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Currently, effective lengths are used to determine the buckling resistance of
columns in accordance with Eurocode 3 (EC3). However, the use of
effective lengths can be overly conservative and uneconomical.
Alternatively, geometrically non-linear analysis with imperfections (GNIA) is
another codified method by EC3. Kucukler et al. (2014) proposed an
alternative method, the stiffness reduction method (SR) to account for the
non-linear buckling effects in order to avoid the use of effective lengths.
This study will evaluate the accuracy and effectiveness of SR for in-plane
design of steel frames, relative to the traditional effective length method
(ELM) and the theoretically accurate GNIA.

The properties and behaviours of real columns inevitably deviate from an
elastic and geometrically perfect one. One of the challenges to design and
anlaysis is the modelling of geometric imperfections and non-linear effects,
and they are accounted as follows.
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A structure is deemed to be stable and safe if the effects from loading can
be sufficiently resisted by the capacities of member. For instance, for beam-
column members,
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The three approaches account for the geometric imperfections and non-
linear effects in various ways.
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Figure 2: Stiffness reduction factor (Kucukler et al., 2014)
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One sway frame (A) and two non-sway frames (B & C) were analysed by
the aforementioned methods. The beam stiffness is varied as multiples of
column stiffness. The ultimate load factors are obtained and compared.
Two GNIA cases with two imperfection values are used — actual and EC3
recommended values. The stiffness reduction method with geometric non-
linear analysis (GNA-SR) is used for Frame A and the stiffness reduction
method with linear buckling analysis (LBA-SR) is used for Frames B and C.
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Figure 3: Configurations of Frames A (left), B (middle) and C (right)

Frame A

1.75

— —
1.65 =
1.45 4’ ——ELM
1.35 #

=
wul
wn

—4— GNIA-actual

Itimate load factor

1.25

—»— GNIA-EC3

=
1.15 —a— GNA-SR

1.05

0.95

0 1 2 3 4 5 6 7 8 9 10
Ib/'c

Frame B FrameC
1-45 1-55 Y
" /_
— 1.5
1.4 / — —a— o
s // - 5 145
]
= 1.35 E 1.4
— -
B 13 ELM 2 1.35 > ELM
P - — =X
8 175 +—GNIA-actual & 13 +— GNIA-actual
g )/7 a — E {

L -]
£ 12 e GNIA-EC3 g 1.25 f GNIA-EC3
> )( —=—|BA-SR 1.2 —m=— | BA-SR

1.15 1.15
ok
1.1 j 1.1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 pil 5 6 7 8 9 10
/1, Ib/lc

Figure 4: Analysis results for Frames A, Band C

* GNIA-actual can be used as a benchmark
* GNIA-actual is the better representation among the two GNIA cases

« High affinity between GNA-SR and GNIA
« GNA-SR more conservative than both ELM and GNIA

« High affinity between GNA-SR and GNIA
« GNA-SR more conservative than GNIA but less conservative than ELM

The stiffness reduction method is an accurate and reliable method for in-
plane design of steel frames. It describes the structural behaviour better
and provides more economical design than ELM. Compared to GNIA, it is
easier to implement as it does not have to determine the critical orientation
of geometric imperfections.
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