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Performance Evaluation of Joints in a Small-Scale Assembled Truss Bridge under Loading
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Abstract

This academic article presents an experimental investigation into the mechanical
behavior and structural stability of joints in an assembled steel truss bridge (3m span) under
static distributed loading. The study focuses on a comparative analysis of three connection
types: Bolted, Bolted-Welded, and Rigid Welded (baseline). Experimental data obtained from
a loading range of 1 to 12 kN were analyzed through the Load-Deflection relationship to
evaluate structural stiffness and force transfer efficiency between members.

The numerical analysis indicates that mid-span deflection (L/2)in all cases aligns with
theoretical simply supported beam behavior. However, significant discrepancies were
observed in bolted connections, with percentage errors relative to the rigid baseline ranging
from 32.00% to 81.82%. This phenomenon is predominantly linked to bolt slip within the
holes during initial loading phases, leading to a maximum deflection of 8.47 mm at peak
load, which exceeds the L/360 serviceability limit. In contrast, rigid and hybrid connections
maintained deflections within standard limits, highlighting the critical role of joint continuity
in overall structural stability.

In conclusion, the research identifies "joint flexibility" as the critical factor affecting
the accuracy of structural predictions. For the subsequent study in Chapter 5, the academic
focus is directed toward mitigating these errors through the implementation of semi-rigid
joint models and high-strength pre-tensioned bolting to simulate rigid behavior. Additionally,
the comparative influence of material properties between steel and aluminum on the
response curve slope is examined, providing a comprehensive database for the advanced

design of joints in complex deployable structures.
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