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Ultimate strength of duplex stainless steel plates

under uniaxial compression

This paper discusses the ultimate compressive strength of stain-
less steel plates made from JIS SUS329J3L duplex stainless steel
(EN 1.4462). Firstly, based on coupon test results for SUS329J3L,
the applicability of the existing constitutive equation for SUS329J3L
is confirmed and the validity of a numerical analysis incorporat-
ing the equation shown in comparison with the results of com-
pression testing for a stiffened stainless steel plate. Secondly, the
ultimate compressive strength of simply supported plates and out-
standing plates made from SUS329J3L is examined by way of a
numerical analysis and compared with that of JIS SM570 struc-
tural carbon steel. Finally, the ultimate compressive strength of
plates made from SUS329J3L is discussed in relation to existing
ultimate strength curves.

1 Introduction

Many steel bridges in Japan were built in thel1960 s and
subsequent corrosion-related damage has made mainte-
nance and repair work for existing structures an urgent is-
sue. As stainless steel has a superior corrosion resistance
and greater or equivalent tensile strength with respect to
ordinary structural carbon steel, its use for bridge members
is an attractive proposition. According to existing esti-
mations [1], the total life cycle cost of a stainless steel
footbridge on an oil platform is 0.55 times that of a carbon
steel equivalent. Moreover, connection technologies for
stainless steel members have also made progress in the
construction of stainless steel road bridges [2].

Although many grades of stainless steel have been de-
veloped, the austenitic, ferritic and duplex types are the
most suitable for everyday structural use. The austenitic
grade has relatively favourable corrosion resistance, but
the material costs involved are very high compared with
those for structural carbon steel due to the high content of
nickel - a rare element. Austenitic stainless steel has al-
ready been adopted as one type of architectural structural
steel in Japan. The corrosion resistance of the ferritic
grade is inferior to that of the austenitic type, but the asso-
ciated material costs are lower because ferritic stainless
steel contains chromium instead of nickel to improve cor-
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rosion resistance. The duplex grade exhibits superior cor-
rosion resistance and tensile strength to those of general
stainless steel, but its material costs are extremely high
when compared with other stainless steel types. In Japan
JIS SUS329]3L stainless steel is developed as a duplex
grade and - as shown in Table 1 - it has almost the same
chemical composition as EN 1.4462.

In order to be able to use stainless steel for bridge
members, design specifications are required; such speci-
fications for the application of ordinary austenitic stainless
steel in building structures have already been introduced in
Japan [3]. However, Japan currently has no design specifi-
cations for the use of stainless steel for bridge members, al-
though such specifications are in place in Europe and the
USA. In Europe in particular, bridges with stainless steel
main members have already been constructed [2]. Accord-
ingly, in Japan a number of studies [4], [5], [6] dealing with
the use of austenitic stainless steel for bridge members
have recently been reported. In [4] a box-shaped hybrid
girder consisting of a stainless steel flange plate and car-
bon steel ribs is proposed to reduce the initial costs of us-
ing stainless steel. In that study the weldability of the car-
bon steel ribs to the stainless steel flange panel and initial
imperfections due to this welding were clarified by testing
and numerical analyses. Refs. [5] and [6] report on the
shear strength of stainless steel webs in I-shaped girders,
and [7] clarifies the ductility and ultimate strength of fer-
ritic stainless steel members with respect to reducing mate-
rial costs through the use of ferritic stainless steel for struc-
tural members. However, under current conditions, the
ductility and ultimate compressive strength of duplex
stainless steel plates have not been sufficiently clarified to
allow the use of duplex stainless steel for bridge members.
Although this type of steel is given as an available grade in
European design specifications [8], it has been pointed
out that these provisions are not always effective for du-
plex stainless steel because they conform to the values of
ordinary structural carbon steel or austenitic stainless
steel [9].

In order to permit the use of JIS SUS329]3L duplex
stainless steel for bridge members, this study aims to clar-
ify the compressive behaviour and ultimate compressive
strength of SUS329]3L plates. The authors propose a reli-
able constitutive equation for austenitic stainless steel [10]
and its applicability to SUS329J3L [11] is confirmed. In
this study a numerical analysis using a constitutive equa-
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Table 1. Chemical composition

Steel Element (%)
c Si Mn P S Ni Cr Mo N

JIS SUS329J3L < 0.030 < 1.00 <2.00 = 0.040 = 0.030 4.50-6.50 21.00- 2.50-3.50 | 0.08-0.20

EN 1.4462 < 0.030 =0.030 <2.00 = 0.035 =<0.015 |4.50-6.50 | 21.00- 2.50-3.50 | 0.08-0.22

Table 2. Mechanical properties

Steel Modulus of elasticity | Tensile strength | Elongation | Poisson’s ratio 0.2 % proof stress | vie1q ratio
_— N/mm?) (%) oryield stress
JIs EN (ot ( 0 (N/mm2)

SUS329J3L | 1.4462 192000 746 48 0.22 528 0.71
SM570 - 205800 570 26 0.30 504 0.88
SUS304 | 1.4301 178000 697 71 0.30 259 0.37

SUS304N2 - 180000 716 67 0.30 396 0.55
SUS316 | 1.4401 179000 574 76 0.30 254 0.44

SUS410L - 204000 487 39 0.30 361 0.74

tion was carried out to ascertain the ductility and ultimate
compressive strength of simply supported and outstanding
SUS329J3L plates. In the numerical analysis, the aspect
ratios, slenderness parameters and magnitude of residual
stress were set as analytical parameters, and the ductility
and ultimate compressive strength of SUS329]3L plates
were compared with those of structural carbon steel JIS
SM570. Based on this comparison, the compressive be-
haviour and ultimate compressive strength of SUS329J3L
plates could be clarified.

2 Mechanical properties of SUS329J3L

Table 2 shows the mechanical properties ascerteined in
previous coupon tests [10], [11], [12] involving SUS329]3L,
SM570 and representative stainless steel types (JIS SUS304,
SUS304N2, SUS316 and SUS410 L). The properties listed
are the average values of test results in the rolling and trans-
verse directions. The table shows that stainless steel exhibits
a higher ductility than SM570. Moreover, the yield ratio of
stainless steel is smaller than that of SM570, and the 0.2 %
proof stress value of SUS329J3L almost corresponds to the
vield stress of SM570. :

3 Numerical analysis

The finite element method using an eight-node isopara-
metric shell element was employed in this study to ascer-
tain the ultimate compressive strength of SUS329J3L and
SM570 plates by numerical analysis. This method is based
on updated Lagrangian formulation to allow considera-
tion of geometric non-linearity. Moreover, an isotropic
hardening rule, an associated flow rule and the von Mises
yield function were assumed to deal with the elasto-plastic
problem. In the numerical analysis, the compound Ram-
berg-Osgood curve (see section 3.1) was employed as a
constitutive equation for SUS329J3L. The backward Euler
scheme as the stress integration algorithm and a consis-
tent tangent modular matrix [13] were employed to im-
prove the convergence of the iterative calculation.

3.1 Constitutive equation

The authors have already proposed a reliable constitutive
equation for austenitic stainless steel. This equation (Eq.
(1)) is called the “compound Ramberg-Osgood curve” [10].

T
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Constants a, b and c in Eq. (1) are given in Eq. (2).
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E02

where
o stress
€ strain
E  modulus of elasticity
op proportion limit (0.01 % proof stress in accordance

with [8])
n, m hardening parameters of the first and second curves

respectively
aga 0.2 % proof stress
g2 strain at 0.2 % proof stress
e10 10 % strain (= 0.1)
gyp stress at 10 % strain
Eg» tangent modulus at 0.2 % proof stress
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Fig. 1. Accuracy of the compound Ramberg-Osgood curve

Fig.1 demonstrates the accuracy of the compound Ram-
berg-Osgood curve for the coupon test results [11] for
SUS329J3L in the rolling and transverse directions re-
spectively. It shows that the curve is applicable as a con-
stitutive equation for SUS329]3L because the shapes are
in good agreement with the test results. In the numerical
analysis, the material constants of the curve were adopted
with average values obtained from the coupon test results
as shown in Table 3 (a). On the other hand, the B-n curve
given by Eq. (3) [14] was employed as the constitutive
equation for SM570.

s/sy (0 = sssy)
9 =10 (sy sessH) (3)
o .
B(s/ey) (EH se)
where

oy yield stress

ey, yield strain

ey strain at work-hardening initiation

B, n material constants representing the work-hardening

area

Stress (N/mm?)

800
| |
.--—-'-"-—_—-_
L, ___._-—-—'_'-#-
4.-—-""—__ = =
600 e —
- _/—’
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200 curve (SUS329J3L)
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- AAs, TG S l
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Fig. 2. Stress-strain curves in numerical analysis
Table 3. Material constants
(a) SUS329J3L (b) SM570
E (N/mm?2) 191,562 E (N/mm?) 205,800
op (N/mm?) 316 o, (N/mm?) 504
Go2 (N/mm?) 528 & 2.450 x 10-3
€02 4.757 x 10-3 (51 9.090 x 10-3
019 (N/mm?2) 789 B 0.8648
£10 9.991 x 102 n 0.1152
n 5.9
m 24
E()_z (N/mmz) 34,817

The material constants of Eq. (3) are shown in Table 3 (b).
Substituting these constants into Egs. (1) and (3) produces
the curves plotted in Fig. 2.

3.2 Validity of the numerical analysis

In order to verify the validity of the numerical analysis, an
ultimate compressive strength analysis of a stiffened stain-
less steel plate was carried out, as shown in Fig. 3. The nu-
merical results were compared with the test and FE analy-
sis results of [4]. The compressive stiffened plate was made

Clamped

Compulsory displacement
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' Simply supported
Plate thickness of a panel £= 9.2 mm

o,: 0.1% proof stress

Fig. 3. Analytical model of a
simply supported stiffened plate
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Fig. 5. Analytical model of simply supported plate

T-- displacement

from JIS SUS304N2 A austenitic stainless steel, and the
material constants of Egs. (1) and (2) were determined
from the coupon test results reported in [4].

Fig. 4 represents the relationships between the compres-
sion force and the average compressive strain of the stiffened
plate. In Fig.4, P is the compressive force and Py is the yield
axial force. From Fig. 4, since the curve and the ultimate
point of the numerical analysis almost correspond to those of
the test, and the numerical results are in good agreement with
the FE analysis results of [4], it can be concluded that the nu-
merical analysis method can be used for predicting the ulti-
mate compressive behaviour of duplex stainless steel plates.

3.3 Analytical model of compressive plates

In this study, numerical analyses of simply supported and
outstanding plates were conducted in order to ascertain
the compressive behaviour and ultimate compressive
strength of plates of SUS329]3L steel. The analytical mod-
els for these two types are outlined below.

3.3.1 Simply supported plates

A simply supported plate was adopted to represent plates in
the cross-section of a compressive truss chord member, the

arch rib of an arch bridge, etc. [15]. In this study, the use of
SUS329]3L for these elements was postulated, and focus di-
rected on the basic compressive behaviour and ultimate
compressive strength of simply supported SUS329J3L
plates. In particular, the effects of aspect ratio and residual
stress on the ultimate compressive strength of SUS329J3L
plates are discussed here in comparison with those of
SM570 plates because the 0.2 % proof stress of SUS329]J3L
almost corresponds to the yield stress of SM570.

As shown in Fig.5, the analytical model for simply
supported plates with width b and length a consisted of
eight-node isoparametric finite elements and considered
1/4 symmetry.

The thickness of the simply supported plates was de-
cided based on the slenderness parameter ip given in Eq.
(4), assuming that the plate width b is constant.

)\, = _ 4

P tVE n?k e

where

op design strength (o2 for SUS329J3L and oy for
SM570)

E  modulus of elasticity

Poisson’s ratio (0.3)

buckling coefficient (4 is assumed as the constant
value)

A~ <

The shape of the initial deflection was conservatively as-
sumed to be as shown in Eq. (5) because the lateral de-
flection of the integer number of the half-wave occurs in
slender plates subjected to in-plane compression, and the
number is close to the aspect ratio.

Wy = Wy e cos(n X) cos(g Y] (5)
a

where Woa 15 the maximum value of initial deflection at
the centre of the plate, and the maximum permissible fab-
rication error b/ 150 specified in [16] is adopted.

3.3.2 Outstanding plates

The use of SUS329]3L for the tlange plate of an I-shaped
girder, the longitudinal rib of a stiffened plate subjected to
compression, etc. [17] was assumed, and the basic com-
pressive behaviour and ultimate compressive strength of
outstanding SUS329]3L plates investigated. In particular,
the effect of aspect ratio and residual stress on the ulti-
mate compressive strength of SUS329]3L plates is dis-
cussed here in comparison with that of SM570 plates.

The analytical model for outstanding plates with
length a and width b as shown in Fig. 6 consisted of eight-
node isoparametric finite elements with half symmetry as
shown in Fig.7. The plate thickness t of the outstanding
plates was obtained from Eq. (4), substituting 0.425 for the
buckling parameter k.

The initial deflected shape of the outstanding plates
was assumed as per Eg. (6), and the maximum value
Womayx in Fig. 6 was adopted for the maximum permissible
fabrication error b/ 100 specified in [16].
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W, = WOM%COS(EX) (6)
a

3.4 Analytical parameters

The analytical parameters were decided based on existing
studies [15] and [17] with regard to the ultimate compres-
sive strength of structural carbon steel plates. In this study
the aspect ratio a (=a/b), the slenderness parameter
Rp and the magnitude of the tensile residual stress of
SUS329J3L plates were set as parameters.

3.41 Simply supported plates

In order to ascertain the minimum ultimate compressive
strength of simply supported plates, o = 0.25, 0.50, 0.75
and 1.00, and Xp= 0.5, 0.7,0.9 and 1.1 were set as analyti-
cal parameters. The shape of the residual stress distribu-
tion was rectangular (as shown in Fig. 5) in order to satisfy
the self-equilibrium condition, and the magnitude of the
compressive residual stress o, was 0.2 times the value of
0g2 or oy. The tensile residual stress oy of SUS329]3L
plates was assumed to be 0.9 or 1.0 times the value of og 5,
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and that of SM570 plates 0.9 times the value of o, . Al-
though the residual stress of SUS329J3L welded plates has
not yet been clarified, the aforementioned shape and mag-
nitude of residual stress for such plates were decided
based on residual stress distribution models of plate-
welded structures consisting of JIS SUS304N2 A austenitic
stainless steel [18] and SM570 [19] because the metallo-
graphic structure and thermo-mechanical characteristics
of SUS329J3L are considered to exhibit intermediate val-
ues between those of SM570 and those of austenitic stain-
less steel.

3.4.2 Qutstanding plates

In order to ascertain the minimum ultimate compressive
strength of outstanding plates, o. = 1.0, 2.0, 3.0, 4.0, 5.0 and
6.0, and Xp= 0.5,0.7,0.9, 1.1 and 1.3 were set as analytical
parameters. The shape of the residual stress distribution
was rectangular (as shown in Fig.7), as was the case with
simply supported plates. In Fig.7 compressive residual
stress along the unsupported edge of the plate was as-
sumed because gas cutting cannot be used for stainless
steel containing = 10 % chromium; ordinary shear cutting
is therefore required. On the other hand, although gas cut-
ting is generally available for SM570, in this study it was
assumed that the unsupported edge of outstanding SM570
plates was shear-cut in order to clarify the ultimate com-
pressive strength under the same conditions of residual
stress as SUS329]3L and SM570.

4 Analytical results and discussion

The effects of residual stress, aspect ratio o and slender-
ness ip parameter on the compressive behaviour and ulti-
mate compressive strength of simply supported and out-
standing plates made from SUS329J3L are considered in
comparison with those of SM570.

4.1 Effect of residual stress

The effect of the difference in residual stress distribution
on the compressive behaviour of simply supported and
outstanding plates made from SUS329]3L is discussed be-
low.

4.1.1 Simply supported plates

The relationships between the non-dimensional average
stress o/og and the non-dimensional average strain ¢/eg of
simply supported SUS329]3L plates with values of Kp =
0.7 and 0.9, o = 1.0, and o, = 0.90p, and 1.00p, are
shown in Fig.8 (a), where o is the average compressive
stress, € is the average strain and &g is the strain at the de-
sign strength.

This figure indicates that the non-dimensional aver-
age stress-strain curves of plates with o,y = 0.9y, corre-
spond to those with o, = 1.0agy 5. Moreover, it is con-
firmed that the difference in residual stress scarcely affects
the compressive behaviour of all plates except those that
also have values of ip: 0.7 and 0.9 and « = 1.0. Thus, the
value of o4 = 0.90p, has been adopted for simply sup-
ported SUS329J3L plates in the discussion.
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4.1.2 Quistanding plates

The relationships between the non-dimensional average
stress o/or and the non-dimensional average strain &/ep: for
outstanding SUS329J3L plates with A, = 0.9 and 1.1, a = 4.0,
and o, = 0.90p, and 1.0y, are shown in Fig. 8 (b).

This figure shows that the non-dimensional average
stress-strain curves of plates with o, = 0.9 correspond to
those with o, = 1.00y 5. Moreover, it is confirmed that the
difference in residual stress scarcely affects the compressive
behaviour of any plates except those that also have values of
ip =09 and 1.1 and o = 4.0 as well as simply supported
plates. Thus, in the discussion, the value of o = 0.90( > has
been adopted for outstanding SUS329]3L plates.

4.2 Comparison of compressive behaviour

The compressive behaviour of plates made from
SUS329J3L and SM570 is discussed here, focusing on the
1 T
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Fig. 8. Effect of residual stress of SUS329/3L plates on coim-
pressive behaviour

average stress-strain relationship and the average tangent
modulus. The relationships between the non-dimensional
average stress and strain of simply supported plates with
values of a = 1.0 and A, = 0.5 and 1.1, and outstanding
plates with values of a.= 4.0 and h = 0.5 and 1.3 are shown
in Figs. 9 (a) and (b) respectively. Non dimensional consti-
tutive equations for SUS329J3L and SM570 are also given
in Fig.9. This figure shows that the ultimate compressive
strength of SUS329]3L plates is higher than that of SM570.
Moreover, it was found that due to the effect of compressive
residual stress, the non-linear behaviour of SUS329J3L and
SMS570 plates with %, = 0.5 initiates at o/op = 0.5 and 0.8
respectively, and the tangential stiffness of SUS329J3L
plates reduces gradually compared with SM570 plates.

Figs. 10 (a) and (b) show the relationships between the
non-dimensional tangent modulus E;/E and the non-di-
mensional average strain &/ ep of simply supported and out-
standing plates respectively, where the tangent modulus Ep
is defined as the tangent of the average stress-strain relation
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Fig. 9. Comparison of the compressive behaviour of
SUS329J3L with that of SM570
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Fig. 10. Relationships between non-dimensional tangent
modulus and average strain

in each incremental step. In Fig. 10 it can be seen that the
gradual reduction of the tangent stiffness of SUS329J3L
plates is brought about by the nature of the roundhouse-
shaped stress-strain curve, whereas the reduction for
SM570 plates is drastic due to the yield plateau. As a result,
it can be concluded that the ultimate compressive strength
of SUS329]3L plates is higher than that of SM570 plates.

4.3 Effect of aspect ratio

Here, the effect of aspect ratio on the ultimate compres-
sive strength of simply supported and outstanding plates
made from SUS329J3L is discussed in comparison with
that of SM570.

4.3.1 Simply supported plates

Fig. 11 (a) shows the relationship between the non-dimen-

sional ultimate compressive strength o,/ op and the aspect

96  Steel Construction 3(2010), No. 2

12

SUS32983L. % &0.5

SM570, 7. &0.5

-___.___’________

SUS32915L, X &I1.1

SM570. &, &1.1
0.4 :
0.25 0.5 0.75 1
a
(a) Simply supported plate
1.2

. SUS329I3L, & &0.5 ‘
G\EL* = D = T

‘SMS?D A &0S |

'9—..__. _-—e——— ——
- ST tuiny st e | e ?
& } SUS329J3L. 7. &0.7
S - ks LSO B BT i SUS3291L. 7. &0
S .~ . 570. % &09 329J3L, ). &O0.
S8 & é . ‘SMD?OI;_&
N . Y TR T
0 WS e U L
'\K ’ "-—'::;é_—___——%- - =X
R Tt i S
0.6 SUS32913L, & &1 [
: - | SUS329J3L. &, &1.3
SM570, i &I.1 3 '
SM370, X &I1.3
0.4
1 2 3 B 5 6
o

(b) Outstanding plate

Fig. 11. Relationships between non-dimensional ultimate
strength and aspect ratio

ratio « for simply supported plates. In this figure the ulti-
mate compressive strength of SUS329]3L plates with ip=
0.5 reaches a minimum at a = 0.5, and the ultimate com-
pressive strength of SUS329]J3L plates with 7\.p =0.7,09
and 1.1 reaches a minimum at a = 0.75. This tendency of
SUS329J3L plates is also seen in SM570 plates. Thus, the
effect of aspect ratio on the ultimate compressive strength
of SUS329J3L plates is similar to that of SM570.

4.3.2 Qutstanding plates

Fig.11 (b) shows the relationship between the non-dimen-
sional ultimate compressive strength o,/ op and the aspect
ratio « for outstanding plates. In this figure, except for
SM570 plates with values of 7.]3 = 1.1 and 1.3, the ultimate
compressive strength reaches a minimum at a = 2.0, 3.0
and 4.0 for SUS329J3L and SM570 plates with values of
ip= 0.5, 0.7 and 0.9 respectively. Accordingly, the effect of
aspect ratio on the ultimate compressive strength of
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SUS329J3L plates with values of &, = 0.5, 0.7 and 0.9 is
similar to that of SM570 plates. The ultimate compressive
strength of SUS329J3L plates with values of 2, = 1.1 and
1.3 reaches a minimum at a = 4.0 and 5.0 respectively. On
the other hand, for SM570 plates with values of ;= 1.1and
1.3, the minimum value of the ultimate compressive
strength is not clear from o = 1.0 to 6.0, but converges to an
almost constant value at o = 6.0. Verification of analytical
results through testing will be required in future work be-
cause the reason for this was not clear in the present study.

4.4 Ultimate compressive strength and ductility

In this study the average strain at the ultimate point ¢, was
defined as the index of ductility, and the ultimate com-
pressive strength and ductility of SUS329]J3L and SM570
plates were compared in relative terms.

Here, (o,/0g)sys and (o,/0g)gy denote the non-di-
mensional ultimate compressive strength of SUS329]3L

2
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Fig. 12. Relationships between ultimate strength ratio and
ultimate strain ratio

and SM570 plates respectively. Moreover, (g,/eg)sys and
(en/ep)gm express the ductility of each type of plate re-
spectively. Thus, (o,/0g)sys/ (0,/ 0p)sym indicates the ratio
of the ultimate compressive strength of SUS329]3L plates
to that of SM570 plates, and (EU/EF)SUS/(EU/SF)SM indi-
cates the ratio of the ductility of SUS329]3L plates to that
of SM570 plates. Figs. 12 (a) and (b) show the relation-
ships between the parameters (o,/0og)sys/ (0,/0g)sy and
(en/er)sus/ (ey/ ep)sy With regard to simply supported and
outstanding plates respectively. Moreover, the diagonal
lines plotted in Figs. 12 (a) and (b) indicate that the ulti-
mate compressive strength and ductility of SUS329]3L
and SM570 plates are equivalent, and the symbols in
Fig. 12 are based on all analytical results in this study.

In Fig.12 it can be seen that the ultimate compressive
strength of all SUS329J3L plates is higher than that of all
SM570 plates, and that the ductility of SUS329]3L plates is
greater than that of SM570 plates. In particular, the ductil-
ity of SUS329J3L plates tends to increase as the slender-
ness parameter decreases. This is thought to be because
SUS329J3L plates undergo significant deformation due to
the nature of the roundhouse-shaped stress-strain relation-
ship until the ultimate state is reached, whereas many
8SM570 plates fail without work-hardening. For outstanding
plates with values of Xp = 0.9 and 1.1 in particular, the duc-
tility of SUS329]3L plates is between 3.0 and 12.5 times
that of SM570. Thus, SUS329]3L plates exhibit excellent
ductility in comparison with that of SM570 plates, but it
seems that detailed consideration is required when using
SUS329]3L plates for members with limited deformation.

5 Comparison of ultimate strength curves

The ultimate compressive strength obtained from the nu-
merical analysis was compared with the ultimate strength
curves indicated by several design specifications.

5.1 Simply supported plates

The minimum ultimate compressive strength values of
plates with Xp = 0.5 to 1.1 are plotted in Fig.13 (a). Also
shown in Fig. 13 (a) are the ultimate strength curves for the
plate made from mild carbon steel proposed by Nara et al.
[20], and the ultimate strength curve of the plate specified
by the European design standard for stainless steel struc-
tures (EN 1993-1-4) [21].

From this figure, in line with the analytical results, it
can be seen that the difference in the ultimate compres-
sive strength between SUS329]3L and SM570 plates in-
creases as the slenderness parameter decreases. Moreover,
the curve proposed by Nara et al. [20] estimates the ulti-
mate compressive strength for SUS329]3L plates conserv-
atively, assuming values of ip = 0.5 and 0.7, even though
this is a curve for carbon steel plates. On the other hand,
the curve for stainless steel plates specified by EN 1993-1-
4 [21] overestimates the ultimate compressive strength of
all SUS329J3L plates.

5.2 Outstanding plates
The minimum ultimate compressive strengths of outstand-

ing plates with A, = 0.5 to 1.3 are plotted in Fig. 13 (b). Also
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Fig. 13. Comparing the ultimate compressive strength with
the curves

shown in Fig.13 (b) are the ultimate strength curves for
outstanding plates specified by the European design stan-
dard for carbon steel structures (EN 1993-1-5) [22] and
stainless steel structures (EN 1993-1-4) [21].

This figure shows that the difference in the ultimate
compressive strength between SUS329J3L and SMS570
plates reaches a minimum at ip= 0.9 according to the an-
alytical results. Moreover, the curve for EN 1993-1-4 esti-
mates the ultimate compressive strength of the plate with
values of A, =0.5, 0.7, 1.1 and 1.3. On the other hand, be-
cause of the ultimate strength curve for carbon steel
plates, the curve of EN 1993-1-5 overestimates the ultimate
compressive strength of SUS329]3L plates with values of
7p=07,09and 1.1.

In future work, the compatibility of ultimate strength
curves needs to be discussed using statistical data based
on measured results of initial imperfections because in
this study it is discussed using analytical data only.

6 Conclusions

Based on coupon test results, this study confirms the ap-
plicability of the existing constitutive equation for
SUS329J3L duplex stainless steel. In order to ascertain the
compressive behaviour of simply supported and outstand-
ing plates made from SUS329J3L and SM570, a numerical
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analysis was also conducted. The results can be summa-
rized as follows:

(1) The difference in residual stress assumed in this study
scarcely affects the ultimate compressive strength of
SUS329J3L plates.

(2) The compressive behaviour of SUS329]3L plates
heavily depends on the stress-strain curve.

(3) The minimum ultimate compressive strength of sim-
ply supported SUS329J3L plates with a slenderness para-
meter of 0.5 appears at 0.5 in aspect ratio.

(4) The minimum ultimate compressive strength of sim-
ply supported SUS329]3L plates with slenderness para-
meters of 0.7, 0.9, and 1.1 appears at 0.75 in aspect ratio.
(5) The minimum ultimate compressive strength of out-
standing SUS329J3L plates with slenderness parameters
of 0.5, 0.7,0.9, 1.1 and 1.3 appears at 2.0, 3.0, 4.0, 5.0 and
5.0 in aspect ratio respectively.

(6) The ultimate compressive strength and ductility of
SUS329J3L plates are greater than those of SM570.

(7) The ultimate strength curve for simply supported
stainless steel plates specified by EN 1993-1-4 overesti-
mates the ultimate compressive strength of all SUS329]3L
plates in this study.

(8) The ultimate strength curve for outstanding stainless
steel plates specified by EN 1993-1-4 evaluates the ulti-
mate compressive strength of all SUS329]J3L plates con-
servatively, except for the plate with a slenderness para-
meter of 0.9.
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