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217.6 363.4 29.7 Top plate

Table 1. Material spec. of CP-M connection [21]
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Displacement Drift 2N: Log Log
(mm) (%) (drift)  (2Ny)
189 7 33 0.845 1519
162 6 38 0.778 1.580
135 5 45 0.699 1.653

Table 2. S-N curve data of CP-M connection
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(Right diagrams denote the start of the cracking and left diagrams show the end of the analysis)
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Abstract

Following Northridge earthquake, wide spread brittle cracking had been observed in steel moment
connection, and this, was in contrast with the philosophy of designing steel moment frames which accounts
for dissipating energy by forming plastic hinges at beams. This situation led to the development of improved
connections to make them less prone to brittle fracture. However, studies have shown that these new
connections, typically known as post Northridge connections, can still have the tendency to fracture but in a
ductile manner when subjected to ultra low cycle fatigue loading. Ultra low cycle fatigue loading consists of
limited cycles of loading with large amplitude which induce strains that are several times greater than
yielding. Searching the literature, varied methods have been proposed to predict cracking in ductile steel for
both monotonic and cyclic loading. In this research, a micro mechanical model called cyclic void growth
model has been applied to predict the instance and location of cracking in the steel structure. For the purpose
of predicting the low cycle fatigue failure, finger shaped steel moment type connections with top and bottom
cover plates which their experimental data were available, used as a benchmark study. A micro mechanical
model is integrated into the ABAQUS finite element program in order to simulate crack initiations in the
cover plate welded beam to column connection. For this purpose, a Fortran code is linked with the ABAQUS
software for simulating the crack and specifically to predict when and where the crack initiates. By
understanding the crack initiation and the location of this crack, a trend line for low cycle fatigue under
various constant drift angels are put together. The trend line provides a number of cycles for the crack to
initiate by applying the specific drift angle. Therefore, a finite element model of a cover plate welded
moment connection was developed and was used in order to simulate cracking in the connection model.
Thus, each crack location and the number of cycles to initiate the crack were detected. Utilizing cyclic void
micro mechanical model of growth analysis, which is a technique to predict fracture in a ductile material,
different cover plate connections were modeled in the steel moment frame, and then their critical points to
trigger the crack were identified. Finally, for the finger shaped cover plate moment connection, considering
different loading curves data and in order to present the low cycle fatigue life prediction, displacement
versus the number of half cycles diagram is produced. Finite element results demonstrated acceptable
agreement with the experimental data. Furthermore, the low cycle fatigue life of connections under loading
with constant amplitude is estimated, and S-N curves are proposed. It is demonstrated that the finger plate
joint revealed a good performance against soft cracking in low cycle fatigue compared to a number of
previously tested joints. The results of the S-N curve for a constant displacement loading averaged 73% of
the lifetime of the initial cracking. Sensitivity analysis with 20% tolerance on the intrinsic parameters of the
micro mechanical model showed a maximum change of 15% in the responses.

Keywords: Low cycle fatigue, steel moment connections, cyclic void growth model, finite element analysis.
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