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ABSTRACT

Cold-formed steel (CFS) is gaining a lot of popularity in the building construction
industry, primarily due to its favourable features like higher strength-to-weight ratio,
faster production, ease in fabrication and construction, etc. One of the key features of
CFS construction is the flexibility to roll a steel strip into the desired shape/size to
develop the required strength, without leading to any wasteful use of steel as a
construction material, with limited reserves. Built-up members are commonly used in the
steel construction, especially when the load demands on the structural members are large
and the individual components of the built-up members do not suffice from strength or
serviceability considerations. There are two types of steel built-up columns, viz., laced
columns and battened columns, used in the practice. This efficiency of CFS members
can be better achieved by adopting built-up members. The past research findings on CFS
battened columns have been very limited, and no findings on CFS laced columns have
been reported so far. Therefore, investigating the structural behavior of CFS laced and

battened columns is necessary.

In this study, the nonlinear structural behavior of CFS built-up columns has been
investigated both experimentally as well as numerically. Laced and battened columns
with pin-ended support condition under monotonic concentric axial loading have been
studied. Three groups of columns were fabricated. In the first group, plain angle sections
were adopted as chord members with laced connections. In the second and third group,
plain channel sections were adopted as chord members with battened and laced
connections, respectively. Both steel bolts as well as self-drilling screws were used as
fasteners. Local and global geometric imperfections were measured, in addition to the

the actual material property determination through tensile testing of coupon specimens.
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All the three categories of columns i.e., short columns, intermediate columns, and long
columns were studied. The sectional compactness, overall slenderness, lacing
slenderness, lacing configuration were the main parameters varied in the laced columns.
Toe-to-toe spacing and intermediate batten spacing were varied in battened columns. All
these variations were made to alter the ratio of unbraced chord slenderness to overall
column slenderness, which significantly influences the behavior in built-up columns.
Further, the test results were validated using finite element analysis (FEA). The
numerical models were developed in ABAQUS. Apart from peak loads, the load vs.
displacement response and the failure modes were also verified to get reliable finite
element models (FEMs). Then, extensive parametric studies mainly on the variation of
sectional compactness, lacing slenderness, toe-to-toe spacing, and overall slenderness (of
the built-up columns) have been carried out. The design specifications on built-up
columns in the current standards on CFS structures do not give clear guidelines, explicitly
for laced and battened columns. Therefore, the adequacy of these standards for the same
have been checked by both experimental as well as numerical studies. The results of this
investigation indicated that the current design rules for CFS columns are not suitable for
CFS battened columns. Hence, the improved design rules have been proposed for safe
design strength predictions. Finally, design recommendations are proposed for improved

structural performance of CFS built-up columns.
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