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ABSTRACT

Structural frame analysis programs are a convenient tool, indeed,
for those who have experienced the ordeal of hand calculation, because
they understand the calculation process being performed by the computer.
In contrast, for young structural designers who are inexperienced with
the hardships of hand calculation, these programs can become simple
"black boxes" which output, when the frame and loading conditions are
given, the deformation of the frame and the reaction forces and stresses
of each member.

What is needed for these users is a program which is capable of
expressing intelligibly, not only the final analysis results, but also
intermediate information. Such a program would help cultivate a
structural designer's 'numerical intuition' through effective use of the
graphic display attached to the personal computer or engineering work
station.

The graphics to be output are: a) Stress diagrams, b) Diagrams of
the deformed structure, c¢) The strain energy stored in each member, d)
The proportional contribution of each member's deformation to the total
displacement of a certain point, and e) Dynamic animated displays.
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INTRODUCTION

Since the latter half of the 1950's computers have enabled
researchers to solve problems involving many simultaneous equations in
relatively short periods of time, making it possible to perform
structural analysis easily and accurately. This is a significant advance
compared with the time when there were only simple hand calculation and
graphical methods.

In earlier eras of computer use it was sufficient to have the
deformation of the frame, and numeric values. Nowadays, the availability
of plotters has made it possible and very convenient to automatically
draw the deformed figure if the frame, or moment diagrams, etc., and even
a personal computer may be utilized to perform the structural analysis.
Most structural designers now utilize this technology.

UTILIZATION OF COMPUTER IN THE STRUCTURAL DESIGN

The structural engineers used the slope deflection method and the
moment distribution method mainly as the numerical analysis method to get
the displacements at the nodes and stresses in all members of the
structures in the old age when there were not the digital computers.
These methods are corresponded to the displacement method in the current
ages and one of the iteration methods.

The engineers calculated the displacements, and stresses by using
these methods with the old style calculators by hands and abacuses for
the each member carefully. However, the engineers could understand the
changes of the numeric values such as stresses and displacements at one
glance by wusing these old calculation tools when some parameters were
changed. It was obvious for the structural engineers to understand the
relations between structure parameters and among all displacements and
stresses. The engineers could trace in their minds that stresses in some
members and displacements at some nodes were changed by some structural
parameters, such as section size of the members . Similarly it was quite
easy for the engineers to understand how to flow the stresses in the
structural members with drawing the stresses as lines of them by using a
set square and the Cremona's method.

Nowadays, there have been good environments for the engineers in
the computer utilizations. The small powerful computer systems that have
the equal capabilities or more than the medium and the large computers at
20 years ago. These small powerful computers have been using in the
various fields as well as in the structural design. These computers are
used from the first stage planning of the building design. The designers
can 1investigate the external appearance, the problem for the right of
sunlight for the neighborhood around the design building, the estimation
for the building cost, and the interior design with the excellent color
display graphic facilities.
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There are the same high levels for the structural design as the
architectural design in the utilization of the computer systems. The
structural engineers can solve many problems which have been very
difficult to solve without computer systems, by applying the displacement
methods, calculation methods of the sections for steel and reinforced
concrete members, and many theories on the computer systems. They also
make the plotting and drawing systems work in making the drawings and
specifications for design presentation. It is possible for the building
designers and engineers to obtain the planning specification to evaluate
the stresses by the numerical analysis and sectional data, and to get the
drawings for the buildings only with inputting a few data about the
building design into the computer systems.

These computer systems for the building design are convenient and
very efficient for the engineers who have the experiences to do the
building design by using the old method and old tools, and understand the
essence of the stress flows in the frames. However, the computer systems
would be "the magic box",(the black box) for the freshmen in the design
offices and construction companies who have not experiences in the old
style design or in producing the design systems with the computer
systems. It will be impossible for them to understand how to change the
numeric values such.as member stresses and displacements at the mnodal
points with changing input data that are basic parameters for the
buildings, such as section size of the members, and the building
configurations.

THE EFFICIENT USE OF COMPUTER SYSTEMS
IN THE STRUCTURAL DESIGN

It 1is necessary to consider the correct and efficient use of
computer systems with the excellent display graphics in the structural
design fields. The black boxes should be changed to see the flow of the
data from input to output and functions by setting many windows at that
box with excellent facilities of display graphics and other computer
technologies.

Many good tools as the softwares must be supplied to do the well
balanced structural designs for structural engineers. The efficient
computer systems should be the systems that not only give the numerical
results from input data, but also show the flows of data and processes
for changes of data, and have a lot of package tools to investigate
characteristics for the designing building according to the arbitrary
requests from structural engineers on the colorful graphics display.

It is very difficult to pull out the data and realize to apply the
next matter in the actual design for the building, because there are data
in the brain of the well experienced engineers. these data would be quite
important and useful for the engineers. In the future, we would like to
challenge to put these data in order.
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The engineers with the plenty of experiences in the building
designs seldom dash for the wrong way by their experiences in their mind.
These experienced data are also very important. The inexperienced
engineers should compare their data to the data that experienced
engineers have been collected and the data for the buildings built
already, in computer systems, by using the colorful display graphic
without dashing for the wrong way.

There are many methods to understand the characteristics and
behaviors of the frames under the design processes. Some of the methods
are showed as followings.

It is efficient to see the stress diagrams showing axial forces and
bending moments and the diagrams of deformed structure, showing entire
frame which can be partially zoomed. 1In other case, the structural
engineers need to investigate the diagram showing the entire frame,
displaying the strain energy stored in each member when the frame is
subject to an external force, a diagram showing the proportional
contribution of each member's deformation to the total displacement of a
certain point such as the horizontal displacement of the top building,
and dynamic animated displays of each of the above mentioned, when the
applied forces and dynamic, showing the entire frame.

On the point of view from the stress analysis, it it convenient to
investigate the all element values in the joint stiffness matrix as the
bar graphs to know the influence by the each member stiffness. These
tool softwares should be supplied. In this paper, some examples are
showed.

EXAMPLE 1

The numerical analysis is performed against the four stories steel
structure when horizontal forces are loaded. The diagram for the deformed
structure 1is showed in Fig. 1. The horizontal deformation value at the
top of this structure is 3.20 cm. All deformations at each member that
cause this total deformation, 3.20 cm are showed in Fig. 2.

The characters (F),(A),and (S) are the flexial, the axial, and the
shear deformations for columns. Similarly, (F) and (S) are expressed as
the flexial and the shear deformations for beams. If we sum up all the
values, we can 3.20 cm as the total. When the flexial stiffness at the
left side beam on the second floor is changed as twice, deformation of
this beam should be half such as 0.21 cm. As a result, the deformation at
the top of the frame would be 3.09 cm(3.20 cm-0.21/2 cm). The correct
answer is 3.06 cm. The error is only about 1%.

It 1is convenient that deformations can be predicted without
performing the complex numerical analysis from the beginning, though it
is not correct perfectly, because the stress states are changed in these
statical indeterminate structure.
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EXAMPLE 2

The structural plan for the centennial hall, that was finished to
construct perfectly on November in 1987 at Tokyo Institute of Technology,
is showed in Photo 1. This building has four stories above and one under
the ground. There is a huge girder shaped cylinder in which people use
this part as the restaurant on the higher story.

The diagram of the deformation mode for this big cylindrical girder
is expressed under vertical loading in Photo. 2. There is also the
diagram of deformations, when the seismic wave arise in the horizontal
direction, in Photo. 3. It 1is quite clear for the engineers to
investigate the behaviors of the buildings at any situations by using the
graphic display.

CONCLUSION

It is necessary to implement the good software tools and packages
for the structural engineers to investigate the characteristics and
behaviors of the building under design processes and compare the data of
its building to the data in many buildings that have been built before by
using the excellent and efficient computer systems which have high
performance but how cost graphic displays.

Use of the proposed system would enable young structural designers,
without repeated trial and error, to effectively utilize the computer by
increasing their wunderstanding of the characteristics and properties
possessed by a frame.

Photo.l Plan of Centennial Hall
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Photo.2 Deformation Mode of Cylindrical Girder
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Photo.3 Deformation due to Earthquake



