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ABSTRACT

Due to the architectural and structural advantages, high strength steel members
(yield strength >460 MPa) have been increasingly used in high-rise buildings, large
span buildings and bridges in the past two decades. Compared with conventional mild
carbon steel members, the application of high strength steel (HSS) members could not
only reduce member size and save building space, but also show considerable
economic benefits through reducing the workloads of transportation and welding and
shortening the time of construction.

However, the current Chinese steel structures design code GB 50017-2003 limits
steel strength grade up to Q420 (nominal yield strength 420 MPa). It is expected that
the residual stresses of HSS are different to regular strength steel, since the
stress-strain curves and high-temperature material properties of HSS are different
from regular strength steel. As a major factor influencing the buckling behaviour of
columns, emphases should be imposed on the effect of residual stresses on the
maximum strength of HSS welded columns. Consequently, more work should be done
to investigate whether the members fabricated from HSS can be designed according to
the existing codes or whether the codes need to be modified to include HSS.

In the thesis, 3 welded box columns and 3 H-section columns fabricated from
Q460 steel plates of 1lmm and 2Imm in thickness with different details were
employed in the examination. Both sectioning method and hole-drilling method were
adopted for measuring residual stresses of the specimens. The measured residual
stresses obtained by using two different methods agree well with each other. Based on
the test, the corresponding simplified residual stress distributions for Q460 HSS
welded box and H sections were proposed. And a finite element model was developed
to simulate the residual stress in Q460 HSS welded box sections and verified by
comparing with the experimental results.

An experimental study on the ultimate strength of welded box and H-section
columns fabricated from flame-cut steel with the nominal yield strength of 460 MPa
under axial compression was conducted. This experiment program include 7 welded
box columns and 6 welded H-section columns with varies slenderness from 35 to 70
for box columns and form 40 to 80 for H-section columns. The nominal thickness of

component plates for box columns is 11 mm. The nominal thickness of flanges and
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webs are 21 mm and 11 mm.

Nonlinear numerical analysis was performed with both numerical integration
method (NIM) and finite element method (FEM). The calculation program base on
numerical integration method (NIM) was written by authors, and the commercial
finite element analysis software ANSYS was also adopted for comparison. The
numerical models are based on the conducted experiments. The measured initial
geometric imperfections and simplified distributions of residual stresses are taken into
account in the numerical models. The predicted results obtained through NIM and
FEM show a good agreement with each other. The test results and numerical results
was compared for verifying the NIM program. It is demonstrated that both NIM and
FEM, which take initial imperfections into account, could predict reliable results on
the behavior of Q460 high strength steel welded box columns under axial
compression. Moreover, the accuracy of the simplified distributions of residual
stresses was verified by comparing the FEM results considering measured
distributions with FEM results considering simplified distributions.

In order to extend the limited test data base, a parametric analysis on the ultimate
bearing capacity of fabricated box and H-section steel columns with a nominal yield
strength of 460MPa was conducted. The parametric study is aiming to select the
appropriate buckling curves for the design of welded Q460 HSS columns. The initial
bow of 1/1000 of column length and the proposed simplified residual stress pattern
were considered in the numerical models. The main parameters were plate slenderness
and column slenderness. The effect of residual stresses and initial geometric
imperfections on the ultimate bearing capacity with varying parameters was
investigated and discussed. A proposal for the design of high strength steel columns
was given based on the comparison of parametric analysis with GB 50017-2003: the
curve b, which is higher than the suggested curve c for ordinary steel welded box
columns, suits better for the design of box columns fabricated from Q460 HSS; the
currently adopted design curves can be extend to welded H-section columns

fabricated from flame-cut 460 MPa HSS plates.
Key W ords: Q460 high strength steel, axially compressed, ultimate bearing capacity;

experimental study, residual stress, finite element analysis, numerical integration, parametric

study, design recommendation
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