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SYNCHRONOUS MULTI-SCALE OBSERVATIONS AND ANALYSES OF
STRUCTURAL FATIGUE DAMAGE EVOLUTION

HE Ding-ding , LI Zhao-xia , HUANG Yue-ping

(Department of Engineering Mechanics, School of Civil Engineering, Southeast University, Nanjing 210096, China)

Abstract: This paper aims to synchronously explore the fatigue damage evolution process in meso- and maro-
scales by experimental studying on a welded truss structural specimen as the scaled model of the longitudinal
stiffening truss in long-span bridges. Several testing techniques are used to measure and analyze the damage
evolution process so that mechanical properties and characteristic response are respectively compared in different
scales. While hot-spot dynamic strains and extension of a plastic zone on the toe of the weld of the tested
specimen are recorded by strain measurement technique, the fatigue cracking process is measured by optical
technique and the variation of structural dynamic parameters due to the fatigue cracking is finally measured and
identified according to dynamic testing technique. The results show that the fatigue damage evolution in
meso-scale has few influences on the variation of mechanical properties in maro-scale, but the long-time evolution
of damage accumulations in a local structure will certainly lead to the deterioration and failure of a global
structure.
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Fig.1 Schematic diagram of the welded steel truss and applied loading
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Fig.2 Strain measuring system and monitoring region
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Fig.3 Schematic diagram of theoretical and testing plastic zone on the toe of type I crack
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Fig.4 Analyses of evolution and propagation process of fatigue crack
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Fig.5 Optical measuring system and crack monitoring
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Fig.6 Deformation of fatigue crack tip in meso-scale
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Fig.7 Strain gradient on fatigue crack tip (&)

il
il
M%r
Al l

M /um

B8 5 REUR b 3t ELARSUT 7 A AL 1)
(EaEEASEIFNT))
Fig.8 Vertical displacement of fatigue crack tip in meso-scale
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Fig.9 Dynamic measuring system and global damage
monitoring
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Fig.11 Fracture surface morphology of fatigue testing-2
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Fig.12 Fatigue damage evolution process of welding line
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