properties of the
structural concrete, the nonstructural
mastic floor, and the siding were
adjusted to represent realistic
distribution of mass and stiffness.

PERSONAL COMPUTER SETUP

Personal computers are used
routinely for the evaluation of
structures using simplified finite-
element models. The computer time
required for these evaluations may be
minutes or a few hours without
adversely impacting the schedule or the
budget of the analyst. However, the
evaluation of large detailed finite-
element models may take several hours
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or days of personal computer time to
complete. To minimize the impact of
computer run time, several operating
configurations were tested to determine
which configuration was most effective
in decreasing computer run time.

A finite-element model was
developed and evaluated using
COSMOS/M3, a general-purpose finite-
element software program used to solve
mainframe structural, heat transfer,
fluids, optimization, and
electromagnetic problems on a personal
computer. The version of COSMOS/M used
for this evaluation was compiled for
use on a 386 IBM compatible personal
computer. The analysis was performed
on both a 386/20e personal computer
with 9 megabytes of random access
memory (RAM) and a 486/25 personal
computer with 16 megabytes of RAM using
an MS-DOS based system. The operating
configuration attributes that were
tested for their affect on computer run
time were the availability and use of
extended and expanded memory, the use
of a virtual disk, and the use of the
disk Cache utility.

RANDOM ACCESS MEMORY

Base memory is that portion of
RAM between 0 and 640 kilobytes that is
used for the computer operating system,
program execution, and data storage.
Expanded memory is that portion of RAM
beyond the 640 kilobytes of base memory
that may be used by programs and
software designed to take advantage of
expanded memory for the computer
operating system, program execution,
and data storage. Extended memory is
memory accessible through operating
systems and memory manager utility
programs for use as virtual disks, disk
caching, or conversion to expanded
memory. Fixed or hard disk memory is
the memory used for permanent data
storage.

Many software packages on the
market today are written to take
advantage of expanded memory through
the use of a memory manager utility.
While some packages require the use of
a separate memory manager, some have a
memory manager incorporated in the
program. COSMOS/M, the software
package used in this analysis, will
detect and use as necessary all
available RAM to perform the analysis.
COSMOS/M recommends having no other
memory manager present while running
the analysis. To ensure that the
program will have adequate space to run
the entire analysis in RAM, it may be
necessary to remove other memory
resident utilities.

This problem has 2,801 degrees of
freedom, and during the solution phase
requires approximately 16 megabytes to
run the entire analysis in RAM. If the
program cannot run the entire analysis
in RAM, it will be necessary to use the
hard disk during the solution phase.
For the 386/20e personal computer with
9 megabytes of RAM, the solution phase
split the 2,801 degrees of freedom
problem into 3 blocks of 7.64 megabytes
and each block was swapped out to the
hard disk during run time. Additional
run time is required each time data is
written to or read from the hard disk.
The problem then becomes input/output
intensive and the solution time depends
on input/output speed. A
486/25 personal computer with the same
amount of RAM as the 386/20e personal
computer (9 megabytes) would run about
3 times faster. This is attributed to
the faster speed of the 486/25 personal
computer.

The same 2,801 degrees of freedom
problem was then run on a
486/25 personal computer with 16
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megabytes of RAM. The program was able
to run the entire analysis in RAM and
was able to run 7 times faster than on
the 386/20e personal computer. The
shorter run time was attributed to the
faster speed of the 486/25 personal
computer, the time saved by running the
entire problem in RAM, and not having
to swap out data to the hard disk.

VIRTUAL DISK

Typically, large finite-element
problems involve a lot of reading from
and writing to the hard disk. For the
modal analysis of this problem, the
information required to perform the
analysis is read once from the hard
disk. With the required data base
loaded in RAM, the mode shapes are
calculated and the information is then
written back to the hard disk.
The majority of the time spent in the
solution phase is used to determine the
mode shapes and is all done in RAM.
The input/output is a small percentage
of the total solution time. For the
stress run, the information required to
calculate the stress for each element
must be read from the hard disk for
each mode shape in each of the three
orthogonal excitation directions. The
stress data then must be combined
appropriately for the particular mode
combination method used and then
written to the hard disk. Therefore,
the stress run is highly input/output
intensive and the run time can be
greatly reduced by running the analysis
in a virtual disk. Virtual disks use a
portion of the computer memory as a
disk drive and are much faster than
mechanical disk drives, because they
operate at the speed of the computer
memory. The virtual disk must be large
enough to store all the analysis files
for the specific problem and output
files along with any temporary files
needed to run the analysis. When
configuring the virtual disk, there
must be enough free RAM available for

the program to run the analysis without
swapping blocks to the hard disk. The
virtual disk is volatile memory and all
virtual disk files will be lost if they
are not transferred to a permanent
storage media before turning off or
resetting the computer.

CACHE

The disk Cache utility can
improve performance by decreasing the
time needed to access fixed disk data.
Copies of the most recently accessed
data and the data expected to be
accessed next are placed in a portion
of memory called the disk Cache. Each
time a sector of data is requested, the
system checks to see if the data is
already in the disk Cache. If it is
there, the data is transferred to main
memory without performing a disk-read
operation. This greatly reduces the
amount of time needed to retrieve data
in applications that are disk-read
intensive.

The use of Cache was found to
decrease run time by 10%. Several
sizes of Cache were used and the
optimum was found to be 512 kilobytes
for this particular hardware
configuration.

PERSONAL CONPUTER ANALYSIS TECHNIQUES

A linear dynamic modal analysis
was part of a structural assessment
performed to determine whether the 325
Building at the Hanford Site could
resist the site design basis earthquake
without significant damage. To achieve
this objective, a three-dimensional
finite-element model of this building
was developed. This model incorporated
detailed properties of the different
structural components (e.g., walls,
floor diaphragms, beams, columns,
bracing). The detailed finite-element
model was analyzed for static gravity
loads and by a modal response spectrum
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analysis for simultaneously applied
ground motions in the three orthogonal
directions.

The steel-frame, reinforced
concrete basement shear walls, the
roof, the siding, and reinforced
concrete slabs were represented by
1,851 elements and 6S6 nodes. The
model had 2,801 dynamic degrees of
freedom.

Guidance for the number of mode
shapes to be included in the dynamic
analysis is taken from Seismic Analysis
of Safety-Related Nuclear Structures
and Commentary on Standard for Seismic
Analysis of Safety-Related Nuclear
Structures (ASCE 1986). The number of
modes to be included in the dynamic
analysis shall be sufficient to ensure
that the total mass participating is at
least 90% of the total system mass. In
place of the 90% mass participation
requirement, it shall be sufficient to
include all modes having frequencies
below the zero-period-frequency of 33
hertz.

Initially, the number of mode
shapes having frequencies in the range
of interest (below the zero-period-
frequency cutoff of 33 hertz) was not
known. Two eigenvalue (frequency)
extraction techniques, the Lanczos
method and the Subspace Iteration
method, are available in COSMOS/M for
use in determining the mode shapes and
frequencies of structures modeled with
more than 50 dynamic degrees-of-
freedom. To determine the number of
frequencies of interest, a preliminary
evaluation using the Lanczos method of
frequency extraction was performed.
The Lanczos method is faster but less
accurate than the Subspace Iteration
method. Because of the increased
speed, the Lanczos method for frequency
extraction was chosen for checking and
debugging the model and for the initial
scoping frequency evaluation. The
Subspace Iteration method was chosen

for the final frequency extraction that
was used in the stress computations.

COSMOS/M has limitations that
restrict the number of modes that can
be extracted for the particular
solution technique used. The
Lanczos method for frequency extraction
is limited to solving for the first 140
modes of vibration. The results from
the Lanczos scoping run revealed that
there are in excess of 140 modes of
vibration having frequencies below 33
hertz. The mass participating in the
140 modes identified in the Lanczos run
was approximately 60% of the total
system mass. Because neither the
requirement for 90% mass participation
nor the requirement to include all
modes below 33 hertz could be satisfied
because of the limitations in the
Lanczos method, it was necessary to
switch to the Subspace Iteration
method. The Lanczos run for 140
frequencies required 6.15 hours to run
on the 386/20e personal computer with 9
megabytes of RAM.

The Subspace Iteration method has
an option not available with the
Lanczos method that allows the solution
of large problems on a personal
computer. A frequency shift can be
applied that allows the solution of
frequencies and mode shapes of a
structure within a certain frequency
range. With the Lanczos method, only
the first 140 mode shapes can be
solved. With the Subspace Iteration
method, the problem can be split into
several frequency ranges, or SHIFTS.
The number of frequencies that can be
extracted in one SHIFT is a function of
the total number of degrees of freedom
in the model. For this problem, each
SHIFT could be solved for up to 114
frequencies. By combining several
SHIFTs, a problem can be solved for any
number of mode shapes.
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The Subspace Iteration method for
eigenvalue (frequency) extraction was
chosen for the final frequency
evaluation. In this method a partial
set of vectors is selected by the
program as a starting subspace and
stored in RAH as an array. Then
eigenvector equations are solved for
the missing vectors. The new vectors
are used to find a new subspace and the
new subspace is used to solve again for
the missing vectors. This process is
repeated until the frequencies from
successive iterations match or converge
to a preset tolerance. The results are
then written to the hard disk. As this
process occurs in RAH, the solution
time can be minimized if the entire
problem can be fit in the available
RAM, precluding the need for multiple
reads and writes to the hard disk.

The first SHIFT (SHIFT1) was run
for 100 modes or frequencies. The
Subspace Iteration run for 100
frequencies required 28.5 hours to
converge after 20 iterations on the
386/20e personal computer with 9
megabytes of RAM. The range of
100 frequencies was from 2,2 to 13.1
hertz. Two SHIFTS were required to
solve for all frequencies below 16.5
hertz. Three additional SHIFTS were
required to solve for all frequencies
between 16.5 and 33 hertz. The summary
of details from each SHIFT are provided
in Table 1.

Frequency ranges of the SHIFTS
were intentionally overlapped to ensure
that all modes were accounted for.

Results from the mode shapes were
combined within each SHIFT using the
analysis software. The results from
the five SHIFTs were combined outside
of the analysis software using a
spreadsheet program.

5.0 CONCLUSIONS

Personal computers are routinely
used to perform dynamic frequency
evaluations of simple finite element
models. With the advances in
technology, personal computers now have
the memory capacity and speed to
perform dynamic frequency analyses of
large detailed finite-element models of
safety related structures. By
optimizing the hardware/software
configuration and using innovative
analysis techniques, large finite-
element problems can be solved in a
timely and cost effective manner.
Previously restricted to mainframe
computers, these problems now can be
solved at the analyst's desk using a
stand alone personal computer with the
appropriate software.
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Table 1.

Shift

LANCZOS
SHIFT1
SHIFT2
SHIFT3
SHIFT4
SHIFT5

Modes

140
100
110
56
100
110

Frequency
range
(hertz)

2.2 - 19.4
2.2 - 13.1
11.8 - 18.6
16.5 - 20.3
20.3 - 26.3
26.0 - 33.0

Time
(hours)

6.15
28.5
32.2
13.5
9.3
19.1

Iter

N/A
20
77
170
48
89

Machine

a
a
a
b
b
b

a = 386/20e with 9 MB RAM
b = 486/25 with 16 MB RAM

l.IBM is a trademark of International Business Machines.

2.MS-DOS is a trademark of Microsoft Corporation.

3.C0SM0S/M is a trademark of Structural Research and Analysis Corporation.
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