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The current stainless steel design provisions have been developed
following, and Iin conjunction with, the carbon steel design codes.
Stainless steel however has significant differences Iin its material
characteristics, and the primary aim of this study Is to assess whether
these differences are appropriately accounted for in the codes, to allow for
the safe and efficient design of stainless steel structures.

A parametric study has been carried out with a range of frame geometries
to assess the current design provisions and the assumption that it is
sufficient to assume a linear-elastic material behaviour for the design of
stainless steel structures.

Structural carbon steel can be
modelled using an Iidealised bi-
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NE ______________________ significantly in its response and Is
€ 500! ; characterised by a non-linear
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© 100l no sharply defined yield point. The
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€ was used to model the non-linear
stress-strain relationship of Grade
1.4301 austenitic stainless steel in
the numerical models.
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Fig. 2 shows the frame configuration
modelled in this project. For eachpy

comparison, the width of the frame HEB 340 }
and ratio of vertical and horizontal

loads remained the same with only . .

the height of the frame altered. In % > |y
changing the height, both the  u i
member slenderness and the critical

load factor a, of the frame varied.

The following analyses were carried At .
out: -« . -

First-order (LA)

First-order with an amplification factor applied (LA + kamp)

First-order; materially non-linear (MNA)
Second-order (GNA)

Second-order; geometrically and materially non-linear with
Imperfections (GMNIA)

Using EN 1993-1-4 (2006) the
27 member checks from the linear-
elastic analyses can be seen to
predict highly conservative results.
This Is due to the interaction factor

:% k being restricted to a minimum
- g = g a— Safe  yalue of 1.2 and the under-

unsafe  prediction of moment and axial
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——GNA - EN 1993-1-4 capacities.
0.5 ——GNA - EN 1993-1-1
—=—GNA - Zhao CSM Eq. The comparison equations from EN
——GNA - Zhao Simplified Eq.| 1993-1-1 (2005) and Zhao (2016)
0 1'1 é é 1'0 result in safe yet less conservative

5 results than the stainless steel
i beam-column equations. Whilst EN

1993-1-4 (2006) has the minimum
restriction for k, this is not the case

with the alternative equations and therefore they result in less
conservative strength capacities when moment governs.
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The code states that a first-order
linear analysis may be carried out
when a. = 10. When a. < 10 the
Influence of the deformation of the
structure must be taken into
account through a second-order
analysis. This can be confirmed in
Fig. 4 by observing the increase in
ratio of GNA to LA moments as a,,
decreases. In Fig. 5 the importance
of second-order effects for low
values of a., and Iin Fig. 6 the
Insignificance for high values of a,

may be seen.

4
o —GMNIA
(UQ;_B ij} —GNA
3 K - --MNA
O J
<,| B e LA
Z 4
4
= /
O /
Qg s —
o 7
/4
O ) ) )
0 200 400 600
0 [mm]
1:57

——H=0.05V - Fixed
1.4 —e—H=0.2V - Fixed
——H=0.5V - Fixed

0 0.2 0.4 0.6 0.8 1

]

The numerical modelling,
undertaken using the finite element
software Abagqus, confirms some
key characteristics of frame
behaviour, however shows that
whilst assuming a linear-elastic
analysis leads to safe strength
predictions using EN 1993-1-4
(2006), the current beam-column
design equations lead to highly
conservative member capacities.
The results are also compared with
beam-column equations provided In
EN 1993-1-1 (2005) and Zhao
(2016), which are shown to be more
efficient. Material non-linearity Is
shown to have a large influences as
member slenderness decreases,
however with the current codified
equations the over prediction of the
Interaction factor leads to the
predicted strength capacities,
assuming a linear-elastic analysis,
remaining safe.
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The material non-linearity  for
stainless steel leads to significant
amplification of the moments, and so
load capacities, for low values of
member slenderness A, with little
effect at higher values.

This contradicts the results that
suggest it is safe to assume a linear-
elastic material model for stainless
steel design.
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