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Project Outline:
This project aims to remove the limitations of current design method for structures made of
high performance steels which are buckling controlled with higher limitation in ductility. With
the success of this project, practical steel structures made of high performance steels can be
designed rationally and constructed in practice and this will change the acceptability of steel,
especially high performance steel, to industry. Engineers will be provided with an acceptable
design method for their economical and safe design of steel structures, instead of using the
conventional simplified second-order or linear analysis which is limited to bulky structures not
susceptible to buckling as mentioned above and stated in design codes. The design method to
be developed will have an advantage in faster speed in designing structures, more economical
structures produced and higher reliability in the design process. With these advantages, the
impact is tremendous as more steel structures will be used in replacement of reinforced concrete
structures when their advantages are realized and utilized. This is further in pace with the
concept of smart city using advanced materials for sustainability and environmental reservation
since steel can be recycled much easier than concrete.
The main objectives of this project will be on the development of analysis and design method
for steel structures made of high strength material of grade 690 or above. Proper material and
geometrical imperfections and design against various buckling modes will be considered. As
the current codes have no provisions to high performance steel, the approach will not be based
on them of which the formulae are only for low grade steel of 345 and 460 while higher steel
grades have not been verified. In addition to basic material properties required for the
conventional effective length method, only material and geometrical imperfections are required
in the new design method which is from the basic principle of structural mechanics. It has no
limitations in value of elastic buckling load factor provided that strength, stiffness and ductility
of the steel members and the structures are rationally and correctly considered.
The research is planned to be conducted by three stages:
(1) identification of imperfection parameters, properties, etc. for high performance steels;
(2) incorporation of these parameters to advanced analysis software; and

(3) compare and calibrate the results for high performance structures with refined finite
element analysis or tests for some bench marked examples.
The four main objectives of this project are:
(1) to identify the geometrical and material imperfections of high performance members;
(2) to propose and verify the uses of a new set of imperfection parameters for high
performance steels;
(3) to formulate a codified design method for high performance structures which is not yet
available in literature and beyond the application of current design codes and;
(4) to apply the new method to design of prototype and practical structures and compare the
outcomes with results by others or by rigorous finite element analysis which can only be
used for calibration exercise but hardly be applied to practical design because of
computational inefficiency.

Progress / Achievement:
Study has been conducted on use of high strength steel for snap-through buckling of shallow
domes made of tapered members. The study is also reported in a paper “Second-order direct
analysis of domelike structures consisting of tapered members with I-sections”, Journal of Structural
Engineering, ASCE, vol. 142, No.5, Article number: 04016009, May 2016.

(1) identification of imperfection parameters, properties, etc. for high performance steels:
High strength steel normally has strength greater than 690MPa but with less ductility. The
improved performance of the steels is obtained via lowering the levels of carbon and other
chemical elements, together with the advanced steel-manufacturing method employing
thermo-mechanical control process.
The geometrical imperfections and mechanical imperfections (residual stresses) exist in all
steel members. The old and indirect design method treats these phenomena using column
buckling curves which depend on section type and production process. The interaction
between the members and the system is ignored in the global analysis and, as a result, the
structural responses obtained are approximate and these lead to large discrepancy
comparing with the real structural behavior.
In general, the equivalent geometrical imperfection is used to replace the codified column
buckling curve which is not only dependent on the slenderness ratio, but also on the
geometrical imperfections, residual stresses and loading eccentricity during the tests. For
practical applications, the design codes such as Eurocode-3 (2005) and CoPHK Steel Code
(2011) allow to use this method to take all factors into account.
To cater for high performance steel, the conventional column buckling curves for stability
design are not available. For this reason, an advanced flexibility-based beam-column

element allowing for geometrical imperfections and residual stresses is developed for
direct analysis of high strength steel structures. From this outcome, once the initial
geometrical imperfections and the pattern of residual stress of the high strength steel
members are known, the advanced analysis method can be applied. More details can be
referred to Du et al. (2017).
To optimal use of high strength steel, the non-prismatic members can be adopted in the
practical engineering. Nowadays, the application of the robotic welding significantly
reduces the fabrication costs, making tapered members popular in modern structures. In
the structural stability design using direct analysis method (DM), the member initial
geometric imperfections should be explicitly simulated. In current design practices, the
imperfection shape is usually assumed as a half-sinusoidal curve. For the design of tapered
columns, however, the use of this initial configuration may overestimate the buckling
strength. Therefore, a generalized imperfection shape function is proposed for the practical
design of tapered I-section columns. A new beam-column element by incorporating this
imperfection shape function, named the Tapered-Compound-Curved (TCC) element, is
developed for tapered symmetric-I sections. More details can be referred to Bai et al.
(2019).

(2) incorporation of these parameters to advanced analysis software:
The input parameters can be done by data files for an existing software specifying the
strength. For example, the residual stresses of the high performance steel section can be
input through the steel fibres as below.

(3) compare and calibrate the results for high performance structures with refined finite
element analysis or tests for some bench marked examples:

a) Proposed design method for high performance structures
The terms “Direct Analysis”, “Second-order Analysis” and “Advanced Analysis”
appear in many modern design codes such as AISC-LRFD [1] and Eurocode-3 [2]. All
these analysis methods essentially aim to assess the member and system stability in an
integrated manner in place of separated individual member check adopted in the
traditional linear analysis with the effective length method (ELM). The motivation of
the new design method is that the analysis outcome can be directly used for design intent
without further uncertain capacity reduction for buckling check using the effective
length factor, provided that the analysis method can reliably capture the structural
behavior with consideration of important factors affecting member and system strength.
It is well known that the second-order P-' and P-G effects, initial geometrical
imperfections in both member and system levels, residual stress, material yielding and
joint behavior should be included in the direct analysis as these factors may significantly
contribute to the deflection and instability affecting the computed stress. The structural
model using one element per member in direct analysis is highly preferred for efficient
and accurate modeling of initial out-of-straightness, which is unavoidable for real
structural member and required for consideration in design codes.
A new flexibility-based beam-column element allowing for member imperfection
(FBMI) in conjunction with fiber section approach is proposed for second-order direct
analysis (SODA). The approach is original in formulating member initial bowing in a
flexibility-based element. As codified SODA requires the consideration of material
yielding and initial imperfection, this new element will provide a practical solution for
engineering application with higher computational efficiency and better numerical
convergence than the conventional methods.

b) Proposed design method for tapered structures
A generalized imperfection equation is proposed for tapered I-section member. An
advanced beam-column element with this initial shape function, the TaperedCompound-Curved (TCC) element, is derived and developed for direct analysis.

c)

New method to design of prototype and practical structures and compare the outcomes
with results by others or by rigorous finite element analysis
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