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An Automatic Control Experimental System
for the Small Scale Truss Model Structures

Hidemoto Mukai*, Atsushi Watanabe**, Mamoru Iwata**,
Shigekatsu Ichihashi* and Akira Wada*

There is a great demand for the construction of large space structures such as the atriums
attached to tall buildings and the large roofs of baseball stadiums. For the most case, steel
trusses were used as the structural type. It is very important to ensure the same safety against
earthquakes for these steel truss structures and for the general buildings, as Japan has the
highest frequency of earthquakes in the world.

In the seismic design of general buildings, plastic deformations in some parts of the
structures are permitted to absorb the energy of large earthquakes. As there are many
members with a slender ratio over 100 in the steel truss structures, the buckling of these
members easily occurs. After the occurrence of buckling, the mechanical properties of the
steel members would not be ductile. For this reason, it is quite difficult to perform the
seismic design by permitting the plastic deformation of the steel truss structures.

By using special pipes with another pipe inside for compressive members of truss structures,
it is possible to protect buckling and enlarge the abilities for the resistance against loading
forces and deformation capability.

In this study, three experiments for the small scale model of the steel truss structures, with
the non-buckling members for the compressive forces, were performed to investigate the
mechanical properties of the structures. The size of the span for each planner statically
determinate steel truss model for experiments was 120cm, and the height of the model was
12.5cm. Stainless steel pipes were used for the members. The sizes of chord members were
20cm in length, 7.0mm in diameter, and 0.3mm in thickness. The length of the diagonal
members was 16cm, with a diameter of 5.0mm, and a thickness of 0.3mm. The sizes of the
inside pipes to protect bucklings were 17.5cm in length, 6.0mm in diameter, and 1.0mm in
thickness.

The loading was performed by rotating the warm-gear by using stepping motor through the
round steel bar attached to the nodal point placed on the chord members. Five loading
systems were used simultaneously for this experiment. The stepping motors were controlled
automatically, taking data of loads, deformations, and so on at the same time.

With these experiments, the results were acquired as followings,

1. By controlling the stepping motors with the personal computer automatically, it is
possible to perform the delicate controls for the loadings. The high stiff loading system that
can catch negative slope data after the chord member was buckled could be produced.

2. The improvements for the force-deflection relationship were showed with protecting the
buckling of the members.

* Tokyo Institute of Technology
** Nippon Steel Corporation
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