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Abstract:

A search of the published literature reveals that studies related to the effects of the degree of
bolt tightness on the behavior of space structural joints and consequently on the member
behavior and the overall response of space structures are rather limited. An experimental
investigation of the effects of bolt tightness on the rigidity of double layer grids, carried out
previously by the authors, had revealed the significance of the degree of bolt tightness on the
overall rigidity of the tested structures.

The present research is concerned with an investigation of the effects of the degree of bolt
tightness on the end conditions and consequently on the effective lengths and the slenderness
ratios of compression members of double layer space structures. An experimental program of
work was conducted on more than 40 test specimens consisting of typical pyramidal modules
of representative double layer grids to observe the influence of the degree of bolt tightness on
the effective length and load carrying capacity of diagonal compression web members of such
modules. Each module was fabricated by practically identical tubular members and the
matching MERO type ball joints. However, different modular specimens were constructed
using tubular members with different diameters and cross sectional properties. In each
individual test specimen, it was attempted that the bolts connecting the members to the ball
joints be tightened by the same applied torque to achieve an identical degree of tightness in all
its joints. However, different values of applied torques were used to tighten different test
specimens. Following the preparation of the test specimens tightened with different applied
torques, a monotonically increasing concentrated load was applied at the upper node of each
specimen. The tests were continued up to failure and in each test the displacement of the
central top node just underneath the applied load was measured as the main component of the
response of the test module. The observations indicate that the degree of bolt tightness has a
significant influence on the effective lengths and consequently the load carrying capacity of
compression members of such modules. However, over-tightening may cause failure of
connection sleeves. Also, bolt pre-stressing shall not be made to a degree that causes brittle
fracture of pre-stressed bolts or premature tearing of member to end cone welded connections
under additional applied tension.
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On the basis of the observed behavior and supporting theoretical studies, the effects of the
bolt tightness on the behavior of double layer space structures have been discussed in the
context of design assisted by testing emphasized in Chapter 7 of the Iranian Code of Practice
for Space Structures. With due consideration of different aspects of the influence of the
degree of bolt tightness on the behavior of joints, members and modules, as well as the overall
structural behavior, some practical recommendations have been presented to improve the
reliability of structural performance through increasing rigidity and load carrying capacity of
such double layer space grid structures, that can be achieved as a result of a proper choice of
the bolt tightening procedure.

Keywords: Skeletal Space Structure, Double Layer Grid, MERO Type Jointing System,
Degree of Bolt Tightness, Effective Length
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