























SPACE STRUCTURES 4

solid line showing the initial shape. It is almost symmetric to the right and left.
The sinking is visible and the lower parts of the front side project outward. Fig.
18 shows relations of centripetal displacements (dl and d2 in Fig. 14(b)) and
horizontal displacements near the top. Sinking is accumulated by cyclic loading.

: (b) overall (after test)
(a) around a base (-1/100 cycle)

Photo 3. View of damage.
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Fig. 16. Load-displacement curve. Fig. 17. Deformed shape (scale=1).

20. Macroscopic partial model. The portion above a base is modelled
macroscopically as follows. Out-of-plane curvature is ignored and the X-shaped
diagonals and two adjacent lower chords are replaced by one beam initially. Thus,
the portion is modelled as a planar open-frame as shown in Fig. 19(a). The frame
is rectangulated next and forces are considered as shown in Fig. 19(b). The
bending moment of the truss-beam is also shown in the figure. It explains the
reversed shear of the strain-gauged diagonals in the trussbeam-trussbeam
connections.

21. Macroscopic strength. Only the calculated results are reported herein. The
overall collapse mechanism strength of the partial model is 1530N, which relates
to strength of secondary diagonals. On the other hand, local mechanism strength
just above a base does not effect diagonal strength and is 1220N, which is almost
the same as the experimental values of 1160N and 1120N. Therefore, it is
considered that observed diagonal buckling hardly affects the maximum strength.
In observations, chord damage was heaviest at the lower chords on bases. In
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addition, the overall strength reduction after diagonal buckling is not clear and is
different from that of the pyramid tests. Consequently, the experimental
mechanism is considered to be macroscopic bending-yield of the main-trusses on
the bases, though the first major damage is to the secondary diagonals.
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Fig. 18. Sinking near the top.
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Fig. 19. Macroscopic partial model.

CONCLUSIONS

22. The following conclusions are obtained through this study. (a) A one
hundredth scaled frame test is suitable and enables elasto-plastic tests for
complicated complete structures. (b) Elasto-plastic member forces are calculated
from experimental strains under an appropriate stress-strain model. (c) Buckling
strength of chords is increased by rotational constraint from diagonals. (d) An
asymmetrical vertical load test for a twin-fan-shaped specimen shows strength
reduction under macroscopic instability. Strength and damaged positions in a
simple planar analysis agree well with experimental results. (e) Buckling length of
a chord in a rigid-jointed truss can be evaluated as that of two continuous chords,
if preceded by elasto-plastic chord buckling. Ignoring rotational constraint in the
case of two equal-sized chords, it is simplified as 0.7 times their nodal length. (f)
A transverse horizontal load test shows diagonal buckling first and chord damage
later, though the former is considered not to concern the overall collapse
mechanism. Strength of the macroscopic model of the most damaged part is well
matched with experimental results. (g) Macro-behaviour of a raised and double-
layered space truss of complex shape may be explained by a simple model.
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23. Direct comparison between design and experiment became difficult because
of the copper-made specimens. This needs to be investigated analytically.
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